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付録 1 委員会委員 
 
主査 稲垣 八穂広 九州大学  
幹事 西原 健司 日本原子力研究開発機構   
 朝野 英一 原子力環境整備促進・資金管理センター  
委員 大和田 仁 原子力環境整備促進・資金管理センター  
 斉藤 拓巳 東京大学   
 山下 雄生 東芝   
 牧野 仁史 日本原子力研究開発機構   
 佐々 敏信 日本原子力研究開発機構   
 渡部 創 日本原子力研究開発機構   
 中瀬 正彦 東京工業大学   
 鷹尾 康一朗 東京工業大学   
 宇佐見 剛 電力中央研究所   
 長谷川 聡 日本原燃株式会社 
 兼平 憲男 日本原燃株式会社 
 石尾 貴宏 日本原燃株式会社 
 
  



 

付録 2 委員会開催記録 
 
回 日 場所 議題 
1 令和 1 年 8 月 6 日 JAEA 

東京事務所  
1. 委員会設立の背景、経緯、目的 
2. 研究会の進め方についての討論 
3. 予算執行についての確認 

2 令和 1年 10月 9日 JAEA 
東京事務所 

1. 前回議事録、論点の確認 
2. 分離・変換技術調査 

3 令和 1 年 11 月 6日 JAEA 
東京事務所  

1. 前回議事録、論点の確認 
2. 処理・処分技術調査 

4 令和 1年 12月 4日 JAEA 
東京事務所 

1. 前回議事録、論点の確認 
2. 処理・処分技術調査 

5 令和 2年 1月 27日 日本原燃 
東京支社  

1. 前回議事録、論点の確認 
2. 処理・処分技術調査 
3. 今年度のまとめ、および、今後の活動方

針の議論 
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11 2019/6/19

2019/8/6 1

• 2030 9808 kWh*
• 20 22% 1962 2158 kWh
• 75% 29.8 32.8GWe

* 27 7
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2018 7
6 AB 135.6 1996/11/7
7 AB 135.6 1997/7/2
5 AB 126.7 2005/1/18
2 AB 120.6 2006/3/15
3 AB 137.3 2022/1/1

AB-MOX 138.3 2022/1/1
2 B 110 1978/11/28
1 B 52.4 1984/6/1
2 B 82.5 1995/7/28
3 B 82.5 2002/1/30
1 B 110 2005/12/8

2 1 B 110 1982/4/20 2017/1/1
2 2 B 110 1984/2/3
2 3 B 110 1985/6/21
2 4 B 110 1987/8/25

1 B 110 1985/9/18
2 B 110 1990/9/28
3 B 110 1993/8/11
4 B 110 1994/8/11
5 B 110 1990/4/10
3 B 110 1987/8/28
4 B 113.7 1993/9/3
1 B 54 1993/7/30
2 B 82 1989/2/10
1 B 54 1976/3/17 2009/1/30
2 B 84 1978/11/29 2009/1/30
1 B 46 1974/3/29 2015/4/30
1 B 35.7 1970/3/14 2015/4/27

1 1 B 46 1971/3/26 2012/4/19
1 2 B 78.4 1974/7/18 2012/4/19
1 3 B 78.4 1976/3/27 2012/4/19
1 4 B 78.4 1978/10/12 2012/4/19
1 5 B 78.4 1978/4/18 2014/1/31
1 6 B 110 1979/10/24 2014/1/31

1 GC 16.6 1966/7/25 1998/3/30
2 P 116 1987/2/17
1 P 57.9 1989/6/22
2 P 57.9 1991/4/12
3 P 91.2 2009/12/22
3 P 82.6 1976/12/1
1 P 82.6 1974/11/14
2 P 82.6 1975/11/14
3 P 87 1985/1/17
4 P 87 1985/6/5
1 P 117.5 1979/3/27 2018/3/1
2 P 117.5 1979/12/5 2018/3/1
3 P 118 1991/12/18
4 P 118 1993/2/2
2 P 56.6 1982/3/19
3 P 89 1994/12/15
2 P 55.9 1981/3/30
3 P 118 1994/3/18
4 P 118 1997/7/25
1 P 89 1984/7/4
2 P 89 1985/11/28
1 P 34 1970/11/28 2015/4/27
2 P 50 1972/7/25 2015/4/27
1 P 56.6 1977/9/30 2016/5/10
1 P 55.9 1975/10/15 2015/4/27
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ID

A 40 44% 2050

60

A1

A2 SMR

A3 SMR 2055 BR=1.1

A4 MA Pu

A’ 2040 1.1GWe
40

44% 2100

60

A’1 A1

A’2 A2

A’3 A3 SMR 2060 BR=1.2

A’4 A4 SMR 2060 BR=1.2

SMR 300MWe 60GWd/tHM SMR 300MWe
FS
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ID

B 20 22% 2030

60

B1

B2 SMR

B3 SMR 2055 BR=1.03

B4 MA Pu

B’ 2040 1.1GWe
20

22% 2100
60

B’1 B1

B’2 B2

B’3 B3 SMR BR=1.2

B’4 B4 SMR BR=1.2

SMR 300MWe 60GWd/tHM SMR 300MWe
FS
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ID

C /

60

C1

C1.5 Pu

C2

C’
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/

60

C’1

C’1.5 Pu

C’2
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HM/
ID MOX

A
(

)

A1 - -

A2
2026 800
2064 1200

2130 800
-

A3 2026 800
2064 1200

2050 120
2096 600

A4 2026 800
2064 1200

2050 120
2096 600

A
(

)

A 1 - -

A 2 2026 800
2064 900 -

A 3 2026 800
2064 800

2055 200
2075 400
2095 600

A 4 2026 800
2064 800

2055 200
2075 400
2095 600

ID MOX

B
( )

B1 - -

B2
2026 800
2064 800
2100 500

-

B3 2026 800
2064 800

2050 100
2110 300

B4 2026 800
2064 800

2050 100
2110 300

B
( )

B’1 - -
B’2 2026 800

2064 500 -

B’3 2026 800
2050 100
2080 200
2110 300

B’4 2026 800
2050 100
2080 200
2110 300

ID MOX

C
(

)

C1 - -

C1.5 2026 800
2064 0 -

C2 2026 800 -

C’
(

)

C’1 - -

C’1.5 2026 800
2047 0 -

C’2 2026 800 -
9
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• B2

• B3 ok
• C1.5 SF
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Long-lived FP Separation Transmutation
Iodine Easy Practically impossible
Technetium Easy (soluble part)

Very difficult (part 
insoluble)

Feasible

Cesium Difficult but feasible Unrealistic without 
isotopic separation
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LWR high burn-up operation and MOX introduction; Fuel cycle performance from the viewpoint of 
waste management,
Y.Inagaki, T.Iwasaki, S.Sato, T.Ohe, K.Kato, S.Torikai, Y.Niibori, S.Nagasaki, and K.Kitayama
J.Nucl. Sci. Technol. Vo.46, No.7, 667-689(2009).

Thermal impact on geological disposal of hull and end piece wastes resulting from high-burn-up 
peration of LWR and introduction of MOX fuels into LWR,
F.Hirano, S.Sato, T.Kozaki, Y.Inagaki, T.Iwasaki, T.Ohe, K.Kato, K.Kitaya, S.Torikai, Y.Niibori and S.Nagasaki
J. Nucl. Sci. Technol, Vol.26, No.5, 443-452 (2009).

Burning of MOX fuels in LWRs; fuel history effects on thermal properties of hull and end piece wastes 
and the repository performance, 
F.Hirano, S.Sato, T.Kozaki, Y.Inagaki, T.Iwasaki, T.Ohe, K.Kato, K.Kitayam, S.Nagasaki and Y.Niibori
J. Nucl. Sci. Technol., Vol.49, No.3, 310-319(2012).
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Kawai K, Sagara H, Takeshita T, et al. High burn-up operation and MOX burning in LWR; effects of burn-up and 
extended cooling period of spent fuel on vitrification and disposal. J Nucl Sci Technol. 2018;55(10):1130-1140.

T. Okamura, K. Kawai, E. Minari, M. Nakase, H. Asano & K. Takeshita, Effect of Cs and Sr separation on 
occupied area reduction in current nuclear energy system and its evaluation by CAERA index, Sep Sci Technol. 
14 Feb. 2019, on line publication
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(UO2, 45 GWd/THM)

Y. Inagaki et al., LWR High Burn-Up Operation and MOX Introduction; Fuel Cycle Performance from the Viewpoint of 
Waste Management, J. Nucl. Sci. technol., Vol.46, No.7, 2009

Comparison between Type of Fuel, Burn-up & Cooling Period

Y. Inagaki et al., LWR High Burn-Up Operation and MOX Introduction; Fuel Cycle Performance from the Viewpoint of 
Waste Management, J. Nucl. Sci. technol., Vol.46, No.7, 2009

Heat generation vs. storage period of vitrified waste

Number of vitrified waste vs. burn-up Heat generation vs. cooling period of vitrified waste
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D        : Diameter of disposal tunnel
xD      : Disposal tunnel spacing
y         : Waste package pitch in the disposal tunnel
xD y: Occupied area per wastez

(4) Engineering, EBS and repository design, Glass
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a. Volume reduction
b. Mitigation of degree of harmfulness of radioactive waste

Repository concept for vitrified waste*

Volume of radioactive waste

Size of repository

Disposal area

Waste occupied area

Upper limit temperature/buffer material/100

Emplacement pitch & T-to-t distance

Volume reduction of waste & repository design

* H. Asano, et al., RWMC/TokyoTech, Cross-sectoral study on nuclear energy system for less-impacted radioactive waste management, 
Effect of various spent nuclear fuel properties  and reprocessing conditions on geological disposal, SFM19, Vienna, Austria, 2019
https://media.superevent.com/documents/20190626/d4939e24de05515f5dd77ae0206f8ca7/33_h.asano_crosssectoralstudy.pdf
https://media.superevent.com/documents/20190618/ecc05e8c997c0f567022ea7a7a8484ae/id33_asano.pdf

(1) Viewpoints

ORIGEN2.2-UPJ, JENDL4.0/ORLIBJ40, COMSOL Multiphysics Code 

(2) Fuel cycle conditions and calculation

Limitation

*Inagaki Y, Iwasaki T, Sato S, et al. LWR high burnup operation and MOX introduction; 
fuel cycle performance from the viewpoint of waste management.
J Nucl Sci Technol. 2009;46:677–689.



Burn-up 
(GWd/tHM) Spent fuel cooling period(year) 4 10 20 30 50 100 

28* 
Waste loading (wt%/glass unit) 17.18 17.24 17.31 17.36 17.41 17.44 

Heat generation rate 
(kW/glass unit) 

Vitrification 1.55 0.68 0.53 0.44 0.32 0.17 
Disposal 0.216 0.213 0.204 0.191 0.166 0.122 

45* 
Waste loading (wt%/glass unit) 20.83 20.92 21.01 21.07 21.13 21.17 

Heat generation rate 
(kW/glass unit) 

Vitrification 2.30 1.10 0.83 0.68 0.48 0.24 
Disposal 0.343 0.328 0.301 0.273 0.225 0.155 

70** 
Waste loading (wt%/glass unit) 20.69 20.75 20.82 20.86 20.91 20.94 

Heat generation rate 
(kW/glass unit) 

Vitrification 2.30 1.15 0.85 0.68 0.46 0.21 
Disposal 0.348 0.325 0.288 0.254 0.201 0.128 

(3) Calculation & results
a. Properties of vitrified waste under various conditions of fuel burn-up and SF cooling period

UO2
*Vitrified waste generation : 1.25 unit/tHM

**Vitrified waste generation : 1.91unit/tHM
MoO3 : 1.5wt%
PGM   : 1.25wt%

Time after disposal vs. Temperature of buffer material placed surrounding waste package at the repository

(3) Calculation & results
a. Properties of vitrified waste under various conditions of fuel burn-up and SF cooling period

28 GWd/tHM 45 GWd/tHM 70 GWd/tHM

UO2
Vitrified waste
Geological disposal : Vertical, 44.4m2

Upper limit temperature of buffer material : 100



(3) Calculation & results
a. Properties of vitrified waste under various conditions of fuel burn-up and SF cooling period

Heat generation /nuclides/Spent fuel/UO2

28 GWd/tHM 45 GWd/tHM 70 GWd/tHM

Spent fuel 
cooling period 

(year) 
MA 

separation 
(%) 

Heat generation 
rate (kW/glass 

unit) 

MoO3 
content 
(wt%) 

PGM 
content 
(wt%) 

Waste 
generation 

(glass 
unit/tHM) 

4 
0 5.80 1.16 0.90 0.447 

70 5.65 1.18 0.92 0.438 
90 5.60 1.19 0.93 0.435 

10 
0 3.03 1.15 0.90 0.451 

70 2.80 1.18 0.92 0.439 
90 2.77 1.19 0.93 0.436 

20 
0 2.28 1.14 0.89 0.455 

70 2.05 1.17 0.92 0.441 
90 1.99 1.18 0.92 0.437 

30 
0 1.86 1.13 0.88 0.458 

70 1.63 1.17 0.91 0.442 
90 1.56 1.18 0.92 0.437 

50 
0 1.29 1.12 0.88 0.461 

70 1.05 1.17 0.91 0.443 
90 0.98 1.18 0.92 0.438 

100 
0 0.64 1.12 0.87 0.463 

70 0.40 1.16 0.91 0.444 
90 0.33 1.18 0.92 0.439 

UO2/Burn-up 45GWd/tHM
Waste loading : 35wt%
Mo & PGM : 70% separation

Calculation & results                           
a.



(3) Calculation & results                                                                                                    
b. Properties of vitrified waste under various conditions of SF cooling period and MA separation ratio

UO2/Burn-up 45GWd/tHM
Waste loading : 35wt%
Mo & PGM : 70% separation
Geological disposal : Vertical, 44.4m2

MA separation:70% MA separation:90%

Heat generation rate of spent fuel with burn-up of 
45GWd/THM and 70GWd/THM at 4 years of cooling after
discharge and the contribution of MA (Np, Am, and Cm)

Inagaki.Y, et al., LWR High Burn-Up Operation and MOX Introduction;
Fuel Cycle Performance from the Viewpoint of Waste Management, 
Journal of NUCLEAR SCIENCE and TECHNOLOGY, Vol. 46, No. 7, p. 677–
689 (2009)

Contribution of minor actinides in MOX spent fuel 
(45GWd/THM) on heat generation rate

K. Kawai, et al., High burn-up operation and MOX burning in 
LWR; Effects of burn-up and extended cooling period of 
spent fuel on vitrification and disposal, JOURNAL OF 
NUCLEAR SCIENCE AND TECHNOLOGY, 2018, VOL. 55, NO. 
10, 1130–1140

5.3 MOX fuel
(1) heat generation characteristics



23

(2) MOX

×

   

ORIGEN2.2-UPJ JENDL-4.0 ORLIBJ40)

24

Kawai K, Sagara H, Takeshita T, et al. High burn-up operation and MOX burning in LWR; 
effects of burn-up and extended cooling period of spent fuel on vitrification and disposal.
J Nucl Sci Technol. 2018;55(10):1130-1140.
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Vitrification
- Waste loading
- Heat generation
- Storage/Cooling

Transmutation
- Fast Reactor
- ADS

HLLW

U-ore Milling Conversion Enrichment

Fuel Fabrication

Secondly Wastes

Geological 
Disposal

Treatment process
Vol. Reduction & Solidification
Shape, Volume and Weight
Storage
Disposal

Safety Assessment

Long-term & Post 
Closure Safety

- Nuclide migration
- Exposure dose

Environmental 
impact

- Amount of waste, 
- Size of repository

Radiation effect

Nuclear Fuel Cycle 
Radioactive Waste Management

LWR
- UO2,MOX
- B.U.
- Fuel comp.

SNF
- Storage/cooling period
(short & long)

U,Pu/Recovery

Reprocessing
- Recovery(U,Pu,others)

Partitioning &
Separation ratio

- MA 
- Cs, Sr
- PGM
- Mo 

Economical issues
- Storage period
- Plant Capacity
- No. of glass
- Disposal area

Non-proliferation
- Pu, U, others

at the Repository
- Pitch
- T-T distance
- Occupied area 
- Repository area
- Excavation volume
- Upper-limit temp./

buffer material

6. /Integrated approach for future NFC system
(1) Potential areas for reducing environmental impact in geological disposal 

Advanced Technology

LWR,
FR,
Advanced 
Reactor,
etc.,
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45

>45

4

15

20

30

50

70

100

U/99.5

Pu/99.5

He
at

 g
en

er
at

io
n

MA
Np
Am
Cm

0

70

90

99

99.5

99.9

100

16 

20

25

30

35

<50

50

>50

Vertical/
Horizontal

Waste package pitch(m)

Tunnel-to-tunnel 
distance(m)

Waste occupied are(m2)

Entire repository area(m2)

Tunnel excavation volume    
(m3)

Upper limit temperature 
of buffer material ( )

FPs Cs
Sr
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ss Mo Mo

PGM
Ru
Rh
Pd

*Vitrification: Glass matrix and glass melter operation, Limitation: Heat generation 2.3kW/unit, MoO3 1.5wt%, PGM 1.25wt%,   
Na2O=10wt%, Weight=400kg/unit 

**SR: Separation ratio, ***WL: Waste loading, ****SP: Storage period

MA Am Cs/Sr Mo PGM(Ru, Rh, Pd)

Separation ratio(wt%)

Heat generation of vitrified waste(kW/glass) Waste loading(wt%)/Upper limit/Vitrified waste

Repository area waste occupied area Number of vitrified waste

Target nuclides/Load reduction/Geological disposal

Reactor Fuel Burn-up
(GWd/tHM)

Spent 
fuel

cooling 
period
(year)

Reprocessing
/Purex

/Recovery(%)

Pre-conditioning of HLLW Vitrification*/
Vitrified waste Geological disposal

Nuclide separation SR**
(%)

WL***
(wt%)

SP****
(year)

Emplace-
ment Effects on repository

LWR UO2 45 4 U/99.5
Pu/99.5 0 20 50 Vertical/

Horizontal

Waste occupied area,
example:
.4.4m X 10m =44m2, 
vertical emplacement

Current

Future
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Calcination
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Calciner process principles and design (Petitjean, et al., Waste Management 
Conference, 2006)

• 100  600 C

• 

• Al(NO3)3
• Sugar Ru

9

[mol/l] [mol.%] [mol.%]
Cs CsNO3 FP 0.034 3.35 7.74
Sr SrNO3 FP 0.013 1.30 2.99
Ba Ba(NO3)2 FP 0.018 1.78 4.11
Zr ZrO(NO3)2 2H2O FP 0.056 5.50 12.7
Mo H2MoO4 FP 0.051 5.06 11.7
Ru Ru(NO3)3 FP 0.034 3.38 7.81
Rh Rh(NO3)3 FP 0.006 0.58 1.33
Pd Pd(NO3)2 FP 0.023 2.31 5.35
La La(NO3)3 6H2O FP 0.020 2.00 4.63
Ce Ce(NO3)3 6H2O FP,MA , 0.052 5.16 11.8
Nd Nd(NO3)3 6H2O FP,MA , 0.065 6.46 14.8
Fe Fe(NO3)3 9H2O 0.065 6.46 14.9
Na NaNO3 0.573 57.3 0

JAEA CRIEP

Na3M HNO3

10



Na Na:0%, LWR/FBR

600 700 800

600 700 800

Na Na:57%, LWR

11

0

10

20

30

40

50

60

Cs Ba La Ce Nd Mo Ru Rh Pd Fe Na

m
ol

. %

EDX
Na ( 600 )

12



13

10μm

EDX

0

5

10

15

20

25

Cs Sr Ba La Ce Nd Zr Mo Ru Rh Pd Fe

m
ol

. %

Na ( 600 )

600

800

2 [deg]

R
el

at
iv

e 
in

te
ns

ity
[a

.u
.] Na

Na

Na

Na
600 Fe2O3, ZrO2, CeO2

800

Na
600 NaNO3, CsNO3, Sr(NO3)2

800

Na

Na

14

NaNO3

NaNO3



-40

-30

-20

-10

0 -100

-50

0

0 200 400 600 800 1000

TG
 [w

t%
]

D
TA [μV]

Temp. [°C]

5 °C/min. in a 100 ml/min. air flow

275 

600 

NaNO3
(Tagawa, 1987)Na ( 600 )

275
NaNO3

600 800 NaNO3
15

16



0

100

200

300

400

10

NaNO3

17

MA
0                           50         100 ( )              

FBR MA

MA 40 FBR
10

800t/ 40 32,000 ton
30

MA

18

 MA  



1 10 100 1,000 10,000 100,000

Sv
/t

on
)

MA
MA 99%

30

MA

107

106

105
Sv

/t
on

MA
(80%)

MA 20%

0                 0.5                1

MA 1/100 ( 1000
MA (80%) MA (20%)

1000 79%

19

0                 0.5                1

MA
MA 99%

106

105

104

103

107

108

109

MA

MA 99%

1/100

10

100

1000

0 20 40 60 80 100 120 140

FP
MA

MA
MA 99%
MA

MA

MA

(km2)

1.5

1.0

0.5

0

(100%)

MA 1/2 1/3
MA (80%) MA (20%)

58%

1/2

20

(W/ )

MA

MA

MA 99%

MA
42%



MA

21

•
MA

/
MA
FR/ADS LLFP/

/ /

/

22



28-31 A

GE
JAEA

NFD

23


	付録1,付録2
	付録3.1
	付録3.2
	付録3.3
	付録3.4
	付録3.5
	付録3.6
	付録3.7-1
	付録3.7-2
	付録3.8
	付録3.9



