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Single fracture experiment
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Spatio—temporal evolution of fluid driven fractures (FDF)
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=  Only few lab experiments involving FDF have Q

been made
[Bunger, Detournay, 2008]

[Lecampion et al, 2017]

|

Double fracture experiment

/

) N\
=  No other experiments involving fluid velocity o o
measurement and coalescence of two FDF have ’ .
been published in the literature * yPQ

[O’Keeffe et al, 2017; O’Keeffe, 2019]
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Fracture toughness: K.~ 10° — 10* Pa m'/2

Rayleigh wave speed: vr ~5—20 m/s
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[O’Keeffe et al, 2017; O’Keeffe, 2019]
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=  Solid medium

— homogeneous, isotropic
— linear elastic

—  Dbrittle

— impermeable

— infinite medium
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Linear momentum balance for a 3D-planar crack:

Young’s mod. Fracture opening
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=  Solid medium
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— infinite medium
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Linear momentum balance for a 3D-planar crack:
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Fracture opening

Material characterization taken from [O’Keeffe, 2019]
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MATHEMATICAL MODEL — FLUID PHASE

= Injected Fluid

— Newtonian, incompressible
— Lubrication approximation [Batchelor, 1967]
*  Small Reynolds number
* Transverse length scale of the flow << length scale in the flow direction
— Negligible fluid lag [Lecampion et al, 2017]
— Constant injection rate
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MATHEMATICAL MODEL — FLUID PHASE

= Injected Fluid

— Newtonian, incompressible
— Lubrication approximation [Batchelor, 1967]
*  Small Reynolds number
* Transverse length scale of the flow << length scale in the flow direction
— Negligible fluid lag [Lecampion et al, 2017]
— Constant injection rate

Width average mass conservation:

Fracture opening Inlet flux

|
0
a_’l: = _v'q+Qo(xay)

Fluid flux
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= Injected Fluid

— Newtonian, incompressible
— Lubrication approximation [Batchelor, 1967]
*  Small Reynolds number
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MATHEMATICAL MODEL — FLUID PHASE

= Injected Fluid

Newtonian, incompressible
Lubrication approximation [Batchelor, 1967]
*  Small Reynolds number

* Transverse length scale of the flow << length scale in the flow direction

Negligible fluid lag [Lecampion et al, 2017]
Constant injection rate

Width average mass conservation:

Fracture opening Inlet flux
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Fluid flux

Width average balance of momentum:

Fluid pressure

_—wt
q= 12#Vp

Dynamic viscosity

Dynamic viscosity

This parameter has been measured using a U-tube viscometer
[O’Keeffe, 2019]
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MATHEMATICAL MODEL — FLUID PHASE

= Injected Fluid

— Newtonian, incompressible

— Lubrication approximation [Batchelor, 1967]

*  Small Reynolds number

* Transverse length scale of the flow << length scale in the flow direction
— Negligible fluid lag [Lecampion et al, 2017]

— Constant injection rate

Width average mass conservation:

Fracture opening Inlet flux

ow ‘
E - —V-q+Qo(:I:,y)

Fluid flux

Width average balance of momentum:

Fluid pressure

_—wt
q= lqup

Dynamic viscosity

Dynamic viscosity

This parameter has been measured using a U-tube viscometer
[O’Keeffe, 2019]

Experimental errors

The orders of magnitude of the experimental errors have been
estimated [O’Keeffe, 2019]

Young’s modulus E ~ +10%

Fracture energy Ys ~ +10%
Dynamic viscosity 1! ~ +5%

Inlet flux Qo ~ +10%

See [Zia & Lecampion 2020] for further details and code
verifications against semi-analytical solutions. 20
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time starts from coalescence
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time starts from coalescence
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EXPERIMENT 3
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EXPERIMENT 3

3.0 ' time starts from coalescence
1.2 ® Experiment
(1)(; ¢ [S] Simulation
0.6
0.4

10

Y

time starts from coalescence ‘time starts from coalescence

T B T:
2.5¢ A e Experiment 1 2.0t
Simulation
2.0t
1.5¢
El El
£ 19 s 1E
3 14 |3 LO;
1.0} 1.2 1
1.0
i 0.8 0.5
0-5 0.6 e Experiment
LT . _ : 0.4 ; Simulation :
0. 0= L e 0.0
-15 -10 -5 0 5) 10 15 -30 -20 -10 0 10 20 30

y [ © [

35



EXPERIMENT 3
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CONCLUSIONS

The coalescence of two fluid driven fracture can be
reproduced by the mathematical model, pending
the elastic effect of the specimen boundaries.

The order of magnitude of the fluid velocity is
captured.
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