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Introduction

The precise estimation of oil production is necessary
to manage and development of oil field. In this regard
various numerical methods were developed to simulate
oil production rate in petroleum industry. Among these
methods multiscale approach is recently elaborated
based on calculation cost reduction and computational
efficiency. However, all of these efforts were conducted
on the fluid flow, and geotechnical consideration were
neglected until 2014 [1]. Moreover, it was shown by
the research that rock deformation plays an important
role in the fluid flow in petroleum reservoirs [2]. In this
regard, Mixed Multiscale Multiphase Geomechanical
Model (M3GM) were recently developed by the second
author [3]. In this present research, first the theoretical
background of M3GM is outlined. Afterwards, the
role of rock deformation through plasticity theory
and subloading surface framework is implemented.
Finally, in order to confirm the capability of the model,
the obtained results will be compared with numerical,
and also experimental results and computational
efficiency will be evaluated.

Material and Methods

The fluid flow in oil reservoirs takes place in different
scales. Moreover, it is computationally efficient to
treat each phenomenon on its domain of influence.
Therefore, multiscale framework is regarded in this
matter. Mass and momentum balances are discretized
in the multiscale pattern for the fluid phases. The
implementation of momentum balance in to the mass
balance and integration over fine scale will lead the
following nonlinear system of equations.
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In the above equation, 4
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On the other side, the solid phase is discretized with the
finite element framework that will lead to the following
system of equations for the rock deformations.
Ki=F “4)
In the above equation, K and F are defined with the
following equations.
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Furthermore, the subloading surface plasticity is

utilized to obtain plastic deformations. Finally, the
fluid phase and solid phase interactions are established
with the implicit integration. It is worth mentioning
that the subloading surface plasticity is utilized to
obtain plastic deformations.

Results and Discussion

In order to confirm the capability of the model, the
obtained results are compared with the traditional
fine scale results and good agreement achieved as it is
shown in Figure 1.
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Fig. 1 Comparison of production rate for deformable and
undeformable rock.

Moreover, three different rocks are simulated and it is
shown that the looser rock will lead to lower production
rate with respect to more energy loss during plastic
deformations, as seen in Figure 2.

4000
_."' 0
.’ -2
‘ -
¢ * ’-'
s .
3000 " % e
l' o "
; .
b} o &
£ ’ »* B
. ’ *
5 2000 B ’ -*
-] 4 i e
g . o
3 o —— Undeformable
£ &t == PMIGM,Rock1
’ £ - AR ey
1000 K ‘,:'. PM3GM, Rock 2
ol ===+ PMIGM,Rock3
Pt
.
!,
P
r
0 .

1.0E+00 1.0E+05 2,0E+05 3.0E+05 4.0E405

Time (Second}

Fig. 2 Oil production rate for three differed rock types.

Furthermore, to confirm the efficiency of the model,
CPU Time Ratio (CTR) is derived, and it shows that
the present multiscale framework could be about 1000
times faster than traditional fine scale models for the
reservoir with 10* simulation elements. The more
interesting feature of the model is that the efficiency
would be raised while the number of elements
increases (Figure 3).
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Fig. 3 Comparison of computational efficiency between
Multiscale and fine scale models.
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Conclusions

The Multiscale geomechanical model considering plas-
tic deformation is presented to simulate petroleum
reservoirs. It is shown that the results not only were in
good agreement with the numerical and experimental
test cases, but also, the computational cost was much
lower with utilizing multiscale framework. Moreover,
it is shown that the looser rock will lead to the lower
production rate with regard to more energy loss during
more plastic deformations.
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