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Abstract

On the easterrside of the Gulf of Suez, at Gebel Abu Hasswa, fifty one (51) samples
obtained from different lithofacies of Nubia sandstone units. Acoustic velocity, porosity
permeability have been integrated and confirmed with petrographical investigatior
addition to porosity and permeability analysis, the acoustic wave velocities of dry anc
clastic rock samples are measured to evaluate the influence of diagenesis on res
characteristics, which affects the acoustic characteristics of the studiedssame rocks.
Petrographical study determined that all the study samples are mainly quartz arenite fi
The diageneses processes, such as compaction, recrystallization, and cemer
increased compressional and shear wave velocities while decre@siagyoir quality.

The XRay Diffraction (XRD) analysis showed that the main mineral that formed samy
guartz mineral, while the minor minerals are calcite, hematite, and kaolinite. From
sections and XRD results concluded that the samplesbkad suffered from dissolutior
process that caused the oversized porosity, in addition to, cementation process
multiple types of cements like silica overgrowth, ferruginous, and calcareous. Depe
on the acoustic wave velocities of dry rock sampike estimated empirical equations ca
be utilized to predict both the wave velocities (Compressioer&thear wave velocities) ¢
wet rock samples.

Article Info

Received 9 Jan. 2023
Revised 19Feb. 2023
Accepted 27 Feb. 2023

Keywords

Acoustic velocities; XRD
analysis; Petrographical
investigations; Nubia
sandstone;

Petrophysical characteristics

[4] resulted five microfacies, while acoustic

Introduction

Nubia sandstone is o$pecial interest for several
reasons: (1) the Pharaonic stone monuments in the
Upper Egypt were carved from this rock, (2) the
Nubian sandstones is considered as the main reservoir
of several oil fields in Egypt especially in Gulf of Suez
region, (3) the Nbian sandstones also represent the
main water aquifer in Egypt especially in western
desert, (4) in many localities especially in Sinai the
Nubia sandstone intercalated with kaolinite deposits
which are of potential economic importance, (5) the
Nubian sadstones are the main source of glass sand
in Egypt, and (6) the Nubian Sandstone is a variety of
sedimentary rock; it consists of continental sandstone
with thin beds of marine limestone, and marls which
reflects various environmental oaditions [1]The
huge hydrocarbon production capacity of the Nubian
sandstone reservoirs in the Gulf of Suez basin is widely
known. They are a sequence of Cambridrower
Cretaceous sandstones and shale that overlie the
majority of Gulfof Suez area according to [2, 3]

The Middle Jurassic rocks in KhashmGhlala,
western side of Gulf of Suez have been investigated by

measurements were performed on Middle Jurassic
rock samples at Ras-Abd in both dry and wet
conditions and wre combined with standard
petrophysical parameters to characterize reservoirs
[5].

In the presence of ambient conditions, all of the
characteristics (Acoustic velocity, porosity and
permeability) were determined[6], the acoustic
velocities in rocks were governed by a variety of
factors including grain density, cementation, porosity,
and fluid pressure in pores. The global Jurassie sea
level oscillations were explored Hy], who stated
that there was a sedevel dropat the base of the
Bajocian and a widespread rise in the Bathonian.

[8] concluded that, the velocity values increase as
depth and pressure increase, while dropping as
temperature related to pressure increases. Clay
content and distribution are importantattors in
lowering velocities, the clay of pore filling type is
considered the most effective type of clay on velocity
[9]. [10], concluded that the Nubia samples from
Gebel Abu Hasswa are divided into five hydraulic flow
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units (HFUs) of various types of rock, with only thred 26° 28 30° 32° 34° 36°E
electrical -flow units (EFUs). The variation between ' ’
them could be related to the iron oxidementations

which reduce permeability without a significant |,
reduction in porosity. NT

JORDAN

In saturated porous rock, the compressional wave
velocity is often higher than in dry rock with the
exception of materials with poor bulk compressibility [2&°
and very linited pore volume [11]The current study's
goal is to integrate perographical investigations, XR |
analysis, the reservoir properties and acoustic wav |
velocities of clastic samples (Nubia sandstone) 3 [
Gebel Abu Hasswa section to investigate reservo "
[
|

SAUDI
ARABIA

WESTERN
DESERT

Ammonite Hill

properties

The studied samples were collected from outcrops aje+’
Gebel Abu Hasswa on the eastern side of the Gulf ¢

Gilf El-Kebir
Suez to represent various lithofacies of the Nubig

Plateau

[
b G. Uwienat ° oL
OO- ).

sandstone sequence. As shown in Figure 1, the stud
area is located between Lat. 28° 20' to 28° MGand  |?
Long. 33° 10" to 33° 30' E.

Geologic Setting

[12, 13] were the first to study Paleozoic rocks in
Egypt, Carboniferous sediments were discoveied ' ¥ i
Sinai and the Eastern DeseMore information about Hf":f’", ' ; gienr::wula
Cambrian sequences in Sinai was providefi By 15] /  (Ec

on the western edge of Gulf Kebir Plateau in south
region of Western Desert was reported f6]. [17]
sectioned the Paleozoitlubia sandstone into the EGYPT w
following formations: Araba (Early Cambrian), Naqus
(Cambrian), Abu Durba (Lower Carboniferous),
Aheimer (Pennsylvanian) and Qiseib (Peffiniassic)
formations. Many stratigraphic sections were
measured and many Paleozoic rock ganitvere
recognized by18, 19,20, 21, 22] Figure (1).

Paleozoic sequence (CambriaPermian) with a
thickness of several thousand meters have been

discovered in the subsuréa of the No_rth Western Figure 1The Location map ofwdy area; map showing the Lowe
Desert [23, 24, 25, 26, 27, 28]he Nubia SandStonePaleozoic rocks exposed in Egypt (medifafter [22]

wasclassified into 3 sections §29]. The lithology of .
Nubia C changes from firmoarse, conglomerate, soft, Materials and methods

and kaolinitic whitiskbrown sandstones, the middle Fifty one(51) rock samples were taken from the
Part Nubia B is composed of marine shales, gray = Nubia sandstone for this study (Table 1). The following
green, silty with sandstones thin interbeddfine - methods were undertaken, to carry out the present
medium grain size with Perm@arboniferous trace work: sampling and description of different rock units
fossils. in sections; using the polarized microscope to detect

The upper part of Nubia A is composed of fine/coarse the mineralogy, diagenesses, as well as its impact on
fluviatile sandstone, corngmerate, and massive storage capacity of the studied rocksragy diffraction

sandstoneand sometimes croskedding indicating a (XRD) of some samples to determine its mineral
southrto-north transport direction, intercalated with composition ; laboratory measurements of rock
fossil soils formed of mud stones, varicolored, and  porosity, permeability and densities as well as the
stratified with root structures.[30] studies the laboratory measurements of ultrasonic wave

primary structures and the lithofacies of the Nubia  velocities (Vp and Vs) and calculating the relevant
Sandstone of Gebel Qabaliat a@eébel Abu Hasswain St I a0 A O LJ N¥ YSGSN& ftA1S
south- Sinai.The LoweiPaleozoic rocks of Sinai and  modulus, and rigidity. Each cylindrical sample
Gabal El Zeit, were compared B (Figure 1) and measured at ambient conditions as dry and wet rocks,
they concluded that the paleo relief of underlying  which then leadso calculations of the dynamic elastic
basement surface controls the model of deposition characteristics of different samples. For thaARwve
during CambreOrdovician Arab#&ormation. the available transducers frequencies were 500 KHz
and 100 KHz for-@ave.
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Porosity (9)

According td30], & (porosity) was determined by
a helium porosimeer, is equal to vpore (pore spaces
volume) divided by Vb (sample's bulk volume):

()

2

Permeability (K)

Porous materials capacity to transfer fluids is
defined as permeability (K) in mD. Many factors
influence rock permeability (the geometry of rock
pores, cementing materials, texture, and grain size).

Darcy's equations were used to determine
permeability:
., _ 0.
bt rggh 3)
> A4 gradzarite 2F AN O
NI GS 60Yo kalSousz I|yR n

between inlet and outlet. The mass per unit volume in
its normal case is defined rock bulk density as
expressed by the following equation:

connection. Shear modulus, bulk modulus, Lame's
constant, and Poisson's ratiare most often used
modules, where shear modulus is resistance of rock to
shear deformation, or in other words, the resistance
to deform by parallel force (Figure 2b). As a result of
the fact that fluids cannot shear whereas solids can,
we may deduce thashear modulus is an excellent
indicator of rock matrix. Reluctance of rock to
compress or resist volume change is known as bulk
modulus or incompressibility. Lame's constant may be
calculated using bulk modulus and shear modulus.

. !
| z = 7
Loty (7)
¢tKS ReylFYAO YSOKIYAOFf LINE LX
Modulus; Bulk Modulus; Rigidity Modulus; and

t2A84a2yQa wlkidA2 6SNB OF f Odz I
wave velocities (Vp and Vs) as follow:

t2Aaaz2yda wlkadiaz o0

Transverse (lateral) strain (extension) to

slongfacpg) , s, foanyaction), e 9y e ¢ gzn

peometical yatiation, i\ farm PTFRLlASYE PO BBy 6§
known as Poisson's ratio. When a solid material is
compressed uniaxially, it shortens in the direction of

the applied stress and lengthens ithe opposite

direction.

+ 1: positive elongation, 3: negative elongation.

w .
” ——h
w (4)
p e~ 6 8z — -
A — h (8)
9 A& o6dzZ 1 RSyaaite 63kOYo0I 2R A& alvYLXSya RNEBE Yl aa
(9), and Vb is sample's bulk volume (cm3). t2A8482YyQ4 NIGAZ2 A& NIy3ISR FNR

Acoustic waves

Samples wereneasured for velocities (Vp & Vs) in
wet and dry cases, and can be estimated from elastic
moduli using formulas below:

e
fi

.
T -
Ad o0dzZ |1 VY2RdzZ dzaX D A
density. Many authors have written about seismic
wave velocities in all reservoif31, 32, 33, 34]

Voigt-Reuss model

Seismic analysis for porosity and Lifacies relies
heavily on rock physics models that link velocity,
porosity, and mineralogy. The velocjpprosity model
[35, 36, 37 (Figure 2a) combines the friable and
cemented sand models, with a constant cemenuea
in the sorting trend.

Because elastic moduli are the controlling key for
acoustic wave propagation, the lithology of each
formation and its elastic characteristics have a good

solids, whilst weak materials have values greater than
0.45.
Young Modulus (E)

Burger, 1992 stated that the linearelation
between the applied stress (Q) and the resulting strain
() if a material is subjected to uniaxial compression or
tension can be calculated by the relation:

"E Az h 9)
gKSNB> GKS O2yadlryid 9 Aa
(dyne/an2).
Young's modulus can also be calculated using the
22augliNDRIqYy Y2 Rdzt dza by R A A
o ——h (10)
VP: compressional wave velocity, VS: transverse
wave velocity, and : bulkdensity.
WATARAGE az2RdzZ dza 0>0
LG Aa F YSradaNBE 2F I YIGSNAL

in its shape, rigidity modulus gives information about
the rock matrix, and calculated from the following
equation[38]:
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T (11)

W rigidity Y 2 R dzf dza
m2 Rdzft dzZa~X | yR Y

O0ReySakOYHU X
t2Aaa2yQ0a

cZ‘Zp/( %
* 6z p GA 6z p GA (12)
9Y |, 2dzy3aQa
NI (A2

Table 1: Lithologic Column of Gebel Abu Hasswa, western Sinai Pengideld&gypt and the
selected samples.

"z

Age Fm. Lithology Description
3EErerereseeoe eyl
Lower Malha —i»Sandstone: yellowish brown, pink, alternated with claystone®edsple:
Cretaceous
Permoi isieb . . . . .
Triassic i i »Sandstone: yellowish, red, white, with gypsiferous kaolinite intercalatjol
Aheimer »Claystone: dark purple, intercaldteith siliceous & calcareous sandstane
Carboniferous Abu oo bedsflO samples ) .
Durba »Laminated sandstone and claystone: dark brown, red with evaporite ar
dolomite streaks in some paBsamples
U Ordoviciani Naqus
L Silurian »>Sandstone: white, coarse, pebbles & gravels intercalated with s
kaolinitic and highly cross bedded.
Cambro-
Ordovician Araba . . . .
Sandstone: yellowish brown, coarse, medium to fine, cross bedded wvit!
Pre- Cambrian | Basement shale streak82 sample
-> Basement rock

Shear modulus Bulk modulus Poisson ratio
FWL FWL P AW/

o ALJL i AL

AL

6000 T T T T
o]
o]
%% , \
- Young's modulus
5000 [ ;! i
> [
% y
. B
= ¢ Processes that L
E 4000 ...3 . give sediment strength: b I\ e
= 3 4, \ compaction, stress, \ i
%' * ¢ \ diagenesis v f AL
'E * * Voigt avq’
‘ " >
o 3000 R ] 0
.
et Newly deposited [
T U‘ / clean sand
2000 PN N
$PRR &
o ?ﬁ%ﬁﬁﬁéﬁﬁﬁyﬂ
Suspensions
1000 1 1 1 1 !
0 20 40 60 80 100 |.
Porosity (%)
O suspensions O clay-free sandstone
+  sand-clay mixture ¢ clay-bearing sandstone
e sand

Figure 2 a) Rwave velocity against porosity for a variety of wet sediments, correlated with the dRegss bounds.
Data are fron{35, 36, 371 b) Elastic moduli with stress directions.

Bulk Modulus (K)

When a rock sample is exposed to stress from all

directions, it is just the resistance of the rock sample
to change in volume. The bulk modulus (K) in
(dyne/cn?) is compressive stress divided by the
volume change, where the bulk modulus is goesl

by the kind of fluid if the samples were saturated.

Because brine is substantially stiffer than gas, the bulk

modulus of brine saturated samples is larger than that
of gas saturated samples. The following equafi@sj
can be used to compute K:

Result
Petrographic investigations

Petrographic investigation®of eleven samples
selected from Paleozoic Nubia sandstone surface at
Gabel Abu Hasswa demonstrates that, all thé
samples are composed mainly of sandstone facies
classified as quartz arenite (Figure 3). Cementation,
dissolution, and compaction are the dominant
diagenetic processes; the former is evidenced by
silica, calcareous, and ferruginous. The grain contact
is indicated by straight and uncommon suture
contact. Therefore, this study divided the samples
according [39] and depending on the diagenesis
processes into (1) Quartz Arenite, (2) Calcareous
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Quartz Arenite, (3) Siliceous Quartz Arenite and (4)

Ferruginos Quartz Arenite microfacies. Figure 3 Densityand Permeability relationship
represents the prementioned microfacies, where the
red circles labeled show the diagenesis process Figure 5b depicts the relationship between
appeared in that slice. permeability and bulk density for Araba, Abu Durba,
Ahemir, and Malha formations. This relationship
Ray Diffraction Analysis (XRD) showed a significant indication for all formations

except Araba Forntn, where all formations

Each sample was powdered to a size of 0.063 mm showed that permeability has an indirect relationship
and quarered, then inspected with a Philipsry with grain density. This could indicate that as the iron
diffractometer using the Copper tube (Cujray data oxides percentage increases, it may fill the pore
were evaluated by using ASTM cards of the data throats, causing permeability to decrease, While
published[40, 41] Intensity detection was carried out Araba Formation mayhave a different flow unit,
by comparing the strongest lines of the mineral causing the relationship to be distorted.
compositon of the bulk rock samples. Figure 4

illustrates the relation between the angle of Compressional Velocity (Vp) and Shear Wave
diffraction and intensity of different samples, the  Velocity (Vs)
identified minerals and intensities show a good Compressional wave velocity of the study

correlation with the facies which are classified from formations of Abu Hasswa section ranged from 1.92

the petrographic wdy. All samples show a high to 4 m/sec, with 2.4 Km/sec mean value and 0.4 m/sec

intensity of quartz which proves that all the samples  standard deviation, The average values of rocks from
are quartz arenite. In the other hand, the intensity of  the Malha, Ahemir, Abu Durba, and Araba formations

calcite and kaolinite changes from one sample to are 2.76, 2.26, 3.63, and 2.00 respectively. The shear
another related to the diagenesis processes. Finally, wave velocity of the same selected sampldsAbu

the iron cematation has been revealed as a presence  Hasswa section ranged from 1.2 to 2.5 m/sec, with 1.6

of hematite. m/sec mean value, and 0.2 Km/sec standard
deviation. Malha, Ahemir, Abu Durba, and Araba
Petrophysical characteristics formations have mean values of 1.7, 1.59, and 2.00,

respectively.
Porosity, permeability, and rock density are

petrophysical properties, which have been studied to
learn more about the acoustic waves of dry samples. gnd acoustic wave velocities

This investigabn aimed to determine the Acoustic wave velocities (vp and vs) and bulk
relationships between both the petrophysical RS v A A e 6 60 NBfIFGA?2 VA KA LI
characteristics and the acoustic waves. There are two

The relationship between petrophysicaroperties

types of seismic wave velocities propagation: shear Relationship between the acoustic waves and
and compressional wave velocities (VS and VP). The petrophysical properties has been studied. Figure 6a
internal structure, elasticcoefficients, and density displays the linear relatiorbetween (Vp and Vs)

characteristics of any rock sample influence its (km/sec) and bulk density (gm/cc) for the study
ultrasonic wave velocity. The framework of rock, like samples. The correlation coefficients for both Vp ,Vs
elastic content of grains, grain density, type of with bulk density are 0.83 and 0.69 respectively. We

cement, pressure on lithology, and porosity, are can see that when the bulk density decreases, Vp and
summarized as parametersahcontrol rock velocities Vs get closer to each other.

[6].

Density, porosity, and permeability

Bulk density of Paleozoic rocks of Abu Hasswa
section ranged from 1.874 to 2.640 gm/cc, with a
mean value 2.09 gm/cc and standard deviation 2.66
gm/cc. Its porosity ranged from 26to 29.6%, with
21.3% mean value and of 5.367% standard deviation.
The permeability ranged from 0.0013 to 4027.66 mD,
with 877.7 mD mean value, and 1030.02 mD standard
deviation

Porosity and Bulk density relationship

Porosity and bulk density relationighfor Araba,
Abu Durba, Ahemir, and Malha formations shows an
indirect relationship with high correlation coefficients
of 0.87 for all the investigated samples, therefore we
can calculate porosity from density using the
predicted equation (Figure 5a).

Pagel|r2



Journal of Petroleum and Mining Engineer#22022 DOI:10.21608/jpme.2023.186245.115(C
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| 500 pm [}

Phi=21.3%, K=1510mD

22 2y

-

i ) 3

Phi=21.8%, K=11.07mD Phi=23.7%, K=774.23mD

\ 23 ‘= - A2
Phi=20%, K=59mD Phi=22.7%, K=774.23mD

Figure 3 Photomicrographs represent different microfaci€a;b) Quartz Arenite is composed mainly of quartz grains w
rare of organic matter and quartz overgrowth, coarse to medium sand size, subangular to subrounded, oversize g
moderately sorted, thex are different type of contact between grains such as straight, point, concavvex and suture
contact as shown by red circles photq@.Calcareous Quartz Arenite composed mainly of quartz cemented by calcite, t
grains are coarse to fine, subangular to subroundddiSiliceous quartz arenite is composed of quartz grains cementes
silica and some carbonate rock fragment (red circles), medium to fine, suldaniguisubrounded, poorly sortede)
Ferruginous Quartz Arenite is composed of quartz grains cemented by iron (red circles), fine to medium, suban
subrounded, moderately sortedf) Oversize porosity as a result of dissolution processes in adddigyritization (black
spots in red circle).
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Acoustic Wave Velocities (Vp and Vs) and Compressional Wave Velocity (Yand Shear
Porosity (@) relationship Wave Velocity (Vs) relationship
Figure 6b depicts the relation between Acoustic Figure 6¢ depicts the relation between Vp and Vs

wave velocities and porosity for the selected samples. for research samples; this relationship revealed a

This relationship revealed an indirect relationship direct association with an excellent correlation

with correlation values of 0.754 for Vp and 0.68 for Vs  coefficient of 0.75. Figure 6d show the (Vp/Vs) and

with porosity. compressional wave velocity (Vp) relationship for the
study samples. This relationship revealed a direct
association with a modest cofegion coefficient of
0.27for Vp values.

350 2500
Q: Quartz 0 Q: Quartz
00 Q H: Hematite 00 Q H: Ilem?t:ne
K: Kaolinite " K: I':’ao].mne
250 C: Calcite C: Calcite
£200 21500 o
£ z 1000
100
5 Q
. 500
50 Q HO}_{ Q Q
wﬂ K K c J K |y
0 0 A lnl _‘f‘h A N K st
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 %0
20 20
Figure 4 X-ray diffraction cross plot of studied bulk samples.
35.0 .
¥ =-29.679x + 83.495
2=
30.0 R?=10.8777 >
25.0
<200 * Malha Fm
; ’ ° ® Aheimer Fm
‘g 15.0 Abu an‘ha Fm
& ® Araba Fm
10.0 A
—Linear (A)
5.0
0.0
1 1.2 14 1.6 1.8 2 2.2 24 2.6 28
bulk density (gm/cc)

10000 .l

1000
100
=
g o o Malha Fm
é ® Aheimer Fm
E : Abu Durba Fm
E ® Araba Fm
& A
0.1
y = SE+12¢ 1155 —Expon. (A)
R*=10.3874
0.01
0.001
1.5 1.7 1.9 2.1 23 25 2.7

bulk density (gm/cc)

Figure 5 The relationship between a) bulk density and porosity, b) bulk density and permeability.
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Figure 6The relationship between a) bulk density and both Vp, Vppb)sity and both Vp, Vs; c) Vp and 43 Vp and

VplVs.

Therelationship between petrophysical
parameters and Elastic Moduli

2dzy3Q& Y2 RdzZ dza
shear wave (Vs) velocities relationship

6090 K

Acoustic wave velocities (\nd Vs) and Young's
modulus relationship show a direct relationship with
0.91 and 0.67 correlation coefficients
respectivelyRegression equations for the acoustic
wave velocities and Young's modulus are shown in
Figure 7a. These relationships indicatattfboth Vp
FYyR & KI @S 06S8SSy S O
whereas both Vp and Vs increase with increases of
., 2dzy3Qa Y2 Rdz dza @

Rigidity modulus () / compressional (Vp) and
shear wave (Vs) velocities relationship

Acoustic wave velocities (Vp and)\&nd rigidity
modulus relationship for the study samples revealed
a direct relationship with correlation coefficients of
0.75 for Vp and 0.85 for Vs with the regression
equations of the acoustic wave velocities and rigidity
modulus Figure 7b. This mearsat both Vp and Vs
have been affected by Rigidity modulus, whereas both
Vp and Vs increase with increases of Rigidity modulus.

Bulk modulus (K) / compressional (Vp) and
shear wave (Vs) velocities relationship

Acoustic wave velocities and bulk modulus
relationship for the study materials revealed a direct
relationship with correlation values of 0.9 for Vp and

0.48 respectively. The regression equations of the
acoustic wave velocities and bulk modulus

_relationships are shown in Figure 7c. This means that

O \gNeldy 3 Hade Yoded affétiéddy Bulk ¥dRiulus,

whereas both Vp and Vs increase with increases of

Bulk modilus.
t2Aaaz2yQa NIGAZ2 60

relationship
5AYSyairzytSaa StlLaagad Ozyadl

Figure 7d as a direct relationship with a fdudegree

polynomial regression line with a correlation value of

R = 0.998. At low Vp/Vs ratios, every tiny change in

Vp/Vs will result in huge changes. This means that
t2Aaa2yQa NI A2 RE&IBlgcRy, 4 G NR y It
GKSNBE t 2Aaaz2y Qith dedrease of A y ONB |
Vp/Vs ratios.

The relationship between elastic moduli and
porosity

Figure 8a depicts the relationship between the
multiplication of different elastic moduli in bulk
density with porosity for the study samples. This
relationship reealed an indirect relationship with
correlation coefficients of 0.76 for Lambda*bulk
density with porosity and 0.46 for Rigidity* bulk
density with porosity, whereas both of them increases
with decreases of porosity. The relationship between
P-wave velociy and porosity means that-Wave

Pagelr5



Journal of Petroleum and Mining Engineer#22022

DOI:10.21608/jpme.2023.186245.115(

velocity depends on porosity, wherevilave velocity
increases with decreases of porosity.

4.50E+05
4.00E+05
g
£ 350E+05
=
Z3.00E+05
£ 2.50E+05
=
2 200E+5
2 1.50E+05
-]

m

8 ~
2 LOOE+03
-
S.00E+04
0.00E+00

a

y

140.5x - 219443
R*=10.91

220.09x - 244186
R*=0.67

0.5 1 1.5 2 25 3 15
Vp and Vs (Km/sec)
Vp Vs

Linear (Vp) Linear (Vs)

45

d

Figure 7:The relationship between a) (Vp and Vs) and (Young's mo#&yjug (Vp a}nd Vs) / (rigidity modulus p

c) (Vpand VR

66 dzf 1

Y 2

Rdzf dz& YOT RO

t2raa2yQa

a

b

Figure 8:a) The relationship between porosity and (Lambda*Rhob) (Rigidity*Rhob); b) Vetmsitgity Abu Hasswa Section.

Velocity-Porosity Chart for Cementation

Exponent Prediction

ElSayed, (1995) constructed an empirical chart
among the compressional velocity (Vp), cementation
exponent (m) and porosity (@), based on an empirical
relation between the compressional velocity and f
(formation resistivity factor) for a number of surface
samples obtained from G. Nazzazat in the weaster
central Sinai. He constructed four charts depending on
the multiplier (a) of the general Archie's equation with
values of 0.5, 1, 1.5, and 2. This study use8dykd
chart when the multiplier (a) equals 2.

The cementation was designated to be ranged from 1

up to 3 through the four charts.

Figure 8b illustrates that the study samples of Abu
Hasswa section (black dotes) have cementation
exponent (m) ranged from 1 to 1.7, which is confirmed
with the results of resistivity measurements and

St SOUNROI ¢

a& OB T 6

Tt26

dzyAGaqQ OF t Odz |

(13)

Pagelr6



