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Masayuki Yamamoto*, Makoto Ishibashi*

Abstract

Uranium waste has features that the main nuclide is long-lived uranium and it is not almost
necessary to consider radiation influence from waste package. Although the many studies for
subsurface disposal concept of uranium waste have been done, the wastes features were not carefully
considered in the former studies. The following reasonable disposal concepts have been designed

considering the features in this study.

Concrete vault disposal concept in rock cavern
Monolithic disposal concept in rock cavern

Trench disposal concept in rock cavern

The safety of the disposal concepts during operation and after control phase has been investigated
in this study. As the result, it has been shown that the exposure dose of workers due to waste
package is not high. And it has been shown that the exposure dose of the public does not change so
much, even if the engineered barrier has been reduced. Besides, some issues regarding regulation,

operation and monitoring have been picked up.

This Work was performed by Mitsubishi Materials Corporation under contract with Japan Nuclear
Cycle Development Institute.

JNC Liaison : Materials Research Group, Waste Isolation Research Division, Waste Management
and Fuel Cycle Research Center, Tokai Works.

* Energy Project & Technology Center, Mitsubishi Materials Corporation
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ton m3
By Co-60 1E+13 1E+14Bqg/ton
1E+08Bg/ton
CB BP
“ " 20
2004 7 29 7 30 10-1 2004
2
Bg/ton
H-3 1E+12 3E+13 4E+10 2E+12 3E+10 3E+11
C-14 7E+10 4E+12 5E+10 2E+11 5E+09 1F+11
CI-36 8E+07 4E+08 1E+08 1E+09 8E+07 2E+09
Ca-41 9E+07 2E+09 1E+06 1E+07 2E+06 2E+07
Co-60 8E+13 6E+15 1E+13 2E+14 5E+14 SE+14
Ni-59 3E+11 2E+13 3E+10 4E+11 4E+10 7E+11
Ni-63 3E+13 2E+15 4E+12 5E+13 6E+12 9E+13
Sr-90 2E+09 9E+09 2E+09 E8E+09 3E+08 2E+09
Nb-94 3E+09 6E+11 1E+11 4E+12 3E+09 2E+11
Tc-99 2E+08 4E+10 1E+07 6E+07 4E+08 8E+09
1-129 3E+04 2E+05 3E+03 1E+04 2E+02 2E+03
Cs-137 5E+10 SE+11 5E+09 2E+10 4E+08 3E+09
a 2E+08 1E+09 1E+09 3E+10 1E+08 6E+08
2000
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3
Bg/ton
C-14 5.2E+14
Cl-36 1.0E+11
Tc-99 8.2E+11
Np-237 1.3E+10
4 2030
(ton) (ton) (ton)
39,000 200 300
11,000 400 300
50,000 600 600
2000
2 RI
RI RI
5
6 200L
16,987 10,018 6,969
1
9,626 59% 6,577
41% 16,189 95%
RI 7
By Co-60 1E+13 1E+15Bg/ton
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200L
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0 180
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60 70
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7 RI
(Bg/ton) (Bg/ton) (Bg/ton)
1 Co-60 1.0E+15 H-3 4.3E+14 Ni-63 1.6E+15
2 Fe-55 1.5E+13 Co-60 5.0E+13 Cs-137 1.2E+15
3 Ni-63 1.3E+13 Ni-63 3.9E+12 Pu-242 9.4E+14
4 Mn-54 8.7E+12 Cs-137 1.7E+12 Co-60 1.6E+14
5 C-14 2.7E+12 Sr-90 1.1E+12 Fe-55 7.9E+13
6 H-3 9.2E+11 Eu-154 1.8E+11 Pu-238 6.1E+13
7 Na-22 6.3E+11 Cm-244 6.5E+10 Am-241 2.1E+13
8 Cs-137 3.3E+11 Pu-238 3.8E+10 Sh-125 1.4E+13
9 Sr-90 1.2E+11 Ni-59 2.7E+10 Ru-106 6.6E+12
10 Ni-59 1.0E+11 Pu-240 1.7E+10 Pu-240 5.3E+12
“ RI
" JNC TJ8400 2003-084 2004
1
12
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101°Bg/ton

10%Bg/ton

U-238 45
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655

3,617

51

118

121
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9
(Ba/Bq) (Ba/Bq)
Sr-90 288y 0.0E+00 1.7E-04
Y-90 64.1h 0.0E+00 1.7E-04
Tc-99 2.11E+5y 0.0E+00 4.2E-02
Ru-106 371.6d 0.0E+00 5.7E-04
Rh-106 29.8s 0.0E+00 4.2E-05
Sh-125 273y 0.0E+00 2.2E-06
Te-125m 58 d 0.0E+00 5.3E-07
Cs-134 2.062y 0.0E+00 6.9E-06
Cs-137 30y 0.0E+00 3.3E-03
Ba-137m 2551 m 0.0E+00 2.2E-04
Ce-144 284.9d 0.0E+00 1.1E-06
Pr-144 17.28 m 0.0E+00 8.4E-08
Pm-147 2.623y 0.0E+00 2.0E-05
Sm-151 87y 0.0E+00 1.0E-06
Eu-154 8.8y 0.0E+00 9.9E-06
Eu-155 468y 0.0E+00 3.0E-06
TI-208 3.05m 0.0E+00 4.2E-03
Bi-212 60.55m 0.0E+00 1.2E-02
Pa-233 27d 0.0E+00 8.8E-05
Pa-234m 1.17m 0.0E+00 1.2E-01
Th-231 2552 h 0.0E+00 8.4E-03
Th-234 24.1d 0.0E+00 1.2E-01
U-237 6.75d 0.0E+00 5.7E-07
Np-239 2.355d 0.0E+00 4.9E-08
Pu-241 144y 0.0E+00 3.2E-02
Am-242m 152y 0.0E+00 2.7E-08
Am-242 16.02 h 0.0E+00 2.7E-08
By 0.0E+00 3.5E-01
U-232 68.9y 0.0E+00 1.3E-02
U-234 2.45E+05y 4.9E-01 4.2E-01
U-235 7.04E+08 y 2.3E-02 1.1E-02
U-236 2.34E+07y 0.0E+00 8.4E-02
U-238 4.47E+09 y 4.9E-01 1.3E-01
Np-237 2.14E+6y 0.0E+00 1.3E-04
Pu-236 2.851y 0.0E+00 1.1E-08
Pu-238 87.74y 0.0E+00 7.6E-04
Pu-239 241E+04y 0.0E+00 1.7E-04
Pu-240 6.57E+03y 0.0E+00 2.4E-04
Pu-242 3.76E+05 y 0.0E+00 6.1E-07
Am-241 4322y 0.0E+00 4.6E-04
Am-243 7370y 0.0E+00 4.9E-08
Cm-242 162.9d 0.0E+00 2.3E-08
Cm-243 285y 0.0E+00 3.7E-08
Cm-244 18.1y 0.0E+00 2.5E-08
Cm-245 8500y 0.0E+00 2.5E-10
o} 1.0E+00 6.5E-01
1.0E+00 1.0E+00
1E-10
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11
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11
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12
Tc-99 0.0% 4.2%
Ru-106 0.0% 0.1%
Cs-137 0.0% 0.3%
TI-208 0.0% 0.4%
Bi-212 0.0% 1.2%
Pa-234m 0.0% 12.2%
Th-231 0.0% 0.8%
Th-234 0.0% 12.2%
Pu-241 0.0% 3.2%
U-232 0.0% 1.3%
U-234 49.1% 41.9%
U-235 2.3% 1.1%
U-236 0.0% 8.4%
U-238 48.6% 12.6%
Pu-238 0.0% 0.1%
13
2.0g/cm3 57.0cm 78.4cm
2.0g/cm3
0.1cm 7.8g/cm3
10cm 1.3g/cm3
10cm
2.1g/cm3
1000Bg/g U-234 5.41E-03wt%,U-235 7.31E-01wt%,U-238
99.3wt%
100
1000Bqg/g

653Bg/g U-232 1.52ppb,U-234 1.76E-02wt%, U-235
1.33%, -236 3.40E-01%, U-238 98.3%
10 10

ANISN | QAD
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14
%

H 0.6 - 0.416 0.6
O] 49.9 - 50.74 49.9
Na 1.7 - - 1.7
Mg 0.3 - 0.115 0.3
Al 4.6 - 0.446 4.6
K 1.9 - - 1.9
Si 31.6 - 38.606 31.6
S - - 0.07 -

Ca 8.3 - 6.869 8.3
Fe 1.2 100 2.738 1.2

-44 -
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1,000Bg/g
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20
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15
) (Bg%) (Bg%)

Sr-90 2.9E+01 - 1.7E-04
Tc-99 2.1E+05 - 4.2E-02
Cs-137 3.0E+01 - 3.3E-03
Sm-151 9.0E+01 - 1.0E-06
U-232 7.2E+01 - 1.3E-02
U-234 2.5E+05 4 9E-01 4.2E-01
U-235 7.0E+08 2.3E-02 1.1E-02
U-236 2.3E+07 - 8.4E-02
U-238 4 5E+09 4.9E-01 1.3E-01
Np-237 2.1E+06 - 1.3E-04
Pu-238 8.8E+01 - 7.6E-04
Pu-239 2.4E+04 - 1.7E-04
Pu-240 6.6E+03 - 2.4E-04
Pu-241 1.4E+01 - 3.2E-02
Pu-242 3.8E+05 - 6.1E-07
Am-241 4.3E+02 - 4.6E-04
Am-242m 1.5E+02 - 2.7E-08
Am-243 7.4E+03 - 4.9E-08
Cm-243 2.9E+01 - 3.7E-08
Cm-244 1.8E+01 - 2.5E-08
Cm-245 8.5E+03 - 2.5E-10
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16
] 10
3 2
m3/mz2ly 0.073 0.73 10
3/ 0.2
2.5x% 104
mx mx mx 120x 10x 10x 1
g/cms3 2.5
- 0.2
17
m 500
m/d 0.001
0.001m/d m 200
m/d 0.01
0.01m/d m 300
- 0.2
g/cm3 2.6
18
m3/y 1x 108
hly 500
g/ms3 5x 104
m3/h 1.2
71
kaly 12
45
22
kgly 2
kgly 5
kaly 4
kaly 8
Lly 110
7.2
kg-dry/d 16.1
2.4
0.07
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() (mL/g)
Sr 3.0E-02 5.0E+01
Tc 1.0E-01 1.0E+01
Cs 1.0E-02 1.0E+03
Sm 3.0E-02 1.0E+02
Ra 3.0E-04 5.0E+01
Po 3.0E-04 1.0E+02
Pb 3.0E-04 1.0E+02
Pa 3.0E-04 1.0E+03
Ac 3.0E-04 1.0E+03
Th 3.0E-04 1.0E+03
U 3.0E-04 1.0E+02
Np 3.0E-04 1.0E+02
Pu 3.0E-04 1.0E+03
Am 3.0E-04 1.0E+03
Cm 3.0E-04 1.0E+03
10
20
(Ba/g-wet)/(Bg/g-dry soil)
() C . ) C )
Sr 1.8E-01 5.5E-01 1.7E+00
Tc 6.3E-01 2.1E+02 7.6E+01
Cs 7.1E-02 5.7E-02 5.3E-01
Sm 2.0E-03 2.0E-03 4.0E-02
Ra 6.6E-04 1.2E-02 8.0E-02
Po 2.0E-03 1.5E-03 9.0E-02
Pb 4.0E-03 7.6E-03 1.1E-03
Pa 4.0E-02 4.0E-02 1.0E-01
Ac 1.0E-03 1.0E-03 4.0E-03
Th 1.9E-05 2.2E-04 1.1E-02
U 1.1E-03 2.4E-03 2.3E-02
Np 2.3E-03 1.2E-02 6.9E-02
Pu 7.4E-06 7.0E-04 8.0E-04
Am 1.9E-05 3.5E-04 1.2E-03
Cm 1.8E-05 2.2E-04 1.1E-03
3
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(d/kg) (d/L) (d/kg) (d/kg) (d/kg)
Sr 2.2E-01 1.0E-03 6.0E-04 3.9E-02 3.5E-02
Tc 1.9E+00 1.0E-02 1.0E-02 9.9E-04 6.3E-02
Cs 4.9E-01 8.0E-03 2.0E-02 2.5E-01 4.4E+00
Sm 7.0E-03 2.0E-05 2.0E-03 5.0E-03 4.0E-03
Ra 2.5E-01 1.3E-03 9.0E-04 3.5E-02 4.8E-01
Po 2.5E-01 3.4E-04 5.0E-03 3.5E-02 4.8E-01
Pb 1.2E+00 3.0E-04 4.0E-04 3.1E-02 1.2E+00
Pa 4,1E-03 5.0E-06 1.0E-03 1.1E-04 4.1E-03
Ac 1.6E-02 2.0E-05 2.0E-05 1.7E-04 6.6E-03
Th 1.8E-01 5.0E-06 1.0E-04 4.6E-03 1.8E-01
U 9.9E-01 6.0E-04 3.0E-02 4.0E-02 1.2E+00
Np 2.0E-03 5.0E-06 1.0E-03 1.0E-02 4.0E-03
Pu 7.6E-03 1.0E-07 1.0E-05 1.0E-02 1.6E-04
Am 8.5E-03 4.0E-07 2.0E-05 1.0E-02 1.8E-04
Cm 2.0E-03 2.0E-05 2.0E-05 1.0E-02 4.0E-03
22
(mL/g)

Sr 1.5E+02

Tc 1.5E+00

Cs 2.7E+02

Sm 3.0E+03

Ra 2.4E+03

Po 6.6E+03

Pb 2.2E+04

Pa 6.6E+03

AcC 5.4E+03

Th 8.9E+04

U 4.0E+02

Np 1.2E+03

Pu 1.8E+03

Am 1.1E+05

Cm 1.2E+04

3
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1) 1) 2)
(Sv/BQ) (Sv/BQ) (Sviy)/(Ba/kg)
Sr-90 2.8E-08 1.6E-07 1.1E-08
Tc-99 6.4E-10 1.3E-08 1.8E-09
Cs-137 1.3E-08 3.9E-08 1.7E-06
Sm-151 9.8E-11 4.0E-09 5.0E-11
Pb-210 6.9E-07 5.7E-06 4.4E-08
Po-210 1.2E-06 4.3E-06 2.3E-11
Ra-226 2.8E-07 9.5E-06 5.1E-06
Ac-227 1.1E-06 5.5E-04 1.3E-06
Th-229 4.9E-07 2.4E-04 9.6E-07
Th-230 2.1E-07 1.0E-04 1.3E-09
Th-232 2.3E-07 1.1E-04 7.7E-10
Pa-231 7.1E-07 1.4E-04 1.0E-07
U-232 3.3E-07 3.7E-05 1.5E-09
U-233 5.1E-08 9.6E-06 1.2E-09
U-234 4.9E-08 9.4E-06 1.0E-09
U-235 4.7E-08 8.5E-06 4.7E-07
U-236 4.7E-08 8.7E-06 7.1E-11
U-238 4.5E-08 8.0E-06 2.2E-07
Np-237 1.1E-07 5.0E-05 1.1E-07
Pu-238 2.3E-07 1.1E-04 1.6E-10
Pu-239 2.5E-07 1.2E-04 4.7E-10
Pu-240 2.5E-07 1.2E-04 9.0E-10
Pu-241 4.8E-09 2.3E-06 2.1E-12
Pu-242 2.4E-07 1.1E-04 8.9E-10
Am-241 2.0E-07 9.6E-05 3.4E-08
Am-242m 1.9E-07 9.2E-05 2.6E-08
Am-243 2.0E-07 9.6E-05 7.5E-07
Cm-243 1.5E-07 6.9E-05 2.0E-07
Cm-244 1.2E-07 5.7E-05 8.9E-10
Cm-245 2.1E-07 9.9E-05 2.5E-07
ICRP Publication 72
ANISN
24
(m3/m2/y)

0.073

10 0.073

0.73

10 0.73

0.073

10
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100 Pb-210
10u Sv/
Tc
10p Svly 1/10
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Pb-210
Pb-210
Pb-210
Pb-210
Pb-210

[v]

1.1E+06

8.9E+05

8.9E+05

8.9E+05

1.0E+06

[Sviy]

1.8E-06
3.6E-06
3.6E-06
3.8E-06
5.5E-07

1E-02

1E-04 |

1E-06 }

[A/7ns]

1E-07 |

1E-09 |

1E-10

1E+02 1E+03 1E+04 1E+05 1E+06 1E+07
v

1E+01

1E+00

29
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|
|
! U-238
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|
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|
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|
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1E-04
|
|
|
|
|
|
|
|
|
1E-05 |
|
|
|
|
|
! TOTAL
|
|
1E-06 } ;
| Pb-210
|
| Ra-226
: /\
|
= | Po-210
3 1E-07 !
|
|
! Pa-231
|
|
|
|
1E-08 |} |
| Th-230
|
|
|
0 |
1E-09 | 1
| Ac-227
: —
| ]
U238 —— |
| I e ||
| U-234
|
1E-10 } |
| U-236 /\
|
|
Cus— |
|
|
' Th-229
|
1E-11 | | ]
|
|
| Np-237
poPE 1 |
|
|
|
1E-12 ‘ —_—
1E+00 1E+01 1E+02 1E+03 1E+04 1E+05 1E+06
vl
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