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How useful is seismic monitoring in the event 
of a leak from a CO2 storage site?  

•  Carbon	capture	and	storage	is	only	effec5ve	if	stored	for	1000s	years	
with	<~1%	leakage	rate.	

•  Poten5al	for	seismic	events	and	seismic	velocity	changes	with	leak.	
2 
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Figure 4. Schematic of the 01/5-6-2-8W2 injection well. Approximate locations of major geological units are indicated (left) drawn to vertical 

depth scale. 

One week after completion of the injection well, the drill rig was moved 150m northeast (Figure 1) and over the 
period October 1st to November 9th, 2012 the observation well (41/5-6-2-8W2) was drilled 3400m deep through the 
entire Phanerozoic section (schematic on Figure 5). A similar suite of geophysical well logs was collected from the 
observation well as was the injection well. 

 
After their interpretation, geological, hydraulic, and petrophysical data collected during the drilling and well 

evaluation were incorporated into a revised geological model of the Aquistore site. 

2.3. Post drilling activities - downhole 

Subsequent geological information was obtained between, and around, the newly-drilled wells via two different 
downhole seismic surveys conducted as part of baseline surveys to start the CO2 Measurement, Monitoring, and 
Verification (MMV) program at the site. The first (February, 2013), was a crosswell seismic survey between the two 
wells over the interval 3100 to 3400m that provided detailed (metre-scale) tomography of the geology between the 
wells. The second survey (Fall, 2013) was a 3D vertical seismic profile (VSP) that utilized both a conventional 60-
level, three-component geophone over the interval 2550-3400m and the well-installed optical fibre system. The 3D 
VSP provided subsurface information between the resolution the detailed scale from the crosswell survey, and the 
standard surface 3D seismic survey conducted previously [6].  
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•  Poten5al	for	induced	seismicity	
•  Fluid-flow	modelling	to	determine	whether	fracture	pressure	will	be	exceeded.	

•  Poten5al	to	observe	seismic	velocity	change	
•  Ambient	noise	interferometry	(ANI),	
•  Tomographic	inversion.		
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Fluid flow modelling methods 
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Figure 9: Schematic of an idealised vertical fault zone for modelling CO2 leakage. Fault width, W, >> fault
aperture, h. The permeability of the fault, k, is h2/12.

5. Feasibility of using seismic events as a CO2 leakage detection tool359

5.1. Modelling CO2 leakage through a fault zone360

To understand whether time-frames would allow ANI to be used to detect a CO2 leak or361

whether a surface geophone deployment would detect seismicity as a result of a leak, we362

consider a worst case leakage scenario to put an estimate on the minimum time for CO2363

to reach the near-surface and assess whether seismic events would occur as a result of the364

leakage. To this end we assume leakage of free phase CO2 through a parallel vertical fault365

between the top of the storage interval and the surface (Figure 9). We do not model the366

migration of CO2 in the storage reservoir but assume that capillary pressures are su�cient367

to allow leakage through a fracture and that the leakage rate is slow compared to the in-368

jection rate so a constant pressure is maintained at the point of leakage. We also consider369

whether the formation fracture pressure will be exceeded, and hence seismic events could370

be recorded, as the CO2 moves towards the surface.371

372

With the assumed prior of Darcy flow, the vertical velocity, uz, through a porous medium
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•  Fault	with	pathway	to	surface	
•  Assume	Darcy	flow	
•  Viscous,	laminar	flow	
•  Incompressible	fluid	>240m	

• Constant	viscosity		
•  Compressible	gas	<240m	deep	



CO2 pressure 
Compressible gas 

Stork et al., in rev. 

Frac pressure exceeded 
at depths <500m. 

•  Equations from Huppert & Sparks, 
J. Fl. Mech., 2016 

Incompressible fluid 
•  Constant volume & density 
•  Pressure from data tables 



Travel-time to surface 
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Compressible 
gas 

Incompressible 
fluid 

Fault aperture, h=10µm

Frac pressure exceeded at depths <500m. 
Potentially days before CO2 reaches surface. 

Stork et al., in rev. 



Predicted velocity changes with CO2 influx 
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•  Biot-Gassmann	
fluid	subs5tu5on	

•  Brine	pore	fluid	



Detecting velocity changes 
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•  Ambient	noise	interferometry	(e.g.	Cur5s	et	al.,	2006)	
•  Cross-correla5on	of	noise	recordings	
•  1	week	April	2015	(pre-injec5on)	
•  1	week	June	2015	(during	injec5on)	



(FMST,	Rawlinson	2005)	10 

Tomographic inversion: Rayleigh wave group velocity 
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Stork et al., in rev. 
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Velocity differences 

Stork et al., in rev. 
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Conclusions 
•  Assessment	of	seismic	monitoring	as	CO2	leakage	
detec5on	tool	at	Aquistore.	

•  Seismic	events	predicted	if	CO2	<500m	deep.	
•  Ambient	noise	interferometry	currently	unable	to	detect	
leak	at	Aquistore	due	to	
•  Array	aperture	
•  Noise	characteris5cs	
•  Picking	uncertain5es	

•  In	general,	ANI	could	provide	cost-effec5ve,	near	real-
5me	monitoring.		
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	uz	=	-(k/µ)dp/dz 


