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Introduction 

Helium resources and developments in Australia 

B.A. McKay 

Helium is a commodity which is closely tied to the petroleum industry, 

being a common ingredient in almost all natural gas deposits. The source 

of helium is from the decay of radioactive minerals from surrounding rocks 

or more commonly from deeper in the earth, from where it permeates upwards 

to the surface. Most of this helium is lost to the atmosphere and outer 

space. However, during migration, minor quantities become trapped in 

subsurface petroleum reservoirs, with older formations often containing the 

highest concentrations (Cook, 1979). Occasionally the helium concentration 

in natural gas is sufficient (> 0.3%) to ~llow extraction as a by-product 

of natural gas production operations: this is the predominent source of the 

world's commercial helium. 

The value and particular uses of helium result from its unique properties. 

It has the lowest known liquid boiling point of any substance: it is inert, 

non flammable and the second lightest and least soluble of all gases. 

Accordingly, from humble beginnings as a lifting gas for balloons and 

airships, helium usage has expanded widely to include many industrial and 

research applications including laboratory, medical, cryogenic applications 

and space research. There is a very rapidly growing market for liquid 

helium as a super coolant for electrical and thermal conductivity 

applications and research. The offshore petroleum industry also is a major 

user of helium for surface and subsurface shielded welding in addition to 

use as a makeup gas in deep-sea diving. Typical patterns of helium usage 

(USA 1984) are shown in Figure 1. 

Extraction methods 

Helium extraction from hydrocarbon gas traditionally has been based on a 

low temperature separation process whereby the helium-bearing natural gas 

is first cooled to -151°C to remove the hydrocarbons, then subjected to 

further cooling by liquid nitrogen to remove most other impurities. Helium 

is finally purified by charcoal filtering. 



Modern extraction methods use a combination of cryogenic and "pressure 

swing adsorption M (PSA) techniques to extract helium. The helium-bearing 

gas is first cooled, then subjected to a four bed adsorption process to 

separate impurities and produce high quality helium. The process is not 

totally efficient however, and some helium still has to be recovered from 

the desorbate waste gas stream by super cooling. The PSA technique is 

reported to be a cheaper and more efficient process than the sole use of 

cryogenic methods (Leachman, 1985). 

Promising research also is being conducted on a reverse osmosis process 

applicable to helium lean pipeline gas « 0.1%); the main extraction is 

then carried out on the concentrated helium which has been separated from 

the sales stream (Welch, 1985). 

World production and resources 

3 
World production of helium in 1984 was over 37 million m. The USA was the 

largest producer (32.5 million m
3

) and the main supplier in the western 
3 

world followed by Poland and USSR (estimated 4.2 million m ) the only other 

producers (Leachman, 1984). 

Identified reserves of helium in the United States amount to about 5.7 

- billion m
3 

(BCM), located in helium-rich (> 0.3% helium) gas fields of the 

southwestern and western states. The US government also has over 1 BCM of 

crude helium stored, largely for essential government services, in a 

depleted ga~ reseravoir in West Texas; this facility also is used for minor 

storage by industry and is drawn on at various times. US production and 

sales of helium, including conservation storage are shown in Figure 2. The 

US growth rate for helium is forecast to be about 4.8% per year while the 

rest of the world's growth rate is about 3.9%. 

Current US reserves of helium are substantial, and if all were to be 

extracted, would be sufficient to supply the western world well into the 

next century. However, most of these helium reserves are located in fuel 

gas fields committed to energy markets, with only a portion (estimated 18%) 

of the helium rich natural gas production being processed for helium 

extraction. 
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Additionally, the majority of fields currently supplying US helium 

extraction plants have been producing for a number of years (the Hugoton 

field with over 2000 BCM initial reserves is an example), and by the end of 

the century most will be depleted. Development of new helium production in 

the USA is further complicated by lawsuits pending on the amount to be paid 

to royalty landowners for helium already purchased and stored. Future 

helium supplies will have to be derived from leaner natural gas or from 

other helium rich but low fuel value gas supplies. The Riley Ridge field 

in Wyoming is an example where helium content is 0.6%, carbon dioxide 68%, 

and hydrocarbons about 23%. 

Although such fields have significant value in their by-products (e.g. CO2 
for use in enhanced oil recovery operations), the higher cost of producing 

such gas must have a significant effect on the future price, and to some 

extent, availability of helium, particularly on international markets. In 

that future scenario for instance it is unlikely that the US government 

would release its substantial helium reserve stockpile for export sales. 

Helium in Australia 

Australia has no indigenous production of helium, and all domestic needs 

are derived from imports; these enter in liquid form combined with other 

rare gases (Table 1). A running three year average of imports over the 

past 8 years, projected to 1987/88 (Figure 3) shows over a 7-fold increase 

in Australian helium demand during that time. Present imports are . 

averaging about 0.45 million m
3 

per year. This demand would represent 

production from 0.14 BCM (5 BCF) of natural gas having a helium content of 

0.3%. Furthermore, based on a CIF price in Sydney of approximately A$3.50 
3 

per m , the market value of helium to supply our present needs would be 

about A$1.5 million. 

As a consequence of Australia's rising helium demand, and concerns which 

have been expressed for long term availability of helium from overseas, the 

Bureau of Mineral Resources has co-operated with the Australian petroleum 

industry to encourage the evaluation of domestic helium resources. 

Numerous domestic gas producers/explorers have analysed gas samples for 
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helium in both new and old gas fields, in several cases with very 

encouraging results. A cross section of some of these field results are 

shown in Table 2. Helium now has been detected in varying concentrations 

in many of our sedimentary basins including the Amadeus, Bowen/Surat, 

Canning, Carnarvon, Cooper, Gippsland, Gunnedah, Otway and Perth basins. 

Production potential - Australia 

Although helium concentrations in most Australian gas fields are below the 

economic threshold of 0.3% recognised for commercial production in USA, 

there are factors which may favour helium extraction from leaner natural 

gas in this country. 

The current domestic price for (imported) helium is about double the 

US price 

Australian cryogenic LNG facilities are in the planning/development 

stage which may favourably effect the separation/economics of helium 

extraction from residual "waste" gas 

Helium is increasingly becoming a strategically important commodity 

to the nation. 

The two most promising gas fields where helium extraction might occur in 

Australia are in the Amadeus and Perth Basins (Figure 4). 

Palm Valley field, Amadeus Basin 

Palm Valley appears to be our most prospective gas field for helium 

extraction; helium concentrations in this (and Mereenie) field 

average 0.21%. With long-term contracts for gas sales to Darwin 

expected to average a minimum of 0.2 BCM [7 BCF] per annum (via the 

1500 km Palm Valley to Darwin pipeline), annual production of helium 

could be 0.4 million m
3 

(15 million ft
3

). Helium extraction would be 

facilitated by plans for an LPG and an LNG cryogenic separation plant 

in Darwin designed to supply mining and other outlying industrial 

natural gas users in the north. 
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Woodada field, Perth basin 

The Perth basin Woodada gas field has an average helium concentration 

of 0.21% including helium in the adjacent Indoon structure. Proven 

helium reserves in the field are about 3.5 million m
3 

with a further 4 

million m
3 

of possible resources. Woodada gas has been sold in the 

Perth area market in recent years at rates up to 1 million m
3 

per day. 

However, this market is now predominently supplied by gas from the 

North West Shelf on a take or pay contract1 accordingly, there 

currently is only limited potential for Woodada gas in the area and 

present sales are averaging less that 0.1 million m
3 

per day. 

However, on the positive side, plans are being formulated for the 

construction of twoplants in the area for the production of ammonium 

nitrate and LPG1 this would probably absorb the excess N.W. Shelf 

(contract) gas and improve the market potential for local gas 

producers. Assuming a Perth area gas market share of about 5%, the 

operator at Woodada (Strata Oil) is confident helium could be 

commercially extracted from field production. The prospectivity for 

extraction of helium from the Woodada field also is enhanced by the 

proximity of the field to a major population centre and transportation 

facilities. 

Other areas 

Two other natural gas accumulations, namely-Wilga Park in the Gunnedah 

Basin and Meda in the Canning Basin contain significant concentrations 

of helium in their gas (0.45% and 0.5% respectively). However, based 

on limited exploration drilling, and gas sampling and analysis, 

neither prospect currently has any market potential for natural gas or 

helium production. 

The North West Shelf is the only other area worthy of mention with 

respect to helium extraction, particularly in view of the large 

cryogenic LNG facility currently under construction at Dampier. Early 

next decade this plant is expected to commence exporting LNG with 

output rising to 6 mil~ion tonnes by 1995 - equivalent to about 9 BCM 

of sales gas per year. Unfortunately, the helium concentration in 

North Rankin LNG feed stock is very low (O.Ol3%) and even considering 

the extensive cooling facilities established for LNG, it would appear 

not to be economic to extract helium from the plant "waste" gas. 
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Conclusions 

The Palm Valley gas field in the Amadeus Basin and the Woodada field in the 

Perth Basin are the two most likely prospects for helium extraction from 

Australian natural gas in the immediate future. Sales gas currently is 

being marketed from both fields, with a helium content of about 0.21%. 

Although helium extraction is probably more commercially feasible from 

Amadeus Basin gas production owing to the partial pre-separation and 

cooling which will be effected by the proposed Darwin LPG)LNG plant, helium 

production from both Palm Valley and Woodada fields should be encouraged 

because of the increasingly strategic value of this commodity to the 

nation. 
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FIGURE 2 HELIUM RECOVERY IN THE UNITED STATES. 
1960-84 
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FIGURE 3 

APPROXIMATE HELIUM IMPORTS - AUSTRALIA 
1977/78 to 1985/86 
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FIGURE 4 PRINCIPAL PROSPECTS FOR HELIUM EXTRACTION 
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Table 1 AUSTRALIAN IMPORTS OF 
HELIUM AND RARE GASES 

1980 to 1986 

YEAR QUANTITY APPROX. VOL. 
OF HELIUM 

(Kg)· x 1 tAn3 (x 1 06ft~ 

1980/81 29 222 0.08 (2.9) 

1981/82 70365 0.19 (7.0) 

1982/83 116 989 0.33 ( 11.6) 

1983/84 113 406 0.32 ( 11.2) 

1984/85 66 411 0.19 (6.6) 
1985/86 194 422 0.54 ( 19.2) 

•. Approximately 50% helium SMR 87/275 
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Table 2 HELIUM CONCENTRATIONS IN AUSTRALIAN 
NATURAL GAS 

BASIN DEPOSIT AGE OF OPERATOR AV.He 
RESERVOIR CONC.(%) 

AMADEUS MEREENIE ORDOVICIAN TMOC RESOURCES 0.21 

PALM VALLEY ORDOVICIAN MAGELLAN 0.21 

CANNING MEDA CARBONIF. WAPET 0.50 

CARNARVON NTH. RANKIN CRETACEOUS WOODSIDE 0.013 

COOPER BURKE . PERMIAN SANTOS 0.03 

FLY LAKE· PERMIAN SANTOS 0.035 

MOO MBA PERMIAN SANTOS Trace 

TOOLACHEE PERMIAN SANTOS 0.025 

GIPPSLAND BARRACOUTA EOCENE ESSO Trace 

MARLIN EOCENE ESSO Trace 

GUNNEDAH WILGA PARK PERMIAN 'HARTOG EN 0.45 

PERTH WOODADAI PERMIAN STRATA 0.21 
INDOON BMR 87/276 
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