
/ \ 

SUMMARY 
AND 

CONCLUSIONS 

v J / 

o b e i k a n d l . c o m



SUMMARY AND CONCLUSION 

SUMMARY AND CONCLUSIONS 

The Bahariya Formation is counted among the most important 
hydrocarbon reservoirs in the Western Desert of Egypt. It was 
formed at the beginning of the Cenomanian transgression and 
consists of sediments deposited under fluvio-marine to shallow 
marine conditions. The samples of the Bahariya Formation 
investigated in the presented study can be divided into two types of 
samples, a) laminated samples and b) non-laminated samples. The 
petrophysical parameters are determined for both types of samples 
(laminated and non-laminated) and for both orientations of the 
samples (horizontal and vertical). The lamination is considered to 
be the main source of anisotropic behaviour. Petrophysical 
laboratory investigation has been carried out to determine different 
petrophysical parameters such as density, porosity, internal surface 
and magnetic susceptibility as scalar parameters. The petrophysical 
investigation of directional parameters has confirmed that in general 
the laminated samples show a distinct anisotropy. The degree of 
anisotropy was determined for electrical resistivity, gas 
permeability, p-wave velocity and thermal conductivity. The 
coefficients of anisotropy of electrical and hydraulic conductivity 
have been defined in a way that they become comparable. Fractures 
in the direction of the lamination cause an increased horizontal 
permeability and consequently a considerable anisotropy. The 
anisotropy of p-wave velocity is less sensitive to the lamination. 

Scalar parameters 
1- Density: 

The grain density measurements show that the laminated and 
non-laminated samples cannot be differentiated by their average 
values. The laminated and non-laminated values differ from each 
other only by 0.003 g/cm3. The average grain density for horizontal 
and vertical samples differs from each other only by 0.002 g/cm3. 
The grain density does not separate clearly between laminated and 
non-laminated samples. 

Bulk density which includes the pore space filling fluid 
(saturated with tap water) only reflects the changes in porosity. The 
increasing bulk density is caused by reduced porosity. There is only 
a slight difference in bulk density values between laminated and 
non-laminated samples. 

118 

o b e i k a n d l . c o m



SUMMARY AND CONCLUSION 

2-Porosity: 
The rock porosity of the Bahariya samples varies from 3.6 % 

to 17.0% with a mean porosity value of 10.8%. For laminated 
samples, the pore space filling clay minerals cause a gradual 
decrease in porosity while the porosity for non-laminated samples 
increases. For laminated samples, porosity spreads over a relatively 
wide interval but this interval becomes narrower for non-laminated 
samples. 

3-Internal surface: 
The pore volume related specifc surface area Spot of the 

Bahariya samples varies from 1.4 urn*1 to 113 urn"1 with a mean 
valuel7.2 um"1. The mean specifc surface area for non-laminated 
samples is lower with 4.7 pm1 while the mean specifc surface area 
value for laminated samples is higher with 25.6 um'1. Though the 
average values indicate a remarkable difference, the surface ranges 
broadly overlap. It can be observed that the laminated samples are 
characterized by higher internal surface than the non-laminated 
samples. Generally, the internal surface decreases with increasing 
porosity and permeability for laminated and non-laminated samples. 

4- Magnetic susceptibility: 
The magnetic susceptibility of the Bahariya samples varies 

from 23*10"6 SI to 595* 10"6 Slwith a mean susceptibility value of 
112* 10"6 SI. There is a broad overlapping interval between the 
susceptibility value of laminated and non-laminated samples. The 
mean susceptibility value for non-laminated samples is lower with 
59* 10"6 SI while the mean susceptibility value for laminated 
samples is higher with 147* 10"6 SI. It can be observed mat the 
laminated samples show a higher magnetic susceptibility than the 
non-laminated ones. Though no difference in grain density has been 
observed, the changes in the mineral content of the strongly 
laminated samples obviously cause an increase in magnetic 
susceptibility. 

Directional parameters 

1-Electrical resistivity: 
The average resistivity of the vertical samples is slightly 

higher than the average horizontal resistivity values. The 
comparison between laminated samples and non-laminated samples 
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without any reference to orientation shows that the average 
resistivity for laminated samples is higher than the average value for 
the non-laminated samples. It can be noticed that the laminated and 
vertical samples are more resistive than the non-laminated and 
horizontal samples. Generally, the resistivity values range from 213 
Qm to 914 Qm with a mean values 439 Qm. The coefficients of 
anisotropy of resistivity for all investigated pairs of samples range 
from 0.95 to 1.67 with a mean value of 1.14. Generally, the 
anisotropy of resistivity for the laminated samples is larger than the 
anisotropy of the non-laminated samples. 

2-Gas permeability: 
The investigated sandstone samples of the Bahariya 

Formation show a large variation in gas permeability ranging from 
0.01 mD (non-permeable) to 69 mD (permeable) with a geometric 
mean permeability value of 0.47 mD. The comparison between 
laminated and non-laminated samples shows that the laminated 
samples are less permeable than non-laminated samples. The 
geometric mean value of the vertical samples is slightly lower than 
the geometric mean value for the horizontal samples. As expected, 
the horizontal samples show higher permeability values than the 
vertical samples. The coefficients of anisotropy of permeability for 
all investigated pairs of samples range from 0.95 to 2.00 with a 
mean value of 1.31. Since for most pairs of samples the coefficient 
of anisotropy of permeability is larger than one it was verified that 
the permeability in horizontal direction exceeds the permeability in 
vertical direction. As expected, the anisotropy of the laminated 
samples is higher than that of the non-laminated samples which 
show a smaller but non-vanishing degree of anisotropy that is 
caused by the sedimentation process. 

3-P-wave velocity: 
The seismic p-wave velocity has been determined on dry 

samples under ambient conditions. The average velocity value for 
laminated samples is higher than that of non-laminated samples. 
The average velocity value for horizontal samples is higher than the 
average velocity of the vertical samples. It is interesting to note that 
the average velocity for laminated and horizontal samples is similar 
and the average velocity for non-laminated samples approaches the 
average value of the vertical samples. The p-wave velocity 
anisotropy ratio ranges for all investigated pairs of samples from 
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0.98 to 1.35 with a resulting mean value of 1.15. For laminated 
samples, the coefficient of anisotropy is slightly higher than the 
non-laminated samples. Generally, the anisotropy of p-wave 
velocity is less sensitive to the lamination structures. The average 
seismic anisotropy ratio only slightly increases for the laminated 
samples. 

4-Thermal conductivity: 
The average thermal conductivity value for dry samples is 

3.07 W m ' t 1 . For the water saturated samples, an increased 
average thermal conductivity value of 4.14 Wm^K"1 has been 
determined. Considering the thermal conductivity determined along 
the core mantle of eight pairs of dry samples, an average coefficient 
of anisotropy has been determined to be 1.35. For the saturated 
samples, the average coefficient of anisotropy decreases to 1.18. 

Petrophvsical relationships 

Relationships between different petrophvsical parameters 
have been investigated. A variety of parameters shows a significant 
correlation to porosity or permeability. Because of the low variation 
in grain density bulk density becomes strongly related to porosity. 

The sample lamination shows a strong influence on most 
petrophvsical parameters. It causes higher internal surface (Spor), 
higher electrical resistivity, increased p-wave velocity and a 
reduction in both porosity and permeability. A special feature of the 
Bahariya samples is that magnetic susceptibility becomes related to 
porosity. The pore filling material causing the lamination results in 
increased magnetic susceptibility and decreased porosity. 
Consequently, the samples with higher magnetic susceptibility are 
characterized by lower porosity. Porosity and magnetic 
susceptibility have proven to be appropriate parameters for a rough 
classification in laminated and non-laminated samples. 

The correlations of different parameters with permeability are 
of great interest for reservoir evaluation. The porosity -
permeability (or poro-perm) relation shows the general trend of 
increasing permeability with increasing porosity. The large scatter 
in the relevant cross plot shows that a permeability prediction only 
considering porosity will fail. Further investigations have shown 
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that several other parameters show a distinct relation to 
permeability. The permeability - formation resistivity factor 
relation reflects the effect of porosity changes as indicated by 
Archie's law. 

The pore volume related internal surface shows an inverse 
relation to permeability. Since it is known that Spor is related to the 
inverse to the effective pore radius it is clear that an increase of Spor 
will result in a decrease of permeability. In general, an increase of 
Spor will result in an increase of the imaginary part of conductivity. 
Though the Bahariya data show only a slight influence of Spor on the 
imaginary part of conductivity the positive correlation between 
imaginary part of conductivity and permeability is surprising. It 
seems to be a special effect of the Bahariya sandstone samples. This 
effect becomes stronger for the laminated samples.*! 

The well-known Archie's law between formation resistivity 
factor and porosity is confirmed by our data set The relation 
becomes more reliable if only non-laminated samples are 
considered. The detennination of the true resistivity formation 
factor considering the interface conductivity as additional term has 
proven to be a suitable extension. The interface conductivity has 
been determined from the imaginary part of conductivity. 

In agreement with data of other authors, it was confirmed that 
AK> Ap>Av. Fractures in direction of lamination were identified 
to be the reason of the increased permeability in horizontal 
direction. The laminated Bahariya samples show higher degree of 
amsotropy and non-laminated samples showing lower degree of 
anisotropy. 

P-wave velocity decreases in general with increasing porosity. 
The p-wave velocity for horizontal samples is larger than that in 
vertical direction. Moreover, the data points of the vertical direction 
are highly scattered more than that in horizontal direction. It was 
shown that both Wyllie and Raymer equations fail to provide a 
reliable prediction of p-wave velocity for dry and saturated samples 
from porosity data. Compressiona! wave velocity increases with 
increasing saturation but shear wave velocity decreases. The 
Poisson's ratio increases with increasing saturation. The modeling 

122 

o b e i k a n d l . c o m



SUMMARY AND CONCLUSION 
of saturation dependent p- and s-wave velocities is the basis for the 
determination of a saturation dependent Poisson's ratio. 
Compressional and shear wave velocities at different saturation 
levels can be interpolated from dry and fully saturated state. The 
discrimination between fluid and gas filling is based on a reliable 
prediction of the Poisson's ratio. The calculated Poisson's ratio 
values determined from appropriately interpolated compressional 
and shear wave velocities are in good agreement with the values 
obtained from measured data. 

Several formulas have been developed to predict permeability 
from other parameters. Considering the equations with a single 
independent parameter, the porosity and the formation resistivity 
factor prove to be the most relevant parameters resulting in the 
highest coefficient of determination and the lowest average 
deviation at logarithmic scale. It is known that at least two 
parameters are necessary to provide a good permeability prediction. 
One parameter should characterize the pore volume. Porosity or 
formation resistivity factor seem to be appropriate parameters. The 
other parameter should characterize the pore size. Since a direct 
measurement of pore size distribution becomes difficult, indirect 
measurements of pore size distribution are of interest. Spor or the 
imaginary part of conductivity seems to be appropriate parameters 
that are related to an effective pore size. It could be confirmed by 
our data that a combination of two parameters, one characterizing 
the pore volume (0 or F) and the other the pore size (5^ r or p") 
results in an improved quality of permeability prediction. The 
multivariate correlation yields the best fitting equation. Since the 
logarithm is used for all parameters a general power law equation is 
given. The equation based on F and Spor yields the most reliable 
results. An extension of the equation using all four quantities (0, F, 
Spor and p") enables an even improved permeability prediction with 
the highest coefficient of determination (0.84) and then lowest 
average deviation (0.37). 
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Appendix 1 
Table 2-1 The scalar parameters of petrophysicai measurements for all studied 

samples of the Bahariya Formation. 
Samples 
Number 

depth 
[m] 

dry db 

lg/cm3] 
wetdk 
[g/cm3] 

4, 
[g/cm3] 

0 Spar 

Dun1] 
K ! 

[lo^sq | 
IV ^S17 0 7 1 0 2 4? 7/il 117* 14S 77 7R 
2H 
3H 3513.6 229 2.41 2.65 12.29 12.10 134.36 
3V 3513.6 2.25 239 2.64 12.42 9.49 100.51 
4H 3513.8 2.28 2.40 2.63 12.12 9.09 84.00 
4V 3513.8 2.26 239 2.64 12.78 9.63 75.58 
5H 3514.6 229 2.41 2.64 11.85 1.98 106.53 
5V 3514.6 2.27 2.38 2.63 11.29 16.47 110.12 
6H 3514.7 2.37 2.46 2.61 924 23.03 148.64 
6V 3514.7 
7H 35152 2.40 2.48 2.65 8.00 34.53 135.82 
7V 3515.2 2.39 2.47 2.65 8.34 2.11 110.68 
8H 
8V 
m 3515.6 2.45 2.51 2.65 5.92 32.76 103.12 
9V 3515.6 2.45 2.52 2.65 7.00 3.84 112.08 
10H 
10V I 
11V I 
12H 3517.1 2.26 2.40 2.62 13.66 6.50 75.12 
12V 3517.1 225 2.39 2.61 13.38 6.14 68.36 
13H 3517.2 222 2.37 2.65 15.29 39.76 I 

1 13v 3517.2 2.22 2.37 2.65 15.52 3.48 40.45 
I 14H 3517.4 2.37 2.48 2.69 11.39 4.43 131.44 J 
| 14V 3517.4 221 231 2.69 11.71 4.95 14823 
I 15H 3518.1 2.22 2.37 13.10 2.97 34.72 i 
1 15V 3518.1 2.16 2.32 2.65 15.40 1.95 53.55 
I 16H 35182 2.28 2.42 2.62 13.41 135 139.76 
I 16V 35182 2.28 2.42 2.64 13.62 2.13 163.84 
1 21H 3519.5 2.47 2.53 2.57 5.51 921 90.51 
1 21V 3519.5 2.46 2.52 2.59 5.25 17.16 98.56 
1 22H 3519.7 
\ 22V 3519.7 

24H 3520.0 2.37 2.46 2.63 8.75 23.78 88.88 
24V 3520.0 2.36 2.47 2.63 10.32 20.87 94.04 
25H 3520.9 2.46 2.64 7.99 23.02 8436 

1 25V 3520.9 2.40 2.47 2.64 7.18 31.67 93.97 
26H 3521.0 
26V 3521.0 
27H 3521.3 237 2.45 2.59 8.96 119.12 

I 27V 35213 238 2.46 2.56 7.68 14.00 101.16 
I 28H 3521.6 229 239 2.63 10.59 10.55 75.29 

28V 3521.6 2.27 238 2.62 12.04 11.09 92.69 
29H 3521.9 2.34 2.44 2.64 9.46 3.78 23.17 
29V 3521.9 2.34 2.45 2.65 10.41 44.50 
30H 3522.5 2.30 2.42 2.59 11.53 4.16 72.75 
30V 3522.5 2.31 2.43 2.60 1135 4.88 115.54 

I 3m 3522.7 2.48 2.53 2.64 4.95 76.51 
1 31V 3522.7 2.45 2.51 2.64 525 47.38 139.95 
1 39H 3525.4 

40H 3526.3 2.57 2.58 2.66 3.56 33.42 158.12 
40V 35263 2.57 2.61 2.63 3.74 17.66 168.98 
4IH 3526.4 2.33 2.44 2.61 10.53 9.03 70.12 
41V 3526.4 2.34 2.44 2.61 1021 8.49 70.46 
42H 3527.3 2.22 2.37 2.65 15.00 4.73 38.91 

1 42V 3527.3 2.22 2.37 2.65 15.40 4.78 47.89 
43H 3527.5 2.38 2.45 2.60 6.80 327.22 

i 43V 1 3527.5 234 2.41 2.61 1 7.48 2533 234.18 
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Appendix 1 
Table 2-1 (Continued), the scalar parameters of petrophysical measurements for 

all studied samples of the Bahariya Formation. 
Samples 
Number 

depth (MD) 
[m] 

dry*& 
Ig/cm3] 

v/etdb 
feZcm3] 

<4 
[g/cm?] 

0 
[%] 

c 
*>por 

bun1] [104 SI] 
44H WR 7 2 74 7V> ■yfO 14 73 4Jtt 9f)QQ 
44V 3528.2 2.23 2.38 2.61 14.47 3.14 33.18 
46H 3528.5 2.24 238 2.66 14.76 44.62 
46V 3528.5 222 2.37 2.66 14.83 32.56 
47H 3528.7 2.51 2.56 2.66 4.92 30.13 146.99 
47V 3528.7 2.35 2.44 2.67 927 23.31 133.56 
48H 3529.1 223 238 2.61 14.42 10.75 86.07 
48V 3529.1 225 2.39 2.60 13.80 9.70 89.17 I 
49H 3529.3 221 2.36 2.65 15.78 326 3031 1 
49V 3529.3 2.20 2.36 2.65 16.30 3.54 31.82 I 
50H 3529.4 2.23 2.37 2.65 14.90 4.60 32.87 | 
50V 3529.4 2.23 239 2.65 16.16 4.30 33.63 1 
51H 3530.0 2.20 2.36 2.62 1628 2.60 38.14 1 
51V 3530.0 2.17 2.34 2.61 17.03 2.87 34.47 
S2H 3530.1 2.31 2.42 2.66 11.50 120.69 
52V 3530.1 2.32 2.43 2.66 11.06 24.29 305.49 
53H 3530.3 236 2.46 2.67 10.08 138.41 
53V 3530.3 238 2.48 2.69 10.03 223.31 
54H 3531.1 2.32 2.44 2.65 12.17 64.96 
54V 3531.1 230 2.41 2.65 11.31 64.82 
55H 3531.2 220 236 2.65 1533 9.36 8230 
55V 35312 2.21 235 2.65 15.10 10.40 82.58 
56H 3531.6 2.24 238 2.65 13.71 112.78 
56V 3531.6 2.17 230 2.65 13.32 159.50 
57H 3531.8 2.41 2.48 2.65 7.63 159.29 
57V 3531.8 2.41 2.50 2.67 8.46 139.94 
58H 3532.4 2.31 2.41 2.62 938 19.62 117.16 
58V 3532.4 2.63 4.17 9.73 
59H 3533.0 2.37 2.47 2.60 10.04 10.79 172.85 I 
59V 3533.0 233 2.45 2.63 11.66 12.06 115.73 
60H 3533.1 
60V 3533.1 
61H 3533.3 
62H 3533.7 2.23 2.38 2.65 15.81 28.89 
62V 3533.7 222 238 2.66 16.17 41.79 
63H 3534.8 2.29 2.42 2.61 12.85 2.33 40.48 
63V 3534.8 226 2.40 2.62 14.17 10.87 77.37 
64H 3536.3 
64V 35363 
65H 3536.8 227 2.41 2.64 13.67 4.08 38.44 
65V 3536.8 2.26 239 2.65 13.46 4.95 35.98 
71H 3543.4 236 2.45 2.66 921 5.82 37.84 
71V 3543.4 238 2.47 2.66 9.04 9.67 45.68 
73H 3543.9 2.47 2.54 2.66 7.40 32.68 250.47 
73V 3543.9 2.47 2.56 2.69 8.47 53.13 301.86 
74H 3544.7 2.56 2.65 2.84 8.41 86.69 594.92 
74V 3544.7 2.48 2.55 2.72 7.13 76.05 234.19 
75H 3544.9 2.41 2.49 2.66 7.73 56.45 104.07 
75V 3544.9 2.40 2.48 2.66 7.75 55.74 99.67 
76H 3545.5 
76V 3545.5 
77H 3545.7 
77V 3545.7 
78H 3546.4 2.46 2.53 2.68 6.55 113.02 197.62 
78V 3546.4 2.47 2.54 2.68 6.50 16.80 164.00 
79H 3546.6 2.49 2.51 2.65 5.80 184.83 
79V 3546.6 235 2.44 2.55 926 5029 152.08 
80H 3547.4 2.28 2.49 2.67 7.04 189.71 
80V 3547.4 227 2.48 2.68 7.03 208.93 
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Appendix 1 
Table 2-2 The scalar parameters of petrophysical measurements for laminated 

studied samples of the Bahariya Formation. 
Samples 
Number 

depth (MD) 
[m] 

dryofc 
[g/cm3] 

wet dt 
[g/cm3] 

<4 
[g/cm3] 

0 "por 

him1] 
K 

[lO^SI] j 
IV 3SI7 n ? 3 0 7 40 7M M76 I4X 71 7R 
3H 3513.6 229 2.41 2.65 1229 12.10 13436 | 
3V 3513.6 225 239 2.64 12.42 9.49 100.51 
4H 3513.8 228 2.40 2.63 12.12 9.09 84.00 1 
4V 3513.8 226 239 2.64 12.78 9.63 75.58 
5H 3514.6 2.29 2.41 2.64 11.85 1.98 106.53 
5V 3514.6 227 238 2.63 1129 16.47 110.12 
6H 3514.7 2.37 2.46 2.61 924 23.03 148.64 

I 6V 3514.7 
7H 35152 2.40 2.48 2.65 8.00 34.53 135.82 
7V 35152 2.39 2.47 2.65 834 2.11 110.68 
9H 3515.6 2.45 2.51 2.65 5.92 32.76 103.12 j 
9V 3515.6 2.45 2.52 2.65 7.00 3.84 112.08 

21H 3519.5 2.47 2.53 2.57 5.51 921 90.51 
21V 3519.5 2.46 2.52 2.59 525 17.16 98.56 

I 24H 3520.0 2.37 2.46 2.63 8.75 23.78 88.88 
24V 3520.0 2.36 2.47 2.63 10.32 20.87 94.04 
25H 3520.9 2.46 2.64 7.99 23.02 84.36 
25V 3520.9 2.40 2.47 2.64 7.18 31.67 93.97 
27H 3521.3 2.37 2.45 2.59 8.96 119.12 

1 27V 3521.3 2.38 2.46 2.56 7.68 14.00 101.16 
I 28H 3521.6 229 239 2.63 10.59 10.55 75.29 
I 28V 3521.6 227 238 2.62 12.04 11.09 92.69 
I 31H 3522.7 2.48 2.53 2.64 4.95 76.51 

31V 3522.7 2.45 2.51 2.64 525 4738 139.95 
40H 35263 2.57 2.58 2.66 3.56 33.42 158.12 
40V 3526.3 2.57 2.61 2.63 3.74 17.66 168.98 
43H 3527.5 2.38 2.45 2.60 6.80 32722 

I 43V 3527.5 234 2.41 2.61 7.48 2533 234.18 1 
I 47H 3528.7 2.51 2.56 2.66 4.92 30.13 146.99 

47V 3528.7 235 2.44 2.67 927 2331 133.56 
48H 3529.1 223 238 2.61 14.42 10.75 86.07 
48V 3529.1 2.25 239 2.60 13.80 9.70 89.17 
52H 3530.1 2.31 2.42 2.66 11.50 120.69 
52V 3530.1 2.32 2.43 2.66 11.06 2429 305.49 
53H 3530.3 2.36 2.46 2.67 10.08 138.41 
53V 3530.3 2.38 2.48 2.69 10.03 22331 
55H 35312 220 236 2.65 1533 9.36 82.30 
55V 35312 221 2.35 2.65 15.10 10.40 82.58 
56H 3531.6 224 2.38 2.65 13.71 112.78 
56V 3531.6 2.17 230 2.65 1332 159.50 
57H 3531.8 2.41 2.48 2.65 7.63 15929 
57V 3531.8 2.41 2.50 2.67 8.46 139.94 

j 58H 3532.4 231 2.41 2.62 938 19.62 117.16 
58V 3532.4 2.63 4.17 9.73 
59H 3533.0 237 2.47 2.60 10.04 10.79 172.85 
59V 3533.0 233 2.45 2.63 11.66 12.06 115.73 
73H 3543.9 2.47 2.54 2.66 7.40 32.68 250.47 
73V 3543.9 2.47 2.56 2.69 8.47 53.13 301.86 
74H 3544.7 2.56 2.65 2.84 8.41 86.69 594.92 
74V 3544.7 2.48 2.55 2.72 7.13 76.05 234.19 
75H 3544.9 2.41 2.49 2.66 7.73 56.45 104.07 
75V 3544.9 2.40 2.48 2.66 7.75 55.74 99.67 
78H 3546.4 2.46 2.53 2.68 6.55 113.02 197.62 
78V 3546.4 2.47 2.54 2.68 6.50 16.80 164.00 
79H 3546.6 2.49 2.51 2.65 5.80 184.83 
79V 3546.6 235 2.44 2.55 926 50.29 152.08 
80H 3547.4 228 2.49 2.67 7.04 189.71 
80V 3547.4 1 227 ! 2.48 2.68 7.03 208.93 
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Appendix I 
Table 2-3 The scalar parameters of petrophysical measurements for non-

laminated studied samples of the Bahariya Formation. 
Samples 
Number 

depth (MD) 
[m] 

dryrf* 
fe/cm3] 

wet<& 4 
fe/cm3] 

0 
[%] 

"par 

Uunl] 
K 

[lO^SI] 
l?H 1517 1 7 7fi 7 40 7K> n«; 6 50 75 1? 
12V 3517.1 225 2.39 2.61 1338 6.14 68.36 
13H 3517.2 222 237 2.65 1529 39.76 
13V 35172 222 237 2.65 15.52 3.48 40.45 
14H 3517.4 237 2.48 2.69 1139 4.43 131.44 
14V 3517.4 221 2.31 2.69 11.71 4.95 148.23 
15H 3518.1 222 2.37 13.10 2.97 34.72 
15V 3518.1 2.16 2.32 2.65 15.40 1.95 53.55 
16H 3518.2 228 2.42 2.62 13.41 1.35 139.76 
16V 3518.2 228 2.42 2.64 13.62 2.13 163.84 
29H 3521.9 2.34 2.44 2.64 9.46 3.78 23.17 
29V 3521.9 2.34 2.45 2.65 10.41 44.50 
30H 3522.5 230 2.42 2.59 11.53 4.16 72.75 
30V 3522.5 2.31 2.43 2.60 1135 4.88 115.54 
41H 3526.4 2.33 2.44 2.61 10.53 9.03 70.12 
41V 3526.4 2.34 2.44 2.61 10.21 8.49 70.46 
42H 3527.3 2.22 2.37 2.65 15.00 4.73 38.91 
42V 3527.3 222 237 2.65 15.40 4.78 47.89 
44H 35282 2.24 239 2.62 14.73 4.83 90.99 
44V 3528.2 2.23 238 2.61 14.47 3.14 33.18 
46H 3528.5 224 2.38 2.66 14.76 44.62 
46V 3528.5 2.22 237 2.66 14.83 32.56 
49H 3529.3 221 2.36 2.65 15.78 3.26 30.31 
49V 3529.3 220 236 2.65 1630 3.54 31.82 
50H 3529.4 223 2.37 2.65 14.90 4.60 32.87 
50V 3529.4 223 2.39 2.65 16.16 4.30 33.63 
51H 3530.0 2.20 236 2.62 16.28 2.60 38.14 
51V 3530.0 2.17 2.34 2.61 17.03 2.87 34.47 
54H 3531.1 2.32 2.44 2.65 12.17 64.96 
54V 3531.1 2.30 2.41 2.65 1131 64.82 
62H 3533.7 2.23 238 2.65 15.81 28.89 
62V 3533.7 222 238 2.66 16.17 41.79 
63H 3534.8 229 2.42 2.61 12.85 233 40.48 
63V 3534.8 2.26 2.40 2.62 14.17 10.87 7737 
65H 3536.8 227 2.41 2.64 13.67 4.08 38.44 
65V 3536.8 2.26 239 2.65 13.46 4.95 35.98 
71H 3543.4 2.36 2.45 2.66 9.21 5.82 -37.84 1 
71V 3543.4 2.38 2.47 2.66 9.04 9.67 45.68 1 
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Appendix 2 
Table 3-1 The directional parameters of petrophysical measurements for all 

studied samples of the Bahariya Formation. 
Samples 
Number 

depth (MD) 
[ml 

Permeability 
k(mD) 

rho_0 
p[Qm] 

Vp 
[m/s] 

apparent 
F' 

True 
F 

/ r rmS/ml 
@1.4Hz 

IV ^19 0 7X28 3lf» 
2H 1.040 
3H 3513.6 6.39 37522 3385 37.53 45.14 0.04 
3V 3513.6 0.45 531.55 2990 53.17 67.06 0.04 
4H 3513.8 1.19 370.72 3410 33.58 42.01 0.05 
4V 3513.8 0.98 42535 2830 38.16 45.79 0.04 
5H 3514.6 0.140 3380 I 
5V 3514.6 0.090 2790 
6H 3514.7 0290 3503 
6V 3514.7 
7H 3515.2 024 472.36 3480 4725 63.95 0.06 
7V 3515.2 0.03 691.63 2780 69.18 85.27 0.03 
8H 0.060 | 
8V 0.020 1 9H 3515.6 0.020 593.03 3760 53.50 66.49 0.03 
9V 3515.6 0.010 826.68 74.74 91.97 0.02 
IOH 0.130 j 
10V 0.020 j 
11V 6.520 j 
12H 3517.1 1.54 213.59 3102 21.36 23.42 0.04 ] 
12V 3517.1 131 260.64 2763 26.06 28.32 0.03 | 
13H 35172 15.69 2705 J 
I3V 3517.2 6.52 2610 j 

I 14H 3517.4 13.52 371.00 3483 37.10 39.38 0.02 I 
14V 3517.4 14.06 382.50 3385 38.25 40.05 0.01 1 
15H 3518.1 23.310 3130 j 
15V 3518.1 18.94 3050 i 
16H 3518.2 15.09 332.84 3588 33.29 3632 0.03 I 
16V 3518.2 13.80 334.10 3053 33.41 36.15 0.02 I 
21H 3519.5 0.320 4330 l 
21V 3519.5 0.040 3330 3 
22H 3519.7 0.680 I 
22V 3519.7 0.140 I 
24H 3520.0 0.054 534.73 3250 48.00 62.51 0.04 1 
24V 3520.0 0.017 651.61 2950 58.94 72.20 0.03 
25H 3520.9 
25V 3520.9 0.020 2800 
26H 3521.0 0.110 
26V 3521.0 0.020 
27H 3521.3 0.480 3340 
27V 3521.3 0.070 2475 
28H 3521.6 0.420 3432 
28V 3521.6 0260 
29H 3521.9 0.800 3852 
29V 3521.9 0.930 3282 
30H 3522.5 3.690 458.78 3062 45.88 50.80 0.02 
30V 3522.5 2.270 570.16 3122 57.02 63.64 0.02 
31H 3522.7 0.120 4324 
31V 3522.7 0.020 808.54 3564 80.87 100.93 0.02 
39H 3525.4 0.230 
40H 3526.3 0.140 4354 
40V 3526.3 0.030 
41H 3526.4 026 405.88 3555 40.59 45.05 0.02 
41V 3526.4 0.18 452.59 2904 45.26 52.09 0.03 
42H 35273 27.56 230.45 2670 23.05 24.42 0.02 
42V 35273 22.70 255.52 2315 25.55 27.22 0.02 
43H 35275 1.740 3860 
43V 3527.5 0.010 
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Appendix 2 
Table 3-1 (Continued), the directional parameters of petrophysical measurements 

for all studied samples of the Bahariya Formation. 
Samples 
Number 

depth (MD) 
[mj 

Permeability 
k(mD) 

rhq_0 
/>[Qm] 

Vp 
[m/sl 

apparent True 
F 

p"\mS/m] 
@1.4 Hz 

44H 3578 7 1947 -ry>f& 787S 77 77 74 00 003 
44V 3528.2 23.77 281.91 2860 28.19 30.70 0.03 
46H 3528.5 13.250 2912 
46V 3528.5 4.550 2818 
47H 3528.7 0.43 527.63 4425 52.77 62.81 0.03 
47V 3528.7 0.06 914.45 3315 91.46 115.17 0.02 
48H 3529.1 3.737 247.74 2860 24.78 29.18 0.06 
48V 3529.1 1.16 312.67 2425 31.27 37.55 0.05 
49H 3529.3 68.525 259.95 3299 23.46 25.41 0.03 
49V 3529.3 47.475 276.68 2925 25.07 27.27 0.03 
50H 3529.4 38.55 245.99 2960 24.60 26.40 0.03 
50V 3529.4 24.75 300.76 2630 30.08 32.47 0.02 
51H 3530.0 54.58 213.35 3258 19.81 21.75 0.05 
5IV 3530.0 55.93 228.44 2493 20.83 22.38 0.03 
52H 3530.1 0.460 
52V 3530.1 0.160 3140 
53H 3530.3 0.050 3410 
53V 3530.3 0.020 3417 
54H 3531.1 0.180 3368 
54V 353I.I 0.130 2950 
55H 3531.2 5.58 254.99 3360 25.50 29.62 0.05 
55V 3531.2 1.25 346.56 2535 34.66 39.83 0.04 
56H 3531.6 3575 
56V 3531.6 0.070 
57H 3531.8 0.070 3715 
57V 3531.8 0.020 3235 
58H 3532.4 3655 
58V 3532.4 
59H 3533.0 0.09 402.81 3885 54.79 70.11 0.04 
59V 3533.0 0.11 493.39 3110 49.35 60.65 0.04 . 
60H 3533.1 0320 
60V 3533.1 0.160 
61H 3533.3 4290 
62H 3533.7 21.920 2890 
62V 3533.7 9.240 2565 
63H 3534.8 15.04 333.30 3498 33.33 37.11 0.03 
63V 3534.8 6.48 299.64 3268 29.97 35.10 - 0.05 
64H 3536.3 0.100 
64V 3536.3 0.020 
65H 3536.8 14.35 368.05 3310 36.81 41.04 0.03 
65V 3536.8 1L96 440.86 2885 44.09 48.64 0.02 
71H 3543.4 3.39 674.98 3395 67.50 72.82 0.01 
7IV 3543.4 1.27 827.29 2980 82.73 89.49 0.01 
73H 3543.9 0.09 381.26 3320 38.13 4620 0.05 
73V 3543.9 0.04 442.56 2940 44.26 52.49 0.04 
74H 3544.7 0.05 378.41 3835 37.85 44.46 0.04 1 
74V 3544.7 0.01 763.17 3365 76.33 91.27 0.02 
75H 3544.9 0230 421.81 3450 42.19 52.60 0.05 
75V 3544.9 0.037 721.95 3065 72.21 89.47 0.03 
76H 3545.5 0J230 
76V 3545.5 0.010 
77H 3545.7 0.070 
77V 3545.7 0.010 
78H 3546.4 0.111 300.21 3870 30.03 36.44 0.06 
78V 3546.4 0.007 837.79 83.80 106.31 0.03 
79H 3546.6 0.090 
79V 3546.6 0.010 
80H 3547.4 0.010 3820 
80V 3547.4 0.010 
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Appendix 2 
Table 3-2 The directional parameters of petrophysical measurements for 

laminated studied samples of the Bahariya Formation. 
Samples 
Number 

depth (MD) 
[m] 

Permeability 1 rfio_0 
k(mD) 1 p[Qm] 

Vp 
[m/s] 

apparent 
P 

True 
F 

Q"\mSfm\ | 
@1.4Hz 

IV 3512.0 28.28 3103 
2H 1.040 
3H 3513.6 6.39 375.22 3385 37.53 45.14 0.04 
3V 3513.6 0.45 531.55 2990 53.17 67.06 0.04 
4H 3513.8 1.19 370.72 3410 33.58 42.01 0.05 I 
4V 3513.8 0.98 425.35 2830 38.16 45.79 0.04 j 
5H 3514.6 0.140 3380 
5V 3514.6 0.090 2790 
6H 3514.7 0.290 3503 1 
7H 3515.2 024 472.36 3480 47.25 63.95 0.06 1 
7V 3515.2 0.03 691.63 2780 69.18 85.27 0.03 I 
8H 0.060 I 
8V 0.020 1 
9H 3515.6 0.020 593.03 3760 53.50 ,66.49 0.03 
9V 3515.6 0.010 826.68 74.74 91.97 0.02 
10H 0.130 
10V 0.020 j 
11V 6.520 1 
21H 3519.5 0.320 4330 I 

I 21V 3519.5 0.040 3330 1 
22H 3519.7 0.680 j I 22V 3519.7 0.140 1 
24H 3520.0 0.054 534.73 3250 48.00 62.51 0.04 
24V 3520.0 0.017 651.61 2950 58.94 72.20 0.03 
25V 3520.9 0.020 2800 w-

26H 3521.0 0.110 
26V 3521.0 0.020 
27H 3521.3 0.480 3340 . 
27V 35213 0.070 2475 
28H 3521.6 0.420 3432 
28V 3521.6 0.260 
31H 3522.7 0.120 4324 
31V 3522.7 0.020 808.54 3564 80.87 100.93 0.02 
39H 3525.4 0.230 
40H 3526.3 0.140 4354 
40V 35263 0.030 
43H 3527.5 1.740 3860 
43V 3527.5 0.010 
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Appendix 2 
Table 3-2 (Continued), the directional parameters ofpetrophysical measurements 

for laminated studied samples of the Bahariya Formation. 

Samples 
Number 

depth (MD) 
[m] 

Permeability 
k(mD) 

riio_0 
p[Qta] 

Vp 
[mJs] 

apparent Troe 
F 

p'TmS/ml 
@1.4Hz 

47H 3528.7 0.43 527.63 4425 52.77 62.81 0.03 
47V 3528.7 0.06 914.45 3315 91.46 115.17 0.02 
48H 3529.1 3.737 247.74 2860 24.78 29.18 0.06 
48V 3529.1 1.16 312.67 2425 3127 37.55 0.05 
52H 3530.1 0.460 
52V 3530.1 0.160 3140 1 
53H 3530.3 0.050 3410 I 
53V 3530.3 0.020 3417 1 
55H 3531.2 5.58 254.99 3360 25.50 29.62 0.05 
55V 3531.2 1.25 346.56 2535 34.66 39.83 0.04 
56H 3531.6 3575 
56V 3531.6 0.070 
57H 3531.8 0.070 3715 
57V 3531.8 0.020 3235 
58H 3532.4 3655 
59H 3533.0 0.09 402.81 3885 54.79 70.11 0.04 
59V 3533.0 0.11 493.39 3110 49.35 60.65 0.04 
60H 3533.1 0320 I 
60V 3533.1 0.160 I 
64H 3536.3 0.100 
64V 3536.3 0.020 
73H 3543.9 0.09 381.26 3320 38.13 46.20 0.05 
73V 3543.9 0.04 442.56 2940 44.26 52.49 0.04 
74H 3544.7 0.05 378.41 3835 37.85 44.46 0.04 I 
74V 3544.7 0.01 763.17 3365 76.33 91.27 0.02 1 
75H 3544.9 0230 421.81 3450 42.19 52.60 0.05 I 
75V 3544.9 0.037 721.95 3065 72.21 89.47 0.03 I 
76H 3545.5 0.230 I 
76V 3545.5 0.010 
77H 3545.7 0.070 
77V 3545.7 0.010 
78H 3546.4 0.111 30021 3870 30.03 36.44 0.06 
78V 3546.4 0.007 837.79 83.80 106.31 0.03 
79H 3546.6 0.090 
79V 3546.6 0.010 
80H 3547.4 0.010 3820 
80V 3547.4 0.010 1 
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Table 3-3 The directional parameters of petrophysical measurements for non-

laminated studied samples of the Bahariya Formation, 
Samples 
Number 

depth (MD) 
[m] 

k 
(mD) 

rho_0 Vp 
[m/s] 

apparent 
F' 

True 
F 

p"\mS/m\ 
@1.4Hz 

19.H V517 1 1 54 ?nw 110? 7\ Trt r t 4 ? 0 0 4 
12Y 3517.1 1.31 260.64 2763 26.06 28.32 0.03 
13H 3517.2 15.69 2705 
I3V 3517.2 6.52 2610 
14H 3517.4 13.52 371.00 3483 37.10 39.38 0.02 
14V 3517.4 14.06 382.50 3385 38.25 40.05 0.01 
15H 3518.1 23.310 3130 
15V 3518.1 18.94 3050 
16H 35182 15.09 332.84 3588 33.29 3632 0.03 
L6V 3518.2 13.80 334.10 3053 33.41 36.15 0.02 
29H 3521.9 0.800 3852 
29V 3521.9 0.930 3282 
30H 3522.5 3.690 458.78 3062 45.88 50.80 0.02 
30V 3522.5 2270 570.16 3122 57.02 63.64 0.02 I 
41H 3526.4 0.26 405.88 3555 40.59 45.05 0.02 1 
41V 3526.4 0.18 452.59 2904 4526 52.09 0.03 
42H 3527.3 27.56 230.45 2670 23.05 24.42 0.02 1 
42V 3527.3 22.70 255.52 2315 25.55 27.22 0.02 j 
44H 35282 19.42 222.68 2875 22.27 24i00 0.03 
44V 3528.2 23.77 281.91 2860 28.19 30.70 0.03 1 
46H 3528.5 13.250 2912 | 
46V 3528.5 4.550 2818 
49H 3529.3 i 68.525 259.95 3299 23.46 25.41 0.03 
49V 3529.3 47.475 276.68 2925 25.07 27.27 0.03 
50H 3529.4 38.55 245.99 2960 24.60 26.40 0.03 
50V 3529.4 24.75 300.76 2630 30.08 32.47 0.02 
51H 3530.0 54.58 213.35 3258 19.81 21.75 0.05 
51V 3530.0 55.93 228.44 2493 20.83 22.38 0.03 
54H 3531.1 0.180 3368 
54V 3531.1 0.130 2950 
61H 3533.3 4290 
62H 3533.7 21.920 2890 
62V 3533.7 9240 2565 
63H 3534.8 15.04 333.30 3498 33.33 37.11 0.03 1 
63V 3534.8 6.48 299.64 3268 29.97 35.10 0.05 1 
65H 3536.8 14.35 368.05 3310 36.81 41.04 0.03 1 
65V 3536.8 11.96 440.86 2885 44.09 48.64 0.02 I 
71H 3543.4 3.39 674.98 3395 67.50 72.82 0.01 I 
71V 3543.4 127 82729 2980 82.73 89.49 0.01 I 
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Appendix 2 
Table 3-4 The directional parameters (thermal conductivity) of petrophysical 

measurements for all studied samples (dry and saturated) of the 
Bahariya Formation.  

Dry Saturated 

Samples 

Number 

depth 
(MD) 

[m] 

TC 
[W/mK] 

d_ctj 

TC 
[W/mKl 

d_ctj| 

TC 
[W/mK] 

djcmj 

TC 
[W/mK] 

d_cmj| 

TC 
[W/mK] 

<L<*J 

TC 
[W/mK] 

<L<*J 

TC 
[W/mK] 

d_cmj 

TC 
[W/mK] 

d_cmj| 

2H 3512.9 3.11 3.27 2.57 2.65 4.64 4.71 3.87 4.77 

8H 3515.4 3.36 3.78 3.20 2.85 4.51 4.36 434 4.46 

8V 3515.4 3.40 336 3.54 3.44 3.99 3.93 4.26 3.99 

10H 3516.3 3.30 3.90 2.68 2.55 3.63 4.46 3.88 3.80 

10V 3516.3 2.85 3.00 3.54 3.62 3.51 3.26 4.23 4.64 

11V 3516.5 335 3.40 3.50 3.54 3.58 3.62 437 4.29 

22H 3519.7 3.53 3.17 320 2.93 4.49 3.69 4.15 4.18 

22V 3519.7 3.24 3.23 3.41 3.47 3.88 3.80 4.51 4.51 

26H 3521.0 3.64 2.97 2.45 3.09 4.82 423 3.75 4.65 

26V 3521.0 2.52 2.47 329 322 3.97 3.46 4.62 4.56 

39H 3525.4 3.82 2.86 2.46 2.64 335 4.21 3.50 338 

60H 3533.1 2.79 2.73 2.51 2.68 3.96 4.04 4.22 4.08 

60V 3533.1 2.91 2.84 2.73 2.73 4.75 4.19 4.40 4.26 

61H 3533.3 2.90 3.02 2.53 2.58 4.79 4.09 4.51 4.59 

64H 3536.3 3.53 2.88 3.43 3.06 3.83 3.64 3.36 3.47 

64V 3536.3 2.59 2.68 3.18 3.29 2.88 2.67 3.37 4.08 

76H 3545.5 3.45 335 2.79 2.60 5.03 5.05 430 425 

76V 3545.5 2.70 2.68 3.09 3.17 4.07 3.90 4.72 4.74 

77H 3545.7 3.10 3.40 2.76 2.55 4.74 4.75 4.10 4.01 

1 77V 3545.7 3.20 3.16 3.19 3.27 4.29 427 4.73 4.64 
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Appendix 3 
Table 4-1 Anisotropy of resistivity, compressional wave velocity and 

permeability, for all studied samples of the Bahariya Fonnation, 
| Sample 
1 (a»> 

depth (MD) 
|ml 

anisotropy 
Resistivity 

1 anisotropy 
1 Vp 

anisotropy 
Permeability 

fa w / w « 1 U 1 10 i i * 1 04 
11 4H/4V 35138 1.07 120 105 
1 5H/5V 35146 1.21 1 12 

6H/6V 3514.7 
7H/7V 3515.2 1.21 1.25 1.73 
8H/8V 3515.4 132 
9H/9V 3515 6 1 18 1 19 

10H/10V 35163 160 
12H/12V 3517 1 1.10 112 104 
13H/13V 35172 104 125 
14H/14V 3517.4 1.02 1.03 099 
15H/15V 3518.1 1.03 105 
16H/16V 3518.2 100 118 102 
21H/21V 35195 130 168 
22H/22V 35197 148 
24H/24V 3520.0 1.10 1.10 1.35 
25H/25V 3520.9 
26H/26V 3521.0 1.53 
27H/27V 3521.3 135 162 
28W28V 35216 1 13 
29H/29V 3521.9 117 0 96 
30H/30V 3522.5 1.11 0.98 113 
31H/31V 3522.7 1.21 1.57 
40H/40V 3526.3 1.47 
41H/4IV 3526.4 1.06 1.22 109 
42H/42V 3527.3 1.05 115 105 
43H/43V 3527.5 
44H/44V 3528.2 1.13 1.01 0.95 
46H/46V 3528.5 1.03 1.31 
47H/47V 3528.7 1.32 1.33 1.62 
48H/48V 35291 1.12 1.18 134 
49H/49V 35293 1.03 1.13 1 10 
50H/50V 3529.4 111 1.13 1 12 
51H/51V 3530.0 1.03 1.31 099 
52H/52V 35301 130 
53H/53V 3530.3 1.00 126 
54H/54V 35311 1.14 108 
55H/55V 3531.2 1 17 1.33 145 
56H/56V 35316 
57H/57V 3531.8 1.15 1.37 
58H/58V 3532.4 
59H/59V 3533.0 1.11 1.25 0.96 
60H/60V 3533.1 1 19 
62H/62V 3533.7 113 124 
63H/63V 35348 0.95 1.07 17.3 
64H/64V 35363 150 
65H/65V 3536.8 1.09 1.15 105 
71H/71V 3543.4 1.11 1.14 1.28 
73H/73V 35439 1.08 1.13 125 

1 74H/74V 3544.7 142 1 14 148 
75H/75V 3544.9 131 1.13 158 
76H/76V 3545.5 
77H/77V 3545.7 163 
78H/78V 3546.4 1.67 2.00 

8 79H/79V 35466 173 
I 80H/80V 3547.4 1.00 
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Appendix 3 
Table 4-2 Anisotropy of resistivity, compressional wave velocity and 

permeability, for laminated studied samples of the Bahariya Formation. 
H Sample pair 
| (^Lamination) 

depth (MD) 
Im] 

anisotropy 
Resistivity 

anisotropy 
Vp 

anisotropy | 
Permeability 1 

3H/3V 3513.6 1.19 U 3 1.94 j 
4H/4V 3513.8 1.07 1.20 1.05 I 
5H/5V 3514.6 121 1.12 
6H/6V 3514.7 
7W7V 3515.2 121 125 1.73 
8H/8V 132 

I 9H/9V 3515.6 1.18 1.19 
| 10H/I0V 1.60 

21H/21V 3519.5 130 1.68 
22H/22V 1.48 
24HQ4V 3520.0 1.10 1.10 135 

I 25H/25V 3520.9 
1 26H/26V 1.53 

27HE7V 35213 135 1.62 
28H/28V 3521.6 1.13 
31H/3IV 3522.7 121 1.57 
40H/40V 3526.3 1.47 
43H/43V 3527.5 
47H/47V 3528.7 132 133 1.62 

1 48H/48V 3529.1 1.12 1.18 134 
52H/52V 3530.1 1.30 

I 53H/53V 35303 1.00 1.26 
55H/55V 3531.2 1.17 133 1.45 
56H/56V 3531.6 1 
57H/57V 3531.8 1.15 137 1 
58H/58V 3532.4 I 
59H/59V 3533.0 1.11 125 0.96 | 
6oiy66v 1.19 | 
64H/64V 1.50 
73FV73V 3543.9 1.08 1.13 1.25 
74H774V 3544.7 1.42 1.14 1.48 
75H/75V 3544.9 131 1.13 1.58 
76H/76V 
77H/77V 1.63 
78IV78V 3546.4 1.67 2.00 
79H/79V 3546.6 1.73 
80H/80V 3547.4 i-oo I 
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Table 4-3 Anisotropy of resistivity, compressional wave velocity and 

permeability, for non-laminated studied samples of the Bahariya 
Formation. 

Sample pair 
(-Laminatioa) 

depth (MD) 

(ml 

anisotropy 
Resistivity 

anisotropy 
Vp 

anisotropy 1 
Permeability j 

I2H/12V 3517.1 1.10 1.12 1.04 1 
13H/13V 35172 1.04 125 
14H/I4V 3517.4 1.02 1.03 0.99 
15H/15V 3518.1 1.03 1.05 
16H/16V 35182 1.00 1.18 1.02 
29H/29V 3521.9 1.17 0.96 
30H/30V 3522.5 1.11 0.98 1.13 
41H/41V 3526.4 1.06 122 1.09 
42H/42V 3527.3 1.05 1.15 1.05 

| 44H/44V 3528.2 1.13 1.01 0.95 
46H/46V 3528.5 1.03 1.31 
49H/49V 35293 1.03 1.13 1.10 
5OH/50V 3529.4 1.11 1.13 1.12 
51H/51V 3530.0 1.03 1.31 -* 0.99 
54H/54V 3531.1 1.14 1.08 
62H/62V 3533.7 1.13 1.24 
63H/63V 3534.8 0.95 1.07 1.23 
64H/64V 
65H/65V 3536.8 1.09 1.15 1.05 
71H/71V 3543.4 1.11 1.14 1.28 

o b e i k a n d l . c o m



/ % 

APPENDIX 4 

L j 

o b e i k a n d l . c o m



Appendix 4 
Table 5-1 Compressional wave velocity measured at different saturation for 

studied samples of the Bahariya Formation. 
Samples 
Number 

Depth 
(m) 

WJm/sl 
at dry 

VP [m/s] 
at 25% 

VF |m/sl 
at 5 0 % 

VP |m/sJ 
at 7 5 % 

V P Jm/s] 
at 100% 

IV 3517 0 3090 3(190 3700 3310 3440 
6H 3514.7 3300 3140 3190 3560 3850 
12H 3517.1 2980 3080 3190 33O0 3430 
12V 3517.1 2670 2690 2820 2920 3300 
16H 3518.2 3480 3480 3600 3600 3870 
16V 3518.2 2920 3090 3J60 3160 3360 
21H 3519.5 4000 4100 4320 4430 4560 
21V 3519.5 2820 2860 2860 2860 4020 
27H 3521.3 3220 3240 3350 3240 3870 
27V 3521.3 2310 1820 1870 2220 3430 
30H 3522.5 2940 2500 3120 3360 3540 
30V 3522.5 2920 3000 3480 3480 3540 
41H 3526.4 3050 3100 3650 3970 3970 
41V 3526.4 2950 2870 3590 3590 3670 
44H 3528.2 2790 3070 3100 ' 3150 3230 
44V 3528.2 2540 2820 2900 2860 3160 
48H 3529.1 2570 2860 3150 3150 3420 
48V 3529.1 2380 2350 2650 2650 2930 
51H 3530.0 3270 3390 3460 3390 3630 
51V 3530.0 2380 2540 2690 2690 3020 
59H 3 5 3 3 0 3580 3700 3960 3960 4270 
59V 3533.0 2900 2900 3230 3230 3650 
63H 3534.8 3420 3510 3690 3730 3890 
63V 3534.8 3340 3370 3440 3440 3570 
73H 3543.9 3240 3050 3980 4070 4160 
73V 3543.9 2900 2540 2860 3000 3730 

Avc rage 2996 3006 3250 3320 3635 

Table 5-2 Compressional wave velocity calculates from equation 7 at different 
saturation 1 For studied samples of the Bahariya Formation. 

Samples 
Number 

Depth 
(m) 

V P [ m/s] 
at dry 

V*Im/sJ 

at 2 5 % 
V P I m/s) 
at 5 0 % 

Vplm/sj 
at 75% 

Vp [m/s] 

at 100% 
IV 3517 0 3020 3877 5705 8156 18879 
6H 3514.7 3300 4025 5160 7184 11822 

3517.1 2980 39?4 5742 10699 78308 
12V 3517.1 2670 3385 4622 7284 17178 
16H 3518.2 3480 4805 7759 20147 -33778 
16V 3518.2 2920 3817 5510 9903 48825 

3519.5 4000 4599 5410 6567 8353 
21V 3519.5 2820 3091 3418 3824 4339 
27H 3521.3 3220 3882 4886 6590 10121 
27V 3521.3 2310 2580 2922 3369 3976 
30H 3522.5 2940 3676 4904 7363 14769 
30V 3522.5 2920 3631 4799 7077 13467 
41H 3526.4 3050 3764 4915 7081 12655 
41V 3526.4 2950 3589 4582 6333 10252 
44H 3528.2 2790 3685 5424 10275 97194 
44V 3528.2 2540 3244 4489 7285 19310 
48H 3529.1 2570 3291 4574 7496 20763 
48V 2380 2953 3890 5697 10638 
51H 3530.0 3270 4771 8821 58350 -12644 
51V 3530.0 2380 3130 4569 8460 56998 
59H 3533.0 3580 4545 6224 9868 23806 
59V 3 5 3 3 0 2900 3624 4830 7238 14434 
63H 3534.8 3420 4619 7115 15472 -88564 
63V 3534.8 3340 4637 7579 20736 -28169 
73H 3543.9 3240 3775 4521 5636 7479 
73V 3543.9 2900 3392 4086 5136 6912 

Ave rage 2996 3779 5229 10509 13357 
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Appendix 4 
Table 5-3 Compressional wave 

saturation for studied 
velocity calculates from equation 8 at different 

samples of the Bahariya Formation. 
Samples 
Number 

Deptb 
(m) 

VP [ m/sf 
at dry 

Vpfm/sJ 
at 25% 

Vp (m/s] 
at 50% 

VP[m/s| 
at 75% 

VP [m/s] 
at 100% 

JY 3512 0 1545 I W 2133 2633 3440 
6H 35147 1853 2J29 2501 3033 3850 
IW 35171 1418 1661 2006 2532 3430 
I2V 3517.1 1411 1647 1977 2473 3300 
16H 35182 1504 1776 2166 2778 3870 
16V 3518.2 1408 1647 1984 2495 3360 
21H 3519.5 2588 2902 3302 3831 4560 
21V 35195 2451 2716 3046 3466 4020 
27H 3521.3 1887 2164 2537 3065 3870 
27V 3521.3 1908 2146 2452 2860 3430 
30H 3522.5 1583 1837 2188 2704 3540 
?ov 3522.5 1597 J??l 2201 2714 3540 
41H 3526.4 1752 2036 2431 3015 3970 
4JY 3526.4 1718 1982 2341 2858 3670 
W , 35282 1323 1552 1877 2374 3230 
44V 3528.2 1325 1550 1867 2347 3160 
48H 3529.1 1371 1612 1957 2490 3420 
48V 3529.1 1317 15?7 1817 2243 2930 
S1H 35300 1300 |549 1915 2507 3630 
51V 3530.0 1180 1392 1697 2173 3020 
59H 35330 1857 2163 2588 3223 4270 
5 W 3533.0 1594 1856 2219 2760 3650 
63H 3534.8 1547 1821 2214 2822 3890 
63V 3534.8 1409 1661 2021 2581 3570 
73H 3543.9 2L52 2447 2837 3373 4160 

3543.9 1906 2171 2523 3010 3730 
Ave rage 1650 1907 2261 2783 3635 

Table 5-4 Compressional wave velocity calculates from equations 11a and 1 lb at 
different saturation for studied samples-.of the Bahariya Formation. 

Samples 
Number 

Depth 
(m) 

VP [m/s] 
at dry 

VP [m/s] 
at 25% 

VP [m/s] 
at 50% 

VP [m/s] 
at 75% 

VP [m/s] 
at 100% 

IV 3512.0 1020 3117 3213 3323 3440 
6H 3514,7 3300 3397 3610 3726 3850 
12H 3517,1 2980 3100 3150 3284 3430 
12V 351?, I 2670 2826 2904 3090 3300 
J6H 35182 3480 3584 3634 3749 3870 
16V 35182 2920 3037 3087 3218 3360 
21H 35*9,5 4000 4059 4413 4485 4560 
21V 35195 2820 2919 3667 3835 4020 
27H 3521,3 , 3220 3328 3590 3725 3870 
27V 3521,3 2310 2442 2956 3175 3430 
30H 3522.5 ,„ 2940 3069 3214 3369 
3QV 3522,5 2920 3051 3207 3365 3540 
41H 3526.4 3050 3219 3492 3716 3970 
41V 3526,4 2950 3083 3314 3483 3670 
44H 3528.2, 2790 2916 2936 3076 3230 
44V 3528.2 2540 2706 2742 2936 3160 
48H 3529,1 2570 2785 2836 3101 3420 
48V 3529,1 2380 2521 2576 2741 2930 
51H 3530.Q 3270 3388 3369 3495 3630 
5IV 3530,0 2380 2581 2522 2749 3020 
59H 35.33.0 3580 3710 3941 4099 4270 
59V 3533.0 2900 3058 3230 3427 3650 
63H 35K8 3420 3538 3615 3747 3890 
63V 3534,8 3340 3407 3426 3496 3570 
73H 3543? 3240 3359 3814 3980 4160 
73V 35439 2900 3023 3377 3545 

Average 2996 3124 3301 3459 3635 
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Table 5-5 Shear wave velocity 

samples of the Bahariya 
measured at differenl 
Formation. 

i saturation for studied 

Samples 
Number 

depth 
(m) 

Vs[in/sl 
at dry 

Vs[m/sl 
at 25% 

VsIm/sl 
at 50% 

Vs|m/sl 
at 75% 

Vs[m/s] 
at 100% 

IV 15170 1940 1890 1790 1450 2160 
ft? 3514.7 2360 1810 1650 1710 1890 
nn 3517.1 2060 1890 1620 1620 1650 
12V 3517.1 J820 1510 1040 1590 1620 
iflt* 3518.2 2520 2270 1630 1450 1110 
16V 3518.2 2010 1790 1350 1250 1120 
2J1K 3519.5 2690 1640 1320 1460 1370 
2JV 3519.5 1700 1640 1320 1320 1290 
27H 3521.3 2340 1930 1.360 1420 1440 
27V 3521.3 1690 1130 mo 1130 1540 f 
30H 3522.5 2050 1490 1110 1070 1170 | 
30V 3522.5 2080 1740 1590 1640 1640 
*W 35264 2200 1940 1770 1860 1830 
41V 3526.4 2010 1650 1580 1470 1360 
44^ 3528.2 1890 1620 1520 1470 1790 
44V 3528.2 1830 1120 1100 1250 1330 
48H 35291 1830 1760 1720 1310 1290 
48V 3529.1 1710 1550 1490 1390 1230 
5JH 3530.0 2250 1910 1570 1480 1670 
51V 3530.0 1630 1580 1330 1190 1390 
5?H 3533.0 2310 2130 1910 1630 16.30 
59V 3533.0 1390 1270 1240 1240 1620 
6?H 3534.8 2400 1760 1720 1660 1720 
63V 3534.8 2460 2020 1820 1820 1820 
73H 3543.9 2290 1850 1040 1480 1580 
73V 3543.9 1870 1600 1450 1230 1720 

Average 2051 1711 1448 1446 1538 

Table 5-6 Shear wave velocity calculates from equation 16 at different saturation 
for studied samples of the Bahariya Formation. 

Samples 
Number 

Depth 
(m) 

V s [m/sj 
at dry 

Vslm/sl 
at 25% 

Vslm/sl 
at 50% 

V s fm/sj 
at 75% 

V s [m/sl 
at 100% 

IV, , 3512 0 1940 1928 1916 1904 1892 
6fl 3514.7 2360 2349 2337 2326 2315 

,12H 3517! 2060 2045 2030 2015 2000 
J2V 3517 1 1820 1807 1794 1781 1768 

, lffi 3518.2 2520 2502 2484 2466 2449 
J6V 3518.2 2010 199S 1981 1966 1952 
21H 3519.5 2690 2682 2675 2667 2660 
21V 3519.5 1700 1695 1691 1687 1682 

, 27H, 3521.3 2340 2318 2307 2297 
27V 3571.3 1690 1683 1676 1670 1663 
30H 3522.5 2050 2037 2025 2012 2000 
30V 3522.5 2080 2067 2055 2043 2031 
41H 3526.4 2200 2188 2176 2164 2152 
41V 3526.4 2010 1999 1988 1978 1968 
44H 3528.2 1890 1875 1860 1845 1831 
44Y 3528.2 1830 1815 1801 1787 1773 
41H 3529.1 1830 1815 1801 1787 1774 
48V , 3529.1 1710 1697 1684 1672 1660 
SJH, 3530.0 2250 2229 2209 2190 2171 
5IV 3530.0 1630 1614 1599 1584 1570 
59H 3533.0 2310 2298 2286 2274 2262 
59V 3533.0 1390 1381 1373 1365 1356 
<?W 3534.8 2400 2383 2367 2351 2335 
63V 3534.8 2460 2441 2422 2404 2386 
7?H 3543.9 2290 2281 2273 2265 2256 
73, V , 3543.9 1870 1862 1854 1846 1839 

Av erage 2051 2038 2026 2014 2002 

o b e i k a n d l . c o m



Appendix 4 
Table 5-7 Shear wave velocity calculates from equations 17a and 17b at different 

saturation for studied samples of the Bahariya Formation. 
Samples 
Number 

Depth 
(m) 

Vs(ra/Sj 
at dry 

Vsfm/sJ 
at 25% 

Vs[m/sJ 
at 50% 

Vsfm/sl 
at 75% 

V s Im/s] 
at 100% 

IV 3519 0 1940 9139 ?f79 2173 2160 
6H 3514.7 2360 2028 ?923 1899 1890 
nn 35171 2060 1778 1686 1662 1650 
12V 3517.1 1820 1692 1648 1632 1620 
im 351*2 2520 1570 1192 1120 1110 
I6V 3518.2 2010 1394 1172 1129 1120 
"2\n 35195 2690 1779 1436 1376 1370 
21V 35195 1700 1404 1311 1294 1290 
27H 35213 2340 1707 1488 1448 1440 
27V 3521.3 1690 1589 1556 1546 1540 
30H 3522.5 2050 1438 »2|9 1178 1170 
30V „ 3522.5 2080 1772 W* 1650 1640 

, 41H 35264 2200 1943 Iftt? 1840 1830 
4 |V 35264 2010 1551 1398 1368 1360 
44H 35282 1890 1843 1820 1804 1790 
44V 3528.2 1830 1482 1367 1341 1330 
4SH 35291 1830 1453 1328 1300 1290 
48V 3529.1 1710 1375 1264 1240 1230 

, 5.1H 35300 2250 1850 1718 1685 1670 
Siy 35300 1630 1475 »4?2 1403 1390 
59H 35330 2310 1829 1671 1639 1630 
5?Y 3533.0 1390 1590 1632 1630 1620 
«H 3534.8 2400 1923 1766 1732 1720 
63V 3534.8 2460 2014 1868 1834 1820 
73H 35439 2290 1784 1617 1587 1580 

,—?av n,. 35439 1870 1771 , \™ , 1727 1720 
Average 2051 1699 1575 | 1548 1538 

Table 5-8 Poisson's ratio measured at different saturation for studied 
the Bahariya Formation. 

samples of 

Samples 
Number 

IV 

Depth 
(m) 

Poisson's 
at dry 

Poisson's 
at 25% 

Poisson's at 
50% 

Poisson's 
at 75% 

Poisson's 
at 100% 

0 17 

Samples 
Number 

IV 3517 0 015 0 70 040 0 38 

Poisson's 
at 100% 

0 17 
6H 3514.7 -0.02 0.25 0.32 0.35 034 
12H 3517.1 0.04 0.20 0.33 0.34 0.35 
J2V 0.07 027 0.42 029 034 
16ft 3518.2 -0.05 013 0.37 0.40 0.46 
JftV 3518.2 0.05 0.25 039 0.41 0.44 
21H 3519.5 0.09 0.40 0.45 0.44 0.45 
?IV 3519.5 0.21 0.26 0.36 036 0.44 
27H 3521 _3 -0.06 0.23 0.40 038 0.42 
,27V, 3521.3 -0.08 0.19 0.23 033 037 
3QH 3522.5 0.03 022 0.43 0.44 0.44 
30V 3522.5 -0.02 0.25 0.37 036 036 
4JH 3526.4 -0.04 0.18 0.35 036 037 
4HV 3526.4 0.07 0.25 0.38 0.40 0.42 
4ffi 3528.2 0.08 031 0.34 036 0.28 
44V 3528.2 -0.04 041 0.42 038 039 
4ffl« 3529.1 -0.01 0.20 029 0.40 0.42 
4*V 3529.1 -0.03 0.11 027 031 0.39 
S1H 35300 0.05 0 2 7 037 0 3 8 037 
51V 3530.0 0.06 0.18 034 0 3 8 037 
59ft 3533.0 0 1 4 0.25 035 0.40 0.41 
59V 3533.0 0 3 5 0.38 041 0.41 02R 
63r* 35348 0.01 0 3 3 036 0 3 8 038 
63V 3534.8 -0.09 022 031 031 032 
73H 3543.9 0.00 021 0.46 0.42 0.42 
73V 3543.9 0.14 0.17 0.33 0.40 036 

Average 0.042 0.243 0363 0.376 0.379 
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Table 5-9 Poisson's ratio calculated from Vp and Vs calculated equations at 

different saturation for studied samples of the Bahariya Formation. 
Samples 
Number 

Depth 
(m) 

Poisson's 
at dry 

Poisson's 
at 25% 

Poisson's 
at 50% 

Poisson's 
at 75% 

Poisson's 
at 100% 

IV 3517 0 0 149 0 055 0 075 0176 0 175 
6H 3514.7 -0.023 0223 0302 0.324 0.341 
12H 3517.1 0042 0.255 0.299 0.328 0.349 
I2V 3517.1 0.066 0:220 0.263 0307 0341 
16H 3518J2 -0.051 0.381 0.440 0.451 0.455 
16V 3518.2 0.050 0366 0.416 0.430 0.438 
21H 3519.5 0.087 0381 0.441 0.448 0.450 
21V 3519.5 0.215 0.349 0.427 0.436 0.443 
27H 35213 -0.060 0322 0396 0.411 0.420 
27V 3521.3 -0.076 0.133 0308 0345 0.374 
30H 3522.5 0.027 0359 0.416 0.430 0.439 
30V 3522.5 ^0.015 0.245 0313 0.342 0363 
41H 35264 -0.042 0214 0302 0337 0.365 
41V 3526.4 0.067 0.331 0392 0.409 0.420 
44H 3528.2 0.076 0.168 0.188 0238 0.278 
44V 3528.2 -0.040 0.286 0335 0.368 0392 
48H 3529.1 -0.014 0.313 0360 0.393 0.417 
48V 3529.1 -0.034 0.288 0341 0372 0393 
51H 3530.0 0.050 0288 0324 0349 0.366 
51V 3530.0 0.058 0257 0.267 0324 0366 
59H 3533.0 0.143 0340 0.390 0.405 0.415 
59V 3533.0 0.351 0.315 0329 0354 0.377 
63H 3534.8 0.015 0.290 0343 0.364 0378 
63V 3534.8 -0.093 0231 0.288 0310 0324 

3543.9 0.001 0304 0390 0.406 0.416 
73V 35439 0144 0239 0.320 0.344 0.365 

Av< arage 0.042 €-275 0333 0360 0379 

Table 5-10 Compressional wave velocity measured and calculate at saturated 
sample (100%) from Wyllie and Raymer equations for studied samples 
of the Bahariya Formation.  

Sample 

Number 

depth 

1ml 

VP Im/sJ, 
Measured 

VP |m/s], saturated 
Calculate 

from Wyllie equation 

VP Im/sl, saturated 
Calculate 

from Raymer equation 
IV 3517 0 3440 3585 360? 
6H 3514.7 3850 3733 3763 
12H 3517 1 3430 3481 3485 
12V 3517.1 3300 3496 3502 
16H 3518.2 3870 3494 3500 
16V 3518.2 3360 3483 3487 

3519.5 4560 3976 4011 
21V 35195 4020 3994 4029 
27H 3521.3 3870 3750 3781 
27V 35213 3430 3831 3866 
30H 3522.5 3540 3598 3617 
30V 3522.5 3540 3608 3628 
41H 35264 3970 3656 3680 
41V 3526.4 3670 3674 3700 
44H 3528.2 3230 3425 3420 
44V 3528.2 3160 3438 3436 
48H 3529.1 3420 3441 3439 
48V 3529.1 2930 3473 3476 
51H 3530.0 3630 3346 3328 
51V 3530.0 3020 3310 3284 
59H 3533.0 4270 3685 3711 
59V 3533.0 3650 3591 3609 
63H 3534.8 3890 3524 3535 
63V 3534.8 3570 3454 3454 
73H 3543.9 4160 3849 3884 
73V 3543.9 3730 3781 3813 
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Table 5-11 Compressional wave velocity measured and calculate at dry samples 

from Wyllie and Raymer equations for studied samples of the Bahariya 
Formation. 

Sample 

Number 

depth 

[m] 

VPlm/sl,dry 
Measured 

VP|m/sJ,dry 
Calculate 

from Wyllie equation 

VP|m/sl,dry 
Calculate 

from Raymer equation 
IV 3sn o 3103 1795 346S 
2H 4400 4400 
3H 3513.6 3385 1749 3425 
3V 3513.6 2990 1738 3416 
4H 3513.8 3410 1763 3438 
4V 3513.8 2830 1708 3390 
5H 3514.6 3380 1788 3458 
5V 3514.6 2790 1839 3500 
6H 3514.7 3503 2056 3655 
6V 3514.7 4400 4400 
7H 3515.2 3480 2215 3750 
7V 3515.2 2780 2169 3724 
8H 4400 4400 
8V 4400 4400 
9H 3515.6 3760 2542 3914 
9V 3515.6 2361 3828 
10H 4400 4400 
10V 4400 4400 
11V 4400 4400 
12H 3517.1 3102 1639 3325 
12V 3517.1 2763 1660 3345 
13H 3517.2 2705 1525 3208 
13V 3517.2 2610 1510 3192 
14H 3517.4 3483 1829 3492 
14V 3517.4 3385 1800 3469 I 
15H 3518.1 3130 1682 3366 
15V 3518.1 3050 1518 3200 
16H 3518.2 3588 1658 3343 
16V 35182 3053 1642 3328 
21H 3519.5 4330 2619 3946 
2IV 3519.5 3330 2670 3967 
22H 3519.7 4400 4400 
22V 3519.7 4400 4400 
24H 3520.0 3250 2116 3692 
24V 3520.0 2950 1936 3573 
25H 3520.9 2216 3752 
25V 3520.9 2800 2334 3815 
26H 3521.0 4400 4400 
26V 3521.0 4400 4400 
27H 3521.3 3340 2090 3676 
27V 3521.3 2475 2260 3776 
28H 3521.6 3432 1908 3553 
28V 3521.6 1770 3444 
29H 3521.9 3852 2031 3638 
29V 3521.9 3282 1926 3566 
30H 3522.5 3062 1817 3482 
30V 3522.5 3122 1834 3496 
31H 3522.7 4324 2732 3991 
31V 3522.7 3564 2671 3967 
39H 3525.4 4400 4400 
40H 3526.3 4354 3057 4104 
40V 35263 3012 4090 
41H 3526.4 3555 1914 3557 
41V 3526.4 2904 1947 3581 
42H 35273 2670 1544 3228 
42V 35273 2315 1518 3200 
43H 3527.5 3860 2394 3845 
43V 3527.5 2289 3791 
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Table 5-11 (Continued), compressionai wave velocity measured and calculate at 

dry samples from Wyllie and Raymer equations for studied samples of 
the Bahariya Formation. 

Sample 

Number 

depth 

[ml 

VP Im/sJ, 
Measured 

VP |m/sj, dry 
Calculate 

from Wyllie equation 

VP [m/s|, dry 
Calculate 

from Raymer equation 
44H 3578 7 7875 1567 3748 
44V 35282 2860 1580 3267 
46H 3528.5 2912 1560 3246 
46V 3528.5 2818 1555 3240 j 
47H 3528.7 4425 2739 3994 
47V 3528.7 3315 2053 3653 
48H 3529.1 2860 1583 3270 
48V 3529.1 2425 1628 3315 
49H 3529.3 3299 1494 3173 
49V 3529.3 2925 1462 3137 
50H 3529.4 2960 1551 3236 
50V 3529.4 2630 1470 3146 
51H 3530.0 3258 1463 3137 
51V 3530.0 2493 1419 3085 
52H 3530.1 1820 3484 J 
52V 3530.1 3140 1861 3517 | 
53H 35303 3410 1961 3591 
53V 3530.3 3417 1967 3595 
54H 3531.1 3368 1759 3434 
54V 3531.1 2950 1837 3498 
55H 35312 3360 1522 3205 
55V 35312 2535 1538 3222 
56H 3531.6 3575 1635 3322 
56V 3531.6 1665 3350 
57H 3531.8 3715 2267 3779 
57V 3531.8 3235 2153 3715 
58H 3532.4 3655 2040 3644 
58V 3532.4 2906 4055 j 
59H 3533.0 3885 1966 3594 1 
59V 3533.0 3110 1805 3472 
60H 3533.1 4400 4400 
60V 3533.1 4400 "4400 
61H 3533.3 4400 4400 
62H 3533.7 2890 1492 3171 
62V 3533.7 2565 1470 3146 
63H 3534.8 3498 1702 3384 
63V 3534.8 3268 1601 3288 
64H 3536.3 4400 4400 
64V 3536.3 4400 4400 
65H 3536.8 3310 1638 3324 
65V 3536.8 2885 1654 3340 
71H 3543.4 3395 2060 3657 
71V 3543.4 2980 2080 3670 
73H 3543.9 3320 2300 3797 
73V 3543.9 2940 2152 3714 
74H 3544.7 3835 2160 3719 
74V 3544.7 3365 2341 3818 
75H 3544.9 3450 2253 3772 
75V 3544.9 3065 2250 3770 
76H 3545.5 4400 4400 
76V 3545.5 4400 4400 
77H 3545.7 4400 4400 
77V 3545.7 4400 4400 | 
78H 3546.4 3870 2433 3864 
78V 3546.4 2442 3868 
79H 3546.6 2564 3923 
79V 3546.6 2054 3653 
80H 3547.4 3820 2356 3826 
80V 3547.4 2356 3826 
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Table 6-1 Measured and calculates permeability from bulk density, porosity, magnetic 

susceptibility, Spor, apparent and true formation resistivity factor for studied 
samples of the Bahariya Formation.  

Sample 

Number 

depth A|mD| 

Measured 

k*[mD) 
From 

A*|mD] 
From 

**flBD} 
From 

A*|mf)| 
From From 

( F ) 

k* I 
From 

(F) 
IV 3512.0 28.28 0.94 1.09 17.09 25.72 
2H 3512.9 1.040 
3H 3513.6 6.39 1.28 1.51 0.21 0.51 1.47 1.24 
3V 3513.6 0.45 2.69 1.63 0.46 0.80 0.26 0.18 
4H 3513.8 1.19 1.50 136 0.76 0.87 2.57 1.76 
4V ' 3513.8 0.98 2.05 ' 2.04 1.02 0.78 1.35 1.15 
5H 3514.6 0.140 123 1.15 0.39 15.02 
5V 3514.6 0.090 1.77 0.81 036 0.28 
6H 3514.7 0.290 0.26 023 0.16 0.15 
6V 3514.7 
7H 3515.2 0.24 0.15 0.10 0.20 0.07 0.46 0.23 
7V 3515.2 0.03 0.18 0.13 0.35 13.26 0.07 0.06 
8H 3515.4 0.060 
8V 3515.4 0.020 
9H 3515.6 0.020 0.06 0.03 0.43 0.08 025 0.19 I 
9V 3515.6 0.010 0.06 0.06 034 4.33 0.05 0.04 
10H 3516.3 0.130 1 
10V 3516.3 0.020 [ I llV 3516.5 6.520 

| 1 2 H 3517.1 1.54 2.18 3.53 1.03 1.62 24.86 30.19 I 
12V 3517.1 1.31 2.49 2.97 134 1.81 9.15 11.97 I 
13H 3517.2 15.69 4.96 9.73 6.02 I 
13V 3517.2 6.52 5.02 11.22 5.74 5.21 I 
14H 3517.4 13.52 0.29 0.86 0.22 3.33 1.55 2.40 1 
14V 3517.4 14.06 5.63 1.05 0.16 2.70 133 221 j 
15H 3518.1 23.310 4.90 2.49 8.76 7.03 1 
15V 3518.1 18.94 15.11 10.42 2.64 15.43 1 
16H 3518.2 15.09 1.40 3.03 0.19 30.47 2.68 3.57 I 
16V 3518.2 13.80 1.42 3.45 0.12 13.08 2.63 3.65 ] 
21H 3519.5 0.320 0.04 0.02 0.62 0.85 
21V 3519.5 0.040 0.05 0.02 0.49 026 
22H 3519.7 0.680 
22V 3519.7 0.140 
24H 3520.0 0.054 028 0.17 0.65 0.14 0.43 0.25 
24V 3520.0 0.017 0.31 0.44 0.55 0.18 0.15 0.13 
25H 3520.9 0.10 0.75 0.15 
25V 3520.9 0.020 0.15 0.06 0.56 0.08 
26H 3521.0 0.110 

j 26V | 3521.0 0.020 
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Table 6-1 (Continued), Measured and calculates permeability from bulk density, 

porosity, magnetic susceptibility, Spor, apparent and true formation resistivity 
factor for studied samples of the Bahariya Formation. 

Sample 

Number 

depth 

M 

KlmD] 

Measured 

Jfc* 
[mDj 
From 
(4) 

** 
fmDj 
From 
(*) 

** 
Im»J 
From 
00 

A*lmDJ 

From 

** 
(mD] 
From 
(F) 

** 
fmDJ 
From 
(F) 

27H 3521.3 0.480 0.30 0.19 0.29 
27V 3521.3 0.070 0.23 0.09 0.45 .039 
28H 3521.6 0.420 1.23 0.52 1.03 0.66 
28V 3521.6 0.260 1.95 129 0.58 0.60 

| 29H 3521.9 0.800 0.46 0.26 26.86 4.46 
1 29V 3521.9 0.930 0.46 0.47 4.41 

30H 3522.5 3.690 0.99 0.94 1.13 3.73 0.54 0.70 
30V 3522.5 2.270 0.78 0.84 031 2.77 0.18 0.23 
31H 3522.7 0.120 0.04 0.02 0.98 
31V 3522.7 0.020 0.06 0.02 0.18 0.04 0.03 0.02 
39H 3525.4 0230 -

40H 3526.3 0.140 0.01 0.01 0.13 0.08 
40V 3526.3 0.030 0.01 0.01 0.11 025 
41H 3526.4 0.26 0.55 0.50 1.25 0.88 0.99 125 
41V 3526.4 0.18 0.52 0.41 1.23 0.98 0.57 0.62 
42H 3527.3 27.56 4.62 8.14 6.39 2.94 16.98 24.63 
42V 3527.3 22.70 4.51 10.41 3.60 2.88 10.11 14.52 
43H 3527.5 1.740 0.21 0.05 0.02 
43V 3527.5 0.010 0.51 0.08 0.04 0.13 
44H 35282 19.42 3.31 6.87 0.61 2.82 20:16 26.79 
44V 3528.2 23.77 3.61 5.83 9.94 6.33 6.17 8.09 
46H 3528.5 13.250 325 7.00 4.37 
46V 3528.5 4.550 4.41 7.33 10.47 
47H 3528.7 0.43 0.02 0.02 0.16 0.09 027 025 
47V 3528.7 0.06 0.36 0.23 021 0.15 0.02 0.01 
48H 3529.1 3J37 3.65 5.68 0.71 0.63 11.80 10.36 
48V 3529.1 1.16 2.60 3.85 0.64 0.77 3.67 3.03 
49H 3529.3 68.525 5.72 13.17 12.76 5.90 15.53 2031 
49V 3529.3 47.475 6.89 1820 11.16 5.04 11.11 14.39 
50H 3529.4 38.55 4.07 7.63 10.20 3.09 12.23 16.86 
50V 3529.4 24.75 3.94 16.71 9.57 3.51 4.46 6.15 
51H 3530.0 54.58 6.97 18.06 6.75 8.97 36.29 43.27 
51V 3530.0 55.93 11.28 28.79 8.94 7.47 28.17 37.69 
52H 3530.1 0.460 0.92 0.92 0.28 
52V 3530.1 0.160 0.73 0.70 0.02 0.14 
53H 3530.3 0.050 0.31 0.38 0.19 
53V 3530.3 0.020 023 0.37 0.05 
54H 3531.1 0.180 0.69 1.40 1.55 
54V 3531.1 0.130 0.97 0.82 1.55 

m H'TI r-iasomgcagcaa 
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Table 6-1 (Continued), Measured and calculates permeability from bulk density, 

porosily, magnetic susceptibility, Spor, apparent and true formation resistivity 
factor for studied samples of the Bahariya Formation. ^_^ 

Sample 

Number 

depth 

[ml 

IT [mD] 

Measured 

A*|raD] 

From 
W 

k* 
[mDJ 
From 
W 

** 
[mD] 
From 

to 

k* [mD] 

From 

k* 
[mDJ 
From 
<F) 

■ " ::iniiTWT-r-m 

k* 
[mDJ 
From 

(F) 
55H 3531.2 5.58 622 9.99 0.80 0.82 1021 9.63 
55V 35312 1.25 5.78 8.62 0.79 0.67 2.19 2.27 
56H 3531.6 3.05 3.64 034 
56V 3531.6 0.070 11.85 2.86 0.13 
57H 3531.8 0.070 0.13 0.08 0.13 
57V 3531.8 0.020 0.12 0.14 0.18 
58H 3532.4 0.78 0.25 030 021 
58V 3532.4 0.01 0.76 
59H 3533.0 0.09 0.29 0.37 0.10 0.63 022 0.14 
59V 3533.0 0.11 0.59 1.02 031 0.51 037 0.29 
60H 3533.1 0.320 r '3c 

60V 3533.1 0.160 
61H 3533.3 4.290 
62H 3533.7 21.920 4.16 13.43 14.58 1 
62V 3533.7 9240 5.00 16.79 524 I 
63H 3534.8 15.04 1.30 2.13 5.73 11.06 2.66 3.21 I 
63V 3534.8 6.48 237 4.85 0.95 0.62 4.54 4.21 
64H 3536.3 0.100 
64V 3536.3 0.020 
65H 3536.8 14.35 1.75 3.56 6.61 3.87 1.62 1.97 
65V 3536.8 11.96 2.19 3.12 7.94 2.70= 0.65 0.86 I 
71H 3543.4 3.39 033 0.22 6.90 1.99 0.08 0.12 1 
7IV 3543.4 1.27 0.22 0.20 4.10 0.77 0.03 0.04 
73H 3543.9 0.09 0.04 0.07 0.04 0.08 135 1.10 
73V 3543.9 0.04 0.04 0.14 0.02 0.03 0.64 0.59 
74H 3544.7 0.05 0.01 0.13 0.00 0.01 1.41 133 
74V 3544.7 0.01 0.04 0.06 0.04 0.02 0.04 0.04 
75H 3544.9 0230 0.12 0.09 0.42 0.03 0.82 0.59 
75V 3544.9 0.037 0.15 0.09 0.47 0.03 0.05 0.04 
76H 3545.5 0230 
76V 3545.5 0.010 
77H 3545.7 0.070 
77V 3545.7 0.010 
78H 3546.4 0.111 0.05 0.04 0.07 0.01 4.50 3.51 
78V 3546.4 0.007 0.04 0.04 0.12 027 0.03 0.02 
79H 3546.6 0.090 0.03 0.03 0.09 
79V 3546.6 0.010 0.44 023 0.15 0.04 
80H 3547.4 0.010 1.60 0.06 0.08 
80V 3547.4 0.010 1.86 0.06 0.06 

- , i , n 
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Appendix 5 
Table 6-2 Calculates penneability from (<D and Spor), (Spor and F), (p" and F), (<D, Spor 

and F) and (<&, Spor, F and pM), for studied samples of Ihe Bahariya 
Formation. 

Sample 

Number 

depth 

[mj 

**|mD| 
From 

(4»&S^) 

A*[mDj 
From 

(S^r&F) 

k*lmD] 
From 

<p"&F) 

1 A*|mD| 
From 

( * , S ^ & F ) 

A*\mD] 
From 

IV 3512.0 8.90 
2H 3512.9 
3H 3513.6 1.13 0.89 0.45 1.19 0.68 
3V 3513.6 1.52 0.28 0.07 0.49 0.24 
4H 3513.8 1.46 1.58 0.43 1.79 0.69 
4V 3513.8 1.66 1.09 0.59 1.49 0.98 
5H 3514.6 6.74 
5V 3514.6 0.60 
6H 3514.7 0.20 
6V 3514.7 
7H 35152 0.08 0.08 0.04 0.08 0.03 
7V 3515.2 1.71 0.63 0.05 0.39 0.13 
8H 3515.4 
8V 3515.4 
9H 3515.6 0.03 0.07 0.12 0.04 0.03 
9V 3515.6 0.48 0.24 0.05 0.13 0.07 
10H 3516.3 
10V 3516.3 
IIV 3516.5 
12H 3517.1 323 19.11 22.05 15.65 13.48 
I2V 3517.1 3.18 1025 16.59 9.24 11.29 
13H 3517.2 
13V 3517.2 10.05 
I4H 3517.4 2.48 4.48 15.05 3.47 8.69 
14V 3517.4 2.44 3.72 28.48 3.18 13.78 
15H 3518.1 636 
15V 3518.1 18.06 
16H 3518.2 15.92 22.65 6.92 16.42 11.96 
16V 3518.2 10.45 13.88 9.25 11.75 12.68 
21H 3519.5 0.08 
21V 3519.5 0.03 
22H 3519.7 
22V 3519.7 
24H 3520.0 0.16 0.13 0.08 0.13 0.07 
24V 3520.0 0.33 0.09 0.11 0.14 0.15 
25H 3520.9 0.12 
25V 3520.9 0.06 
26H 3521.0 
26V 3521.0 
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Appendix 5 
Table 6-2 (Continued), calculates permeability firom (<D and Spor), (Spor and F), (pn and 

F), (<&, Spor and F) and (O, Spor, F and p"), for studied samples of the 
Bahariya Formation. 

1 sample 

1 Number 

depth 

ImJ 

A*|mD| 
From 

A*|mD| 
From 

(Sp^&F) 

A*|raD] 
From 

(p"&¥) 

Jfc*[mDJ 
From 

k* fmDJ 
From 

(O ,S p 0 „F&p") 
27H 3521.3 
27V 3521.3 0.17 
28H 3521.6 0.75 
28V 3521.6 1.15 

1 29H 3521.9 1.47 
I 29V 3521.9 
I 30H 3522.5 2.77 1.91 1.67 1.83 2.18 
I 30V 3522.5 2.20 0.71 0.69 0.82 1.14 
I 3IH 3522.7 

31V 3522.7 0.01 0.01 0.02 0.01 0.01 
39H 3525.4 
40H 3526.3 0.00 j 
40V 3526.3 0.01 1 
4IH 3526.4 0.87 1.24 2.24 1.11 1.53 
41V 3526.4 0.83 0.79 0.64 0.73 0.64 
42H 3527.3 6.41 23.48 67.51 22.03 41.61 
42V 3527.3 6.97 15.66 38.81 16.97 31.10 
43H 3527.5 
43V 3527.5 0.08 j 1 44H 

3528.2 5.85 24.39 35.76 21.87 25.49 

1 44V 3528.2 8.65 16.24 12.20 15.18 14.71 

1 46H 3528.5 
I ^ v 3528.5 

47H 3528.7 0.01 0.10 0.20 0.03 0.03 
47V 3528.7 0.20 0.01 0.01 0.03 0.03 
48H 3529.1 232 4.91 2.36 6.19 2.93 
48V 3529.1 2.20 2.21 0.81 3.03 1.40 
49H 3529.3 11.46 30.88 33.47 29.87 34.14 
49V 3529.3 11.81 21.74 23.65 24.37 28.74 
50H 3529.4 6.42 18.25 31.65 17.84 25.14 
50V 3529.4 9.33 9.31 13.68 12.47 18.74 
5IH 3530.0 16.33 69.62 26.39 59.50 33.08 
51V 3530.0 17.40 56.31 50.02 55.47 55.35 
52H 3530.1 
52V 3530.1 0.37 
53H 3530.3 
53V 3530.3 
54H 3531.1 1 1 54V 3531.1 
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Appendix 5 
Table 6-2 (Continued), calculates permeability from (<E> and Spor), (Spor and F), (p" and 

F), (O, Spor and F) and (<P, Spor, F and p"), for studied samples of the 
Bahariya Formation. 

sample 

Number 

depth 

[m| 
From 

k*[mD\ 
From 

(V&F) 

A*|mDl 
From 

ip"&F) 

i*|mDj 
From 

<<&,S^&F) 

A*(BID1 

From 

55H 3531.2 3.37 5.44 2.90 7.55 4.14 
55V 35312 2.84 1.65 1.46 2.91 2.57 
56H 3531.6 
56V 3531.6 
57H 3531.8 
57V 3531.8 
58H 3532.4 025 
58V 3532.4 0.03 
59H 3533.0 0.60 0.20 0.05 025 0.11 
59V 3533.0 0.93 0.31 0.14 0.47 028 
60H 3533.1 
60V 3533.1 
61H 3533.3 
62H 3533.7 
62V 3533.7 
63H 3534.8 7.65 11.42 3.70 8.99 5.71 
63V 3534.8 2.15 2.48 1.49 3.51 2.13 1 
64H 3536.3 1 
64V 3536.3 8 
65H 3536.8 5.31 4.23 2.62 4.80 4.34 j 
65V 3536.8 4.09 1.84 2.09 2.45 3.45 
71H 3543.4 0.84 036 126 0.32 0.99 
71V 3543.4 0.46 0.10 0.62 0.11 0.50 
73H 3543.9 0.06 027 0.38 0.17 0.12 
73V 3543.9 0.06 0.10 0.36 0.10 0.13 
74H 3544.7 0.03 0.10 0.70 0.11 0.16 
74V 3544.7 0.02 0.01 0.06 0.01 0.03 
75H 3544.9 0.04 0.09 0.17 0.08 0.06 
75V 3544.9 0.04 0.01 0.04 0.02 0.03 
76H 3545.5 
76V 3545.5 
77H 3545.7 
77V 3545.7 
78H 3546.4 0.01 0.16 0.75 0.09 0.08 
78V 3546.4 0.08 0.03 0.02 0.02 0.02 
79H 3546.6 
79V 3546.6 0.09 
80H 3547.4 
80V 3547.4 1 
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<AA\*AA!\ JJ£J J iu l l C5^ J^wH <3->^ f hirja <jl <ltta> A ^ j j i i l i Calil^aJt f ^ Jfcjla 

A l L - j I l j tfj^H ^ H i J 1 ^ ^ <> tiUaSi * ^ j u * J ^ J J * - * ^ ^ AjiUiJi j 

4 i j taJ l j j p v mil (>alja>j OlL-al^A AJUIIjJU tSUij Ajjaail <jj!£lft J J - \ H * I (J***'9 ^ J ^ 

tSttl&j j j i o ^ l i ^a AjljLlt CJUJ^ I I A ^ > ^ - -u&jilt -UJUJ^ I I <UjlS*ll - AjjUill 

CAS3lo L W ^ I J S J t JU l i ^ jS l I Cjli CJUIJIJ c^ j ^ l l ^ jS l I Cifc CatyJl ^UaJ l 

£ J J a j Jig x-a — 1 ;pbdiu J^ l u i j ^ S 4 x-ftLa. — 6 j AlSSb QA 

A^ftlsJl (JJLUJJIIJ d i ^ ^ a J i ^ AllaiAll <jc 6 j j j ^ L a l l j ALLuJi A^Jj j3 jL iaJlJ A ^ j l j j > 1 l 

(3l«JJ L o j 4JUIIjJill ASiaLo < j * J S l AilSawftll AjLaJjuSSj ^ j ^ o m l t £ j t u l l j Ai laiolb ^j-alaJt 

4JJ&JJ ^ j <xa\j»ill ^Sj-a C J 1 ^ X ] | CiAJoiSj # 4 j J j i l l ^ i jaa-a l l ^ - i J j J ^ M C J I ^ I J J QA l^J 

( jS jS l l j c-ifc-flj j i V ' j V L ^ J A I I <3^J^W *■ ^>-^J ^*A»^I ( j S j ^ ^ ^jjilSa-a ^JJUUJLUII 

^ j j £ l o j j i a - o i 4ij£Lali (j^lauait 4-uilj^u Ajual^il gutul l (J^su ( j i a j c i i S j t-ilLuiil 

t5* j3 l l ^£*> c>a A i l l x^ l t ^ j j j l l t d A m u A1AA1>I>IIJ Ujt >n^ j l ^ l ^ lUr t AJ ^ J A J A ^ l j ^ l l 
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- ^ ^ " d u u (3^^ <-& - ^ (jM3-*^ <JJ~U*A\ AjjijA j) 4 J J J * C l^jl <*n^ ( j * AJbdl AJC^J 

U J & * Sj=* JJ=^^ (j* ijkj£jj$ o ^ ^ f*6- * J A ^ ^ U ^ J <»£}& e * * ^ ^ * 

(jS-aJ Aj^j jkl ^ J L A J J <JjJaUj ClV-iUt-a JabjluiU t d l i j CiLjjJjSjjAl^J] (J-abJl AJJAJ I I 

Cib^Luwi ^ j p l l 4aa.j/klt CiliixSi ftuU3 AJOIIj<i Clauiajl LQJAC ( j i jp^ l fOUJ , - i Ifrall-yjuij 

(jA A j l j iM {jiuJ (^Ic CLUJJ (<^ l j A-IAA) CJUDUII jSSV ( j ^ -vL c-ibll (iA J j U i i 
t l iU jJ l AJljjIa S U L J M 4 j i l i i ] l j Aj^UuJl (jst A&UJI j ^ dxp. I4JU djUL^VI & J * 

<i Ajjaalt ( j j ^ la >ySjj 4uu»lĵ  ^JC j l i i b V l /«3 ^ j 3 0 ' U ^ L5^li * ^ * l3L>^ 4JJUI 

(Ĵ -4jJ (JJ-udl ^CjJajS A-ULUIASIJ IgJ&fccj j jauual l Ajj^jkUt-Jl AJLISJI V * U ^ J .(JjiLuwdl 

<JL£ail (jjjjSSlI (J*lx* ( j 'J .tSLjP^ Cila^jJ £ n ^ <j-o JJ-S>^\t AimflJ <-£ l$-ftt«laiuia) 
j j j ^ loJ Ax^atsiJl J J ^ unit AJ^LUIA ^o 4Jj*U Aj&lC' (Jfi^i Aj&j i l l Aj jbj^SlI A-ajUuIl 
AJL\3J Aoiaikla AAALAA* J ^ O 2 <33j3il <**>* CAJJX1\ j l 4**! j i ! l t*V»»frjt US . A J J A J ! 

AjuaijJtSl CILXJ Cjlbxli QSXXA JJ^ h nl) ^ Aj jJajxl t j AjJjialt dUkj^ail AX-^UJ L>^& f*J 

Jjtf AJjiai A j j l la Uiuf UbM \*k J J U S J J . j U i l j ftUJL AJ^JS £A±*1\ Qg (3ija3lS 
(j j£[j LoJUC AjJajxiwiAilj -Liljiajl CiUkj^ll i & j j j j Aj.^1] Alia J J ^ ' j J (JAULA ^jt ^ îc* 
QA JS ^ i j U J l j *Ult 4> A2jlia G U j l jaJali ^ c i j j u l l j (%100 ) ^*^SU C J I ^ J I 

AiJlAi (JAC-J A j ^u l l j jauuol 4J3UJ3I UJLUA, (^Jj t fl.^1 6.1UC C-Jjl^J ClJJ^I JtSl 
AjSVh.n )̂ OiLustj^ A V ^ I U I U i^Slij i...fl.^!ll ^ » \ j j l t CoS l j A J L C ^ I j j jbu A J S J j ^ j j l i 

jjaub^al Aj^Uill A-*J£J 3 f ^ t ^ ^ ^cjJai! J^U-A QA J&\ al^klujUj C a l j U l i ^ l o^Oxlo 

J j j -a j iU ^-allikjll e jaJl l^£j J^ j^ i l l ^UjlXa (J^LSCAJ Aibill Cj l i l^aB Aj^lntJl Ajo^i l l 
< iLSftutij ^- i ^ii.iiW\ J I J ^ J A^tiaS <jl JSXJ Cjli!)l& Ct>T» ^ i j < ^ > ^ ' ^ j b j ^ £ l t 

Ajjaall j j i o - a l A-jjUill <AJSJ j j l i l l ( j l ^SjJ L H 3 ^ ^ i ^ ' ^ J ^ d ^ J ^ J J ^ ^ O t j l a t jU l l 

AOAIXII Cj l f lUb^i j ^ J I X A I I ( j / i ^ U l ^ ^ L a ( j i j c - AlLujll (JA JJ^Vt ^ 3 ^ 1 J j ^ J 
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