%%’

The importance of a realistic leakage
evaluation to support public awareness and
acceptance for carbon capture and storage
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Lake Nyos @~ SeoEneray

Greenpeace, 2008: “As long as CO2 1s in geological sites, there 1s a risk of leakage....Continuous leakage, even
at rates as low as 1%, could negate climate mitigation efforts....A natural example of the danger of COZ2 leakage
occurred at Lake Nyos, Cameroon in 1986. Following a volcanic eruption, large quantities of CO2 that had
accumulated on the bottom of the lake were suddenly release, killing 1700 people and thousands of cattle...

Limnic Eruption at Lake Nyos - Cameroon
21 August 1986 (Unkown Trigger)
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TV shows @~ GeoEneray
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Geological CO2 Leakage

Localised

Shallow aquifer

> 800m
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Define the storage complex

» Primary/secondary seals
Faults/fractures
» Seismic/sub-seismic?

Advective/diffusive flow in
matrix

» Slow, irrelevant?
Geochemical reactions?

» Diffusion-driven; very slow?

Induced seismicity
» Stay away from faults

» Manage pressures



Diffusive flow through matrix @lé 8?8589"93’

» Diffusion occurs over geological time scales and is further
reduced by geochemical reactions in the caprock
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Advective flow through matrix @= gfgfgergy

» Onset of capillary leakage at gas column heights >100 m
» Gas flow occurs at low saturations resulting in low rates.
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Pressure evolution in saline aquifers @E Group
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Pressure evolution in depleted resetrvoirs @= gsgggergy
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Fault/Fracture leakage
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GeoEnergy

Wortkflow to assess fault leakage potential = Group

“' Experimentation and numerical
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GeoEnergy

Can we utilise the subsurface safely? @E Group

® What leakage mechanisms are relevant?
» Wells — but localised!
» Faults and Fracture Networks 2 subject to future research
» (Induced Seismicity = major area of research)
» Capillary Leakage, only when seal of limited thickness and high permeability

» Diffusive Leakage only over geol. time scales

® Reservoir geology is key: Know your playground, aquifer dynamics, regional seal
distribution and thickness

® Standard and updated industry practice and risk assessment, especially when
storage in depleted reservoirs

® Support by academia 1s key to better understand the unknown for every specific
case study
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What is happening in the shallow overburden? @E GeoEnergy

wellbore
-
leakage

undisturbed
caprock ~

>800m/| \depth

storage reservoir

dmmm=  aquifer flow direction
<+—— advection/capillary trapping

diffusion

leakage to
sea bottom

Py advective/diffusive
[ ] leakage along a fault

. soft sediment
~ fluid migration

dissolution/
" dissipation

. fault/fracture
flow

Group

® Need for targeted
monitoring systems
focusing on the reservoir,
top of caprock and
shallow subsurface

® Need for case-specific,

(semi)-quantitative risk
assessment to identify
key threats and barriers
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Time, rates and depth matters @E gsgfgergy

® Understand geological versus engineered time scales!

»In CCS we care about short times scales (thousand’s of years)
compared to natural fluid flow occurring over millions of years

® COZ2 stores are at large depth and overlain by hundreds of meters of
sediments!

® If leakage occurs, what rates are acceptable
» For regulators?: any!
» For public?: do we know or is the topic too complex?

» For environment?: do we know or is the topic too complex?
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MANY THANKS!
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Bowtie RA: Fracture/fault leakage
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Leakage via existing

-

-

fault or fracture

network
Well positioning: Wells

positioned away from
existing faults and
fractures

ENG Physical Barrier
- Engineering

Geological Properties:
Physical extent of
existing fault/fracture
network to provide a
pathway out of the
storage complex

Geological Properties:
Geological properties

-

-

of existing faults and

fractures act to limit
vertical flow up

towards the surface

eological properties:
Storage complex
ssure is initially sub
drostatic; pressure-
driven flow is
restricted

EO Physical Barrier

GEO Physical Barrier
- Geological

GEO Physical Barrier
- Geological

- Geological

Monitoring:
Geophysical
monitoring during
injection checks that
CO2 plume size and
behaviour is as
expected. Intervention
if necessary to stop or
alter injection pattern

™

Stress, reactivity, ]
clay swelling effects
on existing faults /
fracture networks

DETECT project

-

Work packages 2.1,
2.2, 2.3 assess the
effect of these
mechanisms - see

daughter bowtie

Barrier - Monitoring

I MON Operational

GeoEnergy
Group

Release from
primary storage
unit
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Reservoir pressure changes

WP2.1 Initial and
dynamic pressure
effects on existing
fracture network

™

Leakage via
existing fracture
network

GeoEnergy

= Group
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Geological
Properties:
Geological
properties of
existing faults and
fractures act to limit
vertical flow up
towards the surface
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Fracture roughness

Young's Modulus

MEA Measurable

MEA Measurable

DETECT project

Shear Modulus -
ratio of Young's
Modulus to
Poisson's Ratio
(hence linked to
those barriers)

Poisson's Ratio
(also depends on
Young's Modulus)

Initial effective
stress

MEA Measurable

MEA Measurable

Change in pressure
of underlying
reservoir due to
injection

MEA Measurable

CO2 flows
along fracture
network
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Geochemical effects
H

Leakage via
existing fracture H
CO2 in storage I

network
Geological
Properties:

Geological \
properties of \\‘
existing faults and
fractures act to limit
vertical flow up
towards the surface

CO2 flows
along fracture

™ ™
network

WP2.2 Reactive H H
effects on existing
fracture network - H H H H
deposition Presence of calcite, Mineralogy of the Residence time of | [CO2 solubility in the
dolomite and/or top-seal - calcite, brine in the fracture | | reservoir brine and
anhydrite/gypsum dolomite and/or network (model pressure/
in the reservoir anhydrite/gypsum output) temperature of the
MEA Measurable content and Cat'(_)n MOD Modellable reservoir
exchange capacity MOD Modellable
MEA Measurable

" " "
N

WP2.2 Reactive H
effects on existing
fracture network - H H H
dissolution Presence of calcite, Mineralogy of the Residence time of | [CO2 solubility in the
dolomite and/or top-seal - calcite, brine in the fracture | | reservoir brine and
anhydrite/gypsum dolomite and/or network (model pressure/
J in the reservoir anhydrite/gypsum output) temperature of the
MEA Measurable content and cation MOD Modellable reservoir
exchange capacity MOD Modeliable
MEA Measurable
18

DETECT project



