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Abstract: The interpretation of the pressure data of naturally fractured reservoirs (NFRs) has particular
significance. The most famous theory for analyzing the pressure data of NFRs is the dual-porosity model
presented by Warren and Root. Recent studies have shown that the dual-porosity model may not be
appropriate for interpreting well test from all NFRs because this model has limits. In this study, the pressure
transient response of naturally fractured reservoirs was investigated by using numerical simulation without
considering analytical and semi-analytical methods. To this end, a set of models including connected and
disconnected fracture networks was simulated in the numerical simulator. The Warren and Root well-testing
signature was observed in all simulations but it was highly evident for a well was located in the matrix and
was negligible for a well that was intersected by fractures. The results of the simulation for the well that
was intersected by fractures showed the bilinear flow regime with the slope of 1/4. The period of this flow
regime increased in the unconnected fracture network and changed to the linear flow regime with a slope
of 1/2 in two cases: firstly, by increasing fracture permeability in the connected fracture network, secondly,
in the small-unconnected fractures. Moreover, the sensitivity analysis was performed on the well location
in the connected fracture network. This research showed that by decreasing the distance between well and
fracture network, the transition period becomes deeper and appears earlier.

Keywords: Naturally fractured reservoirs, Discrete fracture network, Pressure transient.

INTRODUCTION

Naturally fractured reservoirs (NFRs) provide over 20% of the world's oil reserves and production
[1]. Therefore, the identification and characterization of this type of reservoir are extremely important.
Well-testing is a well-known and practical tool to achieve this aim and the Warren and Root model (dual-
porosity model) is the most famous theory for interpreting the pressure data of NFRs. Several studies have
demonstrated that the dual-porosity model may not be applicable for interpreting well test from all NFRs
because some simplifications have been made in the developed model[2-6]. While the majority of studies
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have focused on the analytical and semi-analytical methods, in this work, we simulated a 2-D Cartesian
fractured porous media by utilizing a numerical simulator to assess the effect of different parameters (e.g.
fracture network (connected and disconnected fracture networks), well location) on the pressure derivative.
One of the most important aims of this study is to show the capability of numerical well-testing compared
to the analytical methods in analyzing the pressure data in complex cases which can simulate more realistic
geometry of the fracture networks and have less restricting assumptions.

METHODOLOGY

The conventional numerical simulator was employed to simulate the fractured porous media. We
evaluated several models with a various number of grid blocks to minimize the numerical error and also to
find the best model which has beneficial run time. Figure 1 shows this model in which the matrixes (gray
blocks) are separated by the fractures (yellow lines). This model is a 2-D Cartesian system with 373x373x1
grid blocks in which the dimensions of the matrix and the fracture in x, y, and z-direction are (99,99,9) and
(2,2,9) (in ft), respectively. The isotropic and homogeneous petrophysical properties for the matrix and the
fracture network were assumed. Moreover, to simulate the well with the same properties (i.e. well radius)
in all cases and to simulate the model which is a good representation of real reservoir conditions, large
dimensions and low porosity for the fractures compared to the reality were considered. The rock and fluid
properties used in this study are given in Table 1.

Table 1. Rock and fluid properties

Reservoir initial pressure, P; (psi) 4000
EEEEEEEEE Flow rate, q (bbl/day) 45
EEEEEEEERE Matrix porosity, @, (fraction) 0.1
ENEEEEEE Matrix Matrix permeability, k,(mD 10
EEEEEEEEE e permeabilly, Ky, (D)
EEEEEEEE Fracture Matrix compressibility, ¢, (psi™*) 1E-5
= = = = = = = = = Fracture porosity, ¢ (fraction) 5E-3
EEEEEEEEE blzz;nf(]l(;‘:y Fracture permeability, ke(mD) 7236.39
EEEEEEEEN Fracture compressibility, c¢ (psi™1) 1E-5
Oil viscosity, p, (cP) 1.0
Figure 1. Simulated fracture network 0Oil density, p, (Ib/ft®) 43.69
Oil formation volume factor, By (bbl/STB) 1
Oil compressibility, ¢, (psi™t) 1E-5
RESULTS AND DISCUSSION

Figure 2 shows the connected and disconnected fracture networks with different locations of well in the
matrix and the fracture (black points). Figure 3 shows the resulting pressure derivatives for these scenarios.
For the situation where the well was located in the matrix, although the dual-porosity signature was observed
in both connected and disconnected fracture networks, the disconnected fracture network led to a less deep
dual-porosity signature and showed the bilinear flow regime. In the case where the well was intersected by
the fractures, the dual-porosity signature was observed early and was followed by the bilinear flow regime
with the slope of 1/4 in both connected and disconnected fracture networks. In the case of a disconnected
fracture network, the period of this flow regime increased. These results are similar and consistent with the
results of Egya et al [3]. which indicated the limitation of analytical models for simulating complex cases
in fractured reservoirs.
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A) (B)

Figure 2. Simulated fracture network; A: connected fracture network, B: disconnected fracture network (Black
pointes show the location of the well in the matrix and fracture.)
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Figure 3. Simulated pressure derivative; A: well is located in the matrix network, B: well is intersected by fractures

CONCLUSION

In this research, the 2-D cartesian fracture network was simulated to evaluate the effect of different
parameters such as connected and disconnected fracture network, well location and distance to the fracture
network, fracture and matrix permeability, etc. on pressure derivative. The main results of this study are as
follows:

1- In the case where the well was located in the matrix, the dual-porosity signature was observed in the
connected and disconnected fracture networks and became less deep in the disconnected fracture network.

2- In the situation where the well was intersected by the fractures, the dual-porosity signature was
observed in both connected and disconnected fracture networks early and was followed by the bilinear flow
regime whit the slope of 1/4.

3- Unlike the dual-porosity model, the dual-porosity signature was observed in both situations where the
well was located in the matrix and intersected by the fractures.
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