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Abstract

This study is used to investigate the relationships between different

geological attributes and petrophysical properties in order to detect the

different rock types using various techniques such as HFU, EFU, and

measured petrophysical parameters for the Paleozoic (Nubia sandstone) rocks,

they are presented by Araba, Abu Durba, and Ahemir, and the Lower

Cretaceous rocks represented by Malha Formation in Southwestern part of

Sinai, Egypt.

The sedimentological features of the Nubia sandstone in the Abu

Hasswa section were discussed using petrography, X-ray diffraction analysis,

and the previous results of scanning electron microscope (SEM). The

correlation between petrography and XRD results concluded that the samples

had been suffered from dissolution process that caused increasing porosity. In

addition to, the cementation process with various types of cements like silica

overgrowth, ferruginous, and calcite minerals are investigated.

In the present work, fifty (51) rock samples were obtained, where

thirty-two samples from Araba Fm, 3 samples from Abu Durba Fm, 10

samples from Ahemir Fm, and 6 samples from Malha Fm. The investigation

of these samples reveal that the Nubia sandstone samples reflect high storage

and flow capacity properties at some intervals, while in other some intervals

show fair to bad storage and flow capacity properties. The hydraulic flow unit

(HFU) discrimination was carried out based on permeability-porosity

empirical relationship. the diagenetic processes have an important role to

enhance or reduce the pore size and controlling the petrophysical behavior.
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The porosity measurements of the samples of Abu Hasswa section

showed that the porosity of the Paleozoic rocks of Abu Hasswa are varied from

2.69 to 29.6 % with mean value of 21.3 % and standard deviation of 5.367 %,

variance value of 28.8 %, and median value of 22.4 %,while the permeability

measurements of the samples of Abu Hasswa section showed that the

permeability of the Paleozoic rocks of Abu Hasswa are varied from 0.0013 to

4027.66 md with mean value of 877.7 md and standard deviation of 1030.02

md, variance value of 1060943.74 md, and median value of 602.1 md, The

results were collected together to build-up different petrophysical models. The

petrophysical models were represented in cross plots between the different

petrophysical properties, in which the reservoir facies and petrophysical

properties can be imagined. Such models can support the detection of the

potentiality of Paleozoic rocks to acquire different economic fluids.

Electrical properties of sedimentary rocks depend on the pore

geometry, chemical and physical properties of rock-forming minerals, and

fluid type and saturation and rock type. In this study, the electrical resistivity

(ρ) measurements were carried out on 46 samples of Abu Hasswa section to

estimate formation resistivity factor and cementation exponent (m). The

relationship between porosity- formation resistivity factor redrawn using the

electrical flow unit discrimination technique. This study indicates five HFU of

different rock qualities, on the other hand it found three EFU. This differences

in flow units’ number was driven due to the effect of diagenetic processes

represented by the cementation process of iron oxides that might act like pore

bridges for electrical current.

Sonic wave velocity was measured for all studied samples with

calculation of different elastic moduli and their relations with sonic wave

velocities, such as Young’s modulus (E), uniaxial stress state, shear wave
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modulus (μ), Poisson's ratio (σ), Bulk modulus (K), and Lame's constant (λ).

The compressional have mean values of samples of Malha Fm, Araba Fm,

Abu Durba Fm, and Ahemir Fm are 2.76, 2.26, 3.63, and 2.28 m/sec, while

shear wave velocities have mean values of samples of Malha Fm, Araba Fm,

Abu Durba Fm, and Ahemir Fm are 1.7, 1.59, 2.37, and 1.59 m/sec

respectively. Each sample is attached to the P-Wave and S-Wave transducers

to get VP and VS, and further leads to the calculations of the dynamic elastic

properties of the different rock samples. The elastic parameters revealed that

there is a significant relationship to the nature of rocks and the diagenesis

processes of the study samples,

Finally, this research used the correlation between the different

petrophysical parameters and the concluded sedimentological discrimination

to construct multi regression models to predict the different petrophysical

parameters with high correlation coeeficients.
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