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Abstract: The area of study lies in the south west of Wadi el Natrun area, the western desert, Egypt,

where nine wells selected (S.Tiba 1A, Wadi Khadish-1, WQ37/16-1,E Mubarak-1,WD 12-1,WQ34/17-

1B,WQ34/15-1,WQ56/4-1,and WD33/15-2) Fig. (1).The petrophysical exponents are very important in the

determining the porosity and fluids saturation (water and different types of hydrocarbon fluids for clean

and non clean formation. The importance of the petrophysical exponents a, m and n is appeared, where

there is a direct relation between these parameters and the total water saturation,then the hydrocarbon

saturation. There are many of methods to calculate the petrophysical exponent  m, n, and a in these study 

but the pickett's and x-y cross plot methods  are used in these study and the results from the two methods

are tabulated and compare which other where the two methods are more accurate. From the results of the

two methods, the result is so closed to each other and there is not big difference. 

Key words: Comparative study, Pickett’s plot & X-Y cross plot methods, Wadi El-Natrun, Egypt. 

INTRODUCTION

Abu Roash Formation is the middle part of the

upper Cretaceous sequence mostly non-clastics where

the Abu Roash Formation composed of   calcareous

rocks with argillaceous intercalation (Fig. 2).

One of the best methods for measuring down-hole

fluid saturations is the resistivity logging. However, the

adequate recording of the log is only half the problem;

while the proper interpretation of the log is equally

important. Interpretation of these logs in clean rocks is

based essentially on Archie's equation , which related[2]

the water saturation (Sw) to true reservoir resistivity

(Rt), water resistivity (Rw) and formation porosity (Ô)

as follows:

w w mS  = (a R  / Ô . Rt )                              (1)1/n

Three petrophysical exponents are required in this

equation, these are: a, m and n. Classically, these

variables  are taken to be 1, 2 and 2" respectively,

after the original work of Archie . These values can[2]

not be always applied, especially in the case of

fractured reservoirs . [1]

The presence of clays in the formation normally

complicates the situation. In this case, both the volume

and resistivity of the clays have to be included in the

water saturation equation. Schlumberger  introduced[4]

the following equation.

t cl cl  / w w1/(R ) = [V /R ) +Ô  (aR ) ]S         (2) 1/2 (1-.5vcl) 1/2 m /2 1/2 n2

The importance of the petrophysical exponents a,

m and n is appeared in equation (2), where there is a

direct relation between these parameters and the total

water saturation

Two methods are used in this chapter for

estimating the petrophysical exponents and hence

enhancing the water saturation calculations in the shaly

formations.

Effect of Petrophysical Exponents on the Physical

Properties of Rocks: There are clear cut relationships

between the petrophysical exponents and the physical

properties of rocks. For example, the formation factor

F can be expressed in the following form:

mF = a /Ô          (3)

Where,

F is the formation factor, a is a function of the

tortuosity factor and m is a function of the number of

reductions in pore opening sizes (called cementation

factor). It is believed that, a should be 1 or greater,

while the value of m must be ranged from 1 to 3.

Archie, in , correlated the observed formation[2]

factors with the porosity and permeability .He showed

that, the correlation with the porosity is better and the

formation factor could be expressed as:
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Fig. 1: LOCATION MAP OF THE STUDY AREA. 

Table 1: The im pact of cem entation factor on the reservoir

characters.

Cementation factor m Reservoir character

1.3 Unconsolidated

1.4 - 1.5 Very slightly cemented

1.6-1.7 Slightly cemented

1.8-1.9 Moderately cemented

2 - 2.2 Highly cemented

Table 2: The results obtained from Pickett's plot for Abu Roash

Formation in the different wells.

No. Well name aRw a m

1 S. Tiba-1 A 0.02 0.67 2.2

2 Wadi Khadish-1 0.021 0.7 2.2

3 WQ 37/16-1 0.03 1 1.8

4 E. M ubarak-1 0.018 0.6 2.2

5 WD 12-1 0.02 0.67 2.3

6 WQ 34/7-18 0.022 0.73 2.3

7 WQ  34/15-1 0.021 0.7 2.1

8 WQ 56/4-1 0.03 1 2

9 WD 33/15-2 0.024 0.8 2

Table 3: The results obtained from X-Y crossplots.

No. Well name aRw a m

1 S. Tiba-1 A 0.019 0.63 2.2

2 Wadi Khadish-1 0.020 0.67 2.2

3 WQ 37/16-1 0.028 0.93 1.8

4 E. M ubarak-1 0.019 0.63 2.3

5 WD 12-1 0.021 0.70 2.3

6 WQ 34/7-18 0.021 0.70 2.3

7 WQ  34/15-1 0.020 0.67 2.3

8 WQ 56/4-1 0.029 0.97 2.0

9 WD 33/15-2 0.025 0.83 2.0

F = 1 I Ôm       (4)

where: Ô  is the fractional porosity.

Archie further reported that, the cementation factor
is probably ranged from 1.8 to 2.0 for consolidated

sandstones and for clean unconsolidated sands it is
about 1.3 The following Table (1) shows the values of

m with the comparable reservoir character.
It may be noted that, cementation results is

increasing the values of formation factor over that
observed for uncommented aggregates. Furthermore, the

cemented aggregates exhibit a greater change in the
formation factor with a change in the porosity than the

unconsolidated aggregates.
Also, the resistivity index is a function of the

water saturation, as shown from the theoretical
assumption:

w I=1/S                                                (5)n

where I = Rt/Ro is the resistivity index and n is

the saturation exponent, that ranges between 1 and 2.
On consolidated samples from woodbine sand, the

saturation exponent n ranges from 2.31 to 2.40.
Furthermore, as shown. Previously in Archie and

Schlumberger equations for the determination of water
saturation in clean and shaly formation, it is important 
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Fig. 2: GENERALIZED LITHOSTRATIGRAPHIC COLUMN OF NORTH WETREN DESERT, COMILATION

OF (E G P C, 1992 AND SCHLUMBEREGER, 1995)

to determine the accurate values of m. n and a  for the

accurate estimation of the total water saturation.

Determination of Cementation Factor, Tortuosity

Factor and Saturation Exponent:

Pickett's PLot method: The petrophysical exponents,

"a" is the tortuosity factor and" n" is the saturation

exponent. Pickett's plot method, was utilized for

calculating these parameters. Pickett used the following

basic relationships for the formation evaluation from

well logs. The derivation starts with Archie's equation

show as follow: 

R wSw2= F  R

---------------       (6)

t     R

If the logarithm  with base 10 has been taken for

this equation, then we can get:

w R w t2log S =log F  + log R  - log R       ( 7 )  

By substituting:
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Fig. 3: PICKETTS PLOTS OF ABU ROASH Fm., S. TIBA-1A WELL. 

Fig. 4: PICKETTS PLOTS OF ABU ROASH Fm., WADI KHADISH-1 WELL. 

Fig. 5: PICKETTS PLOTS OF ABU ROASH Fm., WQ 37/16-1 WELL. 
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Fig. 6: PICKETTS PLOTS OF ABU ROASH Fm., E.MUBARAK-1 WELL. 

Fig. 7: PICKETTS PLOTS OF ABU ROASH Fm., WD 12-1 WELL. 

Fig. 8: PICKETTS PLOTS OF ABU ROASH Fm., WQ 34/17-1B WELL. 
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Fig. 9: PICKETTS PLOTS OF ABU ROASH Fm., WQ 34/15-1 WELL. 

Fig. 10: PICKETTS PLOTS OF ABU ROASH Fm., WQ 56/4-1B WELL. 

Fig. 11: PICKETTS PLOTS OF ABU ROASH Fm., WD 33/15-2 WELL. 
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Fig. 12: 

Fig. 13: X-Y CROSS PLOT USING “m” EQUALS “2.2" OF ABU ROASH Fm., WADI KHADISH-1 WELL. 

Fig. 14: X-Y CROSS PLOT USING “m” EQUALS “2.2" OF ABU ROASH Fm., WADI KHADISH-1 WELL. 
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Fig. 15: X-Y CROSS PLOT USING “m” EQUALS “1.8" OF ABU ROASH Fm., WQ 371/16-1 WELL. 

Fig. 16: X-Y CROSS PLOT USING “m” EQUALS “2.3" OF ABU ROASH Fm., E. MUBARAK-1 WELL. 

Fig. 17: X-Y CROSS PLOT USING “m” EQUALS “2.3" OF ABU ROASH Fm., WD 12-1 WELL. 
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Fig. 18: X-Y CROSS PLOT USING “m” EQUALS “2.2" OF ABU ROASH Fm., WQ34/7-1B WELL. 

Fig. 19: X-Y CROSS PLOT USING “m” EQUALS “2.3" OF ABU ROASH Fm., WQ 34/15-1 WELL. 

Fig. 20: X-Y CROSS PLOT USING “m” EQUALS “2" OF ABU ROASH Fm., WQ 56/4-1 WELL. 
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Fig. 21: X-Y CROSS PLOT USING “m” EQUALS “2" OF ABU ROASH Fm., WD 33/15-2 WELL. 

R mF  = a / Ô       (8)

and reorganizing, we can get:

t w wlog R  = log R  + log a - m log Ô- 2 log S      (10)

which car be simplified down. to the form:

t w wlog R  = m log Ô  + log (a R ) - 2 log S         (11)

for a zone with Sw= 100 %, the equation (11)

becomes:

t wlog R  = - m log Ô+ log (a R )       

(12)

which is he equation of a straight line, on log-log

paper can be written in the form:

y=mx+b       

(13)

tAccording to equation (12), a plot of log R  vs. log

t can be drawn in a straight line with a slope

controlled by m, where m =1/slope. The slope is

determined manually by measuring a distance on the Rt

axis (in cm) and dividing it .by the corresponding

distance on the porosity axis. The value of a Rw is

derived from the intercept of such a line with the

porosity axis at Ô= 1. as shown in (Figs. 3 to 11). The

Table (2) shows the different values for these

parameters in the Abu Roash Formation through the

studied wells.

As shown, the cementation exponent (m) for this

formation has different values ranging from 1.8 to 2.3,

while the tortuosity factor for this unit ranges from

0.60 to 1.0 in the studied wells.

X-Y Cross Plots Method: The background of this

method starts with Schlumberger equation  for the[4]

determination of the total water saturation in the shaly

formation, as follows:

                           

t cl cl  / w w1/(R ) = [V /R ) +Ô  (aR ) ]S        (14)1/2 (1-.5vcl) 1/2 m /2 1 /2 n/2

By  multiplying  the  two sides with the quantity

(a Rw) / Ô  , such an equation will be as follows:1/2 m /2

w t cl(aR ) / .(R ) =[V .1/2 Ô m /2 1/2 (1-.05Vcl)

w cl w(aR ) /(R ) .Ô +1]S         (15)1/2 1/2 m /2 n/2

or

w t cl w cl(aR ) / .(R ) =[V .(aR ) /(R ) . Ô +1]1/2 Ô m /2 1/2 (1-.05Vcl) 1/2 1/2 m /2

w wS + Sn/2 n/2

Equation (15) can be treated as a linear equation

in the form:

Y=BX+C

w twhere: Y = (aR ) / .(R )    1/2 Ô m /2 1/2

cl w clX=V .(aR ) /(R ) .Ô .       (1-.05Vcl) 1/2 1/2 m /2

(16)

By assuming m = n = 2 in equation (15), the

water saturation isogram on the log-log paper can be

constructed. In this case:
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tC Y = (a Rw) / Ô . (R )1I2 ,1/2

clC X = Vcl  . (a Rw)  /Ô . (R )  (1-0.5VC I) 1/2 1/2 .

wC B = C = S

The different water saturation isograms (Fig. 15)

can be constructed from equation (16) as follows:

For Sw = 10 %:

at X = 0.01    Y=(0.01 *0.10)+0.10= 0.10       

(17)

at X = 0.10    Y = (0.10 * 0.10) + 0.10 = 0.11 (18) 

at X = 1.00    Y= (1.00*0.10)+0.10= 0.20        (19)

at X = 10.0    Y=(10.0*0.10)+0.10= 1.10         (20)

at X = 1 00    Y = (100 * 0.10) + 0.10 = 10.1  (21)

Also  the  above  mentioned  substitutions are

used  for  Sw  equal  to  20%,  30 %, 40 %, 50 %,

60  %, 70 %, 80 %, 90 % and 100 % for obtaining

the water saturation isograms. The diagonal and

horizontal  logarithmic  scales were drawn on the

water saturation isograms. The two scales met in a

value  of  1.0,  which  corresponds to a value of 1.0

at both coordinates.

The most important concept in this method is the

determination of the values of m and a Rw.

Accordingly,  the two coordinates needed for a

crossplot are:

clC X=Y / Ô(1-.05Vcl) m /2   

C Y = 1/ Ô . (Rt)  .m /2 1/2

The value of "m" will be chosen so that, the

plotted points have a pattern close to that of 100 % Sw

isogram. Accordingly, trial and error method can be

used for fulfilling this condition.

(Figs. 13 to 21) represent the crossplots of X vs.

Y for the data collected from the nine studied wells.

From these figures, the resultant pattern of the plotted

points can trace the 100 % Sw isogram. When the

curvature of the pattern obtained closely traces the 100

% Sw isogram, then the value of a Rw can be

determined, where this value can be read off the

diagonal scale at the horizontal axis.

By knowing the values of Rw as determined

before, the tortuosity factor "a" can be determined.

Table (3) shows the different values for these

parameters in the studied formation and wells.

Then, applying the X- Y crossplots for the Abu

Roash Formation in the studied wells reveals that, the

cementation  exponent  "m"  for  this  unit has

different values ranging from 1.8 to 2.3, while the

tortuosity  factor  "a"  has different values ranging

from 0.63 to 0.97.

Conclusion: The area of study lies in the south of

Wadi el Natrun area, the western desert ,Egypt ,where

nine wells  selected ( S.Tiba 1A, Wadi Khadish-

1,W Q37/16-1,E M ubarak-1,W D 12-1,W Q34/17-

1 B ,W Q 3 4/15-1 ,W Q 56/4-1 ,and  W D 3 3 /1 5 -2  ) to

comparison between the petrophysical exponent for

Abu Roash Formation from the two methods. Three

petrophysical exponents are required in this equation,

these are: a, m and n. Classically, these variables are

taken to be 1, 2 and 2" respectively, after the original

work of Archie . The results obtained from Pickett's[1]

plot for Abu Roash Formation in the different wells are

the cementation exponent (m) for this formation has

different values ranging from 1.8 to 2.3, while the

tortuosity factor for this unit ranges from 0.60 to 1.0 in

the studied wells. Then, applying the X- Y crossplots

for the Abu Roash Formation in the studied wells

reveals that, the cementation exponent "m" for this unit

has different values ranging from 1.8 to 2.3, and that 

means the rocks of the Abu Roash  Formation  in the

area are higly cemented to moderately cemented, the

while the tortuosity factor "a" has different values

ranging from 0.63 to 0.97.

Finally, the results of "m" and "a" obtained from

Pickett's plot method are very close to those obtained

from the X-Y crossplots method. These reflect that, the

X-Y crossplot method confirmed the obtained results

from the Pickett's plot method. 
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