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GEODE in a nutshell

= Joint project of EBN B.V. and TNO to create an atlas of
subsurface resources in the Netherlands.

» Easily accessible web-based GIS environment where play-based
exploration data is presented for the main hydrocarbons plays in
the Netherlands and for saline aquifer CCS in the Dutch offshore.

= Results of this project are made available to the public free of
charge.

= Online since November 2021, yearly updates and added play
evaluations.

www.geodeatlas.nl



GEODE approach

A Play Based Exploration (PBE) approach is used
to create many subsurface datasets including
common risk segment (CRS) maps.

» Historical data is transformed into mappable
information and provides an indication of the
most prospective areas for HC exploration and
sweet spots for saline aquifer CCS.

= Player software (from GIS-PAX) is used to perform
play analyses.

= Results also as layered PDF (annotated play map) I



Workflow per play

Update where necessary

Inventorisation phase

Collectreports (JIP projects, TKI studies...) and publications
Database queties (NLOG, EBN HC db, EBN Geoevents dB)

Post Drill Well Analysis (PDWA)
Based on NLOG well data and tops & EBN public db
Play specific focus
Evaluation of presence & effectiveness of Reservoir, Seal &

Source (Trap left out as prospect specific)

N
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Sourcerock
Data/knowledge
Workflow
Maps

Reservoir
Data/knowledge
Workflow
Maps

Seal
Data/knowledge
Workflow
Maps
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Combination phase

CRS, CCRS maps with associated attributes

>

Parallel
documentation
of inputs,
workflow
and metadata

@
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Publication phase on GEODE platform
Input data, PBE output data, play maps, metadata and reports directly linked




GEODE Project goals 2023

= New Scope:
= Onshore for E&P
= Saline aquifer CCS Offshore E&P

~ Aquifer CCS
1 J /_;, :

e

= More regional datasets available

» Plays updated during 2023:
= Pefroleum System NL
» Rotliegend -
= Triassic 4 - -
» Lower Cretaceous (ongoing) ' ' 2
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GEODE Rotliegend project 2023

Onshore included E&P, Offshore Saline Aquifer CCS
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New Scope:

= Additional deliverables (e.g. perm, N/G, Kh, qualitative storage capacity, injectivity, pressure)

New data:
= EBN- and TNO-studies including newly released material

= New reservoir property data (ThermoGlIS data 2021, SCAN data, EBN machine learning)
» Special thanks to NAM, Neptune and Panterra for making studies and datasets public
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https://www.researchgate.net/publication/46686954_Geology_of_the_Netherlands
https://www.nlog.nl/index.php/southern-permian-basin-atlas
https://pubs.geoscienceworld.org/sepm/books/book/1184/The-Permian-Rotliegend-of-the-Netherlands
https://www.nlog.nl/datacenter/
https://www.dinoloket.nl/stratigrafische-nomenclator/naar-stratigrafische-groep/boven-rotliegend-groep

Rotliegend onlap - evidence in the South:  wmaey

= Rotliegend basin fill with onlap against ____
pre-existing higher areas is well ' A
documented from the southern side of
the Southern Permian Basin.

g
|

Depth (m)

= Example: Groningen field

Ameland CIay;tone ROCLA

Groningen line flattened: vert exagg. 6.4x

Grotsch et al, 2011



Onlap model in North

Inre

als

Member names

cently released TNO-Neptune study

SAND DISTRIBUTION AROUND MNSH - ALL UPPER ROTLIEGEND
Thin Rotliegend = young Rotliegend

N S

A11-01 A15-01 Cygnus/E04 F16 Markham / K2 K18

o proposed for N:

Sands derived from \ Sands derived from

Northern source (MNSH) Southern source (LBM)

TNO-Neptune, 2020



Rotliegend reservoir - seal summary GEODE 2021 (superseded)
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GEODE

Main Zechstein Basin
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Rotliegend reservoir — seal summary - GEODE 2023 @
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Impact Rotliegend update

Northern offshore: more Upper Slochteren sandstones

ROSLU thickness (mTV)
Update'2023

ROSLU thickness FINAL

300
250
200

= Reclassification of Rotliegend sst in ks B
northern offshore to ROSLU -

= Onlap Rotliegend applied

» Updated correlations and new
thickness maps, showing the extent
of ROSLU derived from the north

Sillasmmit Easin

ROSLU paleogeographical map



GEODE 2023: structural elements

Texel-lJsselmeer High

TIJH areq; ROSL thickness, DGM5 maps

o
O

Only 2 wells without RO
ROSL drilled inside TIJH polygonfss

Thick ROSL very close to TIJH
No evidence for pinchout

TIJH did not exist during RO deposition.

Rotliegend thickness calculated
from TNO grids
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Annotated plqy mqp example ROSLU paleogeographlc map @
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Final Risk map - Upper Slochteren example TRO
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Introduction Saline Aquifer CO2 storage  wmaey

Why Saline Aquifers for Carbon Capture and Storage®?

Storage potential in depleted HC
fields is bound and limited to structure.
Saline Aquifers provide large storage
potential.

Many aquifers lie in hydrocarbon
provinces = geology is known and
close to existing infrastructure.

Screening of CCS opportunities
focuses on the following subsurface
drivers:

« Capacity
* Injectivity
« Containment

Injection wells Plugged oil well

seal

Saline aquifer

Saline aquifer

seal

Depleted field N —= Structural storage
// In depleted
field
O.Tucker 2017



Regional saline aquifer CCS Screening T™NO

GEODE 2023:
» Regional screening for sweetspots for saline aquifer CCS
» |dentify sufficient reservoir and seal present in NL offshore

Data processing & analysis
Capacity and Injectivity maps
- focus areas
- sweet spots
- leads

2020-2023

Saline aquifer

Depleted gas fields ‘

HC Exploration
opportunities

Portfolio creation |

2024 >

Combined

CCS )Y CCS Prospect
portfolio maturation

CCS Exploration license
application

Cooperation CCS Storage
EBN - Operators license application




Drivers for saline aquifer CCS screening  waaey

Based on Hydrocarbon E&P Data

Charge

Reservoir

Seal

Trap — not part of GEODE
Prospect Specific!

Source Rock
(presence/expulsion)

Migration
Presence

Effectiveness

Lithology/ thickness top seal

Faults / Timing

Not relevant for CCS

Capacity
Injectivity
Geological containment

Well containment (prospect level)

Depleted HC field (proven trap!)
Closed aquifer system
Open aquifer systems (no trap)



Rotliegend saline aquifer CCS potential

Rotliegend Agg. Injectivity
(kH, mDm)
« Hoog: 10.000
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Injectivity regional screening:
= Reservoir thickness
= Reservoir permeability

Rotliegend Agg. Qualitative
Capacity Density
+ Hoog: 0,618
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Capacity regional screening:

Pore volume(reservoir thickness and porosity)
Rock and fluid properties (density, compressibility)
Pressure space (fracture gradient — safe margin — hydrostatic gradient)




GEODE selected plays for the Netherlands TRO

1 CENOZOIC - SHALLOW GAS

2 UPPER CRETACEOUS - CHALK

4 JURASSIC

5 TRIASSIC

6 ZECHSTEIN

8 CARBONIFEROUS

9 SOURCE ROCKS

Offshore E&P

Onshore E&P

CCS offshore

CARALCARLKKLKKK

CALLCRK

<

2025

2024 - Q1

Stratigraphic
pre-study in 2024

2024

CALLCRK

NEW Petfroleum System Analysis NL
9 SR intervals!



Thanks for your attention
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BACK-UP SLIDES




Key member boundary lines

Upper Slochteren Sst (ROSLU) shaleout S=>N

Likely Lower Slochteren Sst (ROSLL) pinchout N=>$§

Upper Slochteren Sst (ROSLU) pinchout (both S and N)
= Upper Rotliegend (RO) pinchout

Main Zechstein Basin

P1 P15 KI3, KI7 K10, K14, K08, K09, K12, KO1-K06, D12, D135, A7
P13-01, P2 WGF-0I Q13,Q10  PO2 Qol L10,113, Mo7 | LO1-LOs, NO4 E10-E12, FIO  (Cyanus] B17 A11,B10 UK wells £02-01
A A A A A A A A A A A A
Ckonlopon
Critical seal thickness: DC high
Present: >20m
IEZTW Ambiguous: 5-20m
Absent: <5m
~60km ~60km it ~200km SAUENE
ROCLT i - fgneous
ROCLT halites ROCL & " rocks XX
. Subplay 7a: « s
oy, J.Q"O ROSL+ROSLU 2
i,
ROSLU
----- ROSE L —ROCL= = — — — —
DC \ ROCLA
ROSL Subplay 7b:
\ i ROSLL
Majdr unconformity

Dots and legend:
total RO thickness,
well control




Rotliegend CO2 saline aquifer storage potential

Injectivity (Kh)

Rotliegend Agg. Injectivity
(kH, mDm)
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Qualitative Capacity Density

Rotliegend Agg. Qualitative
Capacity Density
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Qual. Cap. Density * Injectivity

Rotliegend Agg. Qualitative
Capacity Density * Injectivity
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