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The Netherlands approx. 255 million years ago...

Source: dinosaurpictures.org s =
C:R. Scotese (2013) & :


http://www.pexels.com/

Large parts of N-Europe covered by a shallow inland sea
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> 500m of layered deposits : salts, limestone and anhydrite

Rock salt Anhydrite

Coastline Inland sea
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Sequence of deposition of different types of salt

% Water Evaporated
99.1%

Nedmag, Veendam
Rare

Crystallization of MgCl,.6H,0 (Bischofite) > magnesium >
Crystallization of MgKCl;.6H,0 (Carnallite) > potassium

Crystallization of MgSQ,.xH,0 (Magnesium sulfates) Conventional salt mining

Crystallization of NaCl (Halite) > sodium, chlorine »  Commonly used in NL
Nobian, Frisia

Crystallization of CaS0,.2H,0 (Gypsum)

Limestone

Crystallization of CaCO; (Aragonite/Calcite) (mining by excavation)

Evaporation cycle

Source: Basel Abu Sarah et al, 2022
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Formation of salt pillows and salt diapirs

a Salt covered by layers of sediment
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3D digital model Zuidwending
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b Salt flows to form a pillow
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o C Continued deformation of pillow to salt diapir
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Source: Geluk et al., 2017, Geology of the Netherlands
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Source: Gundelach et al., 2013
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Suitability of salt structures for salt mining and storage

Salt mining

Storage

Schematic examples of salt structures
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Thinly layered Thickly layered Salt pillow Salt diapir Salt diapir
Depth < 500m Depth > 2000m Depth 700 - 1500m Depth 700 - 1500m Depth 700 - 1500m
favorable favorable favorable favorable unfavorable
unfavorable unfavorable favorable favorable unfavorable
I:I Produceable part salt formation Unproduceable part salt formation Other rock formations O Cavern
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Salt presence and extraction areas in The Netherlands

Verticale Doorsnede DGMdiep v5.0 .
Haaksbergen Twente-Rijn Zuidwending ~ Winschoten Barradeel B

A - surface

surface

2000m
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Haaksbergen A Twente-Rijn B Permits
[ | Salt diapirs, geology favorable for salt mining (and storage)

] I Deep and thick, geology favorable for salt mining . .
" ol EI Deep and thin, geology favorable for salt mining TNO |noyation
= Shallow(er) depth, geology favorable for salt mining

TR 40 wameters | 771 Very thin or absent

Lg-pegig.pe. g

~-

ey




Large differences between salt caverns between locations

Om

500 m

1000 m

1500 m

2000 m

2500 m

3000 m

TWENTHE-RIIN
ZUIDWENDING 100 - 200 m
WINSCHOTEN —_—
L—
125m HAAKSBERGEN ——
A 125 m approx.0,25M m3
>
O max. 1M m3
VEENDAM
500 m 1-4M m3
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Salt mining

BARADEEL

50 m
-«

HOB -1IMm3

PERSLUCHT
HUNTORF

§0m
GASOPSLAG
ZUIDWENDING D D
90 m

0,5-1IM m3

Storage (gas)

Size / volume

Depth

Shape

Type / structure salt fm.

- Normal rock salt (halite)

- Poorly soluble (e.g. anhydrite)
| .
e Soluble (e.g. carnallite)
Brine

x Insoluble residue (“sump”)
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Salt production in The Netherlands
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Source: annual report “delfstoffen en aardwarmte in Nederland 2023”

0

500

1000 -

1500

Diepte

AL

Nobian 2zuidwending

Energystock Zuidwending

L

Nobian Heiligeriee

Gas storage caverns

2000 -

2500

3000

Zoutproductie (1000 ton)

8000
7000
6000
5000
4000
3000
2000
1000

0

&

W Adolf van Nassau*
Heiligerlee / zuidwending

W Twenthe-Rijn*™

Source: State Supervision of Mines (SSM)

el

R Ry ——

Nobign Twente (250+)

GTs
}U 2 o o

Nedmag Veendam

Nitrogen storage cavern

71

Frisia Harlingen I] [l o

[

Veendam

m innovation
for life

B Havenmond™**
Incl. Barradeel


https://www.nlog.nl/sites/default/files/2024-09/Jaarverslag%202023%20-%20Delfstoffen%20en%20aardwarmte%20in%20Nederland.pdf.pdf

Storage in The Netherlands

{in miljard Mm-)

N

7 storages operational of which 3 in salt caverns
« @Gas storage Zuidwending (6 caverns)
 Nitrogen storage Heiligerlee/Winschoten (1 cavern)

 Oil storage Enschede (2 caverns)

Opslagvergunningen
) s Situatie op 1 januari 2024
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Siguur 4.1 Opslagverqunningen per 1 januari 2024

Source: annual report “delfstoffen en aardwarmte in Nederland 2023”
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https://www.nlog.nl/sites/default/files/2024-09/Jaarverslag%202023%20-%20Delfstoffen%20en%20aardwarmte%20in%20Nederland.pdf.pdf

What will the future hold?

Hydrogen Storage? Compressed Air Energy Storage?

Solar panels

Renewable Energy

Compression

Market Industry

Renewable Energy

Into the natural
gas g Supply to industry,
transport, etc.

Electrolysis:
separating water

into hydrogen
and oxygen
elect

(acey)

oxygen hv@-n

2H,0 ->2H,+0,

Hydrogen

Compressed Air

Gas storage
in cavernsin

1 the salt layers

| measuring
approximately

| 70x300m

Source: Corre Energy

m innovation
for life




Knowledge development

Current research questions that are subject of recent/ongoing research

« Many caverns have reached the end of their lifetime.

o How can they be safely abandoned (shut-in)?

o Can they be safely reused for storage (e.g. hydrogen)?

Cavern Closure Consortium (CCC)

Integrated multiscale study of salt
cavern abandonment in the
Netherlands.

Completed in 2024

KEM-17
Research on the long-term risks of
cavern abandonment

Completed in 2021

Salt R&D program TNO-AGE
UU-TNO PhD research on

fundamental aspects of salt creep
and application in models

Expected in 2026

Solution Mining Research Institute

International network of experts
and operators.

Diverse studies ongoing

KEM-28
Risk assessment for underground
hydrogen storage in (clusters of)
salt caverns.

Completed in 2024

Research TU-Delft
PhD research on seismicity around
salt caverns (4 years)

Expected in 2026

KEM-45
Effects of Controlled Brine Bleed-Off
(CBBO)

Expected in 2026

m innovation
for life




listen

L
'O
Y
=
0
>
-
c
®
K-
=




	Template-set TNO
	Slide 1: Salt Mining and Storage in The Netherlands
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13: Knowledge development
	Slide 14: Thank you for listening!


