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How useful is seismic monitoring in the event
of a leak from a CO, storage site?
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Carbon capture and storage is only effective if stored for 1000s years
with <~1% leakage rate.

Potential for seismic events and seismic velocity changes with leak.




BOUNDARY DAM - AQUISTORE CO, INJECTION

PROJECT

World'’s first commercial power plant CCS project
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DTS/DAS line on 7.625” csg. 1641m - surface
DTS line on 4.5” tbg. 3110m - surface
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* Potential for induced seismicity
* Fluid-flow modelling to determine whether fracture pressure will be exceeded.

* Potential to observe seismic velocity change
 Ambient noise interferometry (ANI),
e Tomographic inversion.
_, L = “ACROSS” array
| P A /\Up to 303 geophones
(up to 25 3C, others 1C)
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Fluid flow modelling methods

* Fault with pathway to surface - - Surface
 Assume Darcy flow
Gas
e Viscous, laminar flow 240m
. . Liquid L
* Incompressible fluid >240m
*Constant viscosity Supercritical

, fluid

 Compressible gas <240m deep
T T T ~- - -Injection depth
< W >
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CO, pressure

Incompressible fluid Compressible gas
- Constant volume & density « Equations from Huppert & Sparks,
* Pressure from data tables J. Fl. Mech., 2016
20 T T T T !
Pressure
— Lithostatic
151 — Slow ascent ||
_ — Fast ascent
& Frac
z Hydrostatic
g 10 + 1

1 Frac pressure exceeded
at depths <500m.
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Stork et al., in rev.
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Travel-time to surface
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Time (days) Stork et al., in rev.

Frac pressure exceeded at depths <500m.
Potentially days before CO, reaches surface.
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Predicted velocity changes with CO, influx
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Detecting velocity changes

* Ambient noise interferometry (e.g. Curtis et al., 2006)
* Cross-correlation of noise recordings
* 1 week April 2015 (pre-injection)
* 1 weekJune 2015 (during injection)

Time period
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ﬂ —— 24 hrs
— 1 week
0.5} : :
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Time (s)
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Tomographic inversion: Rayleigh wave group velocit
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Velocity differences
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Stork et al., in rev.
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Ambient noise
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Conclusions

Assessment of seismic monitoring as CO, leakage
detection tool at Aquistore.

Seismic events predicted if CO, <500m deep.

Ambient noise interferometry currently unable to detect
leak at Aquistore due to

* Array aperture
* Noise characteristics
* Picking uncertainties

In general, ANI could provide cost-effective, near real-
time monitoring.

13 bristol.ac.uk



-% University of

¥ BRISTOL
Thanks to the BUMPS sponsors for The author would like to acknowledge
providing funding to support this work. the financial support of the UK CCS
Research Centre (www.ukccsrc.ac.uk) in
ey § carrying out this work. The UKCCSRC is
BRISTOL UNIVERSITY MICROSEISMICITY PROJECTS funded by the EPSRC as part of the
BUMPS RCUK Energy Programme.
) ToraL B Schiumberger @) @UKccs EPSRC
Authority Eognae g v e

M Chevron

bp
Environment
W Agency

Thanks to the PTRC for providing permission to work
with and present the data.

C/\)
&) ptrc
Petroleum Technology

Research Centre

bristol.ac.uk



% University of o o
AR BRISTOL By

EES » (0]

Phase Weight Stack
Travel Time (s)

(\V)

2 4 6 8
One Bit Normalisation Travel Time (s)

Relative Travel
Time Difference

15 bristol.ac.uk



Bristol University Microseismicity ProjectS
Bl University of . |
i BRISTOL B

_50 L

-100 |
"150¢ ——0.5s Period
—0.6s Period
‘e 2007 ——0.7s Period
< ——0.8s Period
&-250¢ ——0.9s Period
= ——1.0s Period
-300 + ——1.1s Period
——1.2s Period
350 & —1.3s Period
—1.4s Period

-400 t

-450 ! : .
0.2 0 0.2 0.4 0.6

Sensitivity

16 bristol.ac.uk



Bristol University Microseismicity ProjectS
BUMPS

% University of o o
AR BRISTOL B R

3000 B 1 1 I 1 1 I 1 1 1 1 1 1 1 1 1 ]
] ]
I I
2500 | I 1 -
] ]
'g ] ]
~ 2000 | I I -
9 I I
C
_fg ] ]
) | ] ] i
2 1500 ' ' h (m)
S [ 1 — 1le-6
§ 1000 ! ! — 1le5 |
> ] ]
I I —_— Je-4
500 | ! ! -- 3
, , le-3
’ ! == le-2
4 P4
0 - 1 - 1 1 1 1 1 1 1 1
10210 10° 10' 102 103 10% 10° 10° 107 108 10° 10'%10%t10%2
Time (s)

bristol.ac.uk



Bristol University Microseismicity ProjectS
BUMPS

B B

April 13th velocity (km/s)

April 14th velocity (km/s)

April 13th velocity (km/s)

April 14th velocity (km/s)

Q : Q Q .
€ ° S IS
< ° 3 3
>0.35 = 0.35 = 0.35 ®
g 2 2
S @] ° o ) [ ]
2 2 . g “
= 0.3 o z 0.3 % Z 0.3 o
¥ < & i
; GCJ qC) [ )
= 0.25 3025 3025 “
025 03 0.35 025 03 0.35 025 03 0.35

April 13th velocity (km/s)

E .o E [ _E
g 0.35 o E 0.35 :>, 0.35
S S . S
2 0.3 * E 0.3 'S E 0.3 . 'Y
3025 3025 ° 3025 °
025 03 035 0.25 e0.3 0.35 0.25 =0.3 0.35

June 7th velocity (km/s)

bristol.ac.uk



BRISTOL ppri 5. 2017

u, = -(k/u)dp/dz

19 bristol.ac.uk



