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Korea's first commercial nuclear power plant, Kori Unit 1, was permanently shut down on June 18, 2017, after 40 years of successful op-
eration. Kori Unit 1 plans to construct a waste treatment facility in the turbine building prior to commencement of dismantling in earnest.
Various radioactive wastes are decontaminated, disassembled, cut and melted in the waste treatment facility and sent to the radioactive
waste repository. The proportion of metal radioactive waste in dismantled waste is about 70%, of which large metal radioactive waste is
mainly generated in the primary circuit and has high radioactivity, so radiation exposure must be managed during disassembly. In this
study, the steam generators are selected as large metal radioactive waste, the exposure doses of the dismantling workers are calculated

using RESRAD-RECYCLE code and the methods for reducing the exposure doses are suggested.
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Fig. 1. Flow chart for dismantling of a steam generator used in a nuclear

Table 1. Radioactivity measurement of the replaced steam generator from Kori Unit 1 in 1998

power plant.

Radionuclide Decay (Day) Chamber (MBq) U-Tube (MBq) SG Total (MBq)
SICr 27.704 7.71x107 1.71x10° 1.72x10°
*Mn 3127 1.57x10? 3.49x10* 3.50x 10*
“Fe 44.63 1.16x10? 2.58x10* 2.59x10*
Co 270.9 1.37x10! 3.04x10° 3.06x 10°
%Co 70.8 5.05x10° 1.12x10° 1.13x10°
%Co 1923.92 2.85%10° 6.33x10° 6.36 X 10°
5Zn 2444 8.81x10! 1.96x10* 1.97x10*
Sr 64.84 6.75x 107 1.50x 10° 1.51x10°
Zr 64.2 2.87x 107 6.38%x10* 6.40x10*
Nb 35.06 5.58 %107 1.24x10* 1.25x10°
1%Ru 39.35 8.67 % 107 1.93x10° 1.93x10°
1%Ru 368.2 8.31x 107 1.85%x10° 1.85%x10°
138n 115.1 2.54x 10! 5.64x10° 5.67x10°
136Cs 13.16 2.30x10° 5.11%x10° 5.13%x10°
HCe 32.5 1.75% 107 3.89x10* 3.91x10*
Ce 2843 1.72x 107 3.82x10* 3.84x10*
Total 1.49%x10* 3.32x10° 3.33x10°
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Table 2. Input parameters used for RESRAD-RECYCLE

Chamber (Bq-g™)

U-tube (Bq-g™)

Radionuclide Decay (Day)
Before Milling After Milling Before Decontamination ~ After Decontamination
*Mn 312.7 - - 0.53 -
9Co 1923.92 15.9 0.01 4309 615
%7n 244 .4 - - 0.04 -
1Ry 368.2 0.03 - 8.47 1.2
14Ce 2843 - 0.28 -
Total 15.93 0.01 432%10° 6.16%10?
%t RESRAD-RECYCLE code®Ad 85 9 dake el Radioactively
A= Table 29} 2t} oo et (M)
[ l |
2.3 RESRAD-RECYCLE ZE 8 <z} e .
Contamination Contamination
- [
RESRAD-RECYCLE ZE+&= A4l € HA 2 &4Fn| | [ |
Unrestricted
"ETQ] ZH%L% r;_l ]H o]‘g‘ 3’4— ;S] ] 1 HLQE HL}‘]'H tﬂ—)( ] Oﬂﬁ]: Reuse (C(?:;f;er Licensed Melter
< Hrretr] Qg HH o2 njar DOE| A9l 3fellA] ANL | P'°d|”“5)
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Fig. 2. Concept of recycle process used in RESRAD-RECYCLE code.
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Table 3. Radionuclide partitioning factors from CARLA melting facility in Germany

Distribution in %

Nuclides
Ingot Slag Dust
235U
oy 1 99
A 241py 1 99
a-Nuclides
(and daughters) #Am 1 99
231Th
24T 1 99
234mpy 1 99
SFe 100 <1 -
%Co 88 11 1
SNi 90 10 -
NSy <1 97 2
134CS
1370 <1 60 40
mA g <1 32 68
ISZEu
IS4By 4 95 1
B/y-Nuclides #Ce 50 50 <1
Mn 60 39 1
%Zn 36 12 52
1C - 5 95
SZr 28 72 -
]03Ru
06Ry 67 <1 33
1238b 95 4 1
95
o 81 17 2

ingoto] F+& o571 1 H]&-& 40~90%0|T}. Mass Partitioning
Factor= of#] 712] QRlEe] 2hgatH, 28102+ &§
29| T, A7HE, 88289 71 Fol vt RESRAD-
RECYCLE FEoJME 7B O 2 ingot (90%)-slag (10%)-
dust (1%)< AFg&-3t},

B =R oA = ingot (98.35%)-slag (1.64%)-dust (0,01%)
& A3 o] HolH & Studsvikell A AME F s
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Primary circuit of BWR and PWR reactors

Soft decontamination process
[Outer layer:Fe,0, Ironrich |

DF
1-5

Intermediate layer (CRUD) :
FeCr,0,, Cr,0;, Chromium rich

5-50
Thorough decontamination process

IBase alloy: Fe, Cr,Ni |

50-10,000

Fig. 3. Theoretical measure of the crude film thickness in the primary
system [9].
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Table 4. Input values for steam generator tube bundle disassembly time

Task Time (h)
U-band U-Band Cutting & Disassembly 40
Time # of Repeat Sub Total
Installation of cutter
2 6 12
Except U-band )

Tube cutting 4 6 24
Removal of cut tubes 4 6 24

Total 100

Table 5. Scenario 1 (Chamber Dismantling Workers): Source Geometries and Exposure Parameters

SWorkevr Source Mass Densi_t}y Thickness Radius Distance Time Shiclding Dust Loafling Number
cenario Geometry (t) (grem?) (cm) (cm) (cm) (h) (g-em™) of workers
Scrap Cutter 1 full cylinder 55 2.53 235 171.45 200 40 0.3 cm Lead 0.0005 2
Scrap Loader 1 full cylinder ~ 0.25 7.85 25.34 20 100 42 - 0.0005 2
Milling Worker 1 full cylinder ~ 0.25 7.85 25.34 20 150 21 - 0.0005 1
Furnace Operator 1 full cylinder 3 7.86 100 35 50 73 12 cm Concrete 0.001 2
Slag Worker 1 full cylinder ~ 0.06 0.6 1.5 25 50 3 1.2 cm Steel 0.001 1

Table 6. Scenario 2 (Tube Dismantling Workers): Source Geometries and Exposure Parameters

SWorkeAr Source Mass Densi_t}y Thickness Radius Distance Time Shiclding Dust Loe{giing Number
cenario Geometry (t  (gem?®)  (cm) (cm) (cm) (h) (grem?) of workers
Lower Shell Cutter 1 full cylinder 45 0.49 960 175 200 18 8.95 cm Steel 0.0005 2
Wrapper Cutter 1 full cylinder 45 0.49 158 175 200 12 0.95 cm Lead 0.0005 2
Tube Cutter 1 full cylinder 45 0.49 158 175 200 100 0.3 cm Lead 0.0005 4
Scrap Loader 1 full cylinder ~ 0.45 0.49 96 554 50 15 1 cm Steel 0.0005 1
Furnace Operator 1 full cylinder 3 7.86 100 35 50 60 12 cm Concrete 0.001 2
Slag Worker 1 full cylinder ~ 0.06 0.6 1.5 25 50 2.5 1.2 cm Steel 0.001 1
A7) 5, 72 AA N 7F wrapperol] 83 = o] 17| wjZo] - Scrap loader
t}h. wrapper At $ twbe AT7]E A X3} wbeE Atk Hh¥ beE W= 2FIALE SHH 24 A] 450 kgS

ot FHMSele 54, 55 AATL BxHo] glo] @ gukathm sHgekglch. $WHEI1E 1 cm T steel A}
wol Zlthgh AYe T WA Lhrolzlch, FumEe] 83, coded] T Al steel 1 eme] A A7 Y= Ao HA

A Uband %912 Aeksl 5442 A7, UbandE 3t % 2iAREe 15417kt

op

A Qe Fi-S Hekstal FHAAYE A AsHE @0t Alvel el zhgate] = ZAPAIRE, 2hd], A Yot e]
o] ¥ 2 A 7HE Table 43} 2t} A2 55 AelshA Table 5, 63 2t}
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Table 7. Chamber Dismantling Workers Expose Dose

Worker Scenario

Person (mSv)

Group (man-mSv)

Scrap Cutter 6.38% 107 1.28% 10"
Scrap Loader 5.59% 1073 1.12x107
Milling Worker 9.82x 107 9.82x 107
Furnace Operator 9.36x10° 1.87x10*
Slag Worker 421x10° 421x10°
Total 1.49x10!

Table 8. Tube Dismantling Workers Expose Dose

Worker Scenario

Person (mSv)

Group (man-mSv)

Lower Shell Cutter 1.01x10" 2.02x10!
Wrapper Cutter 5.38x 10! 1.08 x 10°
Tube Cutter 5.02 2.01x 10!
Scrap Loader 7.63%x 10! 7.63%x 10!
Furnace Operator 8.22x 10" 1.64x 10°
Slag Worker 6.90x 107 6.90x 107
Total 2.38% 10!
Table 9. Summary of chemical decontamination results from the NPPs decommissioned [10, 11]
Corrosion products Activity removal Resin waste DF .
Plant (ke) (ci) () RCS - Applied technology
Maine Yankee 305 102 15.3 31 - DFD
Stade 435 730 15.4 58 160 CORD
Obrigheim 313 151 6.7 625 1409 CORD
2.4 2R WZ3%F A cutier7} 7P @e 91%E wekov], AR Al A Fol

RESRAD-RECYCLE codeZ o]&3}e] Z712A17] 34|
22 d 9|2 kst %7 A= Table 7, 87

2o, FAsA AgAt T A 2 FEAES Aebsks scrap

384

= 1%
a5 7] F7EA7] Al A A
w5 ALl YA B
& AL 7hs ek FAMES oF sowoltt. S7IEA 7] AlY
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Table 10. Reduced dose from the different approaches

Dose after the suggestion (man-mSv) Dose Reduction (%) Remarks

Chemical Decontamination 0.8~0.151 96~99 DF:30~160
After natural decay 6.43 73 20 years decay
Improve worker skills 222 7 Reduce cutting time 10%
a4 Al AL 23,9 man-msvol ], A7 ARAdAE  w)7) ok side 2 sido] A ek} ok 1/1,0%h 723}
5.02mSvE 7P B2 AR 9] FA S gt S = AS gelekth %" I o] P H71E FHAE A
ABAY Fge Ao nnE Ao 4G4 AF T 23o] Arkw 20 o) BE F A3 Aol A4 I
A7) gere] 5ol Ba e & 5 ek Z R385 2ol sum ic.
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