Critical fluid volumes and the start of
'self-sustaining' fracture ascent
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EPA fracking executive summary 2016:

“...fracture growth during hydraulic fracturing can be controlled by
limiting the rate and volume of hydraulic fracturing fluid injected...”

“...thousands of feet of rock between hydraulically fractured rock
formations and underground drinking water resources can reduce
the frequency of impacts on drinking water resources...”

EPA-600-R-16-236ES p24, p29
December 2016
www.epa.gov/hfstudy HELMHOLTZ




EPA fracking executive summary 2016:

“...fracture growth during hydraulic fracturing can be controlled by
limiting the rate and volume of hydraulic fracturing fluid injected...”

Do volumetric limits/rates exist in the literature?

“...thousands of feet of rock between hydraulically fractured rock
formations and underground drinking water resources can reduce
the frequency of impacts on drinking water resources...”

Can fractures propagate vertically thousands of metres?

EPA-600-R-16-236ES p24, p29
December 2016
www.epa.gov/hfstudy HELMHOLTZ




Theory
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For a given volume (V

CAO
.) the balloon will
begin to rise
ﬂ indefinitely.
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New solution: Boundary conditions

‘Critical’ fracture length

(3D) can be described by: o (3 NG Km)zfa
) 8A~y
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Retrieving volume

‘Critical’ fracture length
(3D) can be described by:

Volume of a crack due to
internal pressure (p) 3D.

Substituting ‘c’ and ‘p’
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Independent of shape

HELMHOLTZ



Is that all?

Differences:

V too low?

« QOur boundary
conditions are such
that the fracture is
trapped

V too high?
« Circle has greater area
towards upper tip
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Numerically:

 Efficiently compute o
closing of multiple

Typical buoyant

ascent methods 2D
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3D propagation
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How to test?

Penny-shaped crack: shear loading

3D K calculation
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Numerical scheme
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Volume inserted
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Ay acts as it grows
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Numerical scheme

LAY/
RN

N N &
“VAV 0.'474?1’4?4’0‘“& V‘VAWV%

D 4?444&
NAAVATA e

S

avy -l

TN
iV N
NSRRI RSSO S

AV VAVAYAVA S Gy VANASATATAVavavA

VA Oy

N oK ‘h(h?AVAVAVA‘VV)‘L’! °
Y AN AVATAN S (g A SOV e VA VAVAY
RSSO S S RSSO R A XS
CRRDOR R SRR AAA#M»M%,M.»»%(.

Vavay, S 2qlavavayt’y
%LWHQ%»«W

L (SAVAVAVAVAVAVAVA
< l«bﬂibﬂ-wﬂﬂ <b0>0>¢ b»v«».«
VAVAVAVavav vsal
D«P‘.‘P‘F{Dﬂ’{bﬂ-ﬂ Vv
S

SOTAVAY. VAV,
O TAVAVAY)

<]

]
¥l |
X0
N

b
o
T
i
Vi
i

a:
%)
%
B
2
Al
'é
X

KA
v
Tra,
gOATA
ek
e
i
K
GOA
)

<]
| >
T
5
ol
)
Favy
¥avy
&
Far,

ey ==

.\!‘4’_‘"’ °

ALY WS

YA
AV v
R

avavaviy > o

a e aaray, 4 B
R VAN AV AT avavu e VAV
L)
(&

=¥ AV

NAAART

e

SO NAVAVAAVAYA VL SsVAVAVAY,
S 4‘7“0?45‘»45—1»»»0»0»0»0

BYAVAYY
S

FAVAVAV
FAVAVAVAVAVAY
(AVAVAVAVAVAVA)

G

s,
‘»‘4&
A
LA
s
e
Kl

)
YAYA

A
<
)
LR
SaVAYAY,
VATAVAYAN
s
N
)
SRS
A
AV,
0y
AVAY

AVAVAYa)
AAANKK
O

"4;"‘?%‘ 5
AEEEE
RO
STATAYA e,
vgﬁﬁgm
oA
A7
o
a
oK

,
3
;i

VAVAYS
Ly
3

g
va)
(POERIA
TAYAVAYAYY
FAAAA
A
AVAVAY)
aavAYal

WA

</
</

A

Stable propagation
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Numerical results

Numerical critical
volume is 0.75*
analytical formula.
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Reasons why this estimate is
‘conservative’
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Comparing to experlmental data

Airi in gelatme
ﬂ?hmk]

froc = 1000 kg/m’ Formula matches critical
- 2 !
by volume data from
pe210———=—] gelatine experiments of
100 - | | Heimpel and Olson
o o o (1994)
€ s/ &/
1] i &
o & &
< ;‘.. v/ ﬁ;
Q? d?. 4&.5
50 & &
A
_/; P Qgﬁf
=355 — ~";. =
Ménmﬁﬂ_ﬂﬂ_ﬂj © Authors. All
— rights reserved
%0 100 1000 10000
Fluid volume[cm® ] 1[Pa]
GFZ

Helmholtz Centre
PorsbpAm

HELMHOLTZ



Comparing to hydrofracturing data

« K,-lab=1-3 Using K, from field our

.+ K, field veins = 8-25 equation provides critical
volumes of:
« 2.5-55m3

* Around scale of mine
Injection experiments 2

(1-15m3)

« Typical ‘hydrofrac’ job
per well b
(5600-21500 m3)

G F Z a) Max: b) https://www.americangeosciences.org/critical-
‘ @ ® \ 2m?3 Warpinski et al. [1982]. issues/fag/how-much-water-does-typical-hydraulically-
15.6m3 Jeffrey et al. [2009] fractured-well-require
elmholtz Centre
POTSDAM 9.24m3Zimmermann et al. [2019] HELMHOLTZ




Conclusions

e Introduced scale independent volumetric limits on stability of
fluids inside fractures.

e The limit matches well with critical volumes observed in gelatine
experiments.

e More research to constrain this tipping point is required, the
problem remains poorly quantified.
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