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Abstract 13 

Hydrogen energy will remarkably aid the global energy transition from fossil fuels to 14 

renewables. Hydrogen is the lightest molecule. It requires large volume storage 15 

facilities only found in geological formations. Salt caverns are a potential geo-storage 16 

medium that has been used in practice at a commercial scale. In Australia, several 17 

basins, i.e., Advalae, Carnarvon, Amadeus, Officer, and Canning, have been identified 18 

with notable salt deposits. The feasibility and potential of storing hydrogen in these 19 

salts have yet to be determined by geology, salt thickness, or salt type data. Here, we 20 

identified potential hydrogen storage sites. Additionally, hydrogen storage volume was 21 

estimated in Mallowa and Minjoo salts (Carribuddy salts: ~95 % halite and ~1 % 22 

anhydrite) in Willara Sub-basin, Canning Basin, Western Australia (WA). The results 23 

show a high potential for constructing salt caverns for hydrogen storage in these areas. 24 
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The geochemical data suggest the presence of Bromine (90 to 670 ppm and 150 25 

ppm in some wells), which are favorable for the solution mining process for the 26 

development of salt caverns. Our study demonstrates that approximately 28282 27 

onshore salt caverns (500000 m3 each) could be constructed in the Willara Sub-basin 28 

salt in WA. The estimated number of caverns can store 14,697 PJ of hydrogen energy. 29 

The proposed site would be in the Northwest of WA, ~70 to 80 km from the Indian 30 

Ocean, with access to the shore and transportation. The estimated H2 storage capacity 31 

in the salt caverns satisfies Australia's energy consumption (5,790 PJ in 2020-21), 32 

providing 8900 PJ of H2 energy for export to ensure a sustainable hydrogen value 33 

chain.  34 

Keywords: Western Australia, Canning basin, hydrogen storage, salt cavern, energy 35 

1 Introduction 36 

 37 

Fossil fuels release a considerable portion of greenhouse gas emissions, around 64%. 38 

These emissions significantly contribute to global warming and climate change [1-3]. 39 

The Paris agreement 2015 and COP26 2021 took global initiatives to mitigate CO2 40 

emissions and achieve CO2 neutrality in the atmosphere [4]. The earth’s surface was 41 

estimated to be 1 °C warmer compared to the beginning of the industrial revolution [5]. 42 

So far, more than 1260 climate acts are functional to protect against climate change 43 

around the globe. 44 

Moreover, 100 countries have joined an alliance for net-zero emissions by 2050. 45 

Despite these efforts, it was estimated that CO2 concentrations in the atmosphere 46 

would continuously rise to 417 ppm in 2021 [6-8]. Figure 1a illustrates that CO2 47 

emissions increase with the global human population. These emissions are mainly 48 
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human-based due to the 85% share of fossil fuels in the global energy supply (Figure 49 

1b). Therefore, it is vital to develop clean and sustainable energy production and 50 

storage systems  [1, 9-11].  51 

 52 

 

 

Figure 1 (a) Global population and CO2 emissions (data taken from studies [12, 13]). 

(b) Renewable and non-renewable global energy utilization (data from the study 

[14]). 

 53 

Hydrogen is a green energy carrier of the future, indispensable to climate protection 54 

[15]. To achieve a net-zero emissions scenario by 2050, European Commission, the 55 

US, China, the UK, Canada, Saudi Arabia, and Australia have visioned and aimed to 56 

develop a clean hydrogen energy ecosystem [16-19]. Sustainable energy systems 57 

(e.g., solar and wind) will be used to produce hydrogen from water via an 58 

electrocatalysis process [20, 21]. Geoscience Australia [22] predicts that Australia’s 59 

resources can support the grid-scale renewable hydrogen production economy [22]. 60 

Australia’s coastal areas are critical for hydrogen production through seawater 61 

electrolysis [22, 23]. However, high energy costs and the release of chlorine gas are 62 

significant issues faced during seawater electrolysis for hydrogen generation [24]. 63 

Therefore, chemists and material engineers are working on synthesizing 64 

(b) 

 
Global population 
CO2 emissions 
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nanocomposite-based electrodes. The electrodes consume minimum electricity (i.e., 65 

48% lower energy than conventional electrodes), prevent chlorine problems, and thus 66 

produce clean hydrogen using seawater electrolysis [11, 23, 25-31].  67 

Researchers [32-34] found that Australia requires large-scale energy storage solutions 68 

to widely adopt the hydrogen energy economy. Hydrogen can be stored using a variety 69 

of methods, including high-pressure cylinders (at 79.9 MPa), liquid hydrogen storage 70 

in cryogenic tanks (at 21 K), chemical hydrogen storage in metal hydrides, and 71 

physical storage in the metal-organic framework [35]. These techniques are reliable 72 

for mobile storage and industrial applications but need to address the interseasonal 73 

energy demand of the region at a massive scale [31, 36, 37]. Underground hydrogen 74 

storage (UHS) is scalable, cost-effective, and safe [38]. Depleted oil/gas reservoirs, 75 

deep saline aquifers, and salt caverns have been assessed to offer hydrogen storage. 76 

However, depleted gas reservoirs may contain methane gas which can pollute the 77 

quality of stored H2 [39]. Additionally, deep saline aquifer rocks have a high saturation 78 

of formation water [17], which increases hydrogen trapping, thus, significant hydrogen 79 

loss during hydrogen cycling process [40]. H2 storage in salt caverns provides multiple 80 

benefits such as flexibility (ease in injection/production cycles), vital chain link (supply 81 

for all types of clients), resilience (salt caverns conversion to H2 storage), and safety 82 

(high tightness). 83 

Salt domes are the ideal structure for the construction of salt caverns. The solution 84 

mining mechanism produces a salt cavern and a large amount of brine that must be 85 

disposed of in an environmentally friendly way. The generated brine can be disposed 86 

of in 3 ways: pumping into the sea, used as raw product for salt generation, and used 87 

in the chemical industry. However, the disposable cost of brine is very high [41]. 88 
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Interbedded salt is another option for salt cavern construction without a salt dome. Li 89 

et al. developed a numerical model for estimating energy storage in bedded salt 90 

caverns. The findings show that insoluble layers could cause numerous difficulties 91 

during salt dissolution.  92 

Further, the simulation results reveal uneven caverns formed due to inappropriate 93 

dissolution cycles. However, this problem can be resolved through extra leaching [42]. 94 

Liu et al. conducted a pre-assessment and provided a feasibility report for Jintan 95 

bedded salt mine, Jiangsu site. They show that the mine has an excellent stratigraphic 96 

trap and meets the standard selection requirement for hydrogen storage [43]. 97 

Similarly, the geography and geology of Australia provide an excellent opportunity for 98 

H2 storage in bedded salt deposits for domestic and export purposes [44]. However, 99 

underground salt leaching mechanism and geological salt caverns’ creation in the 100 

halite deposits must be better practiced in Australia [45]. Currently, there is no salt 101 

cavern exists in Australia. Seismic and salt structures data are required to develop salt 102 

caverns to store radioactive materials, anthropogenic waste, and energy products (i.e., 103 

H2, CH4, NH3) in Australia [46]. Mallowa salt in the Canning basin, Western Australia, 104 

contains potential salt deposits for constructing salt caverns with a large halite unit of 105 

~700 to 800 m [47]. This thick halite unit can be used for salt cavern construction and 106 

hydrogen storage [22, 48-51]. A thick salt layer and adequate area are prerequisites 107 

for creating salt caverns [52]. The large thickness and area of salt would ensure the 108 

cavern’s integrity, prevent permeability conduits, and enhance creep stability. Halite 109 

has a high solubility in water compared to anhydrite, mudstone, and dolomite. 110 

Therefore, halite rapidly dissolves in water and does not raise undissolved layers 111 

problems during the development of the caverns [53]. Undissolved layers in the cavern 112 
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can develop non-uniform salt caverns, irregular shape [54], trigger microbial activity 113 

(e.g., sulphate source/microorganism) [39] and leakages issues [55]. Salt cavern 114 

construction and fluids storage business in Australia would be a new experience. 115 

International assistance and technical expertise can be used to choose an adequate 116 

salt deposit, develop salt caverns, and improve H2 injection/production loading [38, 117 

45]. Overall, H2 storage potential in salt caverns was estimated 303840 PJ in Europe 118 

[28]. Germany has 568 salt caverns potential in Lower Saxony; each has 1.368 PJ 119 

energy capacity [56]. The Netherlands [57] and Norway have 27000 PJ salt caverns 120 

hydrogen energy storage potential [58, 59]. These countries with considerable 121 

underground salt deposits could store energy fluids beyond their national energy 122 

demand as part of an energy export system [28, 60]. 123 

Feitz et al. [50] mapped out large-scale hydrogen production locations in Australia. A 124 

geospatial analysis of the region can provide a plan for geological hydrogen storage 125 

close to the production facility with renewable energy resources to produce green 126 

hydrogen. Salt deposits, structure, and appropriate geology, have yet to be analysed 127 

for salt cavern constructions in Australia. Therefore, further research and in-depth 128 

investigations are required to locate the targeted salt deposits for underground 129 

hydrogen storage [61]. Moreover, there is a pressing need to map out potential UHS 130 

in salt caverns with the proposed hydrogen production plants in Australia [38].  131 

This study aims to evaluate the potential of salt deposits in Australia for hydrogen 132 

storage. This information needs to be improved in the published work. To achieve this, 133 

we have performed a concise assessment of salt deposits in different states of 134 

Australia. Targeted basins in Australia contain thick units of halite formation ranging 135 

from ~100 m to ~700 m in thickness. These halite units are essential for underground 136 
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hydrogen storage subject to the geo-constraints of the region. We characterized the 137 

potential of Mallowa salt located in the Willara Sub-basin (part of Canning basin) for 138 

implementing salt cavern construction for hydrogen storage with the help of well 139 

drilling, coring, logging, isopach map, and seismic survey data. Finally, we estimated 140 

the number of salt caverns that could be constructed and the amount of hydrogen 141 

energy that could be stored in these caverns. Figure 2 displays a green and 142 

sustainable H2 energy generation and storage process in Western Australia. Indian 143 

seashore, Telfer gas pipeline, and the Great Northern Highway are within a 100 km 144 

radius of Canning salt.  145 

 146 
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Figure 2 Illustrates proposed H2 generation, storage, and transportation facility in 

Canning basin, Western Australia. Green dots in the insert Figure show wells drilled 

in the Canning. The wells can provide information on halite deposits for developing 

salt caverns. 

 147 

2 Salt Basins Potential in Australia 148 

 149 

2.1.1 Amadeus Basin 150 

The Amadeus basin is spread over a large area of around 170000 km2 in Central 151 

Australia. This basin mainly lies within Southern Northern Territory but expands into 152 

Western Australia [62]. 153 

Figure 3 depicts the critical factors of halite salt deposits, including export location, 154 

research facility, and underground salt deposits. The Amadeus basin is an isolated 155 

intracratonic basin in the centre of Australia. This basin consists of stratigraphy of 156 

upper Proterozoic to mid Palaeozoic exceeding 14 km thickness. More importantly, 157 

the Bitter spring formation (i.e., Gillen Member) exists at the base of Proterozoic 158 

succession, containing the earliest evaporates rock dated back to 0.8 to 0.7 Ga. These 159 

evaporates might have formed at different intervals of time when the sea level was 160 

high. The Bitter spring formation (115000 km2) and Pinyinna beds are distributed in a 161 

vast area of around 158000 km2 in the Amadeus basin [48, 63, 64]. More interestingly, 162 

the facies data reveal that the deposition mechanism of evaporate is cyclic and 163 

matches the deposition pattern found in other salt basins in Australia [64]. Sulphates 164 

and carbonates are found near the basin's margin [64]. Additionally, halite and 165 

possible potassium salts are formed toward the center of the basin at a later stage. 166 

Thus, the evaporite rock deposits into a shallow marine setting and salt tectonic activity 167 
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start through the basin resulting in major anticline structures and salt core [65]. Further, 168 

the presence of halite is apparent in the Amadeus basin as illustrated in Figure S1 in 169 

the supplementary information. The evaporite has an average 810 m thickness in the 170 

Bitter Spring formation. Maximum evaporite thickness exceeds 2100 m below Gosses 171 

bluff impact (GBI). The average evaporite thickness beneath the Waterhouse anticline 172 

and Ooraminna anticline is 1400 m and 1800 m. These findings show the potential of 173 

the basin for the construction of salt caverns. 174 

 

Figure 3 Advalae, Amadeus, Officer and Canning salt basins and their hydrogen generation, 

export and storage facilities are illustrated in Figure. This map was produced using hydrogen 

opportunity tool Geoscience Australia. The link for hydrogen opportunity tool [66] is provided in 

the supplementary information. 

 175 

 176 
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2.1.2  The Officer Basin 177 

 178 

The basin contains excellent evaporate formations and salt structures (i.e., salt walls, 179 

and domes) [67, 68]. Data from Manya 6 well reveals that salt deposits are primarily 180 

found in lower intervals of the Ouldburra formation. The salts are interbedded with 181 

calcareous siltstone and carbonate. In 1987, Dunster identified two shallow upwards 182 

sedimentary cycles, e.g., the halite siliciclastic cycle and halite mixed carbonate 183 

siliciclastic cycle. Both cycles are part of upper relief sandstone and lower Ouldburra 184 

formation [69]. The thickness of Cambrian sediment in Winkson 1 wellbore was 594 185 

m [67]. Basal relief sandstone has a thickness from 573 to 695 m. This layer comprises 186 

multiple formations such as limestone, salt, siltstone, and sandstone. Moreover, 187 

Manya 6 well has a 350 m uniform and interbedded halite layer. In early 1980s, 2D 188 

seismic data provided the images of subsalt sequences and salt structures. These 189 

images give a better understanding of halokinetic evolution. Salt dome and related 190 

trap styles have been identified on seismic line N83-006 and Seismic line T82-055 as 191 

reported in a study by Simeonova and Apak. [70]. 192 

The officer basin contained the dome type salt structure. The maximum salt layer 193 

thickness was reported 350 to 695 m. These dimensions meet the standard design 194 

feature for the salt cavern creation. The faulted anticline structure may raise the 195 

security concern of cavern stability [68, 71-75]. The officer basin comprises 196 

interbedded halite rock, limestone, siltstone, sandstone and other salts. However, 197 

limestone may react with H2 and thus trigger hydrogen conversion and contamination 198 

through redox reactions [76-79]. Moreover, brine water of wells drilled in the Officer 199 

basins gives high concentration of 𝑆𝑂4
2− , which likely evolves sulphate reducing 200 

bacteria microbial activity [80]. 201 
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The non-uniform diapirs are identified in the basin. Different formations beds, including 202 

halite, carbonate, anhydrite, and sandstone were in the diapirs. Previously, these 203 

diapirs received significant attention due to their possible hydrocarbon trap style [70, 204 

81]. Moreover, anhydrite, carbonate and presence of some of Ca2+ and SO4
2−

 in the 205 

brine of the drilled wells may trigger microbial activity leading to release of H2S during 206 

hydrogen storage [67].  207 

 208 

2.1.3 Advalae Basin 209 

 210 

Boree salt deposits are widely found in the Advalae Basin, Queensland [82, 83]. 211 

Drilling data provided geological information about the basin. However, the area lacks 212 

exploration data in general [84]. Investigators observed that Boree salt formations are 213 

deposits of the Palaeozoic era and Devonian period [84]. Marine conditions emerged 214 

due to the thrusting with the Warrego fault forming the deposition of salt in the bedded 215 

structure. Boree salt deposits are >90% halite formation [85]. The thickness of Boree 216 

salt is 500 m. It is spread for over 100 km next to the present creek arch. The halite 217 

formation has some minor traces of mudstones and anhydrite along with inter-bedded 218 

sylvite minerals (potassium). Overlying sedimentary rock emerged in the system due 219 

to reactivation of basement faulting. Thus, these salt domes like salt pillows are sealing 220 

rock for petroleum reservoir and show potential salt deposits in the basin. The proper 221 

analysis of wellbore drilled formations, coring and exploration survey data will be 222 

required to construct the caverns in the basin. Figure 3 illustrates the presence of halite 223 

deposits in the Advalae Basin. 224 
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2.1.4 Canning Basin 225 

 226 

Canning basins cover onshore and offshore areas of 400,000 km2 and 165,000 km2, 227 

respectively. Mallowa and Minjoo salts are recognised largest halite deposits. These 228 

salts are expanded in an onshore area of 200,000 km2 in the WA [86, 87]. The average 229 

size of salt deposits was 800 m thick at a shallow depth of 1000 to 2000 m in Canning 230 

[86, 87]. This study selected the study area of Willara Sub-basin in Canning. Figure 3 231 

shows study area and presence of halite deposits in the Canning. Table 1 lists well 232 

names, basins, stratigraphy, and halite thickness. 233 

Table 1 details drilled wellbores containing halite salt thick units in the canning basin.  234 

Geological 
period 

Well 
name 

Source 

WAPIMS 
[88] 

Basin  Formation 
covers zone of 
interest 

Top of 
salt 
horizon 
(m) 

Salt 
thickness 
(m) 

Llandovery Fruitcake 
1 

XRD data  Canning (Broome 
platform) 

Mallowa salt 638 470 

NA Frome  
Rocks 1 

Composite 
well log  

Canning 
(Jurgurra 
Terrace) 

Mallowa salt 687 m 594 m 

NA Nangu 1 Formation 
evaluation 
log 

Canning (Willara 
Sub basin) 

NA NA NA 

NA Carina 1 composite 
log 

Canning (Broome 
platform) 

Carribuddy  926 306 

NA Wood  
Hills 1 

Composite 
log 

Canning NA NA NA 

LIandovery Sally  
May 1 

Composite 
log 

Canning Mallowa salt 1311 m 72 m 

Silurian Willara 1 Composite 
log 

Canning  Carribuddy 1280 m  480  

NA Willara  
Hill 1 

 Canning  NA NA NA  

Silurian 
Devonian 

Vela 1 WAPIMS Canning  Carribuddy 
group units A, B 

965 m 
 

625 m 

NA Gingerah  
Hill 1 

Composite 
log 

Canning  Carribuddy units 
A, B 

963 m 502 m 

NA Musca 1 Composite 
log 

Canning  Carribuddy 1041 m 180 m 

LIandovery,  
Upper 
Ordovician 

Looma 1 Composite 
log 

Canning  Mallowa 584 533 m 

Minjoo 1163 29 m 
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WAPIMS stands for Western Australian Petroleum and Geothermal Information 235 
Management System. 236 
 237 

The coastal area and the proposed salt structures are within 50 to 60 km. The location 238 

is important in terms of trade and geolocation. The distance was measured using 239 

Geoview, WA tool [89]. Table 2 summarises the geo-constraints or surface limitations 240 

that were included in selecting the appropriate area for the development of the caverns 241 

in Canning. We have applied all possible constraints and selected eligible area for the 242 

placements of salt caverns. Moreover, the average distance of the proposed study 243 

area in Willara Sub-basin, Canning is around 63 to 100 km away. Water supply 244 

infrastructure will deliver seawater from seashore to construct salt caverns. Similarly, 245 

Ennis-King KM and Strand [90] documented a report for geological hydrogen storage 246 

and mapped out the options in Australia. Several factors were discussed in the report 247 

including the effect of the capital cost of brine pipelines and lagoons for construction 248 

of salt cavern.  249 

 250 

 251 

 252 

Early 
Palaeozoic 

Brooke 1 Drilling 
report  

Canning  Carribuddy unit 
B 

977 m 735 

Unit C 
halite/shale 

1712 m 323 m 

Silurian to 
lower 
devonian 

Pegasus 
1 

Composite 
log 

Canning  Carribuddy 1400 m 650 m 

Pre-
Permian 

Willara 1 Composite 
log 

Canning Carribuddy 1280 m 183 m  

NA Munda 1 Composite 
log 

Canning Salt not found. NA NA 

NA Munro 1 Composite 
log 

Canning Salt not found. NA NA 



Page 14 of 55 

Table 2 Constraints used in the land eligibility for the construction of salt caverns in 253 

Canning Basin 254 

Special category lands Availability  

Geo-heritage site  NA 

Section 57 (2AA) Australian 
Mining Act  

NA  

Conversations estate  Kurriji Pa  

 Yajula Nature reserve 

 Karlamilyi National Park 

Section 9 for precious metals NA  

Property of the Crown  NA 

Natural condition above the 
surface 

NA 

Kimberly National Heritage Area NA  

Biodiversity areas NA  

Towns NA  

Aboriginal Heritage places NA  

Special agreement settlement  NA  

WA coast H2 generation site would be 63 km to 
70 km from the salt deposits. 

Roads The salt deposits are ~49-55 km from 
Great Northern Highway.  

Land use planning NA 

 255 

Mallowa salt Canning contains a thick unit of halite salt as illustrated in the correlation 256 

diagram Figure S2 [47]. Moreover, bromide concentration increases from 60 to 270 257 

ppm with depth. Halite layer thickness and composition indicate that Canning basin 258 

has potential for the construction of an underground salt cavern for hydrogen storage 259 

(Table 3). The relationship between the geological time, salt basins and selected salt 260 

deposits are illustrated in Figure 4.  261 

 262 

 263 

 264 
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Table 3 Comparison of Australian salt basins, average salt thickness, and salt 265 

structure in the different states for construction of salt caverns for hydrogen storage 266 

Geological 
basin 

Geological description State Average 
Thickness 
(m) 

Structure 
 

Ref 

Mallowa 
Salt, 
Canning 

 Inter-bedded halite 

 Red/green mudstone 

 Anhydrite and dolomite 

Western 
Australia 

 695 m min 

 800 m max 

 532 m thick salt 
diapir. 

 Inter-bedded 
halite rock  

[49, 86, 

91] 

Minjoo Salt, 
Canning 

 Orange, red-brown, clear to 

translucent halite inter-bedded 

  Reddish-brown partly 

dolomitic claystone. 

Western 

Australia 

 40 m min  

 313 m max 

 Formation beds [46, 49, 

92] 

Amadeus  
salt 

 115000 km3 volume of Gillen 

evaporite 

 Halite deposits are present in 

the north-central and eastern 

basin areas.  

Northern 
Territory, 
Western 
Australia 

 810 m min 

 2100 m 

below GBI 

 Formation, beds, 

salt anticline, salt 

domes. 

[46, 63, 

93] 

Advalae  
salt 

 Amongst largest salt deposit 

in the world.  

 Largest potash and halite salt 

deposits. 

 Expanded in ~640 km2 area. 

Queensland  ~500 m   Large deposit of 
halite (90%) and 
some portion of 
salt has a dome 
structure. 

[94] 

Officer  
salt  

 The Eastern Officer basin has 

a lower Cambrian salt deposit. 

  Considerable salt in thick 

sections of Browne formation 

South 
Australia, 
Western 
Australia 

 350-695 m   Inter-bedded salt 

 Salt diapir in 

central western 

officer basin. 

[67, 68] 

GBI stands for Gosses bluff impact.  267 

 268 

 269 

 270 

 271 
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 272 

Figure 4 highlights the relationship between the geological time, salt basins and 273 

proposed salt deposits. This Figure shows that the Canning basin (our study area) is 274 

from the sedimentary basin Paleozoic (542 million to 251 million years ago) and Mesozoic 275 

(251 million to 65.5 million years ago) geological time scale.  276 

3 Methodology 277 

 278 

A preliminary overview of salt deposits was identified using the Australia Hydrogen 279 

opportunity tool (AusH2), Geosciences Australia [66] to quantify Australia’s onshore 280 

salt deposits and their potential for hydrogen energy storage. The detail of the AusH2 281 

tool information is provided in the supplementary information. Relevant geology and 282 

salt structure information were identified, e.g., bedded and salt dome using literature 283 

work [85, 92]. The Geosciences Department, the government of Australia provides 284 

halite deposit data shape files. These data files were used to draw an adequate salt 285 

map in different basins [66]. Then, a concise assessment of salt basins was conducted 286 

based on drilling, coring, wellbore logs, and exploration data. The methodology of this 287 

study is provided in Figure 5.  288 
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Figure 5 Flow chart of the methodology 

3.1 Geo Location Assessment 289 

The Geoview tool system (GTS) was used to evaluate the potential location for the 290 

construction of salt caverns [89]. Underground salt caverns could also influence the 291 

area on the surface. Leakage during salt cavern construction may cause the earth’s 292 

surface subsidence problems. Besides, salts have adequate thickness, tight 293 

permeability, and self-healing properties. These salts can trigger the problems of 294 

inappropriate cavern shape, stored fluid loss, damage cement layer and wellbore 295 

casing corrosion [95]. Importantly, loss of the cavern’s roof and early cavern collapse 296 

may also occur. These damages can interrupt the gas injection/withdrawing operation 297 

[60]. 298 

 299 

(i) Salt basin selection

(ii) Salt structure selection

(iii) Salt geology and salt 
thickness from seismic and 

well data

(iv) Geo location 
assesment and 

detemination of 
number of salt 

caverns

(v) Detemination of 
H2 storage capacity 

in the caverns
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3.2 Design Features and Operational Limitations of the Salt Caverns 300 

 301 

The operational limitations for constructing salt caverns in the bedded rock salt system 302 

were taken from studies [60, 96, 97]. The minimum thickness of the salt cavern’s 303 

hanging wall was maintained 75% of the salt cavern’s diameter. Moreover, the footwall 304 

thickness is maintained at 20% of the cavern’s diameter [97]. The salt layer must be 305 

200 m thickness for the appropriate construction of the salt cavern and its safety in 306 

bedded salt [60]. Cavern volume was made constant 500000 m3. Diameter and height 307 

were selected 84 m and 120 m, respectively. The separation distance between each 308 

cavern was maintained 4 times of the cavern’s diameter in between caverns’ walls [60, 309 

96, 97]. The spacing value between  the caverns in a bedded salt system was taken 310 

from the previous study which reported the construction of salt cavern for hydrogen 311 

storage [60]. A variety of techniques has been proposed for the calculation of distance 312 

between two salt caverns. Zhang et al. [71] conducted a numerical simulation. They 313 

predicted that cavern’s pillar width with a pillar-to-diameter (P/D) ratio of 1.5 could 314 

meet the tightness standard for strategic petroleum and natural gas storage in the salt 315 

cavern. Hence, the simulation results show that seepage velocity of natural gas is 316 

greater than crude oil in the interlayers of cavern. Consequently, the seepage area of 317 

natural gas salt caverns in comparison to crude oil salt caverns can be high. This 318 

seepage area starts to join together leading to an increase in the pore pressure in the 319 

middle of pillars after modelled time of 15 years [71].  320 

Caglayan and her team [60] evaluated technical hydrogen storage potential across 321 

Europe in bedded salt deposits. The study suggested that total on- and offshore 322 

hydrogen energy storage potential is 84.8 PWhH2 in Europe. The highest national 323 

hydrogen energy storage potential was determined in Germany which is 9.4 PWhH2 324 
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using development of salt caverns with a spacing of 4 times the cavern diameter. 325 

Certainly, the proposed spacing approach can result in high spacing between two 326 

caverns and impact the areal extent of salt deposits, consequently minimizing the 327 

number salt caverns in the region. Basically, density () and viscosity (µ) of hydrogen 328 

are very low when compared to methane and CO2 as depicted in Table 4. Thus, low 329 

viscosity and low density of hydrogen can result in high seepage velocity and increase 330 

the risk of hydrogen leakage in the interlayers around the cavern. Hence, researchers 331 

recommended a high separation distance between hydrogen salt caverns when 332 

compared to salt caverns designed for CO2, and methane storage [60, 96]. Therefore, 333 

we have selected spacing between each cavern i.e., 4 times the diameter of cavern in 334 

our work to avoid hydrogen seepage and leakage issues. The design features of 335 

proposed caverns are within the range and match typical parameters of salt caverns 336 

as presented in Table 5.  337 

Table 4 Density and viscosity of different gases at proposed salt cavern storage 338 

conditions at 333.1 K and 20 MPa [98-103] 339 

Gas Density 
(kg/m3) 

Viscosity 
(cp) 

H2 13 0.009 

CH4 129 0.018 

CO2 723 0.06 

N2 188 0.023 

 340 

 341 

 342 

 343 
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Table 5 Features of a typical salt cavern for underground hydrogen storage 344 

Parameter Description Refs  

Formation Halite [104] 

Salt layer thickness >200 m [41, 105, 106] 

Salt structure Dome, bedded  [105] 

Cavern depth ~500 to 2000 m [105, 106] 

Cavern height ~120 m [105, 107] 

Cavern volume 500000 m3  [41, 80] 

Operating pressure  20 MPa [105, 106] 

 345 

3.3 Estimate Number of Salt Caverns and Energy Storage Capacity 346 

 347 

We have used the following steps and determined the number of salt caverns using 348 

rectangular and triangular patterns in Mallowa salt deposits in Willara Sub-basin, 349 

Canning. A rectangular pattern is number of circles (i.e., salt caverns) with 350 

rectangular placement in a rectangle. Additionally, triangular pattern is number of 351 

circles with triangular placement in a rectangle. 352 

a. Minimum thickness 353 

Figure 6 shows isopach map for Mallowa salt deposits in Willara Sub-basin, Canning 354 

basin. 355 

Minimum salt thickness required= cavern height + foot wall thickness + hanging wall 356 

thickness  (1) 357 

= (120 + 8.4 + 63) m = 191.4 m 358 

A minimum of 191.4 m thick salt is needed for constructing the salt cavern. We 359 

examined the proposed area in Mallowa salt with salt layer thickness greater or 360 

equal to 200 m (Figure 6c), which is in line with the previous publication [47].  361 

 362 
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 363 

Figure 6 Isopach maps illustrate salt deposits: (a) Carribuddy group salts (b) Minjoo 364 

salt (c) Mallowa salt (d) Worral formation. Modified after [47] 365 

 366 

 367 

b. Selection of proposed area  368 

Referring to Figure 6c, we determine the total area for salt caverns construction in 369 

Willara Sub-basin at 100 km scale = 4500 km
2
  370 

 371 

Total 

proposed 

area= 

~4400 km2 
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c. Safe distance in between each salt cavern 372 

The safe distance between two salt caverns is 4 times the diameter of the cavern 373 

[60] as illustrated in Figure 7a. 374 

Safe distance in between two caverns= 4× Diameter of salt cavern  (2) 375 

= (4 × 84) m = 336 m. 376 

Thus, total safe salt cavern domain area diameter= Salt cavern diameter+ Safe 377 

distance   (3) 378 

= (84+336) m = 420 m  379 

 380 

 

 

(a) 

(c) (b) 
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Figure 7 (a) Dimensions of salt cavern including safe distance in between two 

caverns, diameter of the cavern, height of the cavern and the cavern’s safe domain 

area (b) Temperature profile (c) Pressure profile of Mallowa and Minjoo salts (d) 

Schematic of gas seepage in interlayers around salt cavern and design parameters. 

 381 

d. Safe area of cavern 382 

Area of each cavern= (r) 2    (4)   383 

= 3.14 (210 m) 2 = 138,474 m 2    384 

 385 

e. Number of salt caverns with rectangular patterns in a rectangular area 386 

Online software [108] was used to estimate the maximum number of salt caverns that 387 

fit into proposed rectangular area.  388 

Area of rectangle= l ×w   (5) 389 

= 67000 m x 65800 m = 4.39× 10
9 

m
2

 390 

Input parameters are the proposed rectangular area length= 67000 m. The proposed 391 

rectangular area width= 65800 m. Hence, we found that, the area of each salt 392 

(d) 
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cavern=5542 m
2

 and total area of all caverns=135717934 m
2

. Moreover, maximum 393 

number of the caverns with rectangle pattern inside the rectangular area= 24490.  394 

 395 

f. Number of salt caverns with triangular pattern in a rectangular area 396 

The same online software [108] was used to estimate the maximum number of salt 397 

caverns that fits into proposed rectangular area were calculated using same online 398 

program [108]. The total proposed rectangular area is 4.3943× 10
9 

m
2

. Moreover, input 399 

parameters are the proposed rectangular area length= 67000 m, the proposed 400 

rectangular area width= 65800 m, a diameter of each salt cavern=84 m and safe 401 

distance between each salt caverns = 336 m. Hence, we found that, area of each salt 402 

cavern =5542 m
2

, total area of all caverns= 156732323 m
2

, and a maximum number 403 

of caverns= 28282. Hence, it shows that number of the caverns with triangular patterns 404 

is greater than rectangular pattern in the same rectangular area. Therefore, total area 405 

is higher for the salt caverns placed with triangular pattern when compared to 406 

rectangular pattern in the area. 407 

 408 

3.4 Determine Hydrogen Energy Storage Capacity in Salt Caverns 409 

 410 

The estimation of salt caverns hydrogen storage capacity at specified reservoir 411 

conditions to develop the field scale storage plan [17, 109]. The energy storage 412 

capacity of each salt cavern was determined using Equation 6 [60, 110] at typical salt 413 

cavern depth conditions of 333.15 K and 20 MPa. These conditions meet existing 414 

Mallowa salt deposit pressure and temperature conditions. 415 

E𝐻2T, P =𝐻2 ×MW𝐻2× Vsalt cavern× HHV𝐻2   (6) 416 
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E𝐻2T, P = hydrogen energy storage capacity at 333.15 K and 20 MPa according to 417 

depth settings of caverns, H2 = density of hydrogen at 333.15 K and 20 MPa, Vsalt cavern 418 

= volumetric capacity of salt cavern, MWH2 = molecular weight of hydrogen, and 𝐻𝐻𝑉𝐻2
 419 

= higher heating value of H2. 420 

 421 

3.5 Determine Safe Working Gas Capacity in Salt Caverns 422 

 423 

Maximum and minimum hydrogen gas pressures in salt caverns must be controlled 424 

and constrained to 80% (maximum) and 24% (minimum) of overburden pressure [60]. 425 

Safe gas pressure can be calculated using equation 7. 426 

 427 

Safe working gas capacity = (Pmax-Pmin) × EH2 T,P  (7) 428 

E𝐻2T, P = hydrogen energy storage capacity at 333.15 K and 20 MPa, Pmax=maximum 429 

operating pressure, and Pmin= minimum operating pressure. 430 

 431 

3.6 Calculate Admissible Hydrogen Gas Pressure  432 

 433 

Researchers investigated that admissible hydrogen injection pressure of fluid should 434 

not be greater than 80% of overlying formation pressure or formation fracture 435 

breakdown pressure at casing shoe depth [111]. Some investigators believe that 436 

maximum admissible gas pressure could be 80% of overlying formation pressure [112, 437 

113]. Figure 7 (b and c) illustrates that Mallowa salt is safe and meets the operating 438 

condition of salt cavern geo-storage at 900 to 1900 m depth, as previously reported 439 

for some caverns in Germany [105]. Similarly, admissible gas pressure could be 440 
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proposed 20 MPa for the caverns in Canning. The injected gas pressure is less than 441 

80% of the overlying formation pressure [112-114]. 442 

 443 

However, an increase in separation distance between two caverns can minimize the 444 

gas infiltration failure. To ensure gas infiltration free salt cavern zone system, 445 

tangential rock stress and gas pressure must meet desired safety factor (S𝑓). Thus, 446 

cavern tightness can be achieved after non-infiltration zone has an adequate thickness 447 

(Tsz) in the design (Figure 7d). Therefore, Equation 8 must be satisfied to mitigate gas 448 

infiltration in the safe zone [113]. 449 

σ𝑇𝑎𝑛 ≥ S𝑓P𝑔𝑎𝑠   (8) 450 

𝜎𝑇𝑎𝑛 = Tangential rock stress (MPa), Sf= desired safety factor, and Pgas = gas 451 

pressure (MPa). The relationship between in-situ stress and maximum gas pressure 452 

is given in Equation 9 [113],  453 

S𝑓 =
σ𝑚𝑖𝑛

P𝑚𝑎𝑥
   (9) 454 

𝜎𝑚𝑖𝑛 = minimum in-situ stress, and Pmax=maximum gas pressure (MPa) 455 

4 Result and discussion 456 

4.1 Potential of Salt Cavern Construction in Canning 457 

 458 

Table 6 provides the benchmark selection of different salt basins for the construction 459 

of underground hydrogen storage salt caverns. The proposed benchmark shows that 460 

the Canning basin is most promising option for the construction of the caverns 461 

because this basin is rich in seismic, drilling and salt deposits data. Canning mostly 462 
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contains halite and anhydrite with anomalous values for K2O and Br at a different 463 

isopach map lines interval of 250 m, 500 m and 750 m (Figure 8a). Gingerah Hill1, 464 

Brooke 1, and Vela 1 and other wells reportedly show the presence of halite thick units 465 

in the basin (Figure 8b). The presence of the Admiral Bay Fault Zone between Vela 1 466 

and Musca 1 can be a concern for the construction of salt caverns in the region. These 467 

faults can leak the gas and connect two caverns [115, 116]. Thus, salt caverns must 468 

be placed at a safe distance from the fault. The safe distance from fault line must be 469 

greater than 2.5 times the salt cavern’s diameter as reported in the study [117]. 470 

 

(a) 
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Figure 8 (a) The gravity map and the information of the wells located in the Canning (b) salt 

thickness and top of salt horizon information are provided for each well located in the Canning 

 471 

Table 6 Proposed benchmark for the selection of Australian salt for underground 472 

hydrogen storage 473 

Salt basins Advalae Canning Amadeus Officer 

Realistic 
experience 

Insufficient Insufficient Insufficient Insufficient 

Seismic data Low Fair Fair Low 

Petroleum well 
data 

Fair Fair Fair Fair 

Halite Excellent Fair Fair Fair 

Interbedded 
Halite and 
Anhydrite  

Low Fair NA Fair 

Anhydrite Low Fair Excellent Fair 

Microorganism 
information 

Insufficient Insufficient Insufficient Insufficient 

Salt structure Dome Bedded, 
Dome 

Bedded, 
Dome 

Dome, 
interbedded 

Exploration cost Fair Low Fair Fair 

 474 

Well Brooke 1 logging information, coring, and drilling data show that Mallowa salt 475 

consists of a large evaporate water body (saltern, pale brown colour) in Willara Sub-476 

basin, Canning. The thickest unit of evaporate in the Carribuddy group is Mallowa salt. 477 

Halite 

Top of Salt Horizon (TOSH) 

(b) 
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Table 7 shows the presence of Mallowa salt and sequence of formations from top to 478 

bottom for the Carribuddy group. However, it is thin across the northward Broome 479 

platform and forms a patchy subcrop. Equivalent halite salt transformed into salt 480 

structures [118] as shown in the supplementary information Figure S3. Further, 481 

Mallowa salt is overlain by mottled mudstone (extensive unit) and anhydrite [86]. The 482 

consistent presence of Na2O and total salt percentage were observed in the samples. 483 

These are two kinds of samples, i.e., separated=separated minerals and whole=all 484 

minerals recovered at depths from 750 to 2150 m. These indicate a rich salt deposits 485 

environment. The geochemical data suggested the presence of Bromine 90 to 670 486 

ppm in separated and more than 150 ppm in whole samples of halite (95 wt%) as 487 

illustrated in Figure 9 (a and b). Bromine concentration can catalyse mining solution 488 

process but may trigger precipitation of potash evaporates issues.  489 

 490 

 

Figure 9 Geochemical composition of Brooke 1 well formation water (a) Percent of salt present 

in the formation water (b) presence of MgO, potassium oxide and Bromine in the formation 

water. 

 491 

(a) 

 

(b) 

 

Geochemical composition (ppm) 
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Table 7 The sequence of formation layers from top to bottom for Carribuddy group, 492 

Canning 493 

Formation 
(From top) 

Characteristics 

Sahara formation  Dolomite 

 Siltstone  

Mallowa salt  Halite 

 Minor anhydrite 

 Mudstone 

 Dolomite 

Nibil formation  Mudstone  

 Dolomite  

 Siltstone 

Minjoo salt  Halite  

 Mud stone 

 Dolomite 

Borgabinni formation  Mudstone 

 Dolomite 

 494 

Between 1960 to 2000, a seismic survey was carried out from time to time to explore 495 

the Willara Sub-basin. The seismic image for the basin is provided in Figure S3 in the 496 

supplementary information. Further, well intersection data and seismic data confirm 497 

that Mallowa salt exists in the Willara Sub-basin. Mallowa salts have maximum 498 

thickness of 950 m in the south of Munro Arch [119, 120]. The Minjoo salt has mostly 499 

emerged in the south-eastern part of Willara Sub-basin. Seismic information reveals 500 

that Minjoo has a 100 m salt thickness near the East margin of the Willara Sub-basin 501 

[119]. The continuity and presence of the salt between Vera 1 and Willara 1 need to 502 

be clarified because of imaging limitations and lack of seis mic data [49, 119].  503 

 504 

 505 

 506 

 507 
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Gingerah Hill 1 

West Kimberley and Pilbara 

(Canning Basin, Munro 1:250000) 

Willara Sub-Basin 

Canning Basin 

Latitude 19°28 1 13"S 

Longitude 122°21 1 57"E 

Brooke 1 

West Kimberley and Pilbara 

Western Australia 

Willara Sub-Basin 

Canning Basin 

Latitude 19°48 'S 

Longitude 122 55 'E 

Temperature 73 °C at 1770 m 

 

 

Figure 10 Well logging, drilling cutting, and coring of Gingerah hill 1 and Brooke 1 

were collected and correlated. Both wells contain interbedded sheaths of thick to 

thin clay in thick halite interval. 

 508 

kg 
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In 1987, Brooke 1 exploratory well was drilled in the Willara Sub-basin, Canning basin 509 

to a depth of 2035 m as illustrated in Figure 10. The well drilling program was designed 510 

to drill and explore the thickness of Carribuddy unit B rock salt. Drilling bit intersected 511 

735 m thick rock salt layer in Carribuddy unit B. The first sign of salt rock was identified 512 

at a depth of 986 m. Coring was carried out from 863 m to 2035 m. Figure 11 (a and 513 

a') shows the images of cores from Brooke 1 well drilled in the Canning basin. 514 

In 1986, Gingerah Hill 1 was spudded at a total depth of 1473.5 m as depicted in 515 

Figure 10. Carribuddy A group started from 792 m. This group is composed of grey 516 

marl shale, a significant amount of claystone with red and green mottling, red and 517 

greenish mottled clay stone and veins of evaporitic mineral. Figure 10 summarises the 518 

formative assessment of Gingerah Hill 1 Carribuddy B group formation from 990 m to 519 

1473 m. Figure 11 (b and b') illustrates images of cores from Gingerah Hill 1. The 520 

process of coring started from 506 m to 1430.1 m. Grey shale, grey mudstone, pebble 521 

sandstone and clay sand is common from 506 m to 729 m. Probably anhydrite was 522 

identified at 955 m along with grey and red mottled sandy claystone. The first sign of 523 

halite was observed as veins in the mottled claystone and scattered crystals at 963 m. 524 

The first predominate halite beds with 30 m thickness along with clay interbeds were 525 

located at the depth from 977 m to 979 m. The consistent presence of halite was 526 

observed along with above the formations until 990 m. In the Carribuddy B group, 527 

halite salt unit is located at 990 m depth where the rock salt exists as main lithology of 528 

the core. Two major lithologies were located namely massive and granular halite salts. 529 

Massive type rock salt is composed of interlocking halite grains which are in light brown 530 

to dark colour in the presence of clay as a minor constituent. Granular halite salt is 531 

readily discernible due to the large presence of interstitial clay and drilling activity. 532 

Gingerah Hill 1 drilling report provided adequate information about underground 533 



Page 33 of 55 

formations. For example, Type 1 and Type II halite rock cycles are comprised of 534 

randomly oriented interlock halite salt crystals due to the phase of early diagenesis. 535 

Both cycles were characterized by a small presence of anhydrite [87]. Overall, we 536 

demonstrate that thick evaporite sequence in the region could be an appropriate 537 

choice for the construction of an underground salt cavern to store hydrogen gas. 538 
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Figure 11 (a and a') Core sample of Brooke 1 well: 863 to 866 m core consists of 

grey silty shale, anhydrite, minor while, calcareous siltstone, and quartz grains. 866 

m to 868 m: shale, dark green, minor pale grey shale, silty to sandy. 1505 m to 1510 

Brooke 1 well cores 

Gingerah Hill 1 well cores 
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m: Mainly rock salt with significant to minor clay (b and b') Core sample of Gingerah 

Hill: 506 to 511 m: Mostly grey shaly with thin sandy partings. 1424 to 1430 m: 

Coarsely crystalline rock in light brown colour, granular salt rock, clay patches, 

coarsely crystalline halite in light brown colour. Core images are taken from the 

Geoview tool online database, WA tool link is provided in the supplementary 

information. 

4.2 Hydrogen Energy Storage Capacity in Canning 539 

 540 

The evaluation of hydrogen energy storage capacity is key for implementing of 541 

underground hydrogen storage at a commercial scale. In our study, we have shown 542 

that Canning Basin is rich in bedded salt systems. Thus, we calculated energy storage 543 

capacity, i.e., 500000 m3 capacity in bedded salt deposits as illustrated in Figure 12. 544 

This Figure shows that energy storage capacity of salt cavern increases with pressure 545 

and decreases with temperature. Energy storage data as illustrated in Figure 12 well 546 

matched with previous reference works [80, 110]. Figure 13 illustrates the hydrogen 547 

storage potential in Canning, Australia. Australia total energy consumption is 6196 548 

PJ/year, according to the Australian Energy Update report published in 2020 [121]. 549 

We calculated total underground salt cavern energy storage capacity in the Mallowa 550 

salt of Willara Sub-basin. We estimated that 28282 salt caverns could store 14697.3 551 

PJ/year of hydrogen energy which is more than enough to supply the energy demand 552 

of Australia and fulfill 57.8 % of hydrogen export demand as depicted in Figure 13. 553 

These energy storage estimates are based on the fixed volumetric capacities of each 554 

salt cavern of 500000 m3 (bedded system). Hydrogen withdrawing efficiency and 555 

underground loss could influence the estimates and require further investigations. 556 

Table 8 provides estimated number of salt caverns and their hydrogen energy storage 557 
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capacity. Figure 14 (a and b) illustrates that the number of salt caverns is determined 558 

in the rectangular area via rectangular and triangular patterns. 559 

 560 

Figure 12 Energy storage capacity of a salt cavern with different sizes at variable 561 

geological conditions including pressure and temperature. 562 

Australia contains other potential salt sedimentary basins i.e., Officer, Amadeus, and 563 

Advalae. However, they are far from port, hydrogen generation sites, and gas 564 

processing infrastructure. Thus, the most potential location is the Northwest area of 565 

the Canning Basin which is close to the Great Northern Highway, Telfer pipelines, 566 

Northwest Shelf gas facility and Pacific Hydro Australia Developments Pty Ltd 567 

hydrogen generation facility, i.e., in development. Therefore, we focus on the Willara 568 

Sub-basin, a part of Canning for creation of salt caverns. We present an approach for 569 

assessing the suitability of the salt deposits for hydrogen storage in the region. 570 

 571 
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Figure 13 Map shows that Western Australia has immense potential to generate, export and 

store clean hydrogen through electrolysis of seawater, shipping hydrogen tanks and 

underground salt caverns. Further, the figure illustrates that the highest percent of energy is 

consumed by New South Wales which is 24.9% followed by Queensland (24.6%), Victoria 

(20.9%) and Western Australia (20.4%). The proposed number of salt caverns has the potential 

to store 14697.3 PJ of hydrogen energy in Willara Sub-basin, Canning Basin.  

 

 572 

 573 

Indian 

               ocean 

 WA Coast 
Rail 
Freeway 
National 
Highway 
 

 

 Estimated number of salt caverns = 28282 

 Safe working hydrogen energy storage  
       capacity at 20 MPa and 333.15 K = 14697.3 PJ 

Western  

Australia 
  (20.4%) 
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Table 8 presents number of salt caverns and hydrogen energy storage capacities in 574 

Western Australia 575 

Salt 
basin 

State Depth 
and 
thickness 

Pattern Number 
of salt 
cavern 

Total 
hydrogen 
storage 
capacity 
(PJ) 

Total safe 
working 
hydrogen 
storage 
capacity (PJ) 

Willara 
Sub-
basin, 
Canning 

Western 
Australia 

~985-
2035 m 
Depth 
 
700 m  
thickness 
 

Triangular  28282 26245 14697 

Rectangular 24490 22726 12726 

Energy storage capacity was measured at operating parameters of 333.15 K and 20 MPa.  576 
 577 

 578 

 579 

Figure 14 (a) Salt caverns are created in the rectangular area via rectangular 580 

placement of the caverns. (b) Salt caverns are developed in the rectangular area via 581 

triangular placement of the caverns 582 

 583 

 584 

 585 

 586 

(a) (b) 
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5 Conclusions 587 

 588 

Underground hydrogen storage sites in Australia are identified. Hydrogen storage 589 

amount in these sites is estimated using geological data. The proposed study area 590 

has geo-economic importance because of its existence in the 100 km radius 591 

comprising of the Indian seashore, Telfer gas pipeline, and the Great Northern 592 

Highway. These benefits make the proposed area a potential storage and export 593 

facility for hydrogen in Australia. Additionally, the proposed area is free from 594 

geographical constraints for the salt cavern development. The seismic and isopach 595 

map data confirm the presence of Mallowa thick salt bed and their applicability for salt 596 

cavern construction. We estimated that ~28,282 salt caverns each 500000 m3 can be 597 

constructed. These caverns are sufficient to achieve a full-development hydrogen 598 

value chain through cost-effective, large-scale, and safe storage of hydrogen energy 599 

for both domestic consumption and export.  600 
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7 Nomenclature  610 

 611 

AusH2 Australia hydrogen opportunity tool 

Br Bromine ion 

Ca2+ Calcium ion 

CaSO4 Calcium sulphate 

CCS Carbon capture and storage 

COP26 Conference of the Parties 26th meeting 

CO2 Carbon dioxide gas 

H2 Hydrogen gas 

E𝐻2T, P Hydrogen energy storage capacity 

EU European Union 

Ga Giga annum 

GBI Gosses bluff Impact 

GDO Geological drilling order 

GHGE Greenhouse gas emissions 

GTS Geoview tool system  

H2 Hydrogen gas 

H2S Hydrogen sulphide 

K Kelvin 

l Length 

K2O Potassium oxide 

km kilometre 

HHVH2 Higher heating value of hydrogen 

m Meter 

MJ Megajoule 

MgO Magnesium oxide 

MH2 Mass of hydrogen 

MPa Megapascals 

MWH2 Molecular weight of hydrogen 

Na2O Sodium oxide 

NT Northern territory 

Pgas Gas pressure 

Pmax Maximum gas pressure 

Pmin Minimum gas pressure 

PJ Peta joule 

ppm Parts per million  

QL Queensland 

r radius 

S South 

SA South Australia 

Sf Design safety factor 

SO4
2− Sulphate ion 
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Vsalt cavern Volumetric capacity of salt cavern 

TOSH Top of salt horizon 

UHS Underground hydrogen storage 

w Width 

WA Western Australia 

WAPIMS 

Western Australian Petroleum and 
Geothermal Information Management 
System 

wt% Weight percent  

Y Year 

σ𝑇𝑎𝑛 Tangential rock stress 

H2 Hydrogen density 
 612 
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