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Disclaimer: &

This presentation is based upon work supported by the Department of
Energy and was prepared as an account of work sponsored by an agency
of the United States Government. Neither the United States Government
nor any agency thereof, nor any of their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein do
not necessarily state or reflect those of the United States Government or
any agency thereof.
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Subsea deep saline storage:

» Adds storage resource for the US

» Reduces multiple risks of onshore storage
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Global distribution of Offshore Storage Prospects

Image made
by Tip Meckel
using data
from Laske,
Gabi and
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Unigue Opportunities and Risks In the
Gulf Coast

The problem and the opportunity:
Numerous sources of CO, in high concentrations are co-
located on thick sedimentary rocks
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Ready for investment in US?

' Operational
'Advanced Planning

' Planning
. @ Tomakomai Project |
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Geologic storage has intrinsically
low risk of leakage

— Layered sedimentary rocks limit vertical flow

— Capillary trapping in the pore system limits migration

— Dissolution of CO, into brine and sorption and reaction limit transport
— Hydrocarbons provide strong evidence of trapping

— Wells are designed to limit migration

— Permitting processes have been shown to be effective in injecting fluids
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However...

— Injection volumes are large and injection rates are high
— CO, Is buoyant

— Geologic environments are complex and uncertainty
cannot be completely eliminated

— Monitoring can be designed to reduce post-site
selection / permitting uncertainty
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Key monitoring tools

» 4-D (time lapse) seismic for imaging
» Gravity surveys to detect density change

» Selsmic sensors to detect natural or
Induced seismicity

» Advanced environmental tools
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Monitoring approaches

» Conformance monitoring — fluid flow
history match

» Containment monitoring — no out-of-zone
migration

» Assurance monitoring — no harm is being
done @
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Linking risk assessment with

Risk Assessment method
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Process of designing and
selecting monitoring can
be complex, conducted
without documented
process, non-linear and
therefore difficult to
duplicate or justify
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Proposed method for matching
monitoring to risk

» using an ALPMI* process

Assessment of Low Probability Material Impact
(ALPMI)

— Part 1: Describe material impact*
guantitatively

— Part 2: Sensitivity of monitoring
strategy to material impact*

— Examples of optimizing leakage detection

29525-Monitoring Offshore Hovorka/Trevifio * Defined next slides



ALPMI Part 1: Quantify possible
unacceptable outcomes “Material
Impacts”

» Increase recognition of project success and lower
cost of monitoring by describing material impact in
guantitative terms

— “Material impact” specifies what is considered
“failure” or “unacceptable” to key stakeholders

— Replace generalities: “safe” “effective”

— Specify magnitude: frequency, duration,
probability of material impact
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Experiments: Long term plume stabilization
Wrong imbibition curve: plume migrates too far

Tank model
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ALPMI Part 2: Assess sensitivity of
monitoring strategy to material impact

» Essential to forward model impact
1. Create material impact scenarios

e.g. for CO, leakage or change in pore pressure that
would increase seismic risk

2. Evaluate sensitivity of instruments, spacing, frequency of
data collection, other statistical measures against scenarios
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Example of ALPMI approach to
plume migration

Predicted plume Measured plume
footprint year 5 of  footprint year 5 of
>5% CO, saturation  >5% CO, saturation
in zone in zone

Match to model OK or not OK?
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Example of ALPMI approach to
plume migration

1) Stakeholder — _

defined boundary 2) M.odeled plrme evolution ZY|ALZM|I process Match
between 5 year plume Stabilized plume measured
acceptable and plume to

N-S preferred

unacceptable
flow

extent of >5%
saturation plume
at stabilization

model shows
not OK

E_W —————— ‘m

preferred
\ expected “------"7T flow
migration
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Thank you!

More Information:
www.gulfcoastcarbon.org
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