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Preface

The Sasakawa Peace Foundation (SPF), as a public interest foundation, works to promote and
maintain peace and stability in Japan and around the world by conducting research and making

policy recommendations on security issues.

In September 2018, SPF launched the Working Group on New Initiatives for Nuclear Energy
and Nuclear Non-Proliferation. Japan, as a leading nation in the peaceful uses of nuclear
energy and the only country that suffered nuclear bombings during World War II, has a
significant role to play in advancing the conversation around nuclear disarmament and non-
proliferation. To this end, the Working Group set out to consider a range of topics including
Japan's lessons learned from the Fukushima nuclear accident, strategies to control and manage
nuclear fuel on a global scale, ways for Japan to contribute to denuclearizing North Korea, and
the new approaches to nuclear disarmament, nuclear non-proliferation, and the peaceful use of
nuclear energy, to name a few. The results of these discussions will be compiled into a
comprehensive set of policy recommendations arranged according to subject. This report
presents the first set of proposals, which focus on the international management of plutonium
with the ultimate aim of reducing global plutonium stocks and encouraging the adoption of

new international norms.

At the end of 2016, total stocks of fissionable materials that can be diverted to nuclear
weapons, i.e. highly enriched uranium and separated plutonium, were equivalent to more than
100,000 warheads, posing a major threat to international security. In particular, stockpiles of
separated plutonium have been increasing, with global totals now reaching 520 tons. Japan,
with 47 tons, accounts for 95% of the separated plutonium held by non-nuclear weapon states.
This report presents the Working Group's policy recommendations for Japan to reduce
international threats and increase confidence in the country's plans for plutonium use,
suggesting that the Japanese government should play a key role in promoting the new

international norms for global plutonium stocks.

These proposals are supported by the Working Group members listed below. However, this

Working Group takes no particular position on the peaceful use of nuclear energy.
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Proposals to the Japanese Government concerning International Management of Plutonium

Aiming for reduction in plutonium stocks and adoption of new international norms

Working Group on New Initiatives for Nuclear Energy and Nuclear Non-Proliferation

As of the end of 2016, total stocks of fissionable materials that can be diverted to nuclear
weapons (highly enriched uranium (HEU) and separated plutonium (Pu)) were equivalent to
more than 100,000 nuclear warheads, posing a major threat to international security. Of these,
HEU stocks have been declining, while separated plutonium has been increasing and is now at
520 tons, equivalent to 86,000 or more Nagasaki-class atomic bombs (6 kg/bomb). Some 56
percent of the total separated plutonium stocks (approximately 290 tons) are for civilian use.
Japan at 47 tons accounts for 95 percent of the stocks held by non-nuclear weapon states, making
Japan’s responsibility large as a leading nation for peaceful use of nuclear energy that wishes to
make use of plutonium as fuel. The Japanese Government continues to maintain the basic policy
of promoting the nuclear fuel cycle, yet at a nuclear security summit, it has already declared its
commitment to helping minimize stocks of global fissionable materials (The Hague Nuclear
Security Summit Communiqué, 2014). This report summarizes proposals of policy measures
Japan should take toward reducing international nuclear threats and increasing confidence in
Japan’s plans for plutonium use, resulting from our studies of how Japan can contribute to
solving the problem of global plutonium stocks. The Working Group asks the Japanese
Government to play a leading role in globally promoting the new international norms for
plutonium indicated here.

Some nuclear energy experts claim that in the case of reactor-grade plutonium recovered from
spent nuclear fuel at civilian nuclear reactors (light water reactors), the low isotopic
concentration of fissile plutonium makes diversion to nuclear weapons “impractical”. In this
Working Group, we support the International Atomic Energy Agency (IAEA) view, in its IAEA
Safeguards: Guidelines for States' Systems of Accounting for and Control of Nuclear Materials,
that even reactor-grade plutonium can be diverted for use in nuclear bombs or weapons and
requires strict international control.

These proposals are made from the standpoint of international security, based on the recognition
that reducing existing plutonium stocks is necessary regardless of the pros and cons of peaceful
use of nuclear energy. This Working Group, however, takes no particular position on peaceful
use of nuclear energy.

Proposals
1. Pursuing international storage of plutonium: Put “excess” plutonium under

International Atomic Energy Agency (IAEA) custody.

2. Strengthening the international Guidelines for the Management of Plutonium that are
current international norms: Propose new international norms for reducing existing
stocks based on the decision of Japan’s Atomic Energy Commission, and restrain

reprocessing.



3. International cooperation toward reducing existing stocks: Establish an international
forum on the disposal of plutonium stocks.

4. Give priority to dry storage for spent fuel management, and have a third party agency
assess the options for the nuclear fuel cycle.

5. Play a leading role in globally promoting new international norms for plutonium.

A summary explanation of each of the proposals is given below.



1. Pursuing international storage of plutonium: Put “excess” plutonium under TAEA
custody.

Japan has used the term “excess” to refer to plutonium with no designated purpose of use; but as

the stocks have grown, the large volume of these stocks has raised concerns in other countries

given the lack of transparency regarding plans for their use. Therefore we propose here that, with

the aim of reducing concerns and fostering confidence, Japan should start with placing this

“excess” plutonium in the custody of the IAEA (Endo, Takeda, 2019; McGlodrick, 2014; Suzuki,

2018). Defining “excess,” however, is not easy. Four ways of defining “excess” plutonium can

be thought of, as follows. 1) Define as “excess” stocks of plutonium exceeding “reasonable
working stocks”; 2) Define as “excess” stocks of plutonium for which no plans for use in the
near term (up to around three years) have been made; 3) Have the institutions storing the
plutonium define excess plutonium voluntarily (e.g., plutonium stocks stored outside Japan); 4)
Consider all currently held stocks as “excess.” Of these four choices, the Working Group
considers 1) as most appropriate, but it would be desirable for the Japanese Government to define
“reasonable working stocks™ according to the fuel cycle situation while listening to the views of
an IAEA experts group (Reference: (Jor-Shan Choi, 2018)). It is proposed that the right to use
this excess plutonium will be restored once Japan has confirmed a plan for its use. In such a case,
the reasonableness of the plutonium use plan would be subject to objective assessment, such as
by an experts group set up jointly by Japan and the IAEA. It is further proposed that reprocessing

! Regarding

be carried out at a controlled pace until the excess plutonium reaches zero.
international storage of excess plutonium, as well, the Japanese Government should advocate
this as a new international norm, to be adopted also by other countries currently holding

plutonium and those promoting future use of plutonium.

2. Strengthening the international Guidelines for the Management of Plutonium that are
current international norms: Propose new international norms for reducing existing
stocks based on the decision of Japan’s Atomic Energy Commission, and restrain
reprocessing.

Historically, various efforts have been made toward international management of plutonium. The

initial wave was in the late 1970s and early 1980s following nuclear testing by India. The second

wave was in the 1990s to early 2000s, when commercial use of plutonium was starting in earnest

1Under the Spent Nuclear Fuel Reprocessing Fund Act enacted in 2016, reprocessing businesses must be licensed
by the government, and their reprocessing plans must be approved by the government. In the approvals process, in
consideration of the plutonium balance, the views of the Atomic Energy Commission must be obtained, and the
pace of reprocessing can be controlled based on those views.



(Endo, Takeda, 2019). The agreement reached in the course of the second wave was the
"Guidelines for the Management of Plutonium" (INFCIRC/549).? These were voluntary
guidelines by nine countries with holdings of separated plutonium, mainly about making public

the amounts of these stocks in the interests of improving transparency.

As a principle of plutonium policy, the guidelines note the importance of “balancing supply and
demand” in consideration of “reasonable working stocks,” but do not touch on reducing stocks.?

It is therefore proposed here that the international Guidelines for the Management of Plutonium

be strengthened along the lines of the announcement by Japan’s Atomic Energy Commission,

“Basic Principles on Japan’s Utilization of Plutonium” (July 2018) (Atomic Energy Commission,
2018) (Carlson, 2018; Suzuki, 2018). Specific ways this might be done include the following

three.

1) Declare that existing plutonium stocks will be reduced, and make timely announcements of
the plans for doing so.
2) Carry out reprocessing only in the amounts for which demand has been made clear.

3) For this purpose, publish a plutonium use plan before carrying out the reprocessing.

It is proposed that Japan play a leading role in spreading new management policies like the above

to other countries beyond the nine that have adopted the guidelines, and in making them into

new international norms.

3. International cooperation toward reducing existing stocks: Establish an international

forum on the disposal of plutonium stocks.

2Guidelines on voluntary management of plutonium, agreed to in December 1997 by nine nations (USA, Russia,
UK, France, China, Japan, Germany, Belgium, Switzerland). Besides indicating fundamental principles regarding
the safety of plutonium management, nuclear nonproliferation, and nuclear security, it was decided that for improved
transparency, the participating nations would annually report the volume of their own plutonium holdings (civilian-
use plutonium and plutonium no longer required for defense purposes). The guidelines begin by noting the
“inalienable right” of each State to the use of nuclear energy for peaceful purposes, along with their sovereign
responsibility for the use and management of their plutonium holdings. Moreover, recognizing the potential for use
of plutonium in the manufacture of nuclear weapons, each State agrees to take responsibility for management based
on the guidelines.

https://www.iaea.org/sites/default/files/infcirc549.pdf

3The guidelines state the following under Policies for the Management of Plutonium.

“The Government of [State] is committed to management of plutonium in ways which are consistent with its national
decisions on the nuclear fuel cycle and which will ensure the peaceful use or the safe and permanent disposal of
plutonium. The formulation of that strategy will take into account: the need to avoid contributing to the risks of
nuclear proliferation ... ; the need to protect the environment, workers and the public; the resource value of the
material, the costs and benefits involved and budgetary requirements; and the importance of balancing supply and
demand, including demand for reasonable working stocks for nuclear operations, as soon as practical.”



https://www.iaea.org/sites/default/files/infcirc549.pdf

Current holders of large stocks of separated plutonium are the five nations Japan, the US, UK,
France, and Russia (Table 1).
Table 1.

around the World

COUNTRY Milltary use (tons)  Nen-military use (tons)

Russia 94.0 91.5
United States 38.4 49.4
France 6.0 65.4
China 2.9 0.04
United Kingdom 3.2 110.3
Israel 0.9
Pakistan 0.3
India 6.6 0.4
North Korea 0.04
Japan 47.0
Germany 0.5
noomn?ﬁudsat Weapon sme; 1.8
Subtotal 1623 366.3
Total 518.6

Source: Research Center for Nuclear Weapons Abolition, Nagasaki University (RECNA) web
site, http://www.recna.nagasaki-u.ac.jp/recna/bd/files/FMIe2018p.pdf

It is therefore proposed that an “International Forum on the Disposal of Plutonium Stocks”

(provisional name) be established among the five countries and the IAEA. with each country

announcing reduction plans and research and development plans, and identifying areas for

mutual cooperation. It is further desirable that in this Forum, the US and Russia include as objects

of disposal the plutonium defined as “excess” for military use.

The following specific proposals are possible. 1) As proposed by the UK, take custody of the
plutonium of other nations that is in the UK for a fee, and dispose of it along with UK’s
plutonium; 2) As in the case of the US taking plutonium from Japan, have the original supplier
nation in principle take custody of and dispose of it;* 3) Have France and Russia, which already
have advanced combustion plans, take custody of the plutonium of other nations for a fee and

dispose of it; 4) Jointly conduct technology development aimed at achieving burning or direct

“In 2014, the US agreed to take custody of Japan’s plutonium supplied by the US and UK (331 kg used in a Fast
Critical Assembly (FCA) reactor). (See the “Joint Statement by the Leaders of Japan and the United States on
Contributions to Global Minimization of Nuclear Materials” of March 24, 2014,
https://www.mofa.go.jp/dns/n_s_ne/pagel8e_000059.html). Final disposal, however, as with other US excess
plutonium, is planned to take place in the Waste Isolation Pilot Plant in New Mexico (Japan Atomic Industrial
Forum News, June 10, 2016, https://www.jaif.or.jp/160610-b [in Japanese]).



http://www.recna.nagasaki-u.ac.jp/recna/bd/files/FMIe2018p.pdf
https://www.mofa.go.jp/dns/n_s_ne/page18e_000059.html
https://www.jaif.or.jp/160610-b

disposal. In Japan, the implementation of pluthermal plans for plutonium consumption as fuel is
important as a short-term measure for reducing plutonium; but if the Rokkasho Reprocessing
Plant were to go into operation, unless a minimum of at least 13 MOX-using reactors were
realized, the reduction in plutonium would be limited (Shutaro Takeda, 2019). It follows that for
achieving early reductions, an effective approach would be to carry out the plutonium stockpile
reductions through international cooperation. In so doing, it will be necessary for plutonium
moved to nuclear weapons countries to be subject to IAEA safeguards. In this case, however,
from the standpoint of nuclear security, care must be taken so that transport of large volumes of

plutonium is not necessary.

4. Give priority to dry storage for spent fuel management, and have a third party agency
assess the options for the nuclear fuel cycle.

The two main options for spent fuel are direct disposal and reprocessing, but interim storage is

essential regardless of which option is chosen. Obtaining storage capacity for spent fuel is a top

priority issue of each country. From the standpoint of nuclear security, however, it is proposed

that spent fuel be moved from storage pools to dry storage as early as possible. As for the

handling of spent MOX fuel, use of dry storage should be carried out due to the high degree of
uncertainty. In addition, although the Atomic Energy Commission conducted an overall
assessment of nuclear fuel cycle options immediately after the Fukushima nuclear accident, no
such assessments have been conducted since then. Moreover, the Atomic Energy Commission
itself lost much of its credibility, such as by having staff from electric utility companies, who are
concerned parties, serve in its Secretariat. It would be possible for the Atomic Energy
Commission to carry out such assessment independently; but according to the Atomic Energy
Basic Act, it is in the position of promoting nuclear energy use, raising questions about its
objectivity. It is therefore proposed here once again to launch an objective comprehensive
assessment project by a third party agency® in Japan from an independent position, which would
look at all aspects including the advantages and demerits of reprocessing and the nuclear fuel
cycle using fast-breeder reactors, assessment of the risks, the costs (including to society), the
sustainability of policy including acceptance by society, the technical feasibility, impact on

international security and nuclear nonproliferation, and the potential for technology transfer. This

SPast examples of such an agency include the Blue Ribbon Commission on America's Nuclear Future appointed by
US President Obama to look into disposal of high-level waste; and in Japan, the Science Council of Japan, or the
National Diet of Japan Fukushima Nuclear Accident Independent Investigation Commission (NAIIC). To ensure
functioning as a true third party agency, there would need to be legal backing, an independent secretariat and budget,
and expert knowledge; and in the selection of members, strict criteria are demanded for appointing fair and unbiased
persons.



project, over a period of around three years, would consider the preferable options and the best
approach to future research and development (Suzuki 2019). It is important that this agency not
have a prior position on nuclear energy use and the nuclear fuel cycle. The process should be
designed with a highly democratic and transparent process, such as participation by members of

the general public (Hwang, 2018).

5. Play a leading role in globally promoting new international norms for plutonium.

The Japanese Government continues to maintain the basic policy of promoting the nuclear fuel
cycle, yet at a nuclear security summit, it has already declared its commitment to helping
minimize global fissionable materials stocks (The Hague Nuclear Security Summit Communiqué,

2014). In moving to fulfill that commitment, by playing a leading role in making the above four

points into new international norms, Japan can contribute to mitigating the risks associated with

the world’s plutonium stocks, while alleviating concerns about Japan’s own plutonium holdings.

In Northeast Asia, China is going ahead with construction of a commercial-scale reprocessing
plant with French cooperation, and a growing list of countries, including South Korea and Saudi
Arabia, are seeking to maintain their reprocessing rights. In this international situation, there
would be great significance in Japan taking the lead in advocating for new international norms.
It would further be desirable for Japan to begin studying issues it needs to deal with, such as the
transfer of reprocessing technologies through bilateral treaties, and the handling of reprocessing
itself.

This Working Group also intends to continue studying such topics as the following considered

to have additional relevance.

1) International response to expansion of enrichment and reprocessing capabilities (bilateral and
multilateral management initiatives, etc.)

2) Possibility of Japanese cooperation in North Korean denuclearization

3) Suggestions for multilateral management of the nuclear fuel cycle in Northeast Asia

4) Possible new approaches to nuclear disarmament, nuclear nonproliferation, and peaceful use
of nuclear energy as we near fifty years since the Non-Proliferation Treaty (NPT) went into
effect
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IR N N ROEAIE D 7= D> OB & L TIEBRE /8B (International Atomic Energy
Agency: IAEA) 23 S, ZOERICH EEEHICOWTOREN KV AT =22, B%Elk
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I Richard G. Hewlett and Oscar E. Anderson, Jr., The New World, 1939/1946 (A History of the Atomic
Energy Commission, Volume 1), Pennsylvania State University Press, 1962, pp.531-619.

2 3% (BBIDIER) A, H95% WMEHOMHR) . H12 & (BEBIORMHIE) A (SRS OEBRE I A A E
L=RENH D,

3 James M. Acton, “Time for a Nuclear Intervention With Japan,” Wall Street Journal, May 15, 2017,
https://www.wsj.com/articles/time-for-a-nuclear-intervention-with-japan-1494866950.
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D, HARIZHEFEDOT V7 TOHUARTFTEEZG|EZTSEDLILVIFHETHD, 7V h=UL%
APEL D DEALBREA OYLE A, MR E T OT TREIC E > T b BRELRBRE RS R E
EolemEICREL L S LWV OBRKEDOER TH -7z,

L 72> UBEIC BREE IR BN AN F Ak U Uil 1)) BB RR DFHSLHAAEE L < e W D2 o729
Z. HEEGHEBATHY, Z OMIITEM L, JRF 7 FRF A OIERITHE 5 i) 2 7 i
ERIET 2 eI MEIE, ZDOEDORMERSETT +— & o7 —F —BHEIZ 5| Z kA
s

(2) RA—F—BHETOERERE : INFCE

1977 FATH IR Lo —Z —BhealE, A ¥ RBBERRZICRIA L7 7 b =7 A0 EFf| A % [
EHRL, BRI EBHI LE S & LS, ZOOBHEREER, FEOEMEEZED TV
k=0 LOYEFAR A b & T D BEfF DN A 7 v & iR 5 ER % INFCE

1 Michael J. Brenner, Nuclear Power and Non-Proliferation The Remaking of U.S. Policy, Cambridge
University Press, 1981, pp.62-105.

5 ARUEAT 11970 AFAR DK EREATEBEOR & BIREEY A 7 VBOR—IRT V7 % [= [ LB & HOfER s % 3K
DA D OFL] [ NFHBRSEFIZE] 57858 2 % (2009 412 ), 107-127 K,

6 WK [TREKRE HAROXRHR—ZMR - BF - HT 2D < HRITHRR, 1975~1981 ] I 21T 7 &
B, 20154, 159-204 H.,
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(International Nuclear Fuel Cycle Evaluation) Z#:%4 %,
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INTRODUCTION
Japanese Policy on its Plutonium Stockpile

The concerns regarding the Japanese plutonium balance
leapt to public attention again in the last few years due to the
heightened nuclear security tension in the region. Amid the
political tension, the U.S.-Japan Agreement for Cooperation
on Peaceful Uses of Nuclear Energy. set to expire in July
2018. was renewed automatically wunder Trump
administration: however, succumbing to the concerns on the
plutonium stockpile, Japan Atomic Energy Commission
(JAEC) publicly stated for the first time that "Japan will
reduce the size of its plutonium stockpile [1]" right after the
renewal on July 31, 2018. This is a significant statement since
the Japanese reprocessing policy has been seriously
undermined both by the Fukushima accident in 2011 and by
the closure of the Monju fast breeding reactor in 2016. As a
result, this renewal of the policy led to a concern if the
Japanese government can actually reduce the plutonium
stockpile while continuing its “total reprocessing™ policy.

Preceding Studies

Scholars have raised concerns on the prospect of
plutonium surplus in Japan since 1990s. Berkhout. Suzuki
and Walker pointed out the possibility of the over-production
of plutonium by Japan, presenting a forecast of Japanese
plutonium production and consumption until 2010 [2].
Although the estimation method is robust and the scenario
presumptions are off from the actual situation today, the
study successfully illustrated the possibility of the plutonium
over-production in Japan. More direct concerns were raised
in the late 1990s by Manning [3] and Kitamura [4] among
others., where political arguments were made that the
plutonium over-production in Japan may be a proliferation
risk in the region, albeit lacking quantitative discussions. This
trend continued in 2000s, where more studies threw concern
posed concerns about the Japanese plutonium policy. Turner
reviewed the prospect of MOX (plutonium mixed oxide fuel)
operation in Japan, while providing critical views on the
policy in terms of safety and economic perspectives [5].

Notable recent studies on this matter include a report by
Acton [6]. His report discussed the political issues
surrounding this issue comprehensively while providing a
very insightful observations on the MOX operation in Japan.
Yet. Action did not choose to go on to provide quantitative
considerations about the future prospect of Japanese
plutonium balance in his discussions.
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The Purpose of this Study

Based on the situation., what is needed the most for
policy makers now would be a reasonable, neutral and
grounded quantitative future outlook for the plutonium
stockpile. While many preceding studies provides insightful
qualitative discussions from political perspective, the author
believe it is scientific quantitative analyses that would prove
truly useful. For this reason, the purpose of this study is to
conduct a quantitative reevaluation of the Japanese
plutonium balance outlook to 2050 with a monte-carlo
approach, taking the discussions by Acton [6] into the
modeling to provide a neutral and grounded outlook.

METHOD

A simulation on the plutonium stockpile outlook requires
two separate modeling efforts: 1) the modeling of the
Japanese nuclear fuel cycle and 2) the modeling of nuclear
power plant (NPP) operations capacities outlook in Japan
until 2050.

Japanese Fuel Cycle Model

A nuclear fuel cycle is a system comprised of stocks and
flows: thus. it is most suitable to be described as a system
dynamics model by nature. A comprehensive nuclear fuel
cycle model was constructed on Stella for this reason. based
on publicly available statistical data to replicate Japanese
nuclear fuel cycle. The constructed system dynamics model
is shown in Fig. 1.

Key Modeling Assumptions

January 1*' of 2018 was chosen as the starting point of
the calculation, and the duration of the simulation was set to
be 32 years. until January 1*' of 2050. with the differential
time of 1/4 years. Four essential capacities were chosen as the
input variables: the operation capacities of the restarted
NPPs, the capacity of the MOX operation. the Rokkasho
reprocessing plant operating capacity and the J-MOX fuel
fabrication plant operating capacity. Similarly. four essential
stock values were chosen as the output results: the plutonium
amount in MOX in Japan, the total plutonium amount, the
spent MOX fuel amount and the total spent fuel amount.
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Fig. 1. System Dynamics Model of the Japanese Nuclear Fuel Cycle

Fuel Consumption and Replacement

Total loaded amount of nuclear fuel per rated capacity
[ton/GW] and per electricity generation [ton/TWh] at light
water reactors were calculated based on the statistical data by
Kyushu Electric Power Company as 79.80 ton/GW and 9.11
ton/TWh, respectively [7]. It was assumed 28.57% of the fuel
in every reactor will be replaced each year for all reactors.
This is to replicate the replacement of one-third of the loaded
fuel every 14 months, which is the standard procedure at
Japanese NPPs. This leads to the nuclear fuel consumption
rate of 2.58 ton/TWh. which is consistent with the statistics
by FEPC [8]. For MOX operation. it was assumed all MOX-
operation reactors would load MOX fuel for 25% the core
loading.

Reprocessing

Out of one ton of spent fuel. it was assumed 10 kg of
plutonium, 130 kg of uranium fuel. 810 of depleted uranium
and 50 kg of HLW will be extracted at Rokkasho. considering
the Pu-241 depletion [9]. For simplicity. this model does not
distinguish fissile and non-fissile plutonium. and all MOX
fuels are assumed to contain 10% of plutonium.

Initial V'alues

The initial amount (the amount at the end of 2017) of the
separated plutonium in Japan were taken from Cabinet Office
Nuclear Policy Office as 3.863 kg at the reprocessing plant as
3.854 kg at the MOX fabrication facility (in total of 7.72 ton)
[9]. The initial amount of the MOX was taken from the same
literature as 28.29 ton (or 2.83 ton-plutonium). The initial
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processed plutonium amount stored overseas was assumed as
36.718 ton-plutonium [9].

Ialidation

The validity of the model was tested against FAMILY-
21 simulation code developed by JAEA. and it was confirmed
the results of the system dynamics model saw good fits to the
results of FAMILY-21.

NPP Operating Capacity Modeling

The future outlook of NPP operations in Japan is highly
uncertain given that the restarting of NPPs is more a political
issue than a technical one. For this reason, the authors used a
monte carlo approach to estimate the probabilistic outlook of
the capacities of NPP and MOX operation until 2050.

Key Modeling Assumptions

In this calculation. it was assumed that no new reactors
will be constructed until 2050 in Japan. and that the lifetime
of all reactors are 60 years. The NPPs are classified into two
groups: MOX accepting reactors and non-MOX accepting
reactors. The name, rated power. type of the reactor, starting
year of operations of each category are summarized in Table
I and II. respectively.

Since predicting the restarting trends of NPPs are highly
difficult due to its political nature, this study will calculate
the outlook of NPP operation in Japan based through a simple
monte carlo method. The outlook will be calculated in form
of probability distributions based on 10,000 trials.
Assumptions for MOX accepting and non-accepting reactors
are summarized in the following section.
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Operation Capacity of MOX Accepting Reactors

In his report in 2015, Acton conducted detailed field
analysis to give each MOX accepting reactors with
“prospect” ratings from 1 to 7: by definition, the rating n are
related to Acton’s estimate of the probability that a reactor
will be available for MOX burning operation by 2023 simply
by p = (n-1)/6. The author then converted this rating into the
probability of the given MOX accepting reactor to start its
operation for a given yearby q=1-[1 - (n- 1)/6]"1/7.

Table I. Considered MOX Accepting Reactors

Probability
Name Power Year of MO.X
IMW] Operation
[per year]
Tokai Daini 1.100 1978 2.57%
Tsuruga No. 2 1.160 1987 2.57%
Ohma 1.383 - 9.43%
Tomari No. 3 912 2009 14.52%
Onagawa No. 3 825 2002 14.52%
Kashiwazaki No. 3 1.100 1993 2.57%
Kashiwazaki No. 6 1.356 1996 0%
Kashiwazaki No. 7 1.356 1997 0%
Hamaoka No. 4 1,137 1993 2.57%
Shiga No.1 540 1993 5.63%
Takahama No. 3 870 1985 22.58%
Takahama No. 4 870 1985 22.58%
Ohi No. 3 1.180 1991 22.58%
Ohi No. 4 1.180 1993 22.58%
Shimane No. 2 820 1989 14.52%
Ikata No. 3 890 1994 22.58%
Genkai No. 3 1.180 1994 22.58%

Operation Capacity of Non-MOX Accepting Reactors

The new safety regulation for NPPs came into force in
Japan on June of 2013. Since then. 28 out of 51 reactors
submitted an application to recertification: 14 out of the 51
were closed for decommission: out of the 28 applications, 15
were approved; and finally, out of the 15 approved reactors,
9 has started its operation again by the end of 2018 [10]. This
leads to the chances that a given stopped NPP can apply for
the recertification is 13.48% for a given year: the application
gets through with a probability of 13.02% cach year after the
application; and that 19.39% of the certified NPP can start
operation again for a given year after the certification.

In order to simplify the outlook. the author assumed all
non-MOX accepting NPPs in Japan to restart based on the
probabilities calculated above.
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Table II. Non-MOX Accepting Reactors (Stage 0: not
applied. 1: under review, 2: recertified. 3: in operation)

Power Restartin;
Name MW] Year Stage 8
Tomari No. 1 579 1989 1
Tomari No. 2 579 1991 1
Onagawa No. 2 825 1995 1
Higashi-Dori 1,100 1998 1
Kashiwazaki No. 1 1.100 1985 1
Kashiwazaki No. 2 1,100 1990 0
Kashiwazaki No. 4 1,100 1994 0
Kashiwazaki No. 5 1,100 1990 0
Hamaoka No. 3 1,100 1987 1
Hamaoka No. 5 1,380 2005 0
Shiga No. 2 1,358 2006 1
Mihama No. 3 826 1976 2
Takahama No. 1 826 1974 2
Takahama No. 2 826 1975 2
Shimane No. 3 1.373 - 1
Genkai No. 2 559 1981 0
Genkai No. 4 1.180 1997 3
Sendai No. 1 890 1984 3
Sendai No. 2 890 1985 3
Sendai No. 3 1,590 - 0

RESULTS
NPP Operating Capacity Outlook

The outlook of the operating capacity of NPPs (Total and
MOX) in Japan to 2050 was estimated as Fig. 2. (For the
legends of the graph, please see Fig. 3.)

351 Monte Carlo

- — 25%

30 —— 50% Central Case

25t

(MOX Operation Capacity)

~

Operational Power Plant Capacity [GW]

-~
0 / " : ’ : , A
2020 2030 2040 2050
Year

Fig. 2. Outlook of NPPs Operation to 2050.
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Japanese Plutonium Stockpile Outlook

The outlook of the Japanese Plutonium Stockpile was
calculated as a probability distribution as Fig. 3. The solid
line shows the central case of the monte carlo calculation,
while the dotted lines show the quarterly cases: i.c.. the
probability of the plutonium stockpile to stay between the two
dotted lines is estimated to be 50%. While the outlook shows
a wide range of estimation, Fig. 3 shows a declining trend in
the Japanese Plutonium stockpile.

Monte Carlo: Probability Interval
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R 20%
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Year
Fig. 3. Outlook of the Japanese Plutonium Stockpile to
2050,

The outlook of the amount of the spent fuel was similarly
calculated to 2050, with the uranium and the MOX spent fuel
separated, as Fig. 4.
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Fig. 4. Outlook of the Spent Fuel Stockpile to 2050.
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DISCUSSIONS

This study quantitatively estimated the future Japanese
plutonium stockpile though a monte carlo approach to give a
neutral outlook to 2050. The results indicated that:

1) The probability that the Japanese government keeps
its promise of reducing the plutonium stockpile without
changing its reprocessing policies is around 60%.

2) The peak amount of accumulated plutonium was
observed around 2024. Therefore, while the current
plutonium imbalance in Japan is certainly a point of concern
for now, it is likely that the plutonium imbalance in Japan
would not pose a long-time proliferation threat to the region.

3) The Japanese government may have to suppress the
operation of Rokkasho reprocessing plant from the start.
Given the strong opposition expected from the local
representatives in case of enforcing such policy, it might be
desirable to consider a prospect of utilizing Rokkasho to
embrace foreign spent fuel to occupy the surplus capacity.
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Attachment 3

The Basic Principles on Japan’s Utilization of Plutonium

July 31, 2018
Japan Atomic Energy Commission

Japan has been using nuclear energy exclusively for peaceful purposes and upholding the
principle of not possessing plutonium without specific purposes under the Atomic Energy Basic Act.
While taking into account recent circumstances surrounding the use of nuclear energy not only in
Japan but also in the world, Japan, cooperating with the international community and attaching
greatest importance to nuclear non-proliferation, follows the policies below as it promotes the

utilization of plutonium, in order to enhance transparency of its peaceful use.

Based on the above-mentioned views, Japan will reduce the size of its plutonium stockpile. Based
upon the realization of the following measures, the stockpile is not to increase from the current
level:

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.

In addition, in order to enhance transparency, electric utilities and Japan Atomic Energy Agency
(JAEA) are expected to develop plutonium utilization plans anew, which describes owners, the
amount of plutonium in possession and the purposes of plutonium utilization, and then release

them every fiscal year.

*The Japan Nuclear Fuel Limited (JNFL) plans to complete the construction of the RRP and the
MOX Fuel Fabrication Plant in the first half of FY2021 and FY2022 respectively.
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