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Well: AZR_wb
Intervals: GURPI, ILAM, SURGAH, UPPER_SARVAK

Upper Hemisphere N
Schmidt Stereonet

Equal Area projection
Max Dip : 90.0 Deg

S

Filter:
Set: DIP, Logs: DIP_1, AZIMUTH_1, QUALITY_1, CATEGORY_1, CLUSTER_1

Total Dips (536/1298)

® Major Open Fracture
W Medium Open_Fracture (103/103)
W Minor_Open_Fracture (28283
 None ¢

X Possible Open_Fracture (33/33)
A Vertical Open_Fracture (35/35
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1. Hoop Stress
2. Radial Stress
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Introduction

To study geomechanical issues in gas and oil
industries, having information regarding local and
regional stresses is necessary [l-2]. Therefore,
geomechanical issues are transformed into objects
interested in structural geology [3-4]. Various methods
are available for measuring in situ stresses. To estimate
stress and obtain a general perspective form stress
orientation various methods including using density
log, pore pressure, stone resistance information and
picture graph can be applied [1]. To estimate the
orientation of the maximum horizontal stress (S, )
and the minimum horizontal Stress (S, ) studying
information of fractures resulting from excavating
operation as well as borehole breakouts in picture
graphs can be used. Interpretation of well high-quality
electrical images makes it possible to have better
understanding of exploration wells [4].
In addition to common measurements, in this study,
detailed interpretation from electrical imaging data
of the well including dip analysis, identification of
beddings, categorization of natural fractures, induced
fractures and borehole breakouts, determination of the
fractures orientation and density have been provided
and usefulness of the progress of these structures in
inferring stress orientations and effective tectonic
factors on the generating different types of fracture has
been assessed and discussed.

Materials and Methods

Correction of FMI Images

FMI images were corrected in Geolog.8.0 software
form speed equalization, image orientation, depth
adaptation and image normalization (Figure 1).
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Fig. 1 Image correction stages in understudied well A) pre-
liminary row image by applying rate correction B) improved
image before buttons equalization C) Statistic and dynamic
images, respectively, after applying normalization process in
the row image. As it can be seen, in dynamic image, streaks
and fractures are more noticeable and in a static image, the
bedding change can be seen well.

Manual Categorization of the Structures in FMI
Images

Structures are analyzed and interpreted using FMI to
categorize natural, artificial fractures (resulted from
excavating operation), bedding to obtain their geometry
(azimuth, dip and density) and exact determination of
fractures openness or closeness. Given to the high
sensitivity of measurements of imaging devices from



Petroleum Research, 2023 (February-March), Vol. 32, No. 127

the well, natural fractures can be detected with high
confidence. FMI image processing with structures
categorization and peaking dips continued using
normalized images.

All dip interpretations have been conducted using a
mixture of statistic and dynamic normalized images
in addition to Gamma Ray plots, specific resistance
and caliper log. In Full bore Formation Micro Images,
fractures having conductivity features (which are
shown with dark colors) are called open conductive
fractures. These fractures are further categorized to
continuous conductive fractures and discontinuous
conductive fractures based in their appearance and
continuity along well depth. The orientation of tensile
fractures resulting from excavation and borehole
breakouts is conducted by matching sinusoidal wave
in well wall imaging. However, these structures are
generally vertical or close to vertical and do not have
dip direction or dip value in the image, their strike
can be detected and use to indicate the direction of
maximum and minimum horizontal stress.

Structural Analysis

Fractures in fold-thrust belts can be created before or
after folding that the time of fracture formation can
be determined using criteria such as the relationship
between fracture orientations and fold axis, fracture
dip angle relative to the bedding [5]. In this study,
According to the Kasparov and Price (1990) model,
fractures are categorized based on the fracture
orientation relative to fold axis in to three general
states of parallel, vertical and diagonal.

Results and Discussion

Structural interpretation includes identification and
determination of bedding orientation, structures
with tectonic origin (including natural fractures) and
determination of the current orientation of the tectonic
stress field due to fractures resulting from drilling
operations and well rupture.

Fractures  analysis was including fractures
categorization, orientation, the openness of fracture
opening and fracture density was conducted for depth
range 4158 m to 4750 m for wa well and 3780 m to
4365 m for wb well. Most fractures are developed in
the lower and upper Sarvak formation and identified
fractures are uniquely conductive (which are considered
open). Non-conductive fractures (which are considered
close) are not identified in understudied range.
Fractures are seen nearly in total understudied range,
but they were developed mostly in lower and upper
Sarvak formation. Discontinuous conductive fractures
are the most dominant fractures in these wells. The
statistical plot of these fractures indicated NE-SW
dominant strike. The dip difference domain changes
nearly 55 to 75 degrees, but it is mostly from 60 to
65 degrees. Continuous conductive fractures have less

frequency than discontinuous conductive fractures.
These fractures have NW-SE strike with NE azimuth.
Dip of continuous open fractures changes nearly 50 to
75 degrees, but the dips is mostly 65 to 70 degrees.
Moreover, the statistical plot of conductive continuous
fractures is seen in Figure 2.

Both fractures due to the digging operation and
borehole breakouts have developed in understudied
range in the well. Fractures resulting from excavation
show dominant NE-SW (N30E and N50E) strike that
is perpendicular to NW-SE (N120) strike of the well’s
fracture. Understudied wells are basically vertical;
therefore, the strike of inducing fractures and borehole
breakouts are definitely consistent with the current
maximum and minimum horizontal stress trends
(respectively).
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Fig. 2 Statistical plot of conductive continuous fractures A)
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Great conductive continuous fracture B) Moderate conductive
continuous fracture C) Total conductive continuous fractures
(from up to down includes polar diagram, strike, azimuth
and dip).

Natural fractures are categorized in to three categories
based on their trends relative to the axis of the hinge
line. Category I includes fractures at the same trend
with the alignment of the fold axis and nearly parallel
to the bedding and is considered longitudinal fractures
that it is likely that this category of fractures in the pre-
liminary folding is formed parallel to subduction line
and minimum horizontal stress. In addition, in Figure
3, statistical plot of conductive discontinuous fractures
is seen.



Fig. 3 Statistical plot of conductive discontinuous fractures

A) Great conductive discontinuous fracture B) Moderate
conductive discontinuous fracture C) Small conductive
discontinuous fracture D) Total conductive discontinuous
fractures (from up to down includes polar diagram, strike,
azimuth and dip).

Category Il includes fractures that their strike relative
to the fold axis and bedding is nearly vertical and
align with the current maximum horizontal stress. This
category probably relates to the stage previous to the
folding during the clash of Arabian sheet to central
Iran and is also affected by mechanical anisotropy of
the beddings. Category III also includes fractures with
ENE-WSW and WNW-ESE strikes that are paired
diagonally relative to the axis of the fold. Probably
this fracture set is formed after the formation of I and
II fractures and due to the reactivation of the Zagros
basement fault including dextral strike—slip fault in
the field and lateral tension during bending of the fold.
Moreover, high density of natural fractures and their
different trends in Sarvak reservoir formations of the
fold especially in the understudied well in the east
and south edge of the field are indicative of local and
regional active tectonic. Furthermore, Figure 4 indicates
the fractures resulting from excavation operation and
borehole breakouts that indicates NE-SW and NW-SE
strike respectively. These directions indicate the strike
of the current maximum and minimum horizontal stress
(perpendicular to each other).
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Fig. 4 indicated the fractures resulting from excavation oper-
ation and borehole breakouts that indicates NE-SW and NW-
SE strike respectively. These directions indicate the strike of
the current maximum and minimum horizontal stress (per-
pendicular to each other).

Conclusions

In this study using FMI image diagram for two wells
from west south oil fields three trends are identified for
the fractures and are studied from tectonic viewpoints.
Type I fractures in the wells, given to parallelism with
hinge axis as well as nearly parallel trend with the
bedding are considered as longitude fractures which
are formed during the compaction of the construction
parallel to subduction line of Arabian plate under the
central Iran plate and external arc elasticity of the fold
are formed parallel to minimum horizontal stress.
Type I fractures can be considered definitely fractures
related to the preliminary folding in the Early Miocene.
Type 11 fractures are generally open and discontinuous
and are considered as transversal relative to the fold
because they are expanded nearly perpendicular to the
hinge line axis. Fracture before folding is proposed for
this type of fractures which are formed by stresses far
from the field and during the clash of Arabian sheet
with Eurasia in the foreland basin. Type III fractures
are paired diagonal fractures relative to hinge line.
Time of formation of oblique fractures in the fold af-
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ter the formation of fracture parallel and perpendicular
to the fold axis is proposed. The manner of formation
of these fractures may be related to reactivation while
changing the direction of stress around the basement
faults.
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