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Amstelland: SCAN's first s = -
geothermal data acquisition well ' 1

Adriaan Janszen, SCAN Geoscientist, EBN e .

Dutch Exploration Day, Utrecht, 17-11-2022 ebn



Depth

Amstelland Expected

(mTVDNAI(’)) objectives lithology Stratigraphy

SCAN Well Amstelland

=»First SCAN geothermal data-acquisition well
=»Spud planned Q3 2023
=» Geothermal targets:

250

500

750

=»Primary: Slochteren Fm (ROSL) sandstones - ~86°C 1000

=»Secondary: Rijnland Gp (KN) sandstones - ~62°C

=»Secondary: Chalk Gp (CK) - ~39°C 1220
=»Main uncertainty for primary target: permeability. Chance of 1500

presence of sufficiently permeable reservoir estimated at 60%

=>Well will be located on the Zandvoort Ridge, where well data is
very scarce

=>Well results will be important for large area with high heat
demand. This area includes cities such as Haarlem, Amsterdam,
Hilversum, Utrecht and Amersfoort.
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Objectives

[ Top hole

[ No reservoir potential
Il seal above reservoir
B Reservoir potential
Expected lithology
- Clay(stone)

I:' Sand(stone)

- Carbonate

- Marlstone

- Halite

- Anhydrite
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SCAN Search Area Amstelland: regional setting
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SCAN Search Area Amstelland: regional setting

=» Situated on “Amstelland horst”, part of complex series of highs delineating the boundary
between West and Central NL Basin (Zandvoort Ridge - Peel-Maasbommel Complex)

=>» Relatively inactive geological history compared with SCAN-025
surrounding basins: Less intensive uplift and erosionin =~ % moa ___ wwa : w _ wea
Late Cretaceous and Early Tertiary resulted in m— = = et LaOEes e :
preservation of stratigraphy not penetrated in offset
wells and might allow for better reservoir quality

=>» Very limited well data available at present to delineate
geothermal potential

Depth (TWT ms)
i i & i

e g v =
N - A% TSR 777 v
. . 4
'y s
\ 5 o ¢ ZWK01 * | J s X Deformation axis 4 -
4 F 4 4
N oo . R Sl -
. g g 5 -
ol - | - - ,
. 'y . /\w/_ 7 2 S - & st . 500000 West Netherlands Basin Zandvoort Ridge Amstelland Horst Waterland Platform Gouwzee Trough
O't/‘]@ll/S — / Seismic Transect (Figure 3)
Bas “ I 1000 Amstelland search area
1750 sw ARV-01 WRV-01 WSP-01 ALE-01 NE
5 : 2500 TopROSL [m]
“ 13250
1M 4000
K
V SPL-01
.
o
®, —_—
/ £
. i E
f @m “;‘
. be,
B .
H L o "'5-,' 5
., 'q.s
p "By Dee o 450000
. e, a 5 .
.
30km }
D% West Netherlands Basin Zandvoort Ridge Amstelland Horst Waterland Platform Gouwzee Trough




Area of influence

Amstelland search area and
well location selected so that
data collected is representative
and relevant for a large area
with high heat demand

*Three geothermal “plays” of
varying depth and temperature
will be tested extensively

Area of influence Amstelland well
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Depth (TWT ms)
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“Amstelland Horst”

* Newly mapped structural element on SCAN 2D seismic data

Slochteren Fm present throughout the horst

* Relatively low structural complexity
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Horst of 10x4km underlying SE Amsterdam, Abcoude and Ouderkerk aan de Amstel
Significant interval of Rijnland and possibly Chalk Gp preserved
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Slochteren Fm

South Flattened on Base Triassic
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West Netherlands Basin

Zandvoort Ridge

Central Netherlands Basin

>» <

=» Gentle thickening of Slochteren to north, substantial thickening of Zechstein reflecting
accommodation space

=» Expected to be approximately 160m thick on the Amstelland horst based on seismic data E [ 5 '
. . . . 200 ; )

=» Highly variable reservoir qualit @ : ! :
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Central Netherlands ROSL Transmissivity
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Sequence / WHNB (South) WHNB Offshore |Nn|1hj ! | Broad Fourteens Basin | Viieland Friesland ‘Western MEIB?"I Western Basin
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Py (T) Tecionic accentuated ] Ironstone
Dizgar 08 T8 ) Seismic reflecto [ Shoret;
E o Mm:ms = L:::::mr: l:[‘un:in\jus mudstones [0 La:n:m
H H Teed [EIE] Chalk. ] Lower coastal plain (LCP)
* Transgressive system covering the Netherlands == A (3 omecs s 3 Unpr o (U0
. . . 2= Dentatus . g Shalf sandstones E Friesland Platform / East Netherlands High
ammadiaium Shelf sandstones with glauconite Turbidites in Wanneparveen
during thermal subsidence following the Ml 1 dzconie B Tubates 1 ooy

Kimmerian rifting event (Verreussel et al., 2018)

e Regional reconstruction suggests shallow marine
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=»>Wells that tested the Rijnland on m

Zandvoort Ridge and "

Maasbommel-Peel Complex very .,
rare.

Depth (TWT ms)

=»SCAN seismic facies suggests
Rijnland reservoir may be
present. Chance of presence WSS
estimated at 50% for Amstelland | =
Search Area. g — T

=»If present, chance of sufficient
permeability estimated at 60%.



MacDonald and Allen, 2001

99.9

Chalk Gp
- 0O Southern
% g0 } O Thames
. . . . East Anglia
=>» The Chalk can be an excellent reservoir as is known from oil production g 70 | o Yo:sm&um.mh,,.,
in the North Sea and groundwater production in NW Europe e 50} :
i a0 } Approx. 10mD average permeability .#
=>» A significant amount of the flow is attributed to secondary porosity £ 4 | Assuming 400m thick aquifer Z
(fissures, conduits, fractures). There is large amount of matrix storage i &I W
oy . . . i 0Qo 0
but permeability is low and matrix hardly contributes to flow 1 P on P : MacDonald and Allen, 2001
=> Flow velocities through the secondary porosity derived from tracer e i 1 @ - = o i

tests are very high (>1km/d)

Transmissivity (m'/d)
Fig. 11. Cumulative frequency distributions of transmissivity from pumping tests throughout the Chalk aquifer.

=>» Having a doublet that intersects these secondary porosity networks so

that flow between the wells is possible is critical, but flow needs to be B T oo

sufficiently tortuous to avoid short-circuiting
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Notional data-acquisition program

Data-acquisition

( Depth : % g é % :_Ef’ % el test + Amstelland Expected
o e ege o mTVDNAP 3% % g2 % Core  Temperature  VSP f:rlm::ir::sir:ngth objectives lithology Stratigraphy
Extensive data acquisition planned in Amstelland well o
=>» Cores
250 ————
=» Reservoirs: Porosity/permeability data = NU
=>» Reservoirs: Sedimentology and diagenesis (incl. descriptions and thin sections) S
. . ; F 500
=>» Geomechanical tests (note: possibly also for sealing intervals)
=» Production / injection tests I I B norit
=> Flow rate and transmissivity
=> Temperature, pressure and water composition
1000 H I
=» Well Logs, both reservoirs and overburden
=» Gamma Ray, Sonic (Vp/Vs), density/neutron, resistivity (whole well) 1250 - | Objectives
=> Image logs (for sedimentology and diagenesis, fractures and stress directions) [ Above first target seal
H [ No reservoir potential
9 NMR |Og (fOr permea blllty) 1500 E Bl seal above repservoir
= Temperature o yordr E- e
E : E . ~ = Xpected lithology
. . . . . p . . . . = = P J—— [ Clay(stone)
=>» Vertical Seismic Profile (for robust correlation onto regional seismic grid) 1750 : O
E - Carbonate
=>» XLOT (eXtended Leak-Off Test) B0 wartstone
. . . . 2000 H I Halite
=> Determination of caprock integrity : B Anhydrite
E Data acquisition
. . . H [ Log I Conditional log
=» Cuttings and biostratigraphy oo | P33 L
=>» Vitrinite reflectance, apatite fission track, ... : ] HOT 7
B u XLOT Yy 2394 Test and formatiory
. . . H m strength
=>» Dating and correlation of relevant intervals : | I f
2500 : Lo v
: 2/6m |
e A R TD @ 2606m strength
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=»Acquisition local 2D seismic data scm-{n““"
completed in August ‘22

=»Processing of seismic data ongoing

%
[ — SCAN-MRAZDseismic/

| s Local SCAN 2D seismic
1

=»Permitting ongoing

=>»Start work on site
August 2023, spud Q3

=>»All acquired data made
public on
scanaardwarmte.nl and
nlog.nl/scan

Geothermal drilling in Leeuwarden (2021)
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(mTVDNAI(’)) objectives lithology Stratigraphy

SCAN Well Amstelland

=»First SCAN geothermal data-acquisition well
=»Spud planned Q3 2023
=» Geothermal targets:

250

500

750

=»Primary: Slochteren Fm (ROSL) sandstones - ~86°C 1000

=»Secondary: Rijnland Gp (KN) sandstones - ~62°C

=»Secondary: Chalk Gp (CK) - ~39°C 1220
=»Main uncertainty for primary target: permeability. Chance of 1500

presence of sufficiently permeable reservoir estimated at 60%

=>Well will be located on the Zandvoort Ridge, where well data is
very scarce

=>Well results will be important for large area with high heat
demand. This area includes cities such as Haarlem, Amsterdam,
Hilversum, Utrecht and Amersfoort.
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Objectives

[ Top hole

[ No reservoir potential
Il seal above reservoir
B Reservoir potential
Expected lithology
- Clay(stone)

I:' Sand(stone)

- Carbonate

- Marlstone

- Halite

- Anhydrite
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