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1. Virtual Flow Meter
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1. Tree Regression

2. NN-RTE: Neural Network-Regression Trees
3. Imperialist Competitive Algorithm

4. ANN: Artificial Neural Networks
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1. Baker Hughes

2. NeuraFlow

3. Electrical Submersible Pump
4. K-Nearest Neighbor.

5. Decision Tree.

6. Gradient Boosting

7. Noise
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2. Mutual Information
3. Chi-Square
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Introduction

In the oil and gas industry, the measurement of the
flow rate of extracted fluids from wells is essential
for optimizing production and reservoir management
[1]. Conventional methods include well testing
and multiphase flow metering (MPFM), both of
which require physical equipment and are costly.
Consequently, virtual flow meters (VFMs) have been
developed that predict flow rates using existing well
data, without the need for physical equipment [2].
Virtual flow meters are divided into two categories:
physics-based and data-driven. In the physics-based
approach, the flow rate is estimated using conservation
equations. However, these equations are complex, and
analytical solutions do not exist for some of them. In
the data-driven approach, a mathematical model is
created using field data and machine learning methods
to estimate the flow rate [2,3].

This research aims to estimate the oil flow rate in
one of the wells in a southern Iranian oil field. Due
to the small volume of data and insufficient diversity,
neural network algorithms cannot accurately estimate
the flow rate. Therefore, in this study, the k-nearest
neighbors (k-NN), decision tree (DT), and gradient
boosting (GBR) methods have been used.

Problem Definition

The schematic of the well under study is depicted in
Fig. 1. In this research, only the ESP pump has been
modeled. This leads to a less complex model and
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eliminates the need for bottom-hole and wellhead data.
This is beneficial for assets that lack or have faulty
bottom-hole or wellhead measurements.

Wellhead
<l u
P_out
\f: T_m,V.Lm.P_d.MotorLoad
From reservoir
P in T in

Fig. 1 Schematic of the studied well.

Data-Driven Model

machine learning models have garnered significant
attention across various industries due to their rapid
advancements. These methodologies empower
computers to learn from data and adapt their behavior
accordingly. In the present study, three machine
learning models, namely DT, k-NN, and GBR, were
employed for flow rate prediction.

Input parameters play a crucial role in these models,
and their appropriate selection can aid in enhancing
the model’s performance. However, this process can
be challenging as it necessitates avoiding irrelevant



or noisy variables. By selecting suitable features, it is
possible to better generalize overlooked data.

In data-driven flowmeters, input parameters,
recognized as features or variables, are the building
blocks of machine learning models. These parameters
represent data features that the solution method uses
for prediction or classification. There are numerous
methods for selecting an appropriate feature. Filter
methods are a popular approach for feature selection,
as they utilize statistical criteria to rank and select
features based on their correlation with the target
variable. The Spearman and Pearson correlation
matrices are used to measure the relationship between
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two variables. Pearson correlation measures linear
relationships, while Spearman correlation measures
monotonic relationships. Features with high correlation
coefficients may be redundant, and only one of them
is selected. Features with low correlation coefficients
may be less relevant and are considered for removal.
Fig. 2 shows the relationship between different
characteristics with Spearman and Pearson criteria.
According to this figure, it can be concluded that inlet
pressure (P, ), outlet pressure (P, ), motor load (Motor
Load), motor current (/ ) and motor voltage (V) are
considered as suitable features for flow estimation.
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Fig. 2 Plotting the inputs of the data-driven model of the low-noise dataset.

Results and Discussion

In this section, the performance of each of the DT, GBR,
and k-NN methods is examined under two conditions:
low-noise data and high-noise data, and compared
with each other. Various statistical metrics exist for
evaluating the performance of machine learning
methods. These metrics can effectively demonstrate
the accuracy of the proposed models. Here, the
metrics of Root Mean Square Error (RMSE), Mean
Absolute Error (MAE), Mean Absolute Percentage
Error (MAPE), and Coefficient of Determination (R?)
are used, and their respective relations are presented
below:

1 2 1
RMSE _\/;;(ym,,i _ypmd,i) (1)
1 n
MAE 2;2 ytes;,i _ypred,i‘ (2)
i=1
mapE =100 Yieti 7 preai. ®)
n i3 Vtest i
n 2
R2 _ l_g(ytest,i _yIWEd’i ) (4)

i(ytest,i _)7)2

i=1
while 1is the test data, is the predicted value, is the
average value of the sample and is the given number

of the test. In machine learning, the data set is usually
divided into two parts: training data and test data.
The proposed models learn the existing relationships
between features and the target function using the
training data, and then their accuracy is examined
using the test data. In the present study, 75 percent of
the data is used for training and 25 percent for testing.

Low-Noise Data

The actual data used in the data-driven model is
depicted in Fig. 3. Moreover, Fig. 3 demonstrates that
the input features do not possess significant noise,
which can aid the proposed models in making more
accurate predictions. However, some features, such as
motor current and voltage, are noisy.

Fig. 4 (a, b and c) presents the estimated oil flow rate by
the data-driven models and the experimental oil flow
rate for the test data set. As observed, this model has
performed well against these data. One of the reasons
for the error in the flow rates of 500 to 600 could be
the low volume of training data in this range. From the
comparison between the proposed methods, it is not
definitively possible to speak about the superiority of
one method over another. Therefore, to examine the
precise performance of each method, their accuracy
based on the evaluation metrics is provided in Table 1.



Petroleum Research, 2024(October-November), Vol. 34, No. 137

2300

700 4
3100 | 2700
200 2600 4
2000
2100 4 2500 4
g E oo 4 =]
a! 20097 ol e 2400
1900 2800 2100 4
1800 2700 + 200 A
1700 ’ . . v v - . -
2020-11-11 2021-11-02 2022-10-06 2020-11-11 2021-11-02 2022-10-06 2020-11-11 2021-11-02 2022-10-06
Date Date Date
15 4
410 4
_ 404 144
400 g
. fau ] ERE
L ‘2‘ 3 et
190 4 = 5
= 12
80 30 4 I
T T T T T T 101 T T T
W020-11-11 2021-11-02 2022-10-06 2020-11-11 2021-11-02 2022-10-06 2020-11-11 2021-11-02 2022- | 0-04
Date Date Date

Fig. 3 Plotting the inputs of the data-driven model of the low-noise dataset.
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Fig. 4 Experimental oil flow rate and predicted oil flow rate for test data set in low noise input mode by data-driven models (a)

DT (b) k-NN (c) GBR.

Table 1 Evaluation of the performance of the presented
models in the data set with missing noise for the test data.

ML MAE MAPE RMSE R?

DT 12.9563 | 2.4773 21.5669 0.9413
k-NN | 10.9565 | 2.0592 20.3140 0.9479
GBR | 12.1834 |2.3191 20.2815 0.9477

Table 1 indicates that the presented data-driven models
have very similar performances. However, the k-NN
model performs slightly better than the other two
models. The DT model also has a lower accuracy
compared to the other two models.

Conclusions

In the present study, machine learning methods
including Gradient Boosting Regressor (GBR),
Decision Tree (DT), and k-Nearest Neighbors (k-NN)
were used to estimate the oil flow rate from an oil well
located in southern Iran. Suitable features for model
training were selected using Spearman and Pearson
statistical criteria. Moreover, this study utilized input
and output data from Electric Submersible Pumps
(ESP). In addition, the results suggest that pump input
and output data can serve as inputs for data-driven flow
meters. Furthermore, the frequency distribution of the
data indicates a scarcity of instances with an oil flow
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rate exceeding 500 barrels per day, posing a challenge
for the use of data-driven virtual flow meters. However,
the results demonstrate that the proposed models had
acceptable performance. Moreover, the k-NN model
showed the best performance compared to the other
two models.
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