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Introduction

In the development of oil reservoir production,
knowledge of the details and heterogeneity of the
reservoir is of great importance in describing the
reservoir. One of the parameters of the reservoir,
the interpretation of which plays an important role
in the control of wells and reservoir management,
is discontinuity. By studying these discontinuities,
which contain faults, fractures, and micro-fractures,
an accurate model of reservoir performance can be
extracted. Almost all hydrocarbon reservoirs are
affected by natural fractures. Natural fractures are
capable to impact permeability and/or porosity and
as a result reservoir behavior and performance [1].
Open fractures can enhance the effective porosity
by themselves also they may link other isolated
pores [2]. There are direct and indirect methods and
detection data for fracture zones in the subsurface:
core description, flow meter, pressure data, thermal
survey, production data, mud loss, conventional well-
logs, image logs, Stoneley waves, and seismic data [3].
Several major limitations for studying the fractures
are conspicuous in the core [4]. The greatest method
for fracture analysis is image logs. They cut costs
by reducing the coring intervals and perforate zone
determination [5]. Such tools normally provide the
best high-resolution borehole images in the conductive
muds, for example, the electrical micro imager and
Fullbore Formation micro imager [6]. When the
data quality is poor, identifying subtle fractures is
difficult but seismic attributes provide a better way
to imagine fault and fracture which are difficult to
see in the conventional seismic profile [7]. Most of
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the Iranian hydrocarbon reservoirs are carbonate for
which fracture evaluation and detection will play an
essential role in maximizing production from fractured
intervals [8]. In the framework of this study, fractures
are identified by FMI image logs, and the fracture
density log is created. According to the desired seismic
data, the post-stack inversion operation is performed.
Subsequently, the evaluation of the log and seismic
data at the well locations is carried out to determine the
appropriate seismic attributes. By doing so, a relation
is derived with the usage of multi-linear regression.
The derived relation is applied to a 3D SEG-Y volume
to create the volume of the fracture density log.

Geological Setting

The studied area is a part of Zagros, which is located
in the Persian Gulf basin(Figure 1). The Folded Zagros
is compressed in the northeast-southwest direction as a
result of the northward movement of the Arabian plate
and its collision with the Iranian plate [9]. Among the
tectonic factors effective in the shape and location of
the Middle East region, the primary building had the
greatest effect on the emergence of the building of
this field with a north-south trend, and other effective
tectonic factors such as the Middle Miocene orogenic
movements (Zagores orogeny) acted weaker [10]. The
presence of deposits of massive shallow carbonate
sequences on the Paleozoic rocks in the eastern margin
of the Arabian plate and the presence of a wide range
of rich source rocks in the Arabian Basin during the
Silurian age are the main reasons for the presence of
hydrocarbon reservoirs in the region. Kangan
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Fig. 1 Location of the studied field.

Formation with Early Triassic age and Dalan Formation
with Middle-Upper Permian age form the main
reservoir of Persian Gulf gas reserves. The material of
Kangan formation and the upper corridor is limestone
and dolomite, which is interlayered with shale and
anhydrite. The constituent part of the reservoir rock
is limestone and dolomite units. Kangan and Dalan
formations, as two units of Dahram group, form a
common hydrocarbon reservoir and are separated into
four reservoir units K1, K2, K3, K4 only based on
reservoir characteristics and $tratigraphic sequence.
Dahram group is very important in terms of horizontal
gas accumulation and most of Zagros gas reserves are
located in this group [11].

Material and Methods

The data used in this research include petrophysical
log data and three-dimensional seismic data of three
wells A, B, and C, where two wells A and B are used
for estimation and identification, and well C is also
used for validating the results. Took Wells A and B,
which were interpreted, include common petrophysical
log (gamma, acoustic, neutron, density, caliper), FMI
image log, and three-dimensional post-stack seismic
data (data from well A at a depth of 2669-3132 meters
and well B is at a depth of 3102-2662 meters). From
the petrophysical data for the first part of the research
to identify the fractures and extract the fracture density
log and from the three-dimensional seismic data
for the second part of the research to determine the
fracture density log. It was estimated with the help of
appropriate seismic attributes on the 3D seismic data
volume and used. The range of seismic inline is 900-
240 and the range of seismic crossline is 6360-10380.

Results and Discussion

In this research, after extracting the fracture density
log, the following steps were performed:

1) Evaluation of logger and seismic data at the location
of the well to identify suitable attributes.
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2) Deriving a
regression.

3) Applying the extracted relationship to a volume of
three-dimensional seismic data, to create a volume of
fracture density profile features.

In this research, the inversion section was used as
an attribute. After selecting the wells and group
of attributes, a list was produced by evaluating all
available attributes using stepwise regression. Then,
by evaluating the graph of the average error about the
number of attributes (Figure 2), it can be determined
that six attributes should be used.

relationship using Multivariate
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Fig. 2 Graph of the average error rate against the number of
attributes.

The correlation between the fracture density from the
optimal seismic attributes and the actual fracture den-
sity is about 93%. By obtaining a high correlation, the
result of applying it on 3D seismic data can be seen in
Figure 3. Figure 3 shows the result of applying fracture
density on seismic data in inline 474.

By examining the attributes of variance, chaos, curva-
ture, coherence, spectral decomposition, and ant track-
ing in a time slice (1030 MS) and comparing them
with the fracture density section in the time slice of
1030 MS (Figure 4), it can be concluded that to some
extent the desired method. It has functioned correctly
in detecting fractures and faults in the field.

By using the fracture density distribution in the whole
field, it is possible to identify the areas that are prone
to mud loss, which can reduce the risk of drilling new
wells and choose the right direction of the drilling path
with smart selection. If we have the values of the main
stresses of the formation using the principles and rela-
tionships of rock mechanics, we can also calculate the
stresses around the well.
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Fig. 3 Application of fracture density on seismic data related to inline number 474.
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Fig. 4 Seismic time slice of fracture density at 1030 MS.

According to the obtained information, the amount of
mud during the drilling of the Kangan formation in most
of the field wells has the highest amount compared to
the mud in the upper Dalan formation. In this study,
according to the amount of fracture density distribution
in the target field and the detection of severe fractures

' [®)

resulting from possible faults, areas were identified as
areas prone to mud erosion, which is a confirmation of
the operational results. In Figure 5, a seismic section
is shown. At this point, the areas have been identified
under the title of areas susceptible to mud loss. These
areas have a very high fracture density.
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Fig. 5 Identifying the areas prone to mud loss in inline 677 seismic sections.



Conclusions

It can be concluded that with the help of the
combination of FMI image log data and optimal
seismic attributes, it is possible to detect fractures and
faults in the field. According to the fracture density
distribution estimation in the whole field, it can be
concluded that the fractures and faults of the field are
concentrated in the northern region of the field, and the
northwest-southeast strike-slip faults form the main
structural features of the field. Also, the production
zones of the reservoir can also be determined with the
help of fracture density at the wells. From the other
results of this study, it can be said that with the help
of estimating fracture density distribution in the whole
field, it is possible to identify areas prone to mud loss
to a certain extent, and it can be of great help in drilling
new wells and choosing the right drilling route.
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Target Final Attribute Training Error Validation Error
1— Fracture density  Instantaneous Frequency(Principal_components_analysis_1) 0.283563 0.300055
7 Fracture density  Integrate(Volume_curvature_times) 0.250522 0.304151
3_' Fracture density  ( single_trace_seismic_attributes }**2 0.224611 0.283840
4— Fracture density  Filter 55/60-65/70(SpatialStatistics_edge_enhancement_dDz) 0.209095 0.289023
;— Fracture density  Quadrature Trace(Variance_seismic) 0.194960 0.298404
? Fracture density  Amplitude Weighted Phase(SpatialStatistics_edge_enhancement_dDz) 0.182898 0.272744
7 Fracture density Amplitude Weighted Cosine Phase{InstantanecusCurvature_pDip) 0170821 0.352532
8 Fracture density Instantaneous Frequency(SpatialStatistics_edge_enhancement_TT) 0.158722 0420210
9 Fracture density  Log( Principal_components_analysis_1) 0148051 0.574941
10 Fracture density 1/ ( SpatialStatistics_edge_enhancement_TT ) 0137636 0.752160
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Actual Fracture density vs Predicted Fracture density
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Plot Data: computed_Fracture_Density
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Plot Data: computed_Fracture_Density

Inserted Curve Data: Fracture Density
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