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Abstract: Tazhong No.1 gas field is a typical vug-fractured carbonate gas condensate reservoir with the characteristics of
high heterogeneity and complex geological and dynamics. A physical and effective hole-diameter mathematical model for
well test in the composite reservoir is established, which considers the resistance force on interface. Specifically, the
following factors are involved, including wellbore storage and skin factor of inner boundary, fracture open of interface,
and infinite boundary of outer boundary. Moreover, the exact solution of wellbore pressure is obtained in terms of
ordinary Bessel functions in the Laplace space. The numerical computation of the solution is obtained by using the
Stehfest numerical inversion method, and the behavior of the system is studied as a function of various interface
parameters. Results show that the composite radius controls the time of the interface performance. The larger the
composite radius, the later the interface performance begins. In addition, the condition of open fracture has a heavy impact
on the transitional zone performance. Resistance force on the interface disguises the influence of the condition of the open
fracture, which is more apparent with larger resistance force. Comparisons with the regular well test model shows that the
new model can improve the data utilization, reduce multiple solutions of well test analysis and increase the accuracy on
the identification of formation parameters and evaluation stimulation. The method is useful for the reservoir dynamic

description.
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1. INTRODUCTION

Tazhong 1 gas field is the largest carbonate platform
margin reefal gas field in China, which is one of the most
important fields of production expansion and reserve growth
in Tarim basin [1, 2]. This gas field is with the
characteristics of complex reservoirs, including cave type,
fracture-cavity type, and fracture type. Besides, cave and
tight carbonate matrix appear in the space randomly and
alternatively with strong heterogeneity [3-5]. From the
perspective  of  production performance, composite
characteristic with supply has been shown in [6]. In addition,
the obvious pressure difference is shown in the inner and
outer regions. That is, after a period of production time, the
energy is transferred from the outer region to the inner
region. Existing studies show that filtration resistance exists
in the interface between the inner region and the outer
region. Specially, the influence of such resistance becomes
more obvious in the case of low permeability than that of
high permeability [7, 8]. There are essential differences
between such pressure behavior and that with threshold
pressure gradient [9, 10]. Although well test models have
been constructed for composite reserves with the resistance
force on the interface, such as homogeneous reservoir [8, 11,
12], double porosity reservoir [13] and triple porosity
reservoir [14], the case with fracture open has not been
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considered. Moreover, existing study is still in the stage of
theoretical analysis while real case study has not been carried
out.

In this study, a new well test model is constructed for the
infinite composite reserves of natural fracture open in the
interface. In addition, the type curve is drawn, and the
corresponding dynamic characteristic is analyzed.

2. WELL TEST MODEL
2.1. Physical Model

The physical model of composite reserve proposed in this
paper is shown in Fig. (1). To begin with, a few assumptions
are given below:

(1) The isotropic formation can be divided into 2 concentric
regions. The inner zone, with a radius of r; and being the
nearest to the wellbore, could contain a zone with the
permeability reduced by drilling and improved
permeability due to stimulation. The outer zone is the
infinite reservoir. Each region is assumed to be uniform,
and their reservoir and fluid properties are different form
each other. The permeability, porosity, viscosity and
total compressibility of the inner and outer zones are K;
and K,, @, and @,, u; and u,, Cy; and Cy, respectively.

(2) Horizontal formation is with constant thickness, 4.

(3) Flow of a single phase fluid happens in either zone of
the composite porous medium. Gravitational forces and

2013 Bentham Open



44 The Open Petroleum Engineering Journal, 2013, Volume 6

He-Dong et al.

Fig. (1). Schematic of a two-region composite reservoir.

capillary force are negligible. Fluid flow obeys the
Darcy law.

(4) Well producing is at a constant rate from the center of
the reservoir, and the skin effect is taken into
consideration with a skin factor of S;. Wellbore storage
factor is C.

(5) The width of buttering between the inner zone and the
outer zone is neglected, flow resistance force on
buttering is concentrated on the interface of the two
zones, which is represented by the skin factor S,, and the
pressure jump happens when the flow goes through the
interface.

(6) During the production time Ly the pressure difference

between the two zones is larger than p,, and the outer
zone is involved with the flow.
2.2. Mathematical Model

In order to increase the stability of numerical calculation,
the effective wellbore radius is inducted:

-5,
r. =r..e

we w

The mathematical model of the effective wellbore radius
of the above physical problem is expressed by dimensionless
variable as follows:

Control equation:
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Outer boundary condition:

pZD(rD - OoatzD)= 0 ©
Initial condition:
plD(I‘D,O)=p2D(rD,0)=0 (10)

The dimensionless variables involved in the above
mathematical model are defined as follows:
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2.3. Solve the Mathematical Model

According to the Laplace transformation, the following
equations are derived from equations (1) to (10). Equation
(1) and (2) are expressed by Laplace variance z and S in
Laplace space, respectively.
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Fig. (2). The effect of dimensionless composite radium to type curve.
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Fig. (3). The effect of dimensionless breakout pressure difference to type curve.
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2.3.1. Mathematical Model Solution — First Stage o, = z -
C 1
The mathematical model of the first stage is composed of »¢

equations (1), (3), (4), (5) and (10). The bottomhole pressure The pressure at the inner boundary is
in the Laplace space is:



46 The Open Petroleum Engineering Journal, 2013, Volume 6

3
s
—1
P —2
) 10" —5
Q —10
= —15
§ 1 ]
210 3
k=] ]
o3
[a)
L]
10° E
10"+
10" 10" 10°

Fig. (4). The effect of interface additional resistance to type curvel.
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2.3.2. Mathematical Model Solution —Second Stage

(14)
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According to the diagnostic condition, if the following
condition holds, the third stage gets involved.
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2.3.3. Mathematical Model Solution — Third Stage

(15)

The mathematical model of the third stage is composed
of equations (1), (2), (3), (4) and (7)-(10). The bottomhole
pressure solution in the Laplace space is:
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3. WELL TEST CURVE FEATURESS
3.1. Numerical Inversion

The Stehfest [15, 16] method is generally used for
carrying out Laplace numerical inversion. This method is
simple and easy to carry out, which produces results in very
short time. It is used in this paper to achieve the numerical
inversion on the bottom hole pressure in the Laplace space.

3.2. Type Curve Features

It can be seen from the log-log curve (Fig. 2 and Fig. 4)
that there is obvious difference between the type curve which
considers additional resistance on the interface and the
conventional type curve. The curve can be divided into five
stages:

(1)  Wellbore storage stage: The slope of pressure and
pressure derivative curve is 1.0.

(2)  First transition stage: This stage is mainly controlled
by wellbore storage and wellbore skin factor.

3)

(4) Second transition stage: This stage is mainly
controlled by the interface parameters, including composite
radium, breakout pressure difference (i.e. natural open
fracture) and additional resistance. The composite radium
controls the beginning time of the transition stage: the bigger
the composite radium, the later the dynamic feature of the
transition stage (Fig. 2). The breakout pressure difference
affects the early pressure feature in this stage: the bigger the
breakout pressure difference, the greater effect on pressure
state, which may lead to minus pressure derivative (Fig. 3).
The bigger the additional resistance skin factor (S,), the

Infinite radial flow stage.
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Fig. (5). Comparison of log-log match results of certain well
Table 1. Well test Interpretation Results in Certain Well
Classic . .
Model composite Composite model with
additional resistance
model
Wellbore storage m’/MPa 0.1
Wellbore skin M dimensionless 1.5
Initial pressure MPa 73.0
Formation factor mD.m 1700
Permeability mD 35.7
Composite radium r m 130
Composite Flow coefficient ratio M dimensionless 150 10.0
parameters Storage parameter ratio D; dimensionless 2.6 1.0
Additional resistance skin S, dimensionless 13.5

higher the pressure derivative height, which can override the
effect of the breakout pressure difference (Fig. 4).

(5)  Second radial flow stage.

(6)  If the outer boundary is closed, then the derivative
curve in the later time will be upwarping. It is the same as
the conventional situation.

4. APPLICATION EXAMPLES

In the Tazhong 1 gas field, the effective thickness of
producing interval in certain well is 47.6m, with a log
interpretation porosity of 3.0%. Producing test lasted 207
days in this well. The total oil production is 5408.92 t, and
the total gas production is 2288.79x10* m’. Recharging
feature occurred during producing process.

Based on the data of well test pressure and producing test
pressure and flow rate, well test interpretation for its whole
producing history was done. The log-log analysis result is
shown in Fig. (5). There are 6 curves in Fig. (5). They are

the measured pressure and pressure derivate, match pressure
and pressure derivate analyzed by composite model, match
pressure and pressure derivate analyzed by the new model of
this paper, respectively. It can be seen from Fig. (5) that the
reservoir shows obvious composite gas reservoir features
with poor properties in outer region, and the well test
features and producing analysis are coincident; Moreover,
the effect of parameters on interface are not considered in
traditional models, thus its later fitting results were worse,
while our model got better fitting results in the later stage.

The well test interpretation results are listed in Table 1.
The major differences of the two models are in the following
three parameters: mobility ratio, storage capacity ratio and
additional resistance skin factor. The parameter M in the
traditional model is up to 150, ie., the outer zone
permeability is only 0.24mD. Though its fitting result is
good, it is contradictory to the stable producing feature
during producing test period. The parameter M in the new
model is 10, i.e., the outer zone permeability is 3.6mD.



48 The Open Petroleum Engineering Journal, 2013, Volume 6

Though its fitting result is good, it is contradictory to the
stable producing feature during producing test period. Thus,
it can provide enough energy for the inner zone which is
coincident to geology features.

5. CONCLUSIONS

(1) Based on the analysis of production performance, a
new well test model of effective well radium in composite
reservoirs is set up. The open fracture and the additional
resistance on interfaces are considered in this model, and
log-log type curve is generated. The type curve can be
divided into five stages. The emergence of the second
transition stage is the major feature of this model. Some
interface parameters (such as the composite radium, breakout
pressure difference and additional resistance) affect the
beginning time and curve form of the second transition stage.

(2) In our model, if we change the outer boundary
conditions to closed circle boundary, then the type curves
(such as Fetkovich and Blasingame, etc.) of some modern
production analysis can be generated.

(3) For the well of Tazhong carbonate reservoir, whose
abnormal composite model (M>100, D;>1) shows the
features of getting worse for the log-log curves in outer
regions, it may reflect the well test features of composite
with breakout pressure and additional resistance. This model
can be diagnosed by combining modern production analysis.

(4) The major approach to reduce the ambiguity of
interpretation is to describe the single well performance by
combining data of short term buildup well test and long term
production history, and by combining well test and modern
production analysis. Dynamical description can solve key
issues of single well or gas reservoir development, such as
estimating reservoir permeability and evaluation stimulation,
and it can also be used to analyze single well gas
productivity, rate maintenance capability, dynamic reserve,
interwell connectivity and water breakthrough.
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