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Agenda

Welcome, speakers & introduction Gitta Zaalberg

Update on SCAN wethmpaign Marten ter Borgh
Why De Bilt, Ede and Amsterdam? Marten ter Borgh
Operationallessons Adriaan Janszen

Data Acquisition related to operational constraintAdriaan Janszen

Sedimentology: how was the reservoir deposited®ven McCarthy, PanTerra

What happened to the reservoir after deposition?Dallyn Rodriguez, PanTerra

How does the reservoir perform? | Core viewing PieterBruijnen Sanchita Ganguly & Adriaan Janszen

Ede01 Vlieland Sandstone& Zechstein Adriaan Janszen
Takehome messages& wdgrward Marten ter Borgh
SCAN: a look back and going forward Gitta Zaalberg



Introduction
Gitta Zaalberg




EBN- State Energy Company of the Netherlands

To supply the Netherlands with reliable, affordable and sustainable energy

ebn

We ensure
security of

supply

Societal drivers

NN £

Security of energy
Supply

We develop "
chains and | L) We
projects accelerate
(tqgether sustainable
with the Stands for a reliable, developments
market) affordable and sustainable
energy system in the
Netherlands

We want to contribute to
a fair transition , together
with and on behalf of
society as a whole .

Within the transition
process , we want to ensure
that the system can cope
with any uncertainties that
arise during the transition .

We are working to create
a CO2 -neutral, integrated
system.

@ Knowledge partner

= | Policy adyvisor We develop
and share know-
@) ledge and
{é}j Operator advise the
government
@ Investor / participant



Geothermal Energy
High potential in The Netherlands

ebn

A Geothermal energy is a reliable and low -
carbon emitting heat source with high COP

A Ambition of Ministry of KGG is connecting 3 min
households to district heating networks
(currently 0,5 min households)

A Geothermal energy for greenhouses is currently
being developed quite successfully

A However the growth in geothermal projects has
been stagnant for the last 4 years

Source: Voorpublicatie H5 Delfstoffen en aardwarmte in Nederland,
Jaarverslag 2023, TNO-AGE voor KGG



Subsurface risks vs costs -
In unknown areas ~50% of all project costs are spent during the exploration

phase at de -risking the subsurface (and the outcome can be negative)

TECHNICAL RISK

\
cOS!
Regional Local Local :
Exploration Exploration Detailed Project

Seismic Well Safaiie Development



The SCAN Program: de -risking the Subsurface

Obijective: gather data and knowledge of the subsurface in areas with data
scarcity to accelerate development of geothermal heat in The Netherlands

ebn

SCAN 1&2 SCAN 3 SCAN 4

SCAN Regional SCAN Research & SCAN detailed
2D seismic surveys Exploration Drilling Selsmic Surveys
Campaign

2D-lines




SCAN project phases and activitig

Seismic survey design
complete. Long regional §
lines, connecting wells and
infilling areas with poor |
seismic coverage.

Project Seismic
Proposal Funded

Wells

Funded

2021- 2025:
Planning,
design& drilling
of data
acquisition wells

Additional 3D
and 2D Seismig
Acquisition
Funded

2017 2018 PAONRS) 2020 2021

2022

2023 2024

2019- 2022: ——)
Regional Selsmlgz“—;;———
acquisition& |
processmg

2018- 2019:

Geothermal play analysis.
Input for 2D seismic surve
design

2019- 2023:
Seismic
reprocessing (in

First well:
Amstelland

2025 2026

Additional 3D
and 2D Seismic
Acquisition



Update on SCAN well campaign
Marten ter Borgh




SCAN Wells& Targets

SCAN Search Area| Primary objective| Secondary objective(s)
(Well)
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SCAN Well Campaign: Facts and Figures
WO LTIs, 503,4 days operational, 14.567 m drilled, only 10% NPT
B\Vireline, Well Testing& Coring together make up only 15% of time spent

Time Breakdown - SCAN Wells

Other
12% MObe/gg(’;Obe Total NPT per Well E200 & CTU ops
0
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Coring Summary
Stratigraphy
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How do results compare to prdrill expectations?

BFor each geothermal target interval in a well, an estimate was made of the
geological chance of success. Geological success is defined as the presence of a
permeable layer. Geological success does not yet imply economic success.

BAN example: The Ede well had two targets: the Slochteren (76% chance of a
permeable reservoir) and the Vlieland Sandstone (30% chance). The expected
number of permeable layers to be encountered in this well is 0.76 + 0.30 = 1.06.

8 29 15,3
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- i Potentially Pre-drill expectation of Permeable targets
AN wells permeable targets permeable targets found
drilled tested



2 Why Diedzilf Eddeand Asnstesdam?
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PlayBased Exploration for Geothermal

BCentral Netherlands is an area with major heat
demand. Together, the SCAN wells discussed in:

North Sea Gps.
(Brussels Mb, Breda Fm, ...)

Chalk Gp workshop help derisk southern North Holland,
Rijniand Gp Utrecht, Flevoland and western Gelderland
Schieland Gp)

BPlayBased Exploration forms the basis for SCAN
plays were mapped and assessed based on exis
data and regional knowledge

Altena Gp

BConclusion for Central Netherlands: Rotliegend
Rotliegend Slochteren Fm primary target

B Data acquisition also focused on secondary
geothermal targets: see next slide
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Objectives of De Bil01, Ede01 & AmsterdamO1

B Determine geothermal reservoir
properties of several intervals

BPrimary target: Upper
Rotliegend Groug Slochteren

Formation

B Several secondary targets:
BredaSubgp Chalk, Vlieland
Sst Triassic. Please note:
Triassic& Bred&ubgpargets
will be subject of future SCAN

workshops

B Determine geomechanical
properties of the reservaoirs,
caprock and overburden

B Determine formation fluid
properties and temperature
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De Bilt01 (BLT01)

(j::::sN - Formations/membermT:zoNA’ :;3 I (Decommissioning) S BLT—01 N
s .= === *
Total Days53 drilling + 27 testing | :
____|k | Total Depth:2123mMDRT )
_ i I Objectives: Slochteren, Main
“4—=" | Buntsandstein, Vlieland 2
Sandstone & Chalk 5
Plfg.#z | §.1000
* Data Acquired:
A 6 OH WL Logs runs (5,1km)
=3 4. A 8Cores (220m cut, 99% =
—= = recovery) | —
A B | A 2WwellTests — g
Plug [ ] chalkGp.
= A 3 XLOTs B Rinland G
[ Altena Gp.
[ Upper Germanic Trias
Il Lower Germanic Trias
. I [ ] Zechstein Gp.
—] — Sk [ Rotliegend Gp.
: I = [ Limburg Gp.




Ede01 (EDEB1)

Upper North Sea

Boxtel

Eenm

Drenthg

Peize and Waalfe
Maasslui$
Oosterhou

Bredd

-6.5
1
7

35

101

156

196

14
20
47
114
169

209

Plug #3

Plug #2

=<

=1

Plug #1

1

Total Days35 drilling + 18 testing
Total Depth:1315mMDRT

Obijectives: Slochteren & Vlieland
SandstoneZechstein also found to hav «/—
flow potential

Middle North Sea
Lower North Sea

L. Germanic Trias

=
Data Acquired: £ ==
A Conductor logging beltares e
A 2 MeasureAfter-Drilling runs (1km) .
A 2 CH WL Logs run (2,5km) 5= =
A 8 Cores (120m cut, 76% recovery) ==
A 2 Well Tests e
A 1XLOT




AmsterdamO01 (ASE01)

. Mlm :T;_: ; ; R Total Days46 drilling + 33 testing  Data Acquired:
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Data Acquisition

Comprehensive and statef-the-art:

BL\WD and (OH/CH) wireline log data 2“”
B (S)GR,RES,XSON,DEN,NEUT,IMAGE,NMR,,
B No NMR in EDEL

W\/SPChecksho{not in BLI01) o

BCore
Bl Screening analysis (CoreDNA)
B RCA, SCAL, core description o
Bl Geomechanical tests -

B Production/Injection test
W Temperature o
BPLT
M Fluid samples

BEXxtended Leak off Tests (XLOT) 1500

scany

SGR-DEN-NEUT
XSON-CAL

NEUT & XSON through casing
EEEEEEEEEEEEEEEEEEEEEEEEEN

23

Image logs

NMR

Core

Temperature

ASDO01 data acquisition

Well test +
fluid sample +
VSP formation strength

20!) ‘
Conductor

L. Strati-
Objectives Lithology graphy

Various
Formations

200,

Maassluis Fm

1200

1400

XLOT #1

w

1600
95/8”
Liner ‘

{ 41 1800

7n ‘
Liner

2000

205m

325m

481m

632m

778m

865m

946m

1115m

1893m

Objectives

[ Above first target seal
[ No reservoir potential
HEl Seal above reservoir
Bl Reservoir potential
Lithology

@ Clay(stone)

[ Sand(stone)

Bl Carbonate

Hl [alite

Bl Anhydrite

Data acquisition

I Log
B “Whole core
XLOTYy Formation strength

f Test interval

‘ Casing shoe

TD @ 1963m

www.scanaardwarmte.nl
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S _ BLT-01 N

1 Upper North Sea Gp.
[ L-M North Sea Gp.
[ ] Chalk Gp.

[ Rijnland Gp.

[ Altena Gp.

I Upper Germanic Trias
B Lower Germanic Trias
[[7] Zechstein Gp.

I Rotliegend Gp.

[ ] Limburg Gp.

BLFO1- Loss zones

Bl Losses associated with fracture zones and dissolution ho

M Instantaneous loss rates up to 6G/mour
W1244m2F RNAffAYy3I FfdzAR
B No losses in Chalk Group

™
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.
Depth (TWT ms)
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o8 | |
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Upper Holland Marl Mb LowérVoIpriehausenSst
SCd |1T 60 m?¥ hr 1.6 m¥ hr 6.0 m?¥ hr

e w ® Zechstein 2 Fringe
Anh. Mb
6.0 n¥ hr
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EDEOL
Caliper

EDEO1 ¢ Wellbore stability _—

B\\Vellbore stability issues in Vlieland
Claystoneand Holland Formation

BMechanicakavingaup to 3cm started from |":"
980 mm MDRT

BChanged MW from 1.16 to 1.18sg

BCollected cordKNNS & ROSL) and drilled ==
well TD bk

W5 SOARSR (2 LISNF2NY
using LWD tools* and cased hole wireline =i~
rather than open hole wireline. All logs
planned were acquired, except for NMR

* LWD: image log, density, sonic

CH WL.: neutron, spectral gamma ray, sonic (again)

scany

www.scanaardwarmte.nl



Pressure (bara)
0 50 100 150

EDEO] - Reservoir pressure -

BHydrostatic water level geothermal wells 200
In the Netherlands below ground level

BDuring testing of Slochteren and
Zechstein in ED&1, static reservoir level 600
proved to beaboveground level

B S|ochteren was tested through natural
flow (no pump required)

B Static wellhead pressure during shun
approximately 3 bar(a) 1200

BEXxcess pressure Is modest and was not
observed during drilling

B_egacy wells around Peldlaasbommel 1600
Highin similar pressure regime

400

@ PLT stationary

O NVG-01 DST tes

® MSB-01 DST tes
—EDE-01 - PLT RI
——BLT-01 - PLT RI}t

800

NVGO1 DST te
1000

Depth (m TVDNAP)

1400

1800

S ca Il']‘ 29 www.scanaardwarmte.nl



Junk in hole

BAluminium parts from drilling out
casing/liner shoes

BCaused poor core recovery and
some damage to Slochteren cores In
EdeO1

BJunkbasket run prior to coring
helped

BMMay have contributed to cancelled
21LISY K2tS gANBLAY
section Amsterdan®l (Slochteren
caprock)

scany =



A CapratikCEharacterisation
A BExtented LealOff Tests (XLOITS
A Additional Geemechanical

Parameteﬁs__
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Pore Throat Size Distribution

BO9m section overlyinylielandSandstone,
Zechstein and Slochteren reservoir (HIk

BFinegrained silty claystones and siltstone
deposited in marine distal offshore
environment

BSmall porethroat diameters and low
permeability => good capillary caprock

BCollected core and XLOT to determine
mechanical caprock capacity

1 ¥ | ¥ \ g
0.9 @_L sub-micro pores | |macro poresl : |super—macro pores
~ P | ]  [meso pores i
0.8 : microp@ : :
0 0 0 0
0.7 1 1 1 |
0 ' 0 0 0
0.6 : : : :
| i |
0.5 : : :
0.4 ' 1 ! 1
0 0 0 0
03 +—— ' ' !
' W ' '
0.2 v : : : = PSD - Samplel | |
0 0
0.1 [vano pores] : : ——pPsD-Sample2 ||
0.001 0.01 0.1 1 10 100 1000

Pore Throat Diameter [ mm]

ED1 - Plug 2
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Pore Throat Size Distribution

Rogenstein and Main Claystone caproc;gm g 26

M270-280m overlying Zechstein Group and BLTO1 - RogenstelrFormatlon
Slochteren reservoir in BIOIL and ASID1 = ,

BFinegrained silty claystones and siltstone:s
with anhydrite deposited in playa lake

B Small porethroat diameters and low
permeability => good capillary caprock

BCollectedgeomechanicatiata and XLOTSs tg
determine mechanical caprock capacity

1 - sub-nano pores micro porﬁes
0.9 ] sub-micro pores| macro pores
07 VARYERA A BLF
nano pores | i
0.6 : — :
05 :
0.4 "h | 1
0.3 /}/ \ ‘ ‘
0.2 B NG [ ———PSD - Sample 262 | |
0.1 — A\ PSD - Sample 271 |
0 —_—————— e ——
0.001 0.01 0.1 1 10 100 1000

Pore Throat Diameter [ nm] 33 www.scanaardwarmte.nl



