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Microseismic monitoring of CO, storages
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Important risk mitigation tool

detect a sufficient number of true microseismic events
accurately locate events

appropriately characterise events

real-time and transparent
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Success depends on
» network geometry

Rutqvist, Geotech Geol Eng, 2013
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Event detection

Downhole geophones close to the reservoir have the best SNR and therefore the lowest detection
threshold.

At Decatur about 9% of events can be detected with shallow borehole sensors.

Moc increases towards the surface from -0.6 to +0.2. Decatur CCS site, lllinois, US
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Event detection

Quest CCS site, Alberta, Canada .
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* Downhole string with 8 3C geophones
= e DAS cable within central injector
* Surface arrays with 153 nodes in 17 sub-arrays
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Event detection .. .- . S5

Surface nodes ol
* Lower SNR, but array beamforming to enhance SNR 3 '
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* Noisy traces can distort beamforming result and E
© 80
advanced pre-processing/ filtering is required. o
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Event detection

P and S detections old velocity model
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Lowering detection threshold

Cluster Analysis of Trimmed Spectrograms (CATS): detect

[ ]
signals above the noise spectrum by a specified threshold
* Template matching and ML to remove false detections
Template 1 New detection Template 2 New detection
e ke [ e
ol - ) R ;{ " |
3z I ! o Iy
= I : - ‘) .  ———
:m 1 I\I i J;" I | .Ia’ lrm
et ; o)
o B, oo i ;
T # ;
oA - 1 o
e [i—— s i
p—" o ; |

mmmmmm

= Existing detections # New detections

5/21 06/21 07/21 08/21 09/21 10/21 11/21 12/21 01/22 02/22 03/22 06/22 07/22 08/22 09/22
Date (Month/Year)

- 300% increase in s
event detection but
not all can be located

b3

w
&

Number of detections
oo ®
3 & 8 R

o u

work by Xu Yang

JEON

NN
SEEE,
UNIVERSITY OF
ALBERTA
a) Input data
§ 0 Mw -0.4 Mw -1.4
£ oo
]
=0,001
1280 1300 1320 1340 1360 1330 1400 1420

-
=

Spectrogram

Frequency [Hz)

3 r e
1360 1380

1320 1340

1 Trimmed and .
f . E- 10
o 10#
5 clustered F
%10‘ 10
g
£

100

1280 1300 1220 1340 1360 13a0 1400 1430
Local events: Magnitude vs Distance
[} o

1.0 © Vendor catalog
@ CATS located events

a5 -]
o
?
0.0 ° R o°
© o
g0 °° o 9 -
% 0%
ao] @l
o
[ a
=15 3’ & f
8 &
- 60% more events with CATS
0.0 25 5.0 75 . 125 15.0 175
Distance from downhole monitaring well (km)

Wardah Fadil et al. 2024, GeoConvention



Atk
Hoitiny

Event locations

Reservoirs are generally thinner than depth

uncertainty from standard methods.

Additional constraints need to be exploited to
improve depth resolution (e.g., later arrivals /

multipathing) but this often requires deep sensors

and large vertical aperture.
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Event |location misfit volume [kmg]

Event locations
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- Any combination of networks reduces location uncertainties compared to
individual networks.
- Still too large depth uncertainty (+ 3 km) for unambiguous event association.

6000

Depth [m]

8000

10000

5996
5994
5992 374

372

Goertz-Allmann et al. (2024), 1JGGC Nerting el %0370 "L e



How do we best monitor induced seismicity of CCS sites?

Combining different technologies can Northern LightS
improve event detection and reduce ~

location uncertainties!

The more the better?

Some monitoring is better than no
monitoring!

A f: hab, ?
‘f‘A At‘ 'Y

|\
: 2 Costlchtqr :I;

/é; 2
//‘ %m

Té m\x \

o

.
“"
.

]
.....

f
20 3u 40 5° 6°

2,
o
A
- A
o " 70
— At “.Rs‘n
ittt




Acceleraiing

%ﬁno.ogies | Thank you for your attention!
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