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3. Mean Squared error
4. Mean Absolute error
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Introduction

In the oil and gas industry, due to existing complexities
and the very high costs of reservoir development,
having a model with appropriate accuracy and a small
computational footprintis of great importance. Also, the
conventional approach is to use a numerical reservoir
simulator, but the novel method is simulation based on
machine learning. This approach is carried out using
real field measurements [1]. In numerical modeling,
it is believed that these functional relationships are
correct, deterministic, and unchangeable. Therefore, if
the output from numerical modeling does not match
field measurements, it is concluded that the reservoir
properties (static model) may not be ideally measured
and interpreted and require modification [2]. Numerical
models are not fast and require significant investment,
time, and manpower. Al-based reservoir modeling is
a novel technology with high potential because it can
produce reservoir models in a fraction of the time and
budget of traditional models while offering most of
their capabilities and can be a substitute or complement
to the conventional method. In this research, attempt
has been made to create models for a hypothetical oil
field using existing data with artificial intelligence
for the desired outputs, and finally, the results are
compared with a numerical simulator.

Materials and Methods

Using PETREL software, a square field at a depth of
914.4 meters from the surface and a total thickness of
182.88 meters is considered, which it has two layers
with different thicknesses. After determining the

Accepted: March 11, 2025

porosity and permeability characteristics, the fluid is
light oil and gas, which has a bubble point pressure
of 2999999.77 Pascal and API 45, and the reservoir
rock is consolidated limestone. Moreover, the relative
permeability and capillary pressure are also selected
as the software’s default values. In addition, the field
has 16 production wells and 9 injection wells without
casing in a five-spot pattern, and data collection is
done daily. Then, a database is created using X and
Y Location, porosity at the well location, average
porosity in the well drainage area, bottom-hole
pressure, oil production, water injection, gas-oil ratio,
average field pressure, average water saturation, and
gas production. Furthermore, for each well, 4 offset
wells are selected based on the drilling pattern. Using
the Python programming language, a static model
similar to a numerical simulator is designed, and the
average porosity of networks in a drainage area is
calculated (using Voronoi graph theory). In the next
step, three data-driven models are considered, which
are the average field pressure, average water saturation,
and gas production, respectively.

For training the data-driven models, an artificial neural
network with one hidden layer and one output node
has been used. Furthermore, to reduce the number
of inputs, a Correlation Heatmap and the Spearman
method have been employed. For normalizing the
data values, the Min-Max method is used. The mean
squared error is chosen as the loss function during
model training, and the mean absolute error is selected
as the performance evaluation metric. In parameter
optimization, efforts are made to optimize the number
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of nodes in the hidden layer, the learning rate, and
epochs. To prevent overfitting, the dropout method
along with its optimization is used. After finding the
most suitable parameters, the model training will be
carried out, and then the model will be evaluated using
the R2 method on the test data and for visualization,
the predicted values will be plotted against the actual
values. Finally, using data from production well 1, the
target value will be predicted and plotted alongside
the value obtained from the numerical simulator.
Ultimately, for all models and after history matching in
previous steps, the constructed models will be used to
predict the reservoir performance from 2026 to 2027
using data that has never been seen before.
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Results and Discussion

In Fig. 1, the values predicted by the data-driven
models are plotted against the values calculated by the
numerical model, indicating the appropriate accuracy
of the data-driven model and its learning of fluid flow
physics in porous media. In Fig. 1b, the data-driven
model predicts a constant value for the average water
saturation percentage for a range of initial and small
values. After reviewing the data in the database, it was
found that the relevant numbers in the early days are
identical up to five decimal places; in addition, we
used daily information that it was collected in the early
years of field development.
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Fig. 1 Plot of predicted values versus actual values in different data-driven models: a) average reservoir pressure, b) average

water saturation and c) gas production.

In Fig. 2, the history matching results by the data-
driven models and the numerical model based on
the information from well number 1 are displayed.
Now, that the models have been validated and their
performance in the history matching process has been
confirmed, they have been used for predictions from
2026 to 2027 based on the information from well
number 1. Fig. 3 shows the results of history matching
and prediction (two years of history matching and
one year of prediction) for the average field pressure,
average water saturation of the field, and gas production
of well number 1.

Conclusions

In data-driven simulation, there is a concern that
since the physics of the problem is not used initially,
the model may not be able to make good predictions,
even if it has a good history fit, due to a lack of
understanding of fluid flow physics in porous media.
However, it was observed that the top-down model,
which was built from three data-driven models under
the titles of average reservoir pressure, average water
saturation and gas production, was able to understand
the governing physics provided by the numerical
simulator data for these requested outputs. In addition
to showing good history matching, it also demonstrated
appropriate performance in prediction.
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Result of History Matching Ave. Water Saturation
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Fig. 2 Plot of history matching data for different models using data from production well number 1 and comparison with nu-
merical values: a) average reservoir pressure, b) average water saturation and c¢) gas production.
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Fig. 3 The results of history matching and prediction by different models compared to the numerical method using information
from well number 1: a) average field pressure, b) average water saturation and c) gas production.

Therefore, in this research, data-driven simulation is
introduced as a complementary method to numerical
simulations, which it can offer both acceptable
accuracy and speed. In the future, as existing fields
are expected to advance towards smart fields with
technological progress and over time become more

mature fields, a large volume of data will be generated
that numerical simulators may not be able to utilize
fully. Thus, a solution that can assist reservoir
engineers in this matter is the use of data-driven
simulation with artificial intelligence. Ultimately, after
building the model the top-down model can be used
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for field management, executing hundreds of different
scenarios in a short time and comparing them with each
other. Additionally, due to the high speed of executing
these models, they can be used for uncertainty analysis
and optimization.
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