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1-Introduction

Well testing is a reservoir engineering technique determining the well, reservoir, and near wellbore
characteristics. Data is analyzed based on bottom-hole pressure variations versus time. At the initial stages,
the bottom-hole flow rate is high due to the wellbore storage effect, making it difficult to measure the flow
accurately. The deconvolution method is the best alternative to obtain maximum information from
conducting a standard test with interpretation and analysis methods. This study used only the wellbore
storage area pressure response to interpret well test data from two wells in a fractured reservoir. Horner's
well-test results were compared. In addition, three deconvolution techniques were used: material balance,
beta, and Russell. Results showed that the techniques were relatively efficient and accurate.

In addition, well-testing is a powerful method of determining geological features such as depth, physical
properties, and chemical properties of rock. Geology is concerned with obtaining accurate and
comprehensive data on ground conditions, the earth's crust, underground water, minerals, oil, gas, and
underground water. As a result, well-testing is very important in geology, and well-testing data can be used
to make critical decisions. As an example, determining the characteristics of the earth's crust and rocks,
identifying and estimating natural resources, determining geothermal conditions, determining the earth's
structure, analyzing geological and geochemical conditions, determining construction ground conditions,
determining environmental protection, determining drilling locations for oil and gas wells, and estimating
earthquake probability (Geravand et al., 2021).

Well-test analysis methods popular in the 1950s and 1960s were described by Mathews, Russell, and
Earlougher (Matthews and Russell, 1967; Earlougher, 1977). Miller, Dyes, Hutchinson (MDH), and Horner
used and extended these methods. They were applied based on straight lines in semi-logarithmic data at an
intermediate time with simple effects of boundaries at the end time. The essential mathematical method
used then was the Laplace transform, which Van Everdingen and Hurst used. Interpretation methods were
designed in such a way that they could be implemented by hand, pencil, and graph paper. The results of
well test analysis were usually limited to determining reservoir permeability, shell, productivity coefficient,
discharge area, and average reservoir pressure (Van Everdingen and Hurst, 1949). In the late 1960s and
early 1970s, most of the advances came from universities and were made by Remy. In the late 1970s, with
the introduction of independent variables by Gringarten and his colleagues, the analysis of the type of curves
was greatly expanded. In this period, manual analyses ended, and computer methods were developed
(Gringarten et al., 1975; Ramey Jr, 1970). In 1983, with the introduction of the derivative by Burdet and
colleagues, well-testing became a correct tool for knowing the characteristics of the reservoir (Bourdet et

* Corresponding author: ashoori@put.ac.ir
DOI: 10.22055/AAG.2023.43572.2368
Received : 2023-04-25

Accepted : 2023-11-28



aVa

Shahid Chamran Adv. Appl. Geol. Summer 2024, Vol. 14(2): 328-349

University of Ahvaz

al., 1983). The methods of deconvolution caused by variable flow rates related to initial times were first
introduced by Russell in 1966 (Russell, 1966). Of course, Gladfelter introduced the normalized flow
technique in 1955, which requires flow rates in the well (Gladfelter et al., 1955). In 1982, Joseph and
Koederitz, and in 1987, Koji introduced the beta deconvolution method (Joseph and Koederitz, 1982;
Kuchuk, 1990). Johnson introduced the material balance method in 1983 (Johnston, 1992). Progress in
analytical methods is entirely dependent on improving data. Until the early 1970s, the pressure was
measured with mechanical Borden manometers, which were limited in accuracy and resolution.

In conventional well-testing procedures, pressure data acquisition can necessitate 2-3 days of well shut-
in periods. This extended downtime translates to lost production and potential economic drawbacks.
Deconvolution offers a novel approach to well-test interpretation, significantly reducing test duration and
associated economic penalties. Extended wells shut-in periods can also promote asphaltene formation,
leading to future complications and costs. The deconvolution method eliminates the need for lengthy test
durations, mitigating this risk. This study investigated the application of deconvolution for wells test
interpretation in wells No. 8, 10, and 20 within the Asmari reservoir of the Shadegan fracture field. The
analysis focused solely on the pressure response associated with the wellbore storage region. Three
deconvolution techniques were employed: beta deconvolution, material balance, and Russell. The results
obtained through these deconvolution methods were subsequently compared to those derived from the
traditional Horner well-test interpretation method.

2-Material and methods

2-1- Deconvolution in the wells test

Torsion removal is a mathematical concept to remove the effect of well storage in well testing. The material
balance torsion removal method is a correct approximation for well storage pressure data, requiring accurate
measurement of the bottom hole discharge flow.

2-2- Methods of removing torsion in well testing
The beta, material balance, and Russell deconvolution methods are used to correct the flow rate during
transient pressure tests.

2-3- The reason for the use of deconvolution methods in the carbonate reservoir

The pressure stabilization time in carbonate reservoirs is very long and sometimes more than 100 hours.
This is due to specific production policies, the impossibility of closing the well due to asphalt formation,
well tests performed with the rig's presence, and a conceptual error in pressure tests. There is no other way
to interpret well-test data except the deconvolution method.

3-Results and discussions
This study evaluates the characteristics of Shadegan Reservoir, in which the well test data of 3 wells in this
reservoir are analyzed. Horner's drawing method has been used to analyze the well-test data objectively. In
straightforward language, the effect of removing the well storage effect on the well test data can be
observed. In this study, the characteristics of the reservoir, including permeability and shell effect during
well maintenance using three methods:

1-Beta deconvolution

2-Material balance

3-Russell

They estimate that the convolution of the data related to the early stages (well storage) should be
removed; the Horner plotting method is used for analysis.

The analysis of well test data of wells 8, 10, and 20 of Shadegan has been given. Below, only the analysis
of well test data of well No. 8 is mentioned.
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3-1- Analysis of well test data of the well No. 8 in Shadegan
After 1000 hours of production with a flow rate of 1500 barrels per day, well No. 8 of Shadegan was
subjected to a pressure buildup test, and the well test data was recorded.

3-1-1- Analyzing the deconvolution of well number 8 data of Shadegan well test by the beta method
Figure 1 shows the data's semi-logarithmic graph with the wells storage effect and the graph resulting from
the pressure correction by removing the beta deconvolution. As can be seen, the diagram in the well storage
area is stable after about 2 minutes and is almost a straight line, indicating the removal of the effect of the
well storage and pressure correction. The slope of the graph is -11.732 at the time of the impact of the
storage well.
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Figure 1 Semi-logarithmic graph of the data of Shadegan well No. 8 after removing the wellbore storage effect of the
well by the beta method.

3-1-2- Analyzing the deconvolution of well number 8 data of Shadegan well test by material balance
method

Figure 2 shows the semi-logarithmic graphs of well test data with the effect of well storage and after
removing the impact of well storage using the material balance method. The slope of the graph at the time
of storage is -12.692, and the time for the results to stabilize is about 1 minute after the start of the
experiment.
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Figure 2 The semi-logarithmic chart of Shadegan well 8 data after removing the wellbore storage effect of the well by

material balance method.
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3-1-3- Analyzing the deconvolution of well number 8 data of Shadegan well test by Russell method
Fig shows its semi-logarithmic diagram. In this case, the pressure data has reached a stable state after 2.5
minutes, and the slope of the graph at the time of storage is -10.074.
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Fig. 3. Semi-logarithmic diagram of well test data of well No. 8 of Shadegan after removing the wellbore storage
effect of the well by Russell's method.

4-Conclusions

- This study aimed to estimate and calculate reservoir properties (permeability and crust coefficient)
using deconvolution methods (beta, material balance, and Russell).

- It is possible to get some required results from incomplete well-testing data by applying
deconvolution methods to the data related to the impact times of the well storage effect.

- Three wells in the Asmari reservoir of the Shadegan field were studied as part of the field study.
The Horner method (which does not consider the effects of storing the well over time) was used to
estimate reservoir properties. In most cases, the results were satisfactory and had little error
compared to deconvolution methods (which obtained the reservoir's properties at the time of its
storage well).

- It has been found that the method of deconvolution of the material balance is the most stable and
accurate method among the three used in this project.
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Table 1. Rock and fluid properties of Well No. 8, Shadegan.

Property Unit Value
Formation thickness ft 75
Porosity % 0.14
Radius of the well ft 0.75
Fluid viscosity Cp 0.45
Formation Volume Factor=FVF=B, bbl/STB 1.2
Total compressibility factor=C; 1/Psi 0.00005
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Fig. 1. The logarithmic diagram of the buildup test of well No. 8 in Shadegan.
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Fig. 2. The semi-logarithmic diagram of the buildup test of well No. 8 in Shadegan.
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Fig. 3. The semi-logarithmic diagram of the data of well No. 8 of Shadegan after removing the effect of the well storage

by beta method.
80 80
70 F % 1 70
60 | %B y =-5.512In(x)+ 93.778 { 60
L _
50 F 1 50 o
. a
i ® J [7%5]
% 40 ab% 40 =
.
30 f A {309
A
20 | "-“a 1 20
ASemi-Log
10 ) ; A 1 10
@ Material Balance Deconvolution i
0 L L 11111l 'l L 111l Liil L L1l L Ll 1 121l 0
10 100 1000 10000 100000 1000000

Log (At+tp)/At

Slge aijlge g, a4y olx b Ll ST Bds 5l amy (Bals A ol sleosls sty )& dans jloges -F S
Fig. 4. The semi-logarithmic diagram of Shadegan well 8 data after removing the effect of well stocking using the material

balance method.



Y O)Lo.»i) NF 0)9«) ALY QLA.‘WUL

-

e s, . &e
a8 iy (69,5 ol e jfﬂ;uf/:#:,t&l,

80 80
70 t x 1 70
I y =-4.375In(x) + 86.232
60 | B g 1 60
[ A
50 F 41 50
- . .
4 40 % ¢ 40 E
= | Qb% =
30 f A 4 30
I A
20 | "-“& {1 20
A Semi-Log
10 . . L 41 10
@ Material Balance Deconvolution
0 L i ol L L il el L Ll a1l L Ll il 0
10 100 1000 10000 100000 1000000
Log (At+tp)/At

Jely g,y 4 ol oLl 31 Bas sl aws Belis A o leds ol &Lajal.? Sools comy B das jlages -0 S
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Table 2. The results of the well test of well No. 8 in Shadegan.

_ K calculation S calculation
Methods Slope=m APy K (md) error, % error, %
Herner without wellbore storage effect -4.413 83.549 172.82 3.99 - -
Beta deconvolution -5.095 90.347 149.69 3.46 13.39 13.25
Material balance deconvolution -5.512 93.778 13836 3.14 19.94 21.28
Russell deconvolution -4.375 86.232 174.32 4.37 0.87 9.64
OBela Ve o jled ols Jlow § Kiw lellbl -Y Jgan
Table 3. Rock and fluid properties of well No. 10 in Shadegan.
Property Unit Value
Formation thickness ft 90
Porosity % 0.13
Radius of the well ft 0.75
Fluid viscosity Cp 0.45
Formation Volume Factor=FVF=B, bbl/STB 12
Total compressibility factor=C; 1/Psi 0.00005
100
’?
/ gooo 0 O
/ _pgooo L
o, /g
o 10 0 '
A - ",W_/ [
;" 1.5 cycle
d’
1 L L Ll
0.001 0.01 0.1 1 10

Logt

OBl Ve o)lat ol Lad el Ginles] et 8 loges - JSC

Fig. 6. The logarithmic diagram of the buildup test of well No. 10 in Shadegan.
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Fig. 7. The semi-logarithmic diagram of the buildup test of well No. 10 in Shadegan.
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Fig. 9. Semi-logarithmic diagram of Shadegan well 10 data after removing the effect of well storage by material balance

method.
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Table 4. The results of the well test of well No. 10 in Shadegan.

K calculation S calculation

Methods Slope=m APy K (md) S error, % error, %
Herner without wellbore storage effect -1.456 34.783 1455.01 5.36 - -
Beta deconvolution -1.382 34228 153291 5.77 5.35 7.70
Material balance deconvolution -1.746 37.686 121334 4.30 16.61 19.80
Russell deconvolution -1.108 31.822 191199 7.64 31.41 42.49
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Fig. 10. Semi-logarithmic diagram of well test data of well No. 10 in Shadegan after removing the effect of well storage
using Russell's method.
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Table 5. Rock and fluid properties of well No. 20, Shadegan.

Property Unit Value
Formation thickness ft 75
Porosity % 0.14
Radius of the well ft 0.75
Fluid viscosity Cp 0.45
Formation Volume Factor=FVF=B, bbl/STB 1.2
Total compressibility factor=C; 1/Psi 0.00005
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Fig. 11. The logarithmic diagram of the buildup test of well No. 20 in Shadegan.
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Fig. 12. Semi-logarithmic diagram of the buildup test of well No. 20 in Shadegan.
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Fig. 13. Semi-logarithmic graph of the data of well No. 20 of Shadegan after removing the effect of storage of the well

using the beta method.
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Fig. 14. The semi-logarithmic diagram of the data of well 20 of Shadegan after removing the effect of well storage by the

material balance method.
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Fig. 15. Semi-logarithmic diagram of well test data of well No. 20 in Shadegan after removing the effect of well storage

using Russell's method.
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Table 6. The results of the well test of well No. 20 in Shadegan.
K calculation S calculation

Methods Slope=m APy K (md) S error, % error, %
Herner without wellbore storage effect -5.247 196.01 193.80 13.14 - -
Beta deconvolution -5.877 204.86 173.03 11.95 10.72 9.08
Material balance deconvolution -8.916 222.13 11405 7.18 41.15 45.32
Russell deconvolution -9.972 232.84 10197 6.46 47.38 50.85
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