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&3 P EES BT R Background and Introduction

% Toreduce the collective dose: pay more attention to the ACPs

» Activated corrosion products, deposited on the surfaces outside core,
are the main contributors for external radiation field during the outage of
NPPs.

» Objective:

- ldentification of radionuclides and their specific activities

- Dose contribution for external radiation field
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&3 P EES BT R Background and Introduction
» Equivalent dose limit for Eye-lens ICRPO IAEAQ

Threshold dose for cataract Equivalent dose limit for Eye-lens
old new old new

20mSv per year averaged over 5
5Gy 0.5Gy 150mSv/a consecutive years and 50mSv in any
single year
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&3 P EES BT R Background and Introduction

» Equivalent dose limit for Eye-lens ICRPO IAEAQ

Threshold dose for cataract Equivalent dose limit for Eye-lens
old new old new
20mSv per year averaged over 5
5Gy 0.5Gy 150mSv/a consecutive years and 50mSv in any
single year

Challenges for radiation protection managers

» Method of Eye-lens dose monitoring, such as dosimeter, dose
evaluation, calibration and so on.

» Measurement program for NPPs.

» Status of occupational exposure for Eye-lens in nuclear industry (where,
what, how much?).

» How to protection of eye-lens?
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&3 P EES BT R Background and Introduction

@ Situation of weakly penetration radiation & Hp (3) in NPPs

@ An research project has been initiated since 2014.

@ Characterization of beta/gamma energy spectrum, and source
term.

The value of H*(10), H'(3), H'(0.07) and their ratios
The value of Hp(10), Hp(3), Hp(0.07) and their ratios.

Shielding factors of various PPE.

¢ © ¢ ¢

Up to now, more than 10 measurement campaigns have been
performed during the outage of NPPs.

Dose-rate Beta spectrum  Gamma spectrum Source term characterization Individualdose ™
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&3 P EES BT R Background and Introduction
» Method of data analysis

% 2 sets of monitoring data
— 3 personal dose: Hp(10), Hp(3), Hp(0.07)
— 2 ratios: Hp(3)/Hp(10), Hp(0.07)/Hp(10)

«» 5 kinds of tasks

Category of work Typical asks

Pool Decontamination flush, scrape, scrub Reactor pool
Vessel maintenance mount and dismount, weld SG, pressurizer

disassemble, grind, decontaminate,

: . RCV,RCP, RRA
examine and repair

Valve maintenance

disassemble, remove, grind, examine

. RCV,RCP, RRA,PTR,TEP,RIS
and repair

Pump maintenance

Other examine tunnel
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» Measurement projects of Eye-lens dose in NPPs 0O Tianwan, Qinshan
phase I/I/IIO

Measurement program

v Measuring systems[] RCS,RRA,RCV,PTR......

v' Measuring facilities[] pump, valve, pool, water container, waste
treatment, heat exchanger......

v" Type of job[] Maintenance of valve and pump!( clean of pool(]
Maintenance of SG ......




§3 s EESBIP R STR Background and Introduction
> Method of data analysis
% Measuring Method

— Recording information: y & B spectrum; Hp(10); Hp(3); Hp(0.07)

— Instruments :

HPGe detector

DMC2000
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&3 P EES BT R Background and Introduction

» Standard radiation field for the calibration of extremity and eye-lens dose

B-ray including 90Sr+90Y/85Kr/147Pm v-ray standard radiation field (Cs-137)

» Calibration phantom

» Rod phantom for extremity dose

» Slab phantom for eye-lens dose
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§3 chEIES B RR Results and discussion

» Measured Amount
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		1747.7138		0		0		0				0

		1760.3054		3		3		0				0

		1772.897		1		2		1				-1

		1785.4886		2		2		0				0

		1798.0802		1		1		0				0

		1810.6718		1		2		1				-1

		1823.2634		2		2		0				0

		1835.855		0		1		1				-1

		1848.4466		-1		1		2				-3

		1861.0382		0		0		0				0

		1873.6298		2		3		1				-1

		1886.2214		1		1		0				0

		1898.813		3		3		0				0

		1911.4046		0		0		0				0

		1923.9962		-1		0		1				-1

		1936.5878		2		2		0				0

		1949.1794		2		2		0				0

		1961.771		1		1		0				0

		1974.3626		0		0		0				0

		1986.9542		0		0		0				0

		1999.5458		2		2		0				0

		2012.1374		0		0		0				0

		2024.729		0		0		0				0

		2037.3206		0		1		1				-1

		2049.9122		2		3		1				-1

		2062.5038		0		0		0				0

		2075.0954		0		0		0				0

		2087.687		3		3		0				0

		2100.2786		1		1		0				0

		2112.8702		1		2		1				-1

		2125.4618		1		1		0				0

		2138.0534		-1		0		1				-1

		2150.645		2		3		1				-1

		2163.2366		-1		0		1				-1

		2175.8282		1		1		0				0

		2188.4198		0		0		0				0

		2201.0114		0		0		0				0

		2213.603		1		1		0				0

		2226.1946		-1		0		1				-1

		2238.7862		0		0		0				0

		2251.3778		2		2		0				0

		2263.9694		1		1		0				0

		2276.561		1		1		0				0

		2289.1526		1		1		0				0

		2301.7442		0		0		0				0

		2314.3358		0		0		0				0

		2326.9274		0		0		0				0

		2339.519		4		4		0				0

		2352.1106		0		0		0				0

		2364.7022		0		0		0				0

		2377.2938		-1		0		1				-1

		2389.8854		2		2		0				0

		2402.477		0		0		0				0

		2415.0686		-1		0		1				-1

		2427.6602		1		1		0				0

		2440.2518		1		1		0				0

		2452.8434		0		0		0				0

		2465.435		0		0		0				0

		2478.0266		0		0		0				0

		2490.6182		0		0		0				0

		2503.2098		2		2		0				0

		2515.8014		0		0		0				0

		2528.393		0		0		0				0

		2540.9846		0		0		0				0

		2553.5762		1		1		0				0

		2566.1678		1		1		0				0

		2578.7594		0		0		0				0

		2591.351		0		0		0				0

		2603.9426		0		0		0				0

		2616.5342		0		0		0				0

		2629.1258		0		0		0				0

		2641.7174		0		0		0				0

		2654.309		0		0		0				0

		2666.9006		0		0		0				0

		2679.4922		0		0		0				0

		2692.0838		1		1		0				0

		2704.6754		0		0		0				0

		2717.267		0		0		0				0

		2729.8586		0		0		0				0

		2742.4502		1		1		0				0

		2755.0418		0		0		0				0

		2767.6334		1		1		0				0

		谱仪显示剂量				0.049uSv/h		0.012uSv/h		0.744  mSv/h
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反应堆法兰侧面β测量谱
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能量（keV)

坐标轴标题

加3mm组织等效材料后大盖吊具β测量谱
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§3 P EIBHBPHZR Results and discussion
> v & P spectrum

v' Main radionuclides for gamma-ray [
°8Co [ ®°Co0 ®Nb0O %Zr >1CrO *°Fe] >*MnL] 110mAg[] 124Sp.

v' Energy range of B-raysl] <500keV
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§3 chEIES B RR Results and discussion
< Maximum dose — H,(10) H,(3) H,(0.07)

outa | Hp(10) |Radiation| Hp(3) |Radiation
ge TR task NSV task
304 722 SG 797 SG

1220 PTR601VB

403 490 SG 635 PTR602VB 1240 PTR602VB
112 456 SG 670 SG 2000 PTR602VB
305 1080 PTR602VB 1120 PTR602VB 6430 PTR602VB
404 592 SG 661 SG 964 SG
211 946 SG 1170 SG 911 SG
113 489 SG 617 SG 466 SG
212 534 SG 692 SG 667 404

C IH P China Institute for Radiati?__,




§3 P EIBHBPHZR Results and discussion
% Maximum ratio —— H,(3)/H,(10) H,(0.07)/H,(10)

Hp(3)/ * Hp(0.07)/ X B2
Hp(3) maintenance Hp(10) Hp(0.07)* maintenance

2.71 295 3PTR601VB 11.2 1220 3PTR601VB
(213) *# (228) (3RRA001VP) (7.60) (661) (3PTR /K48 2:75)
3.08 635 Sl = b2 o
403 (281 (478) 4PTR602VB 7.22 130 B RS HE R S yE
— 7.38 2000 1PTR602VB
112 2.14 304 1PTRO01BA /K475 (6.33) (95) (1RPEO11PSHIT)
10.5 629 3PTR601VB
Cee 0 9 SRALAOZIN, 2 (4.85) (194) Che bl JE HES M 2£75)
6.62 344 4PTR601VB
404 2.62 57.6 S HEZE ACHEAR (3.81) (137) (A HEACH)
211 2.30 64.5 ¥ tEi 295 8.66 840 2PTR602VB
113 2.07 89.1 RCP220VP 4.07 122 2# b IR AR
91 4.30 172 PTR602VB 5.48 219 PTR602VB
(1.93) (228) CIERLE RS 2:95) (3.32) (445) R 2295)

C I R P China Institute for Radiation Protection



§3 P EIBHBPHZR Results and discussion

¢ Dose distribution for every worker

70% r
64%

60% F
54%
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6500

50% |

40%

oo

30%

20%
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0% 1 1
Hp(10) Hp(3) Hp(0.07)

oooogd

Hy(10): <200uSv, 82%; Hy(3) : <200uSv. 75%; Hy0.07): <300pSv, 73%.
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E;B ch E RS P SRR Results and discussion

«* Distribution of ration of H,(3) to H,(10) for every worker
I!Iﬂ . 80 0 0 0 Hp(3)/Hp(10)

40 A
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§3 P EESH TR

Results and discussion

< Distribution of ration of A(0.07)to A4(10)

EEErENTE
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§3 P EIBHBPHZR Results and discussion

< Average and median of ratio of H,(3) to H;(10)

3.00 r

Hp(3)/Hp(10) ®—Hp(3)/Hp(10)FFH X g

I:l I:l 250 F

average median
304  134% 039 135 [ T e e S T

gl.SO 3 b ¢ »
403 1.67+ 0.63 1.49 ¥ X ¢ T r
112 1.62+ 0.26 1.61
305 1.35+ 0.38 1.30
404 136i 034 130 304 403 112 30;’&:&;04 211 113 212
(GOSN AR EIME, 1o HIbRIE R 22)
211 1.29+ 0.34 1.21
113 1.38+ 0.31 1.34
AT = ERTE= . ' ™) - 1.2%0.

512 138+ 0.29 1.34 SLERF| 2/ BERFIR: DarlingtonE ™ (12004%) : 1.2+0.2

PickeringB]” (19504~) : 1.3%+0.3

AVE. 1.40% 0.40 1.32




§3 P EIBHBPHZR Results and discussion
< Average and median of ratio of H,(0.07) to H/(10)

H,(0.07)/H,(10)
Outage

Average median o001 —&—Hp(0.07)/Hp(10)F £ & X S
304 297+ 1.96 2.25 st
403 337+ 1.74 3.45 e

=
112 286+ 1.18 2.80 =
305 211+ 1.03 1.83 m'
404 1.88+ 0.79 1.66 .
211 2_34i 1.52 1.90 . 304 403 112 305 404 211 113 212
e/ UN

113 192+ 0.94 1.71 (GRESE N AR ME, BN 1oRIbRHERZ)
212 192+ 0.78 1.77
Ave. 244+ 139 1.99

.
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§3 chEIES B RR Results and discussion

“ Typical radiation work during the outage in NPPs

Category of work Typica s

Pool
o flush, scrape, scrub Reactor pool
Decontamination
Vessel maintenance mount and dismount, weld SG, pressurizer

disassemble, grind, decontaminate,

. : RCV,RCP, RRA
examine and repair

Valve maintenance

disassemble, remove, grind, examine

: RCV,RCP, RRA,PTR, TEP,RIS
and repair

Pump maintenance

Other examine tunnel

C I R P China Institute for Radiation Protecti



§3 P EIEHB P TR Results and discussion

+» average dose of the typical tasks

Category of Ave. H,(10) Ave. H,(0.07) | Ave. H,(3)/ Ave. H,(0.07)/

work /uSv /uSv H,(10) H,(10)

VeSS 263 345 379 1.38 1.77

maintenance

VEUTS 126 (109) 174 (130) 393 (217) 152 (1.35)  2.97 (2.32)

maintenance

Pool
Decontaminatio 65.4 94.5 158 1.46 2.64
n
Pump
53.6 70.7 137 1.50 2.81
maintenance
other 174 197 179 0.69 2.26

T 55 AR S EARIEL T2 E
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Contents
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53 hEE SRS TSe Conclusions
2

» Eye-lens dose monitoring is necessary during outage for NPPs.

» To pay more attention to the workers of vessel maintenance, Pool

Decontamination and SG maintenance.

» To develop monitoring program according to the surveying results.

» Further investigations will be needed to determine the ratio of Hp(3)
Hp(10).

» Further simulation to find out the main contribution of Hp(3).

CIR P China Institute for Radiation Pro
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Thanks for

Vol eittsntlon
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