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Introduction &

Well Design & Drilling Management Consultancy
» Since 2006 supported 27 of 30 projects in NL by WEP;
 Drilled >145 km to date for geothermal energy;

« Multiple projects currently in preparation;
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Bad press examples &

2017: Groningen project, on hold
I «2017-19: Pijnacker project, revival after 2 years shutdown
ﬁ de Mijnen

«  2017-20: Authority warning signals, integrity issues
>> sector subject to enhanced surveillance
« 2019: Grubbenvorst on hold, resulting in bankruptcy
Staatstoezicht op de Mijnen

- 2020: Nieuwegein, location banned, on-hold

- 2021; Rekenkamer / government audit office; “drinkwater at

risk from drilling for geothermal energy”
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Stakeholder management &
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HSE-documentation / Risk evaluations &
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HSE- mentation / Risk evaluations &
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Well Design / Code of Practice VS

* Where we stand now
- Learning curve ongoing, still looking for the perfect well

- Hydrocarbon well approach (regulations),
- Code of practice: durable well design

P
—

T

* CoP: geo&chermie
> Guidance for geothermal well design L
> Incorporates previous learnings and most recent
insights
: : : Industriestandaard duurzaam
> Inspired by oil&gas standards and practices
putontwerp voor
> Defines minimum requirements aardwarmteputten

Publicatie: Januari 2021

> Well Integrity Management System total Life Cycle
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Well Design / Code of Practice

source: Geothermie NL
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HSE-documentation / Risk evaluations &
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QRA - Quantitative Risk Assessment &

- Mandatory deliverable for industries involving hazardous substances (BEVI)
 Risk quantification for external safety
+ Calculate location-specific risk (10-6 contour) to assess acceptability of risks

« No overlap allowed of residential or high capacity objects

DNV-GL
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QRA - Quantitative Risk Assessment

Drilling:

- BARMM: Decree general rules environment mining (EZK)

 Calculation method as per SodM “Interim manual (2010)”

- Scenarios:
a. Blow-out;
D. Leak;

> Input variables:
a. Well design;
b. Outflow potential;

1 EP
Well Engineering Partners

Blow-out Lekkage

Verticaal Verticaal Horizontaal
Produktic of injectic (per produkticjaar) 7.7 = 107 1,06 107 1,98 x 107°
Wire Line (WL) {per aktiviteit) 225 % 107 418 107 7.4 % 107°
Coiled Tubing {CT) {per aktiviteit) 5,54 = 1014 443 = 107 1,11 = 10
Work Over (WO) (per aktivitit) 1,09 % 107 947 = 107 237 = 107
Snubbing (per aktiviteit) 6,63 x 104 530 10 1,33 107
Drilling {per put) 301 = 10 143 = 107 503 107°
Completion (per put) 8,05 » 104 6,01 = 10 1,56 10

source: SodM, Interim manual 2010

c. Statistical data / Failure Frequencies (gas well, see table);

+  Note: exploitation phase “GeoPlant” also requires a QRA, less impact on external safety
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QRA — example VeI
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QRA - discussion VR

Limitations / Concerns in current QRA calculation method:

- No guidance / instructions on how to calculate the outflow potential

- Failure frequencies for geothermal well drilling and exploitation missing

GAas

Where oil/gas drilling is looking for
unique structures where oil/gas can
accumulate, geothermal uses offset
wells and seismic analysis to avoid
precisely these structures. For this
reason, the assumed failure
frequencies of gas wells are extremely
conservative.
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Summary / Conclusions Ve

For smooth upscaling:

- Stakeholders, general public & investors to be informed

- Keep implementing the many Risk Assessment tools available (& mandatory) for all phases
of the life cycle of a geothermal well (....but speed-up the permit approval period....)

- Development of Geo-Industry standards, not limited to “Well design code of practice (2021)"

Upscaling challenges:

- Geothermal energy development within city limits, public will notice - focus on near-city,
industrial areas first?

+  Current QRA calculation method too conservative, contours too large to match city limits
developments. Authorities to reconsider QRA methodology. > QRA Protocol?

+ Let's prevent the “NIMBY"” mentality from developing by emphasizing the benefits and be
transparent on how risks are being mitigated
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