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A Study on the Application of Standards for Clearance of Metal Waste
Generated During the Decommissioning of NPP by Using the
RESRAD-RECYCLE
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The metal waste generated during nuclear power plant decommissioning constitutes a large proportion of the total radioac-
tive waste. This study investigates the current status of domestic and international regulatory requirements for clearance
and the clearance experience of domestic institutions. The RESRAD-RECYCLE code was used for analyzing the clear-
ance of the metal wastes generated during actual nuclear power plant decommissioning, and assessment of the exposure
dose of twenty-six scenarios was carried out. The evaluation results will be useful in preliminary analysis of clearance and
recycling during nuclear power plant decommissioning. As a next step, the effects of reducing disposal costs by clearance

can be studied.
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Table 1. Clearance permissive concentration of radionuclide

Using the RESRAD-RECYCLE

Radionuclide

Permissive concentration
(Bq-g"

129I

0.01

22Na , 46SC , 54Mn , 56C0 , 60C0 , GSZn , 94Nb , lUGRu , llOmAg , 125Sb , 134CS , 137CS , lSZEu , 154Eu , 182Ta , 207Bi , 229Th ,
232U , 238Pu , 239Pu , 240Pu , 242Pu , 244Pu , 241Am , 242mAm , 243Am , 245Cm , 246Cm , 247Cm , 248Cm , 249Cf , 231Cf’ 254Es

0.1

I4C , Z4Na , 3(\Cl , 48SC , 48V , SZMn , 59Fe , S7C0 , SSCO , 7SSe , SZBI- , XSSI- , 9()Sr , 95Zr , ‘JSNb , %Tc , 99Tc , IUBRu , IUSAg ,

lO‘)Cd , 113Sn , l24$b , 123mTe , 132Te , 136CS , ]40Ba , 140La , 13‘)Ce , lSSEu , lhOTb , lRle’ IXSOS , I‘JOIr , ]9211. ,
204T1 206Bi 233U Z37Np 236Pu 243Cm 244Cm 248Cf ZSOCf 252Cf 254Cf
) ) ) ) ) ) ) ) ) )

Be, 5F, ¥Cl, “K, ¥'Ca, S'Mn , *"Mn , *Mn , 2Fe , %Co , ®"Co , ®Ni , "Zn , Ga , ™As , "*As , ¥'Sr, “Sr,
9%7r 97, %Nb, “Nb , ®Nb , “Mo , *Mo , Mo , "Mo ,”Tc , “Ru, '*Ru, "5Cd, ""In, " In , 'S,
I2Gh | 127nTe 19nTe BInTe 1¥Te 13nTe 1¥Te 126] DO 1] 132] B3] 4] 15] 19Cg 12Cs
13Cs | B1Ba, 4Ce , “Ce , 19Gd , MW , "W , 19IPt | %Ay, 23Hg , 20T] | 202T] , 3P, 23Pg |
25pg | 7Py | 25Ra, 0P, B3Py, BOY | BY | #0Np , XU, 22Cm , BEs

10

3H, 3SS , 42K, 45Ca , 47SC , SICI. , 53Mn , 61C0 , 59 Nl , 63Ni , 64Cu , 86Rb , SSer , 87msr , 91Y, 9le, 92Y" 93Y , 97m"[‘c ,
99mTc , lOSRh , 109Pd , lllAg , llSmCd , 113m In , 115m In , 129Te , 13]'1"e , lZ}I , ]251 , ISSCS7 141Ce , 1421:)r , 147Nd,
]49Nd , ISBSm , lSZmEu , 159Gd , 166Dy , lﬁ()Ho , I7]Er, 17ﬂ'I‘m , I75Yb , ]77Lu , ISSRG, IQIOS , ]‘)BOS , ]94Ir ,
197m Pt , 199Au , 197Hg , l97mHg, ZOlT] , 227Ra , 231U, 237U, Z39U , Z40U , Z39Np , 234Pu , Z35Pu ,
237Pu , 249Bk , 253Cf, 253ES , 255Fm

100

SISi , 32P , 33P , SSFe , 60mC0 , 69Zn , 73AS , 77AS , 89Sr , 90Y , %mTC , ]03Pd , lZSmTe , 127'1"e , 131CS , l34mCS , ]43Pr ,
147Pm , 149Pm , ISISm , 165Dy , 169Er , 171"[‘n,1 , ISSW , 186Re , 191111()S , l93mPt , 197Pt , 211At , 226Th , Z43Pu , 242Am , 246Cf

SSmCO , 71Ge , 103mRh , 254Fm
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Table 2. The number of clearance plan per years (2005 ~ 2012 year)

The number of clearance plan

Company
‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 SUM
KHNP 11 13 11 12 17 16 14 18 112
KEPCO NF 3 5 4 3 10 26 14 16 81
KAERI 0 1 2 1 1 2 2 - 9
KORAD - - - - 1 1 1 - 3
Etc. - - - - - 1 - - 1
SUM 14 19 17 16 29 46 31 34 206
oxbon 7)o wiste] Hr). FRAARARGF)IE AT 343
Spentresin 2% Etc. AL 2597|187 S E H7|Ed gk AAAES 7
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e AT ARG AT AL TR 1257 AT L
sConate gt el )l thalo] A A S Al v ek,
Concorete = Hydrofluoric Acid _\7:] - A E S AL gl | ] 2 o A e
(33%) m Steel gL 2009 = ] U= Eiifo }'0'&]7151_‘3]0 Loﬂ ‘1\__
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0,
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= Etc.

Hydrofluoric
Acid
(30%)

Fig. 1. Clearance ratio of radioactive waste type (2005~2009 years).
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Radioactive metal waste
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Fig. 2. Conceptual diagram for recycle process of RESRAD-RECYCLE code.
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Table 4. Scenario of RESRAD-RECYCLE code

Classification Scenario Classification Scenario
Scrap Cutter Storage Yard Worker
Scrap Loader Initial Fabrication Sheet Maker
Scrap Delivery
Scrap Driver Coil Maker
Public Exposure Sheet Handler
Final Fabrication
Scrap Processor Coil Handler
Smelter Yard Worker Ingot Loader
Ingot Delivery
Smelter Loader Ingot Driver
Furnace Operator Product Loader

Scrap Smelting Baghouse Processor

Product Driver
Product Distribution

Refinery Worker Warehouse Worker
Ingot Caster Sheet Assembler
Small Objects Caster Shielding Block
Controlled Products
Slag Worker Radioactive Waste Container
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Table 5. The result of sensitivity analysis for worker depending on exposure duration change
Exposure Duration
Scenario 50% 100% 150%
Scrap Cutter 1.74x107 3.48x1072 5.22x107
Scrap Loader 2.48x107? 4.97x107? 7.45%107?
Scrap Truck Driver 2.18%1072 4.36x1072 6.54x107
Scrap Processor 1.78%1072 3.55%107? 5.33x1072
Smelter Yard Worker 1.61x10™! 3.21x107! 4.82x10™
Smelter Loader 2.98x1072 5.96x107 8.94x107
Furnance Operator 1.07x107! 2.13x10! 3.20x107"
Baghouse Processor 4.74x107 9.48x10°° 1.42x107?
Refinery Worker 1.17x107! 2.35%107" 3.52x107"
Ingot Caster 5.85x107 1.17x107 1.76x10!
Small Objects Caster 2.70x10° 5.40x10° 8.09x10°
Slag Worker 1.13x10°® 2.26x10°8 3.39x10°®
Table 6. The result of sensitivity analysis for worker depending on inhalation rate change
Inhalation Rate
Scenario 50% 100% 150%
Scrap Cutter 3.47x1072 3.48x1072 3.48x10?
Scrap Loader 4.97x1072 4.97x1072 4.97x1072
Scrap Truck Driver 4.36x1072 4.36x107? 4.36x107?
Scrap Processor 3.55x107? 3.55%107? 3.55%1072
Smelter Yard Worker 3.21x10 3.21x107! 3.21x107"
Smelter Loader 5.96x107 5.96x107 5.96x107
Furnance Operator 2.13x107! 2.13x107! 2.13x107!
Baghouse Processor 9.48x1073 9.48x107° 9.48x107°
Refinery Worker 2.35x107! 2.35x107! 2.35%107!
Ingot Caster 1.17x107! 1.17x107! 1.17x10™!
Small Objects Caster 5.40x10° 5.40x10° 5.40x10°
Slag Worker 2.09x107¢ 2.26x1078 2.44x10°
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Table 7. The result of sensitivity analysis for worker depending on ingestion rate change

Ingestion Rate

Scenario 50% 100% 150%
Scrap Cutter 3.45%107? 3.48x107? 3.51x107?
Scrap Loader 4.96x107? 4.97x107* 4.98x107?

Scrap Truck Driver 4.36x1072 4.36x1072 4.36x1072
Scrap Processor 3.52x10? 3.55%10? 3.58%1072
Smelter Yard Worker 3.20x10 3.21x10™ 3.23x10"
Smelter Loader 5.95x107 5.96x107 5.97x107
Furnance Operator 2.13x10! 2.13x107! 2.13x107!
Baghouse Processor 9.46x107° 9.48x107 9.50x1073
Refinery Worker 2.35%107! 2.35x107! 2.35x107!
Ingot Caster 1.17x10™ 1.17x10 1.17x10™
Small Objects Caster 5.39x10° 5.40x10° 5.40x10°
Slag Worker 1.31x10°® 2.26x10°® 3.22x10°8
Table 8. The result of sensitivity analysis for worker depending on contaminant dust loading change
Contaminant Dust Loading

Scenario 50% 100% 150%
Scrap Cutter 3.47x10? 3.48x10? 3.48x107
Scrap Loader 4.97x1072 4.97x1072 4.97x1072

Scrap Truck Driver 4.36x107? 4.36x107? 4.36x107*
Scrap Processor 3.55%x107? 3.55%x107? 3.55x107?
Smelter Yard Worker 3.21x107! 3.21x107" 3.21x10™
Smelter Loader 5.96x10 5.96x107 5.96x10
Furnance Operator 2.13x107! 2.13x107! 2.13x107!
Baghouse Processor 9.48x1073 9.48x1073 9.48x1073
Refinery Worker 2.35x107! 2.35%107! 2.35x107!
Ingot Caster 1.17x107! 1.17x10™! 1.17x10™!
Small Objects Caster 5.40x10° 5.40x10° 5.40x10°
Slag Worker 2.09x1078 2.26x10° 2.44x10°
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Table 9. Correction value of exposure duration according to sensitivity analysis
Sensitivity Analysis
Scenario Default Value Correction value
Scrap Cutter 0.00288 hr 1 hr
Scrap Loader 0.00096 hr 1 hr
Scrap Truck Driver 0.00096 hr 5 hr
Scrap Processor 0.00288 hr 1 hr
Smelter Yard Worker 0.0192 hr 1 hr
Smelter Loader 0.00096 hr 1 hr
Furnance Operator 0.0012 hr 1 hr
Baghouse Processor 0.00024 hr 1 hr
Refinery Worker 0.0012 hr 1 hr
Ingot Caster 0.0006 hr 1 hr
Small Objects Caster 0.012 hr 1 hr
Slag Worker 0.006 hr 1 hr
Ingot Loader 0.00048 hr 1 hr
Ingot Truck Driver 0.0012 hr 5hr
Storage Yard Worker 0.0096 hr 1 hr
Sheet Maker 0.00024 hr 1 hr
Coil Maker 0.00024 hr 1 hr
Sheet Handler 0.00024 hr 1 hr
Coil Handler 0.0192 hr 1 hr
Product Loader 0.0048 hr 1 hr
Product Truck Driver 0.00192 hr 5 hr
Sheet Assembler 0.0048 hr 1 hr
Warehouse Worker 0.48 hr 1 hr
Shield Block 1 hr 1 hr
Radwaste Container 1 hr 1 hr
5. B7Ha% “Co ol tha PAbs & @& AT, AFgtE 9

&} =& FRIZHDCF) 9] = = L
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Table 10. Evaluation result of RESRAD-RECYCLE code

Evaluation Result (Immediate Dismantling)

Scenario Individual Dose Collective Dose
Scrap Cutter 3.97x107 1.19x1077
Scrap Loader 1.71x107! 3.43x107

Scrap Truck Driver 7.54x107! 3.77x10°
Public Exposure 0.00x10° 1.70x1071
Scrap Processor 4.06x1072 1.22x107

Smelter Yard Worker 5.52x107 5.52x107
Smelter Loader 2.06x107! 1.03x107
Furnance Operator 5.90x107! 1.77x10°
Baghouse Processor 1.31x107! 1.31x107
Refinery Worker 6.49x10" 1.95x10°¢
Ingot Caster 6.47x107! 1.29x107
Small Objects Caster 1.49x10° 2.98x10°®
Slag Worker 0.00x10° 0.00x10°
Ingot Loader 4.36x10™ 8.73x107
Ingot Truck Driver 1.93x10° 9.67x107°
Storage Yard Worker 7.94x107* 7.94x1077
Sheet Maker 1.10x107! 1.66x10°°
Coil Maker 5.43x107! 5.43x107
Sheet Handler 1.10x107! 2.20x107°
Coil Handler 5.42x107! 2.71x107°
Product Loader 4.36x107! 8.73x1077
Product Truck Diver 1.93x10° 9.67x10°°
Sheet Assembler 1.10x10! 2.20x10°°
Warehouse Worker 2.91x1072 1.45x107
Shield Block 1.27x10° 1.27x10°
Radwaste Container 9.41x10? 9.41x10°
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