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The clearance level by nuclide is announced by the Nuclear Safety and Security Commission.
However, the clearance level of uranium existing in nature has not been announced, and research is
needed. Therefore, the purpose of this study was to evaluate the clearance level of uranium nuclides
appropriate to domestic conditions preliminary. For this purpose, this study selected major processes for
recycling metal wastes and analyzed the exposure scenarios and major input factors by investigating the
characteristics of each process. Then, the radiation dose to the general public and workers was evaluated
according to the selected scenarios. Finally, the results of the radiation dose per unit radioactivity for
each scenario were analyzed to derive the clearance level of uranium in metal waste. The results of the
radiation dose assessment for both the general public and workers per unit radioactivity of uranium
isotopes were shown to meet the allowable dose (individual dose of 10uSv y™" and collective dose of 1
Man-Sv y™') regulated by the Nuclear Safety and Security Commission. The most conservative scenarios
for volumetric and surface contamination were evaluated for the handling of the slag generated after the
melting of the metal waste and the direct reuse of the contaminated metal waste into the building without
further disposal. For each of these scenarios, the radioactivity concentration by uranium isotope was
calculated, and the clearance level of uranium in metal waste was calculated through the radioactivity
ratio by enrichment. The results of this study can be used as a basic data for defining the clearance level
of uranium-contaminated radioactive waste.
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Table 1. Metal waste recycling scenarios and major inputs for RESRAD-RECYCLE

Respiratory

Exp Dust . i No. of Mass
. i protection Inh rate Ing rate Pop time o
. Source  Dilu  time load people  distribution
Scenario R factor
type  fraction
hr  10*gm™ - m*hr! 107 ghr™! hr # %
Scrap cutter ~ Volume 1 36 S 0.1 12 6.25 12 3 100
. Scrap loader ~ Volume 1 12 0.1 12 6.25 4 2 100
Scrap delivery ) K
Crap rUCK Nolume 1 12 0 0.1 0 0 4 s 100
driver
Scrap processor  Volume 1 36 1 0.1 12 6.25 12 3 100
Smelteryard — yop e 1 240 1 0.1 12 625 80 10 100
worker
Smelter loader ~ Volume 1 12 10 0.1 1.2 6.25 4 S 100
Funace  yolme 1 15 10 0.1 12 625 s 3 100
operator
Scrap smelting  Baghouse -y, o 3 10 0.1 12 625 1 1 100
processor
Refinery worker Volume 1 15 10 0.1 12 6.25 S 3 100
Ingot caster ~ Volume 1 7.5 10 0.1 1.2 6.25 2.5 2 100
Small objects . pime 1 150 10 0.1 12 625 50 2 100
caster
Slagworker ~ Volume 1 75 10 0.1 1.2 6.25 25 1 100
Ingotloader ~ Volume 1 6 0 0.1 0 0 2 2 100
Ingot deli
ngotdelivery  Ingottruck g e g 15 0 0.1 0 0 5 5 100
driver
Storageyard  yiline 1 120 0 0.1 0 0 40 10 100
Initial worker
fabrication Sheet maker ~ Volume 1 3 1 0.1 1.2 6.25 1 15 100
Coil maker Volume 1 3 1 0.1 1.2 6.25 1 1 100
Final Sheet handler  Volume 1 3 0 0.1 0 0 1 20 100
fabrication Coil handler ~ Volume 1 240 0 0.1 0 0 80 S 100
Productloader Volume 1 60 0 0.1 0 0 20 2 100
Product truck gl e 1 24 0 0.1 0 0 8 s 100
Product driver
distribution  Sheet assembler Volume 1 60 0 0.1 0 0 20 20 100
Warehouse  yilie 1 2,000 0 0.1 0 0 2,000 15 100
worker
Parking lot Volume  0.01 62 0 0.1 0 0 62 3,000 100
Room/Office  Volume 1 2,000 0 0.1 0 0 2,000 1,140 100
Appliance Volume 1 730 0 0.1 0 0 730 12,900 100
Consumer .
coduct Automobile  Volume 1 730 0 0.1 0 0 730 2,400 100
P Office furniture  Volume 1 2,000 0 0.1 0 0 2,000 21,000 100
Home furniture Volume 1 3,650 0 0.1 0 0 3,650 18,000 100
Frying pan Volume 1 180 0 0.1 0 4.12 180 123,000 100
Pavement Volume 0.01 6 0 0.1 0 0 0.0074 24,600,000 100
Public Buildingwith — lime 1 2000 0 0.1 0 0 2,000 492 100
product rebars
Bridge Volume 1 1 0 0.1 0 0 0.002 24,600,000 100
Tool reuse Surface 0.01 2,000 0.01 0.1 1.2 1,000 2,000 1 100
Reuse product o
Bulldmg reuse  Surface 0.01 2,000 0.01 0.1 1.2 1,000 2,000 4 100

461



JOURNAL oF RADIATION INDUSTRY olde, S8E aEM, B3R
Table 2. Comparison of mass and radionuclide partitioning factors
Mass partitioning factors Radionuclide partitioning factors
Category
Bag .. Bag
Ingot Slag house Emission Sub total Ingot Slag house Sub total
0.9~ 0.006~ 1.051~ 0.0~ 0.95~ 0.0~ 0.95~
NUREG-1640 091 0.13 0.015 0.0009 1.056 0.01 1.0 0.05 1.06
RESRAD-RECYCLE (Default) 0.9 0.1 0.01 0.00003 1.01 0 0.99 0.00997 0.99997
KINS/RR-144 0.9 0.1 0.01 - 1.01 0 0.99 0.01 1
KINSAR-756 0.99 0.25 0.02 - 1.26 0.01 1 0.05 1.06
KOPEC Report (2000) 0.870 0.095 0.035 - 1.00 0.01 0.939 0.05 0.999
KNF Report (2013) 0861  0.124 0015 - 1.00 - - - -
KNF Report (2009) 0822 0164 0014 - 1.00 - - - -
Applied value 0.870 0.095 0.035 0.00003 1.00 0.01 1 0.05 1.06
o] Sehg 9L FANAl s Tt o 8.528) = © 2 Atetiet ol a2 Alvhe] o AR Bt 2
At ol =ul A @800 we A E dAaEA o] whet Aol shAl U, Bget B7HE fisl 2Fd A}
= G7toll A&l whet WA 2ol 2 vEpTh 1 9 dukelof] gt HFA U E FAH o2 vy
= Aol 8}t T2 UL NP e AAAE FvLrt of gt} 2 AolA= 7P =2 AR UERd A

24y, 2oy, 20Ul thall Al 22t 4.27,2.24,3.96 Bq cm ™ ©] 91 U Fof ARl I nAE FaAReE ¢
ok e ol tigh =¢] 3 9] A Al s e & AT E]“er L PAAF 719982 BASHIT =3 A
oF J{7F Alute] 7t Agolste] A AR vl w7t A4 o] Ho $-2hg 0] A AR 518 = ()l tieh Fa4d 3
1}, European Commission (1988) 91|41 A|AIgH A5 Als FJ'%A < AESHY

T (1Bqem ) HT} 2.24~4278) =2 Ao 2 YelT 2

HHog T ATl S5H71E A AEAL Al 4.1. S5P|2 XHIM 2 AL YARIZ Bl
2 3 B e Qo ot #y, 2y, U] AHAR s =4
T 9] Z8AtmE BE &7 YErsi Fig. 19 2417]8 2445 (feg)ol w2 Alute

it 23 7l tﬂﬁ,_} tho] B e ok HhAb A EF AaLE U
T Ehyrh o] e AL (1) Aol8 (B R), (2) A
T ol (ET),(3) FEANE S8 (LU AR B &

2 gelME 7W a2 Q1 AvtE] 9.0 A AHE
Tkt sHEE ¢k THAUL) YA vlES
s -2kl XPZMT S8 (3h2 AtElen, &
= A ZHe Aol tisl b2} 7.23~7.94Bq g &

!

=

=~ AR A 9 Aol g ( AE, =)0 B¢ a5

406~4.12Bq em ™% UEETL 5 3T gt vite) $As )z Zﬂ%o%@ﬂﬁ 8-85h= Zo] ofd, EH e Ho] 9
ol disiA =l AEENM 50718 AGEA, L e AR B gg Ay folest Ao 2
BE A B AT FES Atk ARRI A 2gyjEe 89 W 88 5 AR SO AT AH
oM QH= SHHE & Sl A0 B YEpdth o9 Atal Rt oF 10 A &7 BrlE ot o=

L FHo] ol = FHlEA] Al BH o HJH 55
71E5 A3 Aolgste= B A o] Aoz QIgh At
Itk AR o2 3He G tiet HHE E3AZE

2 AFolM= Ul AFEEelA a5H71ES ZHA A = 7130= Aoz ARIH I 5597
A2A], e s == (MY, 3.5 w/o, 5.0 w/o)oll mHat 74] =85 5 e 7‘*"*1}94 GRS 1117* el "'W% et
oA A 7.23,7.85,7.94Bq g}, EHL A 7 7ol Al 2
4.06,4.12, 4.12Bq cm & $2hE AAIAHE o8 5(?}) Wz Bl 5o

4.1

2t
o o

Ly
ol
o

>~I
]I
_>g
1o

H—‘
i
> 3
i
}o(
II
~~
n:Z:
i

O

)

lo o

2

Jdo
_>|“_.
N
)
T
i
il
ol
Ff‘
Mo
)
1o
z
_|>":

462



SEH7IE W 25 MHANE ST ofjH] ot

Table 3. Results of individual and collective dose assessments by unit radioactivity

Individual dose [pSvy '] Collective
Scenario dose
Inhalation Ingestion External Total [Man-Svy™']
Scrap cutter 5.59x 1072 3.45x 1072 229x107 927x1072 2781077
diﬁiﬁy Scrap loader 1.86x 107 115X 107 324%107 3.34x107 6.67%1078
Scrap truck driver 0 0 2.90% 107 2.90x107° 145%107°
Scrap processor 1.12x107? 323%x107? 231%x107° 4.58%x107 1.37%x 1077
Smelter yard worker 7.46 %107 2.15%107" 2.00x 1072 3.10x 107" 3.10x107¢
Smelter loader 5.33x107 1.77 %107 3.84%x107° 7.48x 107 3.74x1077
Furnace operator 6.66x1072 221%107 1.38x 107 1.03x 107" 3.08%x1077
srigsiig Baghouse processor 1.33x 107 443107 9.29% 107 1.87x 107 1.87x107°
Refinery worker 6.66Xx1072 221%107 1.59%x 107 8.89x 107 2.67%1077
Ingot caster 2.68x107* 891x107° 8.06x107° 438x107* 8.75x 1071
Small objects caster 5.36x107° 1.78X 107 7.93x 107 1.51%x 107 3.01x107°
Slag worker 2.45x10° 8.16x 107! 2.07%10° 5.34x10° 5.34% 107
Ingot Ingot loader 0 0 426%107° 426%107° 8.51x 107!
delivery Ingot truck driver 0 0 9.57%x107° 9.57%x107° 478 x 10710
N Storage yard worker 0 0 1.51x 107 1.51x 107 1.51%x107°
Initial Sheet maker 1.07%107 3.09x 107 1.55% 107 571x10°8 8.57x 1071
fabrication
Coil maker 1.07x107° 3.09%107° 2.70X107° 6.87X107° 6.87x107"
Final Sheet handler 0 0 1.55%x107° 1.55%X107° 3.10x 107"
fabrication Coil handler 0 0 2.16x 107 2.16x107 1.08x107°
Product loader 0 0 426x107* 426x107* 8.51x107"°
Product Product truck driver 0 0 1.53x107* 1.53x107* 7.66 %107
distribution Sheet assembler 0 0 3.10x 107" 3.10x107* 6.21x107°
Warehouse worker 0 0 2.16%x107° 2.16%x107° 325%x107°
Parking lot 0 0 1.59%x 107" 1.59%x 107" 478 x 107
Room/Office 0 0 421%x107 421%x107 4.80%107°
Appliance 0 0 1.14x107? 1.14x107? 147%107°
C;;(l)s;ltlrcl:r Automobile 0 0 345107 345107 8.28x107°
Office furniture 0 0 1.97%x 107 1.97%x 107 4.13x107*
Home furniture 0 0 3.71x107 3.71x 1072 6.68x107*
Frying pan 0 240X 107 721x107* 3.13%x 107 3.85%107
' Pavement 0 1.54% 107 1.54% 107 4.67x107*
plizlc;ﬁ; Building with rebars 0 0 9.72% 107 9.72% 107 478x107
Bridge 0 0 9.70x 107 9.70x107° 4.77x107
Reuse Tool reuse 1.63% 1072 5.64x10° 7.85%107! 6.44 % 10° 6.44x107°
product Building reuse 9.37x 107" 5.69 % 10° 2.70%10° 9.33x10° 3.73%107°
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Table 5. Comparison of clearance level of uranium isotopes.

Clearance level (Bq g™ or Bqcm™)

Scenario U Notes
23475 23577 238(5

7.11w/o 3.5w/o 5.0w/o

This article 852 387 632 7.23 7.85 794 Slagworker
IAEA SSNo.111-P-1.1 - - 1.00 N/A Slag worker
Slag worker o .
European commission 1.00 1.00 1.00 1.00 1.00 1.00 Scrap recycling
NUREG-1620 0.714 0.714 0.769 0.737 0.721 0.719 Handling slag
This article 428 224 396 4.06 4.12 412  Buildingreuse
Building reuse TIAEA SSNo.111-P-1.1 - - 4.00 N/A Tools & equipment
European commission 1.00 1.00 1.00 1.00 1.00 1.00 Direct reuse
EéExternal B ingestion @ Inhalation
J—b Self-disposal allowance for individuals(10uSv/yr)
i
0.1 'QE]

=

Effective Dose Equivalent(uSv/yr)
i
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o
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Fig. 1. Results of dose assessment for each scenario.
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Fig. 2. Analysis of impacts by uranium isotopes and exposure pathway in maximum exposure scenarios.
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