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JAIF HP

• →

•

U-233 U-232

•

[JAIF] 

http://www.jaif.or.jp/ja/asia/india_data2.html
3

•

–

•

–

•

–
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1. Th fissile U-233

2. U-233 Th

→ U-235

3. U-233 Pu

→ Pu

5

γ

U-235 48kg 0

Pu 10kg

U-233 16kg
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James A. Hassberger, Tom Isaacs, Robert N. Schock, "A STRATEGIC FRAMEWORK FOR PROLIFERATION RESISTANCE: A SYSTEMATIC APPROACH FOR THE IDENTIFICATION 

AND EVALUATION OF TECHNOLOGY OPPORTUNITIES TO ENHANCE THE PROLIFERATION RESISTANCE OF CIVILIAN NUCLEAR ENERGY SYSTEMS", Proc.ofGlobal2001 Paris (2001)

•

– U-233 0.47 fissions/sec-kg.

– U-232 720 fissions-sec/kg.

•

– U-233 : 9.636 mCi/g

– U-233 + 1% U-232 212 mCi/g.

8

Nuclear Weapons Frequently Asked Questions, Version 2.25: 9 August 2001, http://nuclearweaponarchive.org/Nwfaq/Nfaq0.html



U-233 

162,000 Th-232 

• Th-232 + n -> Th-233 

• Th-233 -> (22.2 min, beta) -> Pa-233 

• Pa-233 -> (27.0 day, beta) -> U-233 

9
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γ Tl-208

• U-232 -> (76 yr, alpha) -> Th-228 

• Th-228 -> (1.913 yr, alpha) -> Ra-224 

• Ra-224 -> (3.64 day, alpha & gamma) -> Rn-220 

• Rn-220 -> (55.6 sec, alpha) -> Po-216 

• Po-216 -> (0.155 sec, alpha) -> Pb-212 

• Pb-212 -> (10.64 hr, beta & gamma) -> Bi-212 

• Bi-212 -> (60.6 min, beta & gamma) -> Po-212 

alpha & gamma) -> Tl-208

• Po-212 -> (3x10^-7 sec, alpha) -> Pb-208 (stable) 

• Tl-208 -> (3.06 min, beta & gamma) -> Pb-208 

ü Ra-224 γ

ü 85% Tl-208(2.6MeV)

ü γ U-232, Th-228
11

U-232

U-233 U-232 68.9

a. Th-232 + n -> Th-231 + 2n

b. Th-231 -> (25.5 hr, beta) -> Pa-231 

c. Pa-231 + n -> Pa-232 

d. Pa-232 -> (1.31 day, beta) -> U-232 

(n,2n)

Th-230

a. Th-230 + n -> Th-231 

b.

12
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7 5 Th-230U-232

U-233

• Pu Pu-240

U-233

U-233

• U-233 (Weapon grade)*

– U-232 5ppm (0.0005%)

• U-233 (Low grade)*

– U-232 50 ppm (0.005%)

*Clearn U-233, Dirty U-233

14



U-233

• U-232 U-233 Th-228

γ

• U-233 U-232 5 ppm 10kg

1m 1 11 

mrem/hr 1 110 mrem/hr 2

200 mrem/hr

• 2 U-233 25

5 rem

15

U-233 (2)

•

γ
10

• Be-9(γ,n)Be-
8

• U-232 γ

• 100 1000

16



U-233

• U-233 (0.5 - 1.0% U-232) , γ

• 10kg 1m 1 11 

rem/hr 1 110 rem/hr 2 200 rem/hr 

•

• U-233 1000

25

• U-233

17

2005

1 47 12 802-821

U-232 2320ppm

5kgU
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10kgU

U-232 5000ppm

10kgU
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U-233
α

• 69 U-232 U-233

• 1% U-232 U-233 Pu 3

• α (α,n)

γ

Pu Pu-240

19

• Be, B, F, Li α

•

U-233
Pu

• (α,n)
1ppm

•

20



U-232

•

U-232 1000 -

2000 ppm (0.1 - 0.2%)

• 0.5-

1.0% U-232

21

U-232

U-233

U-232 U-232

Pu

22

•Th-232 + n -> Th-231 + 2n 

• U-232 (n,2n) 6.5 MeV

. 

• Th-232 Th-232

500 KeV )

•Pa-231 + n -> Pa-232 

• Th-230 

Th



U-233

• U-235 Pu

• U-233 γ

• 1957 Teapot MET U-233 core

• U-233

U-233

23

U-233

• USDOE Th U-233 Purex

U-233 50,000

• 2000

(tactical nuclear weapon)

U-233

• 1960 2.5 300ppm U-232 U-233

1968 1969 U-233/Th

0.19% U-233

• U-232 ppm U-233

Th

– Th *

U-233

– Th Th

* U-232 Th-230

24
Nrom Buske, Hanford Radioactivity in Salmon Spawning Ground, A report of Government Accountability Project, Aug. 2002 



Hanford U-233

•

– U-233 Pu-239 U-235

–

– Pu-239 U-233 Pu-239

–

•

– U-233

–

– DOE

•

– U-233 Pu

Hanford

25
Nrom Buske, Hanford Radioactivity in Salmon Spawning Ground, A report of Government Accountability Project, Aug. 2002 

U-233

• H- U-233

– 23[ton] Th 30kg U-233

– 1955 7 1

– 1958 H- 1% U-233

• Th

– 1968 170t/y

– 1971 ’72 24t/y

– 1973 20t/y

• N- U-233

– 1978 N- U-233

27
Nrom Buske, Hanford Radioactivity in Salmon Spawning Ground, A report of Government Accountability Project, Aug. 2002 



• U232

→

• U-233

•

• U-232 γ
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