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(1957).

(2) D. Jackson, S. R. Jones, A. “Reappraisal of Environmental Countermeasures Undertaken
Following the Windscale Fire Nuclear Reactor Accident”, 1957, Seminar on
Comparative Assessment of the Environmental Impact of Radionuclides Rel eased
During Three major Nuclear Accidents: Kyshtym, Windscale, Chernobyl, Oct. 1990,
Luxembourg, CEC (1991).

(3 H. M. Apsimon, J. J. Wilson, A. Goddard, “ Atmaospheric Dispersion Modelsin
Assessment of Accidental Releases (l1lustrated by the Windscale and Chernobyl
Accidents)”, (1991).
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Vienna (1995).
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Vol.37 No.12 p.450 (1994).

36



1992

1993
1960
1964
TBq

450 1.5

3.7 -

315 570
2 456 248

IAEA SM 399/174

37

4



®3)

135" 144~ 1457 150" 1557 160"

1 i R S 1 P L 1 L ek | & 55°
T ) A

55*

C (6)

38



1972

1985
1960
1976
1991 12
1993
1992
1993
1AEA International Arctic Seas Assessment
Project: IASAP 4
1994

39



Mayak

1993 10 11
1994
1AEA
1993 10
7,000m®
2000 4
1,800 m?®
1999

C O

4C



1950 240

3 2
3 1
4 1 2
1999 180 100
80 3 1
190 Ship/Submarine

Recycling Program SRP
25

41



10

89PBq
37PBq
1990
Cooperative Threat Reduction CTR 1992
2 3
1996 5
1997
2000 17
2007 18 18 36
140

42



400m

9

2002

42

2002

1999

1

2003

G-8

(12) Bellona Foundation

(

43



FSUE* DalRAO”

( (12) Bellona Foundation )

44



@

(2)

3)

(4)

(5)

(6)

(7)
(8)

9)

1993

A. Aakrog, “Global Radioecological Impact of Nuclear Activities in the Former Soviet
Union”, Proc. International Symposium on Environmental Impact of Radioactive
Releases, IAEA-SM-339/174, Vienna (1995).
S. Strand et al., “Dumping of Radioactive Waste in the Barents Sea’ and the Kara Sea,
Proc. International Symposium on Environmental Impact of Radioactive Releases,
IAEA-SM-339/128, Vienna (1995).
K. —L. Soeblom et al., “The International Arctic Seas Assessment Project (IASAP):
Interim Progress Report”, Proc. International Symposium on Environmental Impact of
Radioactive Releases, IAEA-SM-339/167, Vienna (1995).
Radiological Conditions of the Western Kara Sea: “ Assessment of Radiological Impact
of the Dumping of Radioactive Waste in the Arctic Seas” — Report on the International
Arctic Seas Assessment Project (IASAP), IAEA (1998).
Don Bradley, “Behind the Nuclear Curtain: Radioactive Waste Management in the
Former Soviet Union”, Battelle Press, (1997).

7 31 33
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Former Soviet Union, Monterey Institute of International Studies, June 2001.
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150 200km 1¥7Cs
10
Pu
1975 1985 1993-95 1990
34
1975 126 Sv 1985 24 Sv
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1985 3 10p Sv
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1995 2

28 ( ) 1 2
MOX Pu U
10 3

2,200

)

30 50
(4)
t
2,700 2,900 5,600
1,500 EE— 1,500

(1) J. G. Young et al., "Clean-Up of NORM Contaminated Site", ARPS 25, Silver Jubilee
Conference on Radiation Protection: Past, Present and Future (2000).

(2)

2000 (2002 ).
(3) NRPB Bulletin 1990
A. B. Bexon, NRPB Bulletin, No.221(April, 2000).
4 10 (1999).
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@
(1999).
(20 OECD/NEA, Reversibility and Retrievability in Geologic Disposal of Radioactive Waste,
Reflections at the International Level, (2001).

3 ()
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(RI;radioisotope)

1979
IAEA 1996
1AEA
11
1995 1996 1997 1998 1999
UF, 48 | 807 | 50 | 720 | 52 | 704 | 34 | 418 | 32 | 534
uo, 81 | 792 | 79 | 747 | 74 | 745 | 83 | 731 | 70 | 556
57 | 937 | 77 | 1217 | 51 | 825 | 66 | 1101 | 65 | 902
35 | 394 | 22 | 199 9 127 6 69 10 | 107
HLW 1 14 1 20 0 0 1 30 1 20
45 | 60.1 | 27 | 1.6 | 23 | 2.7 | 10 | 0.3 | 12 | 0.2
( )HLW
t-U HLW
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JPDR
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JRR-2 0.1 0.2mSv

99

1993

1960 100 1990 5,000
B
3H 147Pm

1S0-3157

107ty Sv
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C @)
1S0-3157
MBq MBq MBq
*H 278 185 277
147pm 555 3.7 3.7
3H 370 228 370
147Pm 7.4 5.55 3.7
*H 925 — 925
147Pm 18.5 — 3.7
B “pm, NI,
Kr 1
kBq
10~y Sv
241Am
0.74 MBq 37 kBq
OECD/NEA
0.1 p Sv
1AEA IAEA Safety Series No.115 (1996)
BSS ( 2))
BSS
*H 925 MBq 1000 MBq
147Pm 3.7 MBq 10 MBq
3.7 MBq
53N 3.7 MBq 100 MBq
8Kr 3.7 MBq 10 kBq
241Am 0.74 MBq 10 kBq

Basic Safety Standard
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100

10
85 4,000
ECD X
ECD
1) 33 199 (1996).

(2) IAEA Safety Series No0.115, “International Basic Safety Standards for Protection against
lonizing Radiation and for the Safety of Radiation Sources’, Vienna (1996).
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40 t
2000 6
U Th
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220Ra
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13t

2002 7
(UNSCEAR)
238U 235U 232Th 4OK
¢ )C) UNSCEAR 1982
265 % 200 *°Ra 240 2°Pb 930 *%Po 1,700 Z#7Th
Bg/kg
2 Sv
()
()
30 3 10
ppm
0.2 3 10ppm
30ppm 0.6 2
1993 UNSCEAR ) 50
70u Sv
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40K
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R ©))

Bqg/kg
238-U 12.33 123 35
1.0 ppm
235-U 0.562 5.62 --
3.3 ppm | 232-Th 13.3 133 30
0.23 40K 72.2 722 400
10%
Y
Th
UNSCEAR 2000
(
1AEA Basic Safety
Standard (BSS)
100u Sv/ 1 10p Sv/
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Q)

11

/
(Ba/9) (Ba/g)
238U 232Th 238U 232Th
0.2 1.5 0.02 0.9 1.3 0.02(
0.3 3 0.008 0.04 600(*°Pb) )
6 40 8 300 450 3,000
0.34 kBg/m® 1 1,000
0.1 0.3( )| 0.15( )
1 0.3
0.1 0.3 0.2 0.6
(ZlOPO 210Pb)
0.01 0.025 |0.01 0.025| 0.02 0.04( 0.2(
) )
0.1 0.3(
)
0.2(
)
0.4( )
0.08 0.05 0.02( ) 0.03 0.1
( )
0.4 0.6 0.3 0.4
2.5
1970
1991 340
1994 NATO
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2000

11 UNEP
1995 12 1 100km
1 1997 1
1997 2 3 1997 6
19
N 2002 7 8

(2 D.G.Coles, R.C.Ragaini and J.M.Ondov, “Behavior of Natural Radionuclides in
Wester Coal-Fired Power Plants’, Environ. Sci.Technol., 12, 442 (1978).
United Nations Sceintific Committee on the Effects of Atomic Radiation, “Sources and
Effects of lonizing Radiation”, United Nations, (1977).
(3) J.P.McBride, R.E.Moore, J.P. Wetherspoon and R.E. Blanco, “Radiological Impact of
Airborne Effluents of Coal-Fired and Nuclear Power Plants’, ORNL-5315, Aug. 1977.
4 —1982
B
(1982).
(5) A.Nakaoka, S.Takagi, M.Fukushima and Y .Ichikawa, " Evaluation of Radiation Dose
from a Coal-fired Power Plants’, Health Physics, 48(2), 215, (1985).
(6)
1993

(")
2000
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(phytoremediation)

137CS
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phytoremediation

phytoextraction
phytostabilization
phytoextraction
hyperaccumulator
1km
Sy 1¥Cs 2,000 8,000
hyperaccumulator
hyperaccumulator
(ppm)
hyperaccumulator
Ag 0.1 1.00028 0.2 20
As 5 0.0026 0.1 10
Au 0.1 0.000011 0.001 0.1
Ba 500 0.021 40 4,000
Br 5 6.73 4 400
Ce 53 0.00000012 0.5 50
Co 8 0.00039 0.2 20
Cr 200 0.0002 0.5 150
Cs 5 0.0003 0.2 20
Cu 20 0.0009 10 1,000
Hf 6 <0.000008 0.05 5
I 5 0.064 3 300
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La
Mo
Ni
Pb
Rb
Sh
Sc
Sr
Th

Zn

40

40
10
100
2.3

300

100
50

0.0000034
0.01
0.0066
0.00003
0.12
0.00033
<0.000004
8.1
0.0000004
0.0033
0.0019
0.005

20
50
150
100
5,000
10

5,000
0.5

50
5,000

hyperaccumulator

(1) S.Dushenkov et al., Phytoremediation of Radiocesium Contaminated Soil in
the Vicinity of Chernobyl, Ukraine, Environ. Sci. Tecnology, Vol.33, No.3,

pp.469-475 (1999).
R.L.Chaney and Y .Lin, Metal Scavenging Plants to Cleanse the Sail,
Agricultural Research, Vol.43, No.11, pp.29 (1995).

2

3

NIRS-R-45, pp.26-33, (2001).
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MeV GeV mA 10mA
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MA FP
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Accelerator Transmutation
of Waste ATW

Accelerator Production of Tritium ATP

2001 Advanced
Accelerator Applications AAA

Accelerator Driven
Test Facility ADTF 2010
ADS 2008

ENEA C. Rubbia
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PUREX TRUEX MA
SPIN MA
DIAMEX SANEX/SESAME
1960
@
2 JNC TN1400 99-020 025 (1999).
2

Vol.42, No.7, p.589 (2000).

(3) Mukaiyama et al., Minor Actinide Burner Reactor and Influence of Transmutation on
Fuel Cycle Facilities, p.105, IAEA-TECDOC-783 (1995).

(4 Mukaiyamaet a., Review of Research and Development of Accelerator-driven System in
Japan for Transmutation of Long-lived Nuclides, Progress in Nuclear Energy, Vol.38,

9¢



Nos.1-2, p.107 (2001).

(5 G.Van Tuyle et a., U.S. Advanced Accelerator Application Program: Plans to Develop
and Test Waste Transmutation Technologies, GLOBAL2001, Paris (2001).

(6)

JAERI-RESEARCH-2000-024 (2000).

(7 : , No. 101,

p. 87 (1997).

(8) M. Boidron et al., Status of the French Program on Separation and Transmutation of
Nuclear Waste, GLOBAL 2001, Paris (2001).

(99 Nuclear Waste: Technologies for Separation and Transmutation, Committee on Separation
and Transmutation Systems, National Research Council (1996).

(10) Actinide and Fission Products Partitioning and Transmutation: Status and Assessment
Report, OECD/NEA (1999).

(11) Evaluation of Possible Partitioning and Transmutation Strategies and of Means for
Implementing Them, European Commission, EU Contract F141- CT95-0006-1999
(1999).
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1990 1992 1994 1996 1998 2000
(2002) VOC  volatile organic compounds

vVOoC
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13 3
,(2002)

@
(1995).
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(Bioaugmentation)
Phytoremediation

(Biostimulation)

)

104

(1999).




1999 1

12

VoC
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VOC

voC
(65) | (138) | ( 25) | (228)
20 74 7 101
12 6 3 21
8 69 4 81
37 32 11 80
5 0 0 5
10 3 4 17
3 0 1 4
23 3 6 32
2 0 2 4
3 26 2 31
24 123 16 | 163
12 7 2 21
13 , 2002)
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VOC

(255) | (204) | (42) | (501)
2 3 4 3
0 0 3 1
1 2 1 2
1 0 0 0

13 145 21 179
2 105 12 119
12 107 18 137
1 0 2 3
131 64 26 221
14 35 10 59
11 14 7 32
3 6 5 14
5 3 0 8
3 5 2 10
4 21 3 28
0 3 0 3
2 7 0 9
1 8 3 12
1 3 0 4
38 3 7 48
23 1 2 26
20 2 6 28
8 1 2 11
7 1 4 12
4 0 1 5
6 0 0 6
93 2 15 110
31 2 4 37
60 0 11 71
8 0 2 10
49 5 4 58
33 3 3 39
3 0 1 4
24 3 2 29
161 26 22 209
138 14 21 173
29 12 2 43
13 , 2002)
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CEC/CIS
1991 CEC; The Commission of the European Communities

ECP; Experimental
Collaboration Project JSC; Joint Scientific
Project
CIS Commonwealth of Independent States

1991
1995
EC 4
CIS 14

500 600 KECU/ CIS
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2,000 3,000m?

1S0 14000s

2001 4 PRTR(pollutant release and transfer register)

PRTR

2001 1
MSDS(material safety data sheet)
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