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Abstract - In Korea, in order to complete the decommissioning of the nuclear facility, radia-
tion dose due to residual radioactivity in the site or remaining buildings following (dose based)
decommissioning satisfy site reuse criteria. When safety assessment of site reuse after decom-
missioning, site specific parameter should be used for reliable assessment. In this study, the sensitivity
analysis of the distribution coefficient, transfer factors, and bioaccumulation factor, which are the
major site specific parameter for the safety assessment were performed. The nuclides were selected
based on decommissioning cases of overseas NPP, and 12 of the total 13 nuclides were selected as
the target nuclides. Resident farmer scenario was applied as an exposure scenario. Distribution
coefficient, transfer factors, and bioaccumulation factor were selected for sensitivity analysis. NDD
(Normalized Dose Difference) was used as a sensitivity analysis method. For the application of
NDD, the statistical distribution presented in NUREG/CR-6697 was used. The 5th percentile was
applied as the low value, the mean value was applied as the base value, and the 95th percentile was
applied as the high value. As a result of sensitivity analysis, it was found that the contaminated
layer distribution coefficient was sensitive to *’Tc and *’Sr. The distribution coefficients of the
unsaturated and saturated layers were found to be insensitive to all nuclides. When the site has one
soil texture, the distribution coefficient was sensitive to 14C, 90Sr, 99Tc, and > Am. In the case of plant
transfer factor, it was sensitive to 63Ni, 90Sr, 99Tc, 238Pu, 241Am, and **'Pu. Meat transfer factor was
sensitive to 55Fe, and milk transfer factor was sensitive to “Ni. The bioaccumulation factor for fish
was insensitive to all nuclides. As a result of the sensitivity analysis, it was found that the degree of
sensitivity of the distribution coefficient and the transfer factor varies depending on the nuclide. And
distribution coefficient and the transfer factor have a large influence on the change in the maximum
dose overall. Therefore, in order to evaluate the safety of site reuse after decommissioning of nuclear
facilities, it is considered that reliable results can be derived only when the site-specific parameters
are obtained and reflected in the evaluation.
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SN s A AFELAR 1, 237], STEHEA
A HAE Aoz FHT 12157] FFEA olF A
ol A SAE st ThFRt ZokollA A7 R EHL
Atk YAEIAY A2zA 24l E HAE Al &
Y& TR AT &, T ALY FAE DA
U A ede AATe=A o] Mo HE Aol Al
3t7] A BE &5 o= Aosta ok (A eI
2020). A F29} B¢ FASAE H7E T LdubA
=43} vlaste] FAH oz Aolg2 AHgel ot At
o2 =2, AAAAE S22 Ao & (IAEA 2006). ¥
Aol g e AL g FAE Aol&str] HsA
= oA #A H AEAE W AFEAE2E QA BARA

el

R

o] AR HIHY L3I A A2016-335 A4z AA =
o] 9l FA Aol &S AT A% 71EE WSt of gt
a3 F A Al5zxo| whet ZRdARsol Rt WA
W7k Al A B A9 B4 HhahA Lefstolo gt
(AR D3] 2016). WA ST Aake] Alg
TE gH7] i e FA 54 AT HAE &8
=ojof g},

FALAYI T AAEASIHE A F 24 Hol& 712
& AAGRen], 7 Bk T AR B 7Ee Y
3} ThH(IAEA 2006). Yankee Rowe, Rancho Seco, Humboldt
bay 94 5 ZF 9A &A= FA Aol§ 7|Ee w5
A F BA] Aolg RGBS A TH(YAEC 2004;
SMUD 2008; PG & E 2014). o}22ZH A4 (ANL)o| A
= 94 o9 HPUE, FTAEE A 5 thddt AlA
gt HAAH 7S 3 ATHANL 1996; ANL 1997; ANL
2011). Kamboj &, Park 52 RESRAD-ONSITE AAtZ
W 9 gEdA AES fJste] 2AEH 2 EEE
Z B ZAiE v w3} th(Kamboj et al. 2005; Park et al.
2020). Hong 5& ) A7 942 1,287] 9 Sehsdl
Ao digt kA E 7S 3T (Hong er al. 2011;
Hong et al. 2014). &% 52 181357| HAE Y5t F
7Hd 8E A4, RAEA Adele A4 ¥, DCGL 49
Hg7F 5 A & £A Ao]§ tA B ret HHA" A
£ 4335}t (Seo and Sohn 2019a; Seo and Sohn 2019b;
Seo et al. 2021).

A F FA] Aol§ HHA B ket
TR, FAEL dHIA
T BF5T AAolg. A Atk
Aol AL 249 AFo] skl +HHUT.
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SAeHE BRSHAT $AeY 1,28 £74

BAEH YAz s wuAs
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(Distribution coefficient), 0] A4 (Transfer factor), E=74|
4= (Bioaccumulation factor)7} 1T (NRC 2000). 1211 3
F PR o]Qo] RAEA YAt BE ol s
A T FE AL 5 Lo, B AS, HolAlS, 5
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U= E4& +5tqrnt. U= E24S st A
Ao ZFE 7HeAo] w2 YA E AA, A &
A Aol§ AU 25 AASHAT. A E 24 Yo
NDDE &g¢3tgon, nizt= 24 A] RESRAD-ONSITE

lo ot

o

1.7 g 8% AA

2 dFoAEe UdE 7t i A%
9 LA A AHEE ZAFSFATLE 20199 129 7]F B]=Fo]
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Table 1. Radionuclides for site-specific parameter sensitivity analysis

Nuclides Yankee Rowe Connecticut Yankee SONGS 1 Rancho Seco This study
*H v v v v v
e v v v v v
Na v

**Mn v v

Fe v v v v v
*Ni v

“Co v v J J v
Ni v v v v v
s v v v v v
*Nb v v v

PTe v v v v v
%mAg Vi v v

125G}, \/ \/

]291 \/

134 V N v

s v v v v v
]47Pm 1/

2By v v v v v
By v v v

5By v v v

N P v

28py v v v v v
Py v v v v

Hopy v v

Hpy v v v v v
12p, v

*Am v v v v v
*Cm v v

Cm v v

¥3 9502 B7h gael Ttk

292U e ¥ 2R Y

HUFE 2HT o|Folt B oW Ao A
Sbsel A 7P Gare WA HiA Aok gk
%, A8% DAY 2L Tolo]n oo BE WEA R
Lt olud AFo| EFELA AYsoF dt.

o= of2 =g ¢ 414 (ANL; Argonne National Labora-
oyl A F R Aolgo] 2 AT Qurael
AUgl 2 AF7 2 (Resident farmer), A3 29 A} (Indus-
trial worker), 12| A 3%} (Suburban resident), & 7}&%5 X}
(Recreationist) A|U2] L& A|A| A THANL 2001). #|= ¥
A7 A Y 93] (NRC; Nuclear Regulatory Commission)©]|
A A & A Aol HHAZHIE AL Al 7= Al
o2 AFAZ AU s festglon, A & F2| A

& AAGB7E Al AFEZE AU Aol i AT
& AAFHTHNRC 2002). whebA] 2 Aol A= th)

ZAUF L F FAE, &5/, &, ol F 52 25 AFst
© AFEH AU g i A ez At

Table 20 & A-FelA 7Hge AFAZ Ave] LA 1
AL DZA20 o HEARY 28 YYARES YEt
WSATHANL 2011). B ZA4 2 QR0 Z FJo= Qg
BuZ FAE, &7, 9F, $A4E, EY 285 A= <
YR ES nE vt 28y Yo A%t 9
ZRAE F = FTYLE AT 9Z 9 FL 7|EHE &
gate] B grlo A A 95 (ICRP 2007). SAHE, &
7, AFE A YR ZHRY A HolAxet £
A7 B et YEIAE Yehgen, ol HFHE
A WRIZHZY F¢ oF s35AsY ZujA7E
a3 I ARE Yehgth
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Table 2. Exposure pathways and key parameters for resident farmer scenario

Exposure pathway Resident farmer scenario Key parameter

Plant transfer factor, plant ingestion rate,

I i f pl [e) S
ngestion of plant water dilution factor, and release rate from the source
. Plant transfer factor, meat transfer factor, meat ingestion rate, water dilution
Ingestion of meat o .
factor, and release rate from the source
. . Plant transfer factor, milk transfer factor, milk ingestion rate, water dilution
Ingestion of milk o
factor, and release rate from the source
. Fish bioaccumulation factor, aquatic food contaminated fraction, surface water
Ingestion of fish o o
dilution factor, and release rate from the source
Ingestion of soil o Soil ingestion rate and time spent onsite
. Water ingestion rate, infiltration rate, distribution coefficient, and
Ingestion of water o . .
hydrogeological parameters for the site
External gamma exposure 9] Time fraction spent onsite, external gamma shielding factor
. Inhalation rate, time fraction spent onsite, mass loading for inhalation, and
Inhalation of dust @) . .
indoor dust filtration factor
Radon inhalation % Inhalation rate, time fraction spent onsite, mass loading for inhalation, and

indoor dust filtration factor

Table 3. Parameter dependent on nuclides and elements

Parameter Name Priority Unit
Radionuclide concentration 2 Bq-g”
Distribution coefficients 1 em’- g™
Groundwater concentration 3 Bq-L™
Leach rate 3 1-yr
) ) Solubility limit 3 mol -L"™'

Nuclide specific . . .
Inhalation dose conversion factors 3 mSv-Bq
Ingestion dose conversion factors 3 mSv-Bq™'
Slope factor - external 3 (risk-yr )-(Bq-g ™)™
Slope factor - inhalation 3 risk-Bq™'
Slope factor - ingestion 3 risk-Bq™"
Plant transfer factor 1 (Bq-gH)-Bq-ghH
Meat transfer factor 2 (Bq- g'l) -(Bq- d")_1

Element specific Milk transfer factor 2 (Bq- L™h- (Bq- d_')_1
Bioaccumulation factor for fish 2 (Bq- g_l) -(Bq- Lh!
Bioaccumulation factor for crustacean 3 (Bq- g_l) -(Bq- Lh!

3.
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3.1. RESRAD-ONSITE HAt3E 2M HE dEHARolH, 107]= AFo 45 YHA}, 57H
2 dAFolM= A F FA Aol LB A £ Y& (element)o] F5E A Axto|nth. Y A=
A A4 = BAS 93 42 2 RESRAD-ONSITE A4 2] (Physical) Y2 21Z}, 715 (Behavioral) Y2 QIA}, EH/\]-
=& ¥-835}%tt. RESRAD-ONSITE AALZELE= WA O (Metabolic) Y2 AA} 371A] 8o 2 ZLEE 4 Qh(NRC
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Fig. 3. NDD analysis results of transfer and accumulation factor.
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Fig. 4. Radiation dose by intake exposure pathway according to plant transfer factor.
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