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Executive Summary

Expansion of nuclear energy is essential for achieving U.S.
and European energy independence and decarbonizing the
global economy to protect our planet. Yet nearly half of the
world’s uranium enrichment capacity, an essential ingredient
in powering most nuclear power plants, exists in Russia.
The United States, the world’s largest producer of electricity
from nuclear power, is highly dependent on Russia for the
uranium enrichment capacity to power its nuclear power
plants. In 2022, a rough equivalent of one out of every
twenty American homes and businesses were powered by
electricity produced by nuclear fuel enriched in Russia. As a
result, each year, America sends an estimated US$1 billion
to Rosatom—the company controlled and owned by the
Russian government that controls its uranium enrichment
facilities and nuclear weapons.

A robust policy response is urgently needed to counter the
threat that Russia will hold nuclear power hostage—and
with it, a vital source of electric power for the United States
and the world, as well as the chance to combat catastrophic
climate change. Researchers at the U.S. Department of
Energy estimate that achieving 2050 decarbonization goals
will likely require more than doubling U.S. nuclear power
capacity, with the need for U.S. uranium enrichment capacity
increasing by approximately eight times over present
capacity to meet these needs while maintaining energy
independence. Even more drastic increases in nuclear
power generation are likely necessary in nations with little
existing nuclear capacity.

There are multiple, shovel-ready solutions that U.S.
policymakers could pursue to solve the problem of Russian
dominance of global uranium enrichment completely and
rapidly.

The United States Nuclear Regulatory Capacity (NRC) has
already licensed two facilities—the American Centrifuge
Plant in Piketon, Ohio and the National Enrichment Facility in
Eunice, New Mexico—which, if brought to their full licensed
capacites, would eliminate the United States’s dependence
on Russian nuclear fuel and decrease global dependence
on it by over 75%. Scaling these facilities would create
thousands of new, well-paying jobs around the U.S., namely
in Ohio, New Mexico, West Virginia, and Tennessee.

Importantly, this would not only bolster U.S. energy security:
it would help other countries lessen their dependence on
Russia for uranium enrichment. South Africa, Switzerland,
Finland, and the United Arab Emirates rely on Russian
enrichment services for more than half of their nuclear fuel.
Ukraine, Mexico, and India are completely dependent on
Russian uranium enrichment services for their enriched fuel
needs, as are NATO members Slovakia, Hungary, Bulgaria,
and the Czech Repubilic (Czechia).

By bringing the American Centrifuge Plant online and
expanding the National Enrichment Facility to its maximum
licensed capacity, the United States will free up non-Russian
enrichment capacity all over the world, ensuring that

other countries have options when looking for supplies of
enriched uranium and mitigating proliferation risk. Critically,
scaling uranium enrichment capacity in the United States

is also needed to achieve U.S. and global decarbonization
goals. There is an urgent need for the U.S. Department of
Energy and the U.S. Congress to act to rapidly expand the
nation’s uranium enrichment capacity.
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1. Background

Understanding the problems and solutions surrounding
limited U.S. nuclear fuel enrichment capabilities requires
knowledge of the role of nuclear power and how uranium
is enriched to create nuclear fuel. This background section
explains concepts and terms that will be referred to
throughout this report.

1.a Nuclear power is a major source of
global energy and must be scaled to
achieve deep decarbonization

Today, nuclear power provides approximately 10% of global
electricity and 18% of electricity in OECD countries!' It is

the world’s second largest source of low-carbon power
(comprising 28% of global low-carbon energy in 2019).2

In the United States, nuclear energy contributes 19% of
electricity generated and is the country’s leading source of
clean energy, providing more than half of all emissions-free
electricity.®

According to the Intergovernmental Panel on Climate
Change (IPCC), nuclear power has very low emissions of
greenhouse gasses per unit of electric power generated,
with a median estimate of 12 grams of carbon dioxide
equivalent emitted per kilowatt-hour of electric power
generated (gCO,eq/kWh)—the same as wind power. This

is lower than solar power, which has a median value of 48
gCO,ea/kWh for utility scale solar power and 41 gCO_eq/
kWh for rooftop solar. Nuclear power’s carbogenicity is
dramatically lower than fossil (“natural”) gas and coal, which
have median values of 490 gCO_eq/kWh and 820 gCO_eq/
kWh respectively.?

Minimizing the worst impacts of climate change and
decarbonizing the global economy requires dramatically
increasing global nuclear power generation alongside

an increase in renewables, according to the U.N.
Intergovernmental Panel on Climate Change (IPCC)® and
the International Energy Agency (IEA).® Scaling nuclear
power generation is essential, according to scientists,
because decarbonizing the electrical system will require
significant scale-up of ‘firm’ clean power, or power that can

be generated when the sun isn’t shining and the wind isn’t
blowing.”8910"12 Without firm clean power, societies will
remain dependent on fossil fuels when renewables aren’t
generating electricity—even with large increases in energy
storage. Presently, the only proven, scalable source of firm
low-carbon power is nuclear power®

Germany’s recent decarbonization strategy demonstrates
the essential role of clean firm power. Since the early
2000s, Germany spent over €500 billion to decarbonize
their electrical power system"—tripling solar and doubling
wind power capacity. However, they shut down almost all of
their nuclear plants simultaneously, leaving their grid without
a major source of clean firm power.

Despite their enormous investment in electrical grid
decarbonization, carbon emissions from the German grid
remain among the highest in Europe. In 2021, the German
grid emitted 402 grams of carbon dioxide-equivalent
(CO,-eq) of greenhouse gasses per kilowatt hour (kWh) of
electricity generated.®

As shown in Figure 1, in comparison, France, which relied on
a mixture of nuclear energy and renewables to decarbonize
their power grid, emitted only 67 grams of CO_-eq per

kWh in 2021"°—six times less than Germany—while being
dramatically cheaper (electricity prices are 40% lower in
France than in Germany).” Remarking on the experience

of settings like Germany, the UN Economic Commission for
Europe stated unequivocally that “international climate

objectives will not be met if huclear power is excluded”

from future efforts to decarbonize.®

In brief, threats to nuclear power generation, such as
nuclear fuel shortages, represent potential energy security
and decarbonization crises.

1.b From uranium ore to nuclear fuel: the
front end of the nuclear fuel cycle

The nuclear fuel cycle begins with mining uranium ore.
Presently, three-fourths of the world’s uranium ore comes
from Kazakhstan (45%), Namibia (12%), Canada (10%), and
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Figure 1: Carbon Emissions (g CO2-Eq per kWh) generated by electric power generation in France & Germany (1980-2019)

Australia (9%).”° Uranium ore is milled, then converted

into uranium hexafluoride gas and shipped to enrichment
facilities for enrichment. Following the enrichment process,
the enriched uranium hexafluoride gas is shipped to nuclear
fuel fabrication facilities, where it is deconverted back to
solid uranium. The solid uranium is then fabricated into

fuel pellets, placed into fuel rods, and bundled up into fuel
assemblies. Fuel assemblies are the finished product to be
placed in a nuclear reactor. The focus of this report is on the
enrichment step of the nuclear fuel cycle.

1.c Almost all nuclear power reactors
are fueled by uranium enriched via gas
centrifugation

Almost all currently operating nuclear power reactors and
most future nuclear power reactor designs require enriched
uranium to operate. In nature, uranium primarily consists

of two isotopes: uranium-235 (0.71%) and uranium-238
(99.28%). Generally, only uranium-235 (U-235) can

undergo nuclear fission—the process of splitting atoms

that powers nuclear reactors. The process of increasing

the relative concentration of U-235 is called uranium
enrichment. Because different isotopes of the same element
have identical chemical properties, uranium enrichment
technologies exploit the small difference in mass between
the two isotopes to separate them from one another. The
exception to this is laser enrichment, which uses slight
differences in the spectroscopic properties of the isotopes.

There are three relevant methods of uranium enrichment:
gas centrifugation, gaseous diffusion, and laser isotope
enrichment. Almost all operating enrichment capacity today
utilizes gas centrifugation. Gaseous diffusion is no longer
used because of its high energy requirements (around 20
to 50 times more energy per unit of enrichment than gas
centrifugation).2® Laser enrichment offers much potential,
but has yet to be developed commercially at scale.?
However, as we will explain in Section 7, U.S. development
of laser enrichment technology is essential to ensure that
U.S. enrichment capacity remains competitive on the global
market.
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1.d Three essential terms: low enriched
uranium (LEU), high assay-low enriched
uranium (HALEU), and separative work
units (SWU)

Two distinct forms of enriched uranium are used in civilian
nuclear power reactors: low enriched uranium (LEU), which a
has a maximum concentration of 5% U-235, and high assay-
low enriched uranium (HALEU, pronounced “HEY LOU”),
which has a concentration of between 5% and 20% U-235.
HALEU is made by increasing the concentration of U-235
from LEU feedstock.

The work needed to enrich uranium is measured in
“separative work units,” or SWU (pronounced “SWOQO”).
Making a single kilogram of LEU (at 4.95% U-235) requires
9.813 kg of natural uranium and approximately 8.2 SWU.
As shown in Figure 2, making a single kilogram of HALEU
requires 42 SWU: 35 SWU to convert 31kg of natural
uranium into 4.5 kg of LEU, and a further 6 SWU to convert
4.5 kg of LEU into 1 kg of HALEU.

Almost all of the world’s current power reactors, including
all 93 operational U.S. power reactors, utilize LEU. It is
LEU fuel that today powers 1in 5 American homes and
businesses and produces 10% of the world’s electricity.
Many next generation (“Generation IV”) reactors require

w
@
35 SWU of . 6 SWU of
Uranium Enrichment Uranium Enrichment
. LEU Feed
00000 —_—> ® —> o 4.5 KgU at 4.95% U-235

41kg Natural Uranium
0.711% U-235

4.5kg Low-Enriched
Uranium (LEU)

HALEU. As Generation IV power reactors are developed
and constructed in the U.S. and globally in the coming years,
the need for HALEU will increase significantly.

1.e The U.S. is dependent on other
nations for nuclear fuel enrichment

The existing global fleet of nuclear power reactors require
50.205 million separative work units (SWU) of enrichment
capacity each year.?? The U.S’s 92 power reactors require
approximately 15 million SWU each year.?® The United
States’ annual enrichment capacity is merely 5.4 million
SWU (at Urenco’s facility in New Mexico), meaning that at
minimum, the U.S. is dependent on foreign enrichment
capacity for roughly two-thirds of its nuclear fuel.?* In 2021,
the U.S. imported nearly 80% of the enrichment services
needed for low enriched uranium for commercial power
reactors.?®

The U.S!s limited fuel enrichment capacity poses two urgent
problems: 1) the U.S. and the world depend on Russia to
fuel today’s fleet of power reactors; and 2) the U.S. and

the world lack the increased uranium enrichment capacity
needed to dramatically scale nuclear power generation and
achieve 2050 decarbonization goals.

35 SwWU

6 SWU

1kg of HALEU
19.75% U-235

HALEU Enrichment
4.95% into 19.75%

1 kg of HALEU - the size of half of a hockey puck = energy equivalent of 120,000
. gallons of gasoline » more than 4 entire backyard swimming pools filled with gasoline.

Assuming burnup of 150 MWd/kgHm @ 16.5% U-235.

Figure 2: How to make a kilogram of High Assay-Low Enriched Uranium (HALEU)
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2. Russia dominates the

global

uranium enrichment market

2.a Russia controls nearly half of the
world’s enrichment capacity

Russia has an enrichment capacity of 27.7 million SWU per
year, comprising 46% of the world’s enrichment capacity
(Figure 3).?° Russia’s domination of the global uranium
enrichment sector is a product primarily of two factors: the
legacy of an enormous and efficient gas centrifuge-based
uranium enrichment program built by the Soviet Union prior
to its dissolution in 1991, and the decision of the Russian
President, Vladimir V. Putin, to nationalize and invest tens of
billions of dollars to subsidize the Russian nuclear industry,
including its uranium enrichment capacity, starting in the
mid-2000s.?

I Russia (Tenex) (46%)
[ Germany-Netherlands-UK (Urenco) (23%)
I France (Framatom) (12%)
China (CNNC) (10%)
I United States (Urenco) (8%)
Other (0.1%)

Chart: James Krellenstein « Source: World Nuclear Association

Figure 3: Global uranium enrichment capacity (2020) -
Total Global Capacity is 60.166 million SWU

2.b The world depends on Russia for LEU
and HALEU based nuclear fuels

The world is highly dependent on Russia for uranium
enrichment capacity, and thus the ability to maintain energy
independence and support further decarbonization efforts.
If Russia cut off access to its uranium enrichment services,
half of the world’s nuclear power generation capacity would
be at risk of being unable to refuel. Currently, South Africa,?®
Switzerland,?® Finland,?*® and the United Arab Emirates® rely
on Russian enrichment services for more than half of their
nuclear fuel. Ukraine,3 Mexico,*® and India®* are completely
dependent on Russian uranium enrichment services for
their enriched fuel needs, as are NATO members Slovakia,3®
Hungary,*® Bulgaria,” and the Czech Republic (Czechia).3®

2.c The U.S. depends on Russia for its
nuclear fuel

Today, the U.S. uses foreign enrichment services for over
80% of its nuclear fuel, with Russia being the leading
provider, supplying 28% of the U.S.’s fuel enrichment
services in 2021 (Figure 4).2° In 2022, a rough equivalent of
one out of every 20 American homes and businesses were
powered by electricity produced by nuclear fuel enriched
in Russia.“® Each year, upwards of US$1 billion of America’s
utilities bills are sent directly to Rosatom—the company
owned by Vladmir Putin’s government that controls Russia’s
uranium enrichment facilities and the production of its
nuclear weapons.*

Additionally, Russia is the only country in the world that
currently possesses the ability to produce high assay

low enriched uranium (HALEU) commercially, which most
advanced (Generation IV) power reactors require.*? The
U.S. Department of Energy projects that 40 metric tons of
HALEU will be needed in the U.S. by 2030. TerraPower has
announced that they have delayed the construction of their
Natrium reactor for two years due to the fact that no non-
Russian sources of HALEU exist to fuel the reactor when it
comes online.*®
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Figure 4: Sources of Uranium Enrichment for the U.S.
(2021) 14.217 million SWU used

U.S. dependence on Russia for fuel enrichment is recognized
as an urgent problem by the nuclear power industry,
bipartisan U.S. Congressional leadership,* international
nuclear agencies,*”® and the U.S. Department of Energy.*®

2.d “Overfeeding” is unable to end U.S.
dependency on foreign enrichment
services

As markets and geopolitical conditions change, enrichers
and uranium purchasers can adjust the amount of
enrichment work needed (i.e. increase or decrease the
amount of SWU needed) and the amount of uranium
needed to manufacture a given quantity of enriched
uranium at a given enrichment level.

In conditions where uranium enrichment services are

in short supply or expensive, enrichers can “overfeed”
their enrichment cascades: meaning that the quantity of
unenriched uranium needed to make a given quantity of
enriched uranium is higher and the amount of enrichment

capacity (i.e. SWU per kg end uranium product) is lower.

Conversely, in conditions where uranium enrichment
services are abundant or cheap relative to the cost of
natural uranium, enrichers can “underfeed” their enrichment
cascades, meaning that the quantity of natural uranium
needed to make a given quantity of enriched uranium is
lower and the amount of enrichment capacity is higher.

Hypothetically, if the need to reduce or eliminate the use

of foreign enrichment services arose, enrichers in the U.S.
could “overfeed” their domestic enrichment capacity to
increase the quantity of LEU produced without increasing
the capacity (measured in SWU) of U.S. enrichment facilities.
However, the current U.S. enrichment capacity at Urenco’s
National Enrichment Facility in Eunice, New Mexico is so
limited that it would be impossible to rely on “overfeeding”
alone to end U.S. dependence on foreign enrichment
services over the long term.

At the U.S’’s present enrichment capacity of 5.4 million SWU,
using “overfeeding” to end the U.S’’s annual dependence
on Russia for 4.2 million SWU would require over 47,000
metric tons of unenriched uranium.?” This is four times the
amount of uranium required without overfeeding and nearly
equivalent to the entire mass of uranium mined worldwide
in 2021.%8 In brief, significantly increased enrichment
capacity is required if the U.S. is to end its dependence on
foreign enrichment services.

2.e The world needs an additional 11.2
million SWU in enrichment capacity to
end dependence on Russia and China for
nuclear fuel

The world needs an annual enrichment capacity of 37.4
million SWU to fuel the current fleet of nuclear power
reactors outside of Russia and China. Presently, there
exists just 26.2 million SWU in enrichment capacity
outside of Russia and China (see Figure 3). Installing new
annual enrichment capacity of 11.2 million SWU would end
dependence on Russia and China for nuclear fuel outside
of these countries. Additionally, this is approximately the
increase in enrichment capacity the U.S. needs to end
reliance on other nations for its nuclear fuel needs. There
are shovel-ready solutions in the U.S. to expeditiously scale
fuel enrichment capacity to nearly this level.
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3. Scaling U.S. uranium enrichment
capacity will aid in global
decarbonization and decrease
nuclear proliferation risk

3.a Uranium enrichment capacity
must increase to achieve global
decarbonization goals

Research from Idaho National Laboratory estimates that

a fully decarbonized U.S. economy by 2050 will require,
cumulatively, 5,350 metric tons of HALEU and 78,000
metric tons of LEU.*® Producing this volume of LEU and
HALEU will require approximately 32 million SWU per

year on average between 2023 and 2050.5° A 2023 DOE
report estimates a near tripling of nuclear power generation
(from approximately 100GW to 300GW) will be required to
meet 2050 decarbonization goals. This level of capacity
will require “30 million additional SWU per year (six times
current U.S. capacity), and ~40 million SWU per year to
achieve energy independence.' Not scaling enrichment
capacity to meet the needs of the growing fleet of U.S.
power reactors will delay progress on decarbonization. A
case in point is Terrapower’s January 2023 announcement
that they would delay by two years the construction of their
Natrium reactor in Wyoming due to an inability to acquire
non-Russian HALEU fuel.5?

Meeting global decarbonization goals will require an
enormous expansion of uranium enrichment capacity.

Many decarbonization modeling scenarios reviewed by the
Intergovernmental Panel on Climate Change (IPCC) and the
International Energy Agency (IEA) rely on dramatic increases
in global nuclear power generation.535

3.b Increasing U.S. uranium enrichment
capacity can decrease global nuclear
proliferation risk

Given that the U.S. has committed to being a leading

global partner to low- and middle-income countries in
decarbonizing their economies while avoiding proliferation
risk, the U.S. will need to expand uranium enrichment
capacity several times greater than the capacity needed to
serve domestic needs. If the U.S. can ensure an abundant
global supply of enriched uranium, other nations will be less
likely to feel the need to build their own uranium enrichment
facilities.

An example of this concept in practice is the International
Atomic Energy Agency (IAEA) LEU bank. The IAEA LEU
bank, located in Kazakhstan, is a physical stock of 90
metric tons of uranium hexafluoride, suitable to make fuel
for nuclear power reactors. The LEU bank is designed to
be used to prevent individual countries from developing
their own nuclear fuel enrichment capabilities. In the
event of supply disruption of enriched uranium to a civilian
commercial nuclear power plant, an IAEA member state
can access the enriched uranium in the bank if they are
not able to procure LEU on the global market. The LEU
bank decreases proliferation risk by providing countries
interested in peaceful nuclear energy with supply
assurances and more options for their energy programs,
without having to develop their own uranium enrichment
capabilities.>® By dramatically increasing the supply of
enriched uranium not controlled by a single country (i.e.
Russia), the U.S. could create a new LEU and HALEU bank,
operated by the U.S,, the IAEA or another multilateral
agency, which would decrease the probability of global
supply disruptions.
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4. How we got here: a brief history
of uranium enrichment in the Soviet
Union and the United States

Following the end of World War Il, Soviet special forces
kidnapped a team of German physicists and mechanical
engineers who had worked on isotope separation
techniques for the Nazis. While in a specialized prison
camp in the Soviet Union, the German scientists, led by
physicist Max Steenbock and engineer Gernot Zippe,
developed a successful design for a gas centrifuge for
uranium enrichment.>® Unlike the primary method of
uranium enrichment used then in Western Europe and the
United States—gaseous diffusion—the gas centrifuge based
uranium enrichment approached developed by Steenbock
and Zippe was extremely energy efficient, requiring less
than one twentieth of the energy of gaseous diffusion to do
an equivalent amount of enrichment.®”

The development of Steenbock and Zippe’s while
imprisoned in the Soviet Union gave the USSR a key
advantage over the US and Western Europe in terms of
uranium enrichment. The USSR began commercial scale
development of the gas centrifuge for uranium enrichment
in 1951, decades before other countries.>® In the USSR, the
massive expansion of uranium enrichment capacity in the
1960s and 1970s used gas centrifuges—whereas the US and
France invested in building massive plants using the far less
efficient gaseous diffusion process during the same period.

It would not be until the death of Soviet leader Joseph Stalin
that Gernot Zippe would be allowed to leave the USSR.

In 1957, Zi ppe began working with American scientists to
develop gas centrifuge technology based on his memory

of the Soviet designs,®® but it was too late. Western

Europe’s and the United States’ first gas centrifuge plants
would come online decades after the Soviet Union’s first
commercial plant began operation in 1962.

On the eve of its dissolution in 1991, the USSR had 20
million SWU of uranium enrichment capacity, all based at
facilities within Russia. This was equal to the amount of

enrichment capacity the United States had in 1991—the two
uranium enrichment facilities in Paducah, Kentucky and
Piketon, Ohio had a combined capacity of 19.6 million SWU.
80 Unlike the USSR’s facilities however—which were almost
exclusively based on gas centrifuge technology—the United
State’s capacity was entirely based on the dramatically less
efficient gaseous diffusion technology.

Following the collapse of the USSR, all nuclear enrichment
capacity previously operated by USSR’s Ministry of Atomic
Energy and Industry was transferred to the control of the
Russian company TVEL (Russian: <<TB3J1>>, an abbreviation
of <<tennowusnyvatomii anemeHT>>, lit. “heat producing
element” or fuel rod.).

The massive advantage that the Soviet Union had over

the United States meant the U.S.’s gaseous diffusion

based enrichment industry could not compete with TVELs
vastly more efficient gas centrifugation based enrichment
capacity located in what became the Russian Federation. In
1992, the US Department of Commerce (DOC) initiated an
antidumping investigation on uranium from Russia, alleging
that it was sold below its fair market value and harmed

the US uranium enrichment industry. The Department

of Commerce and Russia’s Ministry for Atomic Energy
(MINATOM)—now Rosatom—signed an agreement to
suspend the investigation and limit the volume of Russian
uranium exports to the US market by special quotas (More
on this in Section 5.a).

The first U.S. facility to completely shut down was the
Portsmouth Gaseous Diffusion Plant in Piketon, Ohio in 2001
(8.3 million SWU per year). In 2013, the Paducah Gaseous
Diffusion plant near Paducah, Kentucky closed permanently
(11.3 million SWU per year). The United States unfortunately
did not replace the 19.6 million SWU of shut down gaseous
diffusion capacity. Russian and U.S. uranium enrichment
capacity since 1960 is shown in Figure 5.
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Figure 5 Russia vs U.S. uranium enrichment capacity since 1960
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5. What is being done today to
address the problem of limited U.S.
uranium enrichment capacity?

5.a The continuation of the Russian
Uranium Suspension Agreement

In Mid-1991, months before the dissolution of the USSR,
U.S.-based uranium companies asked the Department of
Commerce to investigate Russian uranium enrichers and
suppliers for possible ‘dumping’, wherein goods are sold

at a lower than market price at harm to the U.S. uranium
industry. Prior to the conclusion of that investigation, the
U.S. and Russian governments reached an anti-dumping
agreement: the Russian Uranium Suspension Agreement

of 1992. This agreement has been amended multiple times,
most recently in 2020.%" While the agreement has had some
impact in preventing complete U.S. dependence on Russian
uranium and enrichment services, the agreement—which
was a matter of trade policy rather than national security
policy—is insufficient to end U.S. dependence on Russia

for nuclear fuel. The agreement still anticipates large-scale
importation of Russian-enriched uranium through 2040. This
agreement, while powerful, is not capable of supporting the
present U.S. policy of ending dependence on all Russian
sources of energy completely.

5.b Congressional appropriations and
U.S. Department of Energy support for
HALEU production

The U.S. Department of Energy and the U.S. Congress have
taken initial steps toward ending dependence on Russian
uranium enrichment services, namely via the Inflation
Reduction Act of 2022 and in regular, annual appropriations
in recent years. However, these efforts have focused
specifically on scaling enrichment capacity to produce

HALEU, the grade of enriched uranium that is required by
many next generation reactors, but is not currently used in
the United States’ fleet of operating power reactors.

As part of the Inflation Reduction Act, the U.S. Department
of Energy allocated $700 million through 2026 to begin
pilot production of HALEU, aiming to produce 25 metric
tons per year in the near term. However, the initial allocation
of $150 million will only produce 900 kg per year when it
reaches full capacity in 2024. The DoE has yet to explain
how the remaining $550 million will enable production to
scale by 25-fold. Furthermore, the DoE has stated that the
continuance of this entire project is dependent on annual
Congressional appropriations.®?

This policy response to date does not approach the scale of
the critical, urgent problem of U.S. dependence on Russian
enrichment services. The DoE’s publicly announced goals
to date—although more may be forthcoming—of scaling
HALEU production to 900 kg per year by 2024 entails
supporting an increase of approximately 5,600 SWU in
enrichment capacity: just one tenth of one percent of the
4.2 million SWU the U.S. imports from Russia each year.®
While meeting the HALEU fuel needs of advanced reactors
is important, the magnitude of the LEU supply problem is
far greater, given that LEU is needed both to fuel existing
reactors and to manufacture HALEU (with 1kg of HALEU
requiring slightly more than 4kg of LEU to manufacture).

Fortunately, as the next section explains, the U.S. can rapidly
scale its domestic enrichment capacity if it embraces the
shovel-ready solutions it has at its disposal.
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6. Shovel-ready solutions to scale
U.S. uranium enrichment capability

The U.S. Nuclear Regulatory Commission (NRC) has
already licensed two facilities for a combined 13.8 million
SWU—a net increase of 8.5 million SWU over existing U.S.
enrichment capacity. If brought to their full capacities, these
facilities would end the United States’s dependence on
Russian nuclear fuel enrichment completely and decrease
global dependence on Russian fuel enrichment by over
75%.%4

Urenco’s National Enrichment Facility in Eunice, New Mexico
is NRC licensed for up to 10 million SWU: 4.6 million SWU
beyond its current operating capacity. Additionally, the
American Centrifuge Plant in Ohio was granted a combined
construction and operating license (COL) by the NRC in
2007 for up to 3.8 million SWU of enrichment capacity.
While its construction was demobilized in 2009, its NRC
license is still valid. If proper support is provided, this facility
could be brought online with minimal regulatory barriers.
Thousands of jobs would be created in the process of
scaling these facilities, according to the NRC.55¢¢

Regulatory approval is a costly and lengthy process for any
US commercial nuclear power project. The NRC licenses
for the Eunice and Piketon facilities represent years of
work by both companies and the regulators, analyzing

in detail the safeguards at each facility for worker safety,
public health, and the environment. The environmental
impact assessments alone issued by the Nuclear
Regulatory Commission and the Army Corps of Engineers
total approximately one thousand pages for each facility.
Each facility took approximately 2.5 years to secure their
licenses .78

6.a The American Centrifuge Plant in
Piketon, Ohio

Located on U.S. Department of Energy land at the site of the
former Portsmouth Gaseous Diffusion Plant, the American

Centrifuge Plant in Piketon, Ohio was granted a combined
construction and operating license (COL) by the NRC in
2007 for up to 3.8 million SWU of enrichment capacity.
While its construction was demobilized in 2009, its NRC

license is still valid.®®

By 20009, the owner of the facility, the United States
Enrichment Corporation, or USEC (today named the Centrus
Energy Corporation), invested $1.5 billion (approximately
$2.13 billion 2023 dollars) in its construction.”® Completion
of the construction project was dependent on a $2 billion
USD loan guarantee from the U.S. Department of Energy
(DOE). The DOE denied the loan guarantee request in
2009. Despite the large investment that had already been
made, the lack of a DOE loan guarantee resulted in the
demobilization of the construction of the 3.8 million SWU
facility”! Instead, in 2012, the DOE provided a $280 million
research, development and deployment grant that allowed
USEC to build a full production-scale cascade of 120
machines, which achieved all three milestones of reliability
assurance, including 20 machine-years of operations at
commercial plant specifications.”? Unfortunately, for reasons
that are unclear, after the DOE funding for this facility ran
out, most of the components of this cascade were buried

in the desert of the Western United States in the following
years.®

As shown in the photos below, the large complex of
buildings needed to house plant operations have already
been constructed. In total, these process buildings total

1.7 million square feet under roof (approximately 30
American football fields) and can house 3,800 AC100M

gas centrifuges (the largest gas centrifuges ever to be
deployed in commercial uranium enrichment).”* The facility’s
equipment, including the gas centrifuges themselves,

have been extensively tested and shown to have excellent
performance, with more than 1.25 million hours of combined
machine runtime already completed.”®
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According to the environmental impact statement written

by the Nuclear Regulatory Commission, bringing this facility
to its fully licensed capacity would create 600 full time jobs
at the facility itself, and 900 indirect jobs in surrounding
communities. Construction of the facility will create 3,662
jobs for four years. Construction of the centrifuges for this
facility will occur in facilities outside of Ohio, and at peak will
create the following numbers of jobs, by state: Tennessee
(,900), South Carolina (¥750), Utah (¥480), Alabama (¥380),
Pennsylvania (¥380), Indiana (~120).7

Presently, the planned mobilization of the plant is limited to

a HALEU demonstration program, which will entail only 16
centrifuges, and less than 6,000 SWU, to create 900 kg of
HALEU by the end of 2024”7

Image 1 The American Centrifuge Plant in Piketon, Ohio 8¢

Image 2 Gas centrifuges inside the American Centrifuge Plant &7
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Image 3 American Centrifuge Plant workers standing inside the
facility process hall &

6.b The National Enrichment Facility in
Eunice, New Mexico

Located in Eunice, New Mexico, the National Enrichment
Facility is NRC licensed for up to 10 million SWU, and
presently operates at 5.4 million SWU per year. The National
Enrichment Facility is owned and operated by Urenco, a
company created by the Treaty of Almelo that is owned by
the British government, the Dutch government, and two
German Utilities.”® The National Enrichment Facility is
presently the only source of enrichment capacity for the
United States.

The NRC estimated in 2015 that scaling the National
Enrichment Facility from 3 million to 10 million SWU per year
would create 800 construction jobs in the first five years of
construction, 400 jobs in years six and seven, and 300 jobs
in years eight and nine.”

The cost of construction of the National Enrichment Facility
to its current operation capacity of 5.4 million SWU was
estimated to cost $3 billion.8°

6.c Radiological impacts of the American
Centrifuge Plant

For every new nuclear project, as part of its environmental
impact assessment, the NRC uses state of the art modeling
to simulate all potential avenues for radiological exposure to
the public, however infinitesimal. Unlike previous gaseous
diffusion enrichment technology, the gas centrifuge
enrichment technology releases extremely small amounts of
uranium to the atmosphere. This is because the gas
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centrifuges themselves spin in a vacuum, so any leakage
is captured by the vacuum and air handling systems of the
plant.

For the American Centrifuge Plant, extensive computer
modeling was done with the Environmental Protection
Agency’s modeling simulation code, CAP88, which

uses a highly sophisticated Gaussian plume model to
simulate all potential air-based radiological impacts of

the facility. The CAP88 radiological simulation for the
American Centrifuge Plant used years of highly detailed
meteorological observations that were captured directly on
the site. Importantly, these estimates are likely a dramatic
overestimation of radiation exposure, as the simulation
included not just direct atmospheric exposure, but indirect
exposure through ingestion of locally produced foods and
agricultural goods. The simulation assumed a very high
percentage of food consumption was from local sources
(within 50 miles of the plant), representing the upper bound
of possible radiation exposure from food.

The NRC simulated exposures for multiple locations in
Piketon, Ohio.®' The first is the location on the site boundary,
where no one lives, which is associated with the highest
possible radiation exposure attributable to the American
Centrifuge Plant operating at fully licensed capacity. The
maximum estimated excess radiation dose at this location

over an entire year is 0.0021 millisieverts (mSv)—three

thousand times lower than the radiation dose received by

the public from natural background radiation (6.2 mSv/yr)®>—

equivalent to the radiation dose a person would experience

over 53 minutes on an airplane.®? The second location

simulated is the business nearest the facility, the Ohio Valley
Electric Cooperative, which is approximately 1.5 kilometers
from the site boundary. Assuming a person lived in this
office for the entire year, the maximum estimated radiation
dose is 0.0016 mSy, equivalent to the radiation dose a

person would experience over 37 minutes on an airplane.

6.d Radiological impacts of the National
Enrichment Facility

The NRC undertook a similar process to estimate exposures
for multiple locations in Eunice, New Mexico attributable

to the Nation Enrichment Facility operating at fully

licensed capacity.?* The first location is the site boundary.
The maximum estimated excess radiation dose at this
location over an entire year is 0.000177 millisieverts (mSv),

equivalent to the radiation dose a person would experience

over 5 minutes on an airplane. The second location

simulated is the nearest residence, which is 2.6 miles from
the site boundary. At this location, the maximum estimated
radiation dose over one year is 0.0000433 mSy, equivalent
to the radiation dose a person would experience over 66
seconds on an airplane.
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7. Recommendations

Recommendation 1: Scale the American Centrifuge Plant

(Piketon) and the National Enrichment Facility (Eunice) up to
their fully licensed capacities

There are multiple policy options that could potentially
enable the scaling of these facilities to their licensed
capacity. These include offtake agreements (a commitment
to purchase enrichment services from these facilities), the
creation of a new nuclear fuel bank, sanctions on Russian
uranium enrichment services, loan guarantees for the
companies that own the facilities, or direct subsidies for
these facilities.

The White House and the Department of Energy should
assess available policy options and release a plan for the
scale-up of these two NRC-licensed sites to their fully
licensed capacity. Additionally, the White House should
request from the U.S. Congress any necessary support
needed to enact this plan.

Recommendation 2: Support further development and

possible commercialization of laser enrichment technology.

As we previously discussed, the historical circumstances
allowing the Soviet Union to surpass the United States gas
centrifuge development during the Cold War allowed the
US—and the rest of the world—to become highly dependent
on Russia for uranium enrichment capacity. If the U.S. is

to avoid a similar error, the US must ensure that it remains
on the technical cutting edge for uranium enrichment
technology.

Laser enrichment offers tremendous promise but has yet to
be commercially developed anywhere in the world. In 2015,
the US Nuclear Regulatory Commission granted Global
Laser Enrichment (GLE) a license to build and operate a
laser enrichment enrichment facility with 6 million SWU of
capacity. Alas, this license was terminated at the request of
GLE in January 2021.8%

The U.S. Department of Energy should explore policy
options to facilitate commercialization of laser enrichment
technology. Additionally, the NRC should clarify what steps
would be required to reactivate the Global Laser Enrichment
license.
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