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Considerations on Screening for the Input Data of
the Biosphere Model in the Radioactive Waste Disposal Facility

Mi-Seon Jeong'*, Dong-Kuk Park', Soo-Gin Kim' and Kang-Il Jung'
'Korea Radioactive Waste Agency [KORAD), 19 Chunghyocheon-gil, Kyeongju-si 38062, Republic of Korea

The biosphere has important function in the safety assessment of a radioactive waste
disposal facility. A biosphere model in the safety assessment needs various input data that contain
significantly inherent uncertainties. This paper reviews the effects of the input data on the radiological
impact assessment from main radionuclides such as 'C and *Tc in the biosphere model. In addition, it
is confirmed that the safety criteria is met, when the conservative input data for the intake rate, soil to
plant concentration ratio, and distribution coefficients of the radionuclides are applied and probabilistic
analysis are conducted in the biosphere model. Nevertheless, it is required to generate site-specific input
data for the confidence building and reduce excessive conservatism in the biosphere model.

Key words: Radioactive waste disposal, Post-closure safety assessment, Biosphere, Uncertainty
management, Dose conversion factor, Input data
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Table 1. The intake rate for the potential exposure group

Intake rate (kg yr ')

Maximum exposure dose (mSvyr ™)

Potential exposure group

(at pumping rate 4,700 m*yr™")

Grain Green Root
Resident Gardeni - 219.10(95%) 49.40 (avg.) 2.92x107"
esidaen araenin
8 - 12702 (avg)  85.17(95%) 191x 107!
Case 1 o _ -1
(Paddy 100%) 198.72 (95%) 4.67%10
Case 2 1
(Paddy: Field=1:1) 198.72 (95%) 80.81(95%) 55.46 (95%) 6.07 %10
Farmer
?F"‘lse‘i d3 100%) - 80.81 (95%) 55.46/(95%) 2.19%107"
Case 4 198.72 (95%) 92.42(95%) 57.79 (avg.) 622x107"
(Cultivation ratio) 198.72 (95%) 85.31 (avg.) 61.47 (95%) 3.59% 107"

Table 2. Comparison of the soil-to-plant concentration ratio for the carbon in the foreign biosphere model

Category Soil-to-plant concentration ratio Description
Grain 1.07
Keiko etal.[11] Root vegetables 0.84 Keiko has considered only the root uptake by each crops.
Green vegetables 0.96
NUREG[12] 0.7 NUREG has considered the concentration fraction methodology.
Grain 20.1 RESRAD has considered to divide the effects of the photosynthesis (98%)
RESRAD [13] Root vegetables 22 and the roc?t-upta‘ke (2%? an.d then it is converted into the soil-to-plant
concentration ratio considering the carbon content by each crops.
Green vegetables 4.1 (The wind frequency is conservatively applied 1)
Grain 0.36 IAEA has considered to apply the specific activity equilibrium which the
Root vegetables 0.046 carbon concentration in the atmosphere is the same as that in the plant
IAEA[9] g : : Lospher oo
and the soil-to-plant concentration ratio converted by the canopy dilution
Green vegetables 0.03 factor (up to 1) and the stable carbon in a plant
ESC has developed the complex methodology with the photosynthesis
ESC LLWR[14] 20 and is simply applied the obtained soil-to-plant concentration ratio to the

existing model.
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Table 3. Comparison of the sorption coeflicient for the Techne-
tium in the foreign biosphere model

Sorption coefficient (m*kg™")

Category
Applied Range
H12[15] 14X10™*  0~4.0x10™"
IAEA*[9] 23%x10™%  1.0x107°~1.2 X 107> (Mineral)
9.2 X 107*~1.1 X 1072 (Organic)
ESCLLWR[14] 1.0x10° 1.0x107°~1.1x107*
NUREG [12] 1.0x107* -
RESRAD [13] 1.0X10™*  0~1.0%x1073
GENII[16] 3.0X107°  1.0X107°~1.6x 1072

*The IAEA classifies the organic soil by organic contents (more than 20%)
and the mineral soil
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Table 4. Comparison of the soil-to-plant concentration ratio for the Technetium in the foreign biosphere model

(unit: fresh plant weight/dry soil weight)

Category Grain Green vegetables Root vegetables
Hi12[15] 1.00 X 10" 1.00 X 10" 1.00 X 10"
IAEA[9] 1.13x 10" 1.98 x 10 5.52%x10°
ESC LLWR [14] 3.00 x 10° 3.00x 10° 3.00 x 10°
NUREG [12] 6.60Xx107" 8.80 % 10° 2.80%x 107!
RESRAD [13] 5.00 % 10° 5.00%x10° 5.00 % 10°
GENII[16] 6.35%107" 2.52%10° 2.16x 107>
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Table 5. Soil to plant concentration ratios

Grain Root vegetables Green vegetables
Raionuclide
Min Mean Max Min Mean Max Min Mean Max
Ac[21] 400X107* 4.60x107™* 5.00X107* 5.00X10° 4.17x107* 4.17%x107° 4.00x107° 3.64x107> 4.00x 1072
Am 740x 107 220x107° 3.40%x1072 200%x10™* 6.70x10™* 170X 107> 4.00x107° 270x10™* 1.50x1073
C 0.36 (fw) 20 (fw) 20 (f.w) 0.046 (f:w) 20 (fw) 20 (f.w) 0.03 (f-w) 20 (f.w) 20 (f.w)
Ce 240X 107" 3.10x107° 2.00%x1072 6.00%x10™* 6.00x10° 6.00Xx1072 6.00Xx10™* 6.00X107> 6.00% 1072
Cm 140%107% 230%x107° 2.00x107* 2.00x107™* 850x107* 390107 200x10™* 1.40%x107° 8.10x107°
Co 400%x107* 8.50%x10° 7.20x107' 470%x107% 1.10x107' 720%x107' 130x10% 1.70x107' 1.00x10°
Cs 200%107™* 290x1072 9.00X10™' 1.00x10° 420x1072 8.80x10' 3.00x10™* 6.00x107> 9.80Xx 107"
Fe 2.00X107° 2.00x107™* 2.00%x10™* 1.00x10™* 1.00x107° 1.00%x107> 1.00x10™* 1.00x107> 1.00% 107
H[21] 5.00x10"  575%x10"  530x10* 1.00x10" 833x10' 1.00x10> 1.00x10' 9.09x10' 1.00x 10
I 1.00x107™* 630x10™* 1.10X 107> 140%x107 7.70x107% 470X 107> 1.10X107° 6.50x10° 1.00x 107!
Nb 2.00x107° 1.40x107% 2.50%x1072 8.00%x107° 1.70x107%> 2.50%x107> 8.00%x107> 1.70X107> 2.50%1072
Ni[21] 3.10x107° 2.70x107% 1.70x107" 7.30%x107 3.33X107' 260%x10° 1.80x1072 1.82x107"' 580X 107"
Np 230107 2.90%107 7.10x1072 5.00X107 220x1072 3.60x107> 5.00x107 2.70X107> 8.00% 1072
Pa[21] 3.00x107* 3.45x107 3.00x107% 6.00x107* 5.00Xx107° 6.00x107° 3.00x10™* 2.73x107° 3.00x107
Pb 1.90x 107 1.10X107% 4.80%X107> 240%x107* 1.50x107* 330x10° 320%x107° 8.00x107% 2.50x 10
Pu 200%107 9.50x107° 1.10x107> 7.00x10° 3.90x107* 5.80%x10° 1.00x10° 830x10° 2.90x107*
Ra 800X 107 1.70X107> 6.70x107" 2.00x107 7.00X107> 5.60%x10" 1.80x107 9.10x107> 1.30X 10?
Sr 3.60x 107 1.10x 107" 1.00x10° 3.00x107* 720%X107' 4.80%x10° 3.90x107° 7.60%x10™" 7.80x% 10°
Tc 1.80x 107" 1.30%x10° 240x10° 1.40x10" 4.60x10" 7.90x10' 4.50x10° 1.80%x10*> 3.40x10°
Th 1.60X107* 2.10x107° 220x1072 820X107° 8.00x10™* 9.50x107* 9.40x10™° 120%x107° 2.10x107!
U 1.60x107™* 6.20x107° 820x107! 490Xx10™* 840x107° 2.60x10" 7.80x10° 2.00x107% 8.80x10°
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Table 6. Distribution of the input for the probabilistic analysis in the biosphere model

Item Unit Average Standard deviation
Grain kgyr™ 94.093 46.54
Kimchi kgyr™ 53.268 44.19
Intake rate .
Green kg yr 85.165 48.02
Root kgyr™ 49.403 34.71
Item Unit Min Max
Resident hryr™ 358.45 2,062.78
External occupancy time =
Farmer hryr 549.5 2,884.60
Green - 0.0S 0.12
Dry weight ratio
Root - 0.09 0.21
Density kgm™ 1,400 1,600
Soil Porosity - 0.15 0.5
Thickness m 0.15 0.5
Green - 0.2 0.6
Interception fraction Root 0.2 0.84
Grain - 0.01 0.25

Table 7. Sorption coefficient in the soil [9]

m> kg_1 Min Mean Max
Ac 450x 107" 1.70 x 10° 5.40%10°
Am 5.00X 1072 2.60 % 10° 1.10 X 10*
C[22] 0.00 X 10° 3.00%x107 2.00X 107>
Ce 120x 107! 1.20x 10° 2.00x 10
Cm 1.90x 107" 9.30 % 10° 5.20% 10
Co 2.00x 1073 480x107" 1.00 x 107
Cs 430%107° 1.20 % 10° 3.80 X 10?
Fe 220%107" 8.80% 107! 4.90% 10°
H 0.00 X 10° 1.00x 107* 1.00%x 1073
1 1.00x 10°° 6.90% 107 5.80%x 107!
Nb 1.60x 107! 1.50 x 10° 8.40% 10°
Ni 3.00x 1073 2.80x 107! 7.20% 10°
Np 1.30%x 107 3.50x 107 1.20% 10°
Pa 5.40x 107! 2.00 X 10° 6.60 % 10°
Pb 2.50X 1072 2.00 X 10° 1.30 X 10*
Pu 320X 1072 7.40x 107" 9.60 % 10°
Ra 1.20x 107 2.50% 10° 9.50 X 10?
Sr 4.00x107* 5.20% 1072 6.50 % 10°
Tc[14] 1.00%x107° 1.00%x 107 1.20% 1073
Th 1.80x 1072 1.90 x 10° 2.50 X 10*
U 7.00x 107 2.00%x 107! 6.70 X 10
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Table 8. Distribution of the crop input by radionuclides for the probabilistic analysis in the biosphere model [9]

Item Weathering rate Translocation factor Food processing loss
Unit (1yr™) ) )
Crop Grain Root Green Grain Root Green Grain Root Green
Ac 8.4 18.0 18.0 2.00x 107! 2.90x 107" 4.50x 107" 8.50x 107! 0 9.00x 107!
Am 51.0 18.0 51.0 1.30x 107" 2.90x 107" 2.80x 107! 9.00%x 107! 0 9.00x 107"
C 8.4 12.0 18.0 6.60x 107" 1.50x 107! 520% 107! 8.50x 107! 0 9.00x 107!
Ce 5.4 10.0 12.7 1.30x 1072 1.50% 107! 520% 107" 8.50x 107" 0 9.00x 107!
Cm 8.4 18.0 18.0 2.00% 107" 1.10x 107! 2.70% 107" 8.50% 107! 0 9.00x 107"
Co 59 8.8 16.2 8.00x 1073 8.00x 1072 520% 107" 8.50% 107! 0 9.00x 107!
Cs 5.1 6.9 7.3 2.20% 107 4.60x 107 1.90x 107! 5.00% 107! 0 9.00x 107!
Fe 8.4 12.0 18.0 1.50%x 1072 1.50x 107! 520%x 107! 8.50x 107! 0 9.00x 107!
H 8.4 12.0 18.0 6.60x 107" 1.50x 107! 520%x 107! 8.50x 107! 0 9.00x 107!
1 5.6 12.0 18.0 6.60x 107" 1.50x 107" 5.20% 107! 8.50x 107! 0 9.00x 107!
Nb 8.4 18.0 18.0 5.60% 1072 530%x107" 520%107" 8.50x 107! 0 9.00x 107!
Ni 8.4 12.0 18.0 6.60% 107" 1.50x 107" 520% 107" 8.50x 107! 0 9.00x 107"
Np 51.0 18.0 S1.0 2.00%x 107" 2.90% 107" 4.50%x 107" 9.00x 107" 0 9.00%x 107"
Pa 8.4 18.0 18.0 2.00x 107! 290x 107! 4.50x 107" 8.50% 107! 0 9.00x 107!
Pb 8.4 18.0 18.0 2.00% 107 220107 220%x107! 8.50x 107! 0 9.00x 107!
Pu 21.1 18.0 51.0 1.60x 107! 430x 107 3.60x 107! 9.00x 107! 0 9.00x 107!
Ra 8.4 18.0 18.0 8.00x 1072 9.90x 1072 1.80x 107! 8.50x 107! 0 9.00x 107!
Sr 5.4 12.1 11.5 1.00X 1072 5.00%107° 520% 107! 8.50x 107! 0 9.00%x 107"
Tc 8.4 18.0 18.0 120x 107! 1.10x 107" 2.80%x 107! 5.00% 107" 0 9.00x 107!
Th 8.4 18.0 18.0 1.30x 107! 290x 107" 3.80x 1072 8.50% 107! 0 9.00x 107"
U 8.4 18.0 18.0 1.60x 107! 430x 1072 3.60x 107" 8.50% 107! 0 9.00x 107!
Min 512 6.9 7.34 0 0 0 0 0 0
Max 51 18 51 1 1 1 1 1 1
At 32 EYE AN A okdnt B9k gt ¥ Al YA Qi
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Table 9. The result of the probabilistic analysis for the reference potential exposure group

Maximum exposure dose (mSv yr ")

Reference potential exposure group

Deterministic assessment result

Probabilistic assessment result

5% Mean 95%

Farmer (Paddy: Field=1:1) 6.07x107"

220X 107 270X 107" 7.69x 107!

Dose (mSv yr)

1
300 10° 10* 10° 10°

Time after closure (yr)

Fig. 1. A probabilistic assessment result for the reference expo-
sure group.
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