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Abstract

This research aimed to obtain the petrophysical
parameters of the capillary pressure in a sandstone
from 3D modelling of high-resolution images. By
integrating a number of 2D slice results, a plot of
capillary pressure vs water saturation was built. When
performing digital simulations using 512 x 512 x 512
pixels, the effect on the resulting image was clearly
seen using adaptive thresholding. The obtained
porosity was 29.5% while the permeability was
obtained through iteration was 3942 mD. This quite
large value is because the synthetic core was made
from coarse sand grains. It was found that at the depth
of free water level of 984 ft, the obtained capillary
pressure is 167.36 psi with water saturation at 4%.

Introduction

Digital Rock Physics or (DRP) is a method based on
digital images because it is an alternative method for
finding physical quantities from rocks with more
effective and efficient and non-destructive properties.
Physical properties of rocks that are usually sought are
porosity, specific surface area, permeability, capillary
pressure, and saturation. In its development, Digital
Rock Physics can show the physical properties of
rocks on a micro scale with microstructural
parameters such as rock pores, grain size, pore
network and surface area. The main goal of rock
physics or Rock Physics itself is to find and provide
an understanding of model relationships between field
data and data transformations obtained from
geophysical surveys.

Capillary pressure analysis is one method that is
often used in the validation process of a parameter.
Rock physical quantities such as porosity,
permeability, capillary pressure, and so on are
important aspects in petroleum because they are
especially useful in determining the quality of a
reservoir. The application of DRP applications has
been widely used in several sandstone samples from
sample data analysis.

Digital images (3D images) on rocks can be
obtained by scanning using a CT-Scan tool and
combined with simulation software to obtain digital
images of the reservoir rock. The projection is then
reconstructed into a cross-sectional or incision image.
The reconstructed image will then be processed to
obtain the desired physical quantity, to obtain this
digital image, it is necessary to adjust the physical
parameters that can affect the resulting image. Using
the help of imaging methods, complex pore
geometries can be represented. Therefore, digital rock

physics is developing very quickly and has become a
potential and valuable resource in determining the
relationships between rock properties. This method
relies on imaging techniques to obtain high resolution
rock representations with 3D samples. The pore
spaces and mineral matrices of natural rocks are
digitized and then numerically simulated to obtain
estimates of various macroscopic rock properties. The
volume depiction was obtained using high-resolution
micro-scale computer tomography (CT) which was
used to capture and visualize the three-dimensional
pore geometry structure of the reservoir rock.

Data and Method

The research carried out is pure research or basic
research by performing software simulations. The
data collection method used is the literature method.
The digital simulation used is a DRP software which
is used to process data and to iterate over the core
samples in order to visualize the core samples in 3D,
and also to see how the fluid flows and the direction
of the fluid flow. While the data used are digital core
data from sandstone originating from synthetic
samples or artificial samples made using a mixture of
cement and sand.
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At the beginning of doing this research by doing a
micro CT-scan on a sample of sandstone cores. Then
from this data will form a digital core data called raw
data which is still in 2-dimensional form through an
incision on each core slice. Furthermore, the raw data
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is processed in A DRP software for image processing
so that it can visualize in 3-dimensional form, then
from the digital core sample data we initiate and
impose limits on the data by segmenting so that the
data reads as solids and the data is read as pivot then
you can immediately find out the porosity and
permeability values obtained, while the capillary
pressure and water saturation values are obtained
through calculations from the formula discussed in the
previous chapter. And the last one is validating the
data to find out whether the results that have been
studied with the results of digital rock core carbonate
data are valid or not.

Result and Discussion

e  Sandstone in Digital Rock Physics

This type of reservoir has quite high variations in the
value of porosity and permeability, so it is very good
to be a good quality reservoir. In the sandstone sample
in the 3D model it is very important to know to see the
microstructure parameters of the rock in the form of
pores and rock matrix in detail and to be able to model
the pore structure and to be able to know the fluid flow
velocity model in the sandstone core sample or
sandstone. In this sandstone sample, digital simulation
calculations are carried out to calculate the values of
porosity, permeability, capillary pressure and water
saturation.

Figure 1. 3D image of a digital core sample

Rock pores are indicated by color (black / white),
whereas rock dense matrix is indicated by color (white
and gray). This color difference is due to the different
density of each mineral.

e DRP Images

To obtain petrophysical data from the micro ct-scan
image of core rocks, it is also necessary to verify with
laboratory results. For 1 complex core sample it takes
8-12 hours rather than laboratory measurements
which take 1-2 days even for relative permeability it
may take several months. From this data, it can also

be done in parallel for various kinds of petrophysical
analysis and also various types of EOR.

By performing simulations using a DRP software
from micro ct-scan data, which focuses on visualizing
3-dimensional depictions and to be able to analyze, we
must know data properties such as lattice info used,
namely 512 x 512 x 512 pixels or in a number of 512
pieces in the form 2 dimensions and voxel size,
namely 1 x 1 x 1 to determine the area on the slice so
that the results are made into 3 dimensions, then a
threshold process is carried out to distinguish between
rock pores and the matrix in the sandstone sample. At
512 x 512 x 512 pixels it greatly affects the quality of
the resulting digital image because when processing
the digital image data it looks clearer than 256 x 256
x 256 pixels.

In a digital image, a set of matrix data is usually
called a pixel. Each pixel contains an intensity value
with a certain scale so that it can indicate the color in
the original image. A digital image that has an
increasing number of pixels will produce a good
image. From a set of pixel matrices with an intensity
value on a gray scale, namely from 0 - 255. Where the
value scale of 0 means black this is to show hollow
rocks while the 255 value scale means white this is to
show its cementation. From the rendering of the
information regarding the percentage of the pore
content to the total material or the pore with solids /
grains to be extracted, then from the digital image it is
necessary to convert it with the thresholding stage,
which is to determine which rocks have cavities with
those without cavities in the rock.

Judging from the porosity and permeability
results obtained from the 3D visualization results with
the Digital Rock Physics (DRP) method, it can be
concluded that the results from rock samples are
included in the porous sandstone category and this
rock has the ability to pass through fluids to
accumulate oil, water, and gases which usually have
very good relations between the matrices. With high
porosity and permeability values, it can interpret the
ideal sandstone layer as reservoir rock.

. Calculation of Capillary Pressure (Pc) from DRP

To obtain the value of calculating capillary pressure
from free water level O - 300 meters by doing trial and
error, the capillary pressure formula will be obtained
from the following equation (Gibrata, 2019):

| Pc = Diff water and oil Gradient x HAFWL (ft) ‘

Where:

Pc = capillary pressure, psi.

Water gradient = 0.495, psi/ft

Oil gradient = 0.320, psi/ft

HAFWL = Height above free water level, ft
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Table 1. Capillary pressure calculation results
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It can be seen from the results of the above
calculations that the difference in pressure at HAFWL
(Height Above Free Water Level) is within 300 meters
or equivalent to 984 ft, the difference in pressure
obtained is 167.36 psi. It can be concluded that the
height above free water level has an influence on
capillary pressure because from the results obtained
above, the deeper the free water level is, the greater
the pressure difference is obtained, the smaller the
HAFWL, the smaller the pressure difference given
will be.

o Calculation of Water Saturation (Sw) from DRP

One of the very important properties in rocks to know
the calculation is the saturation value. After knowing
the results of Pc data, then to obtain water saturation
(Sw) the formula will be obtained from the following
equation (Gibrata, 2019):

a
Water gradient—hydrocarbon gradient
HAFWL x 3.28 ](%3

(%) 0.5

— T
SWeer= [

Where:

Sw_RRT = Water saturation of reservoir rock type, v/iv
a =5 (constant RRT)

b = 2,65 (constant RRT)

HAFWL = Height above free water level, ft

k = Permeability, mD

@ = Porosity, viv

Table 2. The results of the calculation of water

saturation
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Figure 2. HAFWL vs Sw
In the graph in Figure 2, we can find out how the
vertical distribution of saturation is. And from Figure
1.2 it can also be proven that the minimum water
saturation value is 0.04 or about 4% which causes the
liquid that sticks to the rock grains so that it can no
longer flow due to capillary pressure.

«  Curve of the Pc vs Sw parameters of the DRP

Pc vs Sw

120

& 100

Figure 2. Pc vs Sw
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Initially the oil migrates from the source rock to the
reservoir. With a Pd of 5 psi to replace the water in the
reservoir because initially the water contains 100%
Sw and when the oil enters, the Sw will gradually
decrease so the oil will increase, when the oil enters
there needs to be pressure (Pd) to push the water out
from pores. The pressure (Pd) is getting smaller or
easier because the values of porosity and permeability
are good so that when the water cannot come out again
even though the Pc pressure is increased however
much, Sw remains at that value. The remaining Sw
that cannot come out again is called Swir.

In validating the data in this study using
simulation results on carbonate rocks that were
examined by researchers using simulation results on
sandstone. The core samples used in sandstone are
synthetic core samples from a homogeneous mixture
of cement and sand, while the core samples used in
carbonate rocks are non-homogeneous carbonate rock
sample data. Following are the calculation results
obtained from the simulation results for carbonate
rock and sandstone:
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Figure 3. Comparison of carbonate curves and
sandstone curves
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From the results of the validation of the carbonate data
and the sandstone data that have been studied, this
uses the same concept and method of work, but the
results of the calculations are slightly different
because of differences in digital core data on the rocks
being studied respectively. The most visible
difference from the results of the comparison above is
that the permeability value obtained for the carbonate
data itself has a value of 8.10 mD, while for the
sandstone data it is obtained a value of 3942 mD, the
difference in this value is far enough that it also affects
the calculation on Pc and Sw. the shape of the curve is
a little different. So it can be concluded that the data
under study is valid.

Conclusions
The conclusions in this study are as follows:
1. The 2D image results from the digital core sample

data are processed and simulated using DRP software,
so a digital core image is formed in 3D using the
Digital Rock Physics (DRP) approach.

2. The threshold used is Interactive Thresholding
because later the data obtained will be more accurate
in processing it so that it can calculate capillary
pressure.

3. The calculation results show that the average
porosity value of the sandstone sample is 29.5% and
the total permeability value is 3942 millidarcy, the
permeability value is large because the cores used are
synthetic or artificial cores. From the core samples
that have been made, the capillary pressure value is
167.36 psi, and the result is a Swir value of 4% and a
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Pd value of 5 psi with a free water level range of 0-
300 meters.

4. From the results of the analysis and comparing with
the carbonate data, the results show that the curves
that are compared are almost the same, there is only a
slight difference in values between the 2 data samples.
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