4-7 NOVEMBER 2024

THERMAL

ENERGY

4 Z
¥




INTRODUCTION

Geo Lli'all

innovatieprogramma

 Over a decade of geothermal production

« Current operational limits
 Results from scientific calculations
* |nput from studies on rock mechanics
and extrapolated parameters from O&G

 Cooling effect on rock mechanics
« From theory/laboratory
* Not from experience

 Unigque chance to gain physical data
* |n-situ at depth and in reservoir
* |nthe cold front
 From a producing field

%
aardwarmte TU Delft

Delft University of Technology
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for life
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WP4
We have a 3 M

Closure
| pressure

M easuring

In-situ stress, permeability, velocity

Injection cycle

Modelling

3D models, cooling, stress

Monitoring

Deep geophones, surface networks, DAS

Lower injection temperatures and higher injection pressure
within a safe and optimal production framework
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Geothermal Energy by Ennatuurlijk Aardwarm

Agriport started in 2005, 7 large greenhouse
operators,

First geothermal borehole drilled in 2013,
currently 5t Doublet in development
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DOUBLET 2 TO DOUBLET 5
Pioneer wells GT3 &GT4 (DB2) to be replaced

|
/
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WELLS DRILLING PROGRESS

GT7 & GT11 are firstly being used for measurements
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MONITORING
Within the replaced Doublet 2: MDM-GT-03 & -04

Depth top res: 2172m (GT-03) — 2147m (GT-04)

Old injection Old production well
Thickness net: 180 —188m (GT_Vgg')' (GT-04)
NTG: 99-100% l ]
Temperature: ~91°C New injection well New production well
Injection T: mean 35°C (GT-1h) (G107
Start injection: Q4 2014
End injection: Q4 2024

Old wells (GT-03) can be used for monitoring down
to the reservoir level. P&A process of wells will be
safely delayed for collection of valuable information.
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MONITORING

MDM-GT-03 - Deep Toolstring + Fiber optic cable

Aims

« Geophones and tilt meters

Detecting microseismicity (or other
deformation related to cooling of the
reservoir)

Measure temperature in the reservoir
Combine with fiber optic cable?

« DTS Fiber optic cable

Measuring T profile in the reservoir and
caprock and overburdens

Measuring re-heating of GT-03 after stop
 formation properties

Measuring production start GT-11

Old injection Old production well CONCEPT
well (GT-04)
(GT-OBl I

New injection well New production
(GT-11) well
(GT-07)

\ 4 Geophones
DTS/DAS
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MEASURING
Stress measurements MDM-GT-07 & -11

Old injection well Old production well
» In-situ stress and stress change: Most e (eron
Important parameters for integrity l I
caprock / seismic hazard New injection well New production well
- No measurements of stress in cooled rock (GT-11) (S0
at depth

 Unigque opportunity at Middenmeer
 Model validation

[ Perturbed stress due to ]
cooling

[ (Close to) Initial stress ]
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MEASURING
Logs

Sonic, Caliper, (FMI GT11)

Density, Temperature Minimal horizontal stress

LEH-QT
LEH-QT
EDTC-B _—~CTEM 29.5m LErar
~—CR 289m EDTC-B ——CTEM 26.0 m
2:'1:: .| ™—GR 255m
EDTA-A
. EDTA_STATUS 24.5
e ncnonet § Breakdown Pressure
. EDTCB MRPC-XD EDTA DIAG 24.5m
= —C&TEM 98 m .
Spacer I === Eracture propagation pressure
_PPC-B Calipers 24.6 ——GR A2 E
— m " MRSC-NG -.E
PPC-B | Breakdown
- Throttle Board 21.1 m
MRSC 211 m pressure g Instantaneous Instantaneous
shut-in pressure shut-in pressure
SAIE MRSC-XJ :E k) 7 ‘#k;
3 o ¢ .
| - 2 | Closure Reopening GBS
S Throte Board 18.2m 2 \ pressure pressure \
MRSC 18.2 m & Q pressure
AH-184
MRPO-XC
—MAMS 18.2m
Spacar MRPO 15.0 m
MAST-B
MRSC-XJ % o
=3 ———
AH-184 | %
- Throttle Board 12.1 m = . X X X
il | MRSC 12.1m % Injection cycle 1 Injection cycle 2
HIBCH MRSC-NG -_E i
L Tompemare 4.3 - ,
S ﬁ:ﬁrﬁ'; " T Throttle Board 10.3 m Time
MRSC 10.3m
Sleeve Frac Packer
9.6 m
T PPC-B Calipers 10.0 Quartz Gauge 9.6 m ) i ] ] ]
m Strai Gauge 9.6m https://www.slb.com/products-and-services/innovating-in-oil-and-
PPC-B MRSF-NA emperature Gauge R K X i X X
S s Board 0.6 gas/reservoir-characterization/surface-and-downhole-logging/wireline-
oar B . . . . . pe
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AH-184 s workflow
AH-184
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———MCFL 1.5m Dual Packer 3.6 m
. Quartz Gauge 3.6 m
Tallﬁlr;l:m Strain Gauge 3.6 m
FBST-E MRPA-NE Temperature Gauge
— . 3.6m
gng-F Inclinometer DVMPSPR Board 3.6
.0m m
Buttons 0.4 m BNS-NG
- MRBN-NA MRPA 0.1 m

/Tool Bottom 0.0 m

Porosity, hole shape, fractures - moduli < Porosity,

-~ Tavi Satm 00 m

temperature

Cooled and a priori = thermal compaction coefficient
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MEASURING

Breakdown Pressure

== = Fracture propagation pressure
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RESULTS & FUTURE

Always safe and sustainable heat production

e Real Data from in situ measurements

e Match measured results to scientific
Interpretations & calculations

« Actual understanding of cooling effects

 Continuously monitor impact on, and
response of geothermal production

 Opportunity to improve business case with
reduced risk by understanding impact and
conditions while increasing operational
boundaries
* [njection temperature, Flow rates, Pressures,
location and depths
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