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Introduction to Helium

What is helium?
Helium is a chemical element with the symbol He and atomic number 2, and is named after the Greek
word meaning for the sun.
Character of helium gas:
Helium is a colorless, odorless, tasteless, non-toxic, inert, monatomic gas that heads the noble gas
group in the periodic table. Its boiling and melting points are the lowest among all the elements and it
exists only as a gas except in extremely cold conditions.
Non-substitute resource:
Helium is used in applications where substitutes do not exist in current scientific understanding,
specifically in regards to cryogenics. Helium is the coldest known substance, and no other substance or
method of refrigeration is currently known of that can achieve similar results. There is no substitute for
helium in cryogenic applications if temperatures below –429 °F are required. Helium may represent
one of the only, truly non-renewable resources with a non-substitutable use.
Substitutes for helium:
Argon can be substituted for helium in welding, and hydrogen can be substituted for helium in some
lighter-than-air applications in which the flammable nature of hydrogen is not objectionable. Hydrogen
is also being investigated as a substitute for helium in deep-sea diving applications below 1,000 feet.
Non-renewable non-recyclable resource:
Helium can be defined as a non-renewable resource because its long-term, natural production is not
sufficient to meet consumption. It is also non-recyclable.
The first discovery:
The element helium was first discovered by French astronomer Pierre-Jules-César Janssen and British
astronomer Norman Lockyer in 1868 by analyzing spectrographs of the sun. Naturally occurring
helium was not isolated on Earth until 1895.
https://www.thc.texas.gov/blog/taking-preservation-lightly-historic-helium-plants-texas

Today
The global helium gas market is a USD $4B global market
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Brief history of commercialisation

United States
The publication titled, A National Historic Chemical Landmark, The Discovery of Helium in Natural
Gas, published on April 15, 2000 by The University of Kansas, USA in partnership with the American
Chemical Society, provides an historic account of the United States’ role in the discovery and
commercialisation of helium gas.
https://www.acs.org/content/dam/acsorg/education/whatischemistry/landmarks/heliumnaturalgas/discovery-of-helium-in-naturalgas-historical-resource.pdf

Working in Bailey Hall, University of Kansa, on December 7, 1905, Hamilton P. Cady and David F.
McFarland discovered significant amounts of helium in a natural gas sample from Dexter, Kansas.
Cady and McFarland subsequently analyzed more than 40 other gas samples showing that helium,
previously thought to be rare on Earth but abundant in the Sun, was available in plentiful quantities
from the Great Plains of the United States. By 1900, natural gas deposits had been discovered in 17
states, but the natural gas deposits containing the largest percentages of helium were located in Texas,
Oklahoma, and Kansas.
Canada
A survey of the helium content of Canadian natural gases was made between the years 1916 and 1918.
This survey was under the sponsorship of the Board of Inventions and Research of the British
Admiralty who were interested in obtaining helium for use in airships. The results of the surveys
indicated that an experimental helium plant could be established at either Hamilton, Ontario or
Calgary, Alberta.
http://publications.gov.sk.ca/documents/310/39041-Report72_Technical_and_Economic_Aspects_of_Helium_Production_in_Saskatchewan.pdf.

How a market for helium gas came into development:
The U.S. Bureau of Mines was directed to lead the effort of developing a process to extract helium
from natural gas. Stirred by the demands of war, the U.S. military was interested in the use of helium
as a lifting gas in lighter-than-air craft as a potential replacement for flammable hydrogen gas.
Accordingly, the U.S. Army and U.S. Navy each contributed $50,000 toward research and the
construction of three experimental helium extraction plants. In order to prevent the Germans from
learning about the helium production effort, the entire project was cloaked in secrecy from the
beginning, with helium being referred to either as “X” gas or argon during the war. These three
experimental plants produced 225,000 cubic feet of helium by the end of World War I.
1900’s and the start of first commercial helium production:
The start of commercial helium production began in and around the 1900's when the U.S. Helium
Production Plant No. 1—Fort Worth, Tarrant County, was constructed.
Two of experimental plants were constructed in what was then a rural area a few miles north of Fort
Worth, located near the present-day intersection of Blue Mound Road and Meacham Boulevard. One of
the two Fort Worth plants was so successful that in October 1918, the U.S. government awarded a
contract to the Linde Air Products Company for the construction of a permanent helium production
plant on the site of experimental Plant No. 2. Constructed by the U.S. Navy Bureau of Engineering at a
cost of approximately $3.5 million and utilizing separation apparatus supplied by Linde, U.S. Helium
Production Plant No. 1 began production in April 1921. The Linde helium extraction process first
called for compressing and cooling the natural gas arriving at the plant via pipeline from the Lone Star
Gas Company’s Petrolia field near Wichita Falls. Hydrocarbons, oxygen, and nitrogen in the natural
gas condensed during the initial compression and refrigeration steps and were removed first, and the
carbon dioxide was then removed by spraying the gas with limewater. The remaining helium gas was
not affected by the repeated compression and refrigeration, and was then captured and stored in highpressure cylinders.

This marked the beginning of the commercial production of helium gas, via the stripping out from
natural gas.
Canada:
A small plant was constructed at Hamilton in 1917 to extract helium from natural gas originating from
southwestern Ontario.
Development of helium into a strategic asset by the United States:
Source: US Department of the Interior. https://www.doi.gov/ocl/helium-draft-bill

The government of the United States set up the National Helium Reserve in 1925 at Amarillo,
Texas, with the goal of supplying military airships in time of war and commercial airships in
peacetime. Because of the Helium Control Act (1927), which banned the export of scarce helium on
which the US then had a production monopoly, together with the prohibitive cost of the
gas, the Hindenburg, like all German Zeppelins, was forced to use hydrogen as the lift gas.
Helium use following World War II was depressed but the reserve was expanded in the 1950s to ensure
a supply of liquid helium as a coolant to create oxygen/hydrogen rocket fuel(among other uses) during
the Space Race and Cold War. Helium use in the United States in 1965 was more than eight times the
peak wartime consumption.
Because helium had the potential to lift military reconnaissance devices high above battlefields, the
Federal government’s interest in the resource dates back to World War I. Recognizing this key military
use for helium, the Mineral Leasing Act of 1920 reserved to the Federal government all helium
produced on Federal lands – a reservation that remains in effect today. After World War I, recognition
of the potential for helium recovery in the Texas Panhandle, Western Oklahoma, and Kansas led to the
development of the Federal helium program focused in that area. In 1929, the Bureau of Mines
commissioned the Amarillo Helium Plant and Cliffside Gas Field Facility near Amarillo, Texas, to
produce helium-bearing natural gas from a naturally occurring geologic field known as the Bush Dome
Reservoir.

After World War II, Federal use of helium shifted toward space exploration. The 1960 Helium Act
Amendments changed the program’s mandate from exclusive government production of helium to
conservation of the resource by encouraging private natural gas producers to sell extracted crude
helium to the Federal government for storage in the Bush Dome Reservoir.
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Helium pricing

In 1996, the Helium Privatization Act (HPA) required the US Bureau of Land Management (BLM) the
successor to Bureau of Mines, to make available for sale the vast majority of the stockpile of crude
helium from the reserve, in a manner to avoid market disruption. The BLM fully implemented this
direction, thus triggering the early price setting benchmarks for helium gas.
Three pricing segments:
Pricing records dating back to 1997 show that the BLM segmented the pricing of helium into three
segments. In-Kind and Open market where records show the pricing of each of these categories was the
same. Conservation pricing, the third segment was introduced in 2012, where the Conservation price
and the In-Kind price of helium was differentiated. Conservation pricing replaced Open Market
pricing in 2012.
https://www.blm.gov/sites/blm.gov/files/FY2019%20Posted%20Price_Interim.pdf
In-Kind:
Federal users (e.g., the Departments of Energy and Defense, NASA, and the National Institutes of
Health, among others), which primarily used helium for research and operations, were able to access
Federal helium at a discounted rate through the “In-Kind” program managed by the BLM. The In-Kind
price was calculated as a discount from sales and auction prices. Federal agencies and their contractors
generally purchased all of their refined helium from private suppliers who, in turn, purchased an
equivalent amount of crude helium from the Reserve. In 2016, Federal agencies purchased about 122
million cubic feet of helium through the In-Kind program.
Open Market Price: September 1998 to September 2012
Up until September 2010, Open market prices and In-Kind prices for helium were recorded as being
the same. However, this changed in October 2010 when the price of In-Kind helium was $64.75Mcf
and the Open Market price was $75Mcf.
Conservation Price: October 2012 to October 2017
The BLM auction price category switched to just two price categories in October 2012, that of In-Kind
pricing and Conservation pricing.
On the final price auction, the price difference between In-Kind pricing and Conservation pricing was
25% ($95 Mcf for In-Kind $119 for Conservation)
Establishment of the modern helium pricing market:
The sale of helium from the BLM Strategic Helium Reserve:
The Helium Stewardship Act of 2013 (HSA-Public Law 113-40):
Sunset date 30 September 2021:
Continuing Congressional interest in privatizing the helium market ultimately resulted in enactment of
the Helium Stewardship Act (HSA) of 2013. The HSA established September 30, 2021, as the sunset
date for the Federal helium program. For the years preceding the sunset date, the HSA created a set of
phased authorities for the BLM’s management of the Reserve, establishing a “glide path” by which
auctions and sales from the Reserve would draw down the amount of helium until there remained only
3 Bcf of helium, which would be reserved solely for Federal users. This was accomplished with annual
sales and auctions. Anyone meeting the statutory definition of a “qualified bidder” could participate in
the helium auctions. A qualified bidder was classified as a person seeking to purchase helium for the
person’s own use, refining, or resale to users. The auction process began on March 3rd 2003 when bids
were invited for the first helium gas auction from the BLM strategic reserve.
The auction system complied with the Helium Stewardship Act of 2013, which established an auction
system for the sale of Federal helium and mandated that all property, equipment, and interest held by
the United States in the Federal Helium Reserve be disposed of by the September 30, 2021 end date.

Helium sales and the 3 Bcf threshold.
The BLM implemented the HSA’s statutory directives to sell helium from the Reserve to a level of 3
Bcf of recoverable helium (not including privately stored helium) by 2021. When that threshold was
reached, the auction process and sales of helium from the Strategic Helium Reserve would cease.
The BLM reached the 3 Bcf milestone after the 2018 sale.
A report on the final helium helium auction can be found her
https://www.blm.gov/sites/blm.gov/files/FY2019%20open%20market%20helium%20sales.pdf
Setting the price at auction.
The BLM based the auction price of helium by using industry surveys and through consultation with
stakeholders. The BLM have also established a methodology for pricing helium at auction.
In short a reserve price (RP) for helium is determined by the BLM as the opening bid for Auction sales
of conservation crude helium. The previous year conservation crude helium price as compared to
market price survey analysis was used to calculate the RP.
The auction pricing methodology can be found here.
https://www.blm.gov/sites/blm.gov/files/Methodology%20for%20calc%20posted%20price%20Helium.pdf

The BLM published a report in 2013 titled, “Determination of Fair Market Value Pricing of Crude
Helium, Final Report for U.S. Department of Interior’s Bureau of Land Management and Office of
Minerals Evaluation.” The authors of the report were J. R. Campbell & Associates, Inc. Lexington,
Massachusetts 02421 USA. A copy of the report is available here;
https://www.blm.gov/sites/blm.gov/files/Pricing%20of%20Crude%20Helium%20%20Final%20JRCI_101513%20Rev%201%20508_Redacted%20102016.pdf

Helium pricing, product segments:
The end user purchase price of helium is based on the product form that helium is sold in.
Pricing is typically segmented into crude prices and individual mode prices.
In broad terms the categorization of the pricing of helium is based on two segments, namely:
Bulk: Liquid ISO trailer and tube trailer gas
Packaged: Liquid dewar and HP cylinder gas
There is a significant difference in the pricing of helium based on the buyer’s chosen method of
procurement. In addition there is a pricing mode for Spigot, which covers private prices of helium set
by the BLM for categories called, Private fob Spigot and BLM Crude.

Chart Source: https://www.blm.gov/sites/blm.gov/files/Pricing%20of%20Crude%20Helium%20%20Final%20JRCI_101513%20Rev%201%20508_Redacted%20102016.pdf

The cost differential between packaged helium and bulk liquid helium reflects the logistics and costs
associated with the investments that are required to be made in cryogenic containerization.

Should Helium-One establish production from their helium properties in Tanzania, then the product
sold would be a bulk liquid helium and would be priced according to prices set for that category.
31st August 2018, removal of helium gas pricing benchmark:
Notice of last auction and sale of helium from the Strategic helium Reserve:
https://www.blm.gov/press-release/blm-announces-plan-and-schedule-fy-2019-auction-and-salefederally-owned-helium
Because the BLM reached the 3 BCF minimum inventory level specified in the Helium Stewardship
Act of 2013, after the conclusion of the FY 2019 sale, the BLM’s crude helium inventory will be
reserved exclusively for government helium users until such time as the BLM’s helium assets,
including its remaining crude helium inventory, are privatized by no later than September 30, 2021
On Tuesday the 14th August 2018, the BLM announced that the final auction of helium from the
Strategic Helium Reserve would take place on August 31st 2018.
The results of the final auction can be found here.
https://www.blm.gov/sites/blm.gov/files/FY2019%20open%20market%20helium%20sales.pdf
The minimum FY 2019 auction price was set at $110 per Mcf (one thousand cubic feet of gas
measured at standard conditions of 14.65 psia and 60 degrees Fahrenheit)
The amount of helium set aside for auction was as follows

Source: https://www.govinfo.gov/content/pkg/FR-2018-06-22/pdf/2018-13469.pdf

$160.64 Mscf Average final helium BLM auction price:
According to industry website Gasworld, the average price of helium auctioned on the final round was
$160.64/Mscf marking a 135 percent rise from the average price of $119.31/Mscf that resulted from
the FY 2018 auction. The amount of helium auction off was 210 million cubic feet (MMscf)
https://www.gasworld.com/blm-reaps-windfall-from-fy-2019-helium-auction/2015344.article
The result of the auction lot bids can be found here
https://www.blm.gov/sites/blm.gov/files/FY2019%20Helium%20Auction%20Results.pdf

Final BLM auction round, list of bidders:
Air Products
Praxair, Inc
Linde Gas North America LLC
Keyes Helium Company
IACX
Air Liquide Helium America, Inc.
Pioneer Natural Resources
Matheson Tri-Gas, Inc.
Airgas Merchant Gases
Global Gases America, Inc.
Linn Operating, Inc.
Uniper Global Commodities North America LLC
Weil Group Resources LLC
NAH USA Helium Marketing, Inc.
Progressive Chemical Technologies, LLC

Economics of helium pricing as an exhaustible resource:
Because helium is an exhaustible resource, the economic principles that govern the pricing and
economics of the helium market are measured through the principles of exhaustible resource
economics and optimal control theory.
Overexploitation of helium:
Overexploitation is defined as the consumption of a resource at such a rate that it cannot naturally
replenish itself. The helium market is subject to risks that overexploitation pose to the sector. The
single biggest risk being the intervention by government to control the market in order to prevent
overexploitation or “mining.”
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Helium: Commercial market overview

• USD $4B global market
• Helium usually trades in USD at the wholesale level
• Sources controlled by 6 major companies
• Captive production
• Long term “Take or Pay” contracts [10-25 years]
• Helium business is extremely “opaque”
• Major helium producers/marketers sell to:
End users in markets where they operate retail gas businesses
Local gas companies in markets where they do not operate retail businesses
Long term take or pay agreements between Helium majors and smaller gas companies
Into the market via
• Local distribution facilities (transfills) in major demand centers
•

Sales to end users in either liquid or gaseous form

•

LHe sold in dewars (up to 1,000L) or bulk ISO containers (1 MMscf)

•

GHe sold in tube trailers/skids (up to 180,000 scf) or HP cylinders

•

End users usually buy product under 1 – 7 year contracts

Choice of helium supplier
• Basis for competition at the end user level is price, reliability of service, security of supply,
purity and ability to provide technical support
•

At the wholesale level, competitive considerations include price, proximity to major markets,
security of supply (including geopolitical factors) and flexibility

5,

Helium market, key player universe

The final auction of helium by the BLM effectively removes a benchmark pricing system for the global
helium market. The BLM also played an important role in consulting with the market to determine
their reserve price for auction. The future role the BLM will have as a helium market monitor for
pricing is yet to be understood. The future price setters for helium will most likely be the major
industrial gas buyers, processors and distributors such as Linde (LIN:NYSE), Air Liquide (Al:PAR),
and Air Products and Chemicals (NYQ:APD). Given the fact the major industrial gas companies have
the technology, existing customer relationships and legal frameworks that cover the sector, it can be
considered that the helium market will operate as an oligopoly.
The early stages of price setting for helium, saw the oil and gas company owners of the helium
containing natural gas set a price for helium based on the costs associated with extraction, plus a
margin passed on to the buyer.
The pricing value chain for helium begins with the crude helium producers such as, but not limited to;
Crude Helium Producers
ExxonMobil-United States
Gazprom-Russia
Qatar Gas-Qatar
Sonatrach-Algeria
Polskie Górnictwo Naftowe i Gazownictwo SA (PGNiG)-Poland
Renergen-South Africa
Weil Group-Canada-USA
ConocoPhillips-Australia
Castleton Commodities International – USA
DCP Midstream Partners - USA
Pioneer Natural Resources – USA
Denbury – USA
ONEOK – USA
Tenawa Resource Management - USA
Primary LHe Distributors
Linde
Air Liquide
Air Products ( Also
Matheson Tri-Gas
Messer Group
Badger Midstream
Speciality Gas Traders
Uniper Global Commodities Germany
Iwatani Japan
Marubeni Japan
Global Gasses (UAE)
Itochu Japan
Sojitz Japan
Small Field Operators – Non Hydrocarbon Associated
IACX Energy
Weil Group
Nacogdoches O&G
Tacitus
American Hel
Triomphe Energy
Bruin Point Hel

Note: In some cases the companies like Linde also offer engineering solutions for the crude helium
producers that involve the supply of equipment that enables the cryogenic recovery of raw helium from
natural gas, the purification of the raw helium in pressure swing adsorption (PSA) units and the
liquefaction and production of high-purity helium.
It can be the case that the crude helium producers tie in the sale of their helium via an off take
agreement into a company such as Linde in what could be considered a bundled contract, that offers the
crude helium producer the economic transformation of their LNG helium associated gas by a company
that both supplies the engineering transformation solution and the onward, processing, sales and
distribution of the helium to the end customer.
This end to end off take arrangement is likely to have significant economic bearing on the price of
crude helium from sources of helium that are subject to this “bundled” engineering transformation and
sales arrangement.
https://www.the-linde-group.com/en/news_and_media/press_releases/news_20160504.html

Credit risk profile, distributor helium value chain:
Company
Rating Agency Rating
Type
Long Term
Linde
Moody’s
A2
Standard & Poor’s
A

Type
Short Term
P-1
A-1
Commercial
Paper
P-1
A-1
Short Term
P-2
A-2

Air Products

Moody’s
Standard & Poor’s

Long Term
Unsecured
A-2
A

Air Liquide

Moody’s
Standard & Poor’s

Long Term
A3
A-

Source: company websites

Outlook
Stable
Stable
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Differentiating helium production extraction sources

The recovery of helium from its geological source depends on the geological setting of the helium.
There are four categories that define helium production sources, and in broad terms these are split into
two general categories, namely non-hydrocarbon sources and hydrocarbon sources.
Hydrocarbon Sources:
1, Helium extraction from the processing of natural gas into Liquefied Natural Gas (LNG). (Qatar and
Algeria helium production is an example of this extraction process)
2, Processing of natural gas to extract Natural Gas Liquids (NGL’s) such as ethane, butane, propane,
benzene and other products for use as petrochemical feedstock ( US Hugoton Field is an example
where this process of extraction takes place)
3, Natural gas rich carbon dioxide stream used in the remit of Enhanced Oil Recovery Techniques
(EOR) is a third process used for helium extraction. ExxonMobil use this method at Riley Ridge in
Wyoming in the recovery from natural gas.

Non-Hydrocarbon Sources (NHC):
NHC source exploration and production activity has been concentrated in the Four Corners area of the
SW U.S., an area comprising SW Saskatchewan, SE Alberta and N Montana, Tanzania and the U.S.
mid-continent area (Kansas, Oklahoma)
In the Pinta Dome, Navajo Springs and East Navajo Springs, gas fields of north-eastern Arizona
helium occurs with nitrogen and no hydrocarbon. There are circa a number of helium gas producing
non-hydrocarbon fields in production in the USA and Canada, namely IACX Energy (Harley Dome ,
Pinta Dome and Dineh-bi-keyah-USA) and Air Products (Doe Canyon-USA). Weil Group are also
operating the Mankota Field in Saskatchewan, Canada.
Pinto Dome would be the closest geological peer to that of Rukwa.
https://weil-group.com/projects/
https://www.iacx.com
http://repository.azgs.az.gov/sites/default/files/dlio/files/nid988/oil_gas_and_helium_in_arizona_final.
pdf
http://azoilgas.com/wp-content/uploads/2016/08/Blackstone-Exploration-Engineering-Report.pdf
Paris Climate Accord, Dow Jones Sustainability Index
One of the key advantages of non-hydrocarbon sourced helium is that should a buyer, trader or end
user want to reduce their carbon footprint, then sourcing helium supply from a non-hydrocarbon source
may become more attractive. Indeed a non-hydrocarbon sourced helium may be considered to be a
more sustainable source of supply

NHC Production.
IACX has been the leading player to date, with 9 plants at 7 locations producing approximately 80
MMCF/yr of high purity crude/balloon grade helium
Nacogdoches Oil & Gas produces 70 MMCF/yr from the DBK Field in AZ
Weil Group started up a 40 MMCF/yr gaseous helium plant in Mankota, Saskatchewan in June 2016
The Weil/Linde/Sojitz – Mankota, Saskatchewan operation has a 10 MMCF/day inlet capacity, Helium
output – 35 – 40 MMCF/yr of Grade 5 gas.Most of the plant’s production is sold as high purity crude
helium to be liquefied at a remote location, Linde designed the plant as a membrane/PSA combination
Nacogdoches Oil & Gas – Apache County, Arizona, produces 70 MMCF/yr of high purity crude
helium via 2 X IACX PSA plants. Helium is transported via tube trailer to Ulysses, KS and DCP
Midstream’s Ladder Creek, CO plant for liquefaction, with helium output sold to Praxair
Helium production capacity will double in Q4 2017 via installation of AMCS cryogenic plant
Note
Differentiating the source of helium extraction is important, because when helium is say sourced from
an LNG producer, which is stripping and extracting helium aligned to the flow rate of the LNG, the
recovery of helium is therefore constant and means typical off take agreements struck between a crude
helium LNG sourced producer and the off taker are normally undertaken on a take or pay basis where
the off taker has to either pay or take the helium.
In the case where helium is a primary gas sourced from a gas system, the well-head production flow
rate can be adjusted to either stopping the flow of gas completely or reducing the flow of gas. This is
important, because it allows the owner of helium from this primary source to have control over supply
and thus be able to adjust production based on the pricing and demand in the market place. Indeed, a
potential off taker of helium may prefer to source helium from a primary supplier because it lessens the
liability risk associated with take or pay contracts.
NHC Economics
NHC sources, where the entire cost of exploration, drilling and transportation is attributable to Helium,
are higher cost than conventional by-product sources, where Helium is available as essentially “FREE”
by-product. Higher helium concentrations improve project economics
NHC/non-byproduct sources could provide much needed flexibility for the Helium supply chain, since
production levels would be based on demand for Helium

7, Helium Supply Chain

Helium supply chain

8, Transfer of helium from the ground
Transfer of helium from the ground to processing, extraction and recovery.
Typical helium non-hydrocarbon associated gas

The above diagram shows the basic processing flow sheet that a non hydrocarbon helium rich gas
mixture would typically go through in order to transfer the feed gas from the geological reservoir,
through the well, to surface and transfer through the process plant.
Helium purification and liquefaction plants have been designed and built to operate from numerous
LNG sourced helium concentrations, (considered to be large scale processing) to small recovery units
found in scientific laboratories.
Standard technically feasible solutions are possible for the liquefaction and storage of helium feed for
gas rates ranging from of 20 MMscfd, 1 MMscfd or 0.5 MMscfd.
In short, in order to convert Rukwa’s helium feed gas, into a saleable bulk liquid commodity, standard
process plant equipment for purification, liquefaction and storage processing is largely available.
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Logistics from the ground to market

Following processing, liquid helium is typically pumped into cryogenic ISO containers. These
containers (with ullage of approximately 10 percent) would hold 41,640 litres of helium or 11,000 US
liquid gallons. These containers are intermodal and can be transported on trucks, by sea and by rail.
There are a number of manufacturers and suppliers of these containers such as Linde, with their Helics
product.
https://www.linde-engineering.com/en/plant_components/un-portable-tanks/index.html
Another supplier is Gardner Cryogenics: http://www.gardnercryo.com/heliumproducts.htm

The holding time for liquid helium in a cryogenic container is typically up to 48 days at a maximum
pressure of 5.7 bar, based on an ambient temperature of 30°C.
The 41,640 litres of helium contained in the cryogenic container would weigh approximately 5.2
tonnes, plus the weight of the container and frame, would mean a payload of circa 6 tonnes,
Gardner’s high-quality transport vessels are the 41,640 L (11,000 gal) UN Portable tanks in 40 ft ISO
frame, ( 20ft TEU’s an alternative) are the most widely used containerized liquid helium tanks in the
world. They ensure reliability, longevity, performance and are the most economical tanks for transport
by road or ocean.
These containers also comply with a multitude of international codes and standards. Like our other
equipment, they are ruggedly built and perform effectively in a wide range of demanding
environmental conditions around the world.
Over 97% of the world's liquid helium is transported in liquid helium UN Portable tanks, 40ft ISO UN
Portable tank in 40ft ISO frame (DOT) and semitrailers.
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Helium sales by market size

The table below outlines the value of helium sales ($ billions) by geographic / country location,
North America

25.1

Western Europe

15.4

Japan

6.9

South Asia

4.4

China Taiwan

4.1

South America

3.1

Eastern Europe

2.7

UK & Ireland

2.3

South Pacific

1.6

Middle East

1

Africa

0.7

Total

67.3

Sales in $billions
Source Linde 2010 article
http://www.weldingandgasestoday.org/index.php/2009/12/areas-for-success-in-2010/

Incoterms
Bulk liquid helium is normally containerized and is subject to multimodal transportation, that of road,
sea and potential air, then the product would likely be priced and shipped as Carriage and Insurance
Paid (CIP) whereby the producer of bulk liquid helium, would as the seller, be responsible for the
delivery of the product to an agreed destination in the buyers country, where Helium-One must pay for
the cost of this carriage. As the seller, the producer risks would end once they have placed the goods on
the ship, at the origin destination. The buyer can pay for additional insurance during carriage of the
goods.
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Helium One, competition, helium production by country
PRODUCTION (MCM)

WORLD PRODUCTION & RESERVES

2017

2018E

United States (extracted from natural gas)

63

64

United States (from Cliffside Field)

28

26

Algeria

14

14

Australia

4

4

Canada

1

1

China

NA

NA

Poland

2

2

Qatar

45

45

Russia

3

3

160

160

World total
BCF EQUAVALENT

5.6

5.6

Source USGS
https://prd-wret.s3-us-west-2.amazonaws.com/assets/palladium/production/s3fspublic/atoms/files/mcs-2019-heliu.pdf
Production by source market
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Field)
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Production interaction between crude helium producers, industrial gas companies public market
presence
World
Production
Sources

United States

Major Crude Helium Company
Producers

Ticker

Presence of Industrial Gas
Companies

Ticker

Exxon Mobil

NYSE:XOM

Linde

NYSE:LIN

Badger Midstream

N/A

Air Products

NYSE:APD
EPA:AL

NYSE:DNR

Air Liquide
Matheson-Taiyo Nippon
Sanso

IACX
Denbury Resources

Algeria

Sonatrach

Australia

Conoco-Phillips

Canada

Weil Group

Air Products

Pieridae Energy

CVE:PEA

Uniper (Off take)

China

Sinopec

SHA: 600028

Linde

Poland

PgniG

WSE:PGN

Qatar

Qatar Gas

Messer group
Linde, Air Products, Air
liquide, Iwatani

Russia

Gazprom

Linde, Itochu, Marubeni,

South Africa

Sibur
Renergen

JSE:REN
ASX:RLT

Linde
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Current Status of the helium market, pricing and demand

At the heart of the global helium industry is a reliance on a few mega-sources. Around 75% of all the
helium consumed around the world is produced at three locations – Ras Laffan Industrial city in Qatar,
ExxonMobil in Wyoming, US, and the BLM-operated US Federal Helium Reserve in Amarillo, Texas
(US). Helium supply
Privatization of the BLM’s helium assets are scheduled to take place between September 30, 2020 and
September 30, 2021. Auction sales of helium from the BLM reserve have now stopped. There are five
helium refining facilities connected to the BLM Pipeline currently active

Salient Statistics—United States:
Helium extracted from natural gas2
Withdrawn from storage3

2014

2015

2016

2017

2018e

75

71

66

63

64

27

20

23

28

26

102

91

89

91

90

7

16

24

21

22

Exports

67

65

61

69

73

Consumption, apparent4

42

42

52

43

39

Grade-A helium sales
Imports for consumption

Net import reliance5 as a percentage
of apparent consumption

E

E

E

E

E

2Both Grade-A and crude helium.
3Extracted from natural gas in prior years.
4Grade-A helium. Defined as Grade-A helium sales + imports – exports.

PRODUCTION (MCM)
2017

World Production and Reserves

2018E

United States (extracted from natural gas)

63

64

United States (from Cliffside Field)

28

26

Algeria

14

14

4

4

Australia
Canada
China

1
NA

1
NA

Poland

2

2

Qatar

45

45

Russia
World total
BCF EQUAVALENT

3

3

160

160
5.6

Effective spare capacity as
demand

7%

100
TSX.V:AHE/OTCQB:A
80

6%
5%
4%
3%
2%

40

Helium Pricing

The price of Grade-A helium has risen by ~100% over the last 10 years

1%
0%

60

BULK LIQUID HELIUM PRICE

(THOUSAND CUBI

GRADE-A HELIUM PRICE CHART

2001 $250
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Effective spare capacity as % of demand

PRICE COMPARISON BE

20HELIUM AND NATURAL
0

Brent price average of year, $/bbl (RHS)

$200
Source: IEA, Bloomberg

He

In this scenario, the price would therefore be determined by the marginal price of demand, defined
$150
by the maximum price users will be willing to pay for it. In the case of helium, this is very difficult to
US $200+
estimate, but substitution and budgeting considerations will be key.
$100

Looking at the uses of helium, there are areas that are obvious candidates for reduction in demand
– either because$50
helium is substitutable with other gases, or because demand is more elastic to
price. Unfortunately, we do not have sufficiently granular detail to see clearly which industries were
$0
most/least responsive
to the
2011-13
price
increases.
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
Exhibit 12: Demand constituents

Helium demand by sector market share
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Source: Kornbluth consulting: www.kornbluthheliumconsulting.com/
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A 42 gallon
is worth ~$84

Industrial gas consumption by market region and sector
Linde group as a benchmark source Linde Group Annual report)
Consumption by region

Helium supply versus demand

Consumption by sector
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Helium market outlook

Helium markets remain relatively balanced between 2017 – 2020 as declining BLM capacity, plus
modest growth, offset other capacity additions
Helium markets will be over-supplied to grossly over-supplied during 2021 – 2026 if Gazprom follows
through with its plans to add 2.1 BCF to world helium capacity
Helium markets could be tighter than anticipated if new projects do not come to fruition or helium
demand growth accelerates
While annualized projections indicate minimal risk of shortages, the helium supply chain has lost
flexibility and maintenance outages or other supply disruptions may cause temporary periods of tight
supply The global helium market has been witnessing supply constraints at regular intervals for more
than a decade. The first worldwide helium shortage occurred in 2006 due to the shutdown of
production plants for maintenance. Similarly, a severe shortage was once again experienced during
2011–2013 due to production shortages and declining demand from other end-user industries, as about
70-80 percent of the total helium was allocated to MRI and NMR applications. Meanwhile, other enduser industries either hunted for helium substitutes such as hydrogen, or opted for helium recyclability.
However, with Qatar Helium II and other new plants from Algeria and the U.S. coming on-stream, the
supply situation improved, leading to increased supplies and a decline in prices.
Qatar Embargo in 2017 and the Continued Shortage Since
The helium market witnessed another tight supply situation in June 2017, when the Saudi-led embargo
of Qatar restricted helium movement out of Qatar to other markets, which led to logistical challenges
and the temporary shutdown of its two plants – Qatar I and II. Although they remained shut for only a
few weeks, it reduced the global helium production by about 30 percent, restricting supply. This
impacted markets for several months. However, the supply-demand balance recovered marginally
between Q4, 2017 and Q1, 2018, as market participants observed a drop in helium demand and an
improvement in supply.
However, the recovery was short-lived, and the helium shortage crisis returned in February 2018 due to
several factors such as maintenance shutdowns, BLM’s continued allocation of crude helium to
contract customers, etc. However, this time, the buyer market did not witness adverse implications of
the helium shortage equally across markets, as some suppliers continued to allocate supply to a few
buyers and others continued to fulfill demands of few customers. However, the shortage led to a
significant price increase by more than 100 percent in 2018.
The 2019 Outlook
Going forward, the market is anticipated to remain tight for the rest of 2019. The persistent tight supply
is due to the reduction of production capacity, coupled with the ongoing inventory depletion of crude
helium, which contracted the deliverable capacity to the helium refinery companies over time. Also,
low production in other countries due to lack of feed gas and delays in new projects coming on-stream
will likely worsen the supply situation and escalate prices. Many producers have already announced
price increases of 35-40 percent beginning February 2019. From the demand standpoint, the helium
market is anticipated to observe a steady rise, especially from the Chinese electronics industry.
Conclusion
The shortage is anticipated to reduce on the back of newer capacities. Qatar’s Helium 3 project will
contribute 425 MMscf annually by mid-2020 or 2021. Similarly, Gazprom’s Amur Project in Eastern
Siberia is an emerging helium entrant that will contribute toward an improvement in the supply
situation. Further, the demand is expected to subside owing to the global economic slowdown,
reversing the shortage cycle by 2020–2021.
Sources:
http://www.kornbluthheliumconsulting.com/wp-content/uploads/2019/03/GasworldHelium-Shortage-3.0-FINAL.pdf
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List of Helium One peer group producers and explorers

As an explorer and potential near term developer, Helium-One will sit in a market that combines a
number of pure play helium companies and some smaller oil and gas companies that count on helium
as an important part of their business. Given the emergence of a number of new entrant pure play
helium companies that have either come to the market already or that may do in the future, the helium
sector as an investment class is now starting to take some shape in terms of the transparency of
reporting, both commercially, geotechnically and geologically as exploration and development
companies report to shareholders in line with regulatory market requirements.
IACX Energy
Corporate Status: Private
Operational Status: Producer / Developer / Explorer
Helium Source: Primarily Hydrocarbon Associated
Address
Corporate Headquarters
Heritage II
5001 LBJ Freeway, Suite 300
Dallas, TX 75244
Website: www.iacx.com
Helium Projects
United States
Otis Project
In Barton, Rush, Ellsworth, and Rice counties in Kansas, IACX controls over 100 miles of steel
pipe gathering gas for producers that contains high levels of nitrogen and helium.
IACX gathers, compresses, dehydrates, removes NGLs, treats for nitrogen, and purifies helium from
the raw natural gas.
IACX markets the residue gas, NGLs, and helium and retains a portion of the revenue as our fee.
This maximizes the value of the gas stream for the producers.
Peak Project
IACX has installed a centralized HRU and three NRUs processing gas from multiple gathering systems
central Kansas.
Produced gas is treated for nitrogen to meet pipeline specifications and the helium is recovered to
maximize the netback value for the producers.
IACX operates the NRUs, HRU, field compression, plant compression, and markets the gas & helium,
retaining a portion of the proceeds as IACX's fee.
Gas is produced from the Arbuckle, Chase, and Mississippian formations with inlet helium
concentrations ranging from 1.5%-2.0%.
Harley Dome Project
IACX and a partner are developing the Harley Dome Project in eastern Utah, classified as United
States Helium Reserve #2 by Executive Order of Franklin D. Roosevelt in June of 1933.
The reservoir rock is the Entrada sandstone with helium concentrations approaching 8.0% with trace
levels of hydrocarbons, making this a pure helium project.
Woodside Dome Project
IACX will be developing the Woodside Dome field as the operator of the wells and processing plant.
There are multiple prospective helium zones containing between 0.7%-1.5% helium.
Woodside Dome was classified as United States Helium Reserve #1 by Executive Order of Calvin
Coolidge in 1924.

Paden Project
IACX has installed an HRU, processing the helium-rich vent stream off of a cryogenic NRU in central
Oklahoma.
The raw produced gas requires nitrogen rejection to upgrade the heating value of the gas to meet
pipeline specifications. The helium is concentrated in the NRU vent stack up to about 1% helium.
IACX employs a combination of a membrane and PSA plant to upgrade the helium to a refined
product, retaining a percentage of the helium revenue as the fee.
DBK Project
IACX has installed two (2) HRUs totaling 4,000 Mcf/d of gross gas capacity located in Apache
County, Arizona.
IACX operates the HRUs for a fixed fee as well as markets the helium, retaining a portion of the
helium sales as an additional fee.
The produced gas contains between 3%-5% helium with the balance being primarily nitrogen.
Badger Wash Project
IACX has agreed with the producer to set two (2) NRU trains plus an HRU in western Colorado.
The produced gas requires nitrogen removal to meet pipeline specifications and the helium adds
another revenue stream for the producer.
IACX operates the NRUs for a fixed fee and markets the helium, retaining a portion of the helium sales
as a fee.
Weil Group
Corporate Status: Private
Operational Status: Producer / Developer / Explorer
Helium Source: Primarily Non-Hydrocarbon Associated
Address
Richmond, Virginia
416 West Franklin Street
Richmond, Virginia 23220
USA
Website: https://weil-group.com
Helium Projects
Canada
Mankota
The Mankota Field is a large anticline located in Southwest Saskatchewan that Weil brought on
production in mid-2016. Weil procured the helium purification technology from Germany’s Linde
Engineering, commissioning the first ever Membrane – Pressure Swing Adsorption plant for the
production of ‘Grade A,’ pure helium, with inlet feed of 10 million cubic feet of gas per day.
Production from the Field is from a deep, high-porosity/high-permeability Cambrian sandstone
reservoir. Absolute open-flows in this sandstone measured 170 million cubic feet of helium-bearing gas
per day. There are two existing wells on the anticline and additional wells are planned in 2017/2018 to
augment helium reserves and production.
Sapphire
The Sapphire Field is a large anticline with high helium-bearing gas found in Ordovician carbonates
and Cambrian sandstones. Given strong test results coupled with extensive seismic over the structure,
Weil, throughout 2017, is developing this field as a potential tremendous helium resource in the
Alberta Province.
United States
Rudyard

]he Rudyard Field is a northwest-southeast trending anticline located north of the town of Rudyard in
Hill County, Montana. Production from the Field is from Ordovician and Cambrian fractured
carbonates. Weil intends to dual complete both formations of helium-bearing gas out of this and
subsequent wells in 2017-2018. The Field is located just east of the Sweetgrass Arch which represents
the conduit for helium migration into Weil reservoirs.
Utah
Weil has various projects in the rocky mountain region at various stages of development.
Mid-Continent
Weil is evaluating several other Fields within which it is determining the extent of geological anti-cline
setting that contains significant helium resource potential. Weil is collaborating with several strategic
partners in these efforts.
North American Helium
Corporate Status: Private
Operational Status: Near Term Producer. Developer / Explorer
Helium Source: Primarily Non-Hydrocarbon Associated
Address:
750 11th Street SW, Suite 400
Calgary, Alberta
T2P 3N7
Canada
Website: https://nahelium.com

Helium Projects
North American Helium has the largest helium land position in Saskatchewan, with rights to over
1,000,000 acres of prospective land, and is the most active driller of helium wells. In addition to
developing the proved reserves at our Battle Creek area, we have an active and on-going exploration
program targeting 6-8 large prospective structures with multi-billion cubic foot helium resource
potential.
Canada
Battle Creek will be North American Helium’s first producing field and will provide a strong
foundation to support the growth of our business and the execution of our strategy.
Significant work has been conducted to date. Proprietary and third-party 2D and 3D seismic data has
been gathered, purchased and reinterpreted to delineate the extent and character of this deep structure.
We have drilled three successful wells, followed by extensive flow and build-up testing on each well,
with corresponding pressure tests for communication on our other wells. A combination of
engineering studies (flow and pressure data) and geologic modelling (seismic and well data) led to
development of significant proved and probable helium reserves at the Battle Creek field.
Nasco Ag / Kabena Group/ Capitol Operating Group
Corporate Status: Private Helium Investment group
Operational Status: Producer. Developer / Explorer
Helium Source: Hydrocarbon Associated
NASCO Energie & Rohstoff AG
Mittelweg 110c
20149 Hamburg
Germany
Website: www.nasco.ag

Kabena Group
Neuer Wall 17-19
20354 Hamburg
D - Germany
Website: http://www.kabenagroup.com

Capitol Operating Group
5000 Ambassador Caffery Pkwy,
Lafayette, LA 70508
United States
Nasco, Kabena and Capitol Operating group are three private investors co investing in helium projects
in the United States
Helium Projects
United States
After extensive modifications carried out by AMCS, (a leading global supplier of industrial gas and
process plants. https://www.amcscorp.com) a new Helium Processing facility at DBK Helium Field in
Arizona commenced operation in Q1 2019. The AMCS design plant will allow processing of up to 411
MCFPD of 98.8 percent purity helium. Nasco commenced trailer filing from the plant week starting
January 29th, 2019. The commissioning of the plant concluded their development strategy designed in
late 2016 which was to more than double our helium production from the field.
NASCO Energie & Rohstoff AG has been making targeted investments to expand their helium
activities since 2014. Previously, their helium production focused solely on a site in Arizona with the
Navajo name Dineh-bi-Keyah (DBK), which is located in northeast Arizona, an area known as the
Four Corners region. What makes the DBK field so remarkable is that its raw gas has an above-average
helium content of more than five percent, a rare global occurrence. In comparison, the gas starts being
economically worth extracting when it has a helium content of 0.5 percent.
NASCO is the controlling shareholder of the DBK helium field in Arizona and holds 60 percent of the
permits and controls 80 percent of the Operating Company, Capitol Operating Group, LLC.
Additional project
Nasco, Vision Energy Group, LLC, a subsidiary of Praxair Inc Joint Venture
Hogback Helium project, New Mexico
HAMBURG, Germany, Aug. 9, 2018 /PRNewswire/ -- NASCO Energie & Rohstoff AG (NASCO), an
natural resource specialist headquartered in Hamburg, Germany and active in the USA, announced that
it has a 30% joint venture partner in a newly formed company with the purpose to develop one of
North America’s 20 largest Helium fields under a farm in agreement with Vision Energy Group, LLC,
a subsidiary of Praxair Inc. The asset also has producible quantities of Natural Gas and Crude Oil
reserves. The 4480 acre Hogback field is located in north-western San Juan County close to the Four
Corners area, in New Mexico, USA.
According to preliminary analysis and previously conducted drilling, probable reserves are estimated to
be 50 BCF of Natural Gas and 2.5 BCF of Helium. Proved undeveloped reserves are expected to be
450 MBO of Crude Oil.
The Hogback fields are located in one of the top helium reserves in the world. Current estimates of the
amount of helium content in the natural gas mix range between 3% to above 6% against an exploration
industry average of 0,5% - 1%.

American Helium Inc. (TSXV:AHE)
(TSX.V: AHE) (OTC: AHELF) (XFRA: 43UB)
Corporate Status: Public
Operational Status: Explorer
Helium Source: Primarily Non-Hydrocarbon Associated
Market Cap: 1.7 million CDN$
Address
1090 West Georgia Street
Suite 1305
Vancouver, BC V6E 3V7
Canada
Website: www.amerihelium.com
American Helium is a Canada-based helium exploration and property development company that
develops helium assets across North America. AHE explores for helium on its acreage, which covers
approximately 17,000 acres. American Helium Inc generally serves the healthcare, military, nuclear,
electronics, aviation, and research sectors with its helium supply. Recently, AHE stated its difficulties in
raising enough capital to continue planned acquisition, exploration, and development within the
helium energy sector, and has decided to exit the industry.
Royal Helium Ltd. (TSXV:RHC)
Corporate Status: Public
Operational Status: Explorer
Helium Source: Primarily Non-Hydrocarbon Associated
Market Cap: 3.0 million CDN$
Address
Suite 602 ‐224 4th Avenue South Saskatoon,
SK S7K 5M5
Canada
Website: http://royalheliumltd.ca
Helium projects
Canada
Royal has over 300,000 acres of prospective helium land in south western and south central
Saskatchewan. All of Royals’ lands are in close vicinity to highways, roads, cities and importantly,
close to existing oil and gas infrastructure, with a significant portion of its land in close proximity to
existing helium producing locations. With stable, rising prices and limited, non-renewable sources for
helium worldwide, Royal intends to become a leading North American producer of this high value
commodity.
The Company is currently completing a geotechnical study utilizing current and past producing helium
well data, seismic, government data, geological data and mapping. The study specifically targets
known fields and formations that are currently producing or have produced primary helium in
Saskatchewan. The results of the study will direct the next phase of the 2019 exploration program,
which will be announced when finalized.
Recent Funding
June 4, 2019. Royal Helium Ltd announced that it has closed a non-brokered private placement
financing announced where 30,000,000 common shares were issued at a price of $0.01 per share to
arms-length and non-arms-length investors for gross proceeds of $300,000.

Desert Mountain Energy Corporation (TSXV:DME)
Corporate Status: Public
Operational Status: Explorer
Helium Source: Primarily Non-Hydrocarbon Associated
Market Cap: 7.1 million CDN$
Address
Suite 510 - 580 Hornby Street,
Vancouver, B.C. V6C 3B6
Canada
Website: https://desertmountainenergy.com
Desert Mountain Energy is a Canada-based exploratory resource company, engaged in exploration and
development of mineral and helium properties in Canada. The Company is an owner of a United
States-based subsidiary named Desert Energy Corp, which is commencing exploration and
development of oil & gas and mineral properties in the southwestern United States.
Helium Projects
United States
On September 5, 2018, the Company sold its Yellowjacket Gold Project and is now focused on
developing helium production. On May 13, 2019, Desert Mountain Energy announced that it had
discovered helium in concentrations of 1.36% on its Oklahoma Kight-Gilcrease Property (KGSU). The
property is located in an area of Oklahoma which has been known to host helium-bearing gas wells,
with commercial production grades ranging from 0.6% to 1.4% He.
The Heliopolis Project comprises 39,742 acres of key Helium prospects under lease with additional
leases pending. Located in prolific Holbrook Basin in East Central Arizona, widely considered to be
the world’s best address for Helium and referred to as “The Saudi Arabia of Helium”.
Desert Energy presently has 36,702 acres under lease for helium, oil & gas in the Holbrook Basin
of Arizona which were acquired from the Arizona Department of Land during the current fiscal year.
The Company is engaged in discussions and negotiations to acquire additional leases. The
Company views expansion into the U.S. as an opportunity to add value for the Company’s
shareholders.
May 13 2019: Analytical tests performed on gas samples from three existing oil & gas wells in the
Company’s Kight-Gilcrease Sand Unit oil field in Seminole County, OK (the “KGSU”) returned
positive results for the presence of helium, with concentrations up to 1.3622% He. These initial test
results are viewed by management as highly encouraging and suggest the potential for future
development of helium production from the KGSU. This gives the Company another highly
prospective property for Helium development in addition to its flagship Heliopolis Project in Arizona’s
Holbrook Basin. The KGSU is located in an area of Oklahoma which has been host to numerous
helium bearing natural gas wells, with commercial production grades typically ranging from 0.6% to
1.4% He

PetroSun (OTC Pink: PSUD)
Corporate Status: Public
Operational Status: Developer / Explorer
Helium Source: Hydrocarbon Associated
Market cap: US$ 22 million
Address
2999 North 44th Street, Suite 620 Phoenix,
Arizona 85018
United States
Website: www.petrosun.us
PetroSun is a diversified energy company focused on helium production, processing and distribution;
frontier oil and gas exploration in the SW Four Corners and oilfield production and frac water
processing utilizing forward-looking patented energy technologies.
Helium Projects
United States
AEP-16 Lease New Mexico
The Manuel Seep prospect in the Holbrook basin in Apache County, Arizona is being developed for
potential commercial quantities of oil, gas, and helium in the Permian Supai, Pennsylvanian Naco, and
Devonian Martin formations.
Corporate developments
December 2018
PetroSun announced that its subsidiary Arizona Energy Partners (AEP) had executed a Liquid Helium
Supply Agreement with Uniper Global Commodities North America for helium molecules produced
and processed by AEP from the PetroSun Golden Eagle Gas Field located in the Paradox Basin of
Grand County, Utah. Uniper’s annual contract quantity approximates thirty-six million standard cubic
feet of liquid helium.
December 2018
PetroSun announced that its subsidiary, Arizona Energy Partners (AEP) has executed a Liquid Helium
Supply Agreement with Praxair a wholly-owned subsidiary of Linde plc (NYSE: LIN; FWB: LIN),
subject to the successful development of its Holbrook Basin, Apache County, Arizona helium
resources and the construction and commissioning of its Oso Draw Helium Plant. The Oso Draw
Helium Plant will be rated to process up to 240 million standard cubic feet of liquid helium per year.
Funding
January 2010
PetroSun said that Energy Southwest LLC notified PetroSun that it had received a firm funding
commitment of $12.5 million for Phase 1 of the Manuel Seep prospect exploration program.
The agreement between PetroSun and Energy Southwest covers approximately 838,870 acres of oil and
gas rights in Arizona and New Mexico.
One June 13, 2018, the PetroSun issued 10,000,000 shares of common stock at $0.0274 per share or
$274,000 to expand lease interests in the New Mexico project.
On June 15, 2018 the PetroSun issued 10,000,000 of its common shares to acquire $130,000 cash
bonds held by the State of Utah or the BLM on the Golden Eagle Gas Field.

Riviera Resources (OTC Pink: RVRA)
Corporate Status: Public
Operational Status: Producer / Developer / Explorer
Helium Source: Hydrocarbon Associated
Market cap: US$ 800 million
Address
600 Travis Street
Houston, TX 77002
United States
Website: https://rivieraresourcesinc.com
Helium Projects
United States
Hugoton Basin
The Hugoton Basin, geographically centered in southwest Kansas, is Riviera’s largest producing asset.
Riviera’s wells in the Hugoton Basin primarily produce from the Council Grove and Chase formations
at depths ranging from 2,200 feet to 3,100 feet. The low-decline vertical wells produce natural gas,
natural gas liquids, and helium. Riviera processes its liquid-rich gas at its Jayhawk Plant, a cryogenic
gas processing plant with approximately 450 mmcf/d of processing capacity. Additionally, the Jayhawk
Plant processes gas for other producers in the Hugoton Basin.
Sale of no operated assets Hugoton Basin for $31 million
HOUSTON, April 29, 2019 (GLOBE NEWSWIRE) -- Riviera Resources, Inc. (OTCQX: RVRA)
announced it had signed a definitive agreement to sell its interest in certain non-operated properties
located in the Hugoton Basin in Kansas. In addition, Blue Mountain Midstream LLC (“Blue
Mountain”), a wholly owned subsidiary of Riviera, announced it has finalized an agreement with an
undisclosed third party to dedicate acres in the Merge to Blue Mountain’s natural gas gathering and
processing system.
The Company signed a definitive agreement to sell its interest in certain non-operated properties
located in the Hugoton Basin in Kansas to an undisclosed buyer for a contract price of $31 million,
subject to closing adjustments. The estimated net proceeds from the sale are expected to be added to
cash on the Company’s balance sheet. Use of proceeds will be determined by Board and management,
which may include share repurchases under the Company’s previously announced share repurchase
program, share tenders, and/or reinvestment in higher return projects at Blue Mountain or in the
upstream business.
The properties to be sold consist of approximately 2,300 non-operated wells located in Hugoton Basin
with proved developed reserves of approximately 74 BCFE and proved developed PV-10 of
approximately $30 million. The production from these properties will continue to be processed at the
Company’s Jayhawk natural gas processing plant located in southwest Kansas.
The sale is expected to close in the second quarter of 2019 with an effective date of March 1, 2019.
This transaction is subject to satisfactory completion of title and environmental due diligence, as well
as the satisfaction of customary closing conditions
Major Offtake March 11 2019
~$82M; monetization of ~23% of Riviera’s total helium reserves at a 5.16% discount rate
Riviera Resources (OTCQX:RVRA +1.5%) finalizes an agreement to sell a limited term overriding
royalty interest (Volumetric Production Payment or VPP interests) in helium produced from
certain Riviera’s wells in the Hugoton Basin
Received total cash proceeds of ~$82M; monetization of ~23% of Riviera’s total helium reserves at a
5.16% discount rate
Estimated $14.6M of net helium production to be delivered in 2019.

Deal Structure
The VPP consists of a limited term overriding royalty interest in helium produced from certain of
Riviera’s wells in the Hugoton Basin. The VPP interests will be contributed to Mayzure, LLC
(“Mayzure” is a wholly owned subsidiary of Riviera). Mayzure will issue 5.16% senior secured notes
in the amount of approximately $82 million, expected to be satisfied in third quarter 2026 (the
“Notes”), secured by the VPP. In consideration for the contribution of the VPP, Mayzure will
distribute the proceeds of the Notes (less closing costs) to Riviera. Neither Riviera Resources, Inc. nor
any of its subsidiaries other than Mayzure, have guaranteed the Notes.
The Company will retain all of its natural gas, oil and NGL production from the wells associated with
the VPP. Furthermore, any new wells drilled would not be committed to the VPP. As projected, over
the term of the VPP, proceeds from approximately 23% of Riviera's total helium reserves will be used
by Mayzure to satisfy the notes. In 2019, Riviera forecasts the value of the helium production
delivered to Mayzure and applied to the notes will be approximately $14.6 million. The Company
expects to close the transaction later this month. Barclays acted as financial advisor and Kirkland &
Ellis LLP as legal counsel during the transaction.
The VPP will have no impact on the Company’s year-end 2018 standardized measure of discounted
future net cash flows(1) (“SEC PV-10”) which does not include helium value. Also, Riviera’s credit
facility will not be impacted by this transaction and will continue to have borrowing commitments of
$385 m
Denbury Resources (NYSE: DNR)
Corporate Status: Public
Operational Status: Producer
Helium Source: Hydrocarbon Associated
Market cap: US$ 588 million
Address
5320 Legacy Drive
Plano TX 75024
United States
Website: https://www.denbury.com
Denbury is an independent oil and natural gas company with 262.2 MMBOE of estimated proved oil
and natural gas reserves as of December 31, 2018, of which 97% is oil. Our primary focus is on
enhanced oil recovery utilizing carbon dioxide (“CO2 EOR”), and our operations are focused in two
key operating areas: the Gulf Coast and Rocky Mountain regions. Currently our properties with proved
and producing reserves in the Gulf Coast region are situated in Mississippi, Texas, Louisiana and
Alabama, and in the Rocky Mountain region are situated in Montana, North Dakota and Wyoming.
Producer of helium from their Riley Ridge operation

Noble Helium Pty Ltd
Corporate Status: Private
Operational Status: Explorer
Helium Source: Non Hydrocarbon
Address
Level 1, 67 Lytton Road
East Brisbane QLD 4169
Australia
Website: https://noblehelium.com.au
Australian registered private exploration company interested in acquiring helium prospects in
Tanzania.
Pollard Helium LLC
Corporate Status: Private
Operational Status: Explorer
Helium Source: Hydrocarbon
Address
1575 Heritage Drive
#306
McKinney, TX, 75069
United States
Website: https://pollardhelium.com/
Helium Projects
United States
Arizona
Pollard Helium LLC. is actively developing its Arizona acreage where Helium Concentrations have
exceeded 12% in tests. Once fully developed, we will have the ability to service the West Coast and its
ports with high purity helium.
ADDITIONAL ACREAGE:
Pollard Helium LLC continues to acquire additional acreage in states from Colorado, Oklahoma,
Kansas and New Mexico through its other companies and intends to develop its growing assets after
the depletion of the BLM Helium Reserve in Amarillo, TX.

Renergen (ASX:RLT) (JSE:REN)
Corporate Status: Public
Operational Status: Near Term Producer / Developer / Explorer
Helium Source: Hydrocarbon
Market cap: US$ 71million
Address
Postnet Suite 610,
Private Bag x10030,
Randburg, 2125
South Africa
Website: www.renergen.co.za
Helium Projects
South Africa
Renergen is an emerging helium and LNG producer with existing compressed natural gas (CNG)
production and sales.
Renergen’s principal asset is its 90% shareholding in Tetra4 Proprietary Limited (Tetra4), which holds
the first and only onshore petroleum production right in South Africa, giving it first mover advantage
on the distribution of natural gas in South Africa.
Tetra4 has entered into a fully termed take-or-pay helium offtake agreement with Linde Global Helium
for up to a maximum
annual volume of 24,000 mcf to satisfy its liquid helium consumption in South Africa.
Funding
Renergen listed chess depository interests (CDI’s) on the Australia Stock Exchange (ASX) 6th
June price $0.80 per security. The minimum target subscription was $5million, but they raised
$10 million
Big Star Energy Limited (ASX: BNL)
Corporate Status: Public
Operational Status: Exploration
Market cap : US 1.5 million
Address
Unit 6, 245 Churchill Avenue
Subiaco, WA 6008
Australia
Website: www.bigstarenergy.com.au
Small cap Australian company looking to acquire interests in US helium projects.
On the 23rd August 2019, Big Star secured an interest in the Enterprise prospect, situated in the Four
Corners States area and is updip and within 15 miles of a field that produced helium in concentrations
between 5% and 10%.
The initial lease of 1,800 gross acres is for an initial term of five years, with an option to renew for a
further five years, and a 12.5% royalty. Big Star Energy has 100% working interest in the lease and is
the operator.
The lease is the first in a series of oil and gas leases for Big Star Energy, helping to meet its goals of
acquiring up to 5,000 acres. The company is looking to lease the remainder of the mineral rights at the
Enterprise prospect on the same terms.

Pieride Energy (CVE:PEA)
Corporate Status: Public
Operational Status: Near Term Producer / Developer / Explorer
Helium Source: Hydrocarbon
Market cap: US$ 60million
Address
3100, 308-4th Avenue SW Calgary,
Alberta T2P 0H7
Canada
Website: https://pieridaeenergy.com
Helium Projects
Canada
Pieridae is currently developing the Goldboro LNG project, an LNG processing facility with storage
tanks and marine works. The facility will be located at the Goldboro Industrial Park in Guysborough
County, Nova Scotia, Canada. The LNG will contain an recoverable helium credit.
Sample peer group companies in order of market cap
Riviera Resources (OTC Pink: RVRA)

800,000,000

Denbury Resources (NYSE: DNR)

588,000,000

Renergen (ASX:RLT) (JSE:REN)

71,000,000

Pieride Energy (CVE:PEA)

60,000,000

PetroSun (OTC Pink: PSUD)

22,000,000

Desert Mountain Energy Corporation (TSXV:DME)
Royal Helium Ltd. (TSXV:RHC)

5,300,000
2,340,000

Big Star Energy Limited (ASX:BNL)

1,500,00

American Helium Inc. (TSXV:AHE)

1,280,000

Helium One within the current helium universe
Helium One’s Rukwa project has a P50 resource of 98.9 Bcf of helium
(P50 is defined as 50% of estimates exceed the P50 estimate and by definition, 50% of estimates are
less than the P50 estimate). It is a good middle estimate when verifying and quantifying oil & gas
discoveries.)
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Summary

The global helium market has been witnessing supply constraints at regular intervals for more than a
decade. The first worldwide helium shortage occurred in 2006 due to the shutdown of production
plants for maintenance. Similarly, a severe shortage was once again experienced during 2011–2013 due
to production shortages and declining demand from other end-user industries, as about 70-80 percent of
the total helium was allocated to MRI and NMR applications. Meanwhile, other end-user industries
either hunted for helium substitutes such as hydrogen, or opted for helium recyclability. However, with
Qatar Helium II and other new plants from Algeria and the U.S. coming on-stream, the supply situation
improved, leading to increased supplies and a decline in prices.
Qatar Embargo in 2017 and the Continued Shortage Since
The helium market witnessed another tight supply situation in June 2017, when the Saudi-led embargo
of Qatar restricted helium movement out of Qatar to other markets, which led to logistical challenges
and the temporary shutdown of its two plants – Qatar I and II. Although they remained shut for only a
few weeks, it reduced the global helium production by about 30 percent, restricting supply. This
impacted markets for several months. However, the supply-demand balance recovered marginally
between Q4, 2017 and Q1, 2018, as market participants observed a drop in helium demand and an
improvement in supply.
However, the recovery was short-lived, and the helium shortage crisis returned in February 2018 due to
several factors such as maintenance shutdowns, BLM’s continued allocation of crude helium to
contract customers, etc. However, this time, the buyer market did not witness adverse implications of
the helium shortage equally across markets, as some suppliers continued to allocate supply to a few
buyers and others continued to fulfill demands of few customers. However, the shortage led to a
significant price increase by more than 100 percent in 2018.
The 2019 Outlook
Going forward, the market is anticipated to remain tight for the rest of 2019. The persistent tight supply
is due to the reduction of production capacity, coupled with the ongoing inventory depletion of crude
helium, which contracted the deliverable capacity to the helium refinery companies over time. Also,
low production in other countries due to lack of feed gas and delays in new projects coming on-stream
will likely worsen the supply situation and escalate prices. Many producers have already announced
price increases of 35-40 percent beginning February 2019. From the demand standpoint, the helium
market is anticipated to observe a steady rise, especially from the Chinese electronics industry.
Conclusion
The shortage is anticipated to reduce on the back of newer capacities. Qatar’s Helium 3 project will
contribute 425 MMscf annually by mid-2020 or 2021. Similarly, Gazprom’s Amur Project in Eastern
Siberia is an emerging helium entrant that will contribute toward an improvement in the supply
situation. Further, the demand is expected to subside owing to the global economic slowdown,
reversing the shortage cycle by 2020–2021.
Sources:
http://www.kornbluthheliumconsulting.com/wp-content/uploads/2019/03/GasworldHelium-Shortage-3.0-FINAL.pdf
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Disclaimer Notice
Mercury Carbon / Brand:Mining rights reserved. This report has been by submitted to Helium One and
prepared and issued by draft Mercury Carbon / Brand:Mining for publication globally. All information
used in the publication of this report has been compiled from publicly available sources ( And
INTERNAL INFORMATION SUPPLIED BY HELIUM ONE) and is believed to be reliable, however
we do not guarantee the accuracy or completeness of this report. Opinions contained in this report
represent those of the research department of Mercury Carbon / Brand:Mining at the time of
publication.
This research is issued in the USA and UK by Mercury Carbon / Brand:Mining and any access to it, is
intended only for INTERNAL USE by Mercury Carbon / Brand:Mining.
Mercury Carbon / Brand:Mining US is not registered as an investment adviser with the Securities and
Exchange Commission. Mercury Carbon / Brand:Mining US relies upon the "publishers' exclusion"
from the definition of investment adviser under Section 202(a)(11) of the Investment Advisers Act of
1940 and corresponding state securities laws. As such, Mercury Carbon / Brand:Mining does not offer
or provide personalised advice. We publish information about companies in which we believe our
readers may be interested and this information reflects our sincere opinions. The information that we
provide or that is derived from our website is not intended to be, and should not be construed in any
manner whatsoever as, personalised advice. Also, our website and the information provided by us
should not be construed by any subscriber or prospective subscriber as Mercury Carbon /
Brand:Mining’s solicitation to effect, or attempt to effect, any transaction in a security.
This is not a solicitation or inducement to buy, sell, subscribe, or underwrite any securities mentioned
or in the topic of this document. This document is provided for information purposes only and should
not be construed as an offer or solicitation for investment in any securities mentioned or in the topic of
this document.
Forward-looking information or statements in this report contain information that is based on
assumptions, forecasts of future results, estimates of amounts not yet determinable, and therefore
involve known and unknown risks, uncertainties and other factors which may cause the actual results,
performance or achievements of their subject matter to be materially different from current
expectations. The content of this report is of a general nature, is intended as a source of general
information only and is not intended to constitute a recommendation or opinion in relation to acquiring
or disposing (including refraining from acquiring or
disposing) of securities. The distribution of this document is not a “personalised service” and, to the
extent that it contains any financial advice, is intended only as a “class service” provided by Mercury
Carbon / Brand:Mining (ie without taking into account the particular financial situation or goals of any
person). As such, it should not be relied upon in making an investment decision. To the maximum
extent permitted by law, Mercury Carbon / Brand:Mining, its affiliates and contractors, and their
respective directors, officers and employees will not be liable for any loss or damage arising as a result
of reliance being placed on any of the information contained in this report and do not guarantee the
returns on investments in the products discussed in this publication.
COPYRIGHT Mercury Carbon / Brand:Mining 2019

