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Abstract:

Electromagnetic (EM) and seismic geophysical techniques offer the possibility of
monitoring subsurface gaseous and/or super critical fluid CO2  accumulations in
saline reservoirs. The increasing replacement of water / brine in the pore space
by gaseous CO2 will  reduce both the bulk  rock density  and seismic acoustic
velocity while at the same time increasing the seismic attenuation.  At the same
time gaseous CO2 has essentially an infinite electrical resistivity compared to the
pore  water,  and  thus  the  accumulation  of  CO2 will  increase  the  bulk-rock
resistivity. This presentation will discuss the results of Lawrence Berkeley Lab’s
involvement  in  an  experiment  where  supercritical  CO2 was  injected  at
approximately 300m depth and then naturally flashed to replacing the pore water
with bubbles of CO2.  The purpose of this shallow injection was to simulate CO2
leaking upward from a deeper storage reservoir and accumulating in a shallower



aquifer. LBNL’s contribution to the project involved acquiring baseline cross-well
seismic  and  EM  data  between  two  monitoring  wells  spaced  50m  apart  and
straddling the injection well in November of 2017, and returning in December of
2021 to collect post-injection cross-well data after 41 tonnes of CO2 had been
injected.  Over this same time period, single-well electrical resistivity tomography
(ERT) data were being autonomously acquired two to three times per week using
a 16 electrode array installed outside one of the monitoring wells which is cased
with  non-conductive  fiberglass  casing.  In  this  paper  we  first  discuss  the
underlying physics of the different borehole-based seismic and EM monitoring
techniques and describe why they are sensitive to the presence of CO2.  This
discussion  is  followed  by  the  description  of  the  experiment  at  the  Carbon
Management  Canada  Containment  and  Monitoring  Institutions  (CaMI)  Field
Research Station (FRS) test site. The remainder of the talk will describe the data
as well as attempts to image it, and also describe why the various geophysical
techniques ran into problems providing images of the resulting plume.
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