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Q: What factors are most important in using seismic arrays to detect seismicity?

Q: What is the detection threshold for onshore monitoring of CO2 storage sites?

Motivation & Key Questions
 Carbon Capture and Storage (CCS) will be

critically important for reaching net-zero.

 

 There are plans for
several megatonne-
scale offshore CO2

injection projects
around the North
Sea.

From: https://www.geoexpro.com/articles/2021

Monitoring must be long-term, cheap, and real-time:



North Sea PSHA
GroundMotionPredictionEquations used:
 Cornell et al., 1979 (early general model for 

tectonic events)
 Atkinson, 2015 (based on induced seismicity 

data)
 Douglas et al., 2013 (based on geothermal areas)

To know what the 
induced activity will 
be, we must know 

what the background 
seismicity is first.

Star = location for which we calculate PGA.



PeakGroundAcceleration Maps of 10% exceedance over 50 years. 

Legend

PGA 
measured 
in units of 
m/s2

Complete catalogues are crucial

Made using International Seismological Centre 
publicly available catalogue.

Made using SHARP catalogue.

New land 
array data 
(HNAR)



Monitoring Seismicity Using 
Land-Based Arrays

1. The Raspberry Shake 
Citizen Science Network 
of small portable 
seismometers, with 
publicly available data 
and located all over the 
UK.

2. An array deployed by a 
team of scientists from 
the universities of Oxford 
and Bristol near 
Scunthorpe, close to the 
Humber estuary and the 
East Coast/ Endurance 
CCUS cluster.

3. The array used for 
geothermal monitoring 
at the Eden Project, in 
Cornwall, obtained 
courtesy of Andrew Jupe 
(altcom Limited).

4. The Eskdalemuir array, 
one of four international 
arrays set up in the early 
1960s to monitor the 
International Nuclear 
Test Ban Treaty, obtained 
courtesy of Brian Baptie 
(British Geologic Survey).

Increasing Capabilities



Raspberry Shake Network 



Scunthorpe (Humber Estuary) Array

Quarry blast arrivals and beamforming 
on quarry blast arrivals

Expected arrivals and spectrograms for 2 small 
local events (<M2.5)

Teleseismic event arrivals filtered in visible 
range (top) and in the range used for 
teleseismic detection (bottom) 
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Eden Project (Cornwall) Array

Undetected

Detected

Partially 
Detected

Location of instruments in the Eden Array (blue dots)

P arrival

S arrival



Eskdalemuir Array

Summary of event location results using a
rough azimuth-based method (green area)
and a more precise velocity model-based
computational method (blue star).

^ Beamforming 
results using 4-20 
instruments

>
Beamforming
results using 3
instruments

^ clearly 
visible arrivals



Regardless of how good the instruments
are, efforts must be taken to ensure they
are very well isolated from surrounding
noise, because the frequency band of
distant seismic activity often matches that
of land noise

Conclusions
Most land instruments are ineffective at detecting and locating

sub-M3.5 events at epicentral distances greater than 800km.

At distances between 200 and 500km, events up to M2.5 can be
recorded only if ambient noise levels are low.

Between 5 and 7 is a good number of instruments in an array to
roughly be able to locate events.



Impact: Future Early Warning System

Thank you! My email: victor.vescu@worc.ox.ac.uk
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