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MiReCOL Introduction

* Intended for CO, storage

operators regulators

* Provides RISK-BASED analyses of

mitigation and remediation technigques
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MiReCOL Introduction

* On the bow-tie diagram

Barrier |

After detection

of significant
Irregularity

Causes Consequences
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Explanation

* Two aspects of the
web app

Handbook
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Explanation

* Tool

input: Site or well
characteristics
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Explanation

* Tool

tpu
Information on

mitigation and
remediation
techniques
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First Technique (shown in orange) Likelihood of success

Flow diversion to nearby compartn B

Overall Score: [sW4

Longevity Spatial extent
Second Technique (shown in blue)
"
Accelerating convective mixing usi B :':-_4
.
Overall Score: K-}
Response time Cost

Appropriate Methods

Flow diversion to nearby compartment

Output
Likelihood of success
Spatial extent

Cost

Response time

Longevity of remediation

MiReCOL Reports

D03.1 - Current flow diversion techniques relevant to CO2 leakage remediation
D03.2 - Adaption of injection strategy as flow diversion option

Water injection and production
Polymer-gel remediation

Foam generation and transport

**These results are from the scientific werk conducted within the MiReCOL project and not specifically for the site that was input.
What this does try to provide is the nearest scientific scenario to the site that was input.**

Estimated Value
50 %
Unavailable
Unavailable

0.28 months

Infinite
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Explanation

e Handbook

Remediation Techniques MIReCOL Reports.

Operator or regulator can
view

MiIReCOL report

and
remediation

echnique
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- Information -

Polymer resin for squeezing

Flow diversion to nearby
‘compartment

‘Water injection and
production

Immobilization of CO2 in
solid reaction products

Polymer-gel remediation

Foam generation and
transport

Accelerating convective
mixing using NPs.

Foam generation and transport

Overview

The tlanspnnat\on of foam to the Ieakage site was |nve5ngaled using simulation models. The mOD\th reduction
factor of the foam was used to block CO2 from \eakmg out of a pmm leak.

Method

A simple box model was created in Eclipse using properties similar to the depleted gas field P18-4 located in
the dutch sector of the North Sea. This model was then used to test the sensitivity of various parameters of the
COz2 storage. The simulation first depletes the gas reservoir, then CO2 s injected for some time, a leak is then
introduced into the reservoir and it is assumed that the CO2 leak is not discovered for 2 years, at which point
foam is injected to attempt to rememdiate the leak.

Materials and Costs

A surfactant to generate foam; A lighter gas inorder to create a light foam

Associated Risks and Impacts

Potential of further fracturing the reservoir due to the viscosity of the foam; leakage of the foam; Early
Production of the foam and not having it transported to the leak; large mobility reduction too soon and not
being able to transport the foam to the leak

Application Areas

Iy olufion nearwell hare leakane leakane with 2 high direct nath 1o fhe lealc cite
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Demonstration
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Purpose of the Tool

“The results will be published both as handbook and as an
Interactive web-based tool, to

INform
both

storage project operators and

competent authorities
on the
options available for remediation and
mitigation.”

* Mitigation and
I Remediation of
C0, Leakage




Height (cm)

Purpose of the Tool

* Translate

Likelihood of success

First Technique (shown in crange)

H H : : H : Flow diversion to nearby compartn E|
3 L i it i i 1

0 01 02 03 04 05 06 07 08 09 1
Water Saturation Sw

Overall Score: [sWi s

Longevity Spatial extent
Second Technique (shown in blue)

-
Accelerating convective mixing usi E| T.
Overall Score: [N}

Response time Cost
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Purpose of the Tool

* How Is this done?

— Scientists generate various
scenarios of sites for their
technique

— For those scenarios, the
scientist provides 5 outputs -

— The tool displays the closest
match, along with an
uncertainty value

* X %
. Mitiqation and * *
Mitigation and
MiReCOL i+ * %
Leakag 0 *
L ¢

. Likelihood of success

. Spatial extent of

remediation

. Economic cost

. Response time of

remediation

. Longevity of

remediation




End Use of the Web App

* Operators

Corrective
measures plan

Options
available
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End Use of the Web App

* Regulators and authorities

Options
available

Implications of
remediation
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Next Steps

Upload other remediation
techniques to the tool and
handbook

Continue gathering ideas on
functionality and use of the tool

Technique A: Risk Matrix

Include capability of the operator
to investigate the different
scientific scenarios

Probability

Plot of overall risk reduction
expected per technique —

** & **
- Mitigation and
11/05/2016  MiReCOL " ..
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Risk
reduction

unmitigated

mitigated

Severity
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Conclusions

Compilation of old and new remedial measures
— Note: does not replace contingency plan

Tool allows interactive comparison of remediation
techniques
— Based on scientific studies/simulations

Handbook serves as a reference for
— Operators

— Regulators

— Public

Step to ensure safe storage and understand risks

* Mitigation and
I Remediation of
C0, Leakage




Thank you for your attention!
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Backend of the tool
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How the tool works

e ] ! ! and determine output for h
Scientists decide all site scenarios . p =at
site scenario

Web tool finds closest site
scenario to the operator input
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How the tool works

Technique Technique Technique
1 2

Scientists generate many scenarios of different site
characteristics

Set of Set of Set of
scenarios scenarios scenarios
from from from
Technique 1 Technique 2 Technique ...

Each scenario from each technique is compared with

Closest match for
Operator site each technique is

characteristics selected
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How the tool works

Technique 1: Inputs from the scientist
I W R Y T TR
Temperature
Porosity 0.1% 0.1% 0.25 %
CO, present 5MT 6 MT 10 MT
T N Closest
emperature scenario Outputs
Porosity 0.1% — 01% —> for
CO, present 7 MT 6 MT Scenario 2

REPEAT THIS PROCESS FOR THE OTHER TECHNIQUES

* X %

13/04/2016  MiReCOL ik . .
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How the tool works

* How is the closest scientific scenario selected?
— Gower similarity

Non-
numeric
data

Numeric
data

How close

. Yes or no value
numerically

Can weight the different parameters
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Filling the tool with scientist input

We will now ask the scientists for 4 things:

— 1. List of key parameters

— 2. List of possible ranges for key parameters

— 3. List of scenarios

— 4, Qutputs for each scenario

*****
. Mitigation and
13/04/2016 MIiReCOL it . /25
* p Kk



Filling the tool with scientist input

1. List of key parameters:
— These are site characteristics that are important/affect the

output of your remediation results

— For example:

* X %
. R * *
Mitigation and
MiReCOL i+ * X
& %
* e *

INPUT INPUT

Key parameters Key parameters
1|Permeability [mD] 1|Temperature (*C)
2 |Leakage Rate [SM3/DAY] 2| Porosity (%)
3 |Dip Angle [*] 3 |Permeabillity (mD)
4|Depth [m] 4|Distance to leak (m)
5/C02 in Place [Mt] o |Leakage rate (ke/s)
6 |Permeability variation coefficient (Dykstra-Parsons) o/Spatial EHE"F leak (m)*
7| Porosity [-] /| Type of reactive substance™*
8| Gas Injection Rate [SM3/DAY] 4
9|Leak Distance From Injection Site [m]
0|Foam Injected [kg]

&




Filling the tool with scientist input

e 2. List of possible ranges for key parameters

— The operator will choose from these options

— Also want to know the center value of these ranges

— For example:

|

!

|

Key parameters bin 1 bin 2 bin 3 bin 4
1| Permeability [mD] 0-10 11-29 30-70 71-329
2 |Leakage Rate [SM3/DAY] 1-50 51-149 150-250
3|Dip Angle [*] 1-1 2-7 8-12
4| Depth [m] 1500-2500 2501-3500 3501-4500
5|C02 in Place [Mt] 10-20 30-50 50-70
6| Permeability variation coefficient (Dyks|0-0.025 0.026-0.06 .06-.1
7|Porosity [-] 0.01-0.09 0.1-0.2 0.21-0.29
8|Gas Injection Rate [SM3/DAY] 50000-150000 150000-250000 250000-350000
9| Leak Distance From Injection Site [m] |0-50 50-100 100-250 250-500
O|Foam Injected [kg] 100000-200000 200000-300000 300000-400000 400000-500000
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Filling the tool with scientist input

3. List of scenarios

— One scenario is a set of values for each key parameter
— Scientist varies the key parameters to span the realistic

possibilities

— For example:

| |

b4

INPUT Scenarios

Key parameters 2
1|Permeability [mD] 20 20 20 20 20
2 |Leakage Rate [SM3/DAY] 100 100 100 100 100
3| Dip Angle [#] 5 5 5 5 5
4|Depth [m] 3000 3000 3000 3000 3000
5|/CO2 in Place [Mt] 10 10 10 10 10
6| Permeability variation coefficient (Dykstra-Parsons) 1 1 1 1 1
7 |Porosity [-] 0.15 0.15 0.15 0.15 0.15
8|Gas Injection Rate [SM3/DAY] 100000 100000 100000 100000 200000
9|Leak Distance From Injection Site [m] 375 375 375 375 375
0|Foam Injected [kg] 310000 150000 250000 450000 310000

[

** & **
- Mitigation and
13/04/2016 MiReQOL i1~ .
* p Kk
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Filling the tool with scientist input

* 4, Qutputs for each scenario
1) Likelihood of success

— For example:

13/04/2016 MiReQOL i+

2) Spatial extent of

remediation
3) Economic cost

4) Response time
of remediation

5) Longevity of
remediation

INPUT Scenarios
Key parameters 1 2 3 4
1|Permeability [mD] 20 20 20 20
2|Leakage Rate [SM3/DAY] 100 100 100 100
3|Dip Angle [*] 5 5 5 5
4|Depth [m] 3000 3000 3000 3000
5|CO2 in Place [Mt] 10 10 10 10
6|Permeability variation coefficient (Dykstra-Parsons) 1 1 1 1
7| Porosity [-] 0.15 0.15 0.15 0.15
8|Gas Injection Rate [SM3/DAY] 100000 100000 100000 100000
9|Leak Distance From Injection Site [m] 375 375 375 375
10|Foam Injected [kg] 310000 150000 250000 450000
OUTPUT (as best as you can estimate) for the operator
likelihood of success
[%] 3 4 3 3
spatial extent of remediation
(km) 0.375 0.375 0.375 0.375
economic cost of remediation (€)
OR list of materials required 37372000 35772000 36058000 37344000
response time of remediation
(months) 48 48 47 46
longevity of remediation
(months) 2.76 1.33 222 4.00
/29




Handbook part of the tool

] MiReCOL il
* Part of MiReCOL web app

B Handbook
* Descriptions of remediation _.... . -

Fle Edit View Window Help

techniques (after MiReCOL | == =l smmmal o

[L] | Bookmarks HE -

® .
reports; TNO action)
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Handbook part of the tool

 Format for web app

St About  #Input ~ ElHandbook

— Overview

— Method

— Materials and costs
— Associated risks and impacts

— Application areas

flow diversion pol gel to d lly reduce the of the fault.

Brine/water injection as Method

L] "
C a S e St u d I e S hetEin 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
— References

Polymer-gel remediation

zation of CO2 in
ction products

more sealant as we can on a surface as wide as possible. Faults and fractures are surrounded by a
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.

Materials and Costs

Low viscosity polymers

CO2 back-production

Diinatwategvihdrawal;as Associated Risks and Impacts
pressure management and
flow d

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
feasibility is considered in the current study: the cost associated with this mitigation method could be high.
but have not been assessed in this study.

Application Areas

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
common solution adopted in these situations is perhaps to relief the pressure in the CO2 storage formation
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

L02.reactive qisnonsions Lo Stidli
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