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1. Monitoring

2. Real-time

3. Permanent Downhole Gauge (PDG)
4. Sensors

5. Pressure Maintenance

6. Well Test Interpretation and Analysis
7. Pressure Build-up

8. Pressure Draw-down

9. Skin Factor
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1. Pressure-Transient Analysis
2. Skin Factor

3. Reservoir Evaluation

4. Reservoir Management

5. Reservoir Description

6. Drill Stem Tool (DST)

7. Centrifuge

8. Head

9. Downhole Monitoring Equipment ~(DME)
10. Downhole Components

11. Read Out
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1.Enhanced Oil Recovery
2. Artificial Lift
3. Water Cut
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1. Early Time Region (ETR)
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Introduction

Nowadays, oil companies should reduce the cost per
barrel of oil production to its lowest level. This is where
the concept of optimizing and monitoring wells can
be vital for oil companies. Monitoring and recording
the conditions of wells and underground oil and gas
reservoirs are the first step in better understanding the
conditions of the dynamic behavior of the reservoirs
and the optimal management of their production.
Consideringthatthe performance ofreservoirsisusually
not constant and is variable and unpredictable over
time. Effective reservoir management requires real-
time monitoring key parameters, data acquisition, data
analysis, transformation of analyzed data into reliable
and operational information. Then making optimal
decisions by employing the captured information
from previous step to increase productivity. In 1998
Greengarten, one of the oil scientists, has defined
reservoir management as follows: the application of
technology and knowledge in a reservoir to increase
production at a lower cost [1-4].

In this research, focusing on electrical submersible
pumps, it was discussed that by equipping these pumps
with an downhole monitoring unit and by analyzing
and checking the data monitored by the sensors of this
unit, we can evaluate the dynamic characteristics and
behavior well and reservoir, increased the productivity
and took action in the direction of troubleshooting and
reducing the number of risks and costs.

Accepted: August/22/2022

Monitoring Equipment Inside the Well with the
Help of Electrical Submersible Pumps and its
Connection with Well Testing

One of the components installed on electrical
submersible pumps is the downhole monitoring unit.
This unit uses downhole sensors to monitor parameters
such as temperature and downhole pressure and is
installed under the electric motor and consists of
two main parts: 1) downhole components 2) surface
components for reading the information that gives us
the possibility of instant analysis and troubleshooting.
Conducting pressure transient tests is a reasonable
way to evaluate the dynamic behavior of wells and
reservoirs. Conducting such tests, like the drill stem
test, is costly and requires the presence of a drilling rig,
and is checked at certain time intervals and requires
special equipment. In addition to this, today, there
is a great concentration in the use of artificial lift
methods, especially the use of electrical submersible
pumps in the production fields and wells of Iran, in
order to maintain the optimal production rate and these
pumps as mentioned, it is equipped with sensors and
gauges that by using the potential of these sensors
and checking the monitoring data by them, it is easier
to analyze the pressure transient tests and check the
dynamic performance of the well and reservoir [5-7].
Importance of the Research Done:

The drill stem test is a valuable test to determine the
properties of the reservoirs, and whether it is used in
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normal mode or with ESP pump, it has shown good
performance, but it is important to mention that:

1) Conducting the drill stem test requires the presence
of a drilling rig 2) It requires the use of special
equipment including a set of valves and packers 3)
To perform it, the drill pipe must be emptied from the
drilling mud, which itself requires the injection of light
fluid. It is like diesel fuel. 4) In order to perform this
test, the well must be closed during some stages and
production should not take place.

These factors show that conducting this test
requires spending a lot of money and time, while
in this research we checked that it is possible to use
monitoring sensors in electrical submersible pumps
and analyze the monitored data of the pump, we can
examine the conditions of well and reservoir, and
considered it as a new and well-testing method in such
wells and saved the costs of the presence of the rig and
equipment. In other words, these pumps can be used in
lifting and maintaining the well, and by analyzing the

@

Importing monitored
data (intake pressure
data by time)

Entering the data recorded by
the flowmeters (production
flow data by time)

e

pressure transient of the well and reservoir from the
data monitored by the sensors of these pumps, we can
manage the reservoir effectively [8-9].

Materials and Methods

In this case study, the data monitored by the electrical
submersible pump of two wells of one of the fields in
the southwest of Iran have been investigated and the
results of the pressure transient analysis obtained from
the drill stem test are related to the pressure data of
the same well. A comparison has been made and the
dynamic behavior of the well and tank in the wells of
this field has been evaluated.

In this field, over time, due to the reduction of the
fluid pressure inside the reservoir, which led to the
reduction of the oil production rate, it was decided to
use electrical submersible pumps in order to maintain
the production [10].

The steps of pressure transient analysis of the
monitored data are summarized in Figure 1.
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Fig. 1 Block diagram of pressure transient analysis steps of monitored data.

The steps to be considered are as follows:

1) Enter rock and fluid properties.

2) Importing monitored data and creating production
history graphs.

3) Creating pressure diagrams and pressure derivatives
to interpret data.

4) Choosing a well and reservoir model.

5) The well and tank parameters obtained after data
interpretation and choosing the appropriate model.

As we can see in Figure 2: A- Pressure diagrams B-
Pressure derivative diagrams. Obtained from ESP
pump data after selecting the appropriate model. The
first row of well No. 1 and the second row of well No.
2 respectively.

Information and Results Obtained
The information and results which have been obtained

in this study are shown in Table 1.

Useful Information Obtained from Data Interpre-
tation and Well Testing

Conducting well testing operations and interpreting
the resulting data plays an important role in various
stages of the life of a well and a hydrocarbon reser-
voir, including exploration, evaluation, development,
reservoir description, and exploitation engineering.
One of the great advantages of well-testing compared
to other methods of obtaining data from the reservoir is
its larger investigation radius. By examining the moni-
tored data of the ESP pump and the DST data, other
useful information about the dynamic behavior of the
well and reservoir was obtained for the two wells in
the investigated field (as seen in Table 2) [10].
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Fig. 2 The pressure diagram and pressure derivative obtained for the two wells of the investigated field.

Table 1 Comparing the results of transient pressure analysis of ESP pump data and drill stem test.

Information Drill stem test Electrical submersible pump test Percentage difference
Well - | Well -
. Well number 1 | Well number 2 ||| Well number 1 | Well number 2 e e
Permeability(mD) ber 1 ber 2
0.235 1.87 0.23 1.9 2 12% 6%
Skin Factor || 2.7 0002 ||| 29 | 00019 || 74% 5%
Well Bore Storage | [ )33 0.04 | 00000332 | 0038 || 287% 5%
(bbl/psi)

Table 2 Comparison of useful information obtained from data interpretation and well testing for two field wells investigated in

different parts of petroleum engineering.

. . A i Productivity Ind
Information Transferability (md.ft) (p‘:)r Age TeServoIl pressure ( Sr(;};}c)l/;ls 1))] 1A% Absolute Open Flow (STB/D)
Well number 1 | 13.1to 13.4 4361.66 1.002 3433.52
Well number 2 | 219.9 to 217.1 5095.17 1.047 4357.81

Results and Discussion:

A summary of the research conducted in the article is
presented in Figure 3.

In this case study, the following results were obtained:
1) By analyzing the data monitored by the electrical
submersible pump with the help of well test science, it
was checked that the dynamic behavior of real reser-
voirs can be well evaluated and the important reservoir
parameters such as permeability and crust coefficient
can be found.

2) In Table 1, the comparison of the reservoir param-
eters obtained from the data analysis of the electrical
submersible pump and the drill stem test is presented.

Considering the data obtained from the drill stem test
as real data and the data obtained from the ESP pump
test as experimental data, the percentage of difference
for each parameter was calculated as follows:

data
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| data

—data
T

ESP %100 (1)

precentage difference=

T

This observed percentage difference can also be caused
by the difference in the pressure of the well bottom
flow with the pump intake pressure. For well No. 1, the
bottomhole flow pressure is 1960.5 psi and the pump
intake pressure is 1972.1 psi, and for well No. 2, the
bottomhole flow pressure is 2153.6 psi and the pump
intake pressure is 2163.7 psi. It can be seen that there
will be a pressure difference of about 10 to 12 psi. So
it can be concluded that the percentage difference of
well number 2 is lower than well number 1 is due to
less pressure difference.

3) By comparing the useful information obtained from
data interpretation and well testing in different parts,
it was seen that well No. 2 has a better transferabil-
ity, ability to pass fluids through the porous medium
(permeability), and a better productivity index than
Well No. | and has less formation damage and more
maximum production flow than well number 1. The
summary of these results for two wells is presented in
Table 2.
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Fig. 3 A summary of the study and research done in the article.

Conclusions

According to the well test results obtained from the
monitored data of the electrical submersible pump
and the drill stem test, which were investigated for
two wells in one of the southwestern fields of Iran, It
can be concluded that by using monitoring sensors in
electrical submersible pumps and analyzing the moni-
tored data of the pump, the conditions of the well and
the reservoir will be investigated, and considering
the insignificant difference percentage obtained from
the comparison of the two reservoir parameters The
very good test and validation obtained in comparison
with the drill stem test, it can be concluded that the
method presented in this article can be used as a new
and well-test-based method in wells that are intended
for artificial production and preservation. Production
maintenance is equipped with electrical submersible
pumps, to be used and the cost of the presence of the
rig and equipment is saved and the tank is managed in
an effective way.

In this case study, by examining and analyzing the
monitored pressure transient data of two wells in one
of the southwestern fields of Iran, it was observed that
well No. 2 had transferability, the ability to pass fluids
through the porous medium (permeability) and the ef-
ficiency index. It has a better yield than well number 1
and has less formation damage and a higher maximum
production flow than well number 1, and a smaller
percentage of difference between the results of the
analyzed data of the ESP pump and the DST test was
observed for this well because A lower pressure differ-
ence between the flow pressure of the bottom of the
well and the inlet pressure of the pump was decisive
for this well.
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