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Exposure Analysis and Selection of Representative High Exposure Tasks for
Radiation Work in Domestic Nuclear Power Plants
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ABSTRACT This study aims to identify high exposure tasks among the tasks performed in domestic nuclear power
plants as a basis for developing training programs to improve the efficiency of workers' work. To this end, we first
analyzed the exposure status of radiation work in domestic nuclear power plants. Radiation tasks in nuclear power
plants were categorized, collective doses were investigated, and the collective doses were calculated based on the
collective doses, and representative high exposure tasks were identified. We found that the collective and individual
doses in domestic nuclear power plants are continuously decreasing, but there is an imbalance of exposure among
workers. In terms of work classification, nuclear power plants are managed in 236 work codes based on light water
reactors and 181 work codes based on heavy water reactors, depending on the work equipment and location. Among
the total work codes, 23 codes have an annual average dose exceeding 10 pSv, and based on this, 10 representative
high exposure tasks were derived. The representative high exposure tasks were selected as S/G nozzle dam work, S/
G debris removal work, nuclear instrumentation system, S/G eddy current detection work, and insulation work. The
results of this study are expected to serve as an important basis for reducing the exposure of workers in nuclear power
plants and improving work efficiency.
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Table 1. Nuclear power plant dose species from 2009-2017

ARl T 9% 24 B iE T 9% Aol A4

/119

Operating Number Collective Dose (man-mSv) Average dose to  Average dose
Year Nuclear Power of workers Normal Planned Interim _— Unit per person
Plant (Units) (people) Operation ~ Maintenance maintenance ota (man-mSy Unit") (mSv person”)
2009 20 11,723 1,603 14,717 - 16,320 816 1.39
2010 20 13,236 1,244 14,613 - 15,857 793 1.2
2011 21 14,691 1,182 9,983 9 11,174 532 0.76
2012 23 14,715 1,280 9,032 159 10,471 455 0.71
2013 23 14,786 1,302 10,328 492 12,122 527 0.82
2014 23 14,260 1,131 7,134 58 8,324 362 0.58
2015 25 14,926 1,109 7,676 75 8,861 354 0.59
2016 25 14,396 1,072 9,625 313 11,008 440 0.76
2017 25 14,501 987 6,528 13 7,528 301 0.34
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Fig. 1. Average dose by worker organization and reactor site from 2009 to 2017
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Table 2. Nuclear Work Code Classifications as of 2017

Cord Work Code Name Cord Work Code Name
A00 REFUELLING L00 ROUTINE INSPECTIONS
B0O Reactor Vessel or Internal MO0 GENERAL WORK
C00 Steam Generator - PRIMARY SIDE NOO SCAFFOLDING
D00 S/G - SECONDARY SIDE 000 INSULATION
E00 RHR & SI SYS P00 CONTROL ROD DRIVE
F00 CVCS & Coolant Pump Seal Water System Q00 DOSE BY SYSTEM NOT LISTED ABOVE
G00 PZR ROO LARGE TASK
HO00 REACTOR WATER CLEAN-UP SYSTEM S00 SGR — REPLACE
100 RCS PUMP T0O REACTOR HEAD REPLACEMENT
J0O PRIMARY CIRCUIT uoo DECOMMISSIONING
K00 VALVE WORK
Table 3. Dose by light water reactor year and work code (man-mSv)
Work Cord Cord Name 2009 2010 2011 2012 2013 2014 2015 2016 2017 Average
A REFUELLING 200.2 2794 2709 2332 1925 1287 1253 163.6 1140 189.8
B Reactor Vessel or Internal 1361.6 1295.7 1575.8 1371.5 2162.6 1235.1 1233.3 1839.8 772.4 1427.5
C S/G - PRIMARY SIDE 1247.4 1039.6 1259.0 854.4 22059 825.8 1101.9 1354.1 797.3 11873
D S/G - SECONDARY SIDE 374.0 351.1 3973 4775 487.4 4432 5322 5945 3754 4481
E RHR & SISYS 167.6 427.0 6224 1055 101.5 81.5 53.6 1482 624 196.6
F,H,J  Reactor Coolant System 265.0 1772 1750 1942 1935 1419 1495 2103 122.0 181.0
G PZR 2225 1655 6419 4793 121.0 218.0 1370 373 228 2272
I RCS PUMP 263.5 3129 3437 3753 784.1 381.8 6054 1053.1 919.7 559.9
K VALVE WORK 464.2 4354 3742 296.1 4179 3427 4536 4704 3382 399.2
L ROUTINE INSPECTIONS 2544 2169 282.8 2449 1938 1687 1923 239.1 1548 2164
M GENERAL WORK 2356.3 1975.2 2105.5 2255.1 2572.4 2047.5 2006.8 2729.3 1865.0 2223.1
N SCAFFOLDING 64 400 3.1 200 56.5 19.7 240 81.0 279 309
(0] INSULATION 0.7 22 102 52 6.7 9.9 0.3 5.8 0.2 4.6
P CONTROL ROD DRIVE 11.0  13.1 19.7 101.4 234 873 2153 922 1.2 627
Q Dose by System Not Listed Above 3004 401.3 3145 2256 3083 1403 1729 2540 2549 263.6
R LARGE TASK 00 296 135 2.1 84 666 56.1 13.9 73 219
S SGR - REPLACE 0.0 0.0 6922 679.1 2123 4533 0.0 0.0 10.6 2275
T REACTOR HEAD REPLACEMENT 0.0 0.0 0.0 0.0 1123 336 765 1.7 319 284
Total - 7495.1 7161.9 9101.7 7920.2 10160.5 6825.5 7136.0 9288.3 5877.8 7895.8
A= A Y dlef A% HEigieh 9 WA = A, SeRe 181719 AdIiss A W AdAE R
P B ARG AQY A, B 717 Sl w3 AeEhal e skl
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Table 4. Dose by heavy water reactor year and work code (man-mSv)

Work Cord Cord Name 2009 2010 2011 2012 2013 2014 2015 2016 2017 Average
A REFUELLING 458.7 3644 3142 4688 376.6 228.6 2305 236.6 1814 317.7
B REACTOR VESSEL OR INTERNAL  133.7 57.7 29.0 3863 153.7 963 96.7 237 1392 3095
C S/G - PRIMARY SIDE 111.6  190.6 474 160.7 131.1 109.1 259.2 2839 1909 1649
D S/G - SECONDARY SIDE 473 151.6 205 2085 1648  28.1 619 527 877 1113
E RHR & SI SYS 0.0 0.0 0.0 0.0 205 00 178 16.4 0.0 18.2
H Reactor Water Clean-up System 127.6 241.2 105.7 88.0 564 90.0 723 87.8 823 1057
I RCS PUMP 39.1 1382 106 421 294 183 233 276 18.6  38.6
J PRIMARY CIRCUIT 59 208.5 1.6 0.0 0.0 0.0 0.0 0.0 0.0 777
K VALVE WORK 0.0 0.0 0.0 0.0 393 6.8 19.9 13.2 14.0 18.6
L ROUTINE INSPECTIONS 714 403 10.0 1033 735 538 1173 612 1367  8l.1
M GENERAL WORK 1081.5 800.6 567.9 7064 5353 4875 5750 546.7 490.6 653.6
N SCAFFOLDING 341 431 29 00 354 773 1.4 48.1 13.6 320
P CONTROL ROD DRIVE 0.0 237 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.9
Q Dose by System Not Listed Above 0.0 0.0 0.0 3869 288.0 1163 2505 3375 2982 2795
R LARGE TASK 0.0 0.0 0.0 0.0 0.0 38.1 0.0 0.0 0.0 38.1
T Replacing the Pressure Tube 6714.5 6462.5 962.5 0.0 0.0 0.0 0.0 0.0 0.0 8912.5

Total - 8825.4 8722.1 2072.1 2550.9 1903.9 1350.2 1725.6 17354 1653.2 3393.2
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Fig. 2. Average annual collective dose by job code from 2009 to 2017.
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Table 5. Personal dose by light water reactor work code from 2009 to 2017 (uSv person™)

Work Cord Cord Name 2009 2010 2011 2012 2013 2014 2015 2016 2017

A REFUELLING 9.52 1147 12.04 12.80 9.69 793 6.65 789 6.24
B01~B04,B6  Reactor disassembly and assembly 78.76  69.19 7226 61.80 50.03 57.92 56.20 80.75 48.75

B BO0S, B32 Reactor Inspection 43.19 36.08 32.88 21.61 24.06 25.16 31.18 35.74 45.64
B07~B21 Nuclear Instrumentation 78.22 76.88 75.61 7321 98.03 96.33 52.71 99.99 41.31
B31,B99 etc. 25.82 1791 3723 2343 61.01 51.17 32.67 33.13 25095
C01~C09 Man-way 74.35 68.20 74.70 60.51 58.66 83.11 56.98 84.55 82.06
CI11~C19 Nozzle Dam 212.91 205.51 181.50 145.94 75.79 154.15 118.79 135.49 85.75

C C21~C29 ECT 82.73 6696 7143 5236 87.04 6125 7522 89.26 86.45
C31~C39 Tube 58.80 52.47 55.03 37.53 36.21 6197 4633 53.16 30.78

C99 etc. 121.12 91.63 256.14 2490 2.97 20.68 58.77 24.52 20.90

D01, D02 Man-way/Hand-Hole 85.33 70.19 87.51 47.28 4793 75.07 5339 61.88 53.27

D D03 Lancing 67.48 59.02 66.74 46.79 68.15 66.10 4491 54.16 5533
D04 FOSAR 154.44 148.42 138.26 87.94 92.37 172.83 50.02 70.86 49.71

D05, D99 etc. 14.00 11.05 7.52 18.86 33.11 3.53 11.19 4.14 30.11

E RHR & SISYS 4587 79.79 7191 27.52 20.58 49.18 18.14 22.74 13.82

F, H,J CVCS & Coolant Pump Seal Water System  32.67 30.26 28.12 20.27 22.35 28.49 20.62 20.90 21.43

G PZR 70.33 36.28 60.47 46.99 27.04 23.54 24.15 5.54 28.54

I RCS PUMP 25.87 29.33 23.05 31.59 3529 23.80 25.32 22.12 21.62

K VALVE WORK 31.43 2839 2528 19.06 20.38 17.47 18.64 17.92 20.61

L ROUTINE INSPECTIONS 3.02 230 297 264 239 201 179 209 1.67

MO1, M09 In-Service Inspection 63.72 56.75 38.69 4247 41.85 43.07 4595 5092 2042

MO03, M04 Other Inspections 0.00 0.00 1.11 0.00 0.00 1557 0.00 10.87 5.99
M11~M19 ILRT, LLRT 10.67 10.90 9.08 4.70 6.62 584 577 887 494

M21 Grid operation 1.83 163 176 181 195 147 124 184 145

M M31, M32 Radiation Safety, Laundry 292 229 257 295 284 267 212 236 1.5
M33, M34 Waste Management 529 411 401 3.67 370 383 4.11 312 272

M35, M36 Vitrification equipment 0.00 0.00 1.03 056 0.82 882 030 253 0.17

M99 etc. 7.15 641 516 496 510 576 426 508 3.53

N SCAFFOLDING 22.00 58.18 8.30 3427 16.76 23.78 22.88 24.52 8.88

(0] INSULATION 13.21 24.13 78.76 56.13 81.58 240.49 50.00 106.85 1.04

P CONTROL ROD DRIVE 12.83  8.15 12.04 38.25 22.30 21.19 3742 3495 1.81

Q DOSE BY SYSTEM NOT LISTED ABOVE 10.30 10.14 1046 7.51 696 6.16 526 624 6.34

R LARGE TASK 286 6546 846 0.72 1.68 1467 6.14 4.01 13.43

S SGR - REPLACE 0.00 0.00 15.63 0.00 5.03 12.79 0.00 0.00 14.57

T REACTOR HEAD REPLACEMENT 0.00 0.00 0.00 0.00 18.60 16.67 15.03 0.61 1.42

33. HE VOIE XY == £ gelg 4= qiok

Table 59 A+= 20095 2017d7HA] A4-2AH ] 2AAH Fig. 304l WA AYF e Ag+t 9 E S st
o A A Sl mE i Bt HEARESE U of Uit A1 Bt B E A0l 100 pSv o/l A

ehsict. pAba Tl A Eel A AR
B2 J202ul g AERS

7 EE

7<1 u|Zof dsiA= di2

g 4 glom, ol

e} AT AR AL & 35709 2=} uZd ol

Nozzle Dam 2}¢], o] S22 A AZA(FOSAR) 2710, 50 pSv
2 20 BYe
4, S/G 1A= May-way 2H¢1, S/G 71EF 2H4, S/G 2X}% Man-

A

A% A4, S/G ECT 24, B2 2

Journal of RADIATION INDUSTRY



S AL AR ] TR % B4 9 SR 3 9% Ae) A4/ 123
160.0
~100 [
§ 120.0
g
3 100.0
2
S 80.0
;’-; 60.0 H |—| ﬂ |_| |_| H B = 50 pSv/person
g 400
o
S 30
0.0
) ’f@&i‘*’&(‘ @é *\o‘\oé.s\c\&;*‘aez@\* (»"\&’\ e&°°9‘;\5 Q"?zzé & ooq"@ "@&0\‘\6 OQ* AQ’C\,} &-}‘\é’@g“:\}y"ég‘q\;“g @e&&o(&o“bd \0& ""oo &
& & TS F ¥ F ¥ T EE ST & & FLFTEFTECET S F P
& ',‘:‘Oé\ & e\\ ’s\\‘?‘ & .\&\ & i * & & AVF o\} & S & w\‘;& QS\Y & 2 “(o‘\ e‘\ﬁ‘ é%\*‘ & (,i‘b s
é\c o & 6\@\ ‘_Pé o€ Q.z°° 9@,} é& %\0" e"l\ 3 VOQ < & F o'&,oe" /\&x ".\\@“
&7 & o & & o ¥ K & P &
& o & &0 & P € 3
<& \Q(" _\‘-3‘
& & <8
L 2 ‘,9 oo
C\(a
Fig. 3. Average annual personal dose by reactor job code (uSv person™).
Table 6. List of Highly Exposed Work in Nuclear Power Plants
Net Work Code Name Net Work Code Name
1 S/G Nozzle Dam S/G Primary side Man-Way
2 S/G FOSAR S/G primary etc.
3 Reactor Nuclear Instrumentation S/G Secondary side Man-Way/Hand-Hole
4 S/G ECT 9 Reactor disassembly and assembly
5 INSULATION 10 S/G Secondary side Lancing
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