MEWBOURNE fSCHOOL

Petroleum & Geologzcal Engmeenng

The University of Oklahom

Hydraulic Fractures, Acoustic
Emissions and Shearing

C. Moreno, Y. Chitrala, C. Sondergeld and C. Ral

Norman, July 21, 2011

University of Oklahoma
Mewbourne School of Petroleum and Geological Engineering
Norman, OK, USA



Hydraulic Fracturing
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IN ZONE ALL THE WAY

Fracture

Warpinski (2009)



Field setup

A6 piezoelectric sensors

Aerequency response:50 KHz- 2 ME*

ASampling rate: 5 MHz
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sandstone: event # 4
SPE-138441

Downward first motion: Dilatational waveform
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Sample Model VP(m/sec) |error | ( mm)

3900 +3.00

Quartz, 85 4335 +3.22

4300 +6.00
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Anisotropic model

SynShale (Berryman 2008)
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Indiana Limestone: k=5 ma:samps

Pump Pressure, Cum. AE vs. Time (Indiana LimeStone) Pump Pressure, Cum. AE vs. Time (IndianaLimeStone)

—=— Pump pressure (Pb= 1528.8 psi) | —+—Pump pressure (Pb= 1528.8 psi)

4 Cumulative AE (244 events) A Cumulative AE (244 events) //‘\\

Pump rate=15 cc/mi
Pogwn = 1529 psi
Total 244 events
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Indiana Limestone: isotropic velocity model

A Fracture aligned with stress direction

Perpendi

A Spatial and temporal propagation of
fracture observed (color coding)

A Well developed nearly planar
fracture

lar Parallel
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A Perforation
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SPE-138441




>
Fok
AR
H
)]

o ¢
e
o 1'
S
[ %,
4
;

MEWBOURNE fSCHOOL H
Petroleum & Geological Engineering
The University of Oklahoma




Lyons Sandstone: k=2@d; ; 8-samps

Pump Pressure, Cum. AE vs. Time (Sandstone) Pump Pressure, Cum. AE vs. Time (Sandstone)

S | — PO rate=10 cc/mi
mu.at.veA;°(2Z::3:itL:*" | e P 48 Poawn= 4038psi
Total events =2700
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A Events occur during pressure builg and at pump shubff
A 28% of the recorded events were locatable
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Lyons Sandstone: isotropic velocity model

A Fracture aligned with applied stress

A More diffuse distribution of events
compared to limestone

A 765 events located
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Lyons SandstoneSpatial evolution of fractures

N

Fracture through going in
the center, origin and tapers
upward away from injection
consistent with hypocenters
in previous slide.

Fracture highlighted with
black lines
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Field scale mine-backs

Warpinski et al., 1982 BASAL ASH FLOW
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SynShalek=5 nd; 4-samps
Stress applied parallel to bedding

Pump Pressure, Cum. AE vs. Time (Parallel to bedding) Pump Pressure, Cum. AE vs. Time (Parallel to bedding)

2000 {—+—Pump pressure (Pb= 1699.8 psi) P u m p i n g rate :5 CC/m i I
A Cumulative AE (102 events) A Cumulative AE (102 events) .
e SN .- 1700 psi
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A 42% of the recorded events ere locatable
A Most of the AE distributed during initial stage
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SynShale Stress applied parallel to bedding

,,,,,,,,,,,,,,,,,,,,,,,,, A Fracturesubparalleto stress applied
C R A 47 events were located

ffffffffffffffffffffffffffffffffffffffff A 42% of events recorded were locatak
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Fractures are
consistently
through going in all
B core

samples
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SynShale Stress applied perpendicular to bedding

Pump Pressure, Cum. AE vs. Time Pump Pressure, Cum. AE vs. Time _
(Perpendicular to bedding) endlcularto bedding) 4 Sam pS

Pumping rate=5 cc/mi
Py gwn =2300 psi
Total events= 302
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Pump Pressure, Rate vs. Time Pressure,_AE Rate vs. '[ime
(Perpendicularto bedding) (Perpendicularto bedding)

—a—Pump Pressure
—=—Pumping Rate

Pump Pressure, psi
Pumping Rate, cc/min
Pump Pressure, psi
AE Rate, AEls

A Majority of events before breakdown
A 22%0f the recorded events were locatable
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nShale Stress applied perpendicular to bedding

A A local cluster developed around the
borehole

A Deviationof the fracture direction
from maximum stress orientation Is
25 | consistent withcalculations

A 66 events were located

Perpendicular
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A Perforation
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SynShaIe Stress applleqberpendlcularto bedding

Fracture
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Stress distributiorAnisotropic reservoirs

——Hoop Stress, psi

AN Hoop stress
-/ symmetry differe
from Isotropic
NEEEUS

Deviation depend
on anisotropy anc
far field stress

= Fracture direction

deviates from the

S maximum stress
&1\ =Wl direction by 20
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ocal Mechanism

Strike-Slip/Shear

Block model Sphere of Focal Sphe

Normal/Extension

@90

Reverse/Thrust/Compression

Transtension
(extension+shear)

Che o

Transpression
(compression+shear)
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FOCAL MECHANISMS

Indiana Limestone

Total events = 85

Pyrophyllite - Perpendicular to
bedding

Total events = 53

Lyons Sandstone

Total events = 548

M Tensile ™ Compressive
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Pyrophyllite - Parallel to bedding

Total events = 36

W Shear ™ Complex




=

4200

3600

3000

[
B
o
=

Pump Pressure, psi
@
o
o

1200

600

Pump Pressure, Cum. AE vs. Time (Sandstone)

2800

QOTON & AINIPAL 2B DAL ND ADNAA

2400

2000

1600

1200

800

—a—Pump pressure (Pb= 4038.1 psi)

A Cumulative AE (2700 events)

———— TTz Universily o] OKIanoma

100

200

+ 400

300 400 500
Time. s

600

Cumulative AE




Compressive

Sandstone

Cumulative AE events
Cumulative AE events
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SEM
Observations
of
Hydraulic Fractures




LyonsSandstone

Perpendicular

A Perforation
Intermediate | Sensor

Late
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Fracture
mm

slice #1
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SEM along Fracture front propagation is toward viewer

Slice-6

Fracture
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Fracture after propagatir

slice-1

fracture
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