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Abstract. Deliverability tests are used to evaluate a well's production capability by estimating the Absolute
Open Flow Potential (AOFP) and maximum flow rate. The three main methods applied are the Flow-after-
flow Test, Isochronal Test, and Modified Isochronal Test. For the YA-01 gas well, the Flow-after-flow Test
was used, which involves steps such as data compilation, plotting, calculation of the inverse slope (n), and
determination of the AOFP and maximum flow rate (Omax). Software analysis results indicated an inverse
slope (n) of 1.19226, a C value of 0.000000418 MSCFD/psia® an AOFP of 12,930 MSCFD, and a Qgmax of
3,879 MSCFD. For verification, a manual analysis using the Rawlins-Schellhardt and Horner methods with
a pseudo-pressure approach was conducted, yielding an AOFP value of 12,850 MSCFD. The combination of
software and manual results provides a comprehensive and accurate understanding of the well conditions,
supporting production optimization decisions and evaluating the effectiveness of the acidizing process.

Keywords: Deliverability Test, Absolute Open Flow Potential (AOFP), Flow-after-flow Test, Permeability and
Skin Factor, Flow Efficiency.

Abstrak. Metode deliverability test digunakan untuk mengevaluasi kemampuan produksi sumur dengan
memperkirakan nilai Absolute Open Flow Potential (AOFP) dan laju alir maksimum. Tiga metode utama yang
diterapkan adalah Flow-after-flow Test, Isochronal Test, dan Modified Isochronal Test. Pada sumur gas YA-
01, Flow-after-flow Test digunakan, dengan langkah-langkah meliputi penyusunan data, plotting, perhitungan
inverse slope (n), dan penentuan nilai AOFP dan laju alir maksimum (Qmax). Hasil analisis perangkat lunak
menunjukkan nilai inverse slope (n) sebesar 1,19226, nilai C sebesar 0,000000418 MSCFD/psia?, AOFP
sebesar 12.930 MSCFD, dan Qgmax sebesar 3.879 MSCFD. Untuk verifikasi, analisis manual menggunakan
metode Rawlins-Schellhardt dan Horner dengan pendekatan Pseudo-Pressure dilakukan, menghasilkan nilai
AOFP sebesar 12.850 MSCFD. Kombinasi hasil dari perangkat lunak dan manual memberikan pemahaman
yang komprehensif dan akurat mengenai kondisi sumur, mendukung keputusan optimisasi produksi dan
evaluasi efektivitas proses acidizing.

Kata kunci: Deliverability Test, Absolute Open Flow Potential (AOFP), Flow-after-flow Test, Permeability
and Skin Factor, Flow Efficiency.




Introduction

The deliverability test method is used to assess the production capability of a well by
estimating the AOFP (Absolute Open Flow Potential) value and maximum flow rate [1].
There are three main methods in this test: Flow-after-flow Test, Isochronal Test, and
Modified Isochronal Test. In the Flow-after-flow Test, different back pressures are applied
by shutting the well down to stable pressure (Pr), then producing the well at a flow rate of
gscl until stable pressure Pwfl is reached [2]. This process is repeated four times without
having to shut the well down each time a change in production rate is made. This method is
effective if the reservoir has high permeability which allows stable conditions to be achieved
quickly [3] [4]

Isochronal Test is used for wells with low permeability, where a long time is needed
to reach a stable state. The test is carried out with the same flow time (t), by shutting the well
down to stable pressure and recording the reservoir static pressure (Pr) [1]. The well is then
produced at a flow rate of gscl for a certain time (At) without waiting for stable pressure,
and shut back in until the pressure reaches Pr. This method is designed to provide an estimate
of well deliverability with the same time each time the flow is performed [5] [6].

Modified Isochronal Test was developed to overcome the weakness of Isochronal
Test which requires a long time. This test is carried out with the same flow time and well
shut-in time [7]. In this method, the well is shut in until the pressure is stable and recorded
as reservoir static pressure (Pr), then produced without waiting for the pressure to stabilize
[6]. Thus, this method shortens the testing time and is more efficient than Isochronal Test,
making it more practical to use in field conditions that require fast response time



In the YA-01 gas well, the method used for deliverability testing is the Flow-after-flow
Test. The steps taken to obtain the AOFP (Absolute Open Flow Potential) value include several
stages. First, compile data related to the pressure and flow rate of the well. After that, the results
of the Pr?> — Pwf? calculations are mapped against the flow rate (q) to obtain the slope using the y
equation from the trendline on the graph [9]. The first step is to determine the value of n using

equation 1.
- log Asc2” log Gsc1
" fonFEL), os(PE-7L), M)
Once the value of n is obtained, the value of C can then be determined using equation 2.
- log gs¢p- 108 s
" odlr) - sl 7R, )
To find out the flow rate value, equation 3 is used.
2 p2 \"
A, = C(PF-Pin) 3)

Research Methods

Next, the AOFP value can be determined using equation 4.

AOFP = C(P2-14.7)"

Finally, to determine the maximum flow rate value (Qmax), this value can be calculated as

30% of the AOFP result, using equation 5.

AOFP = C(P2-14.7)"

Mulai

From the deliverability analysis using software after the acidizing process, important
parameters for gas wells were obtained. The inverse slope (n) value obtained was 1.19226, while
the C value was recorded at 0.000000418 MSCFD/psia®. With this data, the Absolute Open Flow
Potential (AOFP) value produced was 12,930 MSCFD. From this AOFP value, the maximum flow
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Picture 1. Work Flow on Well YA-01

Results and Discussion

rate (Qgmax) that can be achieved by the well is 3,879 MSCFD.




Table 1. Flow-after Flow Test Data for Gas Well YA-01
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P Gse P -Pi;

Psia MSCFD psia’ psia’/cp
1810,41 7892,26 6.732.428,079 388.149.816,07
244536 3636,22 4.030.226,918 215.179.657,84
1645,11 8294.5 7.303.625,535 430.534.455,19
1453,32 8753,67 7.897.873,425 478.341.679,98
2028,93 5398,52 5.893.455,502 330.441.568,53

14,7 0 10.009.796,36 790.033.664,63
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Picture 2. Flow-after Flow Test Analysis After Acidizing
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Picture 3. Flow-after Flow Chart After Manual Acidizing

After obtaining the results from the software analysis, a manual analysis was carried out
using the Rawlins-Schellhardt calculation method to verify the results obtained from the software.
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This manual method aims to compare and ensure the accuracy of the deliverability test results
previously performed. Figure 3 shows the Flow-after-flow Test graph generated from the manual
analysis. This approach allows for cross-validation between the software and manual methods,
providing more confidence in the accuracy of the parameters and deliverability test results from
the YA-01 gas well after the acidizing process. Through this process, both the software and manual
approaches can be viewed and analyzed simultaneously, providing a comprehensive picture of the
performance and production potential of the well [10].

Conclusion

The results of the deliverability analysis after acidizing with the help of software showed
an inverse slope (n) value of 1.19226, a C value of 0.000000418 MSCFD/psia?, and an AOFP of
12,930 MSCFD with a Qgmax of 3,879 MSCFD while manual analysis using the Rawlins-
Schellhardt method showed an inverse slope (n) value of 1.218901705, a C value of 0.000000223
MSCFD/psia?, and an AOFP of 15,620 MSCFD with a Qgmax of 3,879 MSCFD Manual analysis
using the Rawlins-Schellhardt method provided comparable results and ensured the accuracy of
the parameters obtained from the software. This comparison between the software and manual
results provides a comprehensive understanding of the well conditions.
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Abstract. Deliverability tests are used to evaluate a well's production capability by estimating the Absolute
Open Flow Potential (AOFP) and maximum flow rate. The three main methods applied are the Flow-after-
flow Test, Isochronal Test, and Modified Isochronal Test. For the YA-01 gas well, the Flow-after-flow Test
was used, which involves steps such as data compilation, plotting, calculation of the inverse slope (n), and
determination of the AOFP and maximum flow rate (Omax). Sofiware analysis results indicated an inverse
slope (n) of 1.19226, a C value of 0.000000418 MSCFD/psia? an AOFP of 12,930 MSCFD, and a Qgmax of
3,879 MSCFD. For verification, a manual analysis using the Rawlins-Schellhardt and Horner methods with
a pseudo-pressure approach was conducted, yielding an AOFP value of 12,850 MSCFD. The combination of
software and manual results provides a comprehensive and accurate understanding of the well conditions,
supporting production optimization decisions and evaluating the effectiveness of the acidizing process.

Keywords: Deliverability Test, Absolute Open Flow Potential (AOFP), Flow-after-flow Test, Permeability and
Skin Factor, Flow Efficiency.

Abstrak. Metode deliverability test digunakan untuk mengevaluasi kemampuan produksi sumur dengan
memperkirakan nilai Absolute Open Flow Potential (AOFP) dan laju alir maksimum. Tiga metode utama yang
diterapkan adalah Flow-after-flow Test, Isochronal Test, dan Modified Isochronal Test. Pada sumur gas YA-
01, Flow-after-flow Test digunakan, dengan langkah-langkah meliputi penyusunan data, plotting, perhitungan
inverse slope (n), dan penentuan nilai AOFP dan laju alir maksimum (Qmax). Hasil analisis perangkat lunak
menunjukkan nilai inverse slope (n) sebesar 1,19226, nilai C sebesar 0,000000418 MSCFD/psia?, AOFP
sebesar 12.930 MSCFD, dan Qgmax sebesar 3.879 MSCFD. Untuk verifikasi, analisis manual menggunakan
metode Rawlins-Schellhardt dan Horner dengan pendekatan Pseudo-Pressure dilakukan, menghasilkan nilai
AOFP sebesar 12.850 MSCFD. Kombinasi hasil dari perangkat lunak dan manual memberikan pemahaman
yang komprehensif dan akurat mengenai kondisi sumur, mendukung keputusan optimisasi produksi dan
evaluasi efektivitas proses acidizing.

Kata kunci: Deliverability Test, Absolute Open Flow Potential (AOFP), Flow-after-flow Test, Permeability
and Skin Factor, Flow Efficiency.
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[Introduction ]

The deliverability test method is used to assess the production capability of a well by
estimating the AOFP (Absolute Open Flow Potential) value and maximum flow rate [1].
There are three main methods in this test: Flow-after-flow Test, Isochronal Test, and
Modified Isochronal Test. In the Flow-after-flow Test, different back pressures are applied
by shutting the well down to stable pressure (Pr), then producing the well at a flow rate of
gscl until stable pressure Pwfl is reached [2]. This process is repeated four times without
having to shut the well down each time a change in production rate is made. This method is
effective if the reservoir has high permeability which allows stable conditions to be achieved
quickly [3][4]

Isochronal Test is used for wells with low permeability, where a long time is needed
to reach a stable state. The test is carried out with the same flow time (t), by shutting the well
down to stable pressure and recording the reservoir static pressure (Pr) [1]. The well is then
produced at a flow rate of gscl for a certain time (At) without waiting for stable pressure,
and shut back in until the pressure reaches Pr. This method is designed to provide an estimate
of well deliverability with the same time each time the flow is performed [5] [6].

Modified Isochronal Test was developed to overcome the weakness of Isochronal
Test which requires a long time. This test is carried out with the same flow time and well
shut-in time [7]. In this method, the well is shut in until the pressure is stable and recorded
as reservoir static pressure (Pr), then produced without waiting for the pressure to stabilize
[6]. Thus, this method shortens the testing time and is more efficient than Isochronal Test,
making it more practical to use in field conditions that require fast response time [8]

Research Methods
In the YA-01 gas well, the method used for deliverability testing is the Flow-after-
flow Test. The steps taken to obtain the AOFP (Absolute Open Flow Potential) value include
several stages. First, compile data related to the pressure and flow rate of the well. After that,
the results of the Pr> — Pwf? calculations are mapped against the flow rate (q) to obtain the
slope using the y equation from the trendline on the graph [9]. The first step is to determine
}the value of n using equation 1.

= 108 45cp- 108 95y (1)
Iog(P,z-ngf)l- Iog(PZ-Pa,f)z

Once the value of n is obtained, the value of C can then be determined using equation

108 qsp-108 Ay
n= ———5 ¢ —0 o — 2
log(P2-Par), - log(PE-Par), @

To find out the flow rate value, equation 3 is used.
A, = C(PH-PLr)” )
Next, the AOFP value can be determined using equation 4.
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AOFP = C(P*14.7)" @)

\Finally, to determine the maximum flow rate value (Qmax), this value can be
calculated as 30% of the AOFP result, using equation 5.‘

AOFP = C(P?-14.7)" ®)
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lPicture 1. Work Flow on Well YA-OII

Results and Discussion
From the deliverability analysis using software after the acidizing process, important
parameters for gas wells were obtained. The inverse slope (n) value obtained was 1.19226,
while the C value was recorded at 0.000000418 MSCFD/psia. With this data, the Absolute
Open Flow Potential (AOFP) value produced was 12,930 MSCFD. From this AOFP value,
the maximum flow rate (Qgmax) that can be achieved by the well is 3,879 MSCFD.

[Table 1. Flow-after Flow Test Data for Gas Well YA-OI‘

Pyt Gse PP, G(P) - W(Pyp)

Psia MSCFD psia? psia’/cp
1810,41 789226 6.732.428,079 388.149.816,07
244536 3636,22 4.030.226,918 215.179.657,84
1645,11 8294,5 7.303.625,535 430.534.455,19
145332 8753,67 7.897.873,425 478.341.679,98
2028,93 5398,52 5.893.455,502 330.441.568,53

14,7 0 10.009.796,36 790.033.664,63
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After obtaining the results from the software analysis, a manual analysis was carried
out using the Rawlins-Schellhardt calculation method to verify the results obtained from the
software. This manual method aims to compare and ensure the accuracy of the deliverability
test results previously performed. Figure 3 shows the Flow-after-flow Test graph generated
from the manual analysis. This approach allows for cross-validation between the software
and manual methods, providing more confidence in the accuracy of the parameters and
deliverability test results from the YA-01 gas well after the acidizing process. Through this
process, both the software and manual approaches can be viewed and analyzed
simultaneously, providing a comprehensive picture of the performance and production
potential of the well [10].

[Conclusion]

The results of the deliverability analysis after acidizing with the help of software
showed an inverse slope (n) value of 1.19226, a C value of 0.000000418 MSCFD/psia?, and
an AOFP of 12,930 MSCFD with a Qgmax of 3,879 MSCFD while manual analysis using
the Rawlins-Schellhardt method showed an inverse slope (n) value of 1.218901705, a C
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value of 0.000000223 MSCFD/psia?, and an AOFP of 15,620 MSCFD with a Qgmax of
3,879 MSCFD Manual analysis using the Rawlins-Schellhardt method provided comparable
results and ensured the accuracy of the parameters obtained from the software. This
comparison between the software and manual results provides a comprehensive
understanding of the well conditions.
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Abstract. Deliverability tests are used to evaluate a well's production capability by estimating the Absolute
Open Flow Potential (AOFP) and maximum flow rate. The three main methods applied are the Flow-after-
flow Test, Isochronal Test, and Modified Isochronal Test. For the YA-01 gas well, the Flow-after-flow Test
was used, which involves steps such as data compilation, plotting, calculation of the inverse slope (n), and
determination of the AOFP and maximum flow rate (Omax). Sofiware analysis results indicated an inverse
slope (n) of 1.19226, a C value of 0.000000418 MSCFD/psia? an AOFP of 12,930 MSCFD, and a Qgmax of
3,879 MSCFD. For verification, a manual analysis using the Rawlins-Schellhardt and Horner methods with
a pseudo-pressure approach was conducted, yielding an AOFP value of 12,850 MSCFD.

Keywords: Deliverability Test, Absolute Open Flow Potential (AOFP), Flow-after-flow Test, Permeability and
Skin Factor, Flow Efficiency.

Abstrak. Metode deliverability test digunakan untuk mengevaluasi kemampuan produksi sumur dengan
memperkirakan nilai Absolute Open Flow Potential (AOFP) dan laju alir maksimum. Tiga metode utama yang
diterapkan adalah Flow-after-flow Test, Isochronal Test, dan Modified Isochronal Test. Pada sumur gas YA-
01, Flow-after-flow Test digunakan, dengan langkah-langkah meliputi penyusunan data, plotting, perhitungan
inverse slope (n), dan penentuan nilai AOFP dan laju alir maksimum (Qmax). Hasil analisis perangkat lunak
menunjukkan nilai inverse slope (n) sebesar 1,19226, nilai C sebesar 0,000000418 MSCFD/psia?, AOFP
sebesar 12.930 MSCFD, dan Qgmax sebesar 3.879 MSCFD. Untuk verifikasi, analisis manual menggunakan
metode Rawlins-Schellhardt dan Horner dengan pendekatan Pseudo-Pressure dilakukan, menghasilkan nilai
AOFP sebesar 12.850 MSCFD.

Kata kunci: Deliverability Test, Absolute Open Flow Potential (AOFP), Flow-after-flow Test, Permeability
and Skin Factor, Flow Efficiency.
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Gas deliverability testing is a fundamental procedure used to evaluate the production
potential of a well, specifically by determining the Absolute Open Flow Potential (AOFP)
and maximum flow rate. These parameters are crucial in reservoir engineering and
production optimization as they provide insights into the well's ability to produce gas under
various conditions. Gas deliverability testing is invaluable for characterizing well
performance and understanding the interaction between reservoir properties and operational
constraints. There are three main methods for conducting gas deliverability tests: the Flow-
after-flow Test, Isochronal Test, and Modified Isochronal Test. Each method is designed to
evaluate well performance under different operational scenarios and reservoir conditions.
The selection of a method depends on factors such as reservoir characteristics, the time
available for testing, and the desired level of result accuracy [1]

The Flow-after-flow Test involves applying different back pressures to the well by
initially shutting it in to achieve stable reservoir pressure (Pr). The well is then opened to
flow at a specific rate (qscl) until a stable bottom-hole flowing pressure (Pwf1) is reached.
This process is repeated several times, typically four, with variations in flow rate without
shutting the well in again after the initial stabilization. This method assumes the reservoir
has high permeability, allowing stable flow conditions to be quickly achieved. This test
provides valuable data for constructing a deliverability curve, which is used to estimate
AOQOFP and optimize production strategies [2]

The Isochronal Test is well-suited for reservoirs with low permeability or wells that
require extended periods to reach stable conditions. In this test, the well is flowed at a
constant rate for a short duration, followed by a shut-in period to allow pressure stabilization.
This cycle is repeated multiple times, with flow rates and corresponding pressures recorded.
The results are analyzed to determine the well's deliverability and AOFP [3]

The Modified Isochronal Test is a variation of the Isochronal Test, designed to
address situations where stabilization during shut-in periods is difficult to achieve. In this
method, the shut-in time is significantly reduced, and the focus is on the transient behavior
of the well. This approach is particularly useful for time-sensitive operations or wells with
challenging reservoir conditions. Understanding the type of gas being produced is critical in
gas deliverability testing. Gas properties such as compressibility, viscosity, and composition
significantly influence flow behavior and pressure responses. For example, the presence of
impurities such as hydrogen sulfide (H2S) or carbon dioxide (CO2) can affect gas
compressibility and necessitate adjustments in testing procedures and analyses. Accurate
characterization of gas properties ensures reliable deliverability predictions and supports the
design of efficient production systems [4][5]

The theoretical analysis of gas deliverability tests often involves applying
fundamental flow equations. The backpressure equation, widely used in deliverability
testing, is expressed as:

- where is the gas flow rate, is the deliverability coefficient, is the reservoir pressure,
is the bottom-hole flowing pressure, and is the flow exponent. This equation
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provides the basis for constructing a deliverability curve and estimating AOFP.

Another important equation is the pseudopressure function, which accounts for gas

compressibility and the non-linear nature of gas flow

- where is the gas viscosity, is the gas compressibility factor, and is the pressure. This
function is particularly useful for analyzing high-pressure gas wells and ensuring

accurate deliverability calculations [6][7]

Numerous studies have explored advancements in gas deliverability testing methods
and their applications. Recent research has focused on improving the accuracy of
deliverability predictions by integrating real-time data acquisition, advanced computational
models, and reservoir simulation techniques. For example, studies have demonstrated the
use of machine learning algorithms to enhance the interpretation of deliverability test results
and predict well performance under various operational scenarios.

In the YA-01 gas well, the method used for deliverability testing is the Flow-after-
flow Test. The steps taken to obtain the AOFP (Absolute Open Flow Potential) value include
several stages. First, compile data related to the pressure and flow rate of the well. After that,
the results of the Pr> — Pwf? calculations are mapped against the flow rate (q) to obtain the
slope using the y equation from the trendline on the graph [9]. The first step is to determine
the value of n using equation 1.

The first step is to determine the value of n using equation 1.

108 qsp-108 Ay
n= —s—= = 1
log(P2-P3r), - log(PE-Par), )

Once the value of n is obtained, the value of C can then be determined using equation

108 45y~ 108 95y 2
log(P?-P3), - log(PE-Par), @

To find out the flow rate value, equation 3 is used.

0y = C(PE-PEr) )
Next, the AOFP value can be determined using k:quation 4.
AOFP = C(P?-14.7)" @)

|Finally, to determine the maximum flow rate value (Qmax), this value can be
calculated as 30% of the AOFP result, using equation 5.‘ The 30% assumption is widely

adopted in petroleum engineering practices and is supported by empirical field observations
as a conservative estimate for well deliverability under stabilized flow conditions [8]

AOFP = C(P2-14.7)" )

Research Methods
In the YA-01 gas well, the method used for deliverability testing is the Flow-after-
flow Test. The steps taken to obtain the AOFP (Absolute Open Flow Potential) value include
several stages. First, compile data related to the pressure and flow rate of the well. After that,
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the results of the Pr> — Pwf? calculations are mapped against the flow rate (q) to obtain the
slope using the y equation from the trendline on the graph [9].

The research methodology begins with the collection of essential reservoir and well
data, including well radius, porosity (¢), thickness (h), net pay, and PVT (Pressure-Volume-
Temperature) data. These parameters serve as the foundation for evaluating the reservoir’s
characteristics and the well’s production potential. Once the input data is prepared, a
deliverability test is conducted to analyze the ability of the well to produce gas at varying
pressure conditions, providing insights into the productivity and flow efficiency of the well.

Subsequently, a flow-after-flow test is performed to further investigate the
relationship between the flow rate and bottomhole pressure. This step involves measuring
the well's performance under different flow conditions to understand its behavior and
capacity. The data obtained from the tests is then analyzed and visualized by plotting flow
rate against bottomhole pressure, enabling the identification of trends and critical
performance characteristics.

Finally, key performance indicators such as Absolute Open Flow Potential (AOFP)
and maximum flow rate (Qmax) are calculated. These parameters are critical for
understanding the well's potential under open-flow conditions and determining its maximum
deliverability. The results of this methodology provide a comprehensive framework for
optimizing gas well production and evaluating reservoir performance.

1. Input Data: Well Radius.
Porosity (p), Thickness (n), Net
Pay, and PVT Data
2. Conduct Deliverability Test

Plot Flow Rate (Q)
and Bottomhole Flow-After-Flow Test
Pressure (Pwf)

l

Obtain Parameters:
AOFP & Omax

[Picture 1. Flow Chart on Well YA-01]

Results and Discussion
From the deliverability analysis using software, important parameters for gas wells
were obtained. The inverse slope (n) value obtained was 1.19226, while the C value was
recorded at 0.000000418 MSCFD/psia®. With this data, the Absolute Open Flow Potential
(AOFP) value produced was 12,930 MSCFD. From this AOFP value, the maximum flow
rate (Qgmax) that can be achieved by the well is 3,879 MSCFD.
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[Table 1. Flow-after Flow Test Data for Gas Well YA-01|

Pus Gse P P2, b(P) - b(Pup)

Psia MSCFD psia? psia’icp
1810,41 7892,26 6.732.428,079 388.149.816,07
244536 3636,22 4.030.226,918 215.179.657,84
1645,11 82945 7.303.625,535 430.534.455,19
1453,32 8753,67 7.897.873,425 478.341.679,98
2028,93 5398,52 5.893.455,502 330.441.568,53

14,7 0 10.009.796,36 790.033.664,63

After obtaining the results from the software analysis, a manual analysis was carried
out using the Rawlins-Schellhardt calculation method to verify the results obtained from the
software. This manual method aims to compare and ensure the accuracy of the deliverability

mIPawg)-mIPh) [psicp)

Picture 2. Flow-after Flow Test Analysis

Flow-after Flow Test

1.0E+09

y = 266061x°820¢
R = 0.9497

1.0E+08
1000

Picture 3. Flow-after Flow Chart
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test results previously performed. Figure 3 shows the Flow-after-flow Test graph generated
from the manual analysis.

[Conclusion\

This study provides critical insights into the deliverability and performance of the
analyzed gas well. Key parameters, including well radius, porosity (¢), reservoir thickness,
net pay, and PVT properties, were incorporated to ensure the accuracy of the deliverability
analysis. The flow-after-flow test revealed a clear relationship between flow rate (Q) and
bottomhole pressure (Pwf), leading to the determination of Absolute Open Flow Potential
(AOFP) and maximum flow rate (Qmax). These metrics offer a comprehensive
understanding of the well’s production potential.
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Abstract. Deliverability tests are used to evaluate a well's production capability by estimating the Absolute
Open Flow Potential (AOFP) and maximum flow rate. The three main methods applied are the Flow-after-
flow Test, Isochronal Test, and Modified Isochronal Test. For the YA-01 gas well, the Flow-after-flow Test
was used, which involves steps such as data compilation, plotting, calculation of the inverse slope (n), and
determination of the AOFP and maximum flow rate (Omax). Software analysis results indicated an inverse
slope (n) of 1.19226, a C value of 4,18 x 1077 MSCFD/psia’ an AOFP of 12,930 MSCFD, and a Ogmax of
3,879 MSCFD. For verification, a manual analysis using the Rawlins-Schellhardt and Horner methods with
a pseudo-pressure approach was conducted, yielding an AOFP value of 12,850 MSCFD. The combination of
software and manual results provides a comprehensive and accurate understanding of the well conditions,
supporting production optimization decisions and evaluating the effectiveness of the acidizing process.

Keywords: Deliverability Test, Absolute Open Flow Potential (AOFP), Flow-after-flow Test, Permeability and
Skin Factor, Flow Efficiency.

Abstrak. Metode deliverability test digunakan untuk mengevaluasi kemampuan produksi sumur dengan
memperkirakan nilai Absolute Open Flow Potential (AOFP) dan laju alir maksimum. Tiga metode utama yang
diterapkan adalah Flow-after-flow Test, Isochronal Test, dan Modified Isochronal Test. Pada sumur gas YA-
01, Flow-after-flow Test digunakan, dengan langkah-langkah meliputi penyusunan data, plotting, perhitungan
inverse slope (n), dan penentuan nilai AOFP dan laju alir maksimum (Qmax). Hasil analisis perangkat lunak
menunjukkan nilai inverse slope (n) sebesar 1,19226, nilai C sebesar 4,18 x 1077 MSCFD/psia?, AOFP sebesar
12,930 MSCFD, dan Qgmax sebesar 3,879 MSCFD. Untuk verifikasi, analisis manual menggunakan metode
Rawlins-Schellhardt dan Horner dengan pendekatan Pseudo-Pressure dilakukan, menghasilkan nilai AOFP
sebesar 12,850 MSCFD. Kombinasi hasil dari perangkat lunak dan manual memberikan pemahaman yang
komprehensif dan akurat mengenai kondisi sumur, mendukung keputusan optimisasi produksi dan evaluasi
efektivitas proses acidizing.

Kata kunci: Deliverability Test, Absolute Open Flow Potential (AOFP), Flow-after-flow Test, Permeability
and Skin Factor, Flow Efficiency.
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INTRODUCTION

The deliverability test method is used to assess the production capability of a well by
estimating the AOFP (Absolute Open Flow Potential) value and maximum flow rate [1].
There are three main methods in this test: Flow-after-flow Test, Isochronal Test, and
Modified Isochronal Test. In the Flow-after-flow Test, different back pressures are applied
by shutting the well down to stable pressure (Pr), then producing the well at a flow rate of
until stable pressure is reached [2]. This process is repeated four times without having to
shut the well down each time a change in production rate is made. This method is effective
if the reservoir has high permeability which allows stable conditions to be achieved quickly
[3] [4].

Isochronal Test is often used for wells with low permeability, where a long time is
needed to reach a stable state. The test is carried out with the same flow time (t), by shutting
the well down to stable pressure and recording the reservoir static pressure (Pr) [1]. The well
is then produced at a flow rate of qscl for a certain time (At) without waiting for stable
pressure, and shut back in until the pressure reaches Pr. This method is designed to provide
an estimate of well deliverability with the same time each time the flow is performed [5] [6].

Modified Isochronal Test was developed to overcome the weakness of Isochronal
Test which requires a long time. This test is carried out with the same flow time and well
shut-in time [7]. In this method, the well is shut in until the pressure is stable and recorded
as reservoir static pressure (Pr), then produced without waiting for the pressure to stabilize
[6]. Thus, this method shortens the testing time and is more efficient than Isochronal Test,
making it more practical to use in field conditions that require fast response time [8]

RESEARCH METHODS

In the YA-01 gas well, the method used for deliverability testing is the Flow-after-
flow Test. The steps taken to obtain the AOFP (Absolute Open Flow Potential) value include
several stages. First, compile data related to the pressure and flow rate of the well. After that,
the results of the Pr> — Pwf? calculations are mapped against the flow rate (q) to obtain the
slope using the y equation from the trendline on the graph [9]. The YA-01 gas well is located
in a mature gas field with moderate permeability and significant production history. The
field's geological structure consists of sandstone reservoirs with varying levels of porosity
and permeability. Before the acidizing process, the well exhibited moderate skin effects,
which hindered optimal gas flow. The primary objective of the acidizing process was to
enhance permeability and reduce skin to achieve better deliverability. Reservoir pressures
were measured to be stable, allowing for efficient application of the Flow-after-flow Test to
evaluate well performance post-acidizing. The first step is to determine the value of n using
equation 1.

log qsc2—10g gsc1
log(Prz—P‘f,f)l— log(Prz—P‘f,f)2

n =

(D
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Once the value of n is obtained, the value of C can then be determined using equation

— log qsc2—1og qsc1 (2)
log(Prz—P‘f,f)l— log(PrZ—P‘f,f)2

To find out the flow rate value, equation 3 is used.

n
Qsc = C(Prz _Pv%/f) 3)
Next, the AOFP value can be determined using equation 4.
AOFP = C(P% —14.7)" (4)

Finally, to determine the maximum flow rate value (Qmax), this value can be
calculated as 30% of the AOFP result, using equation 5.

AOFP = C(P?—14.7)" (5)
Input Data
Start » Well Radius, @, h (netpay),
PVT data
v
Flow -after Flow Test 4 Deliverahility Test

k4

Flow rate vs Pwf
Plotting

AOQFP and Qgmax

Figure 1. Work Flow on Well YA-01

RESULTS AND DISCUSSION

From the deliverability analysis using software after the acidizing process, important
parameters for gas wells were obtained. The inverse slope (n) value obtained was 1.19226,
while the C value was recorded at 4,18 x 107"MSCFD/psia®. With this data, the Absolute
Open Flow Potential (AOFP) value produced was 12,930 MSCFD. From this AOFP value,
the maximum flow rate (Qgmax) that can be achieved by the well is 3,879 MSCFD. The
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acidizing process has proven effective in increasing gas flow capacity by improving
reservoir permeability and reducing skin effects. Therefore, the well deliverability after
acidizing has changed significantly compared to before the intervention. In the future, this
data is valid to be used as a reference as long as there are no significant changes in reservoir
conditions, such as drastic pressure drops or additional formation damage. However,
periodic re-evaluation is still needed to ensure consistency of well performance and to
consider potential changes in reservoir conditions that can affect deliverability parameters.

Table 1. Flow-after Flow Test Data for Gas Well YA-01

Pus Gsc Pl P2, v(P) - w(Pup)

Psia MSCFD psia? psia%/cp
1810,41 7892,26 6.732.428,079 388.149.816,07
2445,36 3636,22 4.030.226,918 215.179.657,84
1645,11 8294,5 7.303.625,535 430.534.455,19
1453,32 8753,67 7.897.873,425 478.341.679,98
2028,93 5398,52 5.893.455,502 330.441.568,53

14,7 0 10.009.796,36 790.033.664,63

T
1E+0 [— I

mlPag)-mIPl) [psi2/cp]

:E‘Sal L Il L ttl!l]—

1 1 [ |
1000 10000 1Es5
Q [Mscf/D]

Figure 2. Flow-after Flow Test Analysis After Acidizing
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Figure 3. Flow-after Flow Chart After Manual Acidizing

After obtaining the results from the software analysis, a manual analysis was carried
out using the Rawlins-Schellhardt calculation method to verify the results obtained from the
software. This manual method aims to compare and ensure the accuracy of the deliverability
test results previously performed. Figure 3 shows the Flow-after-flow Test graph generated
from the manual analysis. This approach allows for cross-validation between the software
and manual methods, providing more confidence in the accuracy of the parameters and
deliverability test results from the YA-01 gas well after the acidizing process. Through this
process, both the software and manual approaches can be viewed and analyzed
simultaneously, providing a comprehensive picture of the performance and production
potential of the well [10].

CONCLUSION

The results of the deliverability analysis after acidizing with the help of software
showed an inverse slope (n) value of 1.19226, a C value of 4,18 x 1077 MSCFD/psia?, and
an AOFP of 12,930 MSCFD with a Qgmax of 3,879 MSCFD while manual analysis using
the Rawlins-Schellhardt method showed an inverse slope (n) value of 1.218901705, a C
value of 2.23x10—7 MSCFD/psia?, and an AOFP of 15,620 MSCFD with a Qgmax of 3,879
MSCFD Manual analysis using the Rawlins-Schellhardt method provided comparable
results and ensured the accuracy of the parameters obtained from the software. This
comparison between the software and manual results provides a comprehensive
understanding of the well conditions.
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