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Abstract: In recent years, the use of micro X-Ray images with very high resolution (as low as 100 nm) in
different scientific fields has led to the development of modern methods for performing various calculations
and measurements. The use of these images has become quite popular among petroleum engineers. This
is because the reservoir rock-related properties like petrophysical properties and the properties that are
simultaneously related to reservoir rock and fluid such as drainage and imbibition phenomena can be
estimated using micro X-Ray images. To estimate these properties, some geometrical properties of grains
of two different cores are calculated and compared to each other through micro X-Ray images and some
software. Then, with the help of the micro X-Ray images, the necessary information for simulation of the
pore network of the rock is gathered. Afterward, with the use of this information and some other software,
the pore network of each of these rocks is simulated and consequently, the porosity and permeability of
each of these rocks are estimated. In the simulation process, some assumptions are made to prevent the
complexity of the calculations. These assumptions result in a deviation of the calculated values from
real (laboratory) values. Therefore, using the calculated geometrical values obtained in the first step, a
relationship is achieved by which the calculated values of the simulation are brought closer to those of the
laboratory. In this research, based on the aforementioned steps and by using the sphericity, convexity, and
aspect ratio of grains obtained from 2D images, a correlation is developed. Ultimately, the estimated rock
properties procured by simulation are related to measured laboratory data through this correlation.

Keywords: Micro X-Ray, Porosity, Permeability, Simulation, Reservoir rock.

INTRODUCTION

One of the most crucial achievements of human beings during the last century is oil and gas exploration,
that has significantly affected the life of human beings. This exploration has been so important and strategic
such that it has affected people’s lives in all aspects. It is clear that exploration, drilling, and exploitation
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of oil and gas from reservoirs, and also the processes occurring after that require the application and
employment of the science and technology.

One of the most important issues in the development and production of oil and gas fields is to
acquire information concerning the conditions and properties of reservoir rock and fluid. Obtaining the
aforementioned information needs an enormous dedication of time and money and also the employment
of complex technologies. Some of this information such as the reservoir dimensions can be obtained using
information extracted by the seismic and excavation of the exploration wells. Also, some of this information
can be gained through running specific tools into the well during complicated well logging operations and
some can be earned by the study of the extracted rock and fluid samples in advanced laboratories. In this
regard, the companies and researchers have always tried to present and introduce modern, accurate, and
affordable methods accordingly.

One of the cases that has experienced remarkable progress during current years is the application of
imaging and scanning of the X-ray in microscales ranging from micrometer to nanometer. The use of this
technology caught the attention of the oil and gas researchers. Hence, some research results were published
in this area. At the moment, due to some existing limitations in this area predominantly related to the
hardware-based problems and sometimes the software based-limitations, the information accuracy of the
acquired information has diminished. However, considering the advancement of science and technology,
these issues will soon be solved certainly, and thereby, the information accuracy will be in an acceptable
limit shortly.

METHODS

CT-Scan

CT-scan is a system that provides pictures from thin sections of the body or other materials. This
approach was used originally in the medical sciences, however, it is applied in other sciences and
industries with the progress of time. The CT-Scan apparatus works based on the density difference. In this
method, without damaging the body or other materials, some sections from different angles are procured
[1]. Unlike the thin sections which are prepared from the sample itself, these sections do not damage
the sample and we can have a sample in all directions, while this is not feasible in the actual samples.
Similar to what takes place during CT-Scan imaging in medical cases, the physical cutting of the material
is not needed for the preparation of the images from the cross-section of the material. Furthermore, the
CT-Scan imaging technology can take an image from every direction and every angle without any need to
cut the material. Hence, it does not cause any physical changes in the material.

X-Ray

X-Ray is a particular type of electromagnetic wave. The electromagnetic rays are a state of energy that
pass through the material by the magnetic and electric oscillation fields. The usual unit for the description or
representation of the energy of an X photon is kilo electron volts. The CT-Scan apparatus is considered as a
non-damaging tool of the X-Ray [1]. Through the radiation of the X-Ray with various angles on a material
in a given section and the measurement of the rays attenuation after passing through the material, we can
have good information regarding the position and properties of the elements constituting the material [2].
The section pictures of a two dimensional cut of the material can be shown using the data processing by
a computer. To cause every part inside the material to become known, the radiation of the X-Ray from
different angles is required.

In this study, two core samples initially are prepared from the Alberta sandstone and Berea Sandstone,
and their porosity and permeability are determined using the experimental observations. Then, a cube with
few-millimeter dimensions is prepared from each of these samples and their micro X-Ray pictures are
obtained accordingly. Various processes then are carried out on these pictures by using Image] software,
and initially, some of the geometrical values relevant to the constituting grains of rocks are determined. To
compare these two rocks, the achieved results are compared. Again using the same software, other processes
are performed on these pictures and the entire pictures are stored by the zero and one codes. Thereafter, the
pore space between the grains comprising the rocks is simulated by using these zero and one codes and other
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software such as Network Extraction, Network Visualization Code, and Non-Newtonian Code. Afterward,
the porosity and permeability values of each of these rock samples are determined through this simulated
network. The use of this method for determining the petrophysical values is associated with some errors and
some assumptions. This causes the ultimate results gained by the simulation to have discrepancies compared
to the corresponding experimental outcomes. The major reason for these discrepancies stems from the
geometrical shape of the rock grains. That is, the simulation of the porous media and the determination
of the petrophysical properties of the rocks are carried out with the assumption that the rock grains are
spherical and the rock pore throats are cylindrical. However, these postulates cannot be true certainly.
Hence, using the geometrical values determined in the previous stage, some equations can be obtained that
bring the simulation-based petrophysical results closer to those of the experimental observations.

FINDINGS

Table 1 exhibits the porosity and permeability values estimated through the experimental and simulation
approaches. One of the greatest sources of error is the physical shape of the rock grains. Hence, using the
geometrical values achieved in the previous stage, it is tried to bring the petrophysical values calculated
through the simulation closer to those of experimental observations. To do this, a coefficient is obtained
using the geometrical values (Equation 1) and then, it is multiplied by the simulation related petrophysical
values. Finally, these values are converted to those of laboratory (Equations 2,3).

Table 1. The estimated porosity and permeability values (experimental and simulation)

Petrophysical N .
properties Porosity (%) Permeability (MD)

Lab./Simulation Laboratory Simulation Laboratory Simulation
Alberta Sandstone 27.7 26.97 1519 1253

Berea Sandstone 26.4 25.1 1149 912
Coefficient by Geometry Parameters=XxCon + Y xSph + ZxAs.Rt (D)
DL~ Psi X (X.Con + Y.Sph + Z.As.Rt) (2)
Ki=Kgim*(X'.Con + Y'.Sph + Z'.As.Rt) 3)

Atleast three series of information are needed to solve the above equations. In this regard, the information
of the Fontainebleau rock mentioned in other research [2,3] is employed. Ultimately, after application of all
information and using Equation 4 [4] for calculation of the simulated value of porosity in the Fontainebleau
rock, the following formulas (Equations 5,6) are suggested to rectify the petrophysical values:

K=1005+46xloge  R2-0 95 @)
=g, ¥ (-1.61011xCon -0.20535xSph + 3.97676x As.Rt) )
Kpab=Kgim* (-17.34956xCon -3.33089xSph + 29.63212xAs.Rt) ©)

where stands for the convexity, denotes the sphericity, and signifies the aspect ratio.

CONCLUSION

With the progress of the technology and also by using the state of the art ideas, it is possible to acquire
the petrophysical properties of the reservoir rock through new methods excluding the usual experimental
techniques. The simulation of the reservoir rock and the pore space between the grains is one of these
approaches. To do this, it is essential to prepare some pictures from the rock cross-section to estimate
the petrophysical properties after the analysis. However, by virtue of some limitations mentioned in what
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follows, this results in the discrepancies between the simulation related values and those of the laboratory.
Therefore, it is required that these values are compared against the experimental observations and are
brought closer to each other to employ these values in the future with high confidence and transparency.
Some of the existing limitations in rock simulation are as follows:

1) Costly nature of the preparation of the micro X-Ray pictures and also the lack of the presence of the
equipment needed for the preparation of these pictures in all places.

2) The low quality of these pictures and the limitation existing for preparing the pictures.

3) The computer hardware-based limitations (the analysis of many pictures in 3D requires to have access
to computers with extremely high capabilities, while these computers are not available to the public).

4) Software-based limitations

Furthermore, after procuring some of these geometrical parameters relevant to the rock grains and
finding a specific relationship, the obtained petrophysical values are affected by these parameters so that
these parameters achieved through the simulation are brought closer to those of the actual laboratory ones.

The validation of the final suggested formula by various methods and improvement of the formulas
proposed for correction of the porosity and permeability values obtained through the simulation are
considered to be potential research areas for the way forward. Moreover, using other existing simulation
software, Darcy’s formula, and other relationships whose accuracy and correctness have been verified, the
absolute value of permeability can be estimated with greater accuracy.
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