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Abstract
The present work focuses on the determination of absolute permeability in a hydrocarbon reservoir whose pressure is 
under the bubble point. The simulation of the homogenic reservoir and well with the simultaneous fl ow of oil and gas is 
performed using the Eclipse100 software. The main purpose of the simulation is to obtain pressure build-up tests for two 
simulated reservoir systems, since the well testing technology requires the shut-in period, which increases the costs of 
the real well production cycle. In the fi rst simulation it is presumed that the well is not damaged, having the skin eff ect 
equal to zero, while in the second one, the skin eff ect of the well in the same reservoir is 9.44. The aim is to compare the 
results of the pressure build-up test analysis for both cases. In each case, permeability is fi rstly calculated using four 
methods, given by diff erent authors. The theoretical background and the process of obtaining the required results are 
given for each approach. Results are compared with the permeability as determined by the pressure transient analysis, 
using the Saphir software, for both the ideal and the damaged well. Diff erences in results are presented and discussed. 
Conclusions could be applied to similar real reservoir systems with the multiphase fl uid fl ow in the porous media.
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1. Introduction

One of the key processes in petroleum engineering is 
collecting data of the physical properties of the hydro-
carbon reservoir. The quality of the reservoir simulation 
depends not only on the sophisticated program that is 
applied, but also on the accuracy of the collected data for 
the particular reservoir and well system. The main goal 
was to compare the determination of rock permeability 
based on pressure build-up tests, obtained by two simu-
lated models of the same reservoir whose pressure is un-
der the bubble point, pb. An accurate value of permeabil-
ity is of great importance as it infl uences each produc-
tion model used in the determination of well pro ductivity 
that depends on the changes in the reservoir during all 
phases. Since the well productivity value is signifi cant 
for the planning of the complete production cycle, per-
meability can also affect economical aspects of any res-
ervoir system, because the pressure build-up test re-
quires fi nancial investment and a shut-in period (Kara-
salihović-Sedlar et al, 2017; Strpić et al, 2017).

Diffi culties in the creation of the reliable reservoir 
model lie in the fact that hydrocarbon reservoirs are usu-
ally on a scale of hundreds of meters to kilometres and 
petro-physical properties of the whole system are com-

plex. At the same time, the input data for the simulation 
are usually restricted and obtained from a small number 
of well measurements. There are a few possible sources 
in collecting the data for the reservoir model: seismic 
and well logging, laboratory core analysis, wireline test-
ing, well testing (pressure build-up tests, etc.). The most 
favourable approach to achieve a reliable model is the 
usage of data from more sources, which is usually not 
convenient. In this paper, the reservoir model with the 
production well, simulated in the licensed Eclipse100 
program, can almost be used instead of the real system 
with similar physical properties of the reservoir and 
well. The main purpose of the created model was to sim-
ulate the pressure build-up tests for the multiphase fl ow 
of oil and gas, for the same well with and without the 
skin effect. When the well is not damaged, meaning that 
the permeability near the well-bore is not changed, the 
four methods for the determination of permeability are 
compared to the results obtained by the Saphir program. 
The main reason for these calculations is to investigate 
which one of the methods for the multiphase fl ow gives 
permeability results nearest to its value in the simula-
tion, fi rstly for the ideal case (undamaged well or well 
with no damage near the wellbore region). The original 
reservoir permeability in the well-bore entered in the 
simulation is 15 mD (15x10-15 m2). This could be a help-
ful tool to choose the best option to determine the per-
meability in a similar real situation, when the well is 
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damaged during various operations. In the pressure 
build-up test analysis of the simulated reservoir with the 
multiphase fl ow of oil and gas, it is presumed that the 
skin factor is equal to 9.44 and the corresponding perme-
ability is calculated. Such an approach can serve as a 
guideline to determine permeability as accurately as 
possible when there is an abundance of data collected by 
well testing or some other technique. This also provides 
an opportunity to reduce the costs of the production cy-
cle (Ahmed, 2010; Lee, 1982).

The pressure build-up test analysis is based on the tran-
sient state of radial fl ow from the reservoir to the well for 
a single phase in a porous medium. Different authors pro-
pose numerous methods for the multiphase fl ow that are 
also based on equations and solutions for a single fl uid 
fl ow. The transient pressure analysis is the theory of un-
steady-state, single-phase radial fl ow that is based on a 
few assumptions concerning the fl ow near the wellbore 
(Stewart, 2011). Firstly, the reservoir is homogeneous 
and isotropic with respect to both the porosity and perme-
ability, which are also considered to be constant and thus 
independent of pressure. Then, the producing well is com-
pleted across the whole reservoir thickness, thus ensuring 
radial fl ow and the formation is completely saturated with 
a single fl uid and is uniformly thick.

The diffusivity equation, based on Darcy’s law and 
continuity equation, describing the unsteady-state, radial 
fl ow is:

  (1)

where:
p – pressure (bar), (Pa)
r – radius (m)
f – porosity (-)
m – viscosity (Pa s)
c – compressibility (Pa-1)
k – rock permeability (m2)
t – time (s).
In order to determine the solutions of the equation, an 

initial condition and two boundary conditions must be 
specifi ed. The fundamental solutions of interest in the 
development of pressure analysis methods are those for 
the case of fl ow into a centrally located well at a constant 
volumetric rate of production q. The three basic cases of 
interest are infi nite reservoir, bounded reservoir and con-
stant pressure outer boundary.

The analytical solution of the differential system for 
an infi nite reservoir, which refers to unsteady or tran-
sient fl ow, is:

  (2)

where:
q – fl ow rate (m3/s)
B – volume factor (m3/m3)
h – reservoir net thickness (m)
rw – well radius (m).

The additional pressure drop due to the skin effect is 
defi ned by:

  (3)

The near wellbore zone with reduced permeability ks, 
is located between the well radius rw and the radius of 
the skin effect rs. The skin factor is:

  (4)

Thus, if the permeability in the skin zone is less than 
that in the rest of the formation, s will be positive; if the 
permeabilities are equal, s will be zero. Finally, if the 
permeability in the skin is greater than that in the forma-
tion, which can be the consequence of fracturing or 
acidizing, s will be negative.

The turbulent fl ow in the near wellbore zone that is 
presented in Figure 1 as nonDarcy diffusion causes an 
extra pressure drop, can be expressed by skin factor de-
pending on the rate (ds/dq). This is also a part of the total 
skin s.

Figure 1: Infl uence of the skin factor on the fl ow rate

2. Periods of the pressure build-up test

Pressure build-up testing entails shutting in a produc-
ing well and recording the closed-in bottom-hole pres-
sure pws as a function of time (see Figure 2). Figures 2 
to 5 are based upon the data of the pressure build-up test 
analysis, used to obtain the results, which are discussed 
and presented in Tables 1 and 2. As shown in Figure 2, 
tp is the production time and Δt is the running shut-in 
time. The resulting pressure build-up curve is analyzed 
for reservoir properties. The most common analysis re-
quires that the well produces at a constant rate, either 
from the start-up or long enough to establish a stabilized 
pressure distribution before shut-in. If possible, the 
fl owing bottom-hole pressure prior to shut-in should 
also be recorded, which is essential if an estimate of skin 
is required (Gringarten, 2008).

There are several ways to analyse the results of a 
build-up test. The most popular is Horner’s method, 
based on the supposition that the reservoir is infi nite, 
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meaning that the transformed solution for transient fl ow 
can be applied. Horner’s plot predicts a linear relation-
ship between pws and ln ((tp + Δt)/Δt), presented in Fig-
ure 2 as a MTR (middle transient region). In practice, 
even though the well is shut-in, the after fl ow, caused by 
wellbore storage, has a signifi cant infl uence on the pres-
sure build-up data, which is interpreted as an ETR (early 
transient region). In the LTR (late transient region) 
pressure response is infl uenced by reservoir boundaries 
or by interference of production wells in the vicinity 
(Lee et al., 2003; Matthews and Russell, 1967). In case 
of tests with multiphase fl ow in the reservoir, the meth-
ods that deal with a single-phase fl uid fl ow need to be 
modifi ed. Several interpretation methods, presented in 
the oil industry, are discussed in this paper.

3. Methods for tests with multiphase fl ow

The easiest method to use is Perrine’s method, while 
others are more rigorous and require relative permeabil-
ity curves to be known beforehand. This is not always 
the case when the pressure build-up test is performed.

3.1. Perrine’s method

Perrine’s method assumes that fl uid distribution is 
uniform. It also makes further simplifying statements, 
that capillary pressures are negligible. These are not ver-
ifi ed in the wellbore vicinity in reservoirs, whose pres-
sure is lower than the bubble point pressure. Since the 
widest pressure variations take place in the near-well 
zone, this is also where the widest variations in gas satu-
ration are located. The fact that variations in saturation 
are disregarded in the vicinity of the well affects the skin 
value. The uniform-saturation hypothesis is approxi-
mately verifi ed at a certain distance from the wellbore 
(Perrine, 1956).

In Perrine’s method, the multiphase fl uid is consid-
ered as one single phase where various fl uids are dis-

persed, and is treated as an equivalent one-phase fl uid. 
The effective permeability of the formation in each 
phase can be determined on the basis of the fl ow rate of 
each phase. It means that the slope m on the semi-log 
straight line allows the following to be determined:

  (5)

  (6)

  (7)

The skin is equivalent to:

  (8)

The skin expression involves the overall properties of 
the equivalent fl uid: mobility (l), and compressibility 
(c). The value of the skin must be considered with cau-
tion as this method puts forward the hypothesis that sat-
uration is uniform around the well. In fact, the gas satu-
ration around a production well is greater around the 
wellbore. This can be seen as a negative skin, which is 
the main weakness of this method.

3.2. Raghavan’s method

In his approach, Raghavan gave a similar solution 
that is valid for gas wells, where the pseudo pressure 
function is introduced. According to the solution for the 
steady state of fl ow, the rate is defi ned as:

  (9)

and m(p) is function of pseudo pressure:

  (10)

where:
kro – relative permeability of oil (ratio)
So – oil saturation (-).
Raghavan succeeded in determining the function of 

pseudo pressure which is in relation to data of the pres-
sure build-up test. In this method, it is necessary to have 
relative permeability curves and saturation of the fl uids 
(Raghavan, 1976).

In the following formula for the dimensionless pres-
sure drop and dimensionless pseudo pressure drop, it is 
assumed that the reservoir is horizontal, homogeneous 
and isotropic, and unaffected by gravity:

  (11)

  (12)

Figure 2: Periods of the build-up test on Horner’s plot
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Figure 3 shows that the slope m is constant during the 
period of the transient state of fl ow, which is a crucial 
condition in the usage of the pseudo pressure method.

3.3. Al-Khalifah’s method

The multiphase fl ow equation, neglecting gravity and 
capillarity effects, is derived and can be reduced to:

  (13)

The linear relation of (ko/moBo) can be expressed as:

  (14)

where a is constant.
It was determined that the saturation value is stabi-

lized in the well on the inner boundary of the reservoir 
during well testing. When the saturation is stabilized, ef-
fective permeability for oil, ko, is also stabilized. That is 
the reason why parameter ko is decreasing almost to a 
constant value and remains mostly this value for the du-
ration of testing, wherefrom it follows that the change of 
the (ko/moBo) term to pressure is also linear (see Figure 
4). When this condition is fulfi lled, the solution of the 
multiphase fl ow equation (Equations 13) is:

 

  (15)

If the (ko/moBo) term is linear to pressure, slope a can 
be calculated for each pressure (Al-Khalifah et al., 
1987). In this case, the corresponding relation for effec-

tive permeability of oil, calculated from the build-up 
test, is:

  (16)

and effective permeability of gas is:

  (17)

The skin factor equation, based on the pressure build-
up test data, in the Al’Khalifah method is:

  (18)

3.4. Kamal and Pan’s method

Kamal and Pan published a multiphase analysis meth-
od in 2011, that produces values of absolute permeabil-
ity as a result, which are consistent with the relative per-

Figure 3: Dimensionless pseudo pressure drop mWD in relation to dimensionless time tD

Figure 4: The linear (ko/moBo) relation to pressure



79 Pressure build-up test analysis of the hydrocarbon reservoir system with multiphase fl ow

The Mining-Geology-Petroleum Engineering Bulletin and the authors ©, 2018, pp. 75-84, DOI: 10.17794/rgn.2018.3.8

meability relations. The procedure consists of a few 
steps (Kamal and Pan, 2011), beginning with calcula-
tions of effective permeabilities and of permeability ra-
tio: kro/krg = ko/kg. These relations should be the same as 
those selected for use in the numerical reservoir simula-
tion model. As shown in Figure 5, from these relative 
permeability curves, the ratio kro/krg as a function of 
 saturation can be derived. The average value of gas (or 
oil) saturation in the tested area of the reservoir can be 
obtained, using the value of ko/kg from test analysis. 
 Finally,
absolute permeability can then be calculated from:

  (19)

  (20)

where:
kg – effective permeability of gas (m2)
ko – effective permeability of oil (m2).

mensions, and changes in the properties of the reservoir 
and reservoir fl uids are modelled, taking into concern 
the change of space- and time-fl ow in a series of differ-
ent steps. As in the material balance equation, the total 
mass of the system remains unchanged.

For comparison of the aforementioned four approach-
es to the pressure build-up test analysis for the mul-
tiphase fl ow of oil and gas, it was necessary to create a 
simulation model of the reservoir in the Eclipse100 pro-
gram. The model computes the pressure and saturation 
in each cell implicitly, in other words, it solves a system 
of linear equations by iterative procedure. The model 
consists of reservoir and fl uid descriptions, defi ned ini-
tial conditions, descriptions of wells, and given produc-
tion data. This data is entered in the input text fi le, which 
also contains keywords that determine the simulator 
mode.

Subsequently, the data obtained from the Eclipse res-
ervoir simulation (Eclipse 100, 2017) is converted and 
the Saphir  program (License #9643) is used to calculate 
permeability and skin.

4.1. Input data for the dynamic reservoir models

A cylindrically shaped reservoir with an internal ra-
dius of 0.0762 m and outer radius of 150 m is created. 
The thickness of the reservoir is 21 m. The reservoir is 
divided into 180 cells, with 60 cells in three layers of 7 
m (see Figure 6). Cap rock is located at a depth of 2000 
m and bedrock at a depth of 2021 m. All input values are 
chosen for the sake of the illustration of the common 
hydrocarbon reservoir system, so that the results of the 
research could be applied for the practical usage in any 
reservoir having the similar basic properties of the rock 
and well. This is a proven hydrocarbon reservoir with 
production. PVT calculator program was used to calcu-
late the PVT data (PVT Calculator, 2017). In the begin-
ning of production, reservoir pressure is equal to the 
bubble pressure of 104.93 bar, and the saturation of oil is 
So=1. For the fi rst model, with no skin, permeability in 
the direction of the radius and clockwise (by angle in-
crease) is set at 15 mD, and by z-axis at 3 md. In the 
other model, the one that contains skin, permeability is 
the same as in the fi rst model, except that in the 18 cells 
that are the closest to well, permeability is 0.11585 mD, 
which represents the skin 9.438 between the radius of 
the well (0.0762 m) and the radius of the skin (0.1627 
m). Porosity of the reservoir is 12 %. Relative permea-
bilities of oil and gas are taken from Raghavan. Oil den-
sity is 800 kg/m3, water 999 kg/m3 and gas 0.86 kg/m3. 
The compressibility of the reservoir is calculated ac-
cording to Ahmed’s formula (2010). For 12% porosity, 
the compressibility is 6.53x10-5 bar-1. A well, whose di-
ameter is 0.1524 m is located at the centre of the reser-
voir and is in contact with the reservoir in all three lay-
ers. Production tubing, whose inner diameter is 0.062 m, 
is located in the well, and is used to calculate the well-

Figure 5: Ratio of oil to gas permeability

The application of Kamal-Pan’s method in a hydro-
carbon reservoir has proven that it can be used to calcu-
late consistent values of absolute permeability of the 
formation under a two-phase fl ow condition similar to 
what is calculated during the single-phase fl ow period.

4. Reservoir simulation

Reservoir simulation, as well as computing of mate-
rial balance, is a form of geological and numerical mod-
elling, used to quantify and interpret physical properties 
and changes, with the possibility of predicting their be-
havior in the future. In reservoir simulation, a reservoir 
is divided into a certain number of unit cells in three di-
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bore storage effect. In both cases, the well produces 50 
m3 of oil per day and closes after 231 days of production. 
The static pressures at the bottom of the well are used for 
the pressure build-up test analysis. The average satura-
tion of the gas reservoir at the moment of closing of the 
well is Sg=10.2%. The FloViz.program, which is found 
in the Eclipse.program package, can graphically illus-
trate the properties of the simulated reservoir, as well 
as its shape. Figure 6 shows the initial saturation of 
the oil reservoir with the production well at the centre of 
the reservoir.

the pseudo pressure method, gives a certain deviation 
(Houze, 2002).

When compared to the results of the other methods, 
this deviation for the reservoir model without skin can 
be taken as an acceptable result, because each other 
method obtains higher deviations. In practice, the deter-
mination of rock permeability is always based on the 
implementation of the described methods and on the se-
lection of the most accurate result.

4.3. Results obtained by the Saphir program

Saphir is the standard PTA (pressure transient analy-
sis) software, used by major international and national 
oil companies, independents and service companies 
(Saphir tutorial, 2017). The diagnostic plot of choice is 
the log-log diagram (see Figure 7 and Figure 10) where 
the pressure and the Bourdarot derivative allow the iden-
tifi cation of reservoir geometry and properties (Bourd-
arot, 1998). In the PVT section, the program can handle 
single or multiphase fl uids. Linear problems can be 
modelled with constant fl uid properties (Koščak Kolin 
et al, 2013), while nonlinear problems are modelled 
with correlations as PVT parameters vary with pressure.

Pressure build-up test data are fi rstly analyzed by the 
standard model with simultaneous fl ow of oil and gas 
and matching of tested and modelled data is presented in 
Figure 7. Matching of the nonlinear model for the same 
build-up test was also performed and results of both 
standard and nonlinear analyses of the simulated reser-
voir model without skin can be seen in Table 1.

Saphir also offers the option to use an Improve tool to 
fi t between the actual data and the current theoretical 
model. This option was not used, as it changes the input 
parameters from the Eclipse simulation, such as initial 
reservoir pressure or drainage radius. Changes of those 
parameters produced large deviations of the input data 
from the simulated reservoir model system. In order to 
obtain as good a match as possible, values of these pa-
rameters were changed manually.

The best match of the tested and modelled data for the 
standard model of the reservoir system without skin on 
the log-log plot (see Figure 7) is achieved for the well-

Figure 6: Reservoir model with the production well

Since the Eclipse100 output data is in the form of ex-
tensive tables, for the mentioned input data, it could not 
all be displayed in this paper. Therefore, Tables 1 and 2 
in the case of the simulated reservoir model with and 
without skin, show only results for all methods, which 
are based on the data of simulated pressure build-up 
tests.

4.2. Results obtained by the analytical method

Calculation of the results obtained by the simulated 
pressure build-up test data, in case of the reservoir mod-
el without skin, is illustrated here using the Raghavan’s 
method, where pseudo pressure, m(p), is given in de-
pendence of time Dt.

From the diagram, the slope of m, which is 3.1x108 
Pa/s, is calculated. Also, the value of permeability k is 
determined and totals:

 

 

Permeability, as one of the common results of all 
methods discussed, is shown in Table 1. In contrast to 
the default value of the absolute permeability of 15 mD, 
on the basis of which the simulation model was created, 
the value of permeability of 16.48 mD, determined by 

Figure 7: Log-log diagram of the standard model 
for the reservoir system without skin
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bore storage value of 0.0585 m3/bar. According to this 
analysis, permeability is 11.9 mD, which is also shown 
in Figure 8.

Nonlinear analysis of the same test differs from the 
standard test because it was necessary to plot the reser-
voir’s shape as it could not be chosen from the program 
(see Figure 9). Entering the relative permeability curves 
was also required.

without the high level of matching accuracy, the model 
with the 7.5 skin was chosen. This interpretation is pre-
sented in Figure 10, and the resulting permeability of 
14.3 mD is shown in Table 2, alongside other results for 
the reservoir with skin.

Figure 8: Results preview of the standard model 
for the reservoir without skin

Figure 9: Cylindrical reservoir with radius r=150 m

Figure 10: Log-log diagram of the nonlinear model 
for the reservoir system with skin

In the nonlinear analysis, a good match of tested and 
modelled data of the reservoir system without skin is 
also obtained and the resulting permeability of 16.7 mD 
is given in Table 1. The pressure build-up test of the 
reservoir model with skin of 9.44 is also obtained as out-
put data of the Eclipse100 simulation. This simulated 
test data is analyzed by the standard and nonlinear mod-
el in the Saphir program as well. The cylindrical reser-
voir model with a radius of 150 m is also selected. After 
the modelling of the skin values using the standard anal-
ysis, the best matching was achieved for the skin that 
totals 12, where the rate dependent skin is ds/dq=0.03 
m3/d. Without introducing the rate dependent skin value 
in the standard model, matching of the tested and mod-
elled data on the log-log diagram for the reservoir sys-
tem with skin was not acceptable.

In the case of nonlinear modelling of the tested data 
for the reservoir system with skin, determining the skin 
parameter was the most complex issue. Combinations in 
range of skin value from 7.5 to 10, gave similar interpre-
tations of log-log plots. As the best option, although 

5. Results and discussion

Table 1 presents all the results for the simulated res-
ervoir model without skin, based on its pressure build-up 
test data. The aim was to calculate the absolute permea-
bility for the case of the multiphase fl ow in the reservoir 
and to analyze the accuracy of the results determined by 
the presented methods. Compared to the permeability of 
15 mD, entered in the simulated model, the best result 
among four analytical methods is achieved by the Kamal 
and Pan’s method, which is 16.14 mD. This could be 
expected as their procedure uses effective permeabilities 
and relative permeability curves that should be collected 
from other data sources. A good permeability result is 
also obtained by the Raghavan’s method (16.48 mD), 
but it cannot be accepted here, as the belonging value of 
skin is 7.07 instead of zero. The main disadvantage of 
the remaining two analytical methods is that only effec-
tive permeabilities can be calculated. Also, the deviation 
in skin of 8.08, as determined by Perrine’s method fol-
lows from the explained fact that gas saturation around a 
production well is greater around the wellbore.

In the standard model case (see Figure 7), the Saphir 
program gives better results of absolute permeability 
than analytical methods, although it is only 11.9 mD, but 
this value is in accordance with the skin (0.2). It is due to 
the fact that software uses the nonlinear regression 
method in matching of the tested data into the model, 
giving the most accurate values in both models, standard 
and nonlinear. The best solution for the multiphase fl ow 
is achieved by the nonlinear model, where the value of 
the skin is 0 and corresponding permeability is 16.7 mD. 
This is the result of good matching of tested and mod-
elled data in the log-log diagram.

Table 2 presents the results of the simulated reservoir 
model with skin and its pressure build-up test data for 
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the multiphase fl ow. As in the case of the results for the 
previous reservoir model without skin, among the most 
acceptable analytical methods regarding real absolute 
permeability determination is Kamal and Pan’s, as well. 
Good results are also obtained by Raghavan’s method 
for the permeability that is higher than in the model and 
for the skin that is 10.6. This is near to the original value 
from the simulation of 9.44, mostly because of the ad-
vantage of the pseudo pressure function usage. Perrine’s 
method in this model gives a very good result of skin 
(9.10), while Al-Khalifah’s method is not acceptable in 
both simulations.

In the case of the Saphir program, standard and non-
linear models give acceptable results. The nonlinear 
model (see Figure 10) is better as absolute permeability 
is a little bit lower than 15 mD and skin, which is 
matched also a bit smaller than the original of 9.44.

6. Conclusions

Determination of absolute permeability is conditio 
sine qua non in the petroleum production and reservoir 
engineering, as it strongly affects reservoir performance 
predictions and production rate forecasts, made by nu-
merical simulation models. Pressure build-up test analy-

sis is the most frequently used technique to calculate 
permeability and skin as well as other reservoir param-
eters. In reservoir systems with the multiphase fl uid 
fl ow, more complex analysis should be conducted than 
in the case of a single phase fl ow, as was confi rmed by 
all presented methods. In both homogenic, simulated 
reservoirs, with and without skin, the best results were 
obtained by the nonlinear model in the Saphir program. 
If the relative permeability curves of fl uids in the reser-
voir are not available, the standard model can also be 
used with a high level of matching accuracy of the tested 
and modelled data. Other analytical methods for the 
multiphase fl uid fl ow, based on the pressure build-up test 
data, can be applied to achieve approximate values of 
permeability.

When there is an abundance of data collected by well 
testing, the suggested approach of reservoir simulation 
usage to conduct pressure build-up tests, can be of sig-
nifi cant importance in the determination of permeability. 
Although in both simulations, with and without skin, 
there are certain deviations between the calculated and 
assumed value of permeability (15 mD), the main contri-
bution of these results is in the possibility of their appli-
cation in real multiphase reservoir systems, where it can 
be expected that the most reliable determination of per-
meability will be obtained by a nonlinear model.

Nomenclature

B – volume factor (m3/m3)
c – compressibility (Pa-1)
ct – total compressibility (Pa-1)
h – reservoir net thickness (m)
k – rock permeability (m2)
kg – effective permeability of gas (m2)
ko – effective permeability of oil (m2)
krg – relative permeability of gas (ratio)
kro – relative permeability of oil (ratio)
ks –  permeability of the damaged near wellbore re-

gion (m2)
m – value of slope (Pa), (Pa/s)
m (p) – pseudo pressure (bar), (Pa)
mD – dimensionless pseudo pressure
p – pressure (bar), (Pa)
pb – bubble point pressure (bar), (Pa)
pD – dimensionless pressure
pe – constant outer reservoir pressure (bar), (Pa)
pi – initial reservoir pressure (bar), (Pa)
ps –  pressure at the outer bound of the damaged re-

gion (bar), (Pa)
pwf – bottom-hole fl owing well pressure (bar), (Pa)
q – fl ow rate (m3/s)
r – radius (m)
re – reservoir radial extent (m)

Table 1: Results for the simulated reservoir model 
without skin

RESERVOIR MODELWITHOUT SKIN
 k, mD ko, mD kg, mD s
Input data: 15 0
Results:

1. Perrine’s method 7.47 0.23 8.08
2. Raghavan’s method 16.48 7.07
3. Al-Khalifah’s method 7.77 0.17 -1.09
4.  Kamal and Pan’s 

method 16.14

Results of Saphir program:
1. Standard model 11.90 0.20
2. Nonlinear model 16.70 0.00

Table 2: Results for the simulated reservoir model with skin

RESERVOIR MODELWITH SKIN
 k, mD ko, mD kg, mD s
Input data: 15 9.44
Results:

1. Perrine’s method 8.48 0.26 9.10
2. Raghavan’s method 19.31 10.6
3. Al-Khalifah’s method 8.35 0.19 0.27
4.  Kamal and Pan’s 

method 16.98

Results of Saphir program:
1. Standard model 13.80 12.00
2. Nonlinear model 14.30 7.50
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rs –  radius of the damaged near wellbore region (m)
rw – well radius (m)
R – production gas/oil ratio (m3/m3)
Rs – solution gas/oil ratio (m3/m3)
S – saturation (-)
t – time (s)
f – porosity (-)
l – mobility (m2/Pa s)
lt – total mobility (m2/Pa s)
m – viscosity (Pa s)
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SAŽETAK

Analiza testa porasta tlaka u ležištu s višefaznim protokom fl uida

Okosnica je rada određivanje apsolutne propusnosti stijene u ležištu gdje je tlak pao ispod tlaka zasićenja. U tu svrhu 
izrađena je simulacija sustava ležišta i bušotine s dvofaznim protokom nafte i plina primjenom softvera Eclipse100. 
Osnovni su cilj simulacije izlazni podatci testova porasta tlaka jer je za dobivanje stvarnih podataka potrebno zatvoriti 
bušotinu na određeno vrijeme, što povisuje troškove cjelokupnoga proizvodnog procesa bušotine. U prvoj simulaciji 
pretpostavlja se da pribušotinska zona nije oštećena te da skin faktor iznosi nula, a u drugome je slučaju za isti sustav 
bušotine i ležišta uzet u obzir skin faktor od 9,44. Glavna je svrha rada temeljem analiziranih podataka testova porasta 
tlaka usporediti rezultate dobivene primjenom različitih metoda za određivanje propusnosti stijene u slučaju višefazno-
ga protoka, i to za svaki od dvaju ležišnih sustava. Odabrane metode najprije su ukratko teoretski opisane, a zatim su 
rezultati tih metoda uspoređeni s određivanjem propusnosti uporabom softvera Saphir za oba slučaja. Razlike u dobive-
nim rezultatima iznesene su u diskusiji, a zaključci rada mogu se primijeniti u stvarnim ležišnim sustavima s višefaznim 
protokom fl uida.

Ključne riječi:
višefazni protok fl uida, analiza neustaljenoga protjecanja, propusnost ležišne stijene, test porasta tlaka

Authors’ contribution

Sonja Koščak Kolin (Assistant, MSc) led the research, performed the calculations, described the methods, conducted 
the results from Saphir.program and wrote the paper. Tomislav Kurevija (Assistant Professor, PhD) initialized the idea 
of the research and contributed in all obtained results from the Eclipse 100 and Saphir.programs. Dominik Grebenar 
(Mag. Ing., former student) made simulations in the Eclipse100 program, prepared the fi gures based on the data tran-
sferred from the Eclipse and Saphir software to Excel.program.


