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Summary

Fault and fracture modelling is an important step in reservoir engineering which is required for any reservoir
characterization and production management. There are various types of methods and strategies for building
such models, however, each has its own advantages and drawbacks. The most important issue that should be
considered is the ability to model both large- and small-scale faults, simultaneously. It is important, as large
faults define geological frameworks of the reservoir, while small faults influence fluid movement in the
reservoir. In this study, we introduce an integrated strategy for modelling small- and large-scale faults by
seismic data, using multi-attributes. Large faults are defined by hand picking from seismic data using
attributes, and small faults are modelled by an automatic ant tracking algorithm. Then, two separated models
are integrated to build a unique, but multi-scale fault model. Result of each step of modelling is evaluated by
well data. The methodology is applied on a hydrocarbon reservoir from the Persian Gulf. Results show that
the multi scale fault model is accurate when evaluated by well data.

Integrated modelling of faults of fractures to obtain a unique multi-scale model is an interesting topic in
reservoir engineering. Normally fractured reservoirs are divided into several production zones based on
division made by large faults, while fluid movement in each zone is controlled by small fracturs and faults.
Thus, obtaining a unique model which contain information of faults in several scale is under investigation.
However, conventional methods use separate sources of information for modelling faults in various scales.
Large scale faults are normally modelled by seismic data while well data are used for modelling small faults.
Ozkaya (2019) stated that modelling of faults both with seismic and well data would reduce uncertainty in
reservoir fracture modelling. Cao et al. (2019) introduced an integrated strategy for modeling faults with two
scales in 2D seismic data, but using seismic and well data. Kurison et a. (2019) have modelled faults and
fractures in reservoir with 3D seismic data and well data, but in separate manners. But their final
interpretation has shown that using both types of model would result in better reservoir modelling. Xu et al.
(2019) introduced an integrated strategy for modelling faults and fractures in two scales simultaneously using
seismic and well data. In this study, we introduce an integrated strategy for multi-scale fault modelling using
only seismic data, which could be used in reservoirs which lack of well data.

The proposed strategy introduced here, initiates with a geological model building. Subsequently, large faults
can be defined on seismic data and related attributes. Simultaneously, small scale faults can be modelled by
an ant tracking algorithm in an automatic manner, then it would be refined by interpreter to remove other
lineaments than fault that was modelled by the algorithm. Each model then would be evaluated by well data
and in case of any error in the model, they would be removed by more ant tracking parameter optimizations
and also deeper investigation by the interpreter. In the final step, both fault model would be integrated to build
a unique informative multi-scale fault model which contains information of all faults in various sizes. Other
characteristics of faultsin the integrated model would be investigated for further analysis.

Large scale fault model showed major faults with northwest-southeast trending acting in the center of the
reservoir, which has a dome shaped structure, and some minor faults with various trending around the major
one. Through this modeling curvature, chaos and variance attributes were used for better fault detection.
Small faults obtained by ant tracking distributed around the center of the field. Ant tracking agorithm
parameter were optimized through sensitivity analysis prior to application. Afterwards, fault model was
refined to remove non-fault lineament. Both models were evaluated by a fullbore formation microimager
(FMTI) log which proved fractures and faults that were obtained by seismic data. One fault that was detected
by the proposed strategy were also captured by well. Then both fault models were integrated to a unique
model and faults were modeled by deterministic method.

The integrated fault model obtained by the proposed strategy revealed the importance of a multi-scale fault
model in reservoir engineering. Large faults of the study reservoir showed different zones of fractures in the
formation reservoir, while small faults in the same model built a discrete network of fractures which provides
canals for fluid movement. The integrated model shows that large faults in the study field are mostly in the
center of the reservoir, while small faults are distributed through the edges of the formation reservoir, which
could be used for further investigation of locating for production and/or injection wells.

Keywords. Multiscale modelling, Seismic attributes, Curvatures, Chaos, Ant tracking algorithm.
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