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Abstract - A reference scenario of vault safety case prepared by the IAEA for the
near-surface disposal facility of low-and intermediate-level radiocactive wastes is assessed
with the MASCOT program. The appropriale conceptual models for the MASCOT
implementation is developed. An assessment of groundwater pathway through a drinking well
as a geosphere-biosphere interface is performed first, then biosphere pathway is analysed to
estimate the radiological consequences of the disposed radionuclides based on compartment
modeling approach. The validity of conceptual modeling for the reference scenario is
investigated where possible comparing to the results generated by the other assessment. The
result of this study shows that the typical coaceptual model for groundwater pathway
represented by the compartment model can be satisfactorily used for safety assessment of
the entire disposal system in a consistent way. It is also shown that safety assessment of a
disposal facility considering complex and various pathwavs would be possible by the
MASCOT program.
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Table 1. Near-field, unsaturated zone and saturated zone distribution coefficient(m’ kg)
Near field Unsaturated zone Sat. zone
Element Degraded Red sand/ Brown sand |White kaolinite| Weathered Weathered
Vault calcrete /gritty clay clay granite granite
H 0 0 0 0 0 0
C 20x10" 50%107 50%x10° 10x107° 50%1073 50x10°
Ni 10x10°7 40x10" 40x10" 6.0x10" 40x10" 40%10™
Sr 1.0x107° 80x10° 71x10° 83x%10° 55%107 55%10°
Te 0 1.0x10™ 1.0x10™ 10x10° 1.0x10™ 1.0x10™
1 10x10° 1.0x10°° 10x10° 10x10° 1.0x107 10x10°
Cs 20x107? 54x10" 34x10™ 22x10" 26%10™ 26x10"
Ph 50x%10°? 30x10" 30x107 50x107 3010 30x10"
Po 0 15%10" 15%10" 3.0x10° 15%107 15x10"
Ra 50x107° 50%10™ 50%10" 9.0x 1(° 50x10" 50x10"
Ac 20x10™ 34x10" 34x10" 76x10° | 34x10" 34x10"
Th 1.0x10° 3.0x1¢° 30%x10° 6.0x 10" 30x10° 3.0x10°
Pa 1.0x10" 3.4x10™ 34x10" 76x10° 3.4x10" 34%10"
§] 1.0x10™ 25x10° 68x10~ 14x10° 30x10° 30x107
Np 1.0x10™ 34x10" 34x10" 76x10° 34x107 34x10"
Pu 1.0x10° 34x10" 34x10" 76x10° 34x.10" 34x10"
Am 20x10" 34x10™ 34x10" 76x10° 34x10" 34x10"
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Table 2. Dose coefficients for ingestion, inhalaiion and external irradiation

. Dose coefficients (adults)
Radionuclide | - 10eq1ion Inhalation |External irradiation from |External irradiation from
-1 - -1 3
(SvBq ) (Sv.Bg) soil (Svh'Bg'm®) water (Svh'Bg’m’)
‘H 18x10" | 26%10™" 0 0
“c 58x10"° | 58x10° 26x10 " 16%10 °
*Ni 63x10" | 44x10" 0 0
“Ni 1510 | 13x10® 0 0
90 -8 -7 -16 -15
Sr 31%10 1610 4710 14x10
*Tc 64x10" | 13x10° 24x10 " 11x10 "
] L1107 | 36x10° 25%10"° 32x10™
¥ies 13x10° | 39x10° 6.6x10 " 2110
i 69x10" | 57x10° 12.x10* 70x107°
o 12x10° | 43x10° 10x10 " 33x10™"
“Ra 28x107 | 95%10° 22x10 " 6.9%10
#IAc 12x10° | 57x10° 39x10 " 15%10"
“Th 61x107 | 26x10° 31x10" 12x10 "
230 7 4 > 17 -16
Th 21x10 10%10 2310 1410
“'pg 71%107 | 14x10° 37x10® 14x107™
i 87x10" | 39x10° 20%10" 74x10 "
=y 51x10° | 96x10° 27x10" 13%10"
1y 49x10° | 94x10° 77x10" 63%10"
=y 47x10° | 85%10° 15%10 62x10 "
=y 48x10° | 80x10° 29x10 " 11x10 M
“Np L1x107 | 50x10° 15x10 2 84x10"
“py 23x107 | 11x10° 2.0x%10 ° 41x10"
Py 25x10" | 12x10° 57x10 " 35x10"
#Ipy 48x10° | 23x10° 36x10" - 18x10°
“'Am 20%107 | 96x10° 84x10 " 68x10"
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Table 3. Simplified representation of the conceptual model for the disposal facility and all pathways.

Groundwater Scenario
21.1m
0.5m
Conceptual
drawing for
. . 9m
disposal facility
+ 4 Unsaturated 0.5m Concrete
2.7m : Red sand/calcrete
Zones 8.5m Brown sand/pritty cla
» GBI(well) 8m
35.8m
Fanly
300m
20.5m
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Fig. 1. Conceptual model for the biosphere
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Table 4. Radionuciides, inventory at closure, and decay
chains considered.

Parent lnv(«;;:;;;ry Daughters
it 1% 10"
NC 1 % 1013
N o2x®
g 1x10%
s 1x 10"
®Te | 3x10°
2 6x10°
Fies | osx10®
Byt 5% | *Th-"Ra->"ph-"po
By | osx10” | PP Th—"Ra-"ph Py
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Table 5. Comparison of the results of MASCOT and AMBER for timing and magnitude of peak doses for each

radionuclide disposed.

MASCOT AMBER
njcli(c)le Peak Time Peak drinking Peak Total |[Peak Time Peak drinking Peak Total
wat 101 water mgestion

(year) 3 Oesr e(] g%%s,r]) " Dose(Sv/yr) (year) Dos e(S% Ar) Dose(Sv/yr)
H-3 5601 924x107™ 1.95%x10"® 5000 61x10" 5x10"
C-14 30000 254x10° | 797x10° 30000{ 21x10° 77x107
Ni-59 1,000,000 106x107'® 1.48x107% | 1000000 85x10" 29%107°.
Ni-63 - - - - -
Sr-90 - - - - -
Te-99 2200 536x10° | 623x10° 2500 12x10° 33x10°
1-129 8000| 3.13x10° 547x10° 8000| 15x10° 27x10°
Cs-137 - - - - -
U-234 50000 249x10° 253x10° 50,000 23x10° 29x10°
U-233 50000 471x10° 478x10°® 500001 24x10° 31x10°
Pu-238 50,000 249x10°® 253x10°° 50,000 3.0x10™° 41x10%°
Pu-239 100,000, 473x10M 479%x10™" 90000 38x10M" 57x10™"
Pu-241 600,000 483x10" 489x10™"° 200,000 83x10" 12x10%
Am-241 600,000| 483x107"° 489x107"° 200,000 83x10" 12x107"
TOTAL 80,000 313x10° 547%107° 80,000 15x10° 27x10°
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