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1970
1997 CO,
PCAST
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DOE
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DOE 12 1 27 28
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GEN-4 Generation IV International Forum, GIF
INTD 16
GEN-4 2030
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LFR
GFR
VHTR
MSR
INTD 2015
BWR ABWRII ESBWR HCBWR SWR-1000
PWR AP600 AP1000 APWR+ APRI1400 EPR
ACR-700
CAREM IRIS SMART IMR
PBR PMR
GEN-4
GEN+4 INTD
16 12
21 GEN-+4 GEN-IV
1 GFR
GFR
GT-MHR  PBMR
GFR
GFR
GFR
GFR
GFR

L Technology Roadmap for Generation IV Nuclear Energy Systems”, U.S.DOE Nuclear Energy Research
Advisory Committee and the Generation IV International Forum (December, 2002)
2

cc i Vol45 No.3 (2003)
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6 GEN-4
AVR THTR
1999 HTTR
30MWt HTR-10 10MWt
300MWth PBMR
GA 300MWt
CT-MHR PBMR  GT-MHR
GFR VHTR
6.1 6.3
6.1

Reactor Parameters Reference Value
Reactor power 600 MWth
Net plant efficiency 48%
(direct cycle helium)
Coolant inlet/outlet 490 /850
temperature and pressure at 90 bar
Average power density 100 MWth/m3
Reference fuel compound UPuC/SiC (70/30%)

with about

20% Pu content
Volume fraction, Fuel/Gas/SiC 50/40/10%
Conversion ratio Self-sufficient
Burnup, Damage 5% FIMA; 60 dpa

288MWe 850
48%
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6 GEN-4
2 LFR
LFR
LFR 50 150MWe
300 400MWe
1,200MWe
6.2 6.4
BREST
15 30
6.2 LFR
Reference Value
Reactor Parameters Pb-Bi Battery | Pb-Bi Module | Pb Large Pb Battery
(nearer-term) (nearer-term) (nearer-term) (far-term)
Coolant Pb-Bi Pb-Bi Pb Pb
Outlet Temperature () ~550 ~550 ~550 750-800
Pressure (Atmospheres) 1 1 1 1
Rating (MWth) 125-400 ~1000 3600 400
Fuel Metal Alloy Metal Alloy Nitride Nitride
or Nitride
Cladding Ferritic Ferritic Ferritic Ceramic coatings
or refractory alloys

Average Burnup ~100 ~100-150 100-150 100
(GWD/MTHM)
Conversion Ratio 1.0 d&>-1.0 1.0-1.02 1.0
Lattice Open Open Mixed Open
Primary Flow Natural Forced Forced Natural
Pin Linear Heat Rate Derated Nominal Nominal Drated

3 MSR

MSR
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6.3

MSR

1940

6 GEN-4
6.5
6.3 MSR
Reactor Parameters Reference Value
Net power 1000 MWe
Power density 22 MWth/m®
Net thermal efficiency 44 t0 50%
Fuel-salt — inlet temperature 565

— outlet temperature 700 850 for
hydrogen production
— vapor pressure <0.1 psi
Moderator Graphite
Power Cycle Multi-reheat
recuperative helium
Brayton cycle
Neutron spectrum burner Thermal-actinide
1950
ARE 815
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6 GEN-4

MW MSRE 1
5 3 4 5 85y By
1000MWe 0.5MPa
700
GEN-4
4 SFR
SFR
SFR 100MWe 1,500 1,700MWe
530 550
64 6.6
6.4 SFR
Reactor Parameters Reference Value
Outlet Temperature 530-550
Pressure ~1 Atmospheres
Rating 1000-5000 MWth
Fuel Oxide or metal alloy
Cladding Ferritic or ODS ferritic
Average Burmup ~150-200 GWD/MTHM
Conversion Ratio 0.5-1.30
Average Power Density 350 MWth/m®
GEN-IV FBR

a7



5 SCWR
SCWR 374 22.1MPa

6 GEN-4

SCWR LWR 33 35 44
6.5
6.7
6.5 SCWR
Reactor Parameters Reference Value
Plant capital cost $900/KW
Unit power and neutron 1700 MWe,
spectrum thermal spectrum
Net efficiency 44%
Coolant inlet and outlet 280 /510 /25 Mpa

temperatures and pressure
Average power density

Reference fuel

Fuel structural materials
cladding structural materials

Burnup / Damage

Safety approach

~100 MWth/m’

UQO, with austenitic

or ferritic-martensitic

stainless steel, or Ni-alloy cladding
Advanced high-strength

metal alloys are needed

~45 GWD/MTHM,;

10-30 dpa

Similar to ALWRs
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6 GEN-4

SCWR
SCWR
45%
6 VHTR
VHTR VHTR
VHTR
HTR-10
6.6 6.8
6.6 VHTR
Reactor Parameters Reference Value
Reactor power 600 MWth
Coolant inlet/outlet 640/1000
temperature
Core inlet/outlet pressure Dependent on process
Helium mass flow rate 320 kg/s
Average power density 6-10 MWth/m;
Reference fuel compound ZrC-coated particles in
blocks, pins or pebbles
Net plant efficiency >50%
VHTR AVR THTR
HTGR GT-MHR PBMR

49
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6 GEN-4

30MWth HTTR 950
HTR-10
10MWth
VHTR
HTTR
R&D I-S
22 INTD
GEN-1IV 2030
International Near Term Deployment : INTD GIF
INTD
2015
ALWR
INTD 16
1 BWR
BWR ABWR ABWRII BWR ESBWR
BWR HC-BWR BWR SWR-1000
6.9 BWR
2
CANDU ACR-700
DUPIC
3 PWR
PWR AP600 AP1000 APWR
APWR+ ABB System80+ APR1400
PWR EPR
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7 GEN-4

7 GEN-4
GEN-4
Fuel Cycle Crosscut Group  FCCG GEN-4
GEN-4
GEN-4
1.
GEN- DOE
21
CO:2
GEN-4

DOE 2030

GFR

LFR

MSR
SFR
SCWR
VHTR
ABWR HCBWR AP600 APWR+
ACR-700 CAREM IRIS SMART IMR
PBR PMR GEN-4 2015

FCCG GEN-4
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FCCG
100
GEN-4

GEN-4

1 1998

GEN-4

GEN-4

GEN-4
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7

GEN-4

IIASA/WEC

GEN-4

GEN-4



2.

FCCG

235

7

Closed Nuclear Fuel Cycle

Radiotoxicity

63

GEN-4

21



7 GEN-4

40
700
20
GEN-4
21 2050
5 6
Neutron Economy
U-238 Th-232 Pu-239 U-233
3.5
MA
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7 GEN-4

GEN-4

IAEA

3. GEN-4

GEN-4
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7 GEN-4

<« - GEN-4

1
extreme robustness over geologic time scales
MA
10 15
GEN-4
GEN-4
GEN-4
2
Advanced Fuel Cycle Initiative: AFCI GEN-4
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GEN-4

Nuclear Energy Park

MA

67

7

MA

GEN-4

GEN-4



7 GEN-4

100 Cs
Sr MA
MA
Cs Sr
GEN-4
5
MA
MA
IAEA
AFCI
FCCG
Advanced Fuel Cycle Initiative: AFCI
AFCI AFCI
1
AFCI 2
AFCI 2 GEN-4
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7 GEN-4

ACFI 2 AFCI

AFCI 1
96
Pu

Office of Nuclear Energy. Sefence and Technology

AFCI Goal - Reduce ToXxiCityior;
High-Level Nuclear Waste

Effective Toxicity Reduction Due to Transmutation

10,000
= 1,000 -~
=]
i
=
% 100
}
E No
= Transmutation
@ 10
= With
= Transmutation
L Toxicity of
1 "'\\"' Matural Uranium
0.1 T T I T
10 100 1,000 10,000 100,000 1,000,000
<1,000 Year 300,000
Years Years it LT84 Aobuprarsen sst (5]
7-1
AFCI 2
GEN-4

1000
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1kg U-235 20

IAEA

IAEA

2003 10
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IAEA ! 2004 2 2
IAEA
IAEA
IAEA
IAEA
IAEA
2003 10
NPT
NPT 3 2004
4
3
5
IAEA
8.1
8.1.1 IAEA IAEA
1957  IAEA
LIAEA
2
IAEA 7

3 Iran’s Pact: “Full Cooperation”, The New York Times, October 21, 2003

* Additional Protocol Hearing Opening Statement Senator R. G. LUGAR, January 29, 2004

> Ratification of U.S. Protocol Between the Uniited States and IAEA, U.S. DOS Press Statement April 1, 2004
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IAEA IAEA
6
IAEA 3
12
IAEA
IAEA INFCIRC/26
INFCIRC/66
IAEA
2
B IAEA
2003 12
4
6 IAEA 5,000kg 50kg 20kg

David Fischer, “HISTORY OF THE INTERNATIONAL ATOMIC ENERGY AGENCY™,
IAEA 1997, ISBN 92-0-102397-9
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812 NPT

INFCIRC/66
,
IAEA
1965 NPT
1967 1998 NPT
NPT 1970 2003 12 189 NPT
NPT
NPT 2
5
NPT 6 NPT
NPT
NPT IAEA INFCIRC/153
IAEA
NPT 3 1
IAEA IAEA
/ 239 233 235 233
IAEA 20
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27
INFCIRC/66
IAEA
NPT
IAEA IAEA
2 500KWt  5000KWt
8
-235 25kg 235 20%
9
1 -235 20

83

9

INFCIRC/153 (Corrected)

INFCIRC/153 (Corrected) 28

IAEA

MUF: Material Unaccounted For

NPT
IAEA
1967
8kg -233 8kg
1



INFCIRC/66
2 93
IAEA 1991
IAEA
1991 3 687
IAEA
90t 06kg 4%
8.13 IAEA
NPT
IAEA
completeness
IAEA
SAGSI IAEA
93+2 -
10
0.2 5pm
1 o342 (3)-NPT

2000.8 \0l.29 No.8

84

12.3kg

1974

80 10kg 450t
IAEA
IAEA
UNSCOM
-235
INFCIRC/153
correctness
1992
10
1993 IAEA



1995 6
03+2 Part-1%?
03+2 Part-2  IAEA IAEA
IAEA
Part-2 1996 6
Committee 24 COM-24
IAEA
1997 5 IAEA
13
1
IAEA
1 IAEA
IAEA 14
1 2 IAEA IAEA
12
GOV/2807, 12 May
1995

13 INFCIRC/540 (Corrected)
14

B INFCIRC/540 (Corrected) 2
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814

IAEA

1 MOX

8.15

16 The New York Times, October 21, 2003

IAEA
IAEA
correctness
completeness
IAEA
IAEA
2003 10
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3
IAEA
NPT
2004 3 5
31 1
82
IAEA
NPT
NPT
821

" USINFO.STATE.GOV 04 March 2004 USINFO.STATE.GOV 01 April 2004
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1969
18
1972 1AEA 1977 Physical Protection
of Nuclear Material
1989 20
1992 2
2 1988
822
2 1
1
2
1

18
19
20
21
22
23

10CFR Part73  “Physical Protection of Plant and Materials”
INFCIRC/225/Rev.1
INFCIRC/225/Rev.2
INFCIRC/225/Rev.3
INFCIRC/274
-235 20% 20%
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10 CFR Part 73
Part 73
823
8.1
@) 2kg 500g 159
2kg 500g
20 5kg 1kg 15¢
5kg 1kg
10 —_— 10kg 1kg
20 10kg
—_— —_— 10kg
) 10
-233 2kg 500g 15g
2kg 500g
(€)) -238 80
%) -235 -235
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5kg
-233

159

59

INFCIRC/225

8.24

IAEA

159

1970
INFCIRC/225
-235 20
INFCIRC/225/Rev.3
500 8kg
5
24 | 365

90

2kg
2kg

159
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! Beyond Kyoto  Advancing the international effort against climate change, December 2003
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2030
1/4 85
1993
2010
2020
2740 2030 1/4 3200
85 8
75% 40 20 4

3 2002
4

http:/Awww.nef.or.jp/enepolicy/01.html
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3.
3.1
0.640.2 30
5 6
CO,
15 37
CO,
CO, CO,
CO,
15
06 09 01 /10yr
! 1950 1993 02 /10yr
0.1 /10yr
CO,
30
20% 1103

® Chris D. Thomas, et al. Extinction risk from climate change; NATURE, \Vol. 427, 8 January 2004
® paul Brown; Environment Correspondent; The Guardian, January 8, 2004

! Joseph E. Aldy, et al, Beyond Kyoto — Advancing the International Effort against Climate Chang, PEW Center on
Global Climate Change, December 2003
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