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Instantaneous
shut-in pressure

WP4

‘ Closure

Reopening
{ pressure

pressure

Measuring

In-situ stress, permeability, velocity, temperature

Where is cooling in the subsurface?
And does it cause seismicity or
caprock fracturing?

Big 3Ms!

Modeling

3D models, cooling, stress

Monitoring

Deep geophones, surface networks, DAS

= Evidence for lower injection temperatures and higher injection pressure
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Cooling: why do we care?

1) Caprock integrity
2) Fault reactivation
3) Doublet lifetime

4) License boundary

Affects your production
limits (TAS, SHRA)

Field data lacking

Geo ,_l’-'a" ¢ J TKINIEUW GAS

. . ® Topsector Energie
innovatieprogramma Mede mogelijk gemaakt door: @



A AA Gronlngen
P TR "A AT AR

A
& " Leeuwarden A A G'9" £

d Fnesland

¢ ennatuurlijk

Kwintsheul
- NETHERLANDS: A% & SR
Surface network, active survey, modeling =, A AN 3 T
Hoorn -
'/ o ~ ]
K =

Purmerend Lelystad®™ . y
A . ~

'

Zwolle
.

1 Overijssel

Amsterdam L
. -

S X !
¢ Wad

2
3 Hwersum .Apeld{og[n_, -

Lelden ¥

TheHa GAI echt ‘.
=g -

Ronerdam N

Gelderland
Arnhem
.

Bocholt
Dordrecht\ " .
ik -

. v
: s Hertogenboscﬁ

Breda
. Tilburg
Middelburg °

* Zeeland

Brugesm_‘,f/ Antwerp
. L]

Ghent
.

! Bergen op'Zoom
\ X \

Eindhoven
.

Krefeld
.

Diisseldorf
Roermond .
.

Mechelen
.

Izegem
. P Leuven
5 Brussels « >
. Daren
Aachen ’
¥

-

Seraing
.

Geo ._li'all

innovatieprogramma

26-09-2024

M iddenmeer

mini-frac test and well logs
Deep toolstring = Surface station

Bleiswijk

700 m deep toolstring -

1.8 km deep geophones + DTS,
XLOT, Temperature Logs
surface network, modeling
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Summary main activities

Installation of surface & 200 m stations Velocity model Kwintsheul
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Highlight: Station deployments June 2026

Baker Hughes S3

Installation report
Geo4All

- [ Data logger with
connection to TNO
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Inspection crew
| !

solar panel
mast
2m
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«—— power supply box
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200m
cemented
borehole
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Lessons learnt

* Procurement is not easy

v
e W)

s e

e =

« Negotiating terms & conditions takes time

—"

- Site visits and good alignment between all involved
parties is important and also takes time

« Paulis good at finding supportive land owners

« Important to make KLIK melding

.. de aanhouder wint
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First insights - perforations Wippolder

Kwintsheul perferation signal recorded by KHLO geophones

Upgoing P wave Upgoing S wave —
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First insights - station health

Eranily [raator o gl sy ok el

Internet
connectivity
issue 200 m

station

Station
Data completeness

Date ®
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Highlight 2 Kwintsheul modeling

PLC:GT-02
PLD-GT-01

KHL-GT-02 " KHL-GT-01

Can we history-match the production data?

What are the effects of incorporating realistic
fault properties?

8000 A
% iy — ot « Can we prove the fault is sealing?
- ON-GT-01
£ 4000 , « What does cooling do with fault stabili.ty (2027)
Ge(:... ®_ ¢ TKINIEUW GAS
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Highlight 2 Kwintsheul modeling
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 History match successful. But the History Match based on wellhead pressure and temperature
data provides little info on the fault transmissity
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Highlight 2 Kwintsheul modeling

Pressure monitoring in
neighbouring well

o l Wippolder
. KHL-GT-02 " KHL-GT-01
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« Opportunity: HVC monitoring pressure in recently drilled well on other side of the fault

8} g Kwintsheul shut-down for workover

* Interference between wells across the fault gives more information, signal visible
 Analysis ongoing. Fault properties important for cold front evolution, optimal production, ..
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Highlight 3 - S-wave velocity model

B e - & T L Previous P-wave velocity model from
e vibrator pointsf, SEESEE S S S-wave stack

i ¥ nodes S > .
v node shown :

VELMOD and DGM
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S-wave signals can be used for imaging and velocity model (normally only P-wave signals)
- Better event localization
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P P P Proceedings World Geothermal Congress 2026
Dissemination
Geothermal Production via Balanced Circulation in Sandstone Aquifers — Where do the Cold Fluids go?

L. Buijze'™, E. Peters’, H. Veldkamp', E. Calignano’, H. van Oeveren?, J. Reijs® and A. Vondrak?

Geological Survey of the Netherlands, TNO, Utrecht, the Netherlands™*, Ennatuurlijk Aardwarmte,
Middenmeer, the Netherlands?, Gaia Energy, Schiphol, the Netherlands?®

Under Stress: Measurements Of In-Situ
Stress In Geothermal Projects In The [ 1

e -' WGC Article Geothermal Production via Balanced

W Janszen, Susanne Laumann, Henk van
[ Ocveren. Josef Shaoul, Andrea Vondrak

e ‘ 1 ' » Circulation in Sandstone Aquifers - Where do the Cold
£ | . Fluids go?

Proceedings World Geothermal Congress 2026
Calgary, Canada, June 8-11, 2026

WGC Article Under Stress: Measurements of in-situ Stress In
Geothermal Projects In The Netherlands

Andrea Vondrak™and Philip J. Vardon<~

TNO, the Netherlands', TU Delft, the Netherlands?*, EBN, the Netherlands®, Ennatuurlijk Aardwarmte’, Fenix
onsulting De he Netherlands®
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Outlook next year

|
th

e Second stress test in uncooled reservoir @

Middenmeer + modelling m

« Continuous monitoring

i |
|
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 Instrumentation 1.8 km deep well Bleiswijk
(VDB-GT-04)
* Need support of SodM
* Delay of abandonment request
* Essential for research objectives and use for the sector
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« Kwintsheul & Bleiswijk modelling
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Aardwarmte Kwintsheul
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