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Résumé— Estimation de la saturation en eau au laboratoire par régression 3B- La détermination

précise des réserves initiales d'un réservoir est trés importante pour obtenir une bonne estimation de la
capacité de production d’'un gisement d’hydrocarbures. La formule modifiée d'Agchidd R /@™ Rt)l’")

constitue I'équation de base au calcul de la saturation en eau dans le sable ou l'utilisation d’'un modéle de
saturation pour le sable argileux. Une bonne évaluation de la saturation en eau dépend de la
détermination la plus précise possible des parameétres d’Archie a, m, n

Cet article presente une nouvelle technique destinée a déterminer les pagmetresArchie. Cette
technique est basée sur le principe de régression en 3D. Elle surmonte le probleme de l'incertitude des
valeurs de saturation en eau.

Deux exemples de terrain sont présentés afin de bien tester les résultats de la technique de régression 3D
et les comparer a trois autres techniques — méthode CBEtE @Archie-Parameters Estimatipn
méthode conventionnelle et valeurs par défaut — concernant les valeurs des pasameinein de la

formule d’Archie et de la saturation en eau.

Abstract— Water Saturation Computation from Laboratory, 3D Regressien An accurate
determination of initial oil in place in the early life of reservoirs or an evaluation of a developed
reservoir is required to well estimate the hydrocarbon volumes. Modified Archie’s formuadSR /

@n Rt)l’") is the basic equation to compute water saturation in clean formation or suitable shaly water
saturation model in shaly formation. The accuracy of water saturation value for given reservoir
conditions depends on the accuracy of Archie’s parameters a, m and n. The terms of Archie’s
relationship have been subjected to many laboratory investigations and even more speculations. There
are many factors affecting porosity exponent, m, saturation exponent, n and tortuosity factor, a.
Therefore, it is very difficult to fix Archie’s parameters and neglecting reservoir characteristics such as
rock wettability, formation water salinity, permeability, porosity and fluids distribution.

This paper presents a new technique to determine Archie’s parameters a, m and n. The developed
technique is based on the concept of three dimensional-regression (3D) plot of water saturation,
formation resistivity and porosity. This 3D technique provides simultaneous values of Archie’s
parameters. Also, the 3D technique overcomes the uncertainty problems due to the separate use of
formation resistivity factor-porosity and water saturation equations to get a, m and n parameters.

Two field examples are given to show the applicability of the 3D technique in comparison with three
other techniques:

— common values of Archie’s parameters,

— conventional technique and

— Core Archie-Parameter Estimation (CAPE) technique.
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The comparison among the four techniques has shown that 3D technique provides an accurate and
physically meaningful way to get Archie’s parameters a, m and n for given core samples. Water

saturation profiles, using Archie’s parameters obtained from the four techniques, have been obtained for
the studied section in the wells. These profiles have shown a significant difference in water saturation
values. This difference could be mainly attributed to the uncertainty level for Archie’s parameters from

each technique. The effect of saturation exponent on the accuracy of water saturation computation was
tested using Archie’s parameters derived from conventional technique and 3D technique in the two wells.

NOMENCLATURE saturation computation processes. In quantitative log
interpretation, accurate water saturation requires good values
a= tortuosity factor of Archie’s parameters. These parameters are used either in
m=  cementation factor Archie’s saturation equation in clean formation or in a shaly
n=  saturation exponent sand water saturation model in shaly formation.
§/= Wwater saturation, fraction In this paper, the authors propose a new technique to
Vg,= shale volumeQim determine Archie’s parameters, three dimensional
Ry,= shale resistivity regression (3D) technique which is based on the analytical
GR= gamma ray reading, API expression of 3D plot oR /R, versus § and ¢. Water
R = resistivity of rockQlh saturation profiles are calculated using common values
R,= resistivity of brineQlm (1,2,2), conventional, CAPE and 3D techniques for
R,= resistivity of rock with 3= 1.0, Qlth selected two wells. In the case of clean sands, Archie
I, = resistivity index formula was used to compute water saturation. In the case
F = formation resistivity factor of shaly sand sections three shaly sand models were
@ = formation porosity, fraction applied and the chosen water saturation was an average
0g,= Standard deviation in water saturation. value of the three models used.
INTRODUCTION 1 CALCULATION OF ARCHIE’S PARAMETERS

In routine formation evaluation Archie’s paramet@rsnand ~ An exact computation of water saturation using Archie’s
n are held constant for a given sample of a reservoir rock. fdrmula is based on an accurate values of Archie’s
effect, this presumed constancy formulates the basis for tiggrameterss, mandn. In this study, 10 clean sand core
determination of hydrocarbon saturation from resistivitysamples were selected for wells A and B. For each core
measurements for a particular lithology. An increasingample, the electrical resistiviy, at 100% water saturation
number of cases are being encountered where the saturatigmd R, at different water saturation percentages were
exponentn, has been observed to vary from the commomeasured at room temperature. The resistivity of simulated
value of 2 in strongly water wet reservoir rocks to 25 irbrine was fixed at 0.1® 0. This resistivity value
strongly oil wet reservoir rocks. Wettability effects becomecorresponds to formation water resistivity 0.084h at
important when brine saturation lowered. Field experienceeservoir temperature.

has also shown that the cementation factarand the Table 1 shows the values of formation resistivity factor
tortuosity factor,a, depend on the petrophysical andF, (R /R ) and porosity for 10 core samples of well A and
mechanical properties of a rock [1-3]. well B. Table 2 contains the measured water saturation for

Petroleum literature presents an exhaustive review of theell A and well B. The average water saturation value for
results determining Archie’s parameters and also watevell A was 30.5% and for well B was 12.25%. These

TABLE 1
Formation resistivity factoir and porositygp for 10 core samples

Well A
F 17.8 14.4 10 11.3 10.9 9.5 22.7 16.8 10.2 115
[0} 28.2 31.3 374 35.1 35.9 38 0.25 0.29 36.9 345

Well B
F 35 11 12.7 34 145 12.7 105 9.1 9.5 6.4
[0} 14.2 26.7 24.6 14.3 23 254 27.2 30.2 28.5 35.6
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TABLE 2
Laboratory measured water saturation of 10 especially preserved core samples

Well A
Sample 1 2 3 4 5 6 7 8 9 10
Sv 33 29.5 28.5 33 315 30.5 31 29 31 28
Average water saturation = 30.5%.
Well B
Sample 1 2 3 4 5 6 7 8 9 10
Sy 13 10.5 12 115 13 12.5 10.5 12 13 14.5
Average water saturation = 12.25%.
TABLE 3

Electrical resistivityR; resistivity index/; fractional water saturation, S
and core sample porosity,for 6 core samples from well A and well B

Well A
Sample No. ® Sy R (N n
1 28.2 100 214 1 1.87
83 3.09 1.44
63.9 4.9 2.29
56.9 5.92 2.77
28.3 22.2 10.4
2 313 100 1.73 1 2.04
83.6 2.47 1.43
41.2 10.57 6.11
30 19.37 11.2
21.7 38.93 225
3 374 100 1.2 1 2.08
93.6 1.38 1.15
81.7 1.82 1.52
25.6 19.08 15.9
4 35.1 100 1.36 1 2.23
75.5 242 1.78
67.2 3.06 2.25
27.6 18.9 13.9
12.9 90.98 66.9
5 35.9 100 131 1 2.06
93.3 1.52 1.16
72.8 2.49 1.9
27.3 18.47 14.1
16.3 53.7 41
6 38 100 1.14 1 2.37
87.1 1.58 1.39
78.6 2.02 1.77
27.3 24.74 21.7

Average saturation exponents= 2.1.
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Electrical resistivityR; resistivity index/; fractional water saturatio,,

TABLE 3 (continued)
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and core sample porositgfor 6 core samples from well A and well B

Well B
Sample No. ® Sy R I n
1 14.2 100 4.2 1 217
71.1 8.81 2.09
66.6 10.11 241
55.4 15.16 3.61
40.8 28.74 6.84
35.9 38.18 9.09
2 26.7 100 1.32 1 1.88
57 3.78 2.86
25.3 17.36 13.15
16.3 39.84 30.18
15.9 40.88 31
15 47.60 36.06
3 24.6 100 1.52 1 2.09
90.2 1.91 1.26
73.3 3.24 2.13
355 12.98 8.54
25 28.04 18.45
245 29.17 19.19
4 14.3 100 4.08 1 2.37
77.1 7.52 1.84
45.2 26.6 6.52
40 34.87 8.55
36.9 42.41 10.39
35.9 45.32 11.11
5 25.2 100 1.46 1 2.12
75.5 2.66 1.78
52.3 5.78 3.96
26.2 24.75 16.95
215 39 26.71
21.1 40 27.39
6 23 100 1.74 1 2.53
40.9 16.46 9.46
394 18.55 10.66
29.8 36.65 21.01
19.9 99 56.89
19.3 110 63.21

Average saturation exponents= 2.19.
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laboratory water saturation values have been used form the bi-logarithmic plot of, and S, for each core
calculating Archie’s parameters while the average valuesample. Sometimes, data are plotted a®jeg. logS,. This

were being taken as references for the computed wattarm is mathematically equivalent to the bi-logarithmic plot
saturation values from logging data with the use Archie’sf |, andS§, and provides the same valuerofThe retained
parameters by different techniques. Table 3 illustrates cogaturation exponent is the average values of the 6 core
sample resistivityR at different water saturation, resisti- samples measurements. The saturation exponent equals to
vity index, I, porosity,¢ for 6 core samples from wells A 2.1 for well A and 2.19 for well B. It is obvious that the
and B. Using the same specially preserved core sampl@9nventional technique treats the determinatiom a6 a

the water saturation has been measured in the laboratory Separate problem from andm. This separation is not
physically correct, thereby; it induces an error in the value of

. L water saturation using Equation (1).
1.2 Conventional Determination of a, m and n g&q @)

In 1942, Archie proposed an empirical relationship betweeh.3 Core Archie-Parameter Estimation (CAPE)

rock resistivity,R, with its porosity,p, and water saturation _ _ . .
Sy A data analysis approach is presented in [5] to determine

_ _ _ Archie’s parametersn andn and optionallyn from
7 aR/R=R,/R=1/1; (1) standard resistivity measurements on core samples. The

Other termd,, m,andn represent the resistivity index, the analysis method, Core Archie-Parameters Estimation

cementation factor and the saturation exponent. He has al&oAPE) determinesn andn and optionallya by mini-
shown experimentally that the resistivity of rock fully Mising the error between computed water and measured

saturated with brindR , is related to the brine resistivifg,,  Waer saturations. The mean square saturation efisr

by: given by:

Ro =F R\N (2) €= Zj Zi [SNij - (aa\,ij/(p.mRtij)l/rle (6)
whereF is formation resistivity factor. Archie’s formula ¢ Wherej = core index, = index for each of the cofe
1/¢™) has been modified and tortousity factarwas added Measurements3 ;. = ith laboratory measured water
to Archie’s formula [4]. It has taken the following form: saturation for corg (fraction), R; = ith laboratory measured

F = algn @) reS|st|y|ty for corg, Q-m, and@ = corej porosity (fraction).

Equation (6) calculates the minimum error between measured
core water saturation and computed water saturation by
1.2.1 Conventional Determination of a and m Archie’s formula, by adjustingn, nand optionallya in the

equation.

Table 4 illustrates typical results from CAPE and conven-
tional methods and shovas mandn values calculated with
log F =loga — m logp (4) the two methods for clean sandstone core samples. It is
obvious that the values af mandn are different for a given
set of points.

The conventional determination afand m is based on
Equation (3) and is rewritten as:

Plot of logF vs log @is used to determirandm for the
core samples. The cementation factpiis determined from
the slope of the least square fit straight line of the plotted
points, while the tortuosity factor is given from the intercept
of the line wherep= 1. Note that, in this plot, only points of Archie’s parameters values from four techniques for well A and well B

TABLE 4

S, = 1.0 is used. Archie’s parameteasand m were well A
determined as 1.36 and 2.03 for well A and 0.95 and 1.85 for _
well B. Technique a m n
Common values 0.65 2.15 2
. L Conventional 1.36 2.03 2.1
1.2.2 Conventional Determination of n CAPE 164 187 291
The classical process to determine saturation exponisnt 3D 143 1.97 2.15
based on Equation (1). This equation is rewritten as: Well B
=_ Technique a m n
o9 Ir " IogSN ®) Commgn values 0.65 2.15 2
The bi-logarithmic plot of, versus Sgives a straight line ~ Conventional 0.95 1.85 219
with negative sloper. Table 3 contains the saturation CAPE 1.04 179 1.95
exponent value for each core sample: this value is determinec?® 0.92 1.87 187
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1.4 Three-Dimensional Regression (3D)

In this technique it is contended that, so far as Archie’ ?@

parameters are concerned, the error in the water saturati Input core data

value should be kept minimum. This is because the wat @ S, R, and Ry

saturation quantity is desired and is physically a meaningfi i

guantity. Here, a method is developed to determine Archie Calculate for all core measurements

parametersa, m and n using standard resistivity Log (@) = X;

measurements on core samples [6-10]. Log (S,) =Y,
Methodology The basis of the 3D technique is to vigy Log (Rw/Ry) =Z;

in Archie’s formula Equation (1) as a variable in three- Y

dimensional regression plot &, R /R, and@. The 3D X, = 0.0 £Y,= 0.0 37, = 0.0

technique determines Archie’s parametarsnandn by $X%=0.0, 2% -Y;= 0.0, 2X;-Z; = 0.0,

solving three simultaneous equationsf R /R, and @. 3Y;-Z,=0.0,2Y%=0.0

Equation (1) is rearranged after taking the logarithm of bot 7

sides in the form: Compute for the number of core samples and core measurements

logR,/R=-loga+mloge+nlogs, (7 j =1.0
i =1.0

The left hand side of Equation (7) is a dependent variab

of the two independent variabl§sand@. Equation (7) isan v A

equation of a plane in 3D space of coordinde¥ andZ ———
(X=log@ Y=1IlogS, andZ=logR /R). The intersection of ;:
this plane with the planeX(= 0.0) gives a staight line of
slope (M), with the planeY = 0.0) giving a straight line with
slope (0 and with the planeZ(= 0.0) provides the value of
(a) parameter.

For a given set of data for a core sample, we can obta
an equivalent set of variabl&s YandZ. Equation (7) will
take the following form for measurement points:

Z=—A+mX+nY 8

Calculate
X, 2Y;, £Z;, IXZ, IX, ZY;,
X, Z;, =Y, Z, Y3,

All measurements
for one core

After normalizing Equation (8) foN readings, the
following three simultaneous equations are resulted.

2Z=-NA+rmzIX +nZX 9
IXZ=—ANZIX+mIXZ+nZ XY, (10)
All measurements
ZYiZ:—ANZYi+mZXiYi+nZYi2 (11) for one core

The solution of Equations (9-11) provides the values @
Archie’s parametera, mandn for one core sample. Fpr

core samples, running the same analysis produces aver: SZ=-na+mZzX+nZzY;
values of Archie’s parameters. Figure 1 illustrates flown IXZ;=-anTX + mIX%+nZY;Z
chart to compute Archie’s parameters by 3D technique fc ZY;-Zi=-anZYi+ m2X-Y +n 1Y,
i measurements gncore samples. Table 4 shows Archie’s

parameters calculated by 3D technique in addition tc | Solving the simultaneous equations |

CAPE, conventional and common values.

Note that the CAPE method is based on the idea that tl
two logarithmic plots of versusp andS,, versusl, are not
the optimum way of handling the problem. The compariso
between the two techniques showed that CAPE might ni @
appear as optimal as the conventional method. Instead, 1
are presenting another approach, the 3D technique. In this
technique, water saturation is treated as an independent Figure 1
variable in 3D plot of electrical resistivitss. water saturation Flow chart to compute Archie’s parameters with 3D
and porosity. technique.

| Output a, m, and n |
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1.4.1 Assumptions 2 APPLICATIONS

First, 3D technique assumes that Archie’s formula isryyg field examples are used for applying the calculated
applicable to the examined core samples. Also, the colgchie’s parameters to compute water saturation. Figures 2
samples represent the zone of interest. For shaly sandstoggg 3 are logging suites of resistivity, neutr@R and
Archie’s formula must be modified to account for thegensity for wells A and BGRwas used to calculate shale
presence of shale and its effect on resistivity measuremenigjume (V, = 0.33 (2°°R - 1), wherV,, is < 0.10, section is

The user is free to select the appropriate clay model, ar@nsidered clean sand and whépis = 0.75, it is taken as
consequently, the shaly sand water saturation equation. THRale section. Neutron and density logs readings have been
second assumption might be difficult to satisfy since it igorrected from shale effect to give corrected porosity values
dealing with the accuracy of the laboratory measurementsr using either in Archie’s formula or in shaly water
under reservoir conditions. The third assumption deals witsaturation model. The studied field examples produce from
the concept of the 3D technique, this means that the uselean sand sections and shaly sand sections. Figure 4 shows
must be acquainted with the basis and limitations of eadltow chart for a computer program used to compute water

method before using it. saturation in clean and shaly sections with the use of Archie’s
SP (MV) | DRHO (G/C3) |
-200.0 CAL (IN) 0.0 MSFL (Q-m) -.0500 .45000° NPHI
6.0000 - 7y L6-000 2000 ILD (Qm) 2000.0 45000 RHOB (G/C?) -1500
) 100.00 2000 2000.0] 3.0000
- | 8500 | ] I
3 18 — !
5 | F THRHE - | |
- A il | -
] i 1| | -
- b =
) rHI—
- ] 8600 IR -
K | -
“tal |- ¥ -] 1]
I |
- 8700 I - 1
NI — 44
- T
11 [N | -
| M
A | — |
8800 1 -
I 1 —
~H - - o -
a 4= B - H He=HH .
g = - I Wi |
I - 8900 14 L i m = |
- S :“I - 1 | 3‘:":'“—1"1
BESars s afillasit s S, T RS
| F' u 1 A1 — HE
Ep-cusscis gl Sl s 8e
i i n —] i
= ?_..- mEm — 'i : T
_a TT 9000 I F =L *" : % = | 1
Figure 2

Well logging data for well A.
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SP (MV) | DRHO (G/C8) |
-2000 caL(IN) 00 MSFL (Q-m) -.0500 450000 NPHI
G.OOOOGR (API)16.000 .2000 ILD (Q-m) 2000.0 45000 RHOB (G/C3) -.1500
0.0 00.00 .2000 2000.0 2.000 3.0000
I 12 1] | T =
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il _]
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e ? T o 111
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S EETETTTT 9600 L ol i 1 -
- 3 ._",\_] "_:|- :' ] =
| Al | 12 5 R
1 7] i | | = e _1 i g e E
- = - B e
Fa | [HE
! _1 I - sl R + i ] B
| mERIIIR T T
|{ i - 9700 I i R "r 1 i
e | Bap b -
3 1 | [Fl 1 |
N ] |
| il n == 0Tl
F.IN | ] AT T | [
L { i I A1 T 4
3 b =f 9800 ! E bt =i
e WM =4 1] |
'I .III | 1 % -
B WA . ] o 1 0 BB 1 -
i il all n - — -
| _L I | ] ! :ﬂ.—a-_ ¥ ] T
E b
= -+ 4 1+ | e ! ! H -
: HiE—E ﬁ_"'." T X i - -
- ) 9900 ] ] AN 1 1 1
I - i |
_}‘. - | 11 - BRESEE
b | | T
vy T ™ - =TT ] i |
) ] [T =4 i
= - - = 1
] } Rl | 4L 1 |
i T
T, I 1 '10000 : | | i n =l | |
Figure 3

Well logging data for well B.

parameters from each technique: Conventional, CAPE argtogram, clean sand is assumed ¥Qt < 0.10 and use
3D and also common Archie’s parameters for sanes&5,  Archie’s formula to findS,, shaly sand section is assumed

m=2.15and 5 2). for 0.10 <V, < 0.75 and use shaly sand water saturation
In clean sand, water saturation is computed by Archie’miodel to findS, and shale section is assumed\gr= 0.75
formula: and neglect it. Water saturations have been computed for
S, = @R,/ ¢g"R )M (12)  clean sections and shaly sand sections using Archie’s

An accurate computation of water saturation in shalparameters calculated by conventional, CAPE, 3D techniques
sand is subjected to many uncertain parameters. It gd common values. Repeating the computer program and
necessary to integrate the information from several typegach time with different Archie’s parametersmhas done
of logs using different interpretation models and locathis andn values as shown in Figure 4. Considering the fact
experience, in order to accurately determine the desirdbat water saturation has been computed in high shale volume
formation propertiesGR log is used to determine shale sections as well as in low shale volume sections, we used
volume that has been used to correct density and neutrthree shale models and final water saturation value is taken as
porosity values from shale effect to give a corrected effectiviie average value of the three shaly sand water saturation
porosity used in water saturation computation. In the analysmmodels. In effect, clays are dispersed within sand grains and,
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R @ m, n, SP, Rgp, GRgp,, ONgp,

Pshy Pr, PM, GRy, Temp.

!

Depth (i), pb(i), GR(i), @N(i), Rt(i)

!

Find Ryeq by SP log
Ry =3.3*Ryeq

.|
—
Y

'

VSh(i) =0.33* (22*|GR(i) - 1)

GR(i) - GRyin

IGR() =
GRmax - GRmin

25(1-Vgp /2

0.5m

Swigy = [0/ Regy)/ + )(ﬂ" la*R,+2* Vgt Vsn'? ‘
(a*RWRsh/m)2+Vsh )/RSh]”n

15 0.5
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l Yes
No Yes
Vg, <10%
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2 |
| Use Archie's Equation
1-Vgp /2 05 /2 05 )72/ ] a*R
Supi) = [a Rt(i))/‘vs(h(i) /2 Rsh ‘*’]‘szi) Ia*Ry) }] " Sw(i) = (p(|)'“—*v:?
t

O.SH 2/n

L]
Depth (i), Syay ()

Figure 4

Flow chart to compute water saturation.

645
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so, we selected three dispersed clay models. In fact that therelndonesia model [14]:

is no genergl shaly sand model can be applied in all modes Of%w(i) = [(1/R’[(i))/{(pm/aRN+ 2%V, 1Ver2)(a*R, R {72

shale distribution and also at level of shale volume. For 21V 2 Un

example Doll model [11] often gives optimistic results, but in *Von TS R (15)

very shaly pay zone can be unrealistic and Poepah[12] Figure 5 shows water saturation profiles for well A using

model and Hossin model [13] often become pessimistic iprchie’s parameters, mand n calculated by four

shaly pay sand located in transition zones and their appliechniques. Water saturation was computed in clean sand

cation may condemn pay zones of commercial significance.section with Archie’s formula while in shaly sand section it
Consequently, it is recommended in these field examplesas computed using shaly sand water saturation models.

to compute water saturation by the three models; Poepon Water saturation has been measured in the laboratory on

al., Doll and Indonesia [14]. Final water saturation value will10 core samples from the studied section in the well; the

be the average value of the calculated water saturatioA¥erage water saturation of all core samples was 30.5%.

derived from the three models. Water saturation equations bfgure 5a illustrates water saturation profile with depth using

Doll model [11]: of Figure 5a shows that water saturation is generally high and
the average water saturation for 85 points was 34.4% with
Svog) = [VRAVG IR ¢05M(@R )" (13)  standard deviatio values equals to 0.34. Figure 5b is
the water saturation profileersusdepth with use of Archie’s
Poupon et aimodel [12]: parameters calculated by conventional technigue {.36,
_ R _ m = 2.03 andh = 2.1). The average water saturation of the
SNp(i) =@ Rt(i))/ {Vsh(i)(1 Vst R studied section of 85 points was 47% with standard deviation

+ {(pc(i)mle(a*RW)O-5]”“ (14)  (og) =0.17. Itis still high, but it is better than in the case of
1.00 ] 1.00
0.90f f 0.90f h |
0.80} |'I I 0.80} i
0.70} |I | | 0.70}- |
_ 060F | | _ 060F | '
Foal i Foal | i
dl A0 |
0.30 0.30 | f rl |
o v o2t W
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Figure 5

Water saturation profiles with different Archie’s parameters using four techniques for well A.
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common values. Figure 5¢ shows water saturation profileoncerned with water saturation and related factors than
derived from water saturation equations using Archie’<CAPE technique.

parameters calculated by using the CAPE technique (a

3.21,m= 1.7 andch = 2.21). The average water saturation of TABLE 5

the retained section was about 28% with standard deviation
(o< ) = 0.067. CAPE technique provided water saturation
value much closer to the average value of core-measured

Average water saturation and standard deviations using Archie’s
parameters from four techniques for well A and well B

water saturation§, ... = 30.5%) than conventional and Well A
common techniques. Figure 5d depicts the water saturation recpnique s, o,
profile deduced from the use of Archie’s parameters gmmon values 34.4 0.34
calculated by 3D technique £ 2.94,m =1.56 a_nd1 =2.15). Conventional a7 0.17
Average value of 85 water saturation points was found capg 28 0.067
31.2%. With standard deviatioo{ ) equals to 0.069. Table 3p 31.2 0.069
5 summarises the average water saturation values computed
., Well B
by the Archie's parameters deduced from the three
techniques. It is obvious that CAPE and 3D methods give Technique S Oy
water saturation more accurate than the other methods andgcommon values 10.2 0.38
also with lower standard deviation error. The 3D technique Conventional 154 0.19
seems better than CAPE due to lower computing time and by ¢APE 6.5 0.072
its optimisation technique which is more physically 3P 11.6 0.078
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Figure 6

Water saturation profiles with different Archie’s parameters using four techniques for well B.
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Figure 6 shows water saturation profiles for well B It has been found [8] that these assumptions are valid only
deduced from different water saturation equations (Archie’sy water-wet reservoir. This is because the saturation
water saturation equation in the case of clean sand and shakponentn depends on the distribution of the conducting
water saturation equations in the case of shaly sand sectiopbase in the porous medium and therefore depends on the
10 core samples) measurements that give an average watettability. The saturation exponemi (s about 2 in water-
saturation of 12.25%. Figure 6a shows water saturatiowet rock, where brines spread over grain surface and
versusdepth, the Archie’s parameters used to compute watéacilitate the flow of the electric current. While it may reach
saturation with the common values= 0.65,m = 2.15 and 25 in strongly oil-wet rock, where oil coats grain surface and
n = 2). Using 85 saturation points, the average water satureauses disconnections and isolation of globules of brine and

tion was 10.5% with standard deviati = 0.38. Water therefore this brine will be unable to conduct a current flow.
saturation profile with Archie’s parameters derived by the
conventional techniquex(= 0.95,m = 1.85 anch = 2.12) is TABLE 6

shown in Figure 6b. The average value of an 85 saturation

. . . . Change of water saturation with saturation exponent
points of this curve was in the range of 15.4% with standard ge orw ration Wi uration exp

for well A and well B

deviation . ) = 0.19. This reflects that water saturation

calculated by conventional is much better than that derived A - Common values technique

from common Archie’s parameters. Figure 6c¢ illustrates the Well A

water saturation curve determined after the use of CAPE 2 4 6 8
technigue to Archie’s parameters{&2.44,m= 1.2 anch = Sy 0.344 0.676 0.781 0.825
1.95). Examination of this water saturation profile shows Well B

that water saturation values are low with an average of 6.5% 5 2 6 8
and standard deviatiow{ ) = 0.072. This average value is S, 0.154 0.367 0.510 0.601
much less than core sample water saturation value. Figure 6d

shows water saturation profile with the use of Archie’s B - 3D technique

parameters computed by 3D technigae=(2.59,m = 1.43 well A

andn = 1.87). The average water saturation of 85 saturation " 2.15 4 6 8
points was found 11.6% and their standard of deviation was Sy 0.312 0.641 0.745 0.811
0.078. The average water saturation values using Archie’s Well B

parameters calculated by the different techniques are n 1.87 4 6 8
presented in Table 5. It is clear that 3D technique gives better S. 0.116 0.378 0.521 0.621

standard deviation and the closest average saturation to the

core samples measured water saturation value. Therefore it is In order to test the effect of saturation exponent on water

recommended to use the 3D technique which provides tts@turation computation, parametar@ndm were fixed andh

values of Archie’s parameteess mandn and with an took different values 2, 4, 6 and 8 in the case of common

accepted water saturation error. values technique and values of 1.87, 2.15, 4, 6 and 8 in using
3D technique for wells A and B. From experience, saturation
exponents 1.87, 2, 2.15 correspond to water wet rock

3 VARIABLE SATURATION EXPONENT AND WATER assumption and saturation exponents 4, 6 and 8 indicate

SATURATION preferably oil-wet rock. Water saturation was computed

) using the same 85 saturation points for well A and B. This
Laboratory measured saturation exponejisfiowed some  gengsitivity test was carried out using Archie’s parameters
variations. An exact value of saturation exponent is necessaty|c lated by common values technique and 3D technique.
for a good log interpretation analysis aiming to a precis§ne average water saturation values shown in Table 6 clearly
water saturation determination. There are many factofjicate the effect of saturation exponent on the water
affecting saturation exponent such as rock wettability, grai@airation computation in wells A and B using common
pattern, presence of certain authigenic clays, particularyyes and 3D techniques. Figure 7a shows water saturation
chamosite, which may promote oil wet characteristics angofiles with variable saturation exponents using common
history of fluid displacement. However, it is found that rock,,5),es technique and Figure 7b shows saturation profiles
wettability is the main factor affecting saturation exponensing 3p technique for well A. Water saturation profiles with
(n). Archie’s saturation equation makes three implicitihe two techniques (common values and 3D) are shown in

assumptions:. o o Figures 8a and 8b for well B. The comparison between
— the saturation/resistivity relation is unique; Figures 7 and 5 for well A and Figures 8 and 6 for well B
— nis constant for a given porous medium; demonstrates clearly the increasing trend of water saturation

— all brine contributes in the electric current flow. profiles as saturation exponent increases. These computed
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Figure 7a

Change of water saturation with change of water saturation exponent (conventional technique) for well A.
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Figure 7b

Change of water saturation with change of water saturation exponent (3D technique) for well A.
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Figure 8a

Change of water saturation with change of water saturation exponent (conventional technique) for well B.
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Figure 8b

Change of water saturation with change of water saturation exponent (3D technique) for well B.
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water saturations for well A and B showed an exponential affected by many factors such as reservoir rock wettability
increase of water saturation with the increase of saturation and the presence of certain authogenic clays that may
exponent. It may follow the following relations between the promote oil wet characteristics. Therefore, it is
average water saturation and saturation exponent using allrecommended to calculate the saturation exponent
points in Table 6 of wells A and B. considering reservoir wettability conditions. On the side,

S, = 0.634 log 1.779 for 3D technique (16) there is no a significant effect of wettability alteration on

the value of formation resistivity factdr,
S, =0.794 log 1.17X for common values technique (17)
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