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Uncertainty Management on Human Intrusion Scenario Assessment
of the Near Surface Disposal Facility for Low and Intermediate-Level
Radioactive Waste: Comparative Analysis of RESRAD and GENII
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In order to manage the uncertainty about the evaluation and analysis of the human intrusion scenario of the Gyeongju Low
and Intermediate Level Radioactive Waste(LILW) disposal facility, the calculation result by the GENII code was assessed
using the RESRAD code, which was developed to evaluate the radiation effects of contaminated soil. The post-drilling
scenario was selected as a human intrusion scenario into the near-surface disposal facility to analyze the uncertainty of
the modeling by identifying any limitations in the simulation of each code and comparing the evaluation results under the
same input data conditions. The results revealed a difference in the migration of some nuclides between the codes, but con-
firmed that the dose trends at the end of the post-closure control period were similar for all exposure pathways. Based on
the results of the dose evaluation predicted by RESRAD, sensitivity analysis on the input factors was performed and major
input factors were derived. The uncertainty of the modeling results and the input factors were analyzed and the reliability
of the safety evaluation results was confirmed. The results of this study can be applied to the implementation ‘Safety Case

Program’ for the Gyeongju LILW disposal facility.
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Fig. 1. Simplified conceptual model for the Post-Drilling scenario
in this study.
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Table 1. Concentration of radioactive waste in engineered vault in GENII

Table 2. Concentration of contaminated surface soil in RESRAD

Waste Concentration

Soil Concentration

Nuclides (Bqm?) Nuclides (Bq-g')
‘H 4.07x10'° ‘H 5.16
“C 7.03x10° “C 8.92x10"!
Fe 2.33x10" Fe 2.96x10!
%Co 3.48x10" %Co 441
%Co 5.92x10" %Co 7.51
¥Ni 2.07x10° SNi 2.63x10"
3Ni 1.44x10" 3Ni 1.83x10!
YOSy 2.00x108 YOSy 2.54x107
*Nb 4.81x10° *Nb 6.10x10*
*Te 4.81x107 *Te 6.10x10°
1291 2.15x10* 1291 2.72x10°
57Cs 8.14x10° 57Cs 1.03
#Ce 4.07x107 #Ce 5.16x10°
Gross alpha 4.44x107 Gross alpha 5.63x10°
Table 3. Comparison of input parameter values for GENII and RESRAD
GENII RESRAD
Parameters Values Parameters Values
Waste concentration Table 1 Soil concentration Table 2
Soil density 1.6 g-em’ Soil density 1.6 grem?
Waste thickness 9.7m Thickness of contaminated zone 0.15m
Depth of Soil overburden 51m - -
Area of contaminated zone 2,500 m? Area of contaminated zone 2,500 m?
- - Thickness of cover material 0Om
- - Contaminated zone erosion rate 0m-yr!
Exposure time é%%ohhy}r/rll( Sﬁ;?ﬁilg) Exposure time fraction 09‘25 ((Oiﬁﬂfggr))
Dust loading 1x10* g-cm? Mass loading factor for dust inhalation 1x10* g'm?
External gamma shielding factor 0.7 External gamma shielding factor 0.7
Breathing rate 8,400 m*-yr! Inhalation rate 8,400 m*yr-!
Leafy veg. consumption 133 kg-yr! Leafy veg. Consumption 133 kg-yr!
Root veg. consumption 87.1 kg-yr! Vegetables, fruits, and grain consumption 264* kg-yr!
Fruit consumption 176.5 kg-yr™! - -
- - Precipitation rate Om-yr!
- - Erosion rate 0m-s!
Irrigation rate 0m-yr! Irrigation rate 1.0x10% m-yr-!

*Sum of root veg. and fruit consumption considering in GENII input data
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Annual dose of Post-Drilling scenario using the RESRAD
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Fig. 2. Result of annual dose of Post-Drilling scenario using the RESRAD.
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1
107
\\
L OZQ%E_
~1C
107N - %Co
- . —+19Cs
o 0 e : —— R
= 10% A Ty I . —=3H
'> — = = o129
2 10 —Nb
— 9NJj
g \ AN \ | Ni
2 107 \ L 1L} \ % —5Ni
a} X 6,555 \ 2Py
108\ L& X =05
‘\ L ‘\ e gch
10° \‘ 3 \\ ‘*\ —Total
16 \ L B 5 N
10" ‘\ “. : . A
1012 N \ \
10% 10° 10* 10°
Time (yr)

Fig. 3. Result of annual dose of Post-Drilling scenario using the GENII.
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Dose for external exposure pathway of '*’Cs

10"
l\
= 10?
= \
é 10° ——RESRAD
o \ —a— GENII
é 10* \
10° ‘
10°
10 10 10 10°
Time (yr)
Dose for ingestion exposure pathway of ©Ni
1
10"
= \
>
é 10° ——RESRAD
o \ —a— GENII
g 10* \
10° \
10°
10 10 10 10°
Time (yr)
Dose for ingestion exposure pathway of *Tc
1
10"
= 10?
5 S R SRR g gy
Lé 10° ——RESRAD
o —a— GENII
é 10*
10°
10°
10 10° 10 10°
Time (yr)
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Dose for external exposure pathway of all nuclides
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Table 4. Dose comparison of key nuclide by each exposure pathway at
300yrs, RESRAD vs. GENII

External exposure

Radionuclide External Dose (mSv-yr ) Ratio
RESRAD GENII (RESRAD/GENII)
C-14 0.0 7.70x107 N/A
Cs-137 4.08x10+ 5.30x10* 7.70x10"!
Nb-94 6.93x10* 7.90x10 8.77x10""
Ni-59 0.0 9.10x10° N/A
Ni-63 0.0 1.10x107 N/A
Pu-239 2.03x107 2.00x107 1.01
Sr-90 1.12x107 9.57x10° 1.17
Te-99 9.37x10° 3.70x10° 2.53
Total 1.10x107 1.33x10° 8.28x10"!
Inhalation
Radionuclide Inhalation Dose (mSv-yr') Ratio
RESRAD GENII (RESRAD/GENII)
C-14 0.0 1.03x107 N/A
Cs-137 1.30x10°# 2.21x107 5.90
Nb-94 9.94x107 1.46x107 6.81x107
Ni-59 7.31x10* 9.84x10% 7.43x10°!
Ni-63 1.40x10% 2.03x10% 6.92x10"!
Pu-239 2.25%10* 1.28x10* 1.76
Sr-90 1.07x107 1.28x10° 8.40x10"
Te-99 2.66x10* 5.10x107 522
Total 2.27x10* 1.30x10* 1.74
Ingestion
Radionuclide Ingestion Dose (mSv-yr) Ratio
RESRAD GENII (RESRAD/GENII)
C-14 0.0 0.0 N/A
Cs-137 1.03x10+ 1.91x10% 538
Nb-94 2.04x10° 3.00x10° 6.80x10!
Ni-59 1.64x10* 1.14x10* 1.44
Ni-63 3.11x10° 2.40x10° 1.30
Pu-239 2.80x10* 6.22x10° 4.51
Sr-90 3.62x10° 7.19x10° 5.04x10"!
Te-99 3.87x10° 4.99x107 7.76x107!
Total 7.57x10° 7.67x10° 9.87x10!
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Annual dose of Post-Drilling scenario using the RESRAD
; evasion rate of "C is not considered
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Fig. 6. Result of annual dose of Post-Drilling scenario using the RESRAD; evasion rate of *C is not considered.

F71% EFomny 7
evasion ratex 1L HA]
&2 45%E A8t B AR
FEE Wi s 9 H 7}6¥EH3 & 7kl
Mol oIk JFe g3 ehgkomz C 9§
d=oll e Ak AL HAet. webr] GENIIO|A]
Lloa= HCe] o] AA FAT, HF| TS
S| whegehaitol wel gl FadFon
Jeorg wdld g S5 ofslE g e s F
gk el Qs #-8-3) of drt.
Fig. 3¢] 7pa3tell gk Z4zke] Aol ek wizk

T BAL £33 A Fig. 8ol A A5G o H2HE A2
FollM 7 2 U3 =E B HA$82713E o]F 300
W A el A2 %ol 28] F7hakl whek WML oF 1.6
wj S7ketAen Algto] Aol ueh Bqfe] WAls= ol
&zl HHHol I GFol AA= Aow dAckEy, wt
A A olEl = FA o] FA 548 vk dlolH=A
A YAIGE & v B Al FadAz 28k
A o] FASdolHE 283} ﬁﬂ?‘fﬁol: ot
AT AAGE L ollM = 7“:‘.0 %}501] ok o
b worme s melse Qe e
sk wefatA
_?‘_

ol

*4%;

ﬁ}ﬂoioh 2 rr fo X0 off
J@ _V”E o > e oo & ‘_T(i }*{ﬂ
o i i [‘_,_'4 | il
% -1> i: oo

ﬁ

N

w3l

-3

o

[

JNFCWT Vol. 15 No.4 pp.369-380, December 2017

Sensitivity analysis;
fraction of vegetation '“C abosorbed from soil
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Fig. 7. Sensitivity analysis of annual dose according to variation of
vegetation *C absorbed fraction from soil in RESRAD.
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Sensitivity analysis;
Leafy vegetble consumption
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Sensitivity analysis;
Fruit, vegetable and grain consumption
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Fig. 8. Sensitivity analysis of annual dose according to variation of input data in RESRAD.
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Annual dose of Post-Drilling scenario using the RESRAD
; precipitation is considered
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Fig. 9. Result of annual dose of Post-Drilling scenario using the RESRAD; precipitation is considered.
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