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The suitability of a saline aquifer for H2 storage will be a function of the values of the properties mentioned in the article. The considerations taken into account in assigning these values according to the characteristics of each site are described below.
Primary Containment
For a formation to be suitable from an HSE risk perspective, it must have a competent primary seal to contain the gas and an appropriate structural trapping mechanism. In this respect, a geological formation that has a shale seal with a thickness of more than 20 m, a depth of at least 500 m and an anticlinal structure would present a minimal risk of leakage in an initial assessment. This is because this type of lithology has low porosity and permeability. In addition, it should also be seismically stable within the regional geology. A basin with a compressive stress state and low seismicity would initially be a suitable situation for the UHS due to the geomechanical stability of these two states.
In the case of the reservoir, it is important from a safety point of view that the site is free of faults and deep wells. Lithology, permeability, porosity and thickness are other characteristics to be considered that affect both the safety and the capacity of the site. With regard to the hydrology of the reservoir, since it is an aquifer, the existence of a certain circulation associated with the open nature of the reservoir is in favour of safety, as it helps to relieve the stresses on the ground when gas is injected.

Table S1: Primary Containment: Suitability taken into account when assigning values to the various properties.
	Attribute
	Property
	Description
	

	Primary Seal
	Thickness
Lithology
Demonstrated sealing
Depth
	>20 m 
Mudstones and shales
Good seal
500 – 3700 m
	

	Regional geology
	Trapping Mechanism
Stress state
Tectonic
	Good structural mechanism (anticline)
compressive
low seismicity
	

	Reservoir
	Lithology
Perm., Porosity
Thickness
Fracture or primary porosity
Pores filled with…
Pressure
Hydrology
Deep wells
Fault permeability
	Homogeneous sandstone and carbonate
>10% , >300 mD
>10 m 
Primary porosity
Low TDS WATER / Briner
Underpressure
Slow circulation
Without deep well
Without fault / impermeable faults
	




Secondary Containment
Hydrogen gas has a high diffusivity, so the presence of a secondary seal layer acting as a retardant formation will reduce the HSE risk. The characteristics to be considered for this secondary seal are the same as for the primary seal. 

Table S2: Secondary Containment: Suitability taken into account when assigning values to the various properties.
	Attribute
	Property
	Description

	Secondary seal
	Thickness
Lithology
Demonstrated sealing
Trap existence
Depth
	>20 m 
Mudstones and shales
Good seal
Regional seal
500 – 1000 m



Attenuation potential
Surface features that minimise HSE risks are associated with flat and windy topography, so that in the event of a leak, the gas concentration in the area can be diluted. Other risk mitigating aspects include the location of the site away from populated areas, such as an open field, and the absence of surface water that could act as a preferred pathway for gas transport. With regard to groundwater, if it is not drinking water, it can act as a safety factor by delaying the arrival of the gas in the atmosphere. Therefore, sites without drinking water aquifers between the storage formation and the surface, and aquifers with slow circulation, are preferred.
Table S3: Attenuation potential: Suitability taken into account when assigning values to the various properties.
	Attribute
	Property
	Description

	Surface Characteristics
	Topography
Wind
Climate
Land use
Population
Surface water
	Flat
Windy
Arid
Open range / Farmland
Sparsely populated / Suburban
Dry / Seasonal wetland

	Groundwater Hydrology
	Regional flow
Pressure
Geochemistry
Salinity
	Slow flow
Underpressure
Alkaline
Very low TDS

	Existing Wells
	Deep/Shallow/Abandoned/Disposal wells
	Without well


	Faults
	Tectonic faults
Normal faults
Strike-slip faults
Fault permeability
	No tectonic fault
Few normal fault
Few strike-slip faults
Impermeable faults



Site Assessment
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Secondary containment

Attribute Weight Property/Value Assessment of Attribute  Certainty Factor

10 = most important

Relative to HSE Risk

1 = least

Secondary Seal Description

Thickness 10 43 m 1 2

Lithology 8 Areniscas margosas calcáreas  -1 2

Demonstrated sealing 1 No existe 0 1

Trap existence 8 No existe 0 2

Depth 5 412 m 2 2

Shallower Seals Description    

Thickness 10 - 0 2

Lithology 5 - 0 2

Lateral continuity 5 - 0 2

Evidence of seepage 10 - 0 2
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Attenuation Potential

Attribute Weight Property/Value Assessment of Attribute  Certainty Factor

10 = most important

Relative to HSE Risk

1 = least

Surface Characteristics Description

Topography 5 Poco relieve 2 2

Wind 10 Seasonally windy 0 2

Climate 2 Clima semi húmedo 0 2

Land use 2 Zonas frutales y olivares 1 2

Population 10 Ciudad de Reus a 3 km -2 2

Surface water 2 No existe 2 2

Groundwater Hydrology Description

Regional flow 6 Contacto con la superficie 2 2

Pressure 7 Hidrostática 2 2

Geochemistry 2

Acuífero con problemas de 

nitratos 1 2

Salinity 7 500 - 2000 ppm (Cl

-

) 1 2

Existing Wells Description

Deep wells 5 Sondeo Reus-1 -1 2

Shallow wells 4 6 pozos someros -2 2

Abandoned wells 4 No existe 2 2

Disposal wells 1 No existe 2 2

Faults Description

Tectonic faults 8 Falla el Camp -2 2

Normal faults 8 No existe 2 2

Strike-slip faults 8 Falla el Camp -2 2

Fault permeability 10

Movimiento de falla 0,02 

mm/año  -1 1
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Primary Containment

Attribute Weight Normalized  Property/Value Assessment of Attribute  Assessment of Certainty Factor

10 = most important

Weight Relative to HSE Risk

1 = least

Primary Seal Description

Thickness 10 0,31 500 m 2 0,63 1

Lithology 7 0,22 Arcillas/ Marga 0 0,00 2

Demonstrated sealing 5 0,16 No existe 0 0,00 1

Depth (distance below ground) 10 0,31 1000 m  2 0,63 1

32 1,00 Average: 1,00 1,25 1,25

Regional geology Description

Trapping mechanism 10 0,36 Estructural contra falla 1 0,36 0,1

Stress state 10 0,36 Compresivo 2 0,71 2

Tectonics 8 0,29 Sismicidad alta -2 #### 2

28 1,00 Average: 0,33 0,50 1,37

Reservoir Description

Lithology 7 0,18 Arena de Base Cuenca Guadalquivir 2 0,36 1

Perm., poros. 7 0,18 20% porosidad; 10

2

 mD permeabilidad 2 0,36 1

Thickness 4 0,10 22 m 0 0,00 1

Fracture or primary poros. 2 0,05 Primaria 2 0,10 1

Pores filled with… 2 0,05 Salinidad 8000-10000 ppm -1 #### 0,1

Pressure 5 0,13 Hidrostática 0 0,00 0,1

Hydrology 2 0,05 Movimiento con el guadalquivir hacia el mar 0 0,00 1

Deep wells 5 0,13 Sondeo Río Guadalquivir N-1 2 0,26 2

Fault permeability 5 0,13 No existe 2 0,26 2
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Secondary containment

Attribute Weight Normalized  Property/Value Assessment of Attribute  Assessment of Certainty Factor

10 = most important

Weight Relative to HSE Risk

1 = least

Secondary Seal Description

Thickness 10 0,31  500 m 1 0,31 2

Lithology 8 0,25 Poca compactación -2 #### 2

Demonstrated sealing 1 0,03 No existe 0 0,00 1

Trap existence 8 0,25 No hay evidencias 0 0,00 2

Depth 5 0,16 400 m 2 0,31 2

32 1,00 Average: 0,20 0,13 1,8

Shallower Seals Description    

Thickness 10 #### - 0 #### 2

Lithology 5 #### - 0 #### 2

Lateral continuity 5 #### - 0 #### 2

Evidence of seepage 10 #### - 0 #### 2
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Attenuation Potential

Attribute Weight Normalized Property/Value Assessment of Attribute  Assessment of Certainty Factor

10 = most important

Weight Relative to HSE Risk

1 = least

Surface Characteristics Description

Topography 5 #### Mucho relive -1 #### 2

Wind 10 #### Viento según temporada -2 #### 2

Climate 2 #### Clima árido 1 #### 2

Land use 2 #### Zona de regadío y secano 1 #### 2

Population 10 #### Pueblo rural a 10 km 1 #### 2

Surface water 2 #### Río Guadalquivir a 12 km 1 #### 2

31 #### Average: 0,17 #### 2,00

Groundwater Hydrology Description

Regional flow 6 #### Sistema multicapa 2 #### 2

Pressure 7 #### Hidrostática 2 #### 2

Geochemistry 2 ####

Exceso de cloruros, sodio, 

nitratos y magnesio 1 #### 2

Salinity 7 #### 500 - 3 000 mg/l 1 #### 2

Existing Wells Description

Deep wells 5 #### Río Guadalquivir-1 -1 #### 2

Shallow wells 4 #### No existe 2 #### 2

Abandoned wells 4 #### No existe 2 #### 2

Disposal wells 1 #### No existe 2 #### 2

14 #### Average: 1,25 #### 2,00

Faults Description

Tectonic faults 8 #### No existe 2 #### 1

Normal faults 8 #### No existe 2 #### 2

Strike-slip faults 8 #### No existe 2 #### 2

Fault permeability 10 #### No existe 2 #### 2
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Primary Containment

Attribute Weight Normalized  Property/Value Assessment of Attribute  Certainty Factor

10 = most important

Weight Relative to HSE Risk

1 = least

Primary Seal Description

Thickness 10 #### 318 m 2 2

Lithology 7 #### Arcillas 1 2

Demonstrated sealing 5 #### No existe 0 1

Depth (distance below ground) 10 #### 1.432 m 2 2

Regional geology Description

Trapping Mechanism 10 #### Alto del paleorelieve kastificado 2 2

Stress state 10 #### Compresivo 2 2

Tectonics 8 #### Sismisidad moderada -1 2

Reservoir Description

Lithology 7 #### Dolomias kársticas 2 2

Perm., poros. 7 #### 12% porosidad 2 1

Thickness 4 #### 66% e

bruto

 (144 m) 0 2

Fracture or primary poros. 2 #### Procesos de paleokarstificación 2 2

Pores filled with… 2 #### Salmuera (31.000 ppm) 1 1

Pressure 5 #### Hidrostática 0 1

Hydrology 2 #### Circulación lenta (Domo) 2 1

Deep wells 5 #### Sondeo Reus-1 2 2

Fault permeability 5 #### No existe 2 2


