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Radiological Protection: ICRP)= 1990\ 7]& AW
Sof #a ARLE /WAt ICRP-602.2 WaalIrHl).
w3t A YA 7] (International  Atomic  Energy
Agency: IAEA)E= 19961 d ICRP-60S A& WAAH S
o B3l 7|E¢HA7]F(Basic Safety Standards; BSS-96)<
MAske] 7ksksich2l. g FulelM = 19961 d5E &
T UAEIA 7 EA(KINS) o] FAo] Ho ICRP-60& ¢
AR el vkedsr| sk B3 AT JAIE Faske]
olE YAEHHF | £AFH o= vhedsllar, 2003 o] %
o= A whgste] Algskal k3l gHE ICRPE 2007
9 1990 AaE ThAgste] AR AP S AR R
ICRP-103-& &rej 3} SdrH4l,

ICRP-600l|A] 3| ZWALAsF H7te] @2 fads
(Effective dose)S =U3IAT. Fradede WA 71%
| (Wr)ob AAZZ7ME X (W& LElste] kst Q1A
o] HAile] W= g sES wektt, sk ICRP-103
oAl fraxzFel s dF AA=ZA XS HAEH]
= 3F9l2} ICRP-609] 713 /de T2 FA =3t
ol FEAFE ML E EXo= o|fEH: IE
WAl el 9|2 AR S AR E 2 A0
E7Fsst7] wikioll A (Deep dose)S o]-&ate] =

A A2} : 73], hkkim@kepri.re kr, 37 A2 A7+
A F73 7 EAF 103-16
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Z+ o] YApLARAALS. 1o1d %] 3B2K(High Energy Photon

7] Ageggn) 71t s/G A 94 157 g
3 APEE B ARAIRS AAlskTE 2

Attt wSHE7ER A A2008-485 (HEHT T
F71F 2 AL )N AR SAARI =TS
23] (International  Commission on Radiation Units
and Measurements: ICRU)7} F3l= Hy(10) 22 A4 1
em Z0]64 QU] 2Ho] W HEAFO R W
TSt ST,

QAoIE PRSI ARAFE 9l
3G ZA (Thermoluminescent  Dosimeter: TLD)S
o]-g3tal Qlth. UHFARE apdde TSl 24
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EhlE Aoz, g2 AR Aol B3t w2 1
Z5 WS 7hsAdo] Stk whetA SR 4 A
I o] Evtd 9 F HEA} M= 7ol 8=
FAZA Qe T FHloll FTPIEAIE A8t Fgst
S ket ot 53] olzlgh Az elM= At
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]

SWZE 100 mSvE IS grow Aaha ik ol e
1o AIE B0l Hgae olgHel v
A ARA o A3 Zge] Bbssict Wekd] FA)
ICRVSINE 2Al 1 cm ZlololA

o

A= -
ZZo] W= AR A= (Deep dose)S &A31L, o]
FAFeR Frhstes AL AvHL 24,0l TH L

= TLD9} 22 I FAE o83t
cm Zold T EE AHAEZS TLD
MRS S8k ity wSsHE e o

AlellA] AR FASARI =33 91 93] ICRU)7F A
3k Hp(10) 22 goJatar Qlehs). shH Q1A z=2lo gk
S7HA % (Equivalent dose) 3+==2 FAA|(Lens of the
eye)x= 150 mSvE A3}l 9lom, F]H(skin)ell thalA]
500 mSvE Asta A}, 3H £33} ¥H(Hands and feet),
Z dtof| thaA]= 500 mSvE SV Ste2 Askal
UTHL,2,4,01. Alell gk AR el 57
X oz RS AR glont, Brhel of
AL b Mo s NEElE aTeh A ke

il

N I r L EE R P Ea
= ¥F7]%F 3] (American National Standards Institute:
ANSD 7|1EE& & 3tk ol ANSIE| T]eT]E2 |
=2 Ui (Code of Federal regulations)ol] ¥k o] 3]
sk Aol A8 ol wa weHsE

Table 1. Irradiation Categories (ANS| N13.32-1995, performance testing of extremity dosimeters).

Test category Energy Test range TO::’/ZIHCE Add;tg)r;dalrgglg on
1 . High-dose category
A. Low-energy photons only 0.1to5Gy
M150 70 keV (average) (10t0 500 rad) 0.30 None
B. High-energy photons only 0.1to5Gy
662 keV 0.30 N
oS € (10 t0 500 rad) one
C. Generd, low and high
energy photons
M150 70 keV (average) 0.1to5Gy 0.30 None
Bice 662 keV (10 to 500 rad)
11. Low-energy photons
(NIST-filtered techniques)
A. Genera
M30 20 keV (average)
M60 34 keV (average) 0.0025t0 0.1 Sv 050 035
M100 51 keV (average) (0.25 to 10 rem) ' ’
M150 70 keV (average)
H150 117 keV (average)
B. High-energy
M100 51 keV (average) 0.0025t00.1 Sv 050 035
M150 70 keV (average) (0.25to 10 rem) ' '
H150 117 keV (average)
1. High-energy photons
Bics 662 keV 0.0025t0 0.1 Sv 0.50 0.35
%co 1.25 MeV (0.25to 10 rem)
IV. Betaparticles
A. Low-energy only (204Tl) 0.76 MeV (maximum) 0.35
B. High-energy only (*Sr/®Y) 2.3 MeV (maximum) 0.35
‘ 0.0025t00.1 Sv 050
C. Genera 2.3 MeV (maximum) (0.25 to 10 rem) . None
(*sr/®Y and 204T1) 0.76 MeV (maximum)
D. Slab uranium 2.3 MeV (maximum) 0.35
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AR 3 Qo). A D FA Y] @ rtel Uigh Al
72 vl=olu oA o272 dAER Sl vk
FE A AL = AA oIt ANSI N 13,32-19950014] A
AlBFL e AR, HAMASF (A, AlEHE I
3E71ES F 19 AAISFAILE

U= FARRE] AR5 (Deep dose)S 3
7¥8t7] 98l Panasonic® Harshaw 5 F £/F9] TLD9}+
HAE0E 20 ik, 2] 13dA, 94 13, o
F 1AL 9F 23Ads €3 3EALzeAME
Panasonic TLDE H-{3l3L lar, 8] 2@k
WAL, 9 3udSs, &3 19hEA, 7 29 Aol A

Harshaw TLDE Zt¢al 9t} o] JHelX A= o
gy F7E ol&ste] FARE 9 ke WP of
AUAIE Falietal A7t dae|Es ol8ste] &
WA S AAF R 4% 4 ot g =u] oA
oA Panasonic TLDS AFg3sh= 9#LS UD-807 TLDS
U AR BE3ka gk UD-807 M AlE 1719 &
ZHElement 1) S 7FA2 9lon FFA| 2= Lithium
Borate(Li;BO)E estaL 9o}, o] FFia= zavt
dF o2 A=, T2 9k ReFe] Ringdll AFdste] AF
433 o}, 3H¥ Harshaw TLDE ARESH= Ao+
Lithium Fluoride(LiF)& &3d22t= A&k TLD-100 2
HARAIZ B3k Aot Harshaw A&7l 2] o u}
2} W ReE  MA(DXTRAD)SF W=k XA
(EXTRAD)E &=}, o]E Panasonic TLD®} Harshaw
TLDE ¥ 1, 2, 39| YeRNSIeHY, 10].

fu o

CAP
/ WINDOW 42mg/em? or 5mg/cm?.
Black ink or Mylar.

RING
Fig. 1. Harshaw DXTRAD extremity dosimeter.

Fig. 2. Harshaw EXTRAD extremity dosimeter.

Fig. 3. Panasonic extremity dosimeter.
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Fig. 4. Simple geometry of steam generator water chamber.

Table 2. TLD (Panasonic UD-802) Readouts of Radiation Workersfor the Maintenance of Steam Generator Nozzle Dam at Yonggwang NPPsin 2004.

Workers Element 1 Element 2 Element 3 Element 4 Deep dose |Shalow dose Wee_ar'i ng
(mR*) (mR*) (mR*) (mR*) (mSv) (mSv) position

2.80 284 2.69 2.64 2.73 273 Head

AY 177 172 188 1.86 1.80 1.80 Chest
2.25 2.16 2.34 2.26 2.25 2.25 Back

2,07 2.02 1.98 1.95 2.00 2.00 Head

BY 1.75 1.66 182 181 175 175 Chest
2.09 1.83 2.02 2.08 2.00 2.00 Back

1.80 175 1.89 1.86 182 1.82 Head

CcY 1.49 145 1.60 157 152 152 Chest
1.81 1.84 191 1.94 1.86 1.86 Back

2.23 2.25 2.03 2.28 219 219 Head

DY 182 176 187 182 181 181 Chest
2.03 2.08 2.09 221 2.02 2.02 Back

1.99 2.08 192 213 2.02 2.02 Head

EY 148 128 165 161 150 150 Chest
191 1.93 2.06 2.01 1.97 1.97 Back

124 118 1.20 131 123 123 Head

FY 0.90 0.81 1.02 0.97 0.92 0.92 Chest
0.94 0.96 1.04 1.06 1.00 1.00 Back

0.74 0.70 0.79 0.85 0.76 0.76 Head

GY 0.57 0.44 0.59 0.58 0.54 0.54 Chest
0.58 0.60 0.72 0.71 0.65 0.65 Back

1.9 1.99 184 197 193 193 Head

HY 1.68 153 1.80 1.86 171 171 Chest
2.17 1.96 2,01 2.04 2.04 2.04 Back

2.63 2.29 2.35 241 241 241 Head

Y 201 1.86 193 1.88 191 191 Chest
2.17 2.05 2.25 2.08 2.13 213 Back

271 2.67 248 2.58 2.60 2.60 Head

Y 222 1.89 215 212 2.09 2.09 Chest
2.82 2.66 2.65 2.76 271 271 Back

4.71 4.20 3.85 4.30 4.25 425 Head

KY 3.01 2.82 3.08 297 2.96 2.96 Chest
3.75 3.66 3.61 3.77 3.68 3.68 Back

0.75 0.76 0.66 0.77 0.73 0.73 Head

LY 0.46 0.45 0.54 0.51 0.48 0.48 Chest
0.68 0.62 0.65 0.67 0.65 0.65 Back

2.36 222 2.16 247 2.29 2.29 Head

MY 1.56 148 1.69 1.60 157 157 Chest
2.19 194 212 2.04 2.07 2.07 Back
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M= 280760 kev o3| =A UeRstH15,16]. =35
U] S718A7] Ul 2L A ¥ZHA] Crudel o
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WAFs2] 90% oPdE AAehE ZoR ElEITH1T
o]} Zo] Ocken®] AT, FHAHNA ZHapiald g =
AN, S71EA 719 WA o ZekelE 2N, 5
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TLDE ARESHSIT. ol& 2ol B v WA=
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7 &rlete| Hlgslgon, 2712 2719 ADR(Auto

Dosimetric Reader)ZS -85} HIARAZAS 43851

o} a9 69 7k, 5 2 &5 983 Harshaw TLD
725 YeR ME]'.

Aluminium TLD Card

............. (.’ |~ TLD600 {0.38 mm thick chip)

’

H -~ 1 300 mg.cm-2 ABS Filter

RN ]

L S 47

i / =~ TLD-700 {0.09 mm thick chip)
|l 17 mg.cm-2 filter

/T
I
PERSONNEL i I
IDENTIFICAT TLD.700 0.38 mm thick chip)

; L4~ 240 mg.cm-Z ABS +
91 mg.cm-2 Cu filters

N TLD-700 {0.38 mm thick chip)
107 mg.cm-2 ABS +
893 mg.cm-2 PTFE filters

Holder / Filter assembly

Fig. 6. Harshaw TLD Structure.

7t53 ol &3 TLD= B¢ Az
oM dgH o 8= %—’F*d%*?ﬂ o]-&%k |
AP 7 dAafel] mhe Aot} ghH &l g3t
TLDx=  &7hetel  fAlele WAPARY  SA4%
(Unfolding)£ Exo 32 MAEERY HAEshe £1E
o 71 7Pk 5l ekt o] B¢ E5ole 7t
&3} o gj83F TLDS} $YUsF Harshaw 8806 TLDE
g5kt A &rlete)] #1838k ETLDE Azl o
S dAs hetebr] fistellnh. ETLD: @MLJ}
7F Rt Ao O‘OU% Ertete] e SMIEE &=
gatr] fAgteldet. E&ell &3 TLDO| A= 23E
3 30 yehhlvHsl.

Table3. TLD (Harshaw 8806) Readouts of Radiation Workerswho Wear TLD on Wrist for the Maintenance of Steam Generator at Ulchin NPPsin 2009.

Workers Element 1 Element 2 Element 3 Element 4 Deep dose Shallow dose

(9V) (9V) (9V) (9uV) (mSv) (mSv)
NU 253.2 243.6 256.5 259.0 217 217
ou 284.1 275.6 277.0 278.8 246 246
PU 146.6 137.3 148.6 150.6 121 121
QU 119.9 113.8 119.5 121.2 1.00 1.00
RU 3135 303.8 308.6 320.2 2.72 272
SuU 76.6 718 79.7 82.3 0.69 0.69

Table 4. TLD (Panasonic UD-802) Readouts of Radiation Workers who Wear TLD on Wrist for the Pressure Tube Replacement at Wolsong NPPs in

2009.
Workers Element 1 Element 2 Element 3 Element 4 Deep dose Shallow dose
(mR*) (mR*) (mR*) (mR*) (mSv) (mSv)
T™W 0.96 0.92 0.82 0.84 0.86 0.86
uw 0.95 0.87 0.86 0.89 0.87 0.87
VW 0.55 0.56 0.47 0.46 0.49 0.49
XW 0.51 0.48 0.44 0.44 0.45 0.45
YW 0.83 0.73 0.73 0.72 0.73 0.73
ZW 0.74 0.88 0.65 0.70 0.72 0.72

@9 131F BEAol e PPLALLTE et
o eAFE WA 0E AR 2000 74 @
A 13719 FEF LA (Pressure tube replacement) 2]
o Fels WAHABEAAT oz Frhe A
Aot A HHe 2343 7)dM 9 FLsHAl 113
Flt}. Panasonic UD-802 AHAIE 75, 5, €59 I
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Fig. 7. Panasonic TLD Structure.
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An Anaysisof Radiation Field Characteristicsfor Estimating the Extremity Dose
in Nuclear Power Plants

Hee Geun Kim, Tae Y oung Kong
Korea Electric Power Research Ingtitute

Abstract - Maintenance on the water chamber of steam generator during outagein nuclear power plants (NPPs) hasalikelihood of high
radiation exposureto whole body of workers even short time period due to the high radiation exposure rates. In particular, it isexpected
that hands would receive the highest radiation exposure because of its contact with radiation materials. In this study, characteristic
analysis of inhomogeneous radiation fields for contact operations was conducted using thermoluminescent dosimeter (TLD) readouts
from the application tests of two-dosimeter algorithm to Korean NPPs in 2004. It is regarded that inhomogeneous radiation fields for
contact operationsin NPPs are dominated by high energy photons. In addition, field tests for workers who participated in maintenance
on the steam generator during outage at Ulchin NPPsin 2009 and pressure tube replacement at \Wol song NPPsin 2009 were conducted
to analyze radiation fields and to estimate the extremity dose. As aresult, radiation fields were dominated by high energy photons.
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