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=PFL  Fracture toughness ratios for different rocks

[Senseny et al., 1984]

Rulison Field — Piceance
Basin, Garfield Country,
Colorado, USA
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[Senseny et al., 1984]
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[Senseny et al., 1984]
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=PFL  Pgssible scenarios
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Scenario n. 1

Assumptions:

= infinite space
= LHFM (Linear Hydraulic Fracture Mechanics)
= 1o gravity

= impermeable media
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=PFL  Linear Hydraulic Fracture Mechanics

Elasticity: Volume conservation:
[Hills et al, 2013][Crouch et al, 1983]

[Peirce et al., 2008]

[e.g.: Batchelor, 1967]

[Zia & Lecampion, 2020]

Propagation conditions:
V>0
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@pr_ao:_S_W/A(t) e 22 e 5)3/2 3_@)((5;3;%75) +V-a-6(2)d(2)Q (z,2,t) =0 | | K1 = Kpe on &)
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I ] A; = tip elements
B A, = survey elements
- 5 [ 1U M A. = channel elements
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=

L

EIastohydrodynamic SYStem [Peirce et al., 2008] [Zia & Lecampion, 2020]

[Anderson, 1965]

n n o__ n . . . . .
A (x")-x" =b(x") —» Anderson acceleration of fixed point iterations (Walker & Ni, 2011]

A(x™) X" b(x™)

Vs - ~—"— -\~
I+ AtLE< AtLCtl lchl

[ £ — ALLCBEAwW!
AtLIEe  AtL®| | Apt| ~ [t — Aw' + AtIfCECtAwt

Elasticity operator Finite difference operator

= Positive definite = Positive definite

»  Full matrix = 5-banded matrix
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Carlo Peruzzo



=PrL

£

EIaStOhYdrOdynamic System [Peirce et al., 2008] [Zia & Lecampion, 2020]

i
&
ny . on _ n . . .. . [Anderson, 1965] 8
A (x")-x" =b(x") —» Anderson acceleration of fixed point iterations (Walker & Ni, 2011]
A(x™) X" b(x™)
I -~ g N [ —~
I+ AtLCE®”  AtLY] [Awe]| f¢ — AtLE“Aw’
AtLIBE  AtLY| | Apt | — [ff — Aw! + AtLFE Aw?
Elasticity operator Finite difference operator
= Positive definite » Positive definite
«  Full matrix = 5-banded matrix = 9-banded matrix

A

— Solution of the linear system of equations

A (x)] Xi 41 = b (xg)

= Non symmetric
= Non diagonal
dominant

[Peirce, 2005]

P! reduces the
spectral radius of A

Fast to compute

Memory cheap

= Fast to apply
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EIastohydrodynamic SYStem [Peirce et al., 2008] [Zia & Lecampion, 2020]

[Anderson, 1965]

n n o__ n . . . . .
A (x")-x" =b(x") —» Anderson acceleration of fixed point iterations (Walker & Ni, 2011]

A(x™) X" b(x™)

Ve - W/_/H -~
I + AtLe“E* AtLCtl lchl

[ £ — ALLCBEAwW!
AtLIEe  AtL®| | Apt| ~ [t — Aw' + AtIfCECtAwt

Elasticity operator Finite difference operator

= Positive definite = Positive definite

«  Full matrix = 5-banded matrix
Toeplitz structure — Dot product in N2 — Storage in N
H-matrix [Hackbusch, 1999] — Dot product in N log (N) — Storage in N log (N)
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. H/2 I
toughnessratio .- —
that sto Sthe /’/7/,/ - b ~ semi-infinite HF

p -l h _finite HF
fracture | | s )
|
i
/' .
[ 7
l\,\ K., ch-/lri - //
Power balance in a moving coordinate system:
12v2/h 1dA+ GxV +/hlvd( x ( ))dz = Vw(h)p(h)
Z X —V—(w —0,))dz = Vw
et S T2 et —
- - power rel. rate N ~~ ”  external power
viscous dissipation rate rate of elastic energy accretion
v
Energy balance:
12 v/h L v ¢ = Lumpw
)y e T e T 2T
~ ~  energy rel. rate S———

viscous dissipation external dissipated energy
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EPFL  Minimum oo g
toughness ratio )
thatstopsthe .o

~

viscous dissipation external dissipated energy

fracture | ;
|
[
[
|
Propagation conditions:
V>0 y
G<G, V>0
(G—G)V =0 . G =G
h
Energy balance: '> %w (h)p(h) — 12#1// w(lé) d2-G. |V =0
g g 1 2 1 external dissipated energy : 0‘, : ; g
z 12/'1’V w(é) dz —+ G = §w (h) P (h) p viscous dissipation
§ OV ~  energy rel. rate S———
(@]

(2]
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cPFL  Num

erical results using a full 3D-Planar hydrauli

¢ fracture simulator
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£PFL  Conclusions
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Two dimensionless number defines if the
fracture breakthroughs immediately:

- I 1/4
Kre o= Ko (E’3Qou’)

* The importance of fracture toughness contrast

observed in nature is not sufficient per se to
identify when, if immediate, breakthrough
happen.

The dominant dissipation mechanism
determines whether an hydraulic fracture is
immediately stopped by a toughness
heterogeneity.
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