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Background

Participants

In 2018-2019, the Maureen and Mike Mansfield
Foundation, with support from the MacArthur
Foundation and the Stockholm International Peace
Research Institute (SIPRI), convened a U.S.Japan-South Korea Dialogue on Aligning Security
Concerns and Spent Fuel Strategies. The Dialogue
reflects two distinct realities. First, the United
States, Japan, and South Korea, while three of the
world’s most advanced countries in terms of nuclear
energy experience, technology, and capacity, face
significant challenges and questions regarding
their plans for the “back-end” of the nuclear fuel
cycle. Second, the three countries also share
regional and global security concerns. Russia’s
invasion of Ukraine in February 2022 and the risk
of radiation dispersal from spent nuclear fuel rods
stored in Ukrainian nuclear facilities brings urgency
and renewed relevance to this Trilateral Dialogue.
Japan and South Korea are two of the most
important security allies to the United States, and
cooperate with each other to a significant degree on
regional security. This fact, despite the historically
fraught Japan-South Korea bilateral relationship,
underscores the extent to which Japan and South
Korea each share interests not only with the United
States, but also with each other. The Dialogue
aims to strengthen the connections between these
two areas—back-end fuel cycle strategies in each
country and their shared regional and global energy
and national security priorities.

The Dialogue convened 20 experts on the fuel
cycle, nuclear nonproliferation, Northeast Asian
security, and regional geopolitics. The group was
drawn from government, academia, and the private
sector in the United States, Japan, and South
Korea, and represented a balance of interests
from advocates of nuclear power to skeptics. This
group included several members of complementary
programs including those organized by the
Mansfield Foundation, such as the Mansfield-CIIS
Forum on Peace, Security, and Cooperation in
Northeast Asia, the U.S.-Japan Nuclear Working
Group, and the U.S.-Japan Workshop on Nuclear
Regulatory Oversight.

The Dialogue consisted of two 3-day workshops:
a June 2018 meeting in Switzerland, involving
Switzerland’s ZWILAG centralized interim spent fuel
storage facility; and a December 2018 workshop
session in Stockholm, Sweden involving the
Swedish Nuclear Fuel and Waste Management
Company (SKB)’s Forsmark Spent Fuel Repository.
The participants in our Dialogue arrived at
several key findings on how best to manage their
nuclear waste, and how they might foster greater
collaboration on shared challenges. Rooted in
economic, political, technical, and geopolitical
realities, our recommendations outline a vision
for collaborative and individual steps to advance
nuclear spent fuel storage and disposition practices,
inside and outside the three countries, that are
consistent with shared American, Japanese, and
Korean security and economic interests.

The group at work in Zurich, Switzerland (July 2018).
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Context of Current Nuclear Programs and
Spent Fuel Policies
The United States, Japan, and Korea all have
advanced nuclear industries and capabilities, and
all are dependent, to varying degrees, on nuclear
power to meet their energy needs. Although their
programs are in different phases, they face a
common challenge: how best to dispose of highlevel nuclear waste. None of these countries has
devised a solution to this challenge. All currently
rely on measures originally intended to be interim or
short-term. To gain popular support for any longterm storage plan, the nuclear industries and those
who regulate them must overcome both technical
and political hurdles, minimize environmental and
economic costs, and address complex security
threats. This has proven to be an elusive goal,
particularly given the absence of strong political
leadership on these issues.

collected and shipped in containers approved by the
Department of Transportation to one of four low-level
waste disposal sites in South Carolina, Texas, Utah,
or Washington.3 Unlike Japan and South Korea, the
United States has ample low-level waste capacity
and does not face territory constraints.

The United States

The United States does not reprocess spent fuel,
instead simply viewing it as waste. There is currently
no centralized storage site for high-level nuclear
waste: the 90,000 metric tons of spent fuel are
stored at 80 sites in 35 states.5 The two accepted
storage methods are either on-site in specially
designed pools, known as wet storage, or in dry
cask storage, which uses metal or a combination
of metal and concrete for radiation shielding. Spent
fuel must typically be cooled in spent fuel pools for
at least five years before optionally being transferred
to dry cask storage. The NRC “believes spent
fuel pools and dry casks both provide adequate
protection of the public health and safety and the
environment. Therefore, there is no pressing safety
or security reason to mandate earlier transfer of fuel
from pool to cask.”6

The United States currently has 55 commercially
operating nuclear power plants with 93 nuclear
reactors in 28 states as of March 2022, with the
most recent nuclear reactor coming online in 2016
after a 20-year hiatus.1 Nuclear power is a key part
of the United States’ energy portfolio, as it can help
shift away from fossil fuels and reduce greenhouse
gas emissions. Currently, nuclear power generates
about 20% of electricity in the United States every
year.2
While relying heavily on nuclear power, the United
States has no clear national strategy for how
best to dispose of its nuclear waste. The Nuclear
Regulatory Commission (NRC) categorizes nuclear
waste as either high-level or low-level. Low-level
waste, which can include protective clothing, tools,
and machines that have been contaminated with
radioactive material or exposed to neutron radiation,
is typically stored on-site until it is safe to dispose, or
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The larger problem comes from high-level waste,
which is produced as a byproduct of the reactions
that occur inside nuclear reactors and is both hot
and radioactive. As stated by the NRC, “since
the only way radioactive waste finally becomes
harmless is through decay, which for high-level
wastes can take hundreds of thousands of years,
the wastes must be stored and finally disposed of
in a way that provides adequate protection of the
public for a very long time.”4

The U.S. Congress designated a sole national
permanent nuclear waste repository in 1987 at
Yucca Mountain in Nevada, which was approved
in 2002. However, state residents and their elected

1.

“How many nuclear power plants are in the United States, and where are they located?,” U.S. Energy Information Administration.
https://www.eia.gov/tools/faqs/faq.php?id=207&t=3

2.

“Country Statistics: United States of America,” International Atomic Energy Agency (IAEA). https://pris.iaea.org/PRIS/
CountryStatistics/CountryDetails.aspx?current=US

3.

“Low-Level Waste,” United States Nuclear Regulatory Commission. https://www.nrc.gov/waste/low-level-waste.html

representatives in Congress posed significant
political and legal opposition to the Yucca Mountain
repository project, and the Department of Energy
(DOE) eventually terminated its licensing efforts
at Yucca Mountain in 2010 under the Obama
administration. The nuclear waste repository project
in Yucca Mountain has become a central issue at
local and national elections, and the majority of
Nevadans feel it is unfair for their state to host the
repository when it does not host any operative
nuclear power plant.
In recent years, two proposals for Consolidated
Interim Storage Facilities (CISF) were filed by private
companies for the NRC’s review: one in Andrews
County, Texas (April 2016) and the other in Lea
County, New Mexico (March 2017). The purpose of
these facilities is to store nuclear waste from all over
the country before it is transferred to a permanent
repository –whenever (and wherever) one might
be built.
The NRC approved the application of the CISF
in Texas in September 2021. However, a few
months later in March 2022, several environmental
organizations such as Beyond Nuclear, Don’t Waste
Michigan, and Sierra Club filed briefs challenging the
NRC’s approval.
The proposal for Lea County is also in jeopardy after
the Attorney General of New Mexico announced
in March 2021 that the state of New Mexico filed
a lawsuit against the NRC seeking the halt of
the CISF.7
In fact, interim storage facilities face the same
political dilemma as a permanent repository: states
are reluctant to allow spent fuel to be transported
through or into their state, especially because
the liability and ownership of the spent fuel is on
the utility companies rather than the government.
Additionally, because fuel is shipped once to the
interim storage, and then to the permanent storage,
there is concern that this method increases the risk

of accidents during transportation.
In 2021, the issue of nuclear waste regained
some visibility in Congress, as Reps. Mike Levin
(D., Calif.) and Rodney Davis (R., Ill.) formed the
bipartisan Spent Nuclear Fuel Solutions Caucus
in the House of Representatives.8 Moreover, in
February 2022, Reps. Mike Levin and Darrell Issa
(R., Calif.) reintroduced the Spent Fuel Prioritization
Act to prioritize the removal of spent nuclear fuel
from decommissioned nuclear sites in areas with
large populations.9 The Representatives’ goal is to
advance the implementation of CISFs, however: the
long-term project for a permanent repository remains
stalled.
These decades-long delays to the operation of a
permanent repository come at a high cost. As the
bipartisan Blue Ribbon Commission on America’s
Nuclear Future (BRC) wrote in its January 2012
report, “[t]he overall record of the U.S. nuclear waste
program has been one of broken promises and
unmet commitments.”10
The Nuclear Waste Policy Act of 1982 required the
DOE to dispose of spent nuclear fuel and high-level
radioactive waste in a deep geologic repository by
January 1998. Legally, the DOE owns nuclear waste,
rather than the nuclear industry. For failing to fulfill
its obligations, as of September 2020, the DOE
has paid the owners of commercial nuclear power
reactors almost 9 billion dollars in damages for the
costs they incurred to store spent fuel at reactor
sites.11 These costs will continue to grow until the
federal government approves the establishment
of consolidated interim storage facilities or a
permanent repository. The Nuclear Energy Institute
(NEI) estimates that “taxpayers are assessed 800
million dollars annually (2.2 million dollars per day)
becauseof the federal government’s failure to
meet its obligation to dispose of used nuclear fuel
that currently resides at nuclear plants across the
country.”12

4.

Ibid.

5.

Rebecca Tuhus-Dubrow, “What Should America Do With Its Nuclear Waste?,” The Washington Post, April 11, 2022. https://www.
washingtonpost.com/magazine/2022/04/11/america-nuclear-waste-san-onofre/

6.

“Spent Fuel Storage in Pools and Dry Casks Key Points and Questions & Answers,” United States Nuclear Regulatory Commission.
https://www.nrc.gov/waste/spent-fuel-storage/faqs.html
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A better waste management strategy is essential
if nuclear power, which provides almost half of
the country’s low-carbon electricity, is to play a
meaningful role in a future energy system that does
not rely on fossil fuels. To reach its goal of netzero emissions by 2050, the Biden administration
has called for substantial investments in nuclear
reactors.13 “The United States views nuclear energy
as a pivotal technology in the global effort to lower
emissions, expand economic opportunity, and
ultimately combat climate change,” Energy Secretary
Jennifer Granholm said in a statement in November
2021.14
Japan
Following the March 2011 earthquake and tsunami,
and the resulting damage to the Fukushima Daiichi
nuclear power plant, Japan gradually shut down
all nuclear power plants and has faced significant
political and social challenges to the use of nuclear
energy. Prior to the disaster, there were 54 reactors
operating in Japan generating about 30% of Japan’s
electric power. As of January 2022, there are 33
operable reactors, of which only 10 are currently
operating, with a handful more undergoing review
for potential restart.15 In October 2021, the Kishida
Cabinet approved the 6th Strategic Energy Plan
drafted by the Ministry of Economy, Trade, and
Industry (METI). While the previous Plan (approved
in July 2018) emphasized that reliance on nuclear
energy would be reduced moving forward, the new
Plan adds that the government will “make efforts to
secure the trust of the public and make sustainable
use of nuclear power on an as-needed scale, based
on the foremost premise of ensuring safety.”16
Japan has about 18,000 tons of spent fuel on
hand, most of it stored at or adjacent to the nuclear
power plants. Since 1956, Japan’s official policy
for spent fuel has involved reprocessing unburned
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uranium and plutonium into mixed-oxide fuel (MOX).
The government considers reprocessing and the
production of MOX to be vital parts of its national
energy strategy. In the past, the United Kingdom and
France have helped Japan reprocess spent fuel, but
the Rokkasho Reprocessing Plant in Aomori is being
constructed by Japan Nuclear Fuel Limited (JNFL)
specifically for the purpose of reprocessing fuel, with
a planned start date of 2022. The Rokkasho plant
has support from prefectural and local governments
but faces numerous political challenges and has
been delayed many times.
Japan’s reliance upon the reprocessing of spent
fuel presents both financial and security challenges.
First, MOX is more expensive than raw fuel.
Japan chose to invest in reprocessing to lessen
its dependence on imported uranium, but the
advantage in terms of energy security has come at a
heavy price. Japanese energy consumers must pay
a premium for the government’s desire to use MOX
fuel. Second, Japan’s inability to use MOX fuel at
present means that the government’s plan to avoid
accumulating plutonium is every year becoming less
plausible. Japan has committed not to accumulate
more spent fuel than it can reprocess or safely store.
Stockpiles of fissile material for which Japan has
no viable plan are considered “excess,” and thus
present nonproliferation concerns. With fewer than
half of the current operating reactors even licensed
to use MOX fuel, none of them using MOX, and with
the Rokkasho reprocessing and storage facility yet
to open, Japan is accumulating spent fuel, including
fissile material, without a realistic plan for its future
disposal. Japan will need to admit and address the
fact that it is in possession of tons of excess fissile
material or adopt a clear and realistic roadmap
detailing how it intends to reduce its stockpile.
On July 31, 2018, the Japan Atomic Energy
Commission (JAEC) released a statement titled
“Basic Principle on Japan’s Utilization of Plutonium.”

7.

“Attorney General Balderas Announces Lawsuit to Halt Holtec Nuclear Storage Facility.” https://www.nmag.gov/uploads/
PressRelease/48737699ae174b30ac51a7eb286e661f/Attorney_General_Balderas_Announces_Lawsuit_to_Halt_Holtec_Nuclear_
Storage_Facility.pdf

8.

“Reps. Levin, Davis form bipartisan caucus to tackle stranded spent fuel issue,” Nuclear Newswire, July 26, 2021. https://www.
ans.org/news/article-3099/reps-levin-davis-form-bipartisan-caucus-to-tackle-stranded-spent-fuel-issue/

9.

“Reps. Mike Levin and Darrell Issa Reintroduce Legislation to Prioritize San Onofre for Spent Nuclear Fuel Removal,” Mike Levin
Press Releases, February 9, 2022. https://mikelevin.house.gov/media/press-releases/reps-mike-levin-and-darrell-issa-reintroducelegislation-to-prioritize-san-onofre-for-spent-nuclear-fuel-removal

10.

“Report to the Secretary of Energy January 2012.” Document hosted by the Blue Ribbon Commission on America’s Nuclear
Future. https://www.energy.gov/sites/default/files/2013/04/f0/brc_finalreport_jan2012.pdf

The document intended to clarify Japan’s stance on
the country’s reduction of the plutonium stockpile
while continuing to exploit the full nuclear fuel cycle
(including reprocessing). The government did not
present specific information about how much or by
what date it intends to cut its stockpiles, although
JAEC laid out five steps that could be implemented:
1. Approve reprocessing plans under the Spent
Nuclear Fuel Reprocessing Implementation Act
so that reprocessing is to be carried out only to
an extent necessary for steady pluthermal power
generation, reflecting the operational situation of
the Rokkasho Reprocessing Plant (RRP), the MOX
Fuel Fabrication Plant, and MOX-burning reactors;
instruct the operators and confirm that the produced
MOX fuel is to be fully consumed in a timely manner;
2. Instruct the operators so as to secure a balance
between demand and supply of plutonium, minimize
the feedstock throughout the process between
reprocessing and irradiation, and reduce the
feedstock to a level necessary for proper operation
of the RRP and other facilities;
3. Work on reducing Japan’s plutonium stockpile
stored overseas through measures including
promoting collaboration and cooperation among the
operators;
4. Examine all options such as use and disposal
of plutonium that is associated with research and
development purposes, if there is no concrete
plan for its immediate use, while ensuring flexibility
depending on the situations; and
5. Steadily promote efforts toward expanding
storage capacity for spent fuel.17
More progress was made in the past two years
on the utilization of plutonium. On December 17,

2020, 9 of the 10 major Japanese utility companies
(excluding the Okinawa Electric Power Company),
the Japan Atomic Power Company, and Electric
Power Development Co., Ltd (J-Power) announced
a Plutonium Utilization Plan. Under this Plan,
the companies have committed to ramping up
pluthermal power generation to steadily use up all
the plutonium, including the quantities stored abroad
and the ones collected by the RPP.18 The Federation
of Electric Power Company (FEPC) also revised its
MOX utilization plan in February 2021. The revised
plan states that by the end of March 2031, at least
12 units will be running on MOX fuel.19
Since the Fukushima Daiichi disaster, the Japanese
government and nuclear power companies in Japan
have been struggling to rebuild the public opinion’s
trust and confidence in nuclear power. However,
a March 2022 survey conducted by Japan’s top
business newspaper, Nikkei, showed that for the first
time in more than a decade, a narrow majority of
Japanese people support restarting nuclear reactors.
According to the survey, 53% of the respondents
indicated that nuclear reactors should restart if
safety can be ensured, while 38% responded that
they should remain shut.20 As nuclear power is one
of the growth sectors identified by the Japanese
government to counter the issue of climate change,
building Japan’s domestic public’s confidence in
nuclear energy will become a key priority for the
government in the years to come.
Republic of Korea
South Korea has historically relied significantly on
nuclear power generation, even becoming the most
reactor-dense country in the world at one time.21
However, similarly to Japan, public sentiment has
turned against nuclear power in recent years. The
2011 Fukushima disaster and the scandal involving

11.

“COMMERCIAL SPENT NUCLEAR FUEL: Congressional Action Needed to Break Impasse and Develop a Permanent Disposal
Solution of September 2021.” Document hosted by the United States Government Accountability Office. https://www.gao.gov/
assets/gao-21-603.pdf

12

“Used Nuclear Fuel,” Nuclear Energy Institute. https://www.nei.org/advocacy/make-regulations-smarter/used-nuclear-fuel

13

Anna Phillips, “Biden wants to make federal government carbon neutral by 2015,” The Washington Post, December 8, 2021.
https://www.washingtonpost.com/climate-environment/2021/12/08/biden-government-purchasing-climate-change/

14

“U.S. Secretary of Energy Jennifer Granholm and Romanian Minister Energy Virgil Popescu Highlight New Partnership on SMRs,”
November 4, 2021, U.S. Department of Energy, Office of Nuclear Energy.

https://www.energy.gov/ne/articles/us-secretary-energy-jennifer-granholm-and-romanian-minister-energy-virgil-popescu
15

“Japan nuclear reactor operations: Kyushu Electric restarts Sendai No. 1 reactor,” Reuters, December 20, 2021. https://www.
reuters.com/markets/commodities/japan-nuclear-reactor-operations-kyushu-electric-restarts-sendai-no-1-reactor-2021-12-20/
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falsified safety certificates for the ROK’s nuclear
power plants in 2012 contributed to the decline of
public confidence in and support for nuclear energy.
This has resulted in an official government stance
of scaling back South Korea’s reliance on nuclear
power, particularly under President Moon Jae-in’s
administration (2017-2022).
Nuclear power accounts for roughly 30% of Korea’s
electricity supply. Consistent with its desire to
shift toward renewable energy sources, the Moon
administration stated that it will not extend the
lifespans of older nuclear reactors, and planned
to reduce the number of operating nuclear power
reactors from 24 to just 14 by 2038. Korea Hydro
and Nuclear Power Company (KHNP) was originally
planning to build four new reactors (Cheonji 1 and
2 in Yeongdeok, and Daekin 1 and 2 in Samcheok)
with a service life through the 2080s, but the
construction project was ended in June 2019.9
On December 28, 2020, President Moon’s
administration unveiled the 9th Basic Plan for
Long-term Electricity Supply and Demand. This
Plan states that nuclear power will be reduced to
roughly 11% or 19.4 gigawatts (GW) by 2034, while
renewables will account for 58 GW (33%).22 It is also
the first Basic Plan to follow South Korea’s pledge
to go carbon neutral by 2050, which was marked
by the May 2021 establishment of the 2050 Carbon
Neutrality and Green Growth Commission.

decision to release treated radioactive water from
the Fukushima Daiichi nuclear power plant.23
The ROK government is exploring the establishment
of a national repository for high level nuclear waste,
but it has not yet selected a site. The Ministry of
Trade, Industry, and Energy (MOTIE) is carrying out
geological surveys for the selection of a final waste
repository as prescribed by the 2016 National Policy
on High Level Radioactive Waste Management.
However, the process is still in the preliminary
stage and is unlikely to be completed before 2030.
Previously, the government explored building a
repository for both high- and low-level waste in the
western coastal city of Buan, but that plan was
halted in 2004 following violent protests.24
South Korea imports uranium for its power plants
and does not reprocess or enrich it due to a 30year nuclear cooperation agreement with the United
States, which was extended for another 20 years
in 2015. There is debate about whether to develop
reprocessing technology, however—both to enhance
energy independence and master the fuel cycle—
and the government has conducted research with
the United States on pyroprocessing technology.

However, newly-elected President Yoon Suk-Yeol is
set to completely reverse Moon’s policy on nuclear
power. Nuclear energy policy was in fact a key issue
in the March 2022 presidential elections in South
Korea, and the domestic public opinion has been
growing more and more concerned with climate
change issues. Although the pro-nuclear candidate
eventually won the latest presidential elections, the
South Korean public’s deep mistrust of the nuclear
industry still lingers, as well as its anxieties vis-àvis nuclear energy, accentuated by Japan’s recent

7

16

METI, 6th Strategic Energy Plan, October 2021. https://www.enecho.meti.go.jp/category/others/basic_plan/pdf/20211022_01.pdf

17.

“The Basic Principles on Japan’s Utilization of Plutonium,” Japan Atomic Energy Commission, July 31, 2018. http://www.aec.go.jp/
jicst/NC/iinkai/teirei/3-3set.pdf

18

“The Plutonium Utilization Plan,” The Federation of Electric Power Companies of Japan, February 18, 2022. https://www.fepc.or.jp/
english/news/message/__icsFiles/afieldfile/2022/02/18/press_20220218_3_3.pdf

19

“Japanese utilities revise MOX utilization plan,” World Nuclear News, February 26, 2021. https://world-nuclear-news.org/Articles/
Japanese-utilities-revise-MOX-utilisation-plan

Japan, South Korea,
U.S. Visions for
Spent Nuclear Fuel
Practices
Nuclear power plants have been in operation for
more than sixty years, but no country has yet
opened a permanent storage site for the long-term
storage of spent nuclear fuel. Finland, Sweden,
Switzerland, Italy, France, and Canada have taken
concrete steps in that direction, but Japan, South
Korea, and the United States have not determined
how best to dispose of nuclear spent fuel. Even as
the United States, Japan, and South Korea ponder
the role of nuclear power in their future energy
plan—debating whether to build additional nuclear
energy capacity to help them reduce greenhouse
gas emissions—they must contend with a more
immediate challenge: how to deal with the existing
(and growing) accumulation of nuclear spent fuel and
high-level radioactive waste. The failure to adopt a
long-term waste management plan has proven to be
an impediment to new investments in nuclear power
by the United States, Japan, and the ROK. Whether
a country plans to eventually phase out its reliance
on nuclear energy is immaterial to the fact that all
three nations already possess significant stockpiles
of spent fuel and radioactive waste. Tons of waste
must be stored in a safe, permanent, and secure
way. Moreover, failure to devise effective strategies
for long-term waste disposal in one country will
affect the prospects for nuclear power in other
countries, so it is essential to build and promote
international norms for the safe management of
spent nuclear fuel. Doing so is in the interest of
everyone in the global community, not only today but
also for future generations.

shared technological origins. Both Japan and the
ROK use U.S.-licensed nuclear power systems and
are treaty allies of the United States. In sum, the safe
management of spent nuclear fuel is an area where
the stakes and overlapping interests among Japan,
South Korea, and the United States are strong
enough that all three nations should work together
to achieve common objectives and advance mutual
interests. The Mansfield Trilateral Dialogue explored
ways in which the three countries, whether in
cooperation or individually on parallel tracks, could
orient future strategies for the back end of the
fuel cycle in order to advance their shared safety
and security goals. Our Dialogue also explored
how such collaboration and norm-setting might
contribute to the ability to find a lasting solution to
the challenge of North Korea’s illicit nuclear program
if the DPRK proves willing to abandon its pursuit
of nuclear weapons. Our experts sought to identify
and prioritize areas in which enhanced technical and
political cooperation could help solve their respective
waste disposal issues.

Although multilateral approaches to nuclear waste
management can complicate planning and slow
the adoption of national plans, the case for U.S.Japan-ROK collaboration is compelling. All are
democracies, with liberal democratic systems of
government and rule of law. All have historically
relied heavily on nuclear power to meet their energy
needs, and all are striving to reduce greenhouse gas
emissions associated with the burning of fossil fuels.
All three nations use nuclear power systems with
8

Applying Lessons
to DPRK Scenarios
Japan, South Korea, and the United States
have a critical shared interest in addressing
the safety and security challenges posed by
North Korea and its spent fuel and other
nuclear waste. The international community
needs to plan for the success of bringing
North Korea into compliance with the NPT,
including preparing the resources needed to
successfully denuclearize the DPRK. A crucial
aspect of DPRK’s denuclearization involves
dismantlement of its nuclear facilities and
management of their associated radioactive
wastes. Regardless of whether the DPRK ever
develops a civil nuclear program in the future
after the surrender and dismantlement of its
facilities, the international community has
an interest in ensuring that North Korea’s
existing nuclear waste will not pose a threat to
its own citizens or to the regional and global
community. Cleaning up and disposing of the
DPRK’s nuclear waste will require extensive
international cooperation and cannot be
achieved without careful assessment, planning,
a strong commitment, and a realistic timeline.
North Korea has no safe and secure interim
or long-term nuclear waste storage facilities,
and the international community would need
to find methods to safely remove high-level
nuclear waste from the DPRK or to safely and
securely dispose of it inside the DPRK in such
a way as to meet the UN’s nonproliferation
concerns. U.S.-Japan-ROK cooperation and
coordination to achieve this objective need to
be urgently addressed.

Identifying
Convergence of
U.S.-Japan-Korea
Global Security
Interests and Spent
Fuel Practices
The United States, Japan, and South Korea
are of course not the only countries struggling
to address the challenge of safely disposing
of nuclear waste, especially spent fuel. As
referenced above, the Mansfield Foundation’s
choice to convene a trilateral dialogue speaks
to the convergence of interests—geostrategic,
technological, and value-driven—among the
three nations, and the priority all attach to the
issues of nuclear safety and nonproliferation,
particularly on the Korean Peninsula. All three
countries have a shared stake or interest in:

● The safe and secure storage of nuclear spent
fuel, as we have a common responsibility to
our current citizens and the world’s future
generations to provide a solution to the waste
challenge.
● Promoting global standards and norms
of spent fuel management. The nations are
among the leaders in the nuclear energy field,
with the capability to set safety, security, and
nonproliferation standards for the planet. Their
example could also encourage less responsible
countries to raise their safety standards.
● Promoting the principle of nuclear newcomer
nations establishing a clear strategy for waste
solutions before committing to nuclear energy.
● Promoting the safe and secure use of nuclear
energy in helping to offset carbon emissions from
electricity production.
● Encouraging multilateral options for storing and
disposing of spent fuel.
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Furthermore, the United States, Japan, and South
Korea all have expressed interest in remaining
competitive in the global nuclear power market.
This means they must offer a full range of
nuclear energy services: fuel fabrication, plant
construction and operation, as well as waste
management and spent fuel long-term storage.
Only by finding technically and politically viable
solutions to the nuclear waste disposal problem
can they:
● Protect competitive industrial practices against
unfair competition from state-owned actors.
● Take advantage of opportunities for economic
growth and political influence associated with
global nuclear energy contracts. The American
nuclear industry has already found that a lack of
domestic demand results in a disrupted nuclear
supply chain and weakened credibility, which
reduces competitiveness against vendors from
Russia and China for contracts with newcomer
countries, such as Saudi Arabia.
● Offer other states a viable alternative to Chinese
and Russian nuclear power plant proposals,
which typically are priced well below their Western
competitors, albeit offering less transparency
on safety standards. Russia, in particular, offers
financing options to make nuclear energy a more
affordable option for developing nations that
cannot independently amass the capital needed
for such a large investment.
● Maintain leverage over nuclear energy
standards and norms of practice in the
interest of safety and nonproliferation. For
example, South Korea played an essential
role in encouraging the United Arab Emirates
to commit to nonproliferation, which helps
protect nonproliferation in the Middle East.
Competitiveness in the nuclear export market
is essential to supporting a nonproliferation
regime.25

Political Challenges
of Managing Spent
Nuclear Fuel

Views on nuclear power are shaped by price,
security of energy supply, safety concerns,
and confidence in operators and governments.
Awareness of and knowledge about climate change
can also be a factor that shapes the public’s views
of nuclear power: those who are well-informed about
climate change tend to take a more favorable view
of nuclear power as a means of reducing the CO2
emissions contributing to global warming. Public
support for nuclear power has fallen around the
world in the past 15 years, driven down both by the
availability of cheaper alternative energy sources
and nagging safety concerns, underscored by the
Fukushima nuclear disaster.
In the United States, for example, a 2019 Gallup poll
found that only 49% of the U.S. public was in favor
of nuclear power; well below the record high of 62%
observed in 2010.26 According to the most recent
Pew Research Center survey, conducted in January
2022, around a third of adults (35%) in the United
States say the federal government should encourage
production of nuclear power, while about a quarter
(26%) responded that the government should
discourage it.27
Unsurprisingly, public opinion in Japan rapidly
moved against nuclear power after the nuclear
disaster in 2011. However, in the past two years,
polls have registered a slightly more positive attitude
of domestic public opinion vis-à-vis nuclear power.28
According to a February 2022 survey, public opinion
in South Korea also remains split, with over a third
of respondents (38%) stating that nuclear power
plants in the country must be gradually shut down
due to safety concerns on the one hand, and about
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34% responding in favor of construction of nuclear
power plants in order to ensure power supply and
economic growth.29
If public opinion on nuclear power is mixed, views
on living adjacent to a nuclear waste facility are
decidedly negative. There is a widespread mistrust
of nuclear materials and safety standards that
results in social and political opposition to the
placement of nuclear waste storage facilities “in
one’s own backyard.” This mistrust is not limited
to issues of safety and security at nuclear waste
sites themselves: it also extends to the hazards of
transporting spent fuel and other nuclear waste
by road, rail, or sea from the place where it was
generated to where it will be stored. Whenever the
nuclear power sector exhibits a lack of transparency,
popular mistrust intensifies. The 2011 Fukushima
Daiichi accident revealed to the domestic and
international public that even an advanced civil
nuclear program like the Japanese one suffered
from lack of transparency and malpractices.30 The
Fukushima accident is certainly not an isolated
case that negatively affected the public’s views of
nuclear power: the 2012 scandals in South Korea
relating to the falsification of safety documentation
also increased the public’s suspicion of nuclear
power. Once public confidence has been damaged
or lost, it is extremely difficult for governments and
industries to rebuild it.
Moreover, mistrust on nuclear waste issues can also
result in heightened tensions between neighboring
countries.31 At the September 2021 International
Atomic Energy Agency (IAEA) General Conference,
a South Korean government representative criticized
Japan’s decision to release treated radioactive
water from the Fukushima Daiichi nuclear plant
into the sea. Although backed by the United States
and the IAEA as meeting all international nuclear
regulations and practices, the Japanese decision
has revived suspicions about nuclear energy among
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the Japanese public and especially in neighboring
countries. It is noteworthy that the decision was
announced during a particularly difficult time for
Tokyo’s relations with the Moon administration.
Newly elected South Korean President Yoon SukYeol might take a more nuanced approach to
this divisive issue, as he may want to rebuild the
domestic public’s confidence in nuclear energy.

Bentonite demonstration at Grimsel SIte, Switzerland

Although there is widespread support for the general
concept of consolidated storage for spent nuclear
fuel, support tends to dissipate once governments
put forward specific proposals to locate a waste
facility or a repository at a specific location. The
exceptions to this rule, however, can offer valuable
clues for how the United States, Japan, and South
Korea might better manage the political hurdles
associated with disposing of nuclear waste.
Sometimes local people and governments
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do support storage facilities, particularly when
government grants and jobs help keep communities
viable, as in the case of Rokkasho village and
Uppsala, the municipality where the Forsmark plant
is located. But even if those closest to a facility
might welcome, or at least tolerate its presence,
neighboring communities often are more resistant,
and national attitudes may remain negative.
The United States, Japan, and South Korea all face
similar challenges in siting a national depository and
getting community buy-in. The challenges have less
to do with finding sites with the right geology and
other technical specifications, and more to do with
navigating the political obstacles inherent to complex
democratic societies. Our Dialogue participants
traveled to Switzerland and Stockholm to study their
experiences, because both have had some success
on the technical and political dimensions of the
nuclear waste management challenge.

The Forsmark Spent Fuel Repository in Sweden

Field Results
from Zurich and
Stockholm
Technical Lessons
Our group observed two examples of storage
facilities: wet storage in Sweden with a tour of
the Forsmark repository site, and dry storage at
the interim storage facility ZWILAG in Switzerland.
Both methods are in widespread use, and both
have proven safe and reliable, but on-site dry cask
storage offers some significant advantages over wet
storage. Dry cask storage does not require water
or electricity to keep spent nuclear fuel cooled. In
the 2011 Fukushima disaster, a dry cask storage
facility remained safe even though it was flooded
by the tsunami, while the cooling functions in spent
fuel pools were temporarily lost, resulting in overheating of the spent fuel and the release of radiation
into the air. The pools themselves maintained their
containment functions and were robust enough to
survive the earthquake, but the subsequent tsunami
damaged monitoring equipment and disrupted
power supply to both primary and backup water
circulating cooling systems. One major advantage of
dry cask storage is that it does not require power to
sustain such cooling systems, and they can operate
without the same complex monitoring systems as
wet storage.32
During their visit to Switzerland, the Dialogue
participants also visited the Grimsel Test Site (GTS)
in Switzerland. The GTS, established in 1984, is a
center for underground Research and Development
(R&D) supporting a wide range of research projects
on the geological disposal of radioactive waste.
Nagra, Switzerland’s National Cooperative for the
Disposal of Radioactive Waste, has been conducting
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underground research project at the GTS for over
35 years. The numerous R&D projects carried out
at the site not only optimize the technology and the
monitoring of geological disposal; they also train the
next generation of radioactive waste experts across
the world who will build repositories in the decades
to come. Each project, led by Nagra, has several
partners from different countries, including Japan,
South Korea, and the United States (e.g. KAERI,
JAEA, CRIEPI, NUMO, DOE, etc.). Among the many
projects designed to enhance understanding of
storage techniques of high-level waste, one of the
most recent ones is the HotBENT (High Temperature
Effects on Bentonite Buffers) project.33 The project
began in September 2021 and investigates how
well bentonite clay retains its safety functions when
exposed to long-term heating. One of the main
concerns of high-level waste storage is that the
heat emitted by underground nuclear waste might
change the geophysical and geochemical properties
of the bentonite barrier and the rock. Understanding
the temperature-related processes of the high-level
nuclear waste storage is a central part of many of
the experiments conducted at GTS.
Lessons in Community Engagement and
Facility Siting
In the United States, Japan, and South Korea, the
political systems to address nuclear waste disposal
lag behind the capabilities of the technical and
engineering communities. There is no simple way
to foster public support for nuclear waste sites, but
our group was able to draw some important lessons
from the experience of Sweden.
In Sweden, SKB relied on local community voices,
directly hired from the communities in which they
operate, to frame the nuclear waste problem in a
matter-of-fact, straightforward way: nuclear waste
is a problem that already exists, and regardless of
diverging opinions on the use of nuclear energy as
a power source, Sweden must take care of it. This
simple framing helped break the ice with citizens
who might otherwise have sought to avoid the issue

13

altogether. It provided a starting point for what
proved to be a constructive community-wide
discussion.
The government in Sweden also learned not to
attempt to force a potential site onto a reluctant
local population. Instead, SKB sent letters to all
municipalities, asking if they were interested in taking
part in a nation-wide search to find an appropriate
site to house nuclear waste. With this approach,
they ended up with eight different potential sites,
each of which was then evaluated for both technical
and political practicality. SKB found that offering
incentives, an added value program of community
investments, made the local populations more
receptive to a dialogue on hosting a nuclear waste
repository. Such incentives were more effective
when offered early in the process, even before final
site selection. SKB even provided enticements to
municipalities that were not selected; a move that
strengthened trust and confidence that all Swedes
would ultimately benefit from tackling the challenge
of safely storing nuclear waste material generated by
Sweden in Sweden.
In order to increase transparency, NGOs in Sweden
opposing the site, method, or other related issues
can claim funding from the nuclear waste fund itself
in order to research, review, and scrutinize SKB.
Additionally, SKB engages with local communities
by inviting people to see the facilities and visiting
schools, emphasizing that safety and security are
the number one priority. Thousands of Swedes—
including large numbers of children—visit the facility
each year, giving locals a chance to become familiar
with and trust the facility’s safety and security
systems. There is a significant public relations value
in people being able to see spent nuclear fuel and
the security measures that are being taken with their
own eyes.
Moreover, SKB carries out a local survey by phone
once a year. The survey shows roughly 75% of local
residents are pro-repository. That number drops the
farther away one moves from Uppsala, suggesting
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Grimsel Site, Switzerland

that those with the greatest knowledge of the facility
are also those who have the greatest confidence in
its safety procedures.
In sum, if governments wish to sustain the use
of nuclear energy, they must ensure an ongoing
relationship between policy makers, the nuclear
industry, and society that fosters knowledge
building, complete transparency, and public
involvement. This communication must be open,
honest, balanced, and based in scientific findings.
The public gains most of its information on energy
and nuclear power from the media, yet does
not trust the media. This places a premium on
enhancing communication efforts by experts,
especially scientists and environmental protection or
consumer organizations. National governments are
generally even less trusted on nuclear safety issues
than the media, suggesting that local voices – with
local authenticity – should be relied upon wherever
possible.
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Regional
Repository?
A seductive, But
Impractical Idea

Our Dialogue participants examined the prospect
for creating regional or multilateral repositories, as
nations such as South Korea and Japan, with their
small land mass, are not ideally situated to host large
volumes of nuclear waste. The notion of situating a
large regional nuclear waste repository in Mongolia,
Russia, or Australia holds appeal at first glance, as
those nations all have large empty spaces, and all
possess sites that are suitable for geologic disposal
of nuclear waste. However, the more our Dialogue’s
working group studied the prospect of creating
such a regional repository, the more convinced they
became that it does not offer a workable method for
the United States, Japan, and Korea to manage their
waste. Each country already faces multiple hurdles
to creating a national repository; comingling their
waste with that of another country would represent
one more complicated challenge to overcome. Once
an outside country is brought into the discussion,
the legal, political, and national security challenges
grow exponentially. Even assuming a suitable host
nation could be found—and there is no evidence
that Mongolia or Australia, the two nations most
often mentioned, are—there is no way to prevent
a future government of that country changing its
mind decades or centuries down the road. Such
uncertainties also introduce security concerns,
as any such regional repository would need to be
maintained in such a way as to prevent unauthorized
access.
While rejecting the notion of cooperating to build
an international repository for waste, our Dialogue
members did see value in taking a multilateral
approach (U.S.-Japan-ROK) to solving the technical
and political challenges associated with waste
disposal. A multilateral approach will help the
countries find solutions to problems each of them
are facing. It would also help each nation sustain

the competitiveness of their nuclear industries in the
global nuclear power market.

Technical
Recommendations
for Improved Spent
Fuel Management

There are positive lessons to be learned from the
Sweden and Switzerland experiences: the two cases
prove that spent nuclear fuel can be safely stored
and political hurdles can be successfully overcome.
Our Dialogue participants identified the following
cooperative initiatives as particularly promising
for improving spent fuel management in the United
States, Japan, and ROK:
● Strengthen trilateral cooperation among
scientists and engineers to discuss the technical
challenges of waste disposal and assess the
advantages and disadvantages of different disposal
methods—dry cask, geological sequestration,
wet storage, etc. Establishing such a trilateral
research framework would facilitate the exchange
of information and promote opportunities for
collaboration on the back end of the nuclear cycle.
Scientists and engineers could share data and
information for the benefit of all in order to:
o Address storage siting, and the practical and
political challenges of that;
o Address geological disposal and its safety and
security;
o Create safety assessments, including for water
impermeability, oxygen penetration, and earthquake/
seismic activity;
o Create security solutions for long-term
storage, such as whether to seal or dig up storage
containers, remove monitoring equipment, or create
security perimeters;
o Explore ways to minimize waste volume (such
as plasma vitrification techniques for low-level
waste); and
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o Improve computer models to simulate and
evaluate various waste management strategies.
● Hold an annual conference sponsored by the
three nations’ energy ministries to bring together
the best researchers and share progress on national
efforts. Combining forces could help intensify trilateral
scientific exchanges and joint research. Furthermore,
joint research on technology and economics of
interim storage (dry cask or other options), longterm storage of spent, unprocessed nuclear fuel,
and the permanent disposition of plutonium in a
safe and economical way could help maintain the
competitiveness of each nation’s nuclear industry.
● Promote a standing forum for Japanese and
Korean industrial communication, possibly also
involving American partners, with an eye toward
reducing mistrust about each other’s intentions on
sensitive issues such as reprocessing and plutonium
stockpiles.
● Collectively advocate for the use of on-site and
centralized interim storage as safe, economical, and
practical options for storing spent fuel in the absence
of a plan for long-term disposal or reprocessing.
Despite the practical advantages of interim storage,
nuclear energy opponents often oppose it because
they worry interim storage could become a de facto
long-term repository. Some also oppose interim
storage because its existence could be used to justify
extending the serviceable lifetime of a nuclear plant
site. Nuclear energy supporters, and in particular
those who favor use of the closed fuel cycle,
sometimes oppose use of interim storage when it
creates an alternative pathway for nuclear spent fuel,
thus diverting spent fuel away from a reprocessing
facility.
● Encourage the development of adequate
interim storage capabilities and facilities as a
fundamental condition of any foreign nuclear energy
contracts.
● Invite Korean participation in the Japan Atomic
Energy Agency (JAEA) underground lab research
program in order to promote burden-sharing. Korea
and Japan have already done individual research
with the Swiss on spent fuel storage, and further joint
research could be a trust builder.
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Multilateral
Trust-Building
Recommendations:
Process Counts

●The three countries should emulate successful
elements of community engagement efforts
conducted by Switzerland and Sweden. These
include active, independent engagement with local
and neighboring communities by an organization
that has a clear, narrowly-defined mission (safe
storage and disposal of nuclear waste) and
relative autonomy; a communications strategy that
separates waste from nuclear energy (so as not to
alienate those who are uncomfortable with nuclear
energy), and a funding and organizational profile with
a long-term horizon. This entity may be public or
private.
● In regards to the independence of the waste
management organizations, commissions
in South Korea (PECOS) and the United States
(BRC) have already recommended establishing
independent organizations. Japan may wish to also
propose modifying oversight, such as with NUMO or
establishing an organization independent of METI.
It is essential to find clarity of responsibility for the
task, and enable sufficient authority and oversight.
These entities should:
o Adapt European concepts in ways that fit their
country’s laws, government, policies, and corporate
structures.
o Have clear governance structures over time.
For instance, in the event of a finite repository
capacity, the responsibility is transferred from
agency to government upon closure. As an example,
the Swedish government is ensuring the end of
SKB’s obligation.
o Foster international research cooperation.
o Fall under legally-binding legislation to avoid
vulnerabilities to short-term political issues, such as
the change of administrations.
o Make community engagement part of the core

mission of the operation and empower communities
in the decision-making process, rather than trying to
“enlighten” or “educate” them. There should also be
engagement via non-experts with stories on how the
project will affect the community, rather than solely
top-down engagement.
● The three governments should form a highlevel trilateral commission to meet and share
their status and make joint statements about their
commitment to finding a final solution to the spent
fuel management issue. This commission should
meet annually to benchmark progress.
● Nuclear waste is an urgent issue that needs
to be addressed regardless of citizens’ views or
governments’ decisions about the future of nuclear
energy. As such, the discourse on spent fuel
management must be separated from debates
about nuclear energy. The nuclear waste is
already being generated and must be dealt with.
There is particular urgency to find both interim and
permanent solutions.
● Our Dialogue recommends trilateral subnational-level engagement from areas
considering nuclear fuel management issues,
especially governors and mayors.
● To establish leadership and credibility, the three
countries should explore:
o An Asian international storage insurance
system, perhaps modeled off of Europe’s nuclearwide insurance system; and
o Cooperation on decommissioning of sites
already slated to go off-line, or an AIIB-style
multilateral fund for spent fuel infrastructure.

Grimsel Site, Switzerland
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