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One of the most important sections in fulfilled study (FFS) and master development plan is
history matching which plays an important role in production scenarios and future production
plan of reservoir. It would be a challenge for reservoir engineering due to lots of parameters and
uncertainties during reservoir study which need lots of simulation runs to reach good match for
responses in conventional mechanism of history matching. However, for accelerating history
matching part, new methods which called as assisted or automated history matching (AHM) have
been established. In this paper, an approach for automated history matching (AHM) was applied
in a real brown field with 14 wells with multiple responses located in south of Iran. The main
important features of the proposed algorithm were defining a proxy model which was a response
surface method in which 21 model parameters were incorporated based on cubic centered face
method. Response surface method (RSM) has been employed to create the proxy model. The
optimization algorithms utilized in this research were genetic algorithm (GA) and particle swarm
optimization (PSO). Proxy model was successfully constructed using 256 samples leading into R? of

0.9 on dataset with good results on GA.
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Introduction

One of the most important sections in fulfilled
study (FFS) and master development plan is
history matching which plays an important role
in production scenarios and future production
plan of reservoir. It would be a challenge for
reservoir engineering due to lots of parameters
and uncertainties during reservoir study, which
need many simulation runs to reach good match
for responses in conventional mechanism of
history matching. However, for accelerating
history matching part, new methods which called
as assisted or automated history matching (AHM)

have been established.

Methodology

In this paper an approach for automated history
matching was applied in a real brown field with
14 wells with multiple responses located in
south of Iran. The main important features of
the proposed algorithm were defining a proxy
model, which is response surface method in
which 21 model parameters were incorporated
based on cubic centered face method. Response
surface method (RSM) has been employed to
create proxy model. The optimization algorithms
utilized in this research were genetic algorithm
(GA) and particle swarm optimization (PSO).
Proxy model was successfully constructed using
256 samples leading into R? of 0.9 on dataset
with good results on GA.

The assisted history matching workflow used in
this work has the following steps:

|. Experimental design for diagnosing the most
important parameters using CCF method

. Building the proxy model using RSM

lll. Optimizing the proxy model using GA (and
PSO).

Discussion and Results

A global objective function was defined to
consider the responses of all local objective
functions for each well, ignoring the effect of
time steps (instead of many objective functions
that needs a long time to run). The objective
function is a numerical parameterization of
the optimization target used as a performance
measure in optimization problems. In this paper,
the objective value for a function defines the
difference between the simulated values. In this
paper, a good combination of assisted history
matching, as a fast method, and increasing the
accuracy and quality of reservoir properties and
characteristics were presented. As a proposed
solution, history matching was done in a very
timesaving procedure with good matches. In this
giant field with lots of well, using the proposed
workflow, all uncertain and sensitive properties
were checked and improved. History matching
of reservoir pressure and the results for bottom
hole pressure for well 11 and production for well

3 are illustrated in Figs. 1 to 3, respectively.

Conclusion

For the studied brown filed, the results are as
follows:

a. Although some work have been done on
different algorithms for proxy modeling and
optimization methods, the main important
features of the proposed algorithm were defining
a proxy model which is response surface method
based on cubic centered face sampling method.
The proxy model was then optimized by genetic
algorithm. Finally, proxy model was successfully
performed using 256 samples leading into R? of

0.91 dataset.
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Figeure 1: History matching of reservoir pressure.
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Figeure 3: History matching of oil production of well 3.
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b. As a result of history matching, the matches
of production rate and pressure data were quite
good. However, the match of water cut data is
of more concern due to lack of continuous and
precise measurement of actual water cut data as
well as inconsistencies in the available data.

c. The workflow is easy to use and can be general
for similar reservoir with about 10 to 15 wells.
There is a limitation for using the presented
workflow, which is not fast for reservoir more
than 20 wells due to increasing the samples.

d. As recommendations are using this in-house
algorithm to other super giant fields and check-

ing other proxy model algorithms.

References

[1]. Arief I. H., “Assisted history matching: a com-
prehensive study of methodology”, in Faculty of
Science and Technology, Stavanger, 2013.

[2]. Denney D., “Pros and cons of applying a
proxy model as a substitute for full reservoir sim-
ulations”, Journal of Petroleum Technology, Vol.
62, p. 07, 2010.

[3]. Azad A. and Chalaturnyk R., “Application of
analytical proxy models in reservoir estimation
for SAGD process: UTF-project case study,” SPE-
165576-PA, Journal of Canadian Petroleum Tech-
nology, Vol. 52, 2013.

[4]. Fedutenko E., Yang C., Card C. and Nghiem
L. X., “Time-dependent proxy modeling of SAGD
process,” in SPE Heavy Oil Conference-Canada,
SPE-165395-MS: Calgary, Alberta, Canada, 2013.
[5]. Fedutenko E., Yang C. Card C. and Nghiem L.
X., “Time-dependent neural network based proxy
modeling of SAGD process,” in SPE Heavy Oil
Conference-Canada, SPE-170085-MS: Calgary,
Alberta, Canada, 2014.

[6]. Ghasemi M. and Whitson C. H., “Modeling
SAGD with a black-oil proxy,” in SPE Annual Tech-
nical Conference and Exhibition, SPE-147072-
MS: Denver, Colorado, USA, 2011.

[7]. Yao S. and Prasad V., “Proxy modeling of the
production profiles of SAGD reservoirs based on
system identification,” Industrial & Engineering
Chemistry Research, Vol. 54 (33), pp 8356—8367,
DOI: 10.1021/ie502258z 2015.

[8]. Amini S., Mohaghegh S. D., Gaskari R. and
Bromhal G. S., “Pattern recognition and data-
driven analytics for fast and accurate replication
of complex numerical reservoir models at the grid
block level,” in SPE Intelligent Energy Conference
and Exhibition, SPE-167897-MS: Utrecht, The
Netherlands, 2014.

[9]. Haghighat S. A., Mohaghegh Sh. D., Gholami
V., Shahkarami A. R. and Moreno D. A. “Using big
data and smart field technology for detecting
leakage in a CO, storage projects,” in SPE An-
nual Technical Conference and Exhibition., SPE
166137: New Orleans, Louisiana, USA, 2013.
[10]. Suykens A. K., Gestel T. V. and Brabanter J.
D., “Least square support vector machines,” Sin-
gapore World Scientific Publishing Co. 2002,
[11]. Ahmadi M. A. and A. Bahadori, “A LSSVM
approach for determining well placement and
conning phenomena in horizontal wells,” Fuel,
Vol. 153, pp. 276-283, 2015.

[12]. Espinoza M., JohanA., Suykens K. and Moor
B. D., “Least square support vector machines
and primal space estimation,” in 42" |EEE Con-
ference on Decision and Control,: Maui,Hawaii,
USA, 2003.

[13]. Panja P., Pathak M., Velasco R. and Deo M.,

“Least square support vector machine :an emerg-



m Petroleum Research, 2018(April -May ), Vol. 28, No. 98

ing tool for data analysis,” in SPE Low Perm Sym-
posium., SPE-180202-MS: Denver, Colorado,
USA, 2016.

[14]. Mohamed Al-akhdar S. and Yu Ding D.,
“An integrated parameterization and optimiza-
tion methodology for assisted history matching:
application to libyan field case,” in North Africa
Technical Conference and Exhibition., Society
of Petroleum Engineers, SPE-150716-MS: Cairo,
Egypt, 2012.

[15]. Wang s., ZHAO G., XU L., GUO D. and SUN
S. “Optimization for automatic history matching,”
International Journal of Numerical Analysis and
Modeling, Vol. 2, pp. 131-137, 2005.

[16]. Dehghan Monfared A., Helalizadeh A., Par-
vizi H. and Zobeidi K., “A global optimization
technique using gradient information for history
matching,” Energy Sources, Part A: Recovery, Uti-
lization, and Environmental Effects,. 36(Taylor &
Francis), pp. 1414-1428, 2014.

[17]. Mohaghegh S. D., Toro J., Wilson T. H., Ar-
tun E., Sanchez A. and Pyakurel S., “An intelligent
systems approach to reservoir characterization,”
U.S. Department of Energy, 2005.

[18]. Dehghan Monfared A., Helalizadeh A. and
Parvizi H., “Automatic history matching using the
integration of response surface modeling with a
genetic algorithm,” Petroleum Science and Tech-
nology, 30(Taylor & Francis Group, LLC): pp. 360-
374, 2012.

[19]. He J., Xie J., Wen X. H. and Chen W., “Im-
proved proxy for history matching using proxy-for-
data approach and reduced order modeling,” in SPE
Western Regional Meeting, Society of Petroleum Engi-

neers, SPE-174055-MS: California, USA, 2015.



