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HF Examples - block caving
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HF Example — caving (Jeffrey, CSIRO)

E26 OPENCUT

Inducement through
Hydraulic Fracturing

Inducement through
= Boundary Weakening

10000RL

= — ——

S

S
uy
=
]
Southwest 1 a a o =} o (=} o Northeast
O ca00R™ o on "o W o T Yo 10 =

10800
— 533004
— 10900E
— 53400
— 11000E




HF Examples — well stimulation




An actual hydraulic fracture
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1D model and physical processes
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Scaling and dimensionless guantities

e Rescale: € =x/l, l=Ly, w=¢€LQ, p=€eET
e Dimensionless guantities:
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Two of the physical processes

e Large toughness: G =1, G6m <K< 1; G K 1
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Experiment | (Bunger et al 2004)

0.16 . . . .
_ Experiment
Best Fit
0.1471 7 w=(K, ;’E’Jr‘_?ZRgmj -
012 T w =2 3WE )(dR )" (R E)T A Theory
o1 et Large toughness:
R e (Spence & Sharp)
£ 0.08f Wit |
a.g_. . "-,rr’l:"#
2006 ot { Q= \/1 — &
0.04- /7 T ]
0.02Hff =T i |
Or"ﬂ— I | | |
0 0.1 0.2 0.3 0.4 0.5

11



W (i)

x10
r I
_ Experiment
__ Best Fit
6H w—r“K IE’)(SZRghIJ
" w=2 37k )””""(dfe /a0’ £)%°
5-
4+
-+— Lag Rﬁginn—-é
3r o<
2_
1 -
0 f.\h‘.-‘d—d l'/"""- 1 ] ]
0 0.1 0.2 0.3 0.4
E=1-r/R

0.5

Experiment Il (Bunger et al 2004)

Theory
Large viscosity:
(Desroches et al)

Q ~ ez (1—¢€)2%/3

12



The coupled EHF equations in 2D

e The elasticity equation — balance of forces

f C(ajayr‘gan)w(ganat)d‘gdn :pf(ajayﬂf) — Oc¢
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e The fluid flow equation — mass balance
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Boundary & propagation conditions

e Boundary conditions
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The elasticity equatlon
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3 Layer Uniform Asymptotic Solution

AR (k) B ATV (k) + AGE (k) — AT (R)

Sample spectral coefiicient for a touching element
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Crack cutting an interface
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Crack opening displacement comparison with Erdogan and Biricikoglu
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A penny crack cutting 2 interfaces

Lin and Keer three layer test
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A crack touching an interface

Algorithm | # elts. | # elts. on crack | Time |
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Eulerian approach & Coupled HF Equations
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Performance of MG Preconditioner
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Front evolution via the VOF method
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Time stepping and front evolution

Time step loop: t «+— t + At

VOF loop:
Coupled Solution
Aw __
N A(w)Cw + S o —’“’—,QVp
W
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end o
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next VOF iteration

next time step
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Radial Solution

Fracture width (m)
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Fracture width for modulus contrast
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Fracture width for stress jump
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= Pressure and width evolution




Channel fracture and breakout
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Concluding remarks

Examples of hydraulic fractures

Scaling and physical processes in 1D models
> Tip asymptotics: Qacyf1—¢ & e~z (l—¢€)2/3
» Experimental verification

Numerical models of 2-3D hydraulic fractures
» The non-local elasticity equation

» An Eulerian approach and the coupled equations

» FT construction of the elasticity influence matrices
» A multigrid algorithm for the coupled problem

» Front evolution via the VOF method

Numerical results
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