Motivation: hydrofractu

BEFORE

Dnitoring well

Far field P+S from 2 wells
= even-determined inversion for M

VIewpoint of fracture mechanics:
M IS Unnecessarily complex

Traditional decomposition ISO+DC+CLVD

\Was permeability of the resenvelr Increased?
.e, Were tensile cracks created?

= discriminate between shear and tensile moedes ol fractunng

shear slip

tensile crack crack closure

= 66% CLVD(T)
+ 33% ISO(expl)

= 66% CLVD(P)
+ 33% ISO(impl)

=> 100% DC

Dufumier & Rivera 1997

* physical source
Vavrycuk 2001,2011

* less parameters

a | = advantage in inversion
+ / - =
— * non-linearity
l slope (4 angles + magnitude)

shear slip + tensile crack / cavity closure

Parameters: * DC angles dip; strike; rake

W

* Slepe angle o

fault plane

* magnitude (scalar mement)

Inversion method:  2-step grid search

 coarse grid glebal search
o fine grid lecal refinement

at each” point (in terms of the sampling)

: _ : : o different norm (L1)
Infermation available on the geedness ofifit: chi-square

* adjustment ofic

POsSIhbility: to: construct a confidence region:

subspace in the model space around estimated selution
With'a prieri specified prebability’ content

fault plane
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EHILE|) 2djustment 6f G
material property
of fault zone

Shear-slip part
off the mechanism

« fault plane

Tensile/implesion part
 plane normal to slip

Projection of T,P,N axes
of the mechanisms

with NRMS < I\IRMSthreshold

= estimate off Uncertaimnty.
INthe erientation
oft shear=slip part

Histogram of values of the slope
angle o of the mechanisms
with NRMS < NRMS;;,cshold

= estimate off Uncertaimty,
N the tensile/implesion part

QL positive = tensile fracturing
negative = implosion

=>nio en fault plane
(@mbiguous, but...)

Possibility to recover MT (6 components) ,,gaé» % g‘
. A o
far field: T 4 O o
3 (or more) WEIIS: OK from P, P+S 7  F¥ o é
2 wWells: OK from P+S | (]>) 1)
1 well: A

cru

shear slip

7
—

ring of oil/gas wells

» additional constraint needed

* near-field needed

 a simpler source model needed

459 dip-slip

Cotton Valley gas field hydrofracture experiment

Simulation of a single-well monitoring

Source model: ¢ vertical strike-slip
» 459 dip-slip

dip-slip + tensile (slope 59
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O € monitoring well

strike-slip + tensile (slope 5°)

dip-slip + tensile (slope 59
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strike-slip

4000
3000
4 2000
1000
0.
- 0 20
10 4000 3410
2 3000
2
1
i 2000
1
1000 1
o 1 08 06 04 02 0 02 04 O

08 06 04 02 0 02 04

S
AW
NN

nclusions:

hydrofracturing in oll/geothermal industry:
opening/clesing of tensile cracks
additional constraint helpful =»

than MT (5 vs. 6)

non-linear model =» exploration
of model space

=» e+ advantage Iin estimate
of the solution

* minimization in different norms
» estimate of Poisson constant

dip-slip + tensile (slope 59
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M = 26/(1—20)
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