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Dose Assessment for Workers in Accidents
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To effectively and safely manage the radiation exposure to nuclear power plant (NPP)
workers in accidents, major overseas NPP operators such as the United States, Germany, and France
have developed and applied realistic 3D model radiation dose assessment software for workers.
Continuous research and development have recently been conducted, such as performing NPP accident
management using 3D-VR based on As Low As Reasonably Achievable [ALARA)] planning tool. In line
with this global trend, it is also required to secure technology to manage radiation exposure of workers
in Korea efficiently. Therefore, in this paper, it is described the application method and assessment
results of radiation exposure scenarios for workers in response to accidents assessment technology,
which is one of the fundamental technologies for constructing a realistic platform to be utilized for
radiation exposure prediction, diagnosis, management, and training simulations following accidents.
First, the post-accident sampling after the Loss of Coolant Accident (LOCA) was selected as the accident
and response scenario, and the assessment area related to this work was established. Subsequently,
the structures within the assessment area were modeled using MCNP, and the radiation source of the
equipment was inputted. Based on this, the radiation dose distribution in the assessment area was
assessed. Afterward, considering the three principles of external radiation protection (time, distance,
and shielding) detailed work scenarios were developed by varying the number of workers, the presence
or absence of a shield, and the location of the shield. The radiation exposure doses received by workers
were compared and analyzed for each scenario, and based on the results, the optimal accident response
scenario was derived. The results of this study plan to be utilized as a fundamental technology to ensure
the safety of workers through simulations targeting various reactor types and accident response
scenarios in the future. Furthermore, it is expected to secure the possibility of developing a data-based
ALARA decision support system for predicting radiation exposure dose at NPP sites.
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Table 1. Post accident sampling procedure after LOCA

YA A B Abaroleh WAV A
Al A A AF2L S A 2 2] FH Al (Post Accident Sampling
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No. Action Time (sec)
Moving 1 Accessing the sapling module entrance 300
2 Preparing the sample tray 10
3 Disconnecting the air line I
Water Sampling
4 Loading the sample into the reservoir 30
N Leaving the room 15
6 Taking a 1 cc sample from the sample chamber (for hydrogen analysis) 30
7 Putting the syringe containing the sample into the transport container 30
Air Sampling 8 Repeat steps 6 and 7 (for oxygen analysis) 60
(3 samples taken) p P V8 4
9 Repeat steps 6 and 7 (for radiation analysis) 60
10 Leaving the room 15
Monitoring 11 On-line monitor scan 900
Moving 12 Transporting the sample to the laboratory 300
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Fig. 1. Worker’s pathway for post accident sampling in auxiliary building and compound building.

Fig. 2. Worker’s pathway and dose assessment area in auxiliary
building (Elevation S5 ft).
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Fig. 3. 3D compartment model of the dose assessment area.
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— Worker's pathway

:’ Equipment containing
the radiation source

Fig. 4. Location of the equipment containing radiation source

within the dose assessment area.

Table 2. Equipment list containing the radiation sources in the

dose assessment area

Equipment Room No.

1 Shutdown Cooling Heat Exchanger 055-A30B
2 Charging Pump 055-ASSB
055-A33B

3 Sump Pump 055-A34B
055-A35B

4 Equipment Drain Tank 0SS-AS1B
N Reactor Drain Pump g::_:ssgi
6 Aux. Charging Pump 0S5-AS4B
7 Post Accident Sample Room 055-A48B
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Fig. 5. 3D model of the dose assessment area.

sk, 914 717] $AE olgstel maYstact. A
7} 24 B H9FS TSR 7171 Bl

198 H712 99 AT E= ul= ORNLOA] 7l
SCALE Z4t5 & ] ORIGEN-ARP FE2 ©]-85F3tH[4].
el W EAfste HFE 2 A
of d&sto] 7+ 7171 Wi ALl &

Bl o
5
=
o
i

S~
ok
kil
)
ERY
™
1©
033
N
N

i
o
z
b @
Z
2

i)
[>
5
1
i
_O'L
52
%)

N gl

>~
>

&

S~

X,
Q
D)
EL
I
2o}

% 7712 919, 904 Boke 717)
@< 371 U MONP 29o]
77Ye) 717] AA ) 2 Lsi) 2

2
o
ot = |m
n\l
E)
=y
[~
=)
|m

ol
F[lF

o OIE g
ot
o,
8

SUREEY
2

HU o
=
A
e
rlr

N
-
o,

ol
-
38,
)

N
w

=)
J
]
12
oH
o
rx
oM
ol
M

227800 A t

27} WE4% B e

(it
(98]
L

A é—% Agste] ApaLA
13, VRdoseol] 2-8517] ]
o Exvisre Wi BT 141 ZHe BN
= MCNP AARES ALgatgon ofdel e Ao
we} a0 gle

-l> e
ooﬁ"
|0

}11

1) AZAFEE A A AR 95 b Bt
2) ABAFE A 7 AR A R g7 ]

3) )% R 2)F B IE ol BT B4 B

B Bt 33 At ES E-8oto] Aupids
ALt 3 Table 33+ o] ICRP-74°] AAH Fupids: A
SARIZFE A-g-5to] S = AUATHS].

A=AFHEE 7R dejHo]EFE A=z FH A7
o] i A=FE7He 45kt oluf, Al=AFH A

e 24 o] ARGl gl A0 ANS 5



Rl
Rl
&2
0lo
12
12
el
rx
om
=)
A~

Table 3. ICRP-74 flux to dose conversion coeflicients for gamma-ray

Photon energy Coefficient Photon energy Coefficient
(MeV) (mSvhr! cm™sec”™!) (MeV) (mSvhr em™sec™!)
1.00x 1072 2.20x1077 5.00x 107! 1.06x107°
1.50x 1072 2.99%107¢ 6.00x 107! 1.24x107°
2.00x107* 3.78x107¢ 8.00x 107" 1.58x107°
3.00x1072 2.92x107¢ 1.00x10° 1.87x107°
4.00x107 2.30x107° 1.50x10° 248x107°
5.00x1072 1.98x107° 2.00x10° 3.10x107°
6.00x1072 1.84x107° 3.00x10° 4.00%x107°
8.00x1072 1.91x107° 4.00%10° 4.82%x107°
1.00x 107" 220%x107°¢ 5.00x10° 5.58x107°
1.50x107" 320x107°¢ 6.00x10° 6.34x107°
2.00x107" 4.32%107° 8.00x10° 7.78%x107°
3.00x 107" 6.48x107° 1.00x 10" 9.22x107°
4.00x107" 8.57x107°
(HSv/h) (uSv/h)
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Fig. 6. Results of dose assessment in the assessment area before
opening the sampling valve.
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Fig. 7. Results of dose assessment in the sampling room after open-
ing the sampling valve.
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Fig. 9. Configuration of cart and sample storage device.

Table 4. List of equipment and materials for sampling
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Fig. 10. Configuration of Lead shield and movable cradle.

Equipment Size (mm) Material Quantity
1 Cart 400W, 900D, 900H SUS 1
2 Sampling tool Length 550 SUS 2
3 Sample storage device 390W, 390D, 419H Lead 1
4 Shield and movable cradle 800W, 5D, 800H Lead Shield: 6
Cradle: 2
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Table 5. Number of workers and radiation protection measures
for each scenario

Number of Radiation
. Number of L. . .
Scenario I radiation shield protective
workers (left/right) measure

A 2 3/3 (0]

B 2 3/3 O

C 3 3/3 (0]

D 3 4/2 (0]

E 3 5/1 (0]

Table 6. Detailed procedure of the scenario C, D, and E

5171 935 VRdoseol WAH
SFRAT ZF Alue] 2 A7t whE 2fAte] o] F4dgk
Fig. 11°] Urehd Hie} o] £ A7t Feh vl =2 A1
B2 HolH, o] 7H2 Aol ofsf| AlmAfFEE T}
W 717k whebA, 2HQAre) mE2 Alm A H A
Y AZho] Fa aRloH, 11 ¢f ol g = B A A
of ke gL wllasc

Ar2iebdy W ALARA AR HN AL A AL}
o] Alsim ol 2l el sk} Aol Aje
Aol gt Aol S Adslel TSRS s
7o Som, el 59 Bl MRS 2
obA] == FAT Gk B A7A VRdoseE O

gotol WAAG AT AR FRpe] AhApAA
W L Fg 129 2] AU AR} 217}
O] 1] Z /452 Table 7] EFHTE

o] T AEAFEY Al AHAIE AHESHA] @b Al
2 A9} AH|IAIE AR Al @ BO] m & A 74]4‘_}7:‘
£ H| 5P Fig. 137 22, A& ARgSHE o
A2t 19] mEA7FO] oF 379% FHAsto] 2| A| o] BIHE
5}0]’6‘1— S (/)v]\(}-}\]:]—

TS Al mAFEY Al AA| 9] B2 E

% Dose-Rate Analyzers &

IE rlo
SLIETE

_lN_\}lE

gejstel W7t

No. Detailed procedure wolriljtti;f?jec) N:gizs& Remarks
1 Moving to Aux. Building 5$ ft floor (Elevator) N.A. N.A.
2 Transporting sampling tool to Post accident sample control panel room 300 2(0,0)
2-1  Transporting radiation shield to Post accident sample control panel room 225 1(®) Moving
3 Transporting sampling tool to sampling work space S0 2(0,Q)
3-1  Transporting radiation shield to sampling work space 40 1(®)
4 Preparing sample tray 30 1(©)
S Installation of a shield 40 2(©,3)
5-1  Worker 3 exit 60 1(®)
6  Disconnecting the air lines 15 2(0,0)
7 liquid sampling 90 2(0,0) Liqu%d
sampling
8  Loading the sample into the reservoir 30 1(®)
9  Entering sampling room 60 1(®)
10  Removal of a shield 40 2(0,Q)
11 Exit the sampling room 50 3 (@,@,@)
12 Moving to elevator 22(5) E::zf::gl zf:ell) d) 3(0,0,0) Moving
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Fig. 11. Worker’s dose rate by scenario using VRdose.
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Table 7. Worker’s dose by scenario

. Worker 1  Worker2  Worker3 Coleihe
Scenario (uSv) (uSv) (uSv) dose
¥ ¥ ¢ (man - mSv)
A 3,176 1,086 N/A 4262
B 2,013 1,287 N/A 3.299
C 2,268 1,029 0.54 3.298
D 2,164 985 0.53 3.149
E 1,904 867 0.47 2.782
I I I Scenario A

I Scenario B

Worker 1 Worker 2

Fig. 13. Comparison of worker’s dose according to the presence
or absence of radiation shield.
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Fig. 14. Comparison of worker’s dose according to the shield
arrangement.
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