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ABSTRACT

The geological model includes: structural modeling, facies modeling and property modeling. In
development stage of field, due to the complication of containing layer, the reservoir rock
distributions and the parametric model must be built in more detail so that the lithological physical
characteristics of the stratum are reasonably presented. Therefore, it is still simulating the reservoir
according to the litho-facies including containing rock and non-contain rock but dividing the
reservoir rock into different types of HFU (Hydraulic Flow Units) by the method of ANN (Artificial
Neural Network), based on their porosity properties (Core-sample analysis results) were used in the
facies modeling step to reflect more clearly the connection of the oil bodies, as well as the
heterogeneity of the containing layer.

Accordingly, the facies model, the random models of the porosity, permeability and water saturation
built for Terrigenous Sandstone Reservoir, F Block, Dh Field, Nam Con Son Basin all show
similarities of the general trends in the reservoir. The reservoirs of field DH has good quality,
reflected in porosity, high NTG, and low water saturation. The process of checking the accuracy of the
model is conducted by comparing data from the probability model and input data, ensuring that it
does not exceed the allowable limit (<10%).

Keyword: 3D Geological Model, Terrigenous Sandstone Reservoir, Gaussian Random Function
Simulation (GRFS), Hydraulic Flow Units (HFU), Artificial Neural Network (ANN).
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Technology-VNU.

| INTRODUCTION

Building geological models to simulate the shape, structure, and parameter properties of the field,
serving the calculation of initial on-site oil and gas reserves, monitoring and management of
exploitation, as well as a long-term development plan for the field. The more accurate the geological
model is built, the more risks are reduced and the exploitation efficiency improved. Therefore, it is
extremely essential to apply new technical advances and methods.

The geological model consists of three component models: structural modeling, facies modeling and
property modeling. In development stage of field, due to the complication of containing layer, the
reservoir rock distributions and the parametric model must be built in more detail so that the
lithological physical characteristics of the stratum are reasonably presented. Therefore, the
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construction of rock facies model is not merely simulating the two types of containment rock and
non-containment rock, but it must be modeled in different way to reflect more clearly the connection of
the oil bodies, as well as the heterogeneity of the containing layer [9].

Modeling of containing rock distribution according to each type of HFU (Hydraulic Flow Units) has
been researched and applied, but very few operators use it for oil and gas fields in Vietnam. The
advantage of this method is that it reflects quite clearly the level of heterogeneity of the reservoir
distribution, the petrographic physical parameters, especially the permeability parameter [1,2,3,4].
Although there are significant advantages, the prediction of rock facies distribution outside the well
location still has certain limitations and needs to be verified by new wells.

To perform porosity-permeability properties and saturation in 3-dimensional model, there are different
simulation ways: simulation by Deterministic method or Schotastic simulation. Depending on the
specific research subjects as well as the level of knowledge and available materials, the method will be
chosen appropriately. While the Deterministic method requires a lot of well documentation as well as
seismic documentation, the Schotastic method is often used in fields with few well documents. With its
superiority, it is widely used in oil and gas companies when building attribute models with Sequential
Gaussion Simulation (SGS). [7]

Geological modeling has appeared in the world for a long time and is based on two-dimensional
geological model (2D). Some of the first three-dimensional geological models (3D) were built in the
1940s, but mainly static models and still very simple (for example, the Sullivan field model in Canada).
The three-dimensional geological simulation model actually developed when built on the computer
combined with the local statistical method, marked in 1972 by G.G.Walton conducted on the GSI
Seiscrop Table computer. In the following years, the development of information technology also made
a significant change in methods and approaches to serve the construction of three-dimensional
geological models..

e Now, studies related to building three-dimensional geological models used in the oil and gas
industry in Vietnam have mainly applied the approaches method and research results in the world.
The results applied to domestic oil and gas are presented mostly through field development reports
in oil and gas projects and master's thesis, doctoral thesis.

e In Vietnam, oil and gas located in fractured basement reservoirs have different characteristics from
traditional containment objects such as sandstone or carbonate. This geological object is highly
heterogeneous and poses many challenges for oil and gas companies operating in Vietnam as well
as in the world in researching the basement reservoirs. Therefore, the research methodology to
build three-dimensional geological models in the basement reservoirs is developing and applying.

e In addition, the previous terrigenous sandstone such as source rock, marginal position or tight
reservoir were also considered and studied in the exploration and development of small fields.

. METHODOLOGY

In the future, the oil and gas industry is always focused to further development. Going along with the
trend of 4.0 networks, the application of new methods and algorithms to optimize costs and improve
economic efficiency is extremely important.

The results of environmental interpretation from the core sample document show that there are more
than ten types of rock facies belonging to the river / lake environment identified in the study area.
However, it is difficult to be able to predict these types of facies in the core sampling spaces at drilled
wells and then to simulate the strata according to the Depositional Facies model. Therefore, it is still
simulating the reservoir according to the litho facies including containing rock and non-contain rock
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but dividing the reservoir rock into different types of HFU (Hydraulic Flow Units) based on their
porosity properties on the basis of Core sample analysis results were used in the facies modeling step.
Containing rock is divided into HU categories thanks to the integration of ANN (Artificial Neural
Network) method. ANN network has the same principle of operation as the human nervous system, is
learned by experience, saved knowledge experiences in the form of link weights and used in
appropriate situations. This technique has recently been widely applied in the oil and gas industry as
well as in many other fields. This is a mathematical solution by "training the network" based on the
input data set to predict areas where information is not available. Input datasets for the network are
seismic properties and outputs are porosity and permeability values forecasted under the "supervision"
of log values at drilled wells. Coefficient R is the correlation coefficient between the desired parameter
(log value measured at the well) and the calculated parameter of the network used to evaluate the
accuracy of the ANN network. The higher the R-coefficient, the more reliable the network training
results. The storage rock is modeled in many types of Hydraulic Flow Units (HU) on the basis of
different porosity properties. The advantage of this method is to reflect quite clearly the level of
heterogeneity of the reservoir features. The reservoir rock distribution model was built by applying
random simulation method according to SIS algorithm, which allows investigating the degree of
interconnection as well as the heterogeneity of oil bodies in 3-dimensional space.

The rock physical parameter model was built for each porosity, permeability and water saturation
parameter with reference to the reservoir rock distribution model. The porosity distribution is modeled
by the Gaussian Random Function Simulation (GRFS) simulation method. GRFS differs significantly
from a sequential Gaussian (SGS) simulation. GRFS accurately reproduces the distribution. It is usually
faster than SGS, with higher efficiency due to its parallel architecture. GRFS also has a quick option to
run co-simulation - fast enough to be able to use it with the interactive correlation coefficient.

GRFS works by the following common method:
Conditional simulation = kriging + simulation with no conditions
conditional simulation = kriging + unconditional simulation

For the kriging part of the equation, GRFS uses the parallel kriging algorithm. This kriging algorithm is
significantly faster than the old kriging algorithm, especially in the case where there is a lot of good
data, and is therefore used on practical and efficient component separation. (For example a test run
with 3 million grid cells and 500 wells, the new algorithm runs in about 10 seconds compared to about
36 minutes of the old algorithm and produces the same results). The term unconditional simulation
using a Fourier fast transform algorithm that allows reconstructing a structural function (variogram)
good for a wide range of different variograms (Pardo-Iguzquiza and Chica-Olmo, 1993).

The permeability distribution model is built directly from the porosity distribution model and the
porosity relationship for each HU type determined from core sample analysis documents. The water
saturation distribution model is built on the basis of the permeability distribution model and the water
saturation equations according to the oil body height determined from the analysis of a special core
sample.

Due to the complication of the feature of terrigenous sandstone reservoir, the modeling of the reservoir
rock distribution simply according to the two types of rock facies and simple non-containment rocks
will not be able to clearly reflect the interconnection of the oil bodies as well as the heterogeneity of the
reservoir. Therefore, finding new solutions to solve this problem is a very urgent and practical
requirement to manage and exploit effectively, especially for DH, which is in the early stage of
exploitation.
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The successful application of the method of modeling the distribution of rock facies according to the
current facies (HU) at the DH field has opened a new direction for the construction of geological
models for this intricate sandstone object. DH field was put into operation early in late 1994 in the
North of the field. Deploying the field development plan phase II, in August 2011, the limestone and
sandstone objects in the southern region were put into exploitation. The results of 8 new wells in the
period 2011-2016 and especially the results of the interpretation of the new 3D seismic documents
(exploding in 2013) as well as the field 's dynamics after a period of exploitation show the picture. They
are relatively clear about these objects compared with the initial perception before the development of
the southern region.

The facies analysis method base on the flow monomorphic (HFU) and GRFS simulation method have
brought a new direction for the reservoir reservoir modeling more accurately and faster than the old
methods. In order to correct the structure and model of the reservoir, as a basis for effective adjustment
of the next stage mining and development plan, the reconstruction of the 3-dimensional geological
model by dark methods priority, serving the mining simulation model is both urgent and practical.

. RESULTS AND DISCUSSION

3.1 Document
The data used include: Miocene geological documents under field DH.
Well documentation of 3 wells: DH-12P, DH-13P, DH-24XP.

Seismic documents: Maps of isometric depths Hgs5, Hi00, H125, Hi40, Hi45, H150 of field DH.
System of faults in the form of bars (Fault sticks) and faults in the form of closed curves (Fault
Polygons).

Well log documents: gamma ray, resistivity, sonic, FDC, CNL. The log lines for geophysical assessment
include porosiry / PHIE logs and water saturation / Sw).

In general, the quality of wells geophysical documents in field DH is quite good because there are no
pressure anomalies and changes in borehole diameters are rarely seen in comparison to drill diameters
(Bit size), which increases the reliability of measuring and recording devices.

3.2 Workflow of build of 3D geological model for Terrigenous Sandstone Reservoir, F Block, DH Field,
Nam Con Son Basin

3D geological model for Terrigenous Sandstone Reservoir, F Block, DH Field, Nam Con Son Basin is
built according to the following workflow:

Improve the Reliability of 3d Geological Model for Terrigenous Sandstone Reservoir, F Block, Dh Field, Nam Con Son Basin by Using
Gaussian Random Function Simulation (Grfs) and Hydraulic Flow Units (Hfu) Integrated Artificial Neural Network (Ann)

Volume 23 | Issue 20 | Compilation 1.0 © 2023 Great Britain Journal Press



Introduction

Intro to Petrel
Interface
Studio

Surfaces and
Data edit Modeling

Stratigraphic

1

i
T
bl
QO
=4
=
=
[s]
a
X
E
«Q

3D Grid Construction: Structural Modeling

Make Horizons
Zones & Layering

3D Grid
Construction

3D Grid
Construction

Make contacts &
Volume Calculation

Structural
Framework

[

Structural Gridding

/4

; Well Log
Upscale

Facies &
Petrophysical
Modeling

Figure 1. Steps of 3D modeling of GD reservoir [10]

3.2.1 Structural model

a. Fault model

Seismic interpretation results show that field DH area has a complicated fault system with 3 main
directions: Northeast-Southwest (NE-SW) (300 and 450), Northwest-Southeast (TB-SE). ) and
sub-latitude. The fracture system in NE-TN 300 direction has a large displacement and length,
determines the structure of the field, while the systems of NW-SE direction and sub-latitude are not
large in length, with small displacement amplitude. plays the role of dividing the field into smaller

structural zones.

At field DH, dozens of faults have been explained and mapped. However, within the scope of the thesis,

the author has selected 4 main faults, which are 4 blocking faults of the F block area.

The fracture pattern is properly tested for the litric fracture type, the shape of the fracture must match
relatively exactly with the original input, ensuring the faults are connected at the intersection of the two

fractured, where the contact between the cartilage wing and the lift wing.

Figure 2: Complete fault model
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b. Grid model

The grid model must have a grid size that is small enough to represent the reservoir's characteristics
and the quantity is not too large due to the limitations of the computer hardware. Normally, the grid
size is chosen to be 25mx25m; 50mx50m or 100mx100m respectively for small and larger model area.

Figure 3. Model of a complete grid in the 3D window

For block F of field DH, the selected grid is 25mx25m (IxJ). Then using three large faults to make
boundary for the block, simultaneously dividing 2 segments to divide the seam's fluid bond for more
accurate reserve calculation.

c. Structural model

[0 Modeling of stratigraphic surfaces (Make Horizone)

The main structural layer is modeled on the basis of the isometric structure map from seismic
explanation results. Then it combined with the results of the division of the top and bottom of the
reservoir from the well log interpretation and the well markers are adjusted to match the top and
bottom map of the Miocene set. The amplitude of the lateral displacement of the faults is adjusted for
each fracture on the surface.

By using the Make Horizon function in Petrel software, building 6 main structure layers based on the
isometric structure map, including: Hgs, H100, H125, H140, H145, H150.
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Figure 4. Model of main structural layers, block F, field DH
[0 Modeling containing reservoir and dividing layers (Make zones and Layering)

The reservoir are modeled based on the model of main reservoir which is newly built; combined with
the results of dividing the top and bottom of the reservoir from the well log interpretation, the pressure
document and the connection through the wells.

The results of the interpretation of the pressure along the well show that the product in the block area
F, field DH are a multistage reservoir system, hydraulically different from each other in the vertical
direction.

The division of top and bottom of the reseervoir is mainly conducted on the variation of the natural
radiation curve (Gamma Ray) combined with the results of the pressure explanation. These reservoir
will then be linked between wells in the block and through blocks on the basis of a synthesis of research
results on stratigraphy, stratigraphy ... and especially the pressure relationship between the wells.
Results of the division of the top and bottom of the reservoir for Miocene aquifer under block F are
shown in Figure 5 below.
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Figure 5: 3D Modeling containing reservoirs and dividing layers of block F

3.2.2 Facies model

Because field DH area is in the mining phase, the parametric models must be built in more detail to
show the petrographic properties of the reservoir most closely. Therefore, building rock facies model is
not merely simulating two types of containment and non-containment rock, but must be modeled in
different way to reflect more clearly the connection of the oil bodies, as well as the heterogeneity of
containing layer.

The results of environmental interpretation from the core sample document show that there are more
than ten types of rock facies belonging to the river / lake environment identified in the study area.
However, it is difficult to be able to predict these types of facies in the core sampling spaces at drilled
wells and then to simulate the strata according to the Depositional Facies model. Therefore, it is still
simulating the reservoir according to the litho facies including containing rock and non-contain rock
but dividing the reservoir rock into different types of HFU (Hydraulic Flow Units) based on their
porosity properties on the basis of Core sample analysis results were used in the facies modeling step.

Model of containing rock distribution according to each HU types is rarely used in oil and gas fields in
Vietnam. The advantage of this method is that it reflects quite clearly the level of heterogeneity of the
containing rock distribution, the petrographic physical parameters, especially the permeability
parameter. Although there are significant advantages, the prediction of rock facies distribution outside
the well location still has certain limitations and needs to be verified by new wells.

According to the convention that applies to the majority of oil fields around the world, the critical value
for permeability for terrigenous sandstone reservoir, is imD. Rock with a permeability of less than 1mD
will be considered impermeable. From the results of core samples analysis taken from the wells,
effective porosity (®e), permeability (K) values, the corresponding RQI (Reservoir Quality Index) and
FZI (Flow Zone Indicator) values are calculated on the basis of the following equations:
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RQI = 0.0314 /-~ (1)

Fzl = <2 (2)
In which:
0z = 5 ®

These newly calculated FZI values will be plotted by statistical probability to determine the number of
HU from core sample analysis document. In Figure 6, it is possible to group containing rocks into 4
types HU corresponding to 4 lines with different slope angles representing each type of HU.

10

; ua

Figure 6: Determine the HU quantity based on the core sample document

Base on the results of dividing the containing rock into 4 HU according to the core sample document
just mentioned above, combined with the geodetic curves such as GR, deep resistance, density,
neutron, ultrasound, using ANN method in IP software to predict FZI values and then group by HU
type for the spaces without core samples in the entire slice of wells according to the following steps:

Log Data Core Data
(GR, LLD, RHOB, NPHI, DT ) (Porosity, Permeability)
1]
[ Rotamdo: |
2

Figure 7: HU classification process
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After identifying each HU type in each A-12P, 13P and 24XP cut section according to the above
procedure, they will be shown on the well link cross section for correction if necessary. From Figure 7 it
can be seen that HU1 corresponds to clay (not contained), HU4 corresponds to the reservoir with the

highest porosity.

The HU curves will then be averaged onto the grid as input for the rock facies modeling (Figure 8).
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Base on the normalized rock facies (HU) curves, the model of rock facies distribution of the lower
Miocene, block F, field DH will be simulated according to each HU type using random simulation

method according to SIS algorithm.
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Figure 10: Rock facies before and after the simulation

Comment on facies model

Using SIS method to construct the facies model for block F gives rapid simulation results and is
suitable with the well data because of the constraints with the input data. The chart shows that there is
a small variation of the general model before and after simulation, the error is within an acceptable

range (less than 5%).

3.2.3 Properties model

a. Porosity model

Cupsealed eells

| « Apply

| |7< Cancel |
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The porosity is measured from well log interpretation, then averaged and modeled by Gaussian
Random Function Simulation. By using parallel kriging theory, the GRFS method produces more

accurate results and saves model runtime.
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Figure 11: The results of porosity after being averaged
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Figure 12: Comparison of porosity parameters before and after the simulation
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Figure 13- Complete porosity model
Comment of porosity model

By using the GRFS method, the porosity model of block F showed clearly the distribution of fluid
capacity according to the data trend. From the model, we can see that the porosity distribution is
reasonably variable, not suddenly dispersed, ensuring the validity of the model; the chart showing the
variation of the data before and after the simulation has not too large error, ensuring model
reasonableness.

b. Permeability model

Based on the porosity-permeability relation function obtained from core sample analysis, the
permeability is modeled by Gaussian Random Function Simulation, similar to the porosity.

The permeability functions are built for 4 different porosity ranges according to the following
equations:

HU1 and HU2:
36953x °
K= 3683
= 4)
HUs3:
_ 133614x °
=T (5)
HU4:
(1-)
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In which: K permeability (mD)

¢ is porosity from model (%).

Figure 14 Permeability model
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Figure 15: Permeability distribution range.
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Comment on permeability model

Permeability model is based on porosity-permeability relation function, ensuring consistency with
porosity distribution. High permeability correspond to the good porosity facies (HU3, HU4), low
permeability is correspond to appearance shale (Non - reservoir) with poor porosity.

c. Saturation model
Water saturation is averaged and simulated by sequential Gaussian simulation (SGS).

The water saturation (Sw) model is simulated using the function of water saturation with the height of
the oil body (h) above the free water boundary (High above contact) and the model of permeability
distribution. The functions of saturation are built for 4 different porosity ranges according to the
following equations:

HU1 and HU2:
_TIZS —0.581 —0.581
Sw = 8.8><(HAC« /i) x (1 - 1.3332(i) )+ 1.3332(L) (3.7)
HU3 and HU4:
_1.0% —0.581 —0.581
Sw = SOX(HAC«/L) X (1 - 1.3332(+) )+ 1.3332(+) (3.8)

In which: Sw is the water saturation (%);
HAC is the height of oil body (m);
K is permeability (mD);

¢ is the porosity from the model (%).

Figure 16: Water saturation model
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Figure 17: The distribution of water saturation

Comment on saturation model

The water saturation model based on the height-function from core sample analysis gives more reliable
results than the water saturation model based on interpretation results from the well. . Modeling of
water saturation based on saturation pressure, surface tension, ...

transition zone between the oil-water boundary.

clearly shows the height of the

Based on the facies model and the newly porosity and saturation parametric models, oil reserves in
place will be calculated using the Volumetric Calculation function:
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Figure 18: Result of oil reserves of block F, field DH

Therefore, oil reserves in place of block F, field DH according to the model is 46.0585 * 10°bbl.
3.3 Sensitivity Analysis

Sensitivity analysis is often performed to better understand the effects of variables or parameters about
the distribution of uncertainty.

Sensitivity analysis is analysing the effects of input uncertainties (in this case: storage volume, ratio of
effective and total thickness, porosity, water saturation, formation volume factor) to the output (oil
reserve in place). In other words, sensitivity analysis considers the sensitivity of the results to a change
of an input value.

Within the paper, the author performed a variable sensitivity analysis (Uncertain, SEED), set up a loop
so that the variables were randomly taken in the range from 10,000 to 100,000.

All important parameters such as Facies modeling and Petrophisical modeling are taken to calculate for
each respective seed.

The larger the number of scenarios, the higher the confidence level. However, the number of possible
scenarios depends on the computer configuration. Here, the author has run 50 scenarios.
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Figure 19: The results of reserves for over 50 scenarios.

It can be seen that, the results of assessing oil reserves in place according to the model of the author
(46.0585 * 106 bbl) compared with the uncertainty results at P50 (45.7259 * 106 bbl) have an error of
0.72%. <5%, so reliability of the model is acceptable.

V. CONCLUSION

The three-dimensional geological model of terrigenous sandstone reservoir, block F, field DH, is built
by geostatistical algorithms. Based on the geological features of field DH as well as input data, the
stochastic method was used to represent the heterogeneity then provide attribute models. The
lithological method of flow monomorphic analysis helps to divide stone facies based on their capacity.
The advantage is to reflect the degree of heterogeneity of the containing rock distribution and the
petrographic physical parameters, especially the permeability parameter. The GRFS method saves
simulation time and gives more accurate results than the traditional SIS method thanks to the
application of the parallel Kriging algorithm. Base on the geological model, it clarifies the origin of
lithological facies and distribution of porosity, permeability, NTG, etc. Then evaluating oil reserves
based on Petrel software to give the development project.

Accordingly, the facies model, the random models of the porosity, permeability and water saturation all
show similarities of the general trends in the reservoir. The containing layer of field DH has good
quality, reflected in porosity, high NTG, and low water saturation.

The process of checking the accuracy of the model is conducted by comparing data from the probability
model and input data, ensuring that it does not exceed the allowable limit (<10%).

Model uncertainty depends on many different factors, which can be attributed to: reservoir structure,
fluid boundary, uncertainty in facies model and properties model, Bo parameter. The importance of
research papers about sediment environments or data for facies modeling was confirmed through
analysis of the influence of the component models and experience of model constructor. According to
the author, the most important factor is the error when construct the models. In addition, the computer
configuration of each performer should also be mentioned.
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