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Sustainable use of the subsurface

now and in the future

> Important role for the subsurface
From production to storage

— Gas production
= 1/3 of current energy consumption
= Production in NL before import

— Gas storage Aquifers: H,,
CH,, and CO,
- GeOtheI"ma| energy storage

— Salt production and storage
= Raw material

- Strategic independence Ol and gas
. . .y- deposits: H,, CH,;
- Reliable availability and CO, storage .
= Hydrogen storage iy \ Salts deposits: H,

ey d CH
- Energy transition and EHastorage

- CO, storage

Source Al-Shafi et al., https://doi.org/10.1016/j.egyr.2023.05.236
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Presenter Notes
Presentation Notes
Subsurface is important now but also during and after energy transition. 
Focus on production of gas and salt from the subsurface to energy storage and heat production
Gas production in NL before import:
	CO2 emissions (import: 5 x more)
	Security of energy supply 
	Strategic autonomy
	Employment




Risk in the Energy Transition

Responsible
p]

Assessment and
uncertainty
3.
. 1. Help innovation
Define the level of and
. safety knowledge
The pOI |Cy and health enhancement

Balanced
approach
to risks

principles

Expeditious

6. 4.

Combining Learning from
Public interests incidents

5.
Dialogue
and open

commuhnication
Interconnected

*source: Letter to Parliament, November 4th 2022 Dealing responsible with safety and health in the energy transition (Dutch: verantwoord omgaan met veiligheid en
gezondheid in de energietransitie)
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Presentation Notes
Define a level for safety and health in advance, consider with standards or norms. Energy transition activities must adhere to the same (high) standard as activities with fossil energy.
Analyze risks carefully and realistically. Use quantitative methods where possible and use (semi)qualitatively methods where necessary. Accept that uncertainty is part of risks, and deal with the uncertainties of the energy transition. The precautionary principles is used when there is uncertainty about the nature and extent of the risk.
Industry and government enhance practical and scientific knowledge and apply new insights alertly. Room for responsible experimentations. 
Government encourages responsible parties to draw the right lessons from serious incidents and accidents, and considers if changes in policy, regulation or supervision could be a meaningful addition. No over-reactions or under-reactions.
Information provision and dialogue about the importance and the risks of the transition are open, understandable and timely and consider the context and perceptions of the residual risks
Government cooperates purposefully in the energy transition so that the different public interests are mutually reinforcing and do not get in each other’s way. Unintended bottlenecks because of existing regulation will be solved.
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Policy principle 1 & 2: Responsible

The new energy system is equally safe and healthy as the current

1. High level of safety and health

= Define safety norms (LPR 10-2) _
= The residual risk is acceptable oEhent

3

= Transition period for new activities 1 Help innovation

Define the level of and

safety knowledge
and health enhancement

2. Risk assessment and uncertainty

= Uncertainty as part of risk Combining TP -
. . . . Public interests incidents
= Quantitative methods versus qualitative methods .
. Dialc;gue
= Precaution and open

communication

= Monitoring and progressive insight > knowledge increases ->
incorporation in policy

March 2025, Schatzalp seismicity workshop
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Presentation Notes
1. Define a level for safety and health in advance, consider with standards or norms. Energy transition activities must adhere to the same (high) standard as activities with fossil energy.
2. Analyze risks carefully and realistically. Use quantitative methods where possible and use (semi)qualitatively methods where necessary. Accept that uncertainty is part of risks, and deal with the uncertainties of the energy transition. The precautionary principles is used when there is uncertainty about the nature and extent of the risk.
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Policy principle 3 and 4: Expeditious

Room for experimentation, learning from incidents, apply new insights

3. Help innovation and knowledge enhancement
= Guidelines (if policy or regulation is missing)

2

= Room for innovation (allow pilots under certain conditions) e

= Monitoring (to reduce uncertainty) 1. Help innovation
. . Define the level of and

= Knowledge increase, knowledge sharing, knowledge programs safety knowledge

and health

CHLEL T G

4. Drawing lessons from incidents

= Incidents are inevitable and damage needs to be compensated 6. a.
. . Combining Learning from
= Lessons learned - reduce probability of resurrence, possible Public interests et
reduction of effects .
= Not emotions but facts as basis for lessons and improvements and open

communication

= Open sharing of information (by everyone)
= Process improvements in risk assessment methodologies



Presenter Notes
Presentation Notes
3. Industry and government enhance practical and scientific knowledge and apply new insights alertly. Room for responsible experimentations.
4. Government encourages responsible parties to draw the right lessons from serious incidents and accidents, and considers if changes in policy, regulation or supervision could be a meaningful addition. No over-reactions or under-reactions.

Damage compensated: agreements made before start of the project
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Policy principle 5 & 6: Interconnected
Act as one government and in connection with society

5. Dialogue and open communication
= Active, open and transparent

2

= Balanced: societal importance, risks and downsides e

= In context: in comparison to other risks (natural gas) 1. Help innovation
Define the level of and

= Considerations: perceptions and acceptance of risk and et knowledge

CHLEL T G

= Perspective for actions (e.g. joint fact finding)

6. Combininq DU inC intereStS P(l:;:limgu;mgt Lea::‘::‘l:g::gm
= If necessary, solve bottle necks s,
= Broad consideration of gublic interests of energy o:,.fk‘,’%{o
(clean, affordable, reliable, safe, etc.)

= Collaboration on all levels (national — regional - local)
= Evaluation of the policy principles
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Presentation Notes
5. Information provision and dialogue about the importance and the risks of the transition are open, understandable and timely and consider the context and perceptions of the residual risks.
6.Government cooperates purposefully in the energy transition so that the different public interests are mutually reinforcing and do not get in each other’s way. Unintended bottlenecks because of existing regulation will be solved.




Seismic risk policy

Risk policy principles
1. Define the level of safety and health
2. Assessment and uncertainty

3. Innovation and knowledge
enhancement

4. Drawing lessons from incidents
5. Open communication

6. Combining ambitions

Actions
1. LPR<10->
« how to define the norm for activities
with little/no induced seismicity?
2. Reduce uncertainties

3. Research programs, independent research

4. Parliamentary inquiry Groningen gas
production

5. Open accessible data, open accessible
knowledge

6. Seismicity risks due to different activities are
dealt with in a similar matter



Uncertainty*

* In seismic risk analysis

> Limited data availability

o _ Focused in

3-D insight in the deep subsurface areas of oil
Seismicity d and gas

eismicity data coverage production

> Deep subsurface

Presence of faults
Characteristics of layering

Stress conditions in subsurface
=  Stress changes due to activities

Data example

Moderate G

Seismic risk analysi

>

Descriptiols a1l numt

Relation bet
seismicity

since 1991)

— Physical modelling => m

events, pre
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Source: seismic hazard and risk assessment, report TNO and EBN, November 16th 2023
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Presentation Notes
Presence of faults and characteristics of layering => 1st figure
Stress conditions=: figure NL with gas fields and influence zones where stress may be altered from the initial conditions
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Decreasing uncertainty by
increasing seismic data
coverage

scany

Filling in the blanks:

-  New 2D seismic lines

- Reprocessing old
seismic data

- Research wells

Ity

Source: SCAN

Dusseldorf

*
Cologne

10



Decreasing uncertainty
by research

KEMprogramma.nl

GeoKennisNL

DeepNL ©

NWO

N _
i2) llydrogen 1CP

Task 42 underground hydrogen storage

-y il
LS

—

Mining activity versus H&R type

Seismic hazards and
risks

Subsidence hazards and
risks

Environmental
hazards and risks

Oil and gas reservoir production

Groningen

KEM-02, KEM-04, KEM-
05, KEM-08, KEM-09,
KEM-14, KEM-19a, KEM-
19b, KEM-24a, KEM-24b,
KEM-34, KEM-36

Small gas fields

KEM-07

Oil fields

Underground storage in porous reservoirs

Methane cyclic storage

KEM-01, KEM-48

Hydrogen cyclic storage

KEM-39

Production water injection

KEM-24a

CO2 storage

KEM-27, KEM-39

Geothermal reservoir energy production

Conventional doublet systems

Enhanced Geoth. Systems
(EGS)

Salt cavern development and production

Shallow caverns (<750m)

Deep Caverns (>750m)

Methane cyclic storage

Oil strategic storage

Underground storage in caverns Hydrogen cyclic storage KEM-28
Nitrogen cyclic storage
Compressed Air
Wells KEM-31
Mining infrastructures installations KEM-31
Pipelines KEM-31
Coal mining domains and infrastructure Limburg

KEM-19a, KEM-19b

KEM-16a
KEM-48
KEM-27
KEM-06

KEM-06

KEM-17

KEM-18, KEM-19a,
KEM-19b

KEM-16b

KEM-48

KEM-27

KEM-06, KEM-18
KEM-06

KEM-28

KEM-13, KEM-18,
KEM-28
KEM-33

H&R measures vs H&R type

Seismic risks

Public HRA instruments

Public monitoring systems

KEM-11, KEM-27

Public norms, TL systems and mitigating
actions

|Legend

Subsidence risks

Environmental

risks

KEM-03, KEM-16a, KEM-
16b, KEM-47

3 = medium

1=low

Priorities and KEM research projects
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Not exhaustive!


Seismic risk policy
Risk policy principles
1. Define the level of safety and health

2. Assessment and uncertainty

3. Innovation and knowledge
enhancement

4. Drawing lessons from incidents
5. Open communication

6. Combining ambitions

Ongoing action points
1. LPR<10>
Risk analysis methods are developed and refined

2. Extension of seismic monitoring netwerk,
seismic data coverage

3. Knowledge program effects of mining,
GEOKennisNL

4. Groningen seismicity => learning and drawing
lessons

5. Knowledge is shared (website KEM, DEEP-NL,
nlog.nl EPOS-NL) open publications, source codes,
Geological Survey of the Netherlands (PIO, BRO)

6. Seismicity risks due to different activities are
dealt with in a similar matter



Questions?

March 2025, Schatzalp seismicity workshop
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Safe and responsible use of the subsurface

> Safe:
- Risk analysis => mining law
= Subsidence risk

=  Seismicity risk — Norm LPR < 10-5
= Environmental risk

> Responsible:
— Socially responsible
— Avoid damages occurring
- Importance of the energy transition > Commission Mining Damage
— Strategic independence
— Reliable availability

Intern gebruik
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Presentation Notes
Safe is set in the mining law
Activities should also be responsible. What does this mean? Socially responsible: projects need to take into account their surroundings and the people living in the area
Avoid damages => if damages cannot be avoided they have to be paid for and fixed. Damages due to subsurface activities can be  laid down at CM. CM relieves people from the burden of doing research inidicating whether an activity can be liable for the damage resulting. If damage due to activities cannot be excluded it needs to be fixed and paid for. Importante of energy transition: for the whole of NL. Is this activity important for the energy transition? Strategic independence: if this activity is not perfomed in NL what would be the impact? Can we still guarantee products in NL? reliable availability for raw materials for the industry in NL? Can this be guaranteed?
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Balanced approach to risk

combining perspectives

... similar risks will
not be judged

Government sets
stringent demands
for activities with
renewable energy...

more strictly than
fossil energy
activities

If an activity meets
the government
norm it is safe
enough, residual
risk is admissible ...

) ) ... reduce uncertainty
Risk analysis by enhancing
based on realistic knowledge and
assessments ... applying new

insights alertly

Intern gebruil\ﬂarCh 2025, Schatzalp seismicity workshop

... intention to
further reduce
risks, insofar as
proportionately

possible

Induced seismicity

> Same norm for all subsurface

activities (LPR< 10-)
> Policy will be updated

> Research is needed to:
- enhance knowledge
— reduce uncertainties
— apply new insights

Source: folder dealing with risks in the Dutch energy transition, conference June 27th

15
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Seismic hazard and risk analysis in the
Netherlands for deep subsurface activities

Fully probabilistic, uncertainties treated
within, result is probability with exceedance

Probabilistic: LPR<10> nd risk analysis

Deterministic seismic hazard and risk analysis

Use of conservative estimates to determine
hazard and risk. Uncertainties are hidden.
One answer

2oualIadxa ‘abpajmoud

Use of qualitative measures to approximate
seismic hazard and risk

Qualitative seismic hazard and risk analysis

16
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Presentation Notes
Different types of seismic hazard and risk analysis
Increase with knowledge and experience


Fully probabilistic risk analysis
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10°

10!

10? 103
Aantal gebouwen in GY2023/2024

104

10°

Norm LPR<10->
Different typologies

Number of buildings above
the norm per year

Mining law satisfied

Unanswered: which
buildings?
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Presentation Notes
Result of SHRA Groningen 2023. 


Geothermal heat production Ca

Policy

- Mining law
- Description of the expected ground movement
- If necessary:

- License can be rejected if:

- Lisence holder needs to take all measures that are reasonable to
prevent risk and damage

Intern gebruik

Safety risk => norm for LPR 0-500p
Risk for damages to buildings and infrastructure
Risk of disrupting functionality infrastructure
Measures to prevent surface movement

Measures to prevent or limit damages due to surface
movement

- Unacceptable risks for safety (LPR>10->)
- Unacceptable damage (financial capacity)

Source: seismic hazard and risk assessment, report TNO and EBN, November 16th 2023

“ BODEMENERGIE |

150m
10-15"¢C

PER 100m
+3'C



Public* seismic hazard and risk
analysis Groningen

* https://www.nlog.nl/broncode-groningen-modelketen

Structural Controls
reinforcement

Gas production

Seismological Ground SSM: Moy  GMM: median ¢ GMM: ¢bss DM: Fragilty =~ DM: Consequences
source model motion model

Upper Upper Upper Upper
Ground p=03 p=05 p=0.17 p=025
Seismicity motion P= 007875 Upper-central
. . . ; - . Mmax: 5.5 p=03 Central Central
distribution distribution =T Lower-contral — —
(Hazard) My 5.0
p=0.24375 Lower Lower Lower
Miax: 4.5 P=01 P=05 p=0.17 p-025
p=0.08625
19
Intern gebruiwarCh 2025, Schatzalp seismicity workshop Source: hazard and risk assessment Groningen 2023, report TNO
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Presentation Notes
Public = published SDRA Groningen
3 models
Each model gives input for the next model => model train
Aleatory uncertainties are statistical uncertainties related to the randomness of the system that is being investigated, for example the time and location of earthquakes. Aleatory uncertainties are captured in the TNO Model Chain by probability distributions. Epistemic or model uncertainties are associated with inadequacies of the model, such as simplifications, theoretical assumptions and limitations in the accuracy of data used for calibration of the model. 
To account for epistemic uncertainties a logic tree is used 


SHRA
geothermal

-y il
LS

—

Seismic
Hazard
Screening
(SHS)

(

i Unambiguous potential seismic risk

)
)

v

—

Situation too complex to use standard analysis

I

All other projects
Standard

Analysis

No hazard factors

identified

under the norm

[Negligible hazard

risk

/ Acceptable
hazard / risk

Standard assessment of
damage provision

~ . | - _\/ ‘ |
Project remains Too complex to test { 1

Possibly
unacceptable
risk

Project exceeds

project to the norm, norm

but exceedance of the
norm is not evident

v
hazard / risk [
uncertain

Unacceptable ]
hazard / risk

Schematic depiction of the main features of the SHRA-geothermal procedure. Blue = standard procedure; grey =

Intern gebruik

‘custom’procedure. Green, orange en red = possihleoutsamsesafiariolouwingthe SHRA SLERS; November 16th 2023
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Presentation Notes

How to deal with uncertainty in the subsurface? 
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