A<k

Integrated fracture
characterization

Comprehensive fracture characterization using dipole anisotropy,
Stoneley reflections and attenuation, and image interpretation

\ - PReer:c.tion Cross- g ) g Conductive  |Related|
Gamma Ray Depth Dynamic fnage) P | Stoneley Variable Ensigies Fast Shear oM essianciiing frasishea Fractures Aniso-
and Hole Conditions | Track Image Log Features @il NG| Density Lo irom Azimuth (FSA) Anisotropy Indicators Azimuth of Interpreted from | °Pi®
Classification Down-Going yLog iad Along with Slowness Fractures Image Analysis Eone
Stoneley Data Anelvely Flags
Activity ;
Down-Going Activity g & & & . ¢
N .
Modeled Up-Going
nfes figliection Coctiien [ F8# of Fractures
s Up-toing Reflection T Degress 180
71 Coelficient Min. N
FMI™ Imager Ciassiizaton 7 1 = _ =| [xEnergy
Dynamic Image = Bed Boundary ModeledDown-Goingl® ¢ =~ 2 = gl |0 100 FSA of Fractures.
[] 282402 | Breakout ReflectionCoefficient[® * < — = & Max. 230 [ a0 0 Degrees 180 5
1 Orientation # Conductive Fracture 25 i) Dei | %-Energy | Delta Shear Slowness = FSAofFractures ®|  C
== % Induced Fracture Down-Geing o 100 P = 90| [90 Deoorees 90 |#Conduetive Fracture
Gamma Ra E s 0w i Refiection Coefficient| _Stoneley Waveform R1 zmutn Delta Shear Fastness FSA of Fractures True Dip.
0 oAl 75| MOt |7 ] W 2w o] 0 Degrees 3] 0 0 ] us 20440 | MDft [T=F 0 | 290 usIT o 80 Degrees 90 |0  Degrees 90 Stress
sE 25 55 55 ; A I
-1 E == e J
=== 5SS X
S == e BE ] ]
o= SEEEas ] &
=2 gﬂ' ===ld o J
CSEE=SESE ]
B E - = 1
Lonse | E5 55 55 S 4 22 ]
L EH ]
1= -g =5 :i
== Elv— -
== SE =)
)
LA
FALET # 1
e f S ES 52 2 - 0150 1
HEL A
-~
e i
& ; L § 5’5
- ] k
g FESSES &
= =
= SN BE S 1
biairs 4= B= Eg vsg 0175 é
SEessEEE| - ]
VEESEE= 5
' ;; EEES S o
I e - -
B ES me =
Ess====2"y
EESE s = b
E§ =SS E 5
== == 2=
= === , e p
10200 E§EEE§ == ry B s
-~ 5|4
i SEREEs” o ] 5 ,
1 QE AT EE| - g 5
=S =E2E 5B ] <
E=n=EE ] 2
EE =% 5= 3{ [ ]
EZ & EE 5= 1
1= E ==1 } ]
£ = - ]
10225 E2=1 0225 |
SE5 ]
S
=3sais
Applications

Fractures act as the main conduits for hydrocarbon flow in reservoirs - propagate hydraulic fractures in complex medium

with low intrinsic porosity and permeability. The existing natural
fracture network provides a drainage path for production in tight
carbonates, clastics, and unconventional shale and basement
resources. Identifying the presence of fractures in the caprockis
important for assessing caprock integrity. The ability to discriminate
between open fractures and closed ones and drilling-induced
fractures from natural fractures is vital. The ability to identify discrete
fracture networks is critical for efficient completion design in
fractured reservoirs. To do this, the operator must do the following:

- determine producible fractures

- differentiate between drilling-induced and open natural fractures
- build discrete fracture networks

- identify zones of major fluid losses while drilling

- assess caprock integrity.



Integrated fracture characterization

How it improves performance
- Evaluates naturally fractured environments, consistently using
all available data

- Accelerates production using discrete producible
fracture network

- Optimizes completions, resulting in enhanced production
- Improves hydrocarbon recovery in tight reservoirs

- Reduces nonproductive time by detecting zones of major
fluid loss

Combines acoustics and borehole geology

The integrated fracture characterization solution combines
acoustics and borehole geology data to provide a consistent
evaluation of naturally fractured environments. The process
uses all available relevant data to determine the location of
extensive open fracture zones, which would more likely
contribute to hydrocarbon flow.

Borehole image analysis gives a firsthand picture of the presence
and density of natural fractures. Advanced image analysis provides
information on fracture aperture, density, and porosity in the near
wellbore. Reflection and transmission analysis of Stoneley data
supplements information on the openness of the fractured intervals
near the wellbore. The presence of an extensive open natural
fracture network creates acoustic anisotropy in the formation.
Detailed anisotropic analysis is further done to detect zones
with intrinsic or stress-induced anisotropy. Fracture anisotropic
modeling using a forward approach is then executed to interpret
dipole sonic anisotropy related to the geologic features.

This analysis significantly enhances the understanding of the
cause of anisotropy, and thus can discriminate the depth zones
that are influenced by natural fractures, stresses, or both.

This workflow is applicable for near-vertical and deviated wells,
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Inputs
- Processed image logs with dip interpretation

- Compressional, dipole shear anisotropy, and Stoneley waveforms
- Conventional openhole triple-combo logs

Takeaways
- Stoneley reflectivity and attenuation

- Dipole anisotropy (fast and slow shear, fast shear azimuth)

- Forward modeling of interpreted fractures from images with
dipole anisotropy response

- Fracture aperture and porosity from borehole image logs
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