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Introduction

Critically stressed fractures and its effect of well performance

Inputs to the geomechanical workflow: acoustic, borehole imaging, 3DFF
Geomechanical Techlog workflow for differentiating critically stressed fractures
Case study: Bakr-153

Mohr-Coulomb vs Barton-Bandis stress-aperture relations
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Why fractures?

Good reasons: fractures are pathways
for hydrocarbon migration

Bad reasons: can act as channels for
water breakthrough and gas coning

Understanding of fracture mechanics
and how it relates to permeability is
essential for explaining well
performance

critically-stressed-fault hypothesis introduced by Barton, Zoback et al. (1995): a formation with faults at a
variety of angles to the current stress field, the faults that are hydrologically conductive today are those that
are critically stressed in the current stress field.

Schlumberger

Schlumberger-Private



Stress Magnitudes & Fractures

Fracture / Fault stability using stress & pore
pressure magnitudes

Calculation of “unstable” fractures under stress

Calibration of maximum horizontal stress is key
from Mechanical Earth Model

Dip Azjmyth=0
[ xR
\‘\\ “~
L - CESHSv-Pprs)
o g 0.16
BB e :
8% %4 . x ; 0.08
o/ \
o / \ x 008
o1 ulll <l / B0 b0 b0 9P oo
| [ ] [‘ 203
| \ 7 / )
\ iy Y . ,.«) %7_‘_3 023
w T T 8 -0.31
X e N -0.39
=T ° 047
&3 >
5 // b S "
L bip Azimuth=180
Tauf(Sv-Pprs)
05
04l
03}
02}
01

l 1 Il Il
02 04 06 08
{Sn-Pprs)f(Sv-Pprs)

10100

10120
10140
10160

10180

=3

F=

10200

@

[=]
10220
10240

10260

10280

10300

0 15 30 45 60 75 90
Dip(degree)

440

330

£ 220
10
00

“0 20 40 B0 80 100
Critical Stress Ratio

Schlumberger-Private

Schiumbergep




Validation of Barton/Zoback hypothesis
through production logging

Comparison of production profile with critically stressed fractures for
extreme case of horizontal stress anisotropy of critically stressed
fractures are shown in red. All critically stressed fractures seem to
produce and are responsible for major ramps in the production profile

It is also worth noting that fracture density does not often correlate to
production increase.
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Multiple anisotropy mechanisms

Fast
S wave
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S wave

Source
pulse

Stress-induced Fracture-related Intrinsic
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Fracture identification and discrimination
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Inputs for evaluating critically stressed fractures

ﬂ Fracture Stability
Optimal mud weights
@ @ Casing depths
Stable drilling direction
Stimulation stage design
@ @ Sand production

Home Plot Data Utility Studio Petrophysics Geology Geomechanics Reservoir Geophysics Unconventionals Wellbore integrity Multi well layout
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Problem Definition

v Water breakthrough in carbonate reservoir is a great challenge
faced by engineers to maximize EUR.

v Usually fractures contribute to water breakthrough at early time
of production hindering oil production especially if the oil is
heavy.
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Problem Initiatives

v Two key wells initiate the problem of rapid water breakthrough
In carbonate reservoir.

v The first well is Bakr-151, Deviated well.
v The second well is Bakr-52, Vertical.
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Bakr-151
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Lifted, produced 500-700
BFPD, 1-3 % W.C
Stimulated , produced 100-
500 BFPD, >30 % W.C

Stimulated , produced 600-
800 BFPD, 1 % W.C
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Bakr-151

Fracture Network
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Bakr-151

Schematic
IHlustration
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Bakr-52

Beakr Vil Field
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Bakr-52

Schlumberger-Private
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Bakr-153 (Well of study) Fractures statistics

Stereonet: Bakr-153.Dip
Reference (m): [766.107 - 1279.14]
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Zone 1

1. Continuous conductive fractures strike through the whole interval colored by Fm. tops. 2. Discontinuous conductive fractures strike through the whole interval colored by Fm.
tops. 3. High resolution example of conductive fractures cutting through Thebes Formation. Note overall dominant NNW-SSE strike.
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Most of the fractures from borehole image interpretation are oriented along the present day maximum horizontal
stress direction
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Fracture interpretation: borehole images and 3DFF
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Fracture Stability Analysis
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Fracture-Anisotropy-Modeling
Workflow Process in 3D

Sonic Scanner Radial Profiling

Fracture-Anisotropy Stress-Anisotropy

Processing
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Tiered Deliverables:

1. Data Visualization
* Fracture Attributes
* Azimuth Symmetry and Slowness
* Anisotropy Analysis and Property

Flag
2. Data Integration & Interpolation of the
Seismic Scale Anisotropy
3. Input to 3D-MEM

Image and Sonic Data Merge> Forward Model Anisotropy > 3D Visualization
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Conclusions

- Brown Fields Challenges requires proper understanding of the fracture network
for better reservoir development.

- This study can be performed whenever there is an integration between the NOC
and the service provider.

- 3D geomechanical modelling will be required in the level of field in the future.
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