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* Analogues “'f— e I e
= CO, EOR (Enhanced Oil Recovery) k- -
= Unconventionals (shale gas)

= Geothermal & EGS (Enhanced
Geothermal Systems)

= Dedicated CO, storage
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« Co-benefits and collocation opportunities

Source: PNNL

« Optimization challenges & opportunities
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ENHANCED OIL RECOVERY
Source: Global CCS Institute
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» Adapt Operational Knowledge Cozrehicton ges

Wellhead Jises

» O&G: Unconventionals, EOR, Gas Storage T
= Geothermal & EGS: Hard Rock Dirilling S g
= CO,: Predictive modeling VN

 Informed Monitoring
= Characterization & modeling

= Defining the reservoir zone: capacity T \
. - . . . Wellbore Construction
= Build on traditional monitoring techniques: Concidasan st

tracers, seismicity, pressure, etc.,

High temperature

e RegUIatory reqUIrementS Uncertaln % High pressure/compressive

&\ Corrosive chemistries

o 1
Crystalline rock

Surrounding rock
often fractured

Source: DOE GTO
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Optimization opportunities

« Harnessing Geologic Complexity

= Designing a “closed loop” system ToK 1 N~
= Reservoir geometry, heterogeneity, reactivity 5 3002"0 o
= Reservoir integrity g gzég
= Two is better than one 2185 |vegel |2
* Operational efficiencies %gb;%% o f
= Field Development and Well Spacing: 3 gmogg? Q cd
v"Maximize thermosiphon effect, reduce pumping - %}%&"E Qo ° N
v Minimize water influx and thermal depletion bcc’j% é \J

v"Maximize CO, flowrates

Increasing CO, flow —
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» Pressure Management: Water conservation,
beneficial re-use

Slug Flow Churn Flow | Annular Flow

Bubble Flow

Source: Modified from Ezekiel et. al., 2022




s

Pacific

Northwest ~ Key Takeaways

AAAAAAAAAAAAAAAAAA

* This is an optimization challenge

« We know how to move fluids in the subsurface

* Dynamic pressure and thermal environment

« Regulatory environment: Dedicated storage? Geothermal?

« There is no free lunch, but there seems to be an opportunity to co-optimize
storage and energy generation, resulting in increased ROI

= Techno-economics: how many wells to generate economic power? What about CO,
capture?
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