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Effective Dose and
Two Dosimeters



Effective Dose (E)

* Primary protection dose quantity.
- Hz: ICRP-26 (1977), E : ICRP-60 (1991).
- Provide “risk-based” radiation protection system.

e Not directly measurable. E = ZWT H.
~

 Measure radiation dose outside the body and
convert it to E.

e After implementing the ICRP 60 since 2003 in Korea,
- E system was fully adopted to the Korean atomic law.
- Dose limit was the reduced: 50mSv/y — 100mSv/5y.
- No margin for controlling the dose management.
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Effective Dose

e A single dosimeter on the chest .
- H,(10) — E.
- acceptable only for frontal incident radiations.

* If photon beam comes from the back or high?

- severe underestimation (7-10 times).
- ICRP-75 (1997) - “dosimeter should be worn
at an appropriate position on the body”

* How do we solve this problem?
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Dose and Iwo=-Dosimet

Approach of Two-Dosimeter

e Several investigators suggested using “two” dosimeters.

- [Chest + Back] or [Chest + Head]
- at least one dosimeter always directly exposed.

* NCRP-122 (1995) recommended using two dosimeters
“for scenarios where the irradiation geometry or photon
energy is unknown or difficult to characterize.”

* How do we combine these dosimeter readings
for the best estimation of E?
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ctive Dose and Iwo-Dosime

Combination of Two-Dosimeter

The best combination of dosimeter weighting factors are
the various values for the chest and back dosimeters or
the chest and head dosimeters.

Underestimation problem for posterior incident radiation
was completely avoided by using two dosimeters and
the developed algorithm.

Overestimation problem does exist for typical beam
directions, but significantly decreases in real situations.
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[ Previous Two-Dosimeter Practices in Korea

* Radiation protection program for two-TLD dosimetry
— Procedure of external dosimetry or dose assessment

e Maintenance of steam generator (SG), reactor coolant pump
(RCP), reactor head internal (RHI) and PZR heater replacement

* \Wearing the two-dosimeter at chest and head area

* H(10)naimum — E (N0 application of the two-dosimeter algorithm
and overestimation of effective dose)

* The issued conditions of two-dosimeter were based on the INPO
Guideline [Guidelines for RP at NPPs (INPO 91-014; 1995)]
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Two-Dosimeter
Algorithms



Iwo=-Dosimeter Algontnms

[0 Dose measurement of E inside Steam Generator

e Estimating E in a S/G channel head is not easy.

3™ non-uniform, high gradient and depends on many factors
(Few mSv/h ~ 5x10% mSv/h)

 Single-dosimeter approach (chest or head) not accepted as
an appropriate approach. T

5/G

AL

* Many dosimeters: the highest dosimeter response.

e But many disadvantages:

- expensive and complex
- Over|y conservative J— lf_

- difficult to relate recorded dose to health risk ||
- uncertainties in the future epidemiological studies
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“Iwo-Dosimeter Algorithms

According to Previous Studies or Papers

Single-dosimeter approach significantly underestimates the E
INn some exposure situations.

e Two-dosimeter approach does not underestimate the E
by more than 5%.

e Six two-dosimeter algorithms have specific technical bases
- Two dosimeter readout: chest/head or chest/back

- Specific weighting factor

- Solid and specific technical background

- Application high radiation field (ex, SG chamber)
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“Iwo-Dosimeter Algorithms

[1 6 Algorithms Based on Previous Investigations

1. ANSI N13.41 (1997) Algorithm

2. NCRP(70/30) Algorithm (NCRP-122; 1995)
3. NCRP(55/50) Algorithm (NCRP-122; 1995)
4. EPRI Algorithm (NRC RIS 2004-1)
5
6

. Lakshmanan Algorithm (1991)
. Kim(58/42) Algorithm (1999)

= \Which algorithm is the best or the more appropriate
for estimating the effective dose?
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Iwo=-Dosimetrer Algorntnms

L1 ANSI N13.41 (1997) Algorithm;

HE = 2 Wchc(lo) — 010 Hp,head and neck(lo) + 090 Hp,rest(lo) I

00 NCRP(70/30) Algorithm (1995);

He(estimate) = 0.7 H,(10)44n; + 0.3 Hy(10) 40k I

LINCRP(55/50) Algorithm (1995);,
He(estimate) = 0.55 H,(10),0, + 0.50 H(10),,ck I
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| ' Two-Dosimeter. Algorithms
O EPRI Algorithm; US NRC, RIS 2004-01;

Hp(lo)max of front or back T Hp(lo)avg. of front and back

2

He(estimate) =

[ Lakshmanan Algorithm (1991);
Hp(lo)front i Hp(lo)back

1.5

H-(estimate) =

L1 Kim Algorithm (1998);
He(estimate) = h(Hg) [ 0.58 Hp(10)f,,¢ + 0.42 Ho(10)y, o |

0.9 H:(AP)
=~1.02
0.58 H((AP) + 0.42 H,(AP)

where h(Hg) =
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Source Term Geometry
and Application Test



IST Geometry and Application Test

Steam Generator General

 Combustion engineering type S/G

e Radiation field in a S/G channel
head depends on many factors.

195 cm

 However, dominated by
%0Co and °8Co (~95%).

200 cm

e Source term and photon field from upper U tubes.

* Dose rate is non-uniform and gradient from high to low.
(Few mSv/h ~ 5x102 mSv/h)

e Dose rate exceeds few mSv/hr(>) and very high gradient
of the chest by more than 50%
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Potential radionuclide typically detected at pressurized water reactors

Category Radionuclides
s 3H, 54Mn, 55Fe, 57Co, 58Co, 60Co, 63Ni, 65Zn, 110Agm, 124Sh
Activation Products 125’Sb, 152’Eu, 15’4Eu ’ ’ ’ ’ ’ ’ ’
Fission Products 90Sr, 9°Zr/Nb, 196Ru/Rh, 134Cs, 137Cs
Other 23417, 235(J, 238(J, 239Py

Reference : Radiation Protection at Nuclear Reactors (Health Physics Society), 1995.

Table 1. Radiation field characteristics for Korean NPPs.

Radiation Counting Measured Status of Number of Average
types gystems areas reactor operation  measuring points  energy (keV) or main
radionuclides
(Gamma Portable HPGe Reactor building Shutdown 8 436.5-783.6
detector Auxiliary building  Normal operation T 346.7-T15.8
Auxiliary building  Normal operation T 279.9-803.7
Neutron BMSS Reactor building ~ Normal operation 5 17.3-206.4
Beta Si semi-conductor  Reactor building Shutdown i Ao
detector Auxiliary buildng  Shutdown 8 “Co
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L1 Application Test for TDA during Maintenance Periods
e Algorithm considered : 6 algorithms

* Pilot plant : Yonggwang unit 4 and Ulchin unit 4 (CE type reactor)

e Target work : S/G, PZR heater replacement and reactor head internal

e Application test :
- Review the two-dosimeter characteristics : common, MC simulation,
application situation, technical background, convenience...
- Fully explain the necessity of pilot test to the workers

- 3 TLDs and 3 ADRs provided to radiation workers wearing at head,
chest and back simultaneously.

- The effective dose (E) are calculated based on Hp(10) of 2 TLDs
readouts for the purpose of the adoption of two-dosimeter algorithm.

- E Is analyzed and sorted for searching of algorithm trend analysis
from high effective dose to low E.
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Table 1.

TLI) and AR readouts for the installation of a
steam generator nozzle dam at Yonggwang WPP No. 2.

TLID readout (1mSw)

APDDR readout (ImSw)

Head

Back
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2 User’ indicates the
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radiation workers (26 persons) who
prarticipated in the installation of a steam generator nozzle
dam at Yonggwang NPP No. 2.
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Table 2. TLI) and ADR readouts for the removal of a
steam generator nozzle dam at Yonggwang WPP WNo. 2.

User®? TLID readout (mSw) ADR readout (mSw)

Head Chest Back Head Chest Back

A 1.82 1.50 1.64 1.99 1.61 2.09
B 1.76 1.58 1.68 1.98 1.66 1.96
C 1.68 1.24 1.48 2.02 1.38 1.84
D 1.75 1.27 1.60 1.93 1.49 1.87
E 2.01 1.48 1.68 2.25 1.50 1.97
F 1.69 1.49 1.60 1.88 1.61 1.93
G 1.52 1.13 1.31 1.68 1.49 1.21
H 1.69 1.30 1.57 1.96 1.56 1.98
I 1.22 0.81 0.92 1.37 0.91 1.06
J 2.32 1.79 1.98 2.89 1.90 2.40
K 0.00 0.00 0.00 0.05 0.06 0.04
L 0.00 0.00 0.00 0.06 0.06 0.05
A | 0.09 0.09 0.00 0.09 0.11 0.07
N 0.00 0.00 0.00 0.04 0.04 0.04
O 0.00 0.00 0.00 0.07 0.08 0.06
P 0.14 0.12 0.00 0.15 0.12 0.09

““User’ indicates the radiation workers (16 persons) who
participated in the removal of a steam generator nozzle
dam at Yonggwang NPP No. 2.

PUsers in Table 2 are different from those in Table 1.
However, some workers who participated in the installation
ol a steam generator nozzle dam., and who were exposed to
low effective dose equivalents, also took part in the
removal of the steam genecrator nozzle dam.



seometry and Application [est

Table 3. Calculated effective dose equivalents from the installation of a steam generator nozzle dam at Yonggwang

NPP No. 2.

No. of TLD wearers® Effective dose equivalent (mSv)

MaximumP® ANSI NCRP (70:30) NCRP (55:50) EPRI (Xu) Lakshmanan Kim
1 4.66 3.70 3.95 4.33 4.41 5.53 4.27
2 4.25 3.09 3.18 3.47 3.50 4.43 3.43
3 3.69 281 3.02 3.35 3.45 4.28 3.29
4 3.51 2.71 2.74 2.95 292 3.76 2.93
5 2.73 1.89 1.94 212 2.14 2.70 2.09
6 2.71 2.14 2.28 2.50 2.56 3.20 2.47
7 241 1.95 1.97 211 2.07 2.69 2.10
8 2.34 1.77 1.87 2.06 211 2.63 2.03
9 2.29 l1.64 1.72 1.90 1.95 243 1.87
10 2.21 1.74 1.82 1.98 201 2.53 1.96
11 2.19 1.85 1.89 2.04 2.02 2.60 2.02
12 2.04 1.73 1.81 1.96 1.96 2.50 1.94
13 2.02 1.55 1.64 1.81 1.85 2.31 1.78
14 2.00 1.78 1.83 1.96 1.94 2.50 1.95
15 1.88 1.48 1.56 1.72 1.75 2.19 1.69
16 1.86 1.55 1.62 1.77 1.78 2.25 1.75
17 1.51 1.05 0.80 0.72 0.84 0.89 0.76
18 1.31 1.00 1.03 1.12 1.13 1.43 1.11
19 1.23 0.95 0.94 1.01 0.98 1.28 1.00
20 0.70 0.56 0.57 0.62 0.62 0.79 0.62
21 0.73 0.51 0.53 0.59 0.01 0.75 0.58
22 0.18 0.17 0.15 0.14 0.16 0.17 0.14
23 0.15 0.15 0.14 0.15 0.15 0.19 0.15
24 0.13 0.13 0.09 0.07 0.10 0.09 0.08
25 0.12 0.11 0.08 0.006 0.08 0.07 0.07
26 0.10 0.09 0.07 0.006 0.08 0.07 0.006

#*No. of TLD wearers’ indicates the radiation workers (26 persons) who participated in the installation of a steam
renerator nozzle dam at Yonggwang NPP No. 2.
‘Maximum’ indicates the maximum TLD readout from the head. chest or back.
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seometry and Application [est

Table 4. Calculated effective dose equivalents from the removal of a steam generator nozzle dam at Yonggwang NPP No. 2.

No. of TLD wearers® Effective dose equivalent (mSv)

Maximum®  ANSI NCRP (70:30)  NCRP (55:50)  EPRI(Xu) Lakshmanan Kim

I 2.32 1.84 1.85 1.97 1.93 251 1.96
2 2.01 1.53 1.54 1.65 1.63 2.11 1.64
3 1.82 1.53 1.54 1.65 1.61 2.09 1.64
4 1.76 1.60 1.61 [.71 1.66 2.17 1.70
5 1.75 1.32 1.37 1.50 1.52 1.91 1.48
6 1.69 1.51 1.52 1.62 1.57 2.06 1.61
7 1.69 1.34 1.38 1.50 1.50 1.91 1.48
8 1.68 1.28 1.31 1.42 1.42 1.81 1.41
9 1.52 1.17 1.18 1.28 1.27 1.63 1.27
10 1.22 0.85 0.84 091 0.89 [.15 0.90
I 0.14 0.12 0.08 0.07 0.09 0.08 0.07
12 0.09 0.09 0.06 0.05 0.07 0.06 0.05
13 0.00 0.00 0.00 0.00 0.00 0.00 0.00
14 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16 0.00 0.00 0.00 0.00 0.00 0.00 0.00

“No. of TLD wearers’ indicates the radiation workers (16 persons) who participated in the removal of a steam generator
nozzle dam at Yonggwang NPP No. 2.
bMaximum’ indicates the maximum TLD readouts from the head, chest or back.
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Figure 2. Application of a two-dosemeter algorithm for
the installation of a steam generator nozzle dam at
Yonggwang NPP No. 2. ‘No. of TLD wearers™ indicates
the total number of radiation workers (26 persons) who
participated in the installation of a steam generator nozzle
dam at Yonggwang NPP No. 2, which 1s also referred to in
Table 3. The results are displayed from high to low effective
dose equivalent using 6 two-dosemeter algorithms based
on TLD readouts from the head and chest or from the
chest and back.
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Figure 3. Application of a two-dosemeter algorithm for
the removal of a steam generator nozzle dam at
Yonggwang NPP No. 2. “No. of TLD wearers™ indicates
the total number of radiation workers (16 persons) who
participated n the removal of a steam generator nozzle
dam at Yonggwang NPP No. 2, which 1s also referred to
Table 4. The results are displayed from high to low effective
dose equivalent using 6 two-dosemeter algorithms based
on TLD readouts from the head and chest or from the
chest and back.
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 Review before test: Level of NPP radiation work, margin for
controlling the dose, source term geometry(radiation field),

TDA common characteristics, EDE and E, etc.

e Cooperation with HP: Pre-explanation for test necessity to
workers, 3 TLDs and 3 ADRs provided to workers, TLD
readout and dose tracking(time, TLD/ADR dose response).

o Set up the issuing conditions for two dosimeters: Difference
In expected equivalent dose>30%, or dose rate gradients
1mSv/h and 10% of dose limit (2mSv/task).

\
A
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S| Geometry and Application lest

e Calculation and analysis: EDE/E calculation, sorting from

high to low dose, conservatism, consulting with MC expert,

dose trend, technical BKG and authority, etc.

e Working quality and convenience (by interview): Workers
reacted positively to wearing TLD on the chest and back.

e EDE/E were calculated based on TDAs were ~10-30%
lower than that of the highest TLD readout.

e Selected TDA, NCRP(55/50) algorithm, was reflected in
NPP procedure at the end of 2005.
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Jperational EXperienc

< Implemented to all KNPPs since 2005

[0 Examplel: Installation of a SG nozzle dam at the Kori NPP No. 1

—l—Maximum

BTLD read—out on chest o
5 | 5 F ——Minimum
OTLD read—out on back )
—— Calculated effective dose

BCalculated effective dose

Dose (mSv)

0 0
ABCDEFGH I J KLMN 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Radiation workers Radiation workers
TLD Readouts Comparison of Effective Dose
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[0 Example2: Penetration Test of a Reactor Head at the Kori NPP No. 1

2
BTLD read—out on chest
OTLD read—out on back
15 L BCalculated effective dose
3
e 17
»
%)
(@)
O
0.5
0

ABCDEFGHI JKLMNOP

¢ JCHNP

Radiation workers

TLD Readouts

2
—#—Maximum
== Minimum
1.5 - —&— Calculated effective dose
>
wn
e 1 r
D
0
o
(@)
0.5
0 | | | | |

12 3 45 6 7 8 91011121314 1516

Radiation workers

Comparison of Effective Dose



Table 2. Summary of Dose Distribution and Difference.

General Trend of Dose

NPP Items of Radiation Woik Distribution® Dose Difference”
Kort No. 1 Installation of Steam Generator Nozzle Dam Chest < E < Back 10-30%
Kori No. 1 Penetration Test of a Reactor Head Chest < E < Back 5-15%
Yonggwang No. 1 Installation of Steam Generator Nozzle Dam Chest < E < Back 10-30%
Yonggwang No. 1 Plugging and Nozzle Dam Removal Chest < E < Back 10-30%
Wolsong No. 1 Ultrasonic Test of Feeder Pipe Back < E < Chest 5-15%

*Chest = TLD readout on the chest, back = TLD readout on the back. E = calculated effective dose
*Dose difference = (maximum dose on the chest or back — minimum dose on the chest or back) / calculated effective dose

15 5 5
O TLD read-out on chest
12 L 0 TLD read-out on back 4 0 TLD read-out on chest
H Calculated effective dose . B TLD read-out on back 4
— N - .
\E = @ Calculated effective dose
39t ] e 23 3°
£ N . N E @
@ Ni \ i b \i =
6 1 [N N | g 2 N o 2
:A\: N N: " N; . @
» 1Y & (B[R I Bl | 5
H Y N: H \: A N N
H | N Y L \: L N LH 4
N N ' [ g N z: N
y 4 1N | | N N riH | Ni g 1 | RE N:
0 \ 30099 | DY L (] (B 0 Lt N | RES 3 : ] NE [ 0 LY
ABCDEFGHI JKLMN A BCDEFGH I JK N A B
Radiation workers Radiation workers
Fig. 4. TLD readouts for the mstallation of a stean generator nozzle dam Fig. 5. TLD readouts for the plugging and nozzle dam removal of steam
at Yonggwang NPP No. 1. generator at Yonggwang NPP No. 1. No. L.

C

D

0 TLD read-out on chest
® TLD read-out on back
@ Calculated effective dose

EFGHI JKLM
Radiation workers

Fig. 6. TLD readouts for the ultrasonic test of feeder pipe at Wolsong NPP
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Effective Dose

Calculation Based on
ICRP 103 Publication



g on ICRP 10:

- )
=

Fig. 1. Voxel phantoms (Rex and Regina) of ICRP 103.

Kim’s Two-Dosimeter Algorithms based on ICRP103
(Health Physics, 2011;100(5);462-467)

E(estimate) = h(E)[w-R¢ + (1-w)-R,] =
1.04(0.6R(+0.4R,) = 0.62R; + 0.42 R,

¢ JCHNP

Table 1. Tizssue Weighting Factors of ICEP 103,

Tissues Weighting Swmmn
factors
Bone marrow (red), Colon, Lung, Stomach, 0.1z 0.2
Breasts, Remainder’
Gomads 0.08 0.08
EBladder, Oesophagns, Liver, Thyroid 0.04 016
Bone surfaces, Brain, Salivary glands, Skan 0.01 0.04
Total 1.0

* Bemainder: adrenals, extrathoracic tissue, gall bladder, heart wall,
KHdnevs, rmph nodes, nmscle, oral mpcosa, pancreas. prostate, small

intestine, spleen. thynms, wers/cervix

Table 2. Eadiation Weighting Factors of ICEP 103.

Eadiation type Weighting factors
Photons 1
Electrons and mmons 1
Protons and charged pions 2
Alpha particles, fission fragments_ heavy ions 20
MNeutrons A contivons function of
DeUron energy

All values relate to the radiation mmcident on the body o, for inbernal
radiation sources, emutted from the incorporated radionnclide(s).



c Calculation Based on ICRP 105

Table 3. TLD Readouts of Field Tests in 2004-2003 (Tnstallation of a Steam Generator Nozzle Dam at Yonggwang NFPs Unit 4 During the Mainfenance

Period) ] 3
—_— mmni[ms;)‘ ADR Readout (mSv)* = TDA |mp|em entatIOn I’edUCGS
{3k N - .
Head Cest Back Bexd Clest Bk the overestimation and prevents
A 425 296 168 447 136 403 . g
B 260 200 k! 285 25 299 the underestimation of E.
! 2
; T - o T o - Calculated E was lower than the
E 357 17 3690 402 194 416
: o o o g g - max. dose by approx. 10-30%.
¢ bt 28 o 4 - - Increased convenience from
H 200 175 200 13 179 218
r 219 181 209 253 150 20 the head and chest to head
7 193 17 04 2% 187 230
K 234 17 224 256 17 24 an d b acC k :
L 182 132 186 206 161 7
M 20 150 197 18 13 71
" TLD: Thermohuinescent Dosimeter Table 4. Comparison of calcvlated EDE and E Based on the TLD Readouts of Field Tests in 2004-2003 (Tnstallation of a Steam Generator Nozzle Dam
" ADR: Auto Dosimetric Reader at Yonggwang NFPs Unit 4 During the Maintenance Period).
Persond] TLD Readout (mSv) EDE orE' (mSv)
Name Head Chest Back Mmm \Tcﬂ’({;x;}") :;;’:;D (E’;
A 425 296 368 475 347 338
B 260 200 27 271 250 243
C 241 190 213 241 211 207
D 229 157 207 229 1.90 1.84
E 357 273 3.60 3.60 335 34
F 273 180 225 273 212 2,06
G 351 262 3.02 3.51 295 289
H 200 175 2.00 2,00 1.96 1.92
I 219 181 2.00 2.19 204 2,00
] 193 17 2.04 204 1.96 1.92
K 234 171 224 234 2,06 2,00
L 182 152 186 186 177 172
M 202 150 197 202 181 176
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£ Calculation Based on LCRP 1

able 5. Comparison of calculated EDE and E Based on the TLD Readouts of Field Tests i 2006-2007 (Installation of a Steam Generator Nozzle Dam
at Ulchin Units 1 & 2.

TLD Readout (mSv) EDE orE’ (mSv)
Personal Name Chest Back NCRP(55:50) Kim TDA
TDA(EDE) (2011) (B

a 468 5.04 5.54 5.40

b 239 202 277 27

c 2.80 3.50 334 324

d 249 322 208 290

e 2.60 3.63 325 3.14

f 1.01 1.35 123 119

g 315 421 384 3m

h 377 5.16 465 450

i 2.84 351 332 323

b 0.96 1.21 113 110

k 403 6.89 6.16 5.05

L 451 Table 6. Comparison of calculated EDE and E Based on the TLD Readouts of Field Tests in 2007 (UT Tests of Coolant Tube Nozzle at Wolsong Unit 1).

: = 0 TLD Readout (mSv) EDE orE' (mSv)
EDE: Eﬁ':'e_cti\'e Diose Equivalent Personal Name . = -
* E: Effective Dose based o ICRP 103 Chest Back NCRR(35:50) Kim TDA
TDA(EDE) (2011) (E)

1 229 307 2.80 271
2 363 277 339 341
3 200 215 268 2.70
4 258 215 250 2.50
5 2.59 1.63 224 229
6 353 229 3.00 315
7 1.84 185 194 192
8 210 199 216 214
9 348 236 3.00 315
10 239 228 245 2.44
11 137 1.16 133 1.33
12 243 212 240 2.40
13 209 206 218 2.16

* EDE: Effective Dose Equivalent

% CEN& " E: Effective Dose based oa ICRP 103



Extremity Dosimetry



EXtremity Dosimetry

 Worker’s hands would received the highest radiation doses
because of their contact with the radioactive materials.

* Field test for extremity dose assessment undertaking
contact tasks with high radiation dose were conducted.

e Characteristics of radiation fields in NPPs were analyzed to
estimate the extremity dose.

* The incident radiation fields were analyzed using TLD
readouts during maintenance period.

« Radiation workers were required to wear two TLDs on the
their chests and backs, a TLD on the wrist and an extremity
dosimeter on the finger.

¢ JCHNP
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EXTremicy Dosimetry.

Table 1. Comparison of DCF results for Harshaw EXTRAD and Panasonic UD-807 extremity dosimeters,

Harshaw Panasonic
Beam code EXTRAD Manufacturer* UD-807 Manufacturer
Hiﬁl}fnerg}r photon
(s 0.94 L0 0.89 0.94
X-ray energy
20 keV 092 - 0.58 045
3HkeV .13 - 0.6 072"
53keV 121 - (.64 0.77
73 keV 1.09 - 0.68 0.84¢
Beta-ray energy
“"Sr,.-";xv 114 - 104 119

Notes: *The manufacturer provides DCF for only high-energy photon (cesium-137); “*“The manufacturer uses dightly different radiation fields
for DCF calculation of dosimeters from those of ANSI 13.32:1995 (b: 30 keV, ¢ 50 keV, & 70 keV).
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EXtremity Dosimetry
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X-RAY ACCIDENT
DEEP = (E1 x P30 + E2 x P31) /2
SHALLOW= DEEP x P32

GAMMA ACCIDENT
DEEP = (E1 x P36 + E2 x P37) /2
SHALLOW = DEEP

YES

GAMMA
DEEP =(El1 x P39 + E2 x P40 +
E3IxXx P41 + E4A X P42 )/ 4
SHALLOW = DEEP

D<= P46 YES

LG
SHALLOW= E2 x P44
DEEP = E2 x P45

& A< P47

LG+GAMMA
X1 =(E3-E2)/P4as
X2 = (E3 - X1 x P49 ) / P50
SHALLOW= X1 x P51 + X2 x P52
DEEP = X1 x P53 + X2 x P54




tremity Dosimetry

~ Table 1. Panasonic TLD readous of radiation workers that maintained the steam generator nozzle dam at Korean NPP. Tl 2, Harskaw TLD rendowts of miafion ““"“ma‘l‘""(':'m'mﬁn 0n e wrist wllz mainkining f siean genersior
Workers g'nfg’;*l] ;::;:; (ﬂ;‘;’% :}ﬁmi :1] Pem";lr( dl%';e( :'?Slﬂ;'alem‘ Fhmgar} {;16“5 z?ulslvv]a]em' Eﬂgﬁ Workers Elaﬁ%ll EI??JE)IZ EI?:%H Elsgn[%ul Perscn;!ﬁgﬁe{?;galem, PersoHn::} g% (e]c]]]uslvv]alem,
I 00 106 06 980 059 089
A AT 40 3% 4N 425 42 Head S BT T o o
W2 3. 2 296 296 Chest L0 198 7 1% 14 L4
;B i 14 Bt Noomoms o omom o i
. . . . . . ea
m 1.89 215 112 209 209 Chest “oU'is specific TLD teadout unit (generic unit) for the Harshaw TLD reader system.
282 266 265 276 27 27 Back
C 263 209 235 241 241 241 Head
00 186 19 188 190 190 Chest /ot gt « e
217 205 225 208 213 213 Back R
D 236 m 216 247 209 29 Head
1.56 | 48 1.69 1.60 1.57 1.57 Chest
219 1.94 212 204 207 207 Back
E 167 355 33 N 15 157 Head
276 230 288 281 17 2N Chest
4m 360 144 34 169 169 Back
F 280 284 269 264 27 27 Head
1.7 1.12 188 1.86 1.80 1.80 Chest
225 216 14 226 225 225 Back
G 370 365 3% iEY 34 15l Head
279 247 264 263 262 262 Chest
301 293 30l 318 in 102 Back
H 207 2m 1.98 1.95 200 200 Head
1.75 1.66 1.82 1.81 1.75 1.75 Chest
209 1.83 202 208 200 200 Back

‘mSv* is the modified value for each element based on mR* which is the specific TLD readout unit for the Panasonic
TLD reader system.
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Table 1. Field test results of the extremity dosemeters at Korean PWRs (maintenance on the nozzle dam in the steam
generator water chamber).

Two TLDs (mSv) Electronic dosemeter  Wrist TLD Finger
(mSv) TLD* (mSv)

Worker name®  Position  Equivalent dose  Effective dose®

A Chest 1.65 1.68 292
Back 242 2.55

B Chest 1.07 1.01 1.77
Back 1.35 1.40

C Chest 0.97 0.93 2.00
Back 1.33 1.41

D Chest 1.58 1.79 331
Back 2.05 2.37

E Chest 1.80 204 318
Back 2.28 2.70

F Chest 0.94 1.07 1.85
Back 1.35 1.58

G Chest 2.40 2.51 4.02
Back 3.01 334

“Names represent the different workers

"The effective dose is calculated on the basis of the TLD readouts for the chest and the back. For the calculation of the
effective dose from two H (10)s on the chest and the back, the NCRP (55:50) two-dosemeter algorithm is used, in which a
55 % weighting is given to the dose on the chest (front) and a 50 % weighting is given to the dose on the back.

“Finger TLD indicates the extremity dosemeter.
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EXtremity Dosimetry.

Table 2. Field test resulis of the extremity dosemeters at korean PHWRs (maintenance for the removal of the pressure tube

feeder).
Two TLDs (mSv) Electronic dosemeter ~ Wrist TLD  Finger TLD®
(mSv) (mSv) (mSv)
Worker name*  Position  Equivalent dose  Effective dose”
H Chest 0.83 0.82 0.83 0.86 0.87
Back 0.73 0.82
[ Chest 0.60 0.63 0.75 0.87 1.03
Back 0.60 0.67
J Chest 0.41 0.42 0.45 (.49 0.58
Back 0.39 0.33
K Chest 0.44 0.43 0.62 0.73 0.77
Back 0.38 0.41
L Chest 0.69 0.60 0.79 0.72 0.75
Back (.45 0.47

“Names represent the different workers

"The effective dose is calculated on the basis of the TLD readouts for the chest and the back. For the calculation of the
effective dose from two H{10)s on the chest and the back, the NCRP (55:50) two-dosemeter algorithm is used, in which a
55 % weighting is given to the dose on the chest (front) and a 50 % weighting s given to the dose on the back.

“Finger TLD indicates the extremity dosemeter.
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EXTremicy Dosimetry.

Table 2. Harshaw TLD readouts for radiation workers who wore a TLD on the wrist during maintenance work on the steam
generators at Ulchin NPPs.

Worker  Element 1 (gU)*  Element 2 (gU)*  Element 3 (gU)*  Element 4 (gU)*  H,(10) (mSv)  H(0.07) (mSv)
A 103.0 102.6 100.6 98.0 0.89 (.89
B 251.6 246.2 2437 236.5 219 2.19
C 131.7 134.0 1329 1288 1.17 1.17
D 164.0 1598 160.7 156.2 1.41 1.41
E 1549 154.3 148.8 144.2 1.36 1.36
F 128.2 126.3 123.3 122.3 1.11 1.11

Notes: *The Harshaw TLD reader output results as generic reader unit (gll), which is directly proportional to total light output.

Table 3. Panasonic TLD readouts for radiation workers who wore a TLD on the wrist during maintenance work on the steam
generators at Wolsong NPPs.

Worker  Element 1 (mSv*)" Element 2 (mSv*)" Element 3 (mSv*)" Element 4 (mSv*)"  H,(10) (mSv) Hy(0.07) (mSv)

A 0.96 0.92 0.82 0.84 0.86 0.86
B 0.95 0.87 0.86 0.89 0.87 0.87
C 0.55 0.56 0.47 0.46 0.49 0.49
D 0.51 0.48 0.44 0.44 0.45 0.45
E 0.83 0.73 0.73 0.72 0.73 0.73
F 0.74 0.88 0.65 0.70 0.72 0.72

Notes: *mSv* is the modified value for each element based on mR* which is the specific TLD readout unit for the Panasonic TLD reader system.
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EXtremity Dosimetry

Characteristics of radiation fields for high-dose tasks and
field test for contact operations were carried out using TLDs
for the whole-body and wrist (chest, back, wrist, finger).

The TLD readouts from each element were almost similar:
Hp(10) was equivalent to Hp(0.07).

Incident radiation with high exposure rates consists of high-
energy photons (high penetration).

Single element extremity dosimeter(finger dosimeter) is
sufficient for monitoring Hp(0.07).

Wearing conditions were determined: >25mSv in a single
access to the RCA or 50mSyv in a single task.

Extremity dose at the finger was ~50% higher than the E
and equivalent dose at wrist was ~20% higher than the E.
ICHNP



Thank you very much.
Any Question?
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