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Objective: The aim of this study is to investigate the effective managerial factors
influencing dose reduction of the nozzle dam installation and removal tasks ranking
within top 3 in viewpoint of average collective dose of nuclear power plant maintenance
job.

Background: International Commission on Radiation Protection (ICRP) recommended
to reduce unnecessary dose and to minimize the necessary dose on the participants
of maintenance job in radiation fields.

Method: Seven sessions of nozzle dam installation and removal task logs yielded
a multiple regression model with collective dose as a dependent variable and work
time, number of participants, space doses before and after shield as independent
variables. From the sessions in which a significant reduction in collective dose occurred,
the effective managerial factors were elicited.

Results: Work time was the most important factor contributing to collective dose
reduction of nozzle dam installation and removal task. Introduction of new technology
in nozzle dam design or maintenance job is the most important factor for work time
reduction.

Conclusion: With extended task logs and big data processing technique, the more
accurate prediction model illustrating the relationship between collective dose reduction
and effective managerial factors would be developed.

Application: The effective managerial factors will be useful to reduce collective dose
of decommissioning tasks as well as regular preventive maintenance tasks for a
nuclear power plant.

Keywords: Collective dose, Nozzle dam, Installation and removal task, Managerial
factor, Decommissioning, Preventive maintenance, Nuclear power plant
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1. Introduction
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BIARM TZMEF ZH0e YUMoz HHaMEF| (Thermoluminescent Dosimeter; TLD)S AFRSICE 20044 1380| LZH QX|24-EHY
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Table 1. TLD measurements collected from 13 workers during their nozzle dam maintenance job (mSv) (Kim and Kong, 2009)

Rrange Mean Sd
Head 0.73~4.25 2.019167 0.889171
Back 0.65~3.68 1.925385 0.784755
Chest 0.48~2.96 1.581538 0.629882

R AR S Q| 25| (International Commission on Radiation Protection; ICRP)= HHAMM 2 SAIXIS0A 711X |= EEQ%t 0|ZS
0|2 mZO0| E7HIe ZRatE mFTES XA =E Hustn ATKICRP 2007).
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2. Collective Dose Prediction Model for Nozzle Dam Installation and Removal Tasks
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Table 2. Significance probabilities of the prediction model coefficients

Model Coefficients Std error t P
Number of participants -8.102 6.62 -1.224 0436
Work time 2.877 1.859 1.548 0.365
Workspace dose after shield 12.576 24.018 0.524 0.693
Workspace dose 5.807 4922 1.18 0448
Maximum radiation dose 4254 3.031 1404 0.394
Constant -411.533 3559 -1.156 0454

8 p<0059! 2912 BHO| FIIBIN p>019 2212 ZHOM HiXKSH: stepwise
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= B2 FEE A& 749 EY AKX X A ojgHEY 5 BLFSHZ0 A0 AT Xt=9f H|WSH0] S k(reduced
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Table 3. Improved dose with reduced work time and number of workers

Secession Reduced dose Reduced work space radiation Reduced work time | Reduced number of
(man-mSv) rate after shield (mSv/hr) (min) workers (man)
2 -16.72 0.5 83 1
3 167.25 -0.5 149 32
4 -82.79 2 -116 -36
5 10.51 1.6 62 3
6 -19.29 0.1 25 9
7 88.23 -1.2 63 26
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Table 4. Managerial actions contributing to total dose of nozzle dam installation/removal job (the second session)

Work management

Organization management

Shield management

Recruitment of experienced and
skilled workers

function

Restructuring of labor force teams by

Reinforcement of communication link
between teams

Measurement of staying time in
chamber and dose for each chamber
worker

Wearing an in-line hose mask

Wearing multiple TLD (head, chest, and
hand) with ADR

Table 5. Managerial actions contributing to total dose of nozzle dam installation/removal job (the third session)

Work management

Organization management

Shield management

Increasing the number of training
Mockup training in the presence
of managerial staff

Introduction of a new nozzle
dam cover

Setup of each departmental target of
dose reduction

Safety culture campaign about dose
reduction

Setting up an active group of radioactive
protection

Personal protection management by
the dedicated staffs

Decontamination around the workplace

Accurate measurement of staying time
in chamber and dose for each chamber
worker

Wearing an air supplying insulation
clothes

Wearing multiple TLD (head, chest, and
hand) with ADR

Table 6. Managerial actions contributing to total dose of nozzle dam installation/removal job (the fourth session)

Work management

Organization management

Shield management

No allowance for entry for the
workers without mockup training

Limiting the personal staying time to
3min

Applying a strict rule on personal
protection clothing

Table 7. Managerial actions contributing to total dose of nozzle dam installation/removal job (the fifth session)

Work management

Organization management

Shield management

Increasing the number of mockup
training trials (5 times for the novice
workers, 3 times for the experienced
workers)

Recording the training history of
each participant

Running a dedicated team for personal
protection

Triple check for the chamber before the
maintenance job from the departments of
work, safety, and radiation management

Running the experienced substitute
workers team for emergency condition

Limiting the staying time in chamber
to 3min

Applying a strict rule on personal
protection clothing

http://jesk.or.kr
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Table 7. Managerial actions contributing to total dose of nozzle dam installation/removal job (the fifth session) (Continued)

Work management

Organization management

Shield management

Preview for the work schedule

Reinforcement of communication
link among participants with an
aid of ongoing status board for
work progress

Installation of the dedicated lighting
for the chamber

Table 8. Managerial actions contributing to total dose of nozzle dam installation/removal job (the sixth session)

Work management

Organization management

Shield management

Recording the number of mockup
training trials

Running the ongoing status board
for work progress

Use of communication equipment
for dialog between the main worker
and supporters

Reserving spare bolts and washers in
case of possible bolt hole defects

Running a dedicated team for personal
protection

Measurement of staying time and
dose for each entry to the chamber

Applying a strict rule on personal
protection clothing

Additional supply for the air supplying
full protection clothing

Table 9. Managerial actions contributing to total dose of nozzle dam installation/removal job (the seventh session)

Work management

Organization management

Shield management

Introduction of new technology in
nozzle dam equipment

Use of communication equipment for
dialog between the main worker and
supporters

Strict check for the nozzle dam
equipment before the maintenance
job

Securing a waiting room for assistant
workers

Campaign on spontaneous participation
for radiation safety

Improved layout for protection
equipment

Staying time and dose management
for each entry to the chamber

Applying a strict rule on personal
protection clothing

Wearing an air supplying full
protection clothing

Additional installation of service air for
the air supplying full protection
clothing
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Table 9. Managerial actions contributing to total dose of nozzle dam installation/removal job (the seventh session) (Continued)

Work management Organization management Shield management

Assistant workers wearing a half face
mask and a protective clothing made
of paper

The chamber worker wearing an
additional plastic shoe cover

Table 32| HLZMZ X Z20t Table 4-92| #2|Q01Z H|WSI0] 2ASHH X|3XKTable 5), H5XHTable 7), % M7XKTable 9) &0l S

o
=
22| RS0 SLFLT Motof 7|0stRAZS L + AUCkFigure 2).

250

200

150

100

Total dose (man-mSv)

50

Session

Figure 2. Trend of total dose reduction of the 7 sessions of the tasks

59 X1I4ﬂ AZIE Mestne M Rp=of OGH A AM HHAIZ HYCIHE HFAIZ = AAS 22 (Table 3) Table 4, Table 5,
Table 7, 3! Table 82| A A2t2| 20152 HYAIZFR HYQIY TH50| 2atHQl dets SAAUC & 4 ALK E| F3kt o LYH|% Y

b M7RO S EHINY Aoz QI8 HUAIZI AR A= 27t THE At=0f| Hlof HAs| 3A LiEHt=H Ol =& 7Y
AtE(Table 41t MY =ZH H=(Table 8)0F Z2 OO Al=E|X| (IE M7[& =Qo| 2utE YSdte M2 = 4 AUCH AHE
SUUEEL ZR0= Alztel Zuto et dAfz & 7(Ef A[de| 2ot 5 Jelof W2t S7t0ts S7Hd@E(Hong and Lee, 2003)04
CHS3H0 =Xl X 22| S Soff X|EH el /40| O|ROIMZS & 4= UCH(Table 3). Ol 24 ZIE S0 LZHE Z20| &
IOl 2| Q01 Table 102F 20| ROFg 4= QUCk
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Table 10. Managerial actions contributing to reduce total dose of nozzle dam installation/removal job

Work management

Organization management

Shield management

Increase in the number of training

Mockup training in the presence of
managerial staff

Record for the training history of
each participant

Preview for the work schedule

Strict check for the nozzle dam
equipment before the maintenance
job

Reinforcement of communication
link among participants with an aid
of ongoing status board for work
progress or communication
equipment

Introduction of a new nozzle dam
cover, new type of nozzle dam, or
dedicated lighting for the chamber

Securing a waiting room for
assistant workers

Setup of competition among departments
to reduce total dose

Triple check for the chamber before the
maintenance job from the departments of
work, safety, and radiation management

Safety culture campaign about dose
reduction or spontaneous participation
for radiation safety

Running a dedicated team for personal
protection or the experienced substitute
workers for emergency condition

Decontamination around the workplace

Improved layout for protection
equipment

Accurate measurement of staying time
in chamber and dose for each chamber
worker

Wearing multiple TLD (head, chest, and
hand) with ADR

Strict staying time and dose
management for each entry to the
chamber

Applying a strict rule on personal
protection clothing

Wearing an air supplying insulation
clothes

Assistant workers wearing a half face
mask and a protective clothing made
of paper

The chamber worker wearing an
additional plastic shoe cover

4. Discussion and Conclusion
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EICL 2 Al M B71247) =41t SYE FEHS| Mockupg AFESH HAZIY SYUTH =ME SUTH HYUS AHSHe A2
82| HO| & (Park, 2006)5 =Y ZM EYAIZH ZZ00 7| ofetct,
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