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Static reservoir modeling Summary

Seismic data Hydrocarbon reservoir modeling is an important tool in characterizing reservoir
Geostatistics and forecasting its performance. A realistic reservoir model can be generated by
Genetic algorithm combining different datasets in an optimal manner. Seismic data has always
Particle swarm optimization been of interest due to its extensive areal coverage and high lateral resolution

compared to well-based data. Using time-lapse (4D) seismic data, the reservoir

dynamic modeling is improved. Integrating 4D seismic data into dynamic
reservoir modeling process requires that the static reservoir model to be coherent with the pre-production 2D/3D seismic
data. To do so, we use seismic matching loop approach, which is based on geostatistical techniques and optimization
algorithms to update static reservoir models. A key point in this regard is that seismic data or information is used twice.
Acoustic data are first used as a constraint when generating reservoir models based on a geostatistical simulation
algorithm. Then, they are compared to the acoustic responses computed for the simulated reservoir models. The
implemented optimization algorithm in this study is a hybrid of particle swarm optimization (PSO) and genetic algorithm
(GA). The obtained results on a synthetic case study show that the proposed method, compared to the conventional
geostatistical methods, results in generation of static reservoir models that are qualitatively and quantitatively more
consistent with pre-production seismic data.

Introduction

Proper hydrocarbon reservoir management requires thoroughly understanding the reservoir properties. This can be
achieved by integrating various source of information in the reservoir modeling process. Seismic data has always been of
vast interest in reservoir modeling due to its extensive areal coverage and high lateral resolution compared to well-based
data. Baseline seismic data is vital not only for the definition of the model geometry, but also for the whole modeling
process. For integrating pre-production seismic data in static reservoir modeling, seismic matching loop approach, which
is based on geostatistical techniques and optimization algorithms, can be employed. One of the novelest and robust
artificial intelligence algorithms is the PSO algorithm. It is a swarm-based metaheuristic global optimization algorithm
based on the flocking behavior of natural swarms. The PSO algorithm can be improved by adding GA operators such as
crossover and mutation operators, that results in finding global optimum solutions in highly complex non-linear problems.
The seismic matching loop approach for updating static reservoir models can effectively assist to obtain proper solutions
in these problems. The capability of this method, i.e. seismic matching loop approach, to update reservoir facies models
is studied in this paper.

Methodology and Approaches

The hybrid PSO-GA algorithm is implemented in 5 general steps. Initialization, updating local best and global best
positions, updating velocity and position of each particle, crossover and mutation. In this paper, binary mutation and
binary-tournament selection of crossover are used. The algorithm is coded and run in MATLAB®. Stochastic simulation
for generating initial facies realization, which is used for initializing seismic matching loop, is performed in commercial
modeling software package. Finally, updated reservoir facies models and reference facies model are compared both
graphically and quantitatively.

Results and Conclusions
After implementing the written codes to our specified problem, we found out that the misfit error between updated
reservoir facies models and reference reservoir facies model was in the range of 13.4% to 15.1%, while misfit error for
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initial facies realizations used to initialize seismic matching loop was in the range of 24.9% to 34.5%. The obtained results
show that the proposed method, compared to the conventional geostatistical methods, results in updating static reservoir
models that are quantitatively more consistent with baseline seismic data. At the end, a quantitative comparison between
hybrid PSO-GA, PSO and GA algorithms in minimizing objective function defined in seismic matching loop approach is
performed. The misfit errors between models updated via GA and PSO algorithms and reference reservoir facies model
have been obtained in the range of 16.6% to 17.8% and 17.2% to 18.6% respectively.




