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Unlocking its potential for wider energy applications
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GEODE in a nutshell

» Joint project of EBN and TNO to create an atlas of

. 1 CENOZOIC - SHALLOW GAS
subsurface resources in the Netherlands.

2 UPPER CRETACEOQUS - CHALK \.\ ( ‘ ( Aa

» Easily accessible web-based GIS environment where play-

based exploration data and knowledge is presented for: 4 JURASSIC ' 73 /%(
» the main hydrocarbon playsin NL " s
- saline aquifer CO, Storage in the Dutch offshore i L AR

* H, storage in Zechstein salt in NL ek tﬁk%ﬁ* !‘r

» Results of this project are made available to the public

8 CARBONIFEROUS
free of charge.

9 SOURCE ROCKS

* Online since November 2021, yearly updates and added
plays evaluations.

www.geodeatlas.nl @
g GEODE



From data to accessible knowledge

> 500 integrated datasets and interpretations

PERMIAN

Reservoir screening
information
> 280 datasets/maps

Seal assessment
information
> 120 datasets/maps

_LATE PERMIAN _|EARLY TRIASSIC
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LATE PERMIAN

PERMIAN

Fault information
> 20 datasets/maps

www.nlog.nl
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Country wide basin
model
> 80 datasets/maps

Risk/chance

maps
> 150 maps

www.geodeatlas.nl

GEODE



Zechstein play

2024 update

Sub-plays:

» Zechstein Fringe Sandstones
» ZLechstein 2 carbonates

+ Zechstein 3 carbonates

* Evaporites

New maps:

* Reservoir quality
« CO,-storage

* H,-storage

* Onshore

Zechstein annotated play map
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https://ebn-bv.maps.arcgis.com/sharing/rest/content/items/7b58c81288e247a1be1e0ba185669704/data

CO, Storage in Saline Aquifers

Qualitative Capacity Density Injectivity
| e t | ‘l 2 casis
Assumption: closed aquifer - i
- value
\ = \ J "
Deliverables: = \ J E
«  Capacity Density (Mt/km?) T , |
«  Permeability * Thickness -
(kh as proxy for injectivity)
nput: o St | Pl
- Pore Space Height
(Thickness * Porosity) & :
+  Pressure Space R r e
. Compressibility of the
system (Rock + Water) S T
A e R W, O iy e
www.geodeatlas.nl/pages/play-6-zechstein
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http://www.geodeatlas.nl/pages/play-6-zechstein

CO, Storage in Saline Aquifers

Conftainment

«  Top Seal Quality
*  Faults

. Legacy wells

«  Overpressure

. Hydrocarbon shows

www.geodeatlas.nl/pages/play-6-zechstein

Zechstein supracrop map
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https://www.geodeatlas.nl/pages/play-6-zechstein

Underground H, Storage in Salt Diapirs

Zechstein halite thickness

ZE halite thickness
(m)

Value

T 5000

Salt must be present:

i
Offshore
(1000-1500m,
500m thick)

« below 1000 m TVDSS for sufficient storage capacity
(max pressure)

« above 1500 m TVDSS to prevent cavern
convergence (due to salt creep)

THe Hague

www.geodeatlas.nl/pages/play-é-zechstein _%é Rettasdam A
Kilometers

o
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https://www.geodeatlas.nl/pages/play-6-zechstein

Underground H, Storage in Salt Diapirs

* Screening based on

geomechanical constraints;
salt present between 1000 and

1500 m TVDSS

salt bodies

www.geodeatlas.nl/pages/play-6-zechstein

Fact sheets for largest suitable

K09-581: fop Zechstel

K09-$B1: Thickness Zechstein

Svuitable salt bodies

NG

Legend

[ Blocks

Offshore (1000-1500m,

500m thick)

[ Medium to large

[ small

Onshore (1000-1500m,

>300m thick)

[ Probably suitable
[ Inuse as UGS
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https://www.geodeatlas.nl/pages/play-6-zechstein

Exploration for Natural Gas
LEZ2C sub-play

» Zechstein 2 carbonate play in
the UK

« Carbonate platforms along the
Mid North Sea High

+ Recent exploration successes

Pensacola Crosgan
8.4 BCM
recoverable

2023 Browing Stamp - Zechstein 22 Hauptdolomite in UK Mid North Sea High @
GEODE



Exploration for Natural Gas
LEZ2C sub-play
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2021 Peeters et al - ZEZ2C around the Elbow Spit High @
GEODE
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Exploration for Natural Gas zc72¢ sub-play

Paleozoic gas generated since 242 Ma
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Zechstein carbonates
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CO, Storage in Saline Aquifers

Lechstein Fringe Sandstones

Sparse well data

Deep burial in basin center

ThermoGIS workflow

www.geodeatlas.nl/pages/play-6-zechstein

ZEXS Porosity (%)
' Value
P 30

N 05 F
*  Well locations

W sre

of 9

. .

85102013040
)

.
\__V Middelburg

- °og o .
am , 2
.~J - . Y
e o.-. 3

Dor dﬁ(hl .

o s s
. el >N
, Ne g
GrevEljag <
‘él

Kadaster, Esri. TomYom Garmin, Fou rsquire®AC,

NASA, uscs”
ot
Bergen op

Permeability (mD)

Poro-Perm Zechstein Fringe SST - by Fm

10000
1000 9
[ ~
‘r %
100 o ® L
. »
e %
10 .
.
.
) bt °

0 5 10 15 20 25
Porosity (%)

R »
-

® ZEZ1S
® ZEZ2S
® ZEZ35

ZEZAS

30

35

GEODE


http://www.geodeatlas.nl/pages/play-6-zechstein

How to calculate Capacity Density? D
GEODE

Q=A.D.®.pCO,.E,
A= Area aquifer, D=thickness of good reservoir rocks, ®=porosity, pCO, density of CO,, E; = storage
efficiency (<1)

(besf practice for the storage of CO, in saline aquifers SACS and CO2STORE projects 2007)

+ Isthe aquifer Open, Semi-Closed or Closed
» Closed aquifer: Pressure constrained
* Open aquifer: Pressure can dissipate. Pore volume constrained

» Closed aquifer:
« Q=A.D.0. (Cr+Cw). AP. pCO,

* Regional versus local storage efficiency *
Calculating local storage efficiency requires dynamic modelling —— —

Insert a footer - or delete it - via > Insert > Header and Footer 17



Storage Volume Calculation Closed Aquifer

Q=A.D.®. (Cr+Cw). AP. pCO,

Q= Storage Capacity

A: Area from GEODE maps

D: Thickness from Geode maps
@: Porosity from Geode maps

Cr: Rock Compressibility
constant = 9.1E-5 (1/bar)

Cw: Water Compressibility
constant = 3.2E-5 (1/bar)

AP: Pressure Space
constant =0.035 bar/m

pCO, :Density CO,
constant = 700 kg/m3

Storage Efficiency Factor
GEODE (E,) = (Cr+Cw). AP

Depth (m) Efficiency Factor E
1000 0.004
1500 0.006
2000 0.009
2500 0.011
3000 0.013
3500 0.015
4000 0.017

(%)

0.43
0.65
0.86
1.08
1.29
151
172

DEPTH (2)

Depth (km)

Assuming a geothermal gradient
IR of 25°C/km from 15°C at the
surface, and hydrostatic pressure.

25

0 200 400 600 800 1000
Density of CO, (g/m?)

Depth vs density for CO,. At depths greater than 800 m,
).

PRESSURE

5
7

Lithostatic pressure gradient
2.31g/cm?

22.6 MPa/km

1.0 psi/ft

Fracture pressure gradient

Hydrostatic pressure gradient
1g/ecm?

9.8 MPa/km

0.433 psi/ft

p: density
g: gravitational acceleration
z: depth
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“Pressure Space” from SNS pressure

database (NLOG)

DEPTH(2)

CO2 storage will increase the
formation pressure

Stay below pressures that may cause
leakage or seismicity

Indication of fracture gradient from
Leak-Off tests (LOT) and Formation
Integrity Tests (FIT)

Geode Pressure Space between
hydrostatic and 1.035 bar/10m
Overpressure reduces Pressure

PRESSURE

Lithostatic pressure gradient
231 g/em®

22.6 MPa/km

1.0 psifft

Fracture pressure gradient

Hydrostatic pressure gradient

1g/em?

9.8 MPa/km

0.433 psi/ft

p: density

g: gravitational acceleration
2 depth

o

TVDs:

V0w i)

s (m) vs. Formation pressure (bar)

Overpressured
Geode gradient

<+

"Pressure Space”

Formaton oressure Bar)

5 () vs. Fracture pressure (bar)




CO, Storage in Saline Aquifers

Deliverables

Capacity Density Zechstein Fringe Sandstones

Kh Zechstein Fringe sandstones (as proxy for injectivity)
Capacity Density x Kh Fringe Sandstone (sweet spots for CCS)
Hydrocarbon shows

Overpressure maps

Faults, legacy wells, Seal quality

ARSI o
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Underground Hydrogen Storage in Salt Diapirs

Deliverables

Depth (Top and Base Salt map)
Thickness

Salt structure shapes
Temperature

Pressure

Stress field

Faults

Salt heterogeneity

Factsheets per salt body

00N~ LN =



Exploration for Natural Gas

Key deliverables

* Thickness

* Porosity/permeability Fringe Sandstones

* Reservoir quality maps ZE2 & ZE3 Carbonates
«  GDE maps

»  Post-drill Well Analysis

« CRS and CCRS maps




b I b rr‘r- = ::T_{}‘\.\I ebn
9 Dutch Exploration Day




	Cover
	Slide 1: Return to the Zechstein Play  Unlocking its potential for wider energy applications
	Slide 2: GEODE Zechstein 2024
	Slide 3
	Slide 4: GEODE in a nutshell
	Slide 5: From data to accessible knowledge
	Slide 6: Zechstein play
	Slide 7: CO2 Storage in Saline Aquifers 
	Slide 8: CO2 Storage in Saline Aquifers 
	Slide 9: Underground H2 Storage in Salt Diapirs
	Slide 10: Underground H2 Storage in Salt Diapirs
	Slide 11: Exploration for Natural Gas
	Slide 12: Exploration for Natural Gas
	Slide 13: Exploration for Natural Gas
	Slide 14

	backup
	Slide 15: Zechstein carbonates
	Slide 16: CO2 Storage in Saline Aquifers 
	Slide 17: How to calculate Capacity Density?
	Slide 18
	Slide 19: “Pressure Space”  from SNS pressure database (NLOG)
	Slide 20: CO2 Storage in Saline Aquifers 
	Slide 21: Underground Hydrogen Storage in Salt Diapirs
	Slide 22: Exploration for Natural Gas
	Slide 23


