clolp

9 Dutch Exploration Day

Everything old is new again: The Rotliegend geothermal
play, results from the SCAN Amstelland exploration well
and legacy cores

Adriaan Janszen, Joost van den Broek, Pieter Bruijnen,
Marten ter Borgh, Henk van Lochem & Sjoukje de Vries



Content

. Geothermal Energy in The Netherlands
. The SCAN Project
. The Rotliegend in Amstelland -01

. Legacy Core Study

. Take Home Messages




Geothermal Energy in the Netherlands
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QO Producing Rotliegend Project
‘ Producing

Under Development ke
. Not producing
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Proven source of energy; 27 producing projects in 2023 (39 doublets) f
Low enthalpy, saline aquifers; direct use => heat for heat J—
Between about 700 m and 3 km depth => 30 -100 °C —
Typical Rotliegend geothermal project circulates 175  -350 m?3/h < ‘

6.8 PJ of heat generated (equivalent
to demand of 165.000 households)

Geothermal development focused
on regions where abundant D) @
®

subsurface data exists from O&G

Geothermal projects in NL
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Introduction to SCAN

07-10-2021
T
000009

B SCAN standsr SismischeCampagneAardwarmteNederland

Bl SCAN acquires new data in areas where insufficient subsuri
data is presently avallable for a reliable estimation of geothe
L2 GSYGAl € OWHgKAGS aLkRidaqQo

Bl Aimed at shallow and deep geothermal (50@00m)

B Provides a regional exploration dataset. For development of
commercial projects more seismic and studies are generally
needed

N
Please note T
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* Con th stra tg ph interval between Base Rotliegend (Permian)

B Funded by the Ministry of Climate and Green Growth e

T
00005€

B Executed by EBN and TNO.

verage, very limited well data




Components SCANrogram

1. Acquisition 1900km new 2D seismic data

Bl Completed

New seismic lines

2. Reprocessing 7500km old 2Beismic data
Bl Completed
3. SCAMdrilling

B First 2 wells (Amstellanr@l & Oranjeoord
01) finalised and decommissionedd &ell |
currently drilled (HeescB1)

SN
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All data and results are published via % Drilling completed
scanaardwarmte.nhndnlog.nl/scan 3 Drilling ongoing

Reprocessed seismic




Thickness of the PermiaRotliegendreservoir

anyRotliegendwvas present

B These models were based WeespandWaverveenwells, drilled in the 70sE

NE

M Insufficient seismic data was present at the well locations

B New SCANeismic data shows that th&eespwell drilled theRotliegend

at a location where the reservoir is truncated by a fault. The well is
therefore not representative for the region

Yellowisopachs SCANhicknessnodel
Coloursn backgroundthicknessn DGMDiep v4

B Thickness deisked, good news for geothermal potential of the region

B Reservoir quality uncertainties remain; ANJ$ well designed to provide
relevant data.

www.scanaardwarmte.nl
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Objectives of theAmstellandwell

M Drilled in area with high heat deman sering avsteLLano.o1

Identificatie: AMS-01
Locatie: 52.30751583, 4.92379283 (WGS84) -400 -
Aangeleverde locatie: 123395.295, 480050.996 (RD)

l Determine geothermal reservoir

properties for three intervals: ..3, s
B Primary: PermiaRRotliegendsandstones o

B Secondary: L. CretlielandSandstone Fm = &= u -
B Secondary: U. Cret. Cha&lip(CK) 'é
: : . : -
B Determine reservoir formation fluid 7 5 -
properties and temperature 1200
H Determinegeomechanicgbroperties .
of the reservoirs, caprock and
overburden 1e0n{E8

B AMSO01 spud in October 2023D @ 2217.67m MD in Carboniferous e ?j
Limburg Group

-2000

B Extensive data acquisition performed throughout well, including
over reservoirs, caprocks and overburden

www.scanaardwarmte.nl



Data Acquired

(mMD)

MWD INCL-AZI
LWD GR-RES
Acoustic Im

Well test + Amstelland Lithology Strati- Depth
« fluid sample + ..
S Core Temperature VSP  formation stress objectives graphy (mMD)

’ em Objectives
B Cuttings e
B L\WD and (OH/CH) wireline log data — I s
B (S)GR,RES,XSON,DEN,NEUT,IMAGE,NMR | et
M Temperature - e pre AU (=
B V'SP (geophone and fiboptic) 750 - | —
M Production/Injection test p— o seastion
WPLT ) — ﬁ
M Fluid samples . Vi festand formaton
ll Core (193m) | .
B Screening analysi€¢reDNA 1500 . e,
B RCA, SCAL, core description Jestm
Bl Geomechanicaksts

MWD,LWD: GR, REgs -

WL: SGR, DEN, S
NEUT, XSON, CAL B <

WL:AcousticBHI
e

WL NMR - s i I A [ S S B DC _|TD@2227m
Temperatu re www.scanaardwarmte.nl

1901.3m

B XLOT (3x)

2047.6m

2159.8m




Data published on NLOG.nl
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Well x
10of 1
Basic data Deviation Documents Lithostratigraph Samples Core analyses Production figures Logs LIS/LAS
Well AMSTELLAND-01 s ’ ! : ¢

Identification: AMS-01 Well AMSTELLAND-01

Location: 52.30751583, 4.92379283 (WGS84)

Delivered location: 123395.295, 480050.996 (RD) Category Document a
Borehole/Well - Final rapport SODM EOWR(08 Feb 2024)
Documents containing borehole logs 12.25in_LWD_Run200_RM_MD(665-1395)(08 Nov 2023)

12.25in_LWD_Run300_RM_MD(1365-1803)(08 Nov 2023)
12.25in_Run1.1.1_AST_ANISOTROPY(700-1790)(14 Nov 2023)
12.25in_Run1.1.1_AST_SEMBLANCE(31-1790)(14 Nov 2023)
12.25in_Run1.2.1_CSNG(30-1798)(10 Nov 2023)
12.25in_Run1.2.1_DSN_SDLT(30-1803)(10 Nov 2023)
17.5in_LWD_Run100_RM_MD(25-690)(24 Oct 2023)
8.5in_LWD_Run400_RM_MD(1755-2077)(22 Nov 2023)
8.5in_LWD_Run500_RM_MD(2045-2227)(22 Nov 2023)

8.5in_Run2.1.1_AST ANISOTROPY(1801-2212)(24 Nov 2023)
8.5in_Run2.1.1_AST_SEMBLANCE(1741-2210)(24 Nov 2023)
8.5in_Run2.1.1_CAST Borehole_Shape(1801-2222)(24 Nov 2023)
8.5in_Run2.1.1_CAST_Manual Dip Analysis_Listing(15 Dec 2023)
8.5in_Run2.1.1_CAST_Manual Dip_Analysis(1801-2222)(24 Nov 2023)
8.5in_Run2.1.1_CAST_Static_Dynamic_Image(1801-2222)(24 Nov 2023) v

Link to this page: hitps://www.nlog.nl/nlog-mapviewer/brh/38948402897lang=en [jl

Overview of status of deliverables latps://scanaardwarmte.nl/onderzoekn-amstelland/



https://scanaardwarmte.nl/onderzoek-in-amstelland/

Rotliegendcore analysis

Bl 83m ofRotliegendcore

Thick-bedded sandstone Cross-bedded sandstone Bimodally laminated sandstone B Three depositional environments
Depositional environment: Depositional environment: Depositional environment: . . .
Aeolian dune base Aeolian dune  slipface Aeolian sandflat, interdune B Mineralogically dominated by quartz,

2084790m

kaolinite, dolomite and anhydrite
B Porosity and permeability linked to
depositional environment
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Rotliegendcore-to-log integration
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Production & Injection Tests
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175

A 1000 n? produced and renjected

A Several builelips and faloffs performed  °

A Signal dominated by severe wellbore
storage effects and noersothermal
behaviour PTA highly unreliable

A P.1.=1.1.4.07 n#¥/h/bar

125

100

75

Permeability [mD]

Why is the P.L./L.I. relatively low?

A Option 1:kh much lower than what the
logs + cores tell us?

A Option 2: skin much higher than 25
expected?

50

Absolute minimum permeability

0 10 20 30 40 50 60
Skin [-]

www.scanaardwarmte.nl



Stress Stress & brine
corrected corrected Avg.

Tra n S m i S S iV i ty Spinner porosity Permeability permeilit
Distribution

B Spinner run during injection test

ROSL a 4

l 85% of injected water into two
flow units with highest measured
porosity and permeability

Bl Relative flow contribution
consistent with calculated relative
transmissivity Kh) for each unit

DC 3 G 3
DCCU e




Dynamic acoustic image:

D efO ' a_t| on ban d S Light means highn\ielocity = low porosit

PAE YR

B Large number of highngle features in acoustic image log

Bl EW to NESW trending conjugate set

B Highest density in highest permeability units (up to 3
bands/meter)

B Deformation bands are significantly less permeable thar
matrix. But what is the net effect on productivity?

‘wolzvie

SAMPLE NUMBER: 540 F ‘ "

1

! :
\ |
'. ’ Mixed Amplitude Fracture
540-F | [
P J 147 mD degrlc_as
t . | an
: | High Amplilude Frasiune
TG -
! degreas
! : an
l“ 2323 mD Law Amplitude Fracture
[ ! F
! degrees
o a0
Induced Fraciure
5cm |_
: degrees
0 an
Depth 2142,23 m
Bedding Dip
-—
F: Fracture plug o degress  gn
M: Matrix plug

www.scanaardwarmte.nl




100%

Deformation bands
AMS-01

B Numerical model in Eclipse to determine
reservoirperformance reduction caused by
observed deformation bands

Bl Conclusion: no more than 22% reduction in
productivity/injectivity

§ Productivity Index [%]
|_\

B Overall transmissivity after taking into 10 100

consideration deformation bands13 Dm Reduction in permeability deformation band
compared to matrix [factor]

Band width =

3cm \

|

Deformation bands

www.scanaardwarmte.nl



Initial sample

Formation damage

s 4 2145,2 7mE§
7% 27 2% pOrosity

3%, "5.. 5109AmD alr sperm u
l- 365, 26; mD brine erm '

A OBM filtrate invasion observed in cores and (deep) resistivity BgsQ(5), :
deeper than modelled perforation depth (38cm)

A Effect quantified in formation damage study: ~20% of brine perm remair ¢

A Numerical modelling => productivity 32% of undamaged reservoir

A Formation damage likely root cause behind disappointing flow rates

1

100% Mud invasion depth = 0.14 m
Mud invasion depth = 0.42 m
= Mud invasion depth = 0.70 m
o\ Mud invasion depth = 1.00 m
';' o AMS-01
[}
©
=
2
> \ AA N
2 AMS-01
e e EEEE R
© 1
(@] ]
S 1
= |
1
0% | .
1 10 100

Reduction in permeability due to mud invasion [factor]



Legacy Core Study —h
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B Consistent description of lega&otliegend
cores from central part of the Netherlands
(drilled between 1956H N M H U

34 wells with >900m core
B New petrographic analysis
B Integrated with existing RCA data
B Executed byanterraGeoconsultants
l 28 wells published on NLOG

DSP-01 (Doornspijk)




S5
Take homemessages L
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g

BMRotliegend section in AMS -01 111m thick sand -dominated aeolian deposit
BReservoir matrix properties linked to depositional facies

BAverage matrix brine permeability of approximately 150 mD

BFluid flow somewhat affected by deformation bands

BOverall transmissivity of approximately 13 Dm

B Significant formation damage resulted in relatively low productivity during
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