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Agenda

* Introduction to the SCAN programme

SCAN 2D seismic acquisition

2D PreSTM processing examples

* 3D cross-spread acquisition & processing

e Lessons learned from the SCAN 2D seismic acquisition
* 2D reprocessing summary & examples

e Summary

 SCAN 4 — The next phase of SCAN seismic acquisition
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The SCAN programme %—
 The aim of SCAN is to collect data in areas of the Dutch : s

subsurface that have historically been left underexplored
to accelerate the development of geothermal projects
in the energy transition
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 The SCAN programme is implemented by EBN in collaboration
with TNO and financed by the Dutch Ministry of Climate
Policy and Green Growth (KGG)
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 The SCAN data collection comprises:
 Acquisition of new 2D seismic data (1950 km) v/ J
* Reprocessing existing 2D seismic data (7500 km) v/
e Drilling of several research wells ongoing
* SCAN 4 — additional seismic data acquisition
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Please note

* Concerns the stratigraphic interval between Base Rotliegend (Permian)
en Base North Sea Supergroup (Cenozoic). For the Dinantian (Early

) AII data SCAN COIIeCtS is public and Can be used by Carboniferous) data availability is low throughout. :quf-
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[ Depth fairly certain, thick
B Depth, thickness and rese

* SCAN is a research programme to collect subsurface data T i pcn
and will not develop geothermal projects
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SCAN 2D seismic acquisition & data avaj_lability

e Acquired 1.837 line km of new regional 2D (46 lines)
and 20 local lines (106 km) to support the SCAN well
locations with zero LTls

e Recorded 30.196 shots and 383.467 receivers planted

e SCAN acquisition was combined with 2D seismic
acquisition programs for UDG and MRA

 Visited 164 municipalities, distributed 135.000 letters
into the neighbourhoods prior to acquisition

* Land access permissions from some 6.200 land users

* All 46 regional lines & 20 local lines are available on the
NLOG website (https://www.nlog.nl/scan-2d-seismische-data)

MRA = MetropoolRegio Amsterdam SCAN/SREREY i o soanaress 500y
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CRS: RD New (Amersfoort; 28992)



https://www.nlog.nl/scan-2d-seismische-data

SCAN 2D seismic acquisition

Key acquisition parameter:

* Shot spacing: 60 m
* Shot depth: Nominally 20 m

e Shot type: Seismic explosives

Cumulative shot points drilled
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* Receiver spacing: 5 m

; MG Land drII tractr, znom Holiday
: Receiver type: Wireless nodes usually 5 tractors deployed, 200 l
e Spread type: Split-spread up to 100 shot points/day o .-
17000 oliday
e Maximum offset: 7 km = Covid-19
g 12000 shutdown
 Recording length: 10 seconds
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Key SCAN HSE numbers (30.11.2023):
e ZeroLTls

2 Mar 2021

7\
. . - Start-up period Bad th
* Manhours worked: 1.090.750 Geophones 2-3 kn/day LRAdAT
- KMs driven: 2.668.779 . Ry ey
(Numbers include the EBN test line (SCANOO1), ShOOtmg crew,

up to 160 shot points/day,

and all local 2D seismic acquisition).

and 1 pontoon deployed, up to 58 shot points/day

Barge/pontoon mounted drill tractor, usually 3 barges

Acquisition

Holiday

'/

pause

,

—
1Sep 2021

Average acquisition production

i ii i ‘ usually 1 crew deployed (Sept. 2019 to May 2022) was some 4 km/day

1 Dec 2021

Slow down due to water
works and urban areas
1-3.5 km/day
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SCAN 2D PreSTM processing — SCANO11 & SCANO00O1

SCANO11 - shot spacing 60 m, receiver spacing 5 m, nominal fold 116
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SCANO0OL1 - shot spacing 20 m, receiver spacing 5 m, nominal fold 348
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Shot spacing of 60 m shot & 5 m receiver spacing provide adequate data quality for 2D regional seismic interpretation
No significant data quality reduction compared to 2019 test line that would compromise seismic interpretability
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Two-way time [ms]

SCAN 2D PreSTM processing — MRAQ37

Schiphol’s

Zwanenburg Houthaven  Amsterdam Broek in
Vogelenzang Schalkwijk runway Amsterdam West Het 1J/ NDSM Noord Waterland
3911 4142 4835 5086 5297 5528 5753 5830 6221 6452 6683 6914 7145 7376 7607 7838 8069 8300 8531 8762 8933 9224 9455 9686 9317 10148 10379 10810 10841 11072 11303 11534 11765 11996 12227 12458 12683 12920 13151 13382 13613 13844 14075
7787 7903 8012

3218
2563

3443
2678

3680
2791

2250
7556 7672

2098

2525
2214

275
2328

2987
2445

4616
3280

7094 7210 7441

1832
1867

2063
1982

7139
6747 6863 6978

1521

1370
1636

601
1752

215
6400 6514 663

1059

a5
173

577
1289

508
1405

$693  S811 5935 6043 6160 6283

2907 3023 3370 3485 3601 3717 3832 3945 4063 4180 4296 4411 4529 4646 4764 4877 4995 5110 5225 5342 5460 5576 7325

373
3139

* With careful planning it was possible to acquired several 2D seismic lines
in close proximity to Amsterdam.




SCAN 3D cross-spread acquisition — Deurne area

* To de-risk the subsurface at the SCAN well locations as much as possible, often additional short 2D lines have
been acquired since the completion of the regional SCAN 2D seismic acquisition

* Whenever possible, the design was chosen such that 3D cross-spread data could be acquired simultaneously
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SCAN 3D cross-spread acquisition — Deurne area

* To de-risk the subsurface at the SCAN well locations as much as possible, often additional short 2D lines have
been acquired since the completion of the regional SCAN 2D seismic acquisition

* Whenever possible, the design was chosen such that 3D cross-spread data could be acquired simultaneously
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SCAN 3D cross-spread acquisition — Deurne area

* To de-risk the subsurface at the SCAN well locations as much as possible, often additional short 2D lines have
been acquired since the completion of the regional SCAN 2D seismic acquisition

* Whenever possible, the design was chosen such that 3D cross-spread data could be acquired simultaneously
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SCAN 3D cross-spread acquisition — Deurne area

* To de-risk the subsurface at the SCAN well locations as much as possible, often additional short 2D lines have
been acquired since the completion of the regional SCAN 2D seismic acquisition

* Whenever possible, the design was chosen such that 3D cross-spread data could be acquired simultaneously
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Nominal 4-fold
3D coverage




SCAN 3D cross-spread acquisition — Deurne area

* To de-risk the subsurface at the SCAN well locations as much as possible, often additional short 2D lines have
been acquired since the completion of the regional SCAN 2D seismic acquisition

* Whenever possible, the design was chosen such that 3D cross-spread data could be acquired simultaneously

.,./.
Nominal 4-fold
3D coverage
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If sufficient geophones are available
to lay out ALL lines at ONCE,
then the seismic recording of the
3D cross-spreads is almost “for free”*.

Extra effort is only required during
data harvesting and to compile the
cross-spread shots, and for processing.

i i i i *: This requires a seismic source strong enough to record the wide crossline offsets.




SCAN 3D cross-spread acquisition — Deurne area

* To de-risk the subsurface at the SCAN well locations as much as possible, often additional short 2D lines have
been acquired since the completion of the regional SCAN 2D seismic acquisition

 Whenever possible, the design was chosen such that 3D cross-spread data could be acquired 5|multaneously
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SCAN 3D cross-spread acquisition — Deurne area

3D cross-spread comparison with SCAN046 (AGC version), 3D cross-spread data extracted from 3D volume along SCAN046

+/- 1 km diameter
@ 700 ms

Two-way time [ms]

+/- 2 km diameter
@ 1400 ms

A cross-spread is lacking
near offset data, hence
the cone appearance.
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SCAN 3D cross-spread acquisition — Deurne area

3D cross-spread comparison with SCAN047 & 048 (AGC version), 3D cross-spread data extracted from 3D volume along SCAN
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SCAN 3D cross-spread acquisition — Deurne area
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Lessons learned from the SCAN 2D seismic acquisition

e Acquisition of 2019 EBN test line (SCANOO1) was fundamental to survey design

* Through seismic processing 7 different 2D acquisition designs could be tested, allowing for a balanced
decision between data quality, survey costs and survey duration

* Wireless node technology allowed for very high receiver density & long offsets, which
resulted in very dense subsurface sampling of 2.5m and a nominal high fold of 116

* Little visibility of nodes resulted in low numbers of theft and vandalism

* Sonic drilling & explosive sources ensured powerful seismic energy source and limited
source generated noises, e.g., ground roll

* Vibroseis sources often suffer from weak near surface conditions, resulting in poor coupling and relatively
little seismic energy being delivered into the subsurface



Lessons learned from the SCAN 2D seismic acquisition

e Careful survey planning, using modern GPS & GIS systems, allowed for placing
of more than 92,8% of all theoretical shot points, ensuring the “desired energy”
got into the subsurface

* The SCAN lines were kept as straight as possible in survey planning, so the seismic
data is “perfectly” projected onto the 2D line with as little cross-line offsets as possible,
resulting in better seismic quality

e Vibroseis trucks usually must stay on roads which results in “crooked” 2D seismic lines, while drill tractors
can go almost anywhere as long as the required safety distance to building is maintained

* With a combination of deep shot holes of 34 m and a small charge size of 120 g,
SodM granted an exemption to the mining law allowing for the reduction of
safety distance to houses from 50 m to 30 m within the city limits of Amsterdam,
resulting in an average seismic fold of 85* (line MRA037)

*Excluding 2.5km run-in & run-out




SCAN 2D reprocessing summary S

e 2D seismic data, acquired mainly from the early 70s \'/'_,J A
to early 90s, is reprocessed through a broad-band SO ‘
Pre-Stack Time Migration sequence /JQ /7

* Retrieval and QC of vintage data performed by TNO -
and EBN took more than 6.500 hrs (> 3.5 FTE years) E Sﬁ/

* Completeness check of raw field shots, observer logs and navigation data \
* Readability check of raw field shots (SEGY format) =
* If need be, reconstruction of navigation data
* |f need be, reconstruction of elevation data

* Atotal of 11 reprocessing projects have been released
to NLOG, which amounts to 7.504 line km (451 lines)

. - e — GT0-19-C033-01
SCAN Reprocessing van Seismische Lijnen Werkpakket — EIOSCaE0s

TO-18-C004
g — GT0-19-C033-03

* Time spend by EBN on QA/QC of seismic processing SC3 IlT —crowsan T FOORe

[ SCAN-gebieden

contractors was more than 5.100 hrs

100 km CRS: RD New (Amersfoort; 28992)
Printdatum: 29-11-2023
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Line MZ8557

Reprocessing usually
improves Signal-to-
Noise, event continuity
as well as fault imaging




SCAN 2D reprocessing — Old digital vs. new digital line

W e Ty L2PET1985G_ HA85D-08 vintage, 500 ms AGC s e Flevo polder 2
0 146 . 123 s 1150 oo 884 J 351 217 84 ¢

Almere-Lelystad [

Better S/N
il A
Improved small

e Reprocessing usually improves Signal-to-Noise,
event continuity as well as fault & dip imaging




SCAN 2D reprocessing — “New” digital vintage line

821005R Migoo0001 22 MZ-8513_PSTM_resicual2n_FX0econ22s

714105____mig160001 L2M0B1954A 3412 FINAL PSTM _STACK V2  MZ-3411___mig160001  MZ-3¢11___ mig160001 2! ) PSTI_f |
23772 z 2370 2390 MZ-8411___mig160001 MZB411__migieoo01 2339 MZ-8411 ﬂ?‘ﬁﬂm 8210058 -?oooom 22 MZ-8513_PSTM_resioialzo_SVD
1 1 1 1 1 1 1
1001 1088 1134 1201 1268

S e ©  No digital or paper

= = == = = - ra=— == section present in TNO
archive for this line.

e Used vintage field data
to create a “new” line

Line MZ84-11 north of Utrecht




Summary

* The SCAN programme is providing a wealth
of new and improved subsurface data:

A little over 1.950* line km of new high
qguality broad-band 2D seismic in areas
with low seismic coverage

* Atotal of 7.504 line km of reprocessed
vintage 2D seismic

* A data well campaign commenced in
October 2023 to focus on data acquisition of all potentially attractive
geothermal reservoirs, expected completion by end 2025

* All data is released for free at completion and ready for use for further
geothermal exploration and development

*. 2D regional lines, local lines and widelines.




SCAN 4 - The next phase of SCAN seismic acquisition

* The Ministry of Climate Policy and Green Growth (KGG) granted an extension to the
SCAN project in December 2023 for the years 2024 to 2027, now called SCAN 4

* The seismic acquisition scope now includes 2D and 3D seismic acquisition

* This required a new land 2D & 3D seismic acquisition contract, and a European
Tender was executed over the summer 2024

* In preparation for the first SCAN 3D survey, EBN commissioned 3D survey design
studies with two companies in Q2.2024 to obtain a nominal 3D survey design

* Work is ongoing to identify a suitable location for the first survey and three areas
of interest have just been announced
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