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Abstract:

Helium is produced from natural gas by treatment of vent gas from
Nitrogen Rejection Units or LNG plants. There are 16 liquid helium
plants in the world, 7 of which are outside of the United States. There are
at least six industrial (specialty) gas companies in the world that have
direct access to sources of helium: Air Liquide, Air Products, Linde,
Matheson, Messer and Praxair. Conventional helium plants use cryogenic
distillation to produce crude helium followed by PSA to purify it for
liquefaction.
There was a period of helium shortage in 2011–2014 which caused
more efficient use of helium and helium recycling. The world is now
experiencing a period of too much supply of helium, and new helium
plants will come online in Qatar and Russia in 2018 and beyond. The
global helium demand in 2016 is estimated at 5.9 Bcf, and the supply is
around 6.0 Bcf.
Helium plays an important role in modern industry and medicine.
There are many applications for helium, but the single largest application
is in MRI (Magnetic Resonance Imaging), which accounts for around 30%
of all helium usage.
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1

Where is Helium Found?

Helium is the second most abundant element in the Universe, constituting
around 23% of the mass of the universe, but it is a rare gas on earth. There is
only 0.000524% of helium in earth’s atmosphere. Helium gradually escapes
into space as the earth’s gravity is not strong enough to retain it. Some helium
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arrives from the Sun as solar wind in the form of alpha particles. Helium is
the sixth most abundant gas in the atmosphere after nitrogen, oxygen, argon,
carbon dioxide and neon. Still, in absolute numbers, the atmosphere contains
3.7109 tonnes of helium [1]. There is even less helium in the oceans:
710–6 ppm wt. More concentrated helium can be found in natural gas deposits,
even though the earth’s crust contains only 0.008 ppm wt. of helium.
The helium spectrum was first noticed in 1868 when the French astronomer
Pierre Janssen and the British astronomer Sir Joseph Norman Lockyer were
viewing a total eclipse of the sun in India using a spectroscope. Lockyer named
the new element helium, after the Greek word helios, meaning sun. The terrestrial helium was discovered by Sir William Ramsay in 1895 in cleveite, a uranium ore. In 1903 Ramsay and Frederick Soddy determined that helium is a
product of the spontaneous disintegration of radioactive substances.
Helium is formed through the radioactive decay (alpha decay) of the heavy
isotopes, Uranium-238, Uranium-235, and Thorium-232. Uranium-238 is the
most common isotope, constituting 99.275% of all uranium in the earth’s crust.
Uranium deposits make up roughly 2.4 ppm of crustal abundance. 0.72% of
uranium is Uranium-235, which is used to induce fission for weapons and
reactors. Uranium-238 and Thorium-232 (12 ppm in earth’s crust) are the primary isotopes responsible for helium generation.
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These isotopes continue their decay to ultimately form stable isotopes of
lead, 206Pb and 208Pb, producing alpha particles (helium nuclei), beta particles
(electrons), and gamma rays (X-rays). Ultimately, through the radioactive decay
chain, one atom of 238U produces 8 atoms of 4He, one atom of 235U produces 7
atoms of 4He, and one atom of 232Th produces 6 atoms of 4He. Nearly all
helium formed within the earth’s crust is through this decay chain. Some of
the earth’s internal heat has been generated because of the radioactive decay of
these elements.
High concentrations of helium can be expected where there is a lot of uranium and thorium in the basement rock, like granite (basement is rocks below
a sedimentary platform). Helium diffuses to pore water. The more uranium
and thorium in the basement rock, the older the rock and the lower the porosity of the rock, the higher the concentration of helium in pore water. Tectonic
activity creates faults through which helium moves up into the sedimentary
column. In all cases, helium requires a carrier gas (nitrogen) so it will flow and
ultimately collect in a gas reservoir. Helium is always found when nitrogen
and helium concentration increases with increasing nitrogen concentration. The
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opposite, however, is not always the case: high nitrogen concentration does not
necessarily mean high helium concentration. Carbon dioxide is also found in
some helium-bearing formations, but the presence of this gas is primarily due
to its proximity to ancient volcanic activity. Beyond proximity to volcanic activity, there is no correlation with helium and CO2 concentrations [2].
The most important factor in a helium-bearing natural gas field is the presence of a cap rock or seal that is impermeable enough to withstand helium
leakage. This is the primary reason why we do not see more helium fields
throughout the world. The helium accumulations found today come from
fields which met three conditions:
.
.
.

the basement rock is rich in uranium and/or thorium (like granitic rock),
there are cracks and faults in the basement rock that make it possible for
helium to escape,
there are porous sedimentary rocks above the basement faults and a seal
or cap above the sedimentary rocks strong enough to keep helium
underground [2].

The concentration of helium in natural gas is normally quite low, but can
range from 0.01% to 7%. Table 1 presents helium concentration in natural gas
in selected locations throughout the world [3].
The helium industry had its beginning in a gas well that was drilled in 1903
in Dexter, Kansas. The gas was analyzed three years later and found to contain
1.84% helium [2].

2

Helium Properties

Helium is the lightest of the noble gases. It is colorless, odorless, tasteless and
non-toxic. It does not normally react with other elements. Liquid helium has
the lowest viscosity of all liquids. The boiling and freezing points of helium
are lower than those of any other know substance. Helium is the only element
that cannot be solidified by sufficient cooling at normal atmospheric pressure.
At temperatures substantially above its normal boiling point, helium behaves
more like an ideal gas than any other commonly known fluid. Helium can be
liquefied at normal pressure but it does not solidify even at absolute zero.
Helium has the highest ionization potential of all the elements.
There are two stable isotopes of helium, 3He and 4He. The concentration of
3
He in the helium gas is 0.00014 mol%. The rest is 4He. Not all 4He in the
earth’s crust is derived from radioactive decay (radiogenic origin); some 7%
was created after the Big Bang (primordial origin), whereas all 3He has primordial origin [4]. Helium-4 is unique in having two liquid forms. The normal
liquid form is called helium I; it exists at temperatures from its boiling point of
4.21 K to 2.18 K. Below 2.18 K, thermal conductivity of 4He becomes more than
DOI: 10.7569/JNGE.2016.692506
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Table 1 Helium concentrations of helium-bearing natural gases.
Location

Field site

Concentration, vol%

United States
Wyoming

Tip Top Field

0.4–0.8

San Juan, New Mexico

Beautiful Mountain

4.05

North Slope, Alaska

South Barroweast

2.54

Young, Texas

Young Regular

1.17

Grant, Kansas

Hugoton (Comprstation)

0.44

Alberta

Worsley

0.53

Ontario

Norfolk

0.36

The Netherlands

Groningen

0.05

De Wijk

0.05

Poland

Ostrów

0.4

North Sea, British Sector

Indefatigable

0.05

West Germany, Niedersachsen

Apeldorn

0.12

CIS

Urengoi

0.055

Canada

Orenburg

0.2*

Orange Free State

O.F.S. Goldfields

2.91

Algeria

Hassi RMel

0.19

Australia, North Territory

Pal Valley

0.21

*Advances in Cryogenic Engineering, Volume 29.

1000 times greater than that of copper. This liquid form is called helium II. It
exhibits the property called superfluidity. Its viscosity is so low that is has not
been measured. Superfluidity in 4He was discovered in 1937 by the Russian
physicist Pyotr Kapitsa. 3He forms three liquid phases of which two are superfluids [5].
Helium exhibits properties summarized in Table 2 [3, 6].
The phase diagram for 4He is presented in Figure 1 [7].
Another important property of helium is the Joule-Thomson inversion curve
for the Joule-Thomson coefficient mJT. The positive value of the JT coefficient
means that helium cools upon expansion, while the negative value means that
DOI: 10.7569/JNGE.2016.692506
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Table 2 Properties of 3He and 4He.
Property

Unit

3

He

4

He

atomic number

2

2

atomic weight

3.016

4.0026

K

3.324

5.2014

Pressure

kPa

116.4

227.5

Density

kg/m3

41.3

69.64

melting point

K

0.319

0.775

normal boiling point

K

3.1905

4.224

enthalpy of vaporization

kJ/mol

0.0255

0.0837

density of liquid at boiling

kg/m3

58.6

124.8

1 to 437.4

1 to 700

kg/m3

0.1347

0.1785

heat capacity at 101.32 kPa (constant P)

J/mol-K

20.78

20.78

thermal conductivity at 101.32 kPa, 0 ˚C

mW/m-K

163.6

141.84

critical point
Temperature

Expansion ratio, liquid to gas, B.P. to 0 ˚C
Gas
density at 101.3 kPa, 0 ˚C

solubility in water at 20 ˚C

ml/kg

8.61

ppm vol

5.24 ± 0.05

kJ/mol

32.82

Helium in air
concentration in dry air
min. work of separation at 300 K

helium warms upon expansion. Zero is the inversion point. JT inversion curves
have been created to help determine whether helium can be liquefied by
expansion. One of the curves is shown in Figure 2. The maximum values are
43 K and 38.5 bar; if helium is cooled to a state within this curve then liquefaction is possible [6].
It is difficult to liquefy helium as the gas has to be within the inversion
curve for the gas expansion to lower the temperature of helium. The first to
liquefy helium was the Dutch physicist Heike Kamerlingh Onnes. In 1908, he
used liquid hydrogen, which boils at 20.3 K, to precool the helium for liquefaction. While working with liquid helium, he discovered in 1911 the
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Figure 2 Joule-Thomson inversion curve.
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Table 3

Physical properties of helium and other gases found in crude helium.

Property

Unit

He

H2

Ne

N2

CH4

CO2

H2O

Normal boiling
point

K

4.23

20.4

27.1

77.4

111.7

194.8

373.2

Normal freezing point

K

2.18

14.0

24.6

63.2

90.7

216.6

273.2

Critical
temperature

K

5.20

33.2

44.5

126.2

190.56

304.1

647.1

Dhvap
at boiling T

kJ/
kg

20.82

444.74

84.7

198.77

509.34

571.08

2257

Kinetic
diameter

Å

2.60

2.89

2.59

3.64

3.80

3.30

2.65

Polarizability

Å3

0.208

0.787

0.401

1.710

2.448

2.507

1.501

Quadruple
moment

DÅ

0.00

0.43

0

1.54

0.02

4.3

2.3

Note : for CO2, 194.8 K is the sublimation temperature, 216.6 K is the triple point temperature at 5.1 atm.

phenomenon of superconductivity that landed him the Nobel Prize in Physics
in 1913 [8].
In helium recovery and purification processes, almost all impurities will
have to be removed. Table 3 compares the properties of helium with the properties of the most common impurities found in crude helium [9]. These properties are useful in the design of helium purification processes.

3

Helium Sources

Global geological helium reserves are estimated to be approximately 8 million
tons and are mainly in the U.S., Qatar, Algeria, and Russia. Annual helium
production from natural gas is approximately 30,000 tons. The main suppliers
of helium are the U.S. government, Air Liquide, Air Products, Linde Group,
Matheson, Messer, and Praxair [10]. Other companies with a basic position in
the helium business (controlling supplies at the source) include Taiyo Nippon
Sanso Corporation and Iwatani.
As of December 31, 2006, the total helium reserves and resources of the
United States were estimated to be 20.6 billion cubic meters (744 billion cubic
feet). Helium resources of the world, exclusive of the United States, were estimated to be about 31.3 billion cubic meters (1.13 trillion cubic feet). The
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locations and volumes of the major deposits, in billion cubic meters, are Qatar,
10.1; Algeria, 8.2; Russia, 6.8; Canada, 2.0; and China, 1.1 [11].
The global helium sources are shown on the outline map of the world
(Figure 3).
A more detailed map of the United States showing high helium areas is
shown in Figure 4, based on [12].
The locations and outlines of the areas are approximate.

4

Helium Uses

Helium is a critical component in many fields, like scientific research, medical
technology, high-tech manufacturing, space exploration, and national defense.
Some of the applications of helium (4He) are presented below [13].
.

.
.
.

.
.
.
.
.
.

.
.
.
.

.
.
.

Liquid helium is used in medical diagnostic equipment such as MRI
(Magnetic Resonance Imaging) to cool the superconductive magnets (the
largest use of helium). There are some 36,000 MRI machines in the world
and each machine uses around 1,700 liters of liquid helium.
Liquid helium is used in magnetoencephalography (MEG).
Liquid helium uses in non-medical equipment include low temperature
Móssbauer spectroscopy.
Cooling thermographic cameras and equipment used by search and
rescue teams and medical personnel to detect and monitor certain
physiological processes.
Helium-neon lasers for eye surgery.
Breathing gas for divers (a mixture of 20% oxygen and 80% helium).
Optical fiber manufacturing.
In arc welding as an inert shielding gas.
Leak detection in pipelines.
Other industries use helium to detect gas leaks in their products.
Manufacturers of aerosol products, tires, refrigerators, fire extinguishers,
air conditioners and other devices use helium to test seals before their
products come to market.
In gas lasers as a buffer or carrier gas.
Cooling medium for High Temperature Nuclear Reactors.
In neon signs in mixture with neon and argon.
For filling large balloons for upper atmosphere and cosmic ray studies,
and for filling smaller balloons used in weather forecasting, and also for
filling toy balloons.
As a calibration gas and to balance gas calibration mixtures.
Carrier gas for gas-liquid and gas-solid chromatography.
NASA uses helium to keep hot gases and ultra-cold liquid fuel separated
during lift off of rockets.
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A protective gas in titanium and zirconium production and in growing
silicon and germanium crystals.
Rocket engine testing, surveillance craft, air-to-air missile guidance
systems etc.
Laser pointers, supersonic wind tunnels, cardiopulmonary resuscitation
pumps, monitoring blimps used by the Border Patrol.
In solar telescopes to reduce the distorting effects of temperature
variations in between lenses.
Computer hard drives sealed in a helium atmosphere (Western Digital).
The drive was designed for use in data centers where hundreds or
thousands of computers are operating.
Rare documents preservation.
He is used in the following applications:
Neutron detectors used in airports as a security measure.
Space cryogenic instruments.
Down-hole oil and gas instruments.
In the future, 3He can be used in fusion reactions to produce electricity
(mining 3He from the Moon).

Figure 5 shows helium consumption and uses in the US in 2014 in
million m3 (total 42.2 million m3) [14].

5

The Past and Future of Helium Supply

Helium in natural gas was first found in Dexter, Kansas, by the University of
Kansas chemistry professor Hamilton P. Cady. The discovery took place on
December 7, 1905. The gas did not burn because it contained 72% of nitrogen
and 1.84% of helium [15].
The first plant to extract helium from natural gas was designed by L¢Air
Liquide Company and built by the British near Hamilton, Ontario, Canada in
1917. Britain wanted to replace flammable hydrogen with helium for its airships and balloons during World War I. By February 1918, a small amount of
87% helium was produced. In July 1917, the U.S. Government started a helium
development project for a demonstration plant. By the end of the war in
November 1918, the United States had taken the first steps for the production
of helium on a large scale [16]. As a war material, helium became a government monopoly.
In 1925, Helium Conservation Act was passed and the U.S. Bureau of Mines
became responsible for all helium activities. The purpose of the Act was to
ensure supplies of helium to the federal government for defense, research and

DOI: 10.7569/JNGE.2016.692506
J. Natural Gas Eng., Vol. 1, No. 2, December 2016

© 2016 Scrivener Publishing LLC

173

Eugene Grynia and Peter J. Griffin: Helium in Natural Gas - Occurrence and Production

Chromatography,
lifting gas,
heat transfer,
5.0(12%)

Cryogenics,
11.0
(26%)

Welding, 7.2
(17%)

Leak
detection, 1.7
(4%)
Pressurizing and
purging, 7.2
(17%)

Controlled
atmosphere,
9.3
(22%)
Breating mixtures,
0.8
(2%)

Figure 5 Helium consumption and uses in the United States in 2014.

medical applications. Federal Helium Reserve was created. Sales of helium for
non-government users was prohibited until 1937. During the Second World
War helium was used as lifting gas in airships used for anti-submarine
warfare.
To conserve helium wasted in natural gas burning, the U.S. Congress
amended the Helium Conservation Act in 1960, which allowed the U.S. Government to enter into long-term contracts for the purchase of crude helium
from private companies and to store it. The Helium Act Amendments of 1960
established the helium conservation program which led to the installation of a
helium pipeline from Bushton, Kansas connecting several private helium recovery facilities to the storage area at the Bush Dome Reservoir.
The highest production of helium by the Bureau of Mines was in the 1960s,
when helium was used by the U.S. space program. Private plants began to produce helium in significant amounts in 1963. The helium conservation program
was cancelled in 1971 because private companies were able to produce and sell
helium for a lower price than the federal government price. The Bureau of
Mines began storing privately owned crude helium in the Cliffside gas field,
known as the Federal Helium Reserve. The U.S. Government controlled Federal Helium Reserve is located near Amarillo, Texas in the only known rock
formation on the planet where helium can be stored - the Bush Dome in the
Cliffside Gas Field.
In 1996, the Helium Privatization Act was passed, which allowed the federal
government to stop the production and sale of Grade A helium and to sell off

DOI: 10.7569/JNGE.2016.692506
174

J. Natural Gas Eng., Vol. 1, No. 2, December 2016

© 2016 Scrivener Publishing LLC

Eugene Grynia and Peter J. Griffin: Helium in Natural Gas - Occurrence and Production

all of the crude helium from the Cliffside gas field. Helium was no longer
regarded as essential to national security. However, in May 2013, the House of
Representatives voted to extend the life of the reserve under government
control.
Although helium is the second most common element in the universe,
within a few decades, the known recoverable helium reserves may be depleted.
The primary locations for known recoverable reserves are the United States,
primarily in the Texas panhandle, Oklahoma panhandle and Kansas where
helium concentrations can reach up to 7% as seen in a field in the San Juan
basin of New Mexico.
The crude helium pipeline and the helium gas fields are shown in Figure 6
[14].
For many years, the United States produced more than 90% of the commercially available helium; however, in the 1990’s a new plant in Algeria was
brought online with the capability of covering the existing helium demand in
Europe. Helium reserves in Canada, Russia, Poland and Eastern Europe have
also been proven. However, as demand for helium continues to rise, economists, scientists and gas processors are aware of the finite supply of helium
available for recovery [17].
The Federal Helium Program, administered by the U.S. Department of the
Interior, Bureau of Land Management (BLM), Amarillo Field Office, is responsible for the conservation and sale of federally owned helium. The BLM operates and maintains the helium storage reservoir, enrichment plant at the
Cliffside Gas Facility, and the 425-mile pipeline. 35% of the worlds helium and
42% of domestic helium are supplied by the helium enrichment unit. The program operates under the authority of the Helium Stewardship Act of 2013 [18].
A decision by the U.S. government to get out of the commercial helium
business in the next five years has refiners and customers looking to Canada to
fill their helium needs. When the federal government gets out of controlling
the helium supplies, more interest will likely be in the wheat fields of
Saskatchewan and Alberta, Canada (Congress passed the bill in 2013 to extend
the reserves operation, the US Government is to dispose of all helium related
assets by 2021, or when the remaining conservation helium is less than 83 million m3) [19].
In 2013, Air Liquide started up the world’s largest helium purification and
liquefaction unit at Ras Laffan Industrial City, Qatar. The capacity of the unit is
38 million m3 of helium per year [20]. This alleviated the helium shortage that
started in 2011.
There might be more helium coming from unlikely sources. Helium is often
found serendipitously when drilling for oil and natural gas. A new approach
to helium recovery should take the guesswork out of finding this vital medical
resource. Scientists in the UK unearthed one of worlds largest helium gas
deposits in Tanzania. They identified a source rock in the earth’s crust by
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Figure 6 Major helium-bearing natural gas fields in the United States.

analyzing the mechanism for how helium is transported to the surface and
how it is trapped before it is lost to the space. Uranium and thorium is needed
in the rock. These two radioisotopes decay to helium and are typically found
in cratons - ancient, continental rock that has remained stable over the past
541 million years.
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Then, an event is needed, such as rifting, to liberate helium. The crust splits
apart and then volcanic intrusions come through and cook parts of this old
rock. The cooking process releases the helium and that helium is trapped by
the sediments in the same rifting process.
Working with Helium One, an exploration company, the team of UK scientists realised this process is occurring now in the east African Rift Valley,
which crosses nine African countries, including Tanzania. There are multiple
places in the Tanzanian Rift, where there are geothermal pools. The gas that is
bubbling in the pools is nitrogen with up to 10% helium. Using a seismic profile of the underlying geology, the team estimated that over 1.5 billion m3 of
helium is in one part of the valley [21]. This could be the future of helium
supply.

6

Helium Economics

Helium is usually found in natural gas containing high level of inert gases.
Typical gas analyses do not test for helium, therefore its presence is often
undetected. But helium concentrations as low as 0.5% can be economic to
recover. Depending on the projects parameters, a producers netback attributable to helium can range from $0.25 to over $1.00 per Mcf [12].
In fiscal year 2015, the price for crude helium to US Government users was
$3.06 per cubic meter ($85.00 per thousand cubic feet) and to nongovernment
users was $3.75 per cubic meter ($104.00 per thousand cubic feet). The price
for Government-owned helium is mandated by the Helium Privatization Act
of 1996 (Public Law 104273). The estimated price range for private industry’s
Grade-A gaseous helium was about $7.21 per cubic meter ($200 per thousand
cubic feet), with some producers posting surcharges to this price [22].
The estimated energy costs of helium recovery from gases containing 0.02%,
0.05% and 0.35% of helium are 250, 100 and 18 kWh/Nm3, respectively [15].
Historic helium prices vs. reserves in the United States are shown in
Figure 7 [23].
The United States Government price for “Crude” Helium is $107.00 per
thousand cubic feet (for open market sales only) effective October 2016. This
price was adjusted from $106.00 through September 2016. Prior to the most
recent increases, the price of helium was not based on any fundamental market-based activity. Rather, it was simply the result of dividing the reserves left
in the Cliffside Field (near Amarillo) by the accumulated government debt created by the Helium Act of 1960 (and adjusted by the Consumer Price Index).
As mandated by Congress in 1996 (Helium Privatization Act of 1996) and the
later Helium Stewardship Act of 2013, the U.S. Government must sell off the
remaining Federal reserves by 2021.
The new price of $107.00 was established as a partial result of the 2010 Government study, Selling the Nation’s Helium Reserve, which recommended that
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a market price be placed on Government helium stored at Cliffside in order to
“enable more rapid retirement of BLM facilities debt to the U.S. Treasury”.
Government helium was sold at a severe discount to fair market value prior to
this increase. Although this new price of $107 establishes a closer-to-reality
price, it still does not reflect true market value. No market driven mechanism
is being used to establish the BLM’s new price increase [24].
On the other hand, liquid helium prices vary widely across the world; for
example, research laboratories prices range from 3 to 20 USD per liter [4]. For
comparison, liquid nitrogen is only 0.10 USD per liter.
As far as helium-3 is concerned, US industrial demand reached a peak of
70,000 liters (approximately 8 kg) per year in 2008. Price at auction, historically
about $100/liter, reached as high as $2000/liter. Since then, demand for
helium-3 has declined to about 6000 liters per year due to the high cost and
efforts by the Department of Energy to recycle it and find substitutes [25].

7

Helium Removal Processes from Natural Gas

Before any discussion of how helium is extracted from natural gas, it would be
beneficial to show how the removal of helium from natural gas fits into the
global picture of helium flow in the industrial supply chain. Such a picture is
presented in Figure 8 [4].
BLM means Bureau of Land Management. The Helium Reserve Base
denotes natural gas fields or vent gas from LNG or NRU facilities, or heliumenriched gas from other helium recovery technologies.
Helium is difficult to remove from natural gas unless nitrogen rejection is
used. Typical processing steps include:
.
.
.
.
.
.

CO2 removal
Molecular sieve dehydration
Higher hydrocarbons removal
Mercury removal
Nitrogen rejection
Crude helium pre-treatment, purification and liquefaction

A schematic diagram of natural gas processing to produce liquid helium is
presented in Figure 9 [9]. The removal of heavy hydrocarbons can be done as
part of the methane liquefaction process (cooling) or upstream of the cold box,
e.g. by one of the adsorption processes.
Helium upgrading and purification involves cryogenic distillation to remove
bulk nitrogen (at temperatures lower than used in NRU), catalytic oxidation of
hydrogen, separation of water, oxygen and carbon dioxide from the reactor by
condensation of water and adsorption of CO2 and O2 by PSA, and removal of
the rest of nitrogen in another PSA unit.
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Figure 8 Flow of helium in the industrial supply chain.
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Figure 9 Natural gas processing to produce liquid helium.
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Recovery of helium from a natural gas stream depends on the economic picture of the stream. In the United States, the lowest practical helium level that is
recovered is 0.3 mol%. In the production of LNG, helium production may be
feasible even if the feed stream to the LNG plant has 0.05 mol% helium
because of large quantities of the gas being processed [3].
Helium can be produced using:
.
.
.
.
.

7.1

Cryogenic processes
Pressure swing adsorption
Membranes
Non-cryogenic absorption
Hybrid processes

Cryogenic Processes

Large-scale helium recovery plants use cryogenic distillation for helium production. Natural gas is cooled in stages until practically all the components,
with the exception of helium, have condensed. The residual gas phase is the
crude helium product, with a helium concentration which is determined by the
pressure and the lowest condensation temperature. Maximum helium concentrations of approximately 99% can be reached at temperatures close to the
melting point of nitrogen [6].
Helium is usually recovered from natural gas by a two-step process: the first
recovers a crude helium concentrate from the natural gas, the second purifies
the helium to >99.995% for Grade-A Helium. Gaseous purified helium can
then be liquefied. The most economically attractive process is a hybrid system
that combines cryogenic, membrane and PSA units to produce 99.99% helium
from dilute natural gas. The process is shown in
Figure 10 [26].
The feed is natural gas containing 2.1% helium. The feed is first cooled to
–60 ˚F (–51 ˚C) to condense the heavier hydrocarbons. Then the gas is cooled
to –240 ˚F (–151 ˚C) to condense most of the methane and some nitrogen. At
this point the gas contains 30–35% helium. The crude helium is then fed to a
two-stage membrane unit that produces a 95% helium stream. PSA is used to
upgrade this stream to Grade-A purity.
A more recent example of a hybrid process is presented in Figure 11 [27].
This is a schematic of Ladder Creek Helium Recovery Plant in Eastern
Colorado.
Four cryogenic nitrogen removal processes are discussed by MacKenzie
et al. of Gas Liquids Engineering: single column, double column, two column,
and three column [28]. These processes can be used for the production of crude
helium, as helium recovery units are usually integrated with nitrogen rejection
units. Helium recovery by cryogenic distillation is also discussed by Rufford
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95% He, 640 psia

Figure 10 Cryogenic/Membrane/PSA hybrid process for removing helium from natural
gas.

et al. [9]. The authors presented four basic cryogenic distillation processes used
for N2 rejection from natural gas: multi-stage flash separators, the single-column heat-pumped process, the double column process and the dual- column
cycle. An example of a double-column process is shown in Figure 12.
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Cryogenic nitrogen removal may also include helium production where the
helium content of the feed gas is sufficiently high, typically in excess of 0.2%.
Helium concentrates in the cryogenic distillation system to a level of up to 90%
in a crude helium stream prior to purification and liquefaction. Helium is produced commercially in this way in the United States, Qatar, Russia, Poland,
Australia and Algeria, though in recent years a lower cost source of helium
has been to process nitrogen rich flash gas from large scale liquefied natural
gas (LNG) production. This helium rich stream is available at -150 ˚C. This
process route has been exploited on LNG plants, in Qatar in particular, to produce pure helium at relatively low cost [29].
Industrial plants extract helium from natural gas by a process of fractional
distillation. Low temperature and high pressure are used to liquefy natural
gases, but since helium has a lower boiling point than any other element, it
remains a gas when other components in the gas stream have liquefied. At
–193 ˚C, most nitrogen and methane condense and can be drained. Helium can
comprise up to 50–90% of the waste gas purged from a natural-gas plant after
the natural gas has condensed. After initial separation, crude helium can then
be further purified to generate Grade-A helium (99.997% by volume or more)
by using either activated charcoal absorbers at very low temperature and high
pressure or pressure swing adsorption processes [30].
The following companies offer cryogenic technology for helium production:
.

.

.
.
.

.
.

Air Liquide, Bussy Saint Georges, France
http://www.engineering-solutions.airliquide.com/en/about-us-globalengineering-and-construction-solutions/technologies-air-liquide-lurgicryo-zimmer/cryogenics-technologies-air- separation-units.html
Air Products, Allentown, PA
http://www.airproducts.ca/industries/Energy/OilGas-Production/
Enhanced-OilNatural-Gas-Recovery/product-list/helium-enrichment-andnatural-gas-upgrading-enhanced-oilnatural-gas-recovery.aspx?
itemId=3B7C199CAFA042E7BD9BAECC63008F2C
BCCK Engineering, Inc., Midland, TX
http://bcck.com/heliumrecovery
Bechtel (Oil, Gas & Chemicals), Houston, TX
http://www.bechtel.com/bhts/gas-processing/nitrogen-rejection/
CBI (includes former Randall Gas Technology), Houston, TX
http://www.cbi.com/What-We-Do/Technology/Gas-Processing/GasProcessing- Technologies/Nitrogen-Rejection-Helium-Recovery
Chart Energy and Chemicals, Inc., The Woodlands, TX
http://www.chartindustries.com/Energy/Energy-Products
Costain, Manchester, England
http://costain.com/what-we-do/oil-gas/consultancy/consultancymidstream-and-downstream/nitrogen-rejection/
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.
.

Cryo Technologies, Allentown, PA
http://www.cryotechnologies.com/
Linde AG, Engineering Division, Pullach, Germany
http://www.linde-engineering.com/en/process_plants/
cryogenic_plants/index.html

7.2 Adsorption-Based Processes (PSA, TSA)
Helium has the lowest affinity for adsorption of any gases encountered in
crude helium mixtures, therefore Pressure Swing Adsorption (PSA) process is
used to selectively adsorb non-helium components. In fact, a PSA adsorber can
have a few layers of different adsorption materials to adsorb different species,
e.g. silica gel or alumina for water removal, activated carbon for CO2
removal, 5A zeolite for methane and nitrogen removal. To extend the adsorption time and the life of the adsorption bed, the helium stream has to be preconcentrated or upgraded to around 90% He. Except for hydrogen, virtually all
components can be separated from helium by pressure swing adsorption. Normally, there is no hydrogen in helium, but if it is present, then it is removed
by catalytic combustion. The crude helium is mixed with air and the mixture is
passed over a catalyst.
Helium extraction and purification plants that are in operation today are
large, capital-intensive, cryogenic plants that require large volumes of gas to
justify economical extraction. The Helium PSA process enables the ability to
pursue smaller, overlooked fields where cryogenic processing is non- economical. PSA can be used to process feed gas with more than 0.5% helium. The
process is fully scalable and is able to process gas streams up to 12 MMSCFD.
Beyond this flowrate, it becomes more economical to install a cryogenic facility.
PSA is a process that utilizes activated charcoal to remove any impurities in
the gas stream. The first stage of the process can achieve Grade J (99.0% He)
purity and Grade M (99.995%) purity after the second stage [31].
Companies that offer that technology are:
.
.
.
.

IACX Energy http://iacx.com/helium-recovery/
Inter-American Corporation, Helium Exploration and Production http://
www.helium-corp.com/processing/index.html
Linde (cryogenic recovery followed by PSA purification)
Honeywell UOP PolybedTM PSA System https://www.uop.com/?
document=polybed-psa-system-for-gas-extractionpurification&download=1
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Note: IACX Energy was formed in December 2006 by the principals of
Inter-American Corporation (Dallas, TX) and Haddington Ventures LLC (Houston, TX).

7.3

Membranes

Helium is highly permeable through most of the homogeneous membranes,
e.g. polyimide membranes, more permeable than N2, CH4 or other components
of natural gas. Helium permeates through polyimide membrane almost as fast
as hydrogen. Therefore, a polyimide membrane module can be used to separate helium from natural gas, and to separate He from a mixture contaminated
with air and so on [32].
Membranes cannot achieve a high-purity product and a high product yield
at the same time. For that reason a few stages of membranes are required
to achieve both. The driving force for membrane separation is the pressure
drop across the membranes, so there is a large pressure drop across each stage
and inter-stage compression is required, which increases the capital and operating cost of the membrane units. Therefore, membranes can be used for bulk
separation of helium and nitrogen, and a different process, like PSA, can be
used for final purification of helium.
Companies that offer membrane systems for helium separation:
.

.

.
.
.
.

7.4

Evonik Industries (Sepuran® Noble hollow fibre membranes), Essen,
Germany
http://www.sepuran.com/sites/lists/PP-HP/Documents/
SEPURAN-Noble-EN.pdf Sepuran® membranes are used at the helium
purification plant near Mankota, Saskatchewan.
MTR, Newark, CA (Pegasus spiral wound membranes for concentrating
the helium into the permeate stream for routing to a helium recovery
cryogenic plant downstream). MTR membranes are used at a gas plant in
Poland for helium recovery.
UOP, Separex Membrane Technology https://www.uop.com/separexmembrane-technology/
Generon http://www.generon.com/pdf/Helium-Recovery.pdf
Air Liquide, ALAS - Air Liquide Advanced Separations
Ube Industries

Non-Cryogenic Absorption

Companies that offer that technology:
.

Advanced Extraction Technologies Inc. (AET) http://www.aet.com/
nreject.htm
(Process for Recovering Helium from a Gas Stream, US Patent 5,224,350)
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Engineering and licensing of the AET process technology is performed
by Absorption Processing Solutions, LLC (APS). Basically, the noncryogenic absorption is an NRU process. Any helium present in the
nitrogen contaminated natural gas stream would leave the NRU with the
nitrogen as the absorber overhead product. Additional purification, using
a PSA unit for example, would be required in order to produce a pure
helium product. Depending on the desired product specifications, AET
typically designs the NRU to allow 3–5% hydrocarbons (primarily
methane) in the nitrogen product.

7.5 Helium Liquefaction
Helium liquefaction is the last step in the series of processes for helium
recovery and purification. The liquefaction step is shown as a grayed box in
Figure 13 [33].
Helium liquefaction is driven by two main reasons: liquid helium is needed
in a host of applications, including MRI superconducting components and it is
more economical to ship liquid helium around the world.
The process of liquefying helium involves compression followed by cooling
in countercurrent heat exchangers. The extra cold needed to cool the helium is
provided by turbo expanders [34].
Crude helium, ~70% He, contains nitrogen, argon, neon and hydrogen. It
undergoes final purification at pressures up to 18.7 MPa. The stream is chilled
to 77 K in liquid nitrogen-cooled coils of a heat exchanger. At these conditions,

Crude helium

Compression

Waste N2

Air

Upgrader unit

Catalytic reactor

Dryers

Waste helium
gas bag

PSA unit

Helium tanks
and loading

Helium cycle
compression and
liquefier cold box

Figure 13 Block scheme of pure liquid helium recovery from the crude - example:
Qatar.
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most of the remaining nitrogen and argon liquefies, and the remaining gaseous
helium contains last traces of nitrogen, neon, and hydrogen. Evaporation of
nitrogen reduces the temperature and nitrogen content of the helium before it
passes into liquid nitrogen cooled adsorbers. Activated charcoal operating at
liquid nitrogen temperatures, or below, adsorbs all non-helium gases, yielding
helium of 99.9999% or more purity. Both concentration and purification steps
require nitrogen refrigeration, which is obtained by expansion engines or turbines as well as by expansion valves [3].
Helium is normally liquefied by isenthalpic throttling in a Joule-Thomson
valve. The proportion of liquid is determined by the pressure and temperature
before the valve. The temperature and pressure range in which the temperature drop of the gas needed to produce liquid at each throttling stage takes
place in order to liquefy helium by the Linde process is limited by the inversion curve (see Figure 2). As was said before, the maximum values are 43 K
and 38.5 bar. If helium is cooled to a state within this curve then liquefaction is
possible. Temperatures below 20 K and pressures of less than 20 bar are usually used for industrial operation [6].
There are two categories of processes for liquefying helium:
(a) Recuperative - helium is cooled and heated in heat exchangers called
recuperators
(b) Regenerative - helium is cooled and heated in heat accumulators with
high thermal capacities and transmission surfaces, called regenerators
Recuperative processes include
.
.
.

the Linde Process
the Claude Process
the Collins Cycle

Regenerative processes include
.
.
.

the Stirling Process
the Gifford-McMahon Process
the Vuilleumier Process

7.5.1

Recuperative Processes

The Linde Process is a multi-stage, or cascade, process, shown in Figure 14 [6].
Liquid hydrogen precools helium to 20 K. The precooling is achieved with the
aid of liquid nitrogen.
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Figure 14

Linde Process - cascade arrangement for helium liquefaction.

In the Claude Process, the number of refrigerants is reduced and the use of
hydrogen avoided. Instead, liquid helium acts as a refrigerant. The process,
shown in Figure 15 [6], was designed by Kapitsa and Meissner. Here, helium
gas is cooled to below 20 K while performing work in an expander; precooling
of compressed helium required in the Linde process is achieved by countercurrent heat transfer. The first precooling stage at 80 K with liquid nitrogen is
retained.
In the Collins cycle, energy use was improved by adding another expender
in the closed circuit in the temperature region between 80 K and 20 K. The
process is depicted in Figure 16 [6].
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Figure 15 Claude Process for helium liquefaction.

The majority of helium liquefaction and refrigeration plants in the lower
and medium capacity range use the Collins cycle. With only one stage, the specific energy consumption is 4.8 kWh/L of liquid He, a value which is about
22 times as large as the theoretical (without losses) process operation of about
0.22 kWh/L of liquid He under the specified conditions. If a second precooling
stage is used, the energy use is reduced by more than 50%, to 2.3 kWh/L. The
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Figure 16 Collins cycle for helium liquefaction.
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b

a
d

c

Figure 17

Principle of the regenerative process.

ideal work requirement for liquefaction of 4He is 6,819 kJ/kg, beginning at
300 K and 101.3 kPa [35].
7.5.2

Regenerative Processes

The idea of a regenerative process is represented in Figure 17.
The displacer (a) divides the cylinder into a low-temperature operating
chamber (b) and a high- temperature operating chamber (c). The displacer
(a) can be moved freely within the cylinder. The two operating chambers are
connected to each other via the regenerator (d) - a heat accumulator of high
thermal capacity and transfer surface area. During the downward movement
of the displacer the gas flows at high temperature via the regenerator into the
operating chamber (b) and is cooled; as a system in which constant volume is
involved, the pressure in the system decreases. If the displacer is moved
upwards then cold gas flows to (c) via (d); it is heated and the system pressure
increases.
If the displacer is driven by a crank shaft, the two volumes and the pressure
change periodically with the angle of rotation. However, this change would
take place in opposing phases so the resulting refrigerating capacity would be
zero. Some work must therefore be applied in the form of pressure variations
which have a suitable phase displacement in relation to the changes of the
plunger position. This can be carried out in the following possible ways:
.

In the Stirling process (Philips design), a compression piston is located in
the hot chamber and has a phase displacement of 90˚ in relation to the
plunger.
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.

.

.

8

In the Gifford McMahon process, pressure changes are generated by
changing the gas content of the system for which purpose the system is
connected alternately to the high and low pressure sides of a compressor.
In the Vuilleumier process, two displacer systems are linked. The hot
piston (thermal compressor) is housed in a heated cylinder, and the cold
piston forms the actual refrigerator. In contrast to the Stirling process the
hot (compression) piston here has a phase displacement of +90˚ relative
to the cold (expansion) piston.
These processes have been shown to be industrially feasible for helium
liquefaction. However, in most cases they are used for precooling
compressed helium gas to the temperature required for liquefaction [6].

Helium Plants

By the end of the decade, international helium extraction facilities are likely to
become the main source of supply for world helium users. Seven international
helium plants are in operation and more are planned during the next three to
five years [11].
The list below provides a global overview of where helium plants are
located:
.
.
.
.
.
.
.
.

USA - 17 helium plants on BLM helium pipeline
USA - five helium plants independent of helium pipeline
Algeria - two helium plants (Arzew and Skikda)
Australia - one helium plant (Darwin)
Canada - one helium plant (Mankota, Saskatchewan) (not included in
[11])
Qatar - two helium plants (Ras Laffan)
Poland - one helium plant (Odolanw)
Russia - one helium plant (Orenburg)

The US and global production of helium is shown in Table 4 [11].
Most of the plants, except for Poland, and Russia, produce helium from
LNG plant vent gas. Presently, Qatar is the largest exporter of helium, expected
to meet 25% of current total global helium demand, and the second largest
producer of helium in the world.
In 2015, there were nine plants in the United States that extracted helium
from natural gas and produced only a crude helium product that varied from
50% to 99% helium. Four of them were in Kansas, four in Texas and one in
Wyoming. Two plants, one in Colorado and one in Wyoming, extracted helium
from natural gas and produced a Grade-A helium product. Four plants, three
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Helium production in the United States and in other helium producing countries.

Table 4

Country

Production
2014
million m

Reserves

2015
3

million m3

million m3

United States (He extracted from natural
gas)

75

76

3,900

United States (He from Cliffside Field)

26

24

a

Algeria

16

16

1,800

Australia

5

5

NA

Poland

3

3

25

Qatar

35

40

NA

Russia

4

4

1,700

164

168

NA

World total

a - included in “He extracted from natural gas” reserves.

in Kansas and one in Oklahoma, accepted a crude helium product from other
producers and the Bureau of Land Management pipeline and purified it to a
Grade-A helium product [11].
The US helium plants in 2014 are presented in Table 5 [14].
The Shute Creek helium plant is the largest in the world, with the capacity
of 41 million Sm3/year of He. The Doe Canyon Plant is the first-ever plant producing helium from naturally occurring CO2 stream.

9

Helium Product Specifications

There is a little bit of confusion when it comes to helium specifications. Different companies use their own helium purity grades. Helium quality specifications are determined by the particular application. But there are two main
purity designation systems used in the helium industry, the point notation,
and the CGA (Compressed Gas Association) specifications.
The point notation indicates the number of nines of the gas purity expressed
as percentage of helium in the helium product. For example, Helium 6.0 means
that the helium concentration is 99.9999%, Helium 5.5 contains 99.9995% of
pure helium.
The CGA designation, called Quality Verification Levels (Grades), is shown
in Table 6 [36]. The units are ppm (v/v) unless otherwise stated.
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Ownership and location of helium extraction plants in the United
States in 2014.

Table 5

Owner or operator

Plant name

Status

Location

Product
purity

Air Products
Corporation, Inc.

Liberal

o

Seward County,
KS

Grade-A
helium1

"

Panhandle

s

Hansford
County, TX

"

"

Doe
Canyon

su
2015

Dolores County,
CO

"

DCP Midstream, LLC

Ladder
Creek

o

Cheyenne Wells,
CO

Near-pure
helium2

"

National

o

Seward County,
KS

Crude
helium3

"

Rock Creek

o

Hutchinson
County, TX

"

"

Sherhan

o

Hansford
County, TX

"

Denbury Onshore,
LLC

Riley Ridge

s

Sublette County,
WY

"

Eagle Rock Energy

Sunray

o

Moore County,
TX

"

ExxonMobil Gas
Marketing Co.

Shute Creek

o

Sweetwater
County, WY

Grade-A
helium1

IACX Energy

Dineh-BiKeyah

o

Apache County,
AZ

Near-pure
helium2

"

Harley
Dome

o

Grand County,
UT

"

"

Hodgeman

o

Hodgeman
County, KS

"

"

IACX Otis

o

Rush County, KS

"

"

Badger
Wash

ud

Mesa County,
CO

"

"

Paden

o

Okfuskee
County, OK

"
(Continued)
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Table 5 cont.
Owner or operator

Plant name

Status

Location

Product
purity

"

Woodside
Dome

o

Emery County,
UT

"

Linde Global Helium,
Inc.

Linde Otis

o

Rush County, KS

Grade-A
helium1

Linn Energy, LLC

Jayhawk

o

Grant County,
KS

Crude
helium3

"

Ulysses/
Satanta

o

"

"

Midstream Energy
Services, LLC

Keyes

o

Cimarron
County, OK

Grade-A
helium1

Pioneer Natural
Resources Co.

Fain

o

Opotter County,
TX

Crude
helium3

Praxair, Inc.

Ulysses/
Jayhawk

o

Grant County,
KS

Grade-A
helium1

"

Bushton

s

Ellsworth
County, KS

"

1

Including liquefaction, at least 99.99% helium.
Generally contains between 95% and 98% helium.
3
Generally contains between 60% and 80% helium.
o = operating, s = standby, su = startup, ud = under development.
2

Others, including the US Geological Survey, use Grade-A for helium purity
of 99.995 mol% He or 99.997 mol%, depending on the source, near pure helium
for helium purity generally between 95 and 98 mol%, and crude helium for
helium purity generally between 60 and 80 mol%.
The U.S. Department of Defence classifies helium as Type I (gaseous) and
Type II (liquid). Type I helium is divided into grades: Grade A (pressurizing,
99.995 vol% He) and Grade B (respirable, 99.997 vol% He) [37].
There are also specifications in use called Spectra grade helium, summarized
in Table 7 [4].
Suppliers of helium gas have their own specifications of the product,
depending on the application, for example, Air Products uses the following
grades: Chromatographic Grade, GC Grade, Research Grade, Ultra-Pure Carrier Grade, UHP/Zero Grade and High Purity Grade.
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Table 6

Compressed Gas Association Quality Verification Levels.

Limiting
characteristics

Maxima for gaseous helium
H

J

K

L

M

N

P

G

Helium, min.%

97.5

99.0

99.99

99.995

99.995

99.997

99.999

99.9999

15

9

3

1.5

Water (Vapor)
Dew
point ˚F (˚C)

–100
(–
73.3)
5

5
3

1
3

0.5
1

Nitrogen +
Argon

14

5*

5

Neon

23

23

2

Hydrogen

Sum
= 37
ppm

1

1

Total Hydrocarbon Content
(as CH4)
Oxygen

Carbon dioxide
Carbon
monoxide

10

Odor

none

Buoyancy

Sum of
all these
impurities less
than 1
ppm

Sum
=
0.5
ppm

yes

Identity

yes

USP

yes

*Maximum 5 ppm nitrogen only.
Adapted from CGA G-9.1 1992.
The typical uses (not all inclusive) of the above grades are:
H Balloons
J USP
L Welding, blanketing, heat treating
N Cooling, purging, leak detection, analytical, diving/respiratory applications P Cooling
(MRI), analytical, fiber optics
G Semiconductor manufacturing, fiber optics

In general, all helium grades delivered from a given facility are prepared
from a single product stream. The differences between grades lie in the care
taken in subsequent handling. Because all other substances are solid at liquid
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Airgas

Messer

Iceblick

5

6

7

Russia

Russia

Ukraine

Germany

USA

USA

USA

France

Germany

0.5

1.0

0.15*

0.15*

0.1*

0.5

0.5

0.5

1.0
1.0

0.5

1.0

0.5

0.5

0.5

Ar

0.45

0.45

0.2

0.5

1.0

1.0

1.0

1.0

0.5

0.5

N2

0.1

0.1

0.1

0.1

0.01

0.1

0.01

0.1

0.1

0.1

0.1

CnHm

0.15

0.15

0.1

0.5

0.5

0.5

0.5

Ne

*O2 + Ar
**CO + CO2
Note: Only Iceblick helium comes from air, the rest comes from natural gas.

Monitoring Ltd.

Air Products

4

9

Specialty Gases

3

NII KM

Air Liquide

2

8

Linde

1

Impurity content in ppm (not more than)

He producers

Table 7 Typical specifications of Spectra grade helium.

2

2

0.3

0.5

0.2

0.2

0.2

0.2

0.5

0.5

0.5

H2O

0.1**

0.1**

0.1**

0.1**

0.1**

0.1

0.1

CO

0.1

0.1

0.1

0.1

0.5

0.1

CO2

0.05

0.05

0.1

0.5

0.1

0.5

H2
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helium temperatures, liquid helium filtered through a nominal 10 mm filter is
accepted as pure helium [3].

10 Helium in Canada
Canada has the fifth-largest global helium resource as measured by the U.S.
Geological Survey [38]. Canada’s largest source of oil and gas is in the Western
Canada Sedimentary Basin.

10.1 Western Canada Sedimentary Basin
It is a massive wedge of sedimentary rock extending from the Rocky Mountains in the west to the Canadian Shield in the east. This wedge is about 6 km
thick under the Rocky Mountains and thins to zero at its eastern margins [39].
The size of the basin is 1.4 million km2. It covers [40]:
.
.
.
.

Most of Alberta
NE British Columbia
Southern Saskatchewan
Southwestern tip of Manitoba

The extent of the Western Canada Sedimentary Basin is depicted in
Figure 18 [41].
The Western Canada Sedimentary Basin accounts for about 99 percent of
natural gas production in Canada.

10.2 Alberta
Helium is found in at least trace amounts in nearly all natural gas deposits. In
the Alberta Basin, helium shows only in two areas in which concentrations are
systematically high: north-central Alberta in Devonian reservoir rocks and
southern Alberta, in Cretaceous rocks. This is shown in Figure 19 [42].

10.3 NE British Columbia
British Columbia has the potential to produce helium in association with LNG.
The British Columbia Oil and Gas Commission (OGC) recognizes 430 natural
gas pools in northeastern British Columbia with 0.04% mole fraction or more
of helium gas, the fraction required to produce helium for commercial venture.
The top 22 pools account for 70% of the known helium and contain 50106 m3
of helium (as shown in Figure 20). The majority of these 22 pools have an average helium mole fraction between 0.04% and 0.1% [43].
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Collectively, the largest helium accumulations in northeastern British Columbia are in pools in the Slave Point Formation associated with the Horn River
Basin and the Cordova Embayment, and the overlying Jean Marie member of
the Redknife Formation. Large helium reservoirs also occur in the Wabamun
Formation near Fort St. John. The process that created these pools appears similar to that of large primary helium deposits in the United States.
The fourth largest accumulation of helium in British Columbia is associated
with the Evie member shales in the Horn River. Many shale gas deposits contain little helium because helium molecules are small enough to diffuse
through shale and because the helium-generating potential of the shale
depends on the uranium and thorium content and the age of the shale. However, the shales in northeastern British Columbia basins (Horn River Basin,
Cordova Embayment and Liard Basin) may be an exception. These shales tend
to be dark grey to black, organic-rich, siliceous and (in the case of the Evie and
Muskwa members of the Horn River Formation) highly radioactive.
The Slave Point, Jean Marie (Redknife) and Wabamun formations of northeastern British Columbia preferentially have helium associated with many of
their natural gas pools. The mechanism for this accumulation appears to be
flow in hydrothermal brines from helium-enriched basement granitic rocks

Figure 18 Western Canada Sedimentary Basin.
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Figure 19 Mole fraction of He in Cretaceous Colorado Group reservoir rocks of the
Alberta Basin.

along deeply seated faults. Separately, the Evie member of the Horn River Formation also has anomalous helium accumulation in its shale gas related to uranium decay in organic-rich shales.
Figure 21 shows pools of large helium accumulation, color coded by formation. Only pools with greater than 100 e3m3 were included and only formations
where pools are cumulatively responsible for greater than 1000 e3m3 were
included [43].

10.4 Saskatchewan
Saskatchewan is experiencing renewed interest in the helium potential of
southwestern part of the province. Interest in the past began in the 1950s and
resulted in helium production in the early 1970s from four wells in the Swift
Current area. The operation closed in 1984. Recently, two wells began producing helium in southwest Saskatchewan, one northwest of Swift Current, the
other near the town of Mankota. An open file has been compiled to help in the
exploration for and development of helium resources in southwestern
Saskatchewan. It reports the results of 1856 gas analyses from 1477 wells that
have been tested for helium [44]. Figure 22 shows the helium wells in the Williston Basin.
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Top 22 Pools
he mole fraction
<0.1%
0.1–0.2%
0.2–0.3%
>0.3%
Other pools

Figure 20 The 22 gas pools in northeastern British Columbia that hold the majority of
helium in the province.

In April 2016, Virginia-based Weil Group Resources opened Canada’s only
high-grade helium plant near the village of Mankota, Saskatchewan (southeast
of Regina). The energy company’s new $12 million helium plant will process
and upgrade helium found in natural gas streams into 99.999 per cent pure
helium gas [45]. This first-of-its-kind helium purification facility uses a hybrid
process of Membrane and PSA (Pressure Swing Adsorption) technology and
promises to revitalize the Canadian helium resource industry [46].
Quantum Helium Management, which opened a lower-grade helium plant
in Saskatchewan in 2013, is planning to build two more plants within two
years in Saskatchewan and Alberta.
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Figure 21 Pools of large helium accumulation in northeastern British Columbia.

The two pictures below (Figures 23 and 24) are from the helium purification
facility in Mankota, Saskatchewan [47].

10.5 Canadian Helium Exploration and Producing Companies
The following are some of the Canadian exploration and producing companies:
.

Jasper Mining Corporation

CALGARY, June 2, 2016 /CNW/ - Jasper Mining Corporation (“Jasper” or
the “Company”) (TSX-V:JSP) is pleased to announce that it has entered into a
letter of intent dated May 16, 2016 (the “Letter of Intent”) with two arm’s
length private Alberta companies, Tacitus Ventures Corp. (“Tacitus”) and Delfan Energy Resources Corp (“Delfan”), to acquire all the issued and outstanding common shares of Tacitus and Delfan in an all-stock transaction that is
anticipated to be completed by way of Plan of Arrangement (the “Transaction”). The Transaction will constitute a reverse takeover under the rules and
policies of the TSX Venture Exchange (“TSXV”). The Transaction gives Jasper
exposure to scalable and economically attractive opportunities in both the
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Bowdoin dome

Figure 22 Map showing location of the present-day structural Williston Basin, the approximate centre of the Alberta Basin
and the location of wells that have produced or are producing helium (past- producing wells 02-09-017-14W3M and 12-10005-08W3M were reporting helium production in August 2016).

BD

Study area -townships 1 to 25,
ranges 14W2 to 30W3

Depositional centre of alberta basin

Distribution of the prairie evaporite
in saskatchewan

Swift current platform edge

Williston basin

Edge of disturbed belt

New welll targeting helium
102/10-25-003-27W3M; 52127

Legend
Areas/wells with historically known helium
production
-1- 101/01-09-017-14W3M; 58H045
102/01-09-017-14W3M; 03L306
141/02-09-017-14W3M; 08F296
2 - 101/12-l.O-005-08W3M; 59L036
3 - 101/04-31-003-26W3M; 52C007
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Figure 23 Helium membranes as part of the He purification facility.

Figure 24 Linde engineered helium purification facility, together with helium tubetrailer (right) for customer deliveries.
DOI: 10.7569/JNGE.2016.692506
J. Natural Gas Eng., Vol. 1, No. 2, December 2016

© 2016 Scrivener Publishing LLC

207

Eugene Grynia and Peter J. Griffin: Helium in Natural Gas - Occurrence and Production

exploration and production of helium for industrial customers and CO2 for
enhanced oil recovery efforts in the United States [48].
.

Axiom

The following description of helium exploration comes from the companys
website [49]: Axiom has been involved with a series of helium exploration programs throughout Saskatchewan. Our domain experience within the WCSB has
provided us with the tools to develop comprehensive exploration models for
our clients. From program planning to operational execution, Axiom has
worked hand in hand with our clients and the government to help develop
new assets in southern Saskatchewan.
.

Navis Resources

Saskatoon, Saskatchewan/TheNewswire /January 19, 2016 Star Minerals
Group Ltd. (Star or the Company) (CSE: SUV) is pleased to announce that it
has made application, with regulatory approval pending and expected in due
course, to change its name to Navis Resources Corp (Navis). The name change
was approved by the Board of Directors on December 1, 2015. The change in
name reflects a change in direction for Navis from a mineral-focused exploration company to one with a more diverse portfolio including the acquisition
and development of oil & gas and helium assets [50].
.

Quantum Technology Corporation

The company specializes in helium recovery and liquid helium systems [51].

11 Other Sources of Information on Helium
General information on helium
The discovery of helium in natural gas (2016, November 24). Retrieved from
https://www.acs.org/content/dam/acsorg/education/whatischemistry/landmarks/heliumnaturalgas/discovery-of-helium-in-natural-gas-historicalresource.pdf
gasworld, Helium (November 22, 2016). Retrieved from https://www.gasworld.com/topics/gases/helium
Kornbluth Helium Consulting (November 22, 2016). Retrieved from http://
www.kornbluthheliumconsulting.com/
Geology.com, Helium: a byproduct of the natural gas industry (November
22, 2016). Retrieved from http://geology.com/articles/helium/
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Wikipedia, Helium (November 22, 2016). Retrieved from https://en.wikipedia.
org/wiki/Helium
WebElements, Helium: the essentials (November 22, 2016). Retrieved from
https://www.webelements.com/helium/
Brown, Alton A., Formation of High Helium Gases: A Guide for Explorationists (November 22, 2016). Retrieved from http://www.searchanddiscovery.
com/documents/2010/80115brown/ndx_brown.pdf
Helium Scarcity (November 22, 2016). Retrieved from http://www.heliumscarcity.com/
Books
Steven W. Van Sciver, Helium Cryogenics, 2nd Ed., Springer (2012)
Wheeler M. Bo Sears Jr., Helium. The Disappearing Element, Springer Briefs in
Earth Sciences (2015)
William J. Nuttall, Richard H. Clarke, Bartek A. Glowacki (Editors), The Future
of Helium as a Natural Resource, Rutledge Explorations in Environmental Economics (2012)
Properties of Helium
Thermodynamic Properties of Helium, Table 2-219, Perry’s Chemical
Engineers’ Handbook, 8th Edition, McGraw-Hill 2008
Thermodynamic Properties of Helium 4 from 2 to 1500 K at Pressures to 108
Pa, J. Phys. Ref. Data, Vol. 2, No. 4, 1973 (November 22, 2016). Retrieved from
https://srd.nist.gov/JPCRD/jpcrd40.pdf
New World Encyclopedia, Helium (November 22, 2016). Retrieved from
http://www.newworldencyclopedia.org/entry/Helium
CRC Handbook of Chemistry and Physics, Internet Version 2016, p. 6–165
Joule-Thomson Inversion Curves and Related Coefficients for Several Simple
Fluids, NASA Technical Note NASA TN D-6807, July 1972 (November
24,
2016).
Retrieved
from
https://archive.org/details/
nasa_techdoc_19720020315
Helium Conferences
Global Helium Summit (November 22, 2016). Retrieved from https://www.
gasworld.com/global-helium-summit-20-supply-source-security-in-focus/
2010982.article
Cryogenic Engineering Conference and the International Cryogenic Materials
Conference (publishing Advances in Cryogenic Engineering series)

DOI: 10.7569/JNGE.2016.692506
J. Natural Gas Eng., Vol. 1, No. 2, December 2016

© 2016 Scrivener Publishing LLC

209

Eugene Grynia and Peter J. Griffin: Helium in Natural Gas - Occurrence and Production

Helium Plants
The Helium Heatmap, gasworld US Edition, September 2016, (November
26,
2016).
Retrieved
from
https://issuu.com/cryogas/docs/
gasworld_us_edition_sample
Bureau of Land Management Crude Helium Pipeline Activity (November
28, 2016). Retrieved from https://www.blm.gov/style/medialib/blm/nm/programs/0/helium_docs/pipeline_activity.Par.76617.File .dat/pipeflow.pdf
Polish Oil and Gas Company, KRIO Odolanów (November 22, 2016). Retrieved
from http://en- odolanow.pgnig.pl/
RasGas, Helium a Versatile Element (November 22, 2016). Retrieved from
http://www.rasgas.com/Operations/RasLaffanHeliumProject.html
Air Products, Doe Canyon Helium Plant (November 22, 2016). Retrieved from
http://www.airproducts.ca/Company/news-center/2015/08/0819-air-products-holds-grand-opening-at- doe-canyon-helium-plant.aspx
Gazprom, Orenburg Helium Plant (November 22, 2016). Retrieved from
http://www.gazprom.com/press/news/2014/july/article196197/
Cloud nine for helium industry, Process West, October 2016
Helium Policy
Selling the Nation’s Helium Reserve, The National Academies Press (2010)
The Impact of Selling the Federal Helium Reserve, National Academy Press
(2000) https://en.wikipedia.org/wiki/National_Helium_Reserve
Western Canada Sedimentary Basin
Alberta Energy Regulator, Atlas of the Western Canada Sedimentary Basin
(November 22, 2016). Retrieved from http://ags.aer.ca/publications/atlas-ofthe-western-canada-sedimentary-basin.htm
P. W. Hay, Oil and Gas Resources of the Western Canada Sedimentary Basin
(November 22, 2016). Retrieved from http://ags.aer.ca/document/Geological%
20Atlas%20of%20the%20Western%20Canada%20Sedimentary %20Basin%20PDF
%20Files/chapter_32.pdf
Helium Economics
HIS Markit, Helium (November 22, 2016). Retrieved from https://www.ihs.
com/products/helium- chemical-economics-handbook.html
gasworld, The 2016 worldwide helium market Helium in surplus, demand flat
(November 22, 2016). Retrieved from https://www.gasworld.com/the-2016worldwide-helium-market/2010924.article
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Helium Processing
Cryogenic Technology, Kirk-Othmer Encyclopedia of Chemical Technology, 5th
Edition, Vol. 8
Cryogenic Technology, Ullmanns Encyclopedia of Industrial Chemistry, 7th
Edition
How Products are Made, Helium (November 22, 2016). Retrieved from http://
www.madehow.com/Volume-4/Helium.html
Global Industrial Dynamics, Helium Recovery (November 22, 2016). Retrieved
from http://www.gidynamics.nl/helium-recovery
Helium-3 from the Moon:
European Space Agency, Helium-3 Mining on the Lunar Surface (November
22, 2016). Retrieved from http://www.esa.int/Our_Activities/Preparing_for_the_Future/Space_for_Earth/Energy/Helium- 3_mining_on_the_lunar_surface
Space Safety Magazine, Chinas Helium-3 Program: a Global Game-Changer
(November 22, 2016). Retrieved from http://www.spacesafetymagazine.com/
space-on-earth/everyday-life/china-helium-3- program/
Yibada, China Unveils Plan to Mine the Moon for Helium-3 (November
22, 2016). Retrieved from http://en.yibada.com/articles/113421/20160402/
china-unveils-plan-mine-the-moon-helium-3.htm
ExtremeTech, China is going to mine the Moon for helium-3 fusion fuel
(November 22, 2016). Retrieved from https://www.extremetech.com/extreme/
197784-china-is-going-to-mine-the-moon-for-helium-3- fusion-fuel
Helium product specifications:
Zephyr, the different grades of helium (November 22, 2016). Retrieved from
http://askzephyr.com/what-are-the-different-grades-of-helium-and-what-arethey-used-for/
Air Products, Helium Specifications (November 22, 2016). Retrieved from
http://www.airproducts.ca/~/media/Files/PDF/products/gases-helium-specifications.pdf
Chemgas, Helium-3 Purity Specifications (November 22, 2016). Retrieved from
http://www.helium- 3.com/purity_specifications.html
Praxair, Helium Specifications (November 22, 2016). Retrieved from http://
www.praxairdirect.com/Product2_10152_10051_14629_-1_11537_
Air Liquide, Helium. Alternative Specification (November 22, 2016). Retrieved
from
http://www.uk.airliquide.com/en/products-and-services/specialtygases/pure-gases/helium-he-1.html
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Gulf Cryo, Helium Specifications (November 22, 2016). Retrieved from http://
www.gulfcryo.com/products/industrial-gases/Helium/specifications-Helium.
html
Other
Natural Resources Canada, Devonian Petroleum Systems. Southern Alberta.
Implications for Exploration Potential. December 10, 2014 (November 22, 2016).
Retrieved from http://www.csur.com/images/CSUR_events/2014/TL/DevPetSystemsSAlbertaAMLSRWFinalDec102014. pdf
Financial Post, July 4, 2016: Full of hot air: Helium producers look to Canada
as U.S. reserve shrinks (November 22, 2016). Retrieved from http://business.
financialpost.com/news/energy/feature-full-of- hot-air-helium-producers-eyecanada-as-u-s-reserve-shrinks? lsa=34c6-772a
L. Y. Xiong et al., Helium extraction and nitrogen removal from LNG boil-off
gas, ICEC 26 ICMC 2016, March 7 11, 2016 (November 22, 2016). Retrieved
from http://icec26-icmc2016.org/downloads/10- P3-196.pdf
Linde, Natural Gas Processing Plants (November 22, 2016). Retrieved from
http://www.lindeengineering.com/internet.global.lindeengineering.global/
en/images/HE_1_1_e_12_150dpi19_4271.pdf
gasworld, Hot Topic, Helium scarcity prompts the search for alternatives, April
2013 (November 22, 2016). Retrieved from http://hiq.linde- gas.com/internet.
lg.hiq.global/en/images/Helium_part%201_Gasworld_April%
202013899_102618.pdf? v=4.0
gasworld, Global Helium Summit 2.0: supply source security in focus as event
concludes (November 22, 2016). Retrieved from https://www.gasworld.com/
global-helium-summit-20-supply-source- security-in-focus/2010982.article
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