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Monitoring technique screel

Technique Tools
Benefit
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| |senefit selectin? |

CO, detection

H2S detection

Ecosystem stress
monitoring

Soil gas monitoring

Surface displacement
monitoring

Dedicated observation
well

Landowner well
monitoring

Deeper
sampling/monitoring
points in CBM horizons.

Dedicated observation
well

Injection well monitoring

Optical (natural or induced
light), eddy covariance,
tracers (perfluorocarbons)

Sensors/SCADA, personal
alarms, odour

Satellite imagery, aerial
photography, spectral
imagery.

Sampling and chemical
analysis to detect natural or
introduced tracers

Satellite based radar
(SAR/INSAR), tiltmeters
(surface or downhole), GPS
instruments

Well can be equipped with
pressure, temperature, TDS
and sampling capability.

Sampling and geochemical
and isotopic analysis.

Sampling and geochemical
and isotopic analysis.

Well can be equipped with
pressure, temperature, TDS
and sampling capability and
periodically logged with
tools that could detect
saturation changes.

Injection well monitoring as
required by AER D-51 (Class
Il'and 111)

Monitor zonally abadoned|Operator surveillance,

legacy wells

Monitor producing Nisku

surface casing vent flow
(SCVF) testing, casing
pressure monitoring.

Production response and

Monitor suspended Nisku [Pressure surveys.

Monitor producing Leduc |Production response and

Difficult to attribute.

H2S detection done as safety measure. No
appreciable additional cost involved.

Assurance to landowners. Baseline will
provide some indications of variability should
concerns arise in future.

Clive project will operate below original
discovery pressure and with minimal pressure
increase from current conditions. No
significant surface heave would be expected.

Logging tools could be used diagnostically on
existing wells if an issue is suspected.

Sampling water wells provides assurance to
landowners, provides baseline against
potential future concerns.

CBM production is generally above
BGWHP, it is well below the deepest domestic
water wells so provides early warning of
leakage prior to impacts on groundwater
being used.

Logging tools could be used diagnostically on
existing wells if an issue is suspected.

Regulatory requirement.

Has a greater chance of detecting leakage
pathway due to drawdown and availability of
these wells offers the opportunity to add this
monitoring at little additional cost or risk.

No response expected unless leakage
pathway occurs very close to well but the
availability of these wells offers the
opportunity to add this monitoring at little
additional cost or risk.




Monitor suspended Leduc |Pressure surveys.
wells.

Wellbore based fluid Production response and
monitoring on new fluid analysis.
production wells.

Enhance will employ one meter for every two
production wells allowing continuous
measurement of produced fluid volumes on a
well 50% of the time. This is well in excess of
regulatory requirements of one 24 hr
test/month. Production wells in the EOR.
area will have a fluid analysis every 3
months until CO2 breakthrough is seen, then
minimum monthly thereafter. Injection and
recycle streams will be analyzed monthly at
minimum.

Emerging wellbore tools |Harmonic pulse testing

This is a pressure transient technique,
notionally similar to reservoir simulation and
best suited to pure storage projects. The
tools and data available at Clive offer a much
better chance of understanding reservoir
performance through simulation.

Emerging wellbore tools |Modular borehole tools

Emerging wellbore tools |Novel tracers The presence of H2S in the Clive reservoir
provides a natural "doping" agent for injected

CO2 that is easily detected.

Reservoir simulation Geological model of
reservoir coupled to history
matched reservoir model.

Seismic geophysical Employment of 3D Survey as
methods a Baseline Seismic for
contingent Cretaceous
reservoir leakage mapping

Seismic geophysical Time Lapse (4D) Seismic
methods Monitoring of Devonian
Reservoirs

Enhance staff have experience from the IEA
Weyburn project which suggests that seismic
alone could not provide definitive CO2 plume
tracking and was best combined with
reservoir simulation to constrain the
interpretation provided by both methods.
The other techniques available at Clive negate|
the need for this method which is unlikely to
provide definitive results.

Should loss of containment to a saline aquifer
be suspected, 2D or 3D seismic could be shot;
the density difference of CO2 vs. salt water in
an aquifer should be easily detectable just as
seismic is used in exploration to identify gas
accumulations.

Seismic geophysical Vertical seismic profile (VSP)
methods

Enhance staff have experience from the IEA
Weyburn project which suggests that seismic
alone could not provide definitive CO2 plume
tracking and was best combined with
reservoir simulation to constrain the
interpretation provided by both methods.
The other techniques available at Clive negate|
the need for this method which is unlikely to
provide definitive results.

Should loss of containment to a saline aquifer
be suspected, 2D or 3D seismic could be shot;
the density difference of CO2 vs. salt water in
an aquifer should be easily detectable just as
seismic is used in exploration to identify gas
accumulations.

Seismic geophysical Cross well seismic
methods

Enhance staff have experience from the IEA
Weyburn project which suggests that seismic
alone could not provide definitive CO2 plume
tracking and was best combined with
reservoir simulation to constrain the
interpretation provided by both methods.
The other techniques available at Clive negate|
the need for this method which is unlikely to
provide definitive results.

Should loss of containment to a saline aquifer
be suspected, 2D or 3D seismic could be shot;
the density difference of CO2 vs. salt water in
an aquifer should be easily detectable just as
seismic is used in exploration to identify gas
accumulations.

Seismic geophysical Passive seismic
methods

Enhance staff have experience from the IEA
Weyburn project which suggests that seismic
alone could not provide definitive CO2 plume
tracking and was best combined with
reservoir simulation to constrain the
interpretation provided by both methods.
The other techniques available at Clive negate|
the need for this method which is unlikely to
provide definitive results.

Should loss of containment to a saline aquifer
be suspected, 2D or 3D seismic could be shot;
the density difference of CO2 vs. salt water in
an aquifer should be easily detectable just as
seismic is used in exploration to identify gas
accumulations.

Gravity methods Gravity field or gradient
-direct field measurement |measurement tools.
-gradient measurement




Electrical methods
-resistance tomography
-electromagnetic
tomography
-controlled source EM
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