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Summary 
 
Natural fractures or faults present in the subsurface have an 
important role in fluid flow and accumulation. Identifying 
the fractures and mapping their distribution is necessary to 
understand their geological significance and hydrodynamic 
control. Several seismic attributes help to characterize the 
faults/fractures within the strata, which are below the 

seismic resolution. While attributes are sensitive to lateral 
changes in geology, they are also sensitive to lateral 
changes in noise. It is difficult to characterize the nature of 
fractures whether they are open or closed. This paper 
illustrates how volumetric curvature attributes like 
coherence, most positive and negative curvatures helped in 
recognizing the open fractures that created problems during 
the drilling of a horizontal well in the East coast off India. 

And these attributes have been helped in planning the 
further horizontal development wells of the field to avoid 
the severe mud losses during drilling. 
 

Introduction 
 
Interpretation of 3D seismic data (25x12.5m) and Q-
seismic data (25x9.375m) acquired were not able to be 

resolved in identifying the minor faults/fractures in the 
reservoir zone. The studied area is an oil and gas charged 
reservoir in a deep-water prospect of east coast off India, 
has complex depositional history that includes continental, 
lacustrine as well as marine deposits. A fluvial braided 
channel constitutes the reservoir with gas-saturated sands 
having inter bedded shale unit. The top of the reservoir is 
capped by an unconformity surface that was suffered 

erosion. The reservoir constitutes a huge gas cap with oil 
rim. The sediments were deposited during Mesozoic syn-
rift system. The reservoir suffered severe tectonic 
deformation resulting fractures and faults. 
 
During drilling of the horizontal well in the oil leg for field 
development, there was moderate to severe mud loss. LCM 
(Lost Circulation Material) pill was used to control the mud 

loss. After control of mud loss, the drilling continued for 
another 100m and again suffered moderate to severe mud 
loss, forcing to stop the drilling. 
 
The seismic data along with different attributes were 
analyzed to investigate the cause of mud loss and to take 
further action. The PSDM seismic amplitude section along 
the horizontal drain hole is shown in the figure-1. There are 
several seismic attributes to characterize faults/fractures 

and zones amenable to fractures that fall below the seismic 

resolution. Roberts (2001) has shown how the horizon 
based curvature attributes are used for faults/fractures 
identification. But horizons picked on noisy seismic data or 
picked through regions where no continuous surface exists 
can produce misleading curvature measures. Volumetric 
estimates of dip and azimuth are more robust than horizon 
based estimates. Different volumetric attributes like 
Maximum curvature, Minimum curvature, Gaussian 

curvature are generated, but found that Coherence, Most 
Positive and Most Negative curvatures are the best to 
characterize faults/fractures to understand the deformation 
history. 
 

 

 
Figure-1: The PSDM seismic section along the horizontal 
well with zoomed view. 
 

Method 
 
Figure-2a shows the seismic depth slice where the 
horizontal well is drilled. Volumetric curvature attributes 

are produced on high resolution Pre-stack Depth Migrated 
data. Semblance based coherence volume is generated by 
9x9 traces with a window length of 18m and dip searching 
of 3m. The coherence slice within the reservoir zone is 
shown in the figure-2b. The seismic amplitude slice is not 
giving any information about the minor faults in the 
reservoir zone. The coherency slice is clearly brought out 
the minor fault/fracture where the horizontal drain hole has 
entered during its course that has caused severe mud losses. 
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Figure-2: a) PSDM depth slice b) Coherency slice along the 
horizontal drain hole 

 
Fractures occur when brittle rocks bend. However, the 
relationship between open fractures and different curvature 
measures is quite complicated and depends on lithology, 
previous faults and fractures, the paleostress regime, pore 
pressures, and the present day stress regime.  Seismic 
coherence measures the waveform similarity thus helping 
in delineating the lineaments that are difficult to pick on 

seismic amplitude maps. Curvature measures the fractures 
or faults distribution.  
 
Coherency measures the vertical displacement of rocks. 
There should be sufficient throw between foot wall and 
hanging wall of a fault to be recognized by coherency 
volume. Bending of the rocks may create fractures which 
cannot be recognized by coherency. Seismic curvature 

attributes are the best tool to measure the bending of the 
rocks. Volumetric curvature attributes have been generated 
on the PSDM seismic volume. The figure-3a displays the 
most negative curvature depth slice along the horizontal 

drain hole. The low values (yellow and red colors) of most 
negative curvature indicate the synclinal parts of minor 
faults/fractures. The figure-3b displays the most positive 
curvature depth slice along the horizontal drain hole. The 
high values (cyan to dark blue) of most positive curvature 

indicate the anticlinal parts of the minor faults/fractures. 
  

Figure-3: a) The most negative curvature b) The most 
positive curvature depth slices along the horizontal well 

 

Coherency, curvature attributes have been studied together 
and all the minor faults/fractures with minimum or no 
throw have identified in the reservoir zone. It is also 
observed that no mud losses were occurred when the 
horizontal drain hole passed some of the fracture zones 
obliquely, indicating that those fracture zones are closed 
fractures. The toe part of the drain hole might have opened 
the fracture zone (figures 2b and 3a) causing the severe 

mud losses while drilling.  
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Calibration with Well logs 
 
The fracture lineaments found from the curvature attributes 
are calibrated with the fracture lineaments observed from 
the Micro-Image logs of one of the vertical wells. Figure-4a 

shows most negative curvature depth slice within the 
reservoir zone and the Micro-image log also shown at the 
same depth. The density and orientations of these 
lineaments have been combined in the form a rose diagram. 
Figure-4b shows the rose diagram obtained from the OBMI 
(Oil Based Micro-Imager) well log from the vertical well 
and the figure-4c shows the rose diagram obtained from the 
fracture lineaments derived from the most negative 

curvature attributes. The azimuth and orientations are 
matching at the well location enhancing the confidence 
level about the characterization of the fractures or 
lineaments obtained from the curvature attributes.  
 

Conclusions 
 
It is important to understand the stress regime of a 

geological area for hydrocarbon flow and accumulation. If 
an oil/gas field is already discovered, the study of fractures 
or minor faults in the reservoir will help in placing 
development wells and reducing the drilling hazards. More 
understanding needs to obtain the relation between open 
fractures, closed fractures and the present or past stress 
regime. Volumetric curvatures may help in addressing this 
issue, but should be able to interpret the relation. It is 

difficult to understand the direct relation of open fractures 
with curvature attributes which requires a significant 
amount of geologic understanding and calibration through 
production data. The curvature attribute volumes produced 
have been used in planning the further development wells 
and no mud losses were occurred as previously and 
completed all the wells without any drilling risk. 
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Figure-4: a) The most negative curvature depth slice with 
Micro-image log b) Rose diagram obtained from OBMI log 
c) Rose diagram obtained from most negative curvature 
fracture lineaments                                                                                                                                                
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