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WP4

Instantaneous
shut-in pressure

\ Closure

Reopening
| pressure

pressure

M easuring

In-situ stress, permeability, velocity,temperature

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

Big 3Ms!

M odeling

3D models, cooling, stress

M onitoring

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
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Kwintsheul

Surface network, active surveymodeling
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M iddenmeer

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

Bleiswijk

700 m deep toolstring A

1.8 km deep geophones + DTS,
XLOT, Temperature Logs
surface network, modeling
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Seismic

Summary main activities

Installation of surface & 200 m stations Velocity model Kwintsheul — Modeling of cooling KHL, BLW, MDM
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Highlight: Station deployments June 2026
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Highlight: Station deployments June 2026

| Stations |

solar panel

mast
2m

. [ Data logger with ]
connection to TNO
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Inspection crew cemented

l borehole

50m spacing

Baker Hughes S3

seismic sensors

.
111 ® o TKINIEUW GAS

B Topsector Energie
®

Installation report
Geo4All

Mede mogelijk gemaakt door:




, e S TYNSVETTT

BEN-01
o AS LED-02,
@ MNT-0 , oD CE
- Seisiiic-stab ;aneae\ '
@\ eidschendam , qSMKp o
-G1-0 ~ = -15
— HAG-GT-01 HAG-C. | & 2 Zoetermee:o Mip MKPI AL
3 S HAGTI G 02! 02 / / ~i\§h°e*em*" = MKEC12 \ W12 S
i PSR L o i / e ——— MKP-108-MKkP-12-51
z o / P = — @ / L fKp-01
: 5 ‘ 74 === ENERG :
S >, I_ T P-0
| = — Nootdorp : runswegMKP-\osxmxp:osu
0O \ 1 TU Delft 490] _PNa01 : S Y 20, AN
~ ‘;‘\\ ’/l’ G ;‘\‘\\_ - % M 5 ':’
> _— ation N a ,
D / 5 W32 1800 m station / —g 3
) N\ \' B .
== O\ / N
Q i PLOZGT-04-53 z\ vos'%eg-m i ~%
_ JT 04- 51 PLDGT-07 \ >ad VDB-GT-04
L0 b\ PNA-GT-05 <> Pupér03 i -
\ , o % © ' BLE-01
(:T 01 \\ & A i
1 200 m St&l’[lOI’]]“"‘h \\ Pynacker N DB-63;02,,
,\ e u];o? VD 101 \VDB GT-02-51 Zeve
>\ Bleiswijk
Honse\’rsqu NA-GT-04 G w\o
bt e A -GT201 MLSL-GT-02
ae DQEL -GT- 01\ ) 2.
_%LIR 17 | o ey \ &
o Q \\ o)
,V LIR-37 NLW GT-01 > \ \\ "‘\a‘
LIRY T6 SULIR- 35 NIW-GT-04 A : » 0,
t.odm 36> 1 1TRAS _FR-15 \ \ Oude Leede
S l{::: 0P, ”\‘\ Oude Leede
LIR13 - ) .
%? LIR24 32, \g‘;;s-m o 2e%e% Oud Verlaat
R SRR N\ \ gt e
e . \




g iranivmie rme1n) T
BEN-01
MNT 0 . : I
Sei%ﬁﬁrsﬂaa 20\
HAG-GT-01 HAG-GT" s \K(SMK s,/

4 4 3 o z
g & i ' MKP-IS
4 gd“AGmlﬁﬂAG vero2 / / S kOe leveen Zoetermee:Q Mo 1
u:,

&,
< tOD-01 = MKP 21z \ Mxp-12 S
- / / 3 a-g — MKP 1% S
I o5 \ —_—————— GAL \ / MKP-12.81
- ﬁm(p 01

LOD-C

-// BNS - H\““_rQ(J
\ ,,1 TlJDth490]  PNA-01

(rUISWQgMKP 09 »MKP 0811
™

m station
Y <O

Rijswiik /2

Nﬁg‘J[ TKIDHARA]

— Q_?'MKP 03
“‘\> X I
800 m station . S/ MKP- 13’:‘

- e <

o’
L BlA ayosiyie

BRWK-13 .
RWK-14 \\\ \ 4 S
wa;oe DEL.01 . PN D STias PNA-GT-05
o X8 ® S ZBLE-01
/, \’osL 05-51 D ;-os Pijnacker
oD E0) // S DEL02 \voa 61-02-51 -
Honse2rsdijk ( | L8 A eiswijk oy
l. ’E rd g £
| *a DEL-O4 0 T
g el %" 2 g DEL-GT-01\
LIR 17 ud, S'DEL-08
v N\ S _SCL-01 al e 1 \
MbNEiR37 NW-eT-01 () e \
. ui"as LIR- 35XN_LW -GT-04 a X \
O 1R236 5\1 LIRZ1S _iEIR-15 : Oude Leede
A SBITR45 ' \ \
‘L?R\U \\ \ Oude Leoede
- /
\50;5-01 3 ,
\ Ny, RS / Oud Verlaat
" \ | RESSSSEEE R, -
| - ;’ RR" 7 3 2 L
i T RRKLO1: BRKE)1 Legend
N468 genda
Monitoring coollng and | fault reactiva 0{”“ X _/ :
% | ’\' O\ 01
lack thereof) e +"\ \ cAgol

PANES
\_{B_RK-'IJ‘




| essons learnt

A Procurement is not easy
A Negotiating terms & conditions takes time

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

A Paul is good at finding supportive land owners

A Important to make KLIK melding

A .. de aanhouder wint
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First insights 7z perforations  Wippolder

Kwintsheul perferation signal recorded by KHLO geophones

Upgoing P wave Upgoing S wave —e
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First insights 7z station health
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Highlight 2 Kwintsheul modeling

PLC:GT-02
PLD-GT-01

KHL-GT-02 " KHL-GT-01

A Can we history -match the production data?

A What are the effects of incorporating realistic

fault properties?
8000 -

s T e A Can we prove the fault is sealing?

E 60007 ON-GT-01

£ 00 , A What does cooling do with fault stability (2027)
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Highlight 2 Kwintsheul modeling
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A 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

l Wippolder
© KHLAGT-02 "\ KHL-GT-01 |
T T Kwintsheul shut-down for workover
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A Opportunity: HVC monitoring pressure in recently drilled well on other side of the fault

A Interference between wells across the fault gives more information, signal visible
A Analysis ongoing. Fault properties important for cold front evolution, optimal production, ..
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Highlight 3 z Swave velocity model
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A Swave signals can be used for imaging and velocity model (normally only P -wave signals)
A Better event localization
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- - - 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 Ll . WGC Article Geothermal Production via Balanced

W Janszen, Susanne Laumann, Henk van
i Ocveren, Josef Shaoul, Andrea Vondrah [

N | ' . Circulation in Sandstone AquifeM/here do the Cold
" T : Fluids go?

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

WGC Article Under Stress: Measurementssifurstress |
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

A Second stress test in uncooled reservoir @
Middenmeer + modelling

A Continuous monitoring

A Instrumentation 1.8 km deep well  Bleiswijk
(VDB-GT-04)
A Need support of SodM
A Delay of abandonment request
A Essential for research objectives and use for the sector

A Kwintsheul & Bleiswijk modelling
A WP dinners..
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