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Monitoring CCS/CCUS using charged wellbore CSEM
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SUMMARY CWC-CSEM

Monitoring CCS/CCUS projects is of critical importance in order to verify plume migration and Legacy boreholes can be used as long galvanically coupled electrodes allowing for much deeper
sweep for hydrocarbon production as well as meet regulatory monitoring requirements. Geophysical current injection providing much greater depth of investigation and resolution. CCUS operations on
imaging methods could greatly enhance well based point observations. However, geophysical moni- depleted oilfields often have many legacy wellbores that are not active in production or injection
toring of CCS projects 1s often challenging due to the depths involved and relatively modest change o CWC-CSEM avoids prohibitive drilling costs needed for crosswell ERT methods
in fluid densities. Additionally, many imaging techniques are not sensitive to fluid phase, which is o CWC-CSEM requires no access to wellbore internals
of primary importance in a CCUS monitoring project. Electrical and electromagnetic methods are

promising techniques as the CO, phase will present as a large resistive body within a depleted reser- e e
voir of conductive saline water. Additionally, dissolved CO» in the o1l phase will also be resistive. The g
depths 1involved place a high cost on drilling and traditional electrical resistance tomography meth-

ods can easily become cost-prohibitive in a CCUS project. However, many CCUS projects contain

a large number of legacy boreholes which have been used for production, injection, or monitoring

over the life of the field. We propose using these legacy borehole casings as long deep electrodes in
a controlled source electromagnetics survey which penetrate the reservoir of interest, as well as the
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overburden. Measurements of the electrical and magnetic fields on the surface can be used to recon- \
struct the electrical conductivity of the subsurface; which, when combined with reservoir simulations, (b)
can be used to monitor changes in fluid phase within a CCUS project.
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RESISTIVITY TO SATURATION RELATIONS
Phase saturations are a manifestation of reservoir conditions: geometry, injection, production,
relative permeability, capillarity, etc. Resistivity relations to (e.g. Glover et al., 2006; Berg, 2012).
: o e
Archie’s Law R; = a¢p™"S,"R,, ©) ®
. men (1 | BOy Current injection utilizing existing borehole as a deep electrode (a-d). A simplified CO, 1s modeled
Waxman-Smits gbt Swt ( R, ' S, ) as a resistive body. Inphase (e) and quadrature (f) E ﬁelds_p@ferentially flowing around resistor.
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: : .. Surface activities are minimally invasive and
@ ¢ porosity @ R,, brine resistivity

require the temporary installation of

non-polarizable electrodes which differentially
ELECTROMAGNETIC METHODS measure the E field as well as magnetic field coils

Maxwell’s equations (1-4) describe the interconnected relationship between electrical E and mag- which measure 9H /0t.
netic (B = pH) fields. Incident fields (a) on conductive anomalies (b) will result in charge acccumu- B cErremT Slereiatle
lation on the boundaries (¢) and a secondary electrical field (d).
V x E = —wpH (1) BELLE CREEK, MT
VxH= (g+umE+ly ()
V-B= 0 3) o in field from 14-18 August 2017
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Which can be reformulated in terms
of a vector and scalar potential (A (a)
and ¢) (Irons et al., 2012; Irons and
L1, 2013) which has several
attractive attributes including
improved numerical properties and
memory efficiency.

@ CO», 1njections to begin shortly

@ additional time-lapse monitoring surveys

@ 1nversions constrained and coupled with

. ) . 1-31 3109 2 M \,‘—H 37
reservolr simulations ey R -
3 14 A ) aths 3-14 3316 e -3 34%15 3436 383 s 384
B/-13A |
2 st o st o ot ofbs {%:1;?'\ ot od1 ofhe T.l alh, 0391 0204 o7 0202 r_—a-

ACKNOWLEDGEMENTS

The authors gratefully acknowledge funding for this work through DOE/NETL award number
(¢) FE-0028320. Collaborative partnership with Denbury Resources Inc. and the University of North

/
— En. :

, N - - Dakota Energy & Environmental Research Center are further acknowledged.

Electrical and EM methods commonly used for subsurface characterisation include wireline logs
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(e) that do not probe deeply into the formation and require drilling, electrical resistance tomography (1) N L = . 6
with shallow depth of resolution, and magnetotellurics (g) with deep investigation but low resolution. T Eigghklg'll:glg;YY — EER De n bu ry |
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