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The final result after creating an
Enhanced Geothermal System
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Paralana Enhanced Geothermal System
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Well stimulation - 2011
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Microseismic monitoring : 20 3-C stations
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Induced seismicity
» Automatic processing (Oye & Roth, 2003)

» 7000 microearthquakes (Mw -0.6 to 2.5) * Mw > 2.4

100 Nb. events / h 4100

= = = Slurry rate (L.s")
Pressure (MPa) : : :
90 e Acid : : : -90
¥ My=24

8ol @ Inje_ctlon periods

80

1o, o 0,0
R

Slurry rate (L.s"1) & pressure (MPa)

< 60 T e A ’T“'"'w.fﬂ"‘ﬁ'%f g oo DA W 160
: < e el
s IRER " R P
40} H‘\f\ 13-07“:1%?;‘.1;6:30 \ I Ll | 40
: 1 e 3% -
1 :‘ —30
;‘ .I,I{IE 120
i Iy,
(A
AR 0 .
13 14 15 12 17
22:09

Time (days)



Induced seismicity

» Seismic moment dominated by 4 events occurring during fluid injection
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Absolute location

» 3D velocity model built from seismic lines and velocity log data
» Synthetic travel-times : eikonal solver from Podvin & Lecomte (1991)




Rel

ocation : double-difference

» hypoDD (Waldhauser & Ellsworth, 2000)

» Migration NE
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Pre-existing fractures activated?

Fracture orientation
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Induced seismicity pattern
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Induced seismicity pattern
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Induced seismicity pattern
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Induced seismicity pattern

300

200_ . \.\ “ s )
1oopzaaaﬁaaaf{
E 9
>_ "
-100F
-Qooql.:~~*~

-300¢°

-400}

@

%

00 ‘ vo—
1200 1300 1400 1500 1600

X (m)

1700 1800 1900 2000

]
MNb.events /h

== =Slurry rate (l.s_').
Pressure (MPa) -
®  Acid .
o Mw>24
[ @ Injection periods ;
] 2 - It
Nl
| ‘
13-07-2011:16:30 4
2. 1
) o * I ¥c
]
1l
1
i !
1
1 i\ e i
| l'r"' 1 |k
I b ‘._‘l P-‘ y LI : ! !
e Pl :
I in 100 L6 AR | BRI L !
S S S S S =y
; P a® a® oS a® oP a®
‘\l ,\’1— ,\r]r ,\b ,\'L )\i ,\L
(s fa s iny O Ls) bt
e N W e W o WA

> Distance from the injection well
increases

» Post-injection seismicity at the
outer rim of previous zone activity

=> Kaiser effect

100

20

80

70

80

-50

40

- 30

=20

Slurry rate & pressure



Induced seismicity pattern

» Pore pressure front at r=v4mDt (Shapiro et al., 1997)
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Here we are back at the final Benefits
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Some more benefits
and challenges
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Injection
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Geothermal projects in Switzerland,
European champion in generating
earthquakes

St. Gallen induced earthquakes
as of 13. Aug. 2013 09:30 (UTC)
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Next steps:
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