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“a solution to reduce simula-
tion time without disregar-
ding the upscaling and
dynamic representation qf

dual porosity flow models.”
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Introduction

The significant world oil and gas reserves related to natural-
ly fractured carbonate reservoirs adds new frontiers to the
development of upscaling and numerical simulation proce-
dures for reducing simulation time. This work aims to
accurately represent fractured reservoirs in reservoir simu-
lators within a shorter simulation time when compared to
dual porosity models, based on special connections between
matrix and fracture mediums, both modeled in different
grid domains of a single porosity flow model. For a detailed
analysis of the benefits of applying special connections to a
single porosity model to represent fractured reservoir in
reservoir simulation we compare dynamic response from
flow simulation and time consumption with the convention-

al procedure based on a dual porosity (DP).

Methodology

The proposed methodology follows five main steps:

1) Define a conventional DP applied to fractured reservoirs,
used as reference.

2) Define the special connection fractured model (SCEM)
based on four stages: (a) construct a single porosity mo-
del with two symmetric structural grids, (b) geomodel-
ling of fracture and matrix properties for the correspon-
ding grid domain, (c) apply special connections through
the conventional reservoir simulator to represent the
fluid transfer between matrix and fracture medium, (d)

fracture-matrix  fluid-

calculate  the correspondent

transfer, based on Warren and Root (1963) formulation.
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Figure I: Stages to define SCFM.

3) Apply both procedures for a probabilistic framework
considering static (geostatistical variables) and three
dynamic scenarios based on rock wettability (water-wet,
intermediate and oil-wet) to evaluate the proposed me-
thodology against a different dynamic response.

4) Compare the dynamic response from flow simulation for
both conventional DP and SCFM based on oil recovery,
water cut and average reservoir pressure.

5) Compare the time consumption for the probabilistic
framework considering geostatistical realizations and
reservoir simulation.

Application and Results

We based our study on Field B, a fractured reservoir type
II, from the Campos Basin, Brazil. As the matrix permeabi-
lity is generally small, we assume it as a constant of 0.1 mD.
Furthermore, the matrix porosity is also assumed as a cons-
tant of 15%. DFN has an average length of 300 meters and
an aperture of 6.0E-04 m. The average intensity (P32) is
0.08. These values are for the base case, before the introdu-
ction of uncertainties.

Figure 2 and shows the production strategy for the SCFM,
respectively, using permeability as example for one geosta-
tistical realization. To prevent an early water breakthrough,
eight producers are completed on the reservoir top and five
injectors on the base. For the DP, the matrix and fracture
permeability are in the same domain, however, with the
same grid block dimension for both systems.

Permeability (mD) for SCFM

Figure 2: Production strategy applied to SCFM for one geostatisti-

cal realization.

For the DP, the grid block measures 100 x 100 x 2 meters.
For the SCFM, the grid block measures 100 x 100 x 2 me-
ters for the matrix domain and 200 x 200 x 4 meters for
fracture domain. Given the small and continuous permeabi-
lity values in the matrix, the geological grid resolution is the
same as the simulation grid model. For the upscaling of
DEN, we applied the Oda method.

We generated 20 realizations of petrophysical properties
considering uncertainty in fracture variables (fracture aper-
ture, fracture density and fracture length). These 20 realiza-
tions were combined with three types of rock wettability
(oil-wet, water-wet and intermediate-wet). Therefore, it
resulted in 60 simulation models for SCEM to be compared
against 60 simulation models for DP.

Figure 3 shows the relative simulation time (ratio DP/
SCEM) for all cases. Ratio below 1 means that SCEM has a
higher simulation time than DP. Generally, the DP cases
have a higher simulation time. Furthermore, for the geosta-
tistical realization 14 the DP presents convergence issues
for the three rock wettability scenarios. For water-wet
scenarios the SCFM presents a close number of simulation
models with higher or lower simulation time when compa-
red to DP. This means that under imbibition forces, which
are more expressive for water-wet rocks, SCFM did not
present advantages regarding simulation time, with an ex-
ception of geostatistical realization 14, which presents nu-
merical convergence issues for DP. For oil-wet and inter-
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“the same flexibility as DP
to model discrete fracture
networks and matrix proper-
ties, as both mediums are
separated into two domains

of a single porosity model.”
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mediate-wet scenarios, most DP cases require a higher
simulation time for numerical convergence. While conven-
tional reservoirs are often water-wet, fractured reservoirs
are mostly intermediate to oil-wet (Chilingar et al, 1983).
Therefore, SCEM presents a better computational response
for the essential wettability scenarios in fractured reser-
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. Figure 3: Simulation time (ratio Dual porosity / SCFM) for all .

simulation model according to rock-wettability.

Table 1 shows the relative differences for water (WP) and
oil cumulative production (OP) between DP and SCFM.
The green values are the relative differences below 5%;
yellow, between 5 and 10%; red, higher than 10%. The
smaller relative difference means that DP and SCFM are
quite similar for both objective functions. Note that only for
two geostatistical realizations (14 and 20) the results extra-
polate an acceptable match, considering the three rock-
wettability scenarios. This means that geostatistical proper-
ties have a direct impact on this discrepancy. Combining
these results with table 1, it is possible to observe that geos-
tatistical realization 14 and 20 have the lowest average
fracture permeability (<100mD), which is associated to the
small values of fracture aperture in both realizations, close
to 2 mm. Therefore, for lower fracture permeabilities
(<100mD) SCFM did not reproduce the expected results.
Nevertheless, for a type II fracture reservoir, it is not com-
mon for the average values to be below 100mD for fracture
permeability data. Furthermore, realization 14 has presen-
ted convergence issues for DP and for the three rock wetta-
bility scenarios. According to Correia et al 2016, for oil-
wet rocks the water saturation is more expressive in the
fracture system but for water-wet rocks the matrix-fracture
fluid transfer is more relevant for oil recovery due to the
importance of imbibition forces. Therefore, the approach of
spccia] connections is more signiﬁcant for water-wet scena-
rios. Nevertheless, SCFM presents the same response in
reservoir simulation as the DP procedure, despite conside-
ring different kinetics in matrix-fracture fluid transfer.

Conclusions

This work proposed special connections to reduce simula-
tion time in fractured reservoirs by modeling fractures and
matrix properties into different grid domains through a
single porosity model. The comparison between the con-
ventional DP and SCFM showed that:

Water Wet Inter diate Wet il Wet

WP (%) | OP (%) | WP (%) | OP (%) | WP (%) | OP (%)
1 [ 073 | 305 | 025 | -197 | 016 | -1.65
2 | 059 | 228 | 025 | -1.56 | 010 | -1.02
3 | 024 | 223 | 025 | 311 | 015 | -2.42
a | 128 ¢ -540 : 056 | -442 | 039 | -3.83
s | 051 | 387 | 033 | 393 | 023 | -3.58
6 | 067 | 271 | 019 | 150 | 012 | 121
7 | 060 | 265 | 021 | -1.72 | 015 | -1.60
8 | 063 | -367 | 040 | -376 | 025 | -3.02
9 | 057 | 297 | 023 | 217 | 016 | -1.86
10| 069 | 353 | 028 | 280 | 021 | 271
11| 017 | 178 | 020 | 273 | 011 | -2.08
12 | 060 | 346 | 039 | -360 | 024 | -2.82
13 [.023 | 172 | 020 [ 227 | 012 [ -184
14 : 945 2.91 2.25_JNesaioin
15 [ 049 | 310 | 028 0.19 | -2.75
16 | 055 | 2.87 | 024 016 | -1.93
17 | 013 | -1.49 | o019 011 | 211
18 | 060 | -398 | 039 025 | -3.35
19 [ 026 | 201 | 020 0.12 | -2.10
20 JENIEE 521 NN -5.30

s% L o U5i0%
Table 1: Relative difference (%) for water and oil cumulative
production between DP and SCFM.

1) SCFM has a considerable performance regarding a dyna-
mic matching response with DP but within smaller simu-
lation time.

2) SCFM has the same flexibility as DP to model discrete
fracture networks and matrix properties, as both me-
diums are separated into two domains of a single porosity
model;

3) SCFM did not present convergence issues considering all
probabilistic realizations as for larger grid blocks the
maximum changes in pressure and saturation are smoo-
thed and, timestep cuts are reduced for each Newtonian
iteration.

This work aims to contribute with a new method that can

be applied in commercial flow simulators concerning frac-

tured reservoirs and it presents itself as a solution to reduce
simulation time without disregarding the upscaling and
dynamic representation of dual porosity flow models.
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