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Mitigate the proliferation impact of offering submarines fueled with weapon-gradeuranium to a non-nuclear-weapon state by committing to design future
US naval reactors to use low-enriched-uranium fuel
We, the undersigned nonproliferation experts and former US government officials, are concerned
that the AUKUS deal to supply Australia with nuclear-powered attack submarines fueled with
weapon-grade uranium could have serious negative impacts on the global nuclear
nonproliferation regime and thereby on US national security. These negative impacts could be
mitigated by a serious US commitment to design future nuclear submarines to be fueled with
non-weapon-usable low-enriched uranium (LEU), which contains less than 20% chain-reacting
U-235. By contrast, highly enriched uranium (HEU) contains 20% or more U-235 and is
considered weapon usable, while weapon-grade uranium contains more than 90% and is
optimized for weapons use.
Impact of AUKUS on the nonproliferation regime. We are not concerned that Australia might
extract HEU from the submarine fuel to make nuclear weapons.
Our concern is that providing Australia with HEU-fueled naval reactors could allow other states
to invoke the AUKUS example to justify their own production or acquisition of HEU fuel.
This is not a theoretical concern. Iran is currently producing 60% enriched uranium that could be
used directly without further enrichment to produce nuclear weapons.1 At the UN, in late
September 2021, aides to Iran’s new foreign minister “noted that highly enriched uranium could
be used in naval reactors, suggesting they might want to use it for that purpose. And they cited

Mr. Biden’s new deal with Australia, which calls for the U.S. and Britain to supply Australia
with the technology for nuclear-propelled submarines, which use highly enriched uranium.”2
Some U.S. allies may ask for the same deal as Australia. South Korea could renew its request for
help in acquiring nuclear attack submarines, which the Trump Administration rejected.3 Leading
Japanese politicians have recently expressed a similar interest.4
Countries also could respond by producing HEU themselves or seeking HEU-fueled reactors
from Russia, which has exported HEU-fueled nuclear submarine technology to India. Russia has
offered to share LEU-fueled reactor technology with South Korea for civilian maritime use5 but
could be emboldened by the US example to offer HEU-fueled designs.
HEU in naval-reactor fuel cycles in non-weapon states would create a monitoring nightmare for
the International Atomic Energy Agency.6 The IAEA is charged by the Treaty on the
Nonproliferation of Nuclear Weapons with verifying that nuclear material in non-weapon states
is not diverted to nuclear weapons. The IAEA is constrained, however, by Section 14 of its
standard safeguard agreement, “Non-Application of Safeguards to Nuclear Material to be Used
in [Non-Explosive] Non-Peaceful Activities,”7 which would allow a country to exempt HEU fuel
from normal inspections for decades. This well-known loophole has not yet been tested.
The challenge of verifying that submarine fuel is not diverted for nuclear weapons would be
significantly easier if the fuel were made with LEU. Specifically, if a country has a uranium
enrichment plant – as Brazil has for its nuclear submarine program – the IAEA can monitor the
enrichment plant to assure that LEU is not being further enriched to HEU.8 By contrast, HEU
fuel could be diverted directly to a nuclear weapon without further enrichment.
France and China already use LEU fuel in their naval propulsion reactors. Offering such LEUfueled reactors for the Australian submarines would avoid setting a dangerous precedent for nonweapon states.
The US and UK should commit to develop LEU fueled naval reactors. The US and UK
should commit that any future exported naval-reactor technology will be LEU-fueled. To
facilitate that and to provide a better model, the US and UK should conduct the research
necessary to design their own future naval reactors to be fueled with LEU.
Such leadership has worked in the past. After the Carter Administration’s 1977 decision to
reduce proliferation risks by ending US civilian spent fuel reprocessing, the US was able to say
to other states, “We don’t separate plutonium from civilian fuel. You don’t need to either.”
Today, only one non-nuclear-weapon state, Japan, still has a reprocessing program. Limiting
naval fuel enrichment to LEU could have a similar exemplary global effect. The US deploys the
world’s largest fleets of both power and naval reactors.
The United States has been considering transitioning of US naval propulsion to LEU fuel since
1995. In 2016, in response to a request from Congress, NNSA provided a Conceptual Research
and Development Plan for Low-Enriched Uranium Naval Fuel. The plan proposed using an
advanced high-uranium-density fuel, which is already under development, to facilitate the
transition. In his cover letter, NNSA’s Deputy Administrator for Naval Reactors stated, “While
success is not assured, this development has the potential to deliver a fuel that might enable an
aircraft carrier reactor fueled with LEU in the 2040’s.”9
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The elite JASON group of technical national-security consultants endorsed the proposed
program.10 The Obama White House also expressed its support.11 In 2018, however, the Trump
Administration rejected the plan.12
During the period 2016-2021, Congress has funded a modest LEU fuel development program for
naval reactors – most recently through NNSA’s Office of Defense Nuclear Nonproliferation, due
to loss of interest within the office of Naval Reactors (NR). Unfortunately, the NNSA budget
request for FY2022 did not include funding for this program.
It is not too late to mandate that NR itself develop LEU core designs and make clear that the
Biden Administration intends to strengthen, not undermine, the longstanding US nonproliferation
commitment to minimize HEU at home as well as abroad.
The first focus of the program should be to assure that the future SSN(X), the replacement for the
Virginia-class attack submarines, whose design has barely begun,13 can accommodate an LEU
core. As the 2016 JASON group review stated,
If the reactor compartment is not designed to accommodate a life-of-ship LEU core, and if later redesign to accommodate such an LEU core is impractical, then HEU cores will be required for all
[SSN(X)s], the last of which will launch in the 2060s. On the other hand, if design parameters and
fuel development allow an LEU reactor … then it is possible that the Navy's final HEU core will be
built in the 2040s.

A more compact life-of-the-ship LEU core, made possible using the high-density uranium fuel
that NR currently has under development, would be desirable. If, however, as recently reported,
the diameter of the SSN(X) is to be meters larger than that of the Virginia-class,14 a larger life-ofthe ship LEU core could be accommodated – even one based on current naval fuel density. As
stated in a 1995 report to Congress from the Office of Naval Reactors, a one-meter increase in
the diameter of the Virginia submarine hull (from 10 to 11 meters) would allow it to
accommodate a lifetime LEU core without a change in fuel design.15 A future replacement for
the larger Columbia-class ballistic missile submarines could easily accommodate an LEU core.
A transition to LEU-fueled naval reactors in the 2040s also would make it possible to avoid the
international opprobrium and cost that the US would incur if it resumed production of weapongrade uranium for the first time since the end of the Cold War. DOE has projected that the excess
US Cold War HEU that has thus far been committed for naval reactors should last into the 2050s
or 2060s.16 In 2015, DOE estimated a new enrichment plant would cost $6-11 billion.17
Recently, Representative William Foster of Illinois, the only PhD physicist in Congress,
submitted an amendment to the National Defense Authorization Act for FY 2022 that would
have required the NNSA Administrator to
establish a program to assess the viability of using [LEU] in naval nuclear propulsion reactors . . .
[and] submit to the congressional defense committees a report assessing the feasibility and
performance impact of [a SSN(X) that] . . . leaves sufficient space for a [LEU] fueled reactor with a
life of the ship core… 18

We urge the Biden Administration to – at the very least – initiate an effort along those lines.
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