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MiReCOL ;i
Currently available techniques

=» Existing techniques

=» Pressure management =
suspend injection

-»Back production of CO,
-» Well remediation techniques

I—) Co,
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MiReCOL. -
MiReCOL objective

=» To develop a toolbox of techniques to mitigate / remediate
undesired migration or leakage of CO,

=» Support the definition of corrective measures plans
-»Help building confidence in deep subsurface storage of CO,

CO2 Injection Well

Groundwater Groundwater
Quality Changes _  _ Wells

Drinking Water
Aquifer

Berkeley Lab
Earth Sciences
Division

Injection of
Supercritical CO»2
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Mitigation / remediation techniques

considered
> Reservoir ) Wells
» Pressure control, flow » Injection of sealants
diversion » Injection of reactive
» Back production suspension
» CO, immobilisation (gels, > Smart cement

foams)
> Nitrogen injection

» Nanoparticles ) Field tests

» Back production
» Ketzin — 2014
» K-12b — 2014
» BecCej: injection of reactive

> Faults

» *‘Managing’ faults
ot » Immobilising flow: gels,
Ho2 foams

GeoNet ) Creating fracture networks materials
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Installations at Ketzin (Germany)
For back-production test.

I
Example: back production
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producing injected CO, as corrective measure

Gas back production data at K12-B.

Data used to assess feasibility of back-

Data to be used to asses feasibility
Of back producmg stored CO.,.

Picture courtesy T. Kollersberger, GFZ
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MiReCOL 725" Example: flow diversion

CO,; injection

Side view

Horizontal well
100m

Top view

Hydraulicfracture

Fault plane

Horizontal
well

fracture
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MiReCOL
Example: foam injection

\\ Leaky fault Rescue well
\\ (or existing well)
\\ Injection well for injection of
Caprock A\ surfactant/polymers/gels
\\\\
\s
A\ —r \ caprock
\ \
\\\ \\\\
N - =
g . CO2 leaking through fracturegin the caprock
B Zone influenced
~~._ bythefoam
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MiReCOL i
Project approach

=» Central concept is risk level

=» Merit of mitigation or remediation technique is obtained by
establishing overall risk level before and after deployment of
the technique

=» Unmitigated risk (i.e., threat or leak has occurred, but no action

is taken)

-» Mitigated risk (i.e., residual risk of threat or leak after deployment
of mitigation or remediation technique, plus the impact of the
deployment of the technique on the risk level of the storage site)

=» A mitigating or remediating action should be taken only when

/C*,;-,-, the mitigated risk is lower than the unmitigated risk
GeoNet
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Project approach

-» Site specificity vs general guidelines

=2 In reality, the details of threats to safe and secure storage,
and of leakage events are strongly site specific, and so are
the options to mitigate or remediate

=» The project will study mitigation and remediation techniques
on a range of real or realistic storage complexes, to derive a
range of site-specific results, from which more general
conclusions will be drawn

Gels and Foams

5 *rky
b .'
Fop ¥ 2

GeoNet|
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Results of the project:
Corrective measures handboo

-2 "Handbook” of
remediation and
mitigation options that
can be applied in the deep
subsurface.

Polymer-gel remediation
Flow diversion to nearby

» Handbook to inform

About  #Input  IHandbook

B Handbook

Gel and foam injection as This study focuses on solutions to mitigate CO2 migration through naturally occurring faults, using a

flow diversion polymer-gel to drastically reduce the permeability of the fault
operators, regulators, i i

diversion

- Our idea is to create and use hydro-fractures to transport the sealant gel to the leaky fault to mitigate or

; " remediate the CO2 leakage.We want to reach a leaking fault (or fracture) in the reservoir and spread as
p ub /I C Imenobyzation of OOZ In more sealant as we can on a surface as wide as possible. Faults and fractures are surrounded by a

304 reaction producty; damaged zone with permeability much higher than the reservoir (up to 10 times higher) and we can use this

higher permeability to spread the sealant polymer on a wider surface
Impact of hysteresis on

-) R eS UItS in han dbOOk e Materials and Costs

CO2 back-production Low viscosity polymers.
I
based on MiReCOL
pre: management and
flow diversion Current results shows that it may be technically feasible (with proper choices of polymer-gel and treatment)

- " to mitigate CO2 leakage through a leaking fault. However, it should be emphasized that only technical
I , ’ O de //I ’ ' O ’ ’ a Va ’ Ie t Modifying the stress field to feasibility is considered in the current study. the cost associated with this mitigation method could be high,
decrease leakage rate but have not been assessed in this study.

Application Areas

-1 Diversion of CO2 to nearby
O Sce‘ J a rl OS/ O resenvoir In the WP6 we are not interested in migration of CO2 through leaking wells, but in other problematic cases

& for example through caprock failings or leaking faults and fractures or high permeability areas. The most
Polymer-gel remediation common solution adopted in these situations is perhaps to relief the pressure in the CO2 storage formation

-
I//us tra te Va /ue O f Decreasing the pressure in the formation by dissolving CO2 or stopping the injection of CO2, can be a
Foam generation successful technique to reduce the leakage or the avoid that the CO2 reaches potentially dangerous area
like faults or highly permeable layers. In some cases this system might not be enough to prevent leakage
Hydraulic barrier and other approaches, such as drilling new injection wells have to be contemplate

remediation & p——

.y : ; Example of web-based
GeoNet mitigation options Handbook
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Corrective measures Tool

=2 Web-based tool: MiReCOL i1 oo | £t | s
suggests suitability of
remediation and MiReCOL i
mitigation options for a
spec!f!c site and a = Output
specific leakage

Based on your input, the results below are estimates for each mitigation technique considered

scena ri (o) in the MiReCOL project.

=» Tool informs
operators, regulators | i

Select two techniques from the dropdown menus to compare. The radar chart displays the performance of the two techniques according to the
criteria shown.

-) Pro Vides first_ Order Fif: ITEC:l;ique ( E' Likelihood of success

assessment Of e
options available to
operator to
remediate or

, : mitigate undesired

/ ' C f:"' 7 migration in or Thssdot e bean nolzed ns o g s 0 o sy ampars h s

o 2
GeoNet /eakage from Example of input & output from web-based MiReCOL
Stor'age Comp/ex corrective measures tool
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MiReCOL. -
Results of the project

Similarity

-
=)
) P rOJ e Ct sta rte d M a rC h The similarity plot displays the similarity between the operator's input and the closest scientific input for that mitigation technique. This is not a display of the

appropriateness of the mitigation technique.
e based on the

1 1 80 “These data ar
n O W S a r I n g I n a Gower similarity coefficient and
’ - has been adjusted to a 100-point
scale (Gower, J.C., 1971 A

year P e
=» Formulate guidelines
for mitigation /
remediation measures e

Gel and foam injection as flow diversion

=» Construct tool, write

Likelihood of success 70%

H n d b k Spatial extent 2km

a O O Cost €100000
Response time 2 months
Longevity of remediation Infinite

» Gasshova — CO2Geonet ——
WO rksh op’ W e d n e S d ay Immobilization of CO2 in solid reaction products

=» Two technical papers

> Detailed presentation of e —
Tool - discussion!

Foam injection

Example of output from web-based MiReCOL
corrective measures tool
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MItigation and Remediation of
CO, Leakage

This presentation is part of a project (MiReCOL) that has received
funding by the European Union’s FP7 Research and Innovation
Programme under grant agreement number 608608.

Coordinator filip.neele@tno.nl
WWW.Mmirecol-co2.eu
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