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FEER ()
Abstract

This project aims to establish and maintain national standards of ionizing
radiation in Taiwan, perform tasks of calibration and testing, and develop
related technologies of measurement standards. According to the work frame,
tasks items planned in this year include:

1.Measurement standards maintenance and services

(1).Providing calibration services complying with ISO 17025

(2). APMP/TCRI comparisons or others

2.Measurement standards improvement and establishment

(1).Establishment of the primary standard system for Ir-192

(2).Graphite calorimeter standard system integration/testing, and verification.
(3). Establishment of the primary standard system for Cd-109

3.Measurement standards technology promotion and applications

(1).Promoting radiation metrology standards and participating international
conferences such as the APMP meetings.

(2).Providing standard radioactive sources for proficiency testing in the ionizing

radiation field.

Keywords: national standards; ionizing radiation; primary standard; calibration;

proficiency testing.
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Calibration or Measurement Service

Measurand Level or

Range

Measurement Conditions /

Independent Variable

Expanded Uncertainty

Reference Standard used in calibration

INER-1001

air kerma

rate

mGyh’

1.98E+03 | 2.30E+04

0
Co

ISO-4037-1

primary standard

ionization chamber /

INER

BN ARPANSA #5EE ]
(2003) «

53T APMP.RI(I)-K 1.1 F[}&
LS (2010-2011)~ 338 TAR
FRTE(2010)

INER-1002

air kerma

rate

mGyh’

6.12E+00 | 1.58E+03

137Cs

ISO-4037-1

primary standard

ionization chamber /

INER

5L [ S NMIJ ~ SH
ARPANSA =#2[L¥{(2002)°
B2 4T © APMP.RI(1)-K5 B[
EE¥1(2013-2015) ~ #H%#% TAK
FEF8E(2010) -

INER-1003

air kerma

rate

mGyh’

6.10E+02 | 1.51E+03

X-ray, 50 kV to
300 kV

BIPM, NIST(M)
ISO(N, W)

free air chamber /

INER

APMP/TCRI [ #2 L ¥
(2003) «

23T 1 APMP.RI( T )-K3 [FHf%
EE¥1(2015-2017) ~ #H%% TAK
FRTE(2010)

INER-1004

air kerma

rate

mGyh’

2.30E+01 | 5.04E+03

X-ray, 10 kV to
50kV

NIST(M)
Mammogram

ISO(N, W)

free air chamber /

INER

E1ZE NIST(2002) °
CENONEMS RN 30 Tawa
(2006) °

T © APMP.RI(I)-K2 [Ef&

EL¥$(2008-2010) ~ #7745 TAR
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Measurand Level or

Measurement Conditions /

Calibration or Measurement Service Expanded Uncertainty Reference Standard used in calibration
Range Independent Variable
FETE(2010)
BN ARPANSA #5EE
absorbed primary standard
1 . (2003) -
INER-1005 |doserateto| Gys' | 5.50E-04 | 6.40E-03 Co AAPM TG-51 1 % ionization chamber /|
9T APMP.RI(T)-K4 &
water INER
CL¥H(2009-2011)
i TAF 3756(2004)
absorbed .
| 90e 90 calibrated source / [EZ#T : APMP.RI(I)-S2 [g7]}%
INER-1006 |dose rate to|mGyh™| 4.28E+00 | 4.28E+00 St/Y 1SO-6980 2 % -
PTB EE¥$(2011-2014) ~ @i TAR
tissue N
FETE(2010)
B PTB(2005)
Reference s \ .
. 1 02 Calibrated source / | #¢#T : B PTB #8i8 LR
INER-1007 | air kerma |mGyh 50 0.5 Ir 1.5 % . N
PTB (2014) ~ i3 TAF FEHE
rate
(2010)
air kerma . . N
INER-1008 uGy b 170 0.55 Am-241 1.2~28] % INER i TAF FEF#E(2010)
rate
4nB-y absolute B H 7R NMIJ EEE L%
activity per 1 Single nuclide measurement, set of | >*Cs(2005) » APMP/TCRI [
INER-2001 Bqg | 1.00E+05 | 5.00E+05 NCRP-58 1 % s 139
unit mass solution source standard weights / ¥} “"Ce(2004) -
INER 24T - APMP.RI(I1)-K2.Fe-59
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Measurand Level or

Measurement Conditions /

Calibration or Measurement Service Expanded Uncertainty Reference Standard used in calibration
Range Independent Variable
BUFSLLEA(2014) ~ 48 TAF
T HE(2010)
APMP/TCRI “Co ML
#1(2004) ©
lgtoSg high pressure well .
Single nuclide AT : APMP.RI(IT)-K2.Fe-59
INER-2002 activity Bq | 4.14E+06 | 8.27E+09 solution in 5 mL % 2 type ionization . .
solution source EUFEEE¥R(2014 ~ 787 TAF
glass ampoule chamber / NPL N
T HE(2010)
o H o FEE IR
o electroplate, 36 . .
emission 1 Large area . proportional counter /|fff *°Cl 2638 BiF&ELL#H(2002)
INER-2003 s 1.00E+02 | 1.00E+04 active area>10 % 2 . . N
rate surface source INER BT ¢ iiE TAF FHEFE
cm by 10cm
(2010)
ambient
dose
equivalent [ % TAF 2858(2004) -
rate, 1 252 calibrated source / [EZ#T : APMP.RI(II)-S1 E{[%
INER-3001 mSv h”| 6.41E-06 | 1.78E-04 Cf source 1SO-8529-3 % 2 ] .
personal NIST EE¥§(2011-2012) ~ 374 TAR
dose FETEE(2010)
equivalent
rate
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o ) Measurand Level or Measurement Conditions / )
Calibration or Measurement Service Expanded Uncertainty Reference Standard used in calibration
Range Independent Variable

ambient
dose
equivalent
rate, . ' Am/’Be calibrated source / | _ .
INER-3002 mSv h™| 1.44E-06 | 5.83E-06 ISO-8529-3 5 % 2 WH%E TAF 3855(2004) ©
personal source NPL
dose

equivalent

rate
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KK1008 NRSI-103448 Thermo NRD # it I #Rmggaannd i 1031029 1040108 9600 - & AT
N

KK1003 NRSL-103482 IBADCT-10Lemo #tit 1 #BZmggeus iz 2 103.11.10 104.01.08 9600 - ¥ HA
A

KK1008 NRSL-103514 Thermo FHT751 f& it I ArkFppms it g 103.11.24 1040108 9600 - s &K T
£ ¥l

KK1005 NRSL-103524 PTW TW30013 & I gafipnfr 103.12.17 104.01.08 9600  — = ER

KK1001 NRSL-103525 PTW TW30013 & 1 Fzesa .ﬁ,gpn, 103.12.17 104.01.08 9600  — = ER
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KK1011 NRSL-103323 cbdimpe 28 65 4 ST 4 &P ansrg g 103.12.26 104.01.08 12000 B 3E 1% 17
i

KK1011 NRSL-103324 “cbdimpe 3 28 645 4 ST 4 &P ansrg g 103.12.26 104.01.08 12000 B 3E 1% I
i

KK1011 NRSL-103325 cbdimpe 28 65 4 SAT 4 &P ansrg g 103.12.26 104.01.08 12000 B 3E % I
i

KK1011 NRSL-103326 “cbdimipe 28 65 4 ST 4 &P ansrg g 103.12.26 104.01.08 12000 B 3E % 17
i

KK1011 NRSL-103327 cbdimpe 28 65 4 ST 4 &P ansrg g 103.12.26 104.01.08 12000 B 3E 1% 17
i

KK1003 NRSL-103488 Unfors Xi CT f& 1 SRR E N LA 103.11.13 104.01.08 9600 & ER

KK1003 NRSL-103489 Unfors XiRF & &t SRR E N L A 103.10.28 103.12.04 9600 A ER

KK1011 NRSL-103316 “c&fiRk+ 8 53 K ¢ ST 4 o Panstg g 103.12.26 104.01.08 12000 S 303 I
i

KK1011 NRSL-103317 cbdimpe 28 45 4 ST 4 &P ansrg g 103.12.26 104.01.08 12000 B 3E % 17
i

KK1011 NRSL-103318 chdime 3 28 % 4 ST 4 & Pansrg g 103.12.26 104.01.08 12000 B 3E % I
i

KK1011 NRSL-103319 cbdimpe 28 645 4 SAT 4 &P ansrg g 103.12.26 104.01.08 12000 B 3E % I
i

KK1011 NRSL-103320 3cbdipe 28 65 4 ST 4 & Pansrg s 103.12.26 104.01.08 12000 B 3E % I
x
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KK1011 NRSL-103321 cbdimpe 28 5 4 ST 4 o P anstg s 103.12.26 104.01.08 12000 KN 902 17
i
KK1011 NRSL-103322 -=cétimp 3 3 65 i ST 4 o P anstg s 103.12.26 104.01.08 12000 & 3E 03 I
i
KK1011 NRSL-103353 =cétimp 3 3 65 i ST 4 o P nstg s 103.12.26 104.01.08 12000 Y 3E 03 I
i
KK1011 NRSL-103354 -=cbtimp 3 3 65 i ST 4 o P anstg s 103.12.26 104.01.08 12000 & 3E 03 I
i
KK1011 NRSL-103355 =cbtimp 3 3 65 i ST 4 o P anstg s 103.12.26 104.01.08 12000 Y 3E 03 I
i
KK1011 NRSL-103356 =cbtimt 3 3 65 i ST 4 o P anstg s 103.12.26 104.01.08 12000 Y 3E 03 I
i
KK1011 NRSL-103357 =cbtimp 3 3 65 i ST 4 o P anstg s 103.12.26 104.01.08 12000 Y 3E 03 I
i
KK1004 NRSL-104003 Radcal DDx6-M % it cEFFFRLARF T 10401.09 104.01.19 9600 & ¥ B4
AR
KK1004 NRSL-104004 Radcal 40x9-Mc & it cAFE LG T 103.07.24 103.12.15 9600 A + R4
AR
KK1001 NRSL-103511 Standard Imaging A12 o AAVE R P 103.12.03 104.01.19 9600 & ER R
Fe [
KK1001 NRSL-103511 Standard Imaging A12 FEAERMEE %s%ﬁ% 103.12.03 104.01.19 9600 KN IR
e [
KK1003 NRSL-103528 PTW T60004 it EEpEG NP 103.12.15 104.02.10 9600 5 E
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KK1005

NRSL-103503 PTW TM30013 . Efuirgaas 103.12.02 104.02.05 9600 N ER
KK1001 NRSL-103504 PTW TM30013 fz it Ik 103.12.02 104.02.05 9600 N R
KK1003 NRSL-103533 Fluke 6000-200 2 it FRUAMBE L 224 1031223 104.02.05 9600 A EEE
EEfricky ¥k
KK1004 NRSL-103534 Nero mAx8000 tz it FRMEE A £ 2R 1031223 1040205 9600 A ¥ H A
EEfriick? ¥k
KK1001 NRSL-103002 PTW TW30013 2 it EFmipg s 103.12.02 104.02.05 9600 N ER
KK1005 NRSL-103516 EXRADIN AISL #& 1 5 o f,»,s )o@ 103.12.17 104.02.05 9600 N ER
KK1005 NRSL-103532 PTW TW30013 2 it FRMEE A £ 2R 1031229 1040209 9600 N ER
EEfrRin kT wF I
KK1005 NRSL-103522 Standard Imaging A12 AfeR g R E%>G T 103.12.17 104.02.10 9600 B ER
e o
KK1001 NRSL-103530 PTW TN31010 & WFc A AR B ¢ 103.12.29 1040217 9600 N ER
i AR
KK1003 NRSL-104024 Unfors Xi CT 2 X4l y 4wt e 1040129 104.02.11 9600 P 1A
7
KK1008 NRSL-104009 BERTHOLD LAFRMEE e £A5S 104.01.26 104.02.17 9600 P &I
LB6411-Pb & it ¥
KK1008 NRSL-104010 BERTHOLD LAFRMEE e £A5S 104.01.26 104.02.17 9600 P AT
LB6411-Pb &t ¥
KK1008 NRSL-104011 BERTHOLD LAFRME (o EALS 1040126 104.02.17 9600 A AT

LB6411-Pb & i

51
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KK1008 NRSL-104012 BERTHOLD EAFRMBE pr AL 104.01.26 104.02.17 9600 EN RN
LB6411-Pb &z %5 %
KK1008 NRSL-104034 BERTHOLD LB6411 & EAFRMBE Athr LRk E 1040212 104.02.17 9600 Ex &
s %5]‘%
KK1008 NRSI.-104002 CARDINAL RPN # it E %g«‘)%f pPAEE A %+ 104.01.20 104.03.06 9600 & RN
il
KK1008 NRSL-104028 LUDLUM % & HWE o 104.01.28 104.03.05 9600 N &
KK1001 NRSL-104035 IBAFL65-P &t LR Tls K Pk 1040216 104.03.17 9600 % 382
S v B L
KK1001 NRSL-104016 PTW TM30013 &1t AFRERFF I 1040216 104.03.19 9600 £ ER
KK1001 NRSL-104003 PTW TM31016 tz & A ‘ff’%gf)% REWL»F T 104.01.29 104.04.07 9600 N R
A
KK1005 NRSL-104006 PTW TM31016 tz & A ‘ff’%gf)% REWL»F T 104.01.29 104.04.07 9600 N R
A
KK1005 NRSL-104008 PTW TM60018 & it A ‘ff’%gf)% REWL>F T 104.01.29 104.04.07 9600 N R
AN
KK1001 NRSL-104013 PTW TM31010 FL ek g BN 104.01.30 104.04.10 9600 & B
() &
KK1005 NRSL-104014 Standard ImagingAISL %51{ R AR 104.01.30 104.04.10 9600 N R
R () P
KK1001 NRSL-104018 PTW TM30013 ¥ & EXFRMEE A &< 1040130 104.04.09 9600 B ER
¥z
KK1005 NRSL-104029 PTW TM30013 & 7k %55«‘1%? AEE 4 376 104.02.16 104.04.01 9600 N R

g U LT R
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KK1003 NRSL-104071 Unfors 8202041-B & i 1 A EIRF 104.03.23 104.04.09 9600 e Kl
KK1004 NRSL-104072 Unfors 8202031-E & i 1 FHAEILFR 104.03.23 104.04.09 9600 X 5 A ﬁ‘
KK1008 NRSL-104007 Thermo FHT752 fx 1 FEsfas e 104.03.17 104.04.17 9600 B BT
KK1011 NRSL-104046 *t&FRf+ #&tFfar 1 SA% 4 o 2 3%siEs%  104.04.01 104.04.15 12000 % BE i3 T
3
KK1004 NRSL-104062 Unfors Xi RF&EMAM & 1 =i F%kizy a2 @ 104.03.19 104.04.17 9600 e % 2 ﬁ‘
i
KK1005 NRSL-104031 PTW TM30013 tz & 1 4887 X%z LD 104.03.16 104.04.17 9600 N R
a
KK1005 NRSL-104032 PTW TM30013 tz & 1 4887 X%z LD 104.03.16 104.04.17 9600 N R
a
KK1003 NRSL-104063 Radcal 10x6-180 & & 1 EEIF 52 %3 LS 104.03.18 104.04.21 9600 KN IR
7’
KK1003 NRSL-104064 Radcal 10x6-3CT & it 1 EEIF 52 %s LS 104.03.18 104.04.21 9600 e I
a
KK1008 NRSL-104130 ATOMTEX BDKN-01 1 B g% 5Aand 104.04.13 104.04.28 9600 B BE
it
KK1008 NRSL-104116 Thermo FHT762 i 1 Ffsfay tad 104.01.10 104.05.05 9600 e BT
KK1003 NRSL-104090 NE 2575C(#c 17 i &t 1 &40 d 104.01.15 104.05.04 43600 & ¥ A ﬁ‘
)t
KK1001 NRSL-104083 PTW TN30013 f&it 1 2473 =2ms %5 Fe? 28  104.04.09 104.05.06 9600 % oo 2
P ¥ 3 it
KK1005 NRSL-104084 PTW TN30013 $&i 1 E4% 288 %T? Fe? 2 104.04.09 104.05.06 9600 A Hoho 2,

e e gt
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KK1001 NRSL-104085 PTW TN31010 & AR 2L %T? Fed 2 104.04.09 104.05.06 9600 X Hols 2
ER R X
KK1005 NRSL-104086 PTW TN31010 f&it AR 2L %75 Fe¥¢ 2 104.04.09 104.05.06 9600 % Hols 2
P ¥ 3 it
KK1001 NRSL-104067 Wellhofer FC65P & i X F L r:,%? ES 104.04.08 104.05.04 9600 & Hels
KK1005 NRSL-104068 Wellhofer FC65P & i+ X F L &%51‘% 104.04.08 104.05.04 9600 & Hoho 2,
KK1008 NRSL-104087 Thermo RADEYE-NL BATEF NG L@ 104.03.31 104.05.08 9600 e BE
e
KK1001 NRSL-104060 IBA FC65-P & it £ K %5’1% pAEE A £ % 104.04.08 104.05.07 9600 & Heols
LRRALEFR
KK1008 NRSL-104055 Thermo FHT751/6010 iRy AP 104.04.30 104.05.12 9600 X BT
e
KK1001 NRSL-104088 PTW TN30013 & L - ,3,%551‘%;,&;;&/} 104.04.09 104.05.21 9600 e Hels
£
KK1004 NRSL-104147 Unfors 8202031-G & i FERFLLFT A 104.04.30 104.05.14 9600 X ¥ ﬁ‘
KK1008 NRSL-104133 Thermo/NRD %t it BAFRMEIE L &S 1040420 104.0521 9600 P Y
¥z
KK1008 NRSIL-104131 INDUISTION RPN & Posed 2 iipg Lo @ 104.04.15 104.05.18 9600 X BT
i
KK1005 NRSL-104152 PTW TN30013 & & Z AR F ek raigt 104.05.07 104.05.20 9600 B s 2
KK1005 NRSL-104113 IBACCO1 &1 PAEE A B3 £ €% 104.04.10 104.05.28 9600 S BN
L8 Fix
KK1001 NRSL-104143 PTW TM30013 & & £ ﬁ REWLF L2 104.04.30 104.05.28 9600 & R
KK1005 NRSL-104144 PTW TM30013 & & £ ﬁ REWLF L2 104.04.30 104.05.28 9600 & R
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KK1003 NRSL-104100 Radcal 10x5-6 & i H R %5 R B x> 104.04.01 104.05.29 9600 X ¥ & ﬁ‘
2y D
KK1003 NRSL-104101 Radcal 10x5-180 & & if: B %5 Rk B x> 104.04.01 104.05.29 9600 X ¥ & ﬁ‘
RSy
KK1003 NRSL-104103 Radcal 20x6-6 & i if: B %5 Rk B x> 104.04.01 104.05.29 9600 X ¥ ﬁ‘
RSy
KK1003 NRSL-104106 Radcal 20x6-3 & i if: B %5 R B x> 104.04.01 104.05.29 9600 X ¥ ﬁ‘
2y D
KK1003 NRSL-104104 Radcal 20x6-180 & if: B %5 R B x> 104.04.01 104.05.29 9600 X ¥ ﬁ‘
2y
KK1003 NRSL-104107 Radcal 20x6-180 % if: B %5 R & x> 104.04.01 104.05.29 9600 X ¥ ﬁ‘
2y D
KK1004 NRSL-104102 Radcal 10x5-6M & i if: 2w %5 Rk B x> 104.04.01 104.05.29 9600 & 25 A ﬁ‘
2y D
KK1004 NRSL-104105 Radcal 20x6-6M & i if: B %5 R B x> 104.04.01 104.05.29 9600 X ¥ ﬁ‘
2y D
KK1004 NRSL-104108 Radcal 20x6-6M & i if: B %5 R B x> 104.04.01 104.05.29 9600 X ¥ ﬁ‘
2y
KK1004 NRSL-104109 INOVISION35080B & if: L %5 Bk # %> 104.04.01 104.05.29 9600 5 ¥ A ﬁ‘
T R AR
KK1004 NRSL-104110 E\IOVISION3508OB i if: L %75 Bk # %> 104.04.01 104.05.29 9600 5 ¥ A ﬁ‘
T R AR
KK1004 NRSL-104111 IJ;EITHLEY 35080B fx %F: 2L %5 Bk # %> 104.04.01 104.05.29 9600 % ¥ A& ﬁ‘
T TR AR
KK1004 NRSL-104112 ;?_luke 35080B & i if: B %55 R & x> 104.04.01 104.05.29 9600 X ¥ ﬁ‘

&3



LA A
KK1005 NRSL-104073 PTW 300-625 +z 1 i LR P? 3 104.04.08 104.05.28 9600 I R
KK1005 NRSL-104074 ?;eildard Imaging A19 1 S EX &Pf e 104.04.08 104.05.28 9600 I Iz
KK1001 NRSL-104043 PTW TW30013 & & 1 X ‘ff’%gf)% REBE(R) = & 104.04.08 104.06.03 9600 & B
KK1005 NRSL-104044 PTW TW30013 & 1 X ‘ff’%gf)% REBE(R) = & 104.04.08 104.06.03 9600 & B
KK1001 NRSL-104161 PTW N30001 & I A ‘ff%gf)% REBE(R) = & 104.05.08 104.06.03 9600 & B
KK1009 NRSL-104059 PTW Nucletron 077091 1 R AFRMERZ A £.% 104.05.20 104.06.02 14000 e B AT
e EAREAFIR
KK1009 NRSL-104076 PTW TW33004 fx & 1 fr%g:;% RE(R)>F 104.05.20 104.06.15 14000 I &
KK1009 NRSL-104207 PTW TN33002 & 1 ® i%*%? gL gk fo 104.05.28 104.06.11 14000 & &
CAFIx
KK1009 NRSL-104141 Nucletron 077094 & i 1 %ﬁr?f RO D 104.05.20 104.06.16 14000 & &
KK1005 NRSL-104150 ?tandard Imaging A12S 1 E 3? e Lo P 104.05.21 104.06.18 9600 I R
T 1
KK1005 NRSL-104135 Standard AISL & it 1 Tk 4 F?l‘* 104.04.30 104.06.18 9600 I Iz
KK1001 NRSL-104137 Wellhofer IC65-P & it 1 Tk 4 F?Fm 104.04.29 104.06.18 9600 I Iz
KK1009 NRSL-104138 Nucletron 077091 & it 1 LTdk4i F?J‘m 104.05.20 104.06.18 14000 I & T
KK1009 NRSL-104173 PTW TW33002 #% i [ A i’x%"ffff KB4 @z 104.05.20 104.06.24 14000 & B AT
S 7N E‘E‘?I{V
KK1008 NRSL-104174 * + " % Harshaw 8806 1 [ = FELE 104.05.07 104.06.16 2400 & &
KK1005 NRSL-104132 Wellhofer IC15 & i 1 Eiyske %75 ¢k A e 104.04.28 104.06.18 9600 B ER
KK1005 NRSL-104139 Standard AISL 1 =& %55 e ArBx A e 104.05.06 104.06.18 9600 & B
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FeFr
KK1001 NRSL-104162 PTW TW30013 &z 1 zZg%izs P 104.05.20 104.06.18 9600 N BN
KK1005 NRSL-104163 PTW TW30013 & 1 zZg%iz P 104.05.20 104.06.18 9600 N BN
KK1006 NRSL-104155 UD-802 i % & it 1 BErd 2iizg A2 104.05.13 104.06.18 2400 A Kl
KK1001 NRSL-104209 PTW TM30013 f& it I Ay aad 104.05.28 104.06.24 9600 B B
KK1001 NRSL-104178 PTW TM30013 <+ 1 X ‘ff’%gf)% RECR)>F 104.05.21 104.06.30 9600 kN B R
KK1005 NRSL-104179 PTW TM30013 +: it I AqeF & REOR)> 7 104.05.21 104.06.30 9600 S A
KK1001 NRSL-104176 PTW TM30013 +: it 1 ﬂfr'?? FRBOX)>F 104.05.25 104.06.30 9600 N BN
KK1001 NRSL-104171 PTW TM30013 f& it 1§ AFHRFRMBE 1040520 104.07.03 9600 S ER
A S xS A
KK1005 NRSL-104172 PTW TM30013 & it L 3t AFRFRMABE 1040520 104.07.03 9600 B I
RRTLE s A
KK1004 NRSL-104180 INOVISION35080B & 1 # £ &7 ~‘»’+’%§5:)§ff % #% k> 104.05.19 104.06.30 9600 A %3
i 3R
KK1004 NRSL-104181 INOVISION35080B #x 1 #B LW %75 Bk % > 104.05.19 104.06.30 9600 % ¥ ﬁ‘
i 3R
KK1004 NRSL-104182 INOVISION35080B #x 1 #B LW %75 Bk % > 104.05.19 104.06.30 9600 % ¥ ﬁ‘
i 3R
KK1004 NRSL-104183 KEITHLEY 35080A 1% 1 #B LW %75 Bk % > 104.05.19 104.06.30 9600 % ¥ ﬁ‘
i 3R
KK1004 NRSL-104186 Radcal 20x6-6M % i+ 1 #BLw %5 Bk % > 104.05.19 104.06.30 9600 % ¥ ﬁ‘
E 11 BN
>
KK1004 NRSL-104187 Radcal 20x6-6M % i+ 1 #37% /’P’ %5 Bk % > 104.05.19 104.06.30 9600 % ¥ ﬁ‘
E 11 BN
>

&5



KK1004 NRSL-104188 Radcal 20x6-6M & it 1 fs i;{iﬂk’ %5 Rk > 104.05.19 104.06.30 9600 X 5 A ﬁ‘
KK1004 NRSL-104189 Radcal 20x6-6M & it 1 jf: i\% /F’P’ %5 Rk > 104.05.19 104.06.30 9600 X 5 A ﬁ‘
KK1003 NRSL-104184 Radcal 20x6-6 & i 1 jf: i\% /F’P’ %5 Rk > 104.05.19 104.06.30 9600 X ¥ A ﬁ‘
KK1003 NRSL-104185 Radcal 20x6-6 & i 1 jf: i\% /F’P’ %5 Rk > 104.05.19 104.06.30 9600 X ¥ A ﬁ‘
KK1003 NRSL-104186 Radcal 20x6-6 & i 1 jf: i\% a %5 Rk > 104.05.19 104.06.30 9600 X ¥ A ﬁ‘
KK1003 NRSL-104187 Radcal 20x6-6 & i 1 jf: i\% a %5 Rk > 104.05.19 104.06.30 9600 X ¥ A ﬁ‘
KK1003 NRSL-104185 Radcal 20x6-180 & 1 jf: i\% a %5 Rk > 104.05.19 104.06.30 9600 X ¥ A ﬁ‘
KK1003 NRSL-104186 Radcal 20x6-180 % 1 jf: i\% a %5 Rk > 104.05.19 104.06.30 9600 X ¥ A ﬁ‘
KK1003 NRSL-104187 Radcal 20x6-180 & & 1 jf: i\% o %5 Rk # > 104.05.19 104.06.30 9600 X ¥ A ﬁ‘
KK1003 NRSL-104188 Radcal 20x6-180 & 1 jf: i\% o %5 Rk > 104.05.19 104.06.30 9600 X ¥ A ﬁ‘
KK1003 NRSL-104205 IBADCT-10 Lemo & i 1 jf: j“_::;i /:’ %55 Rk > 104.05.19 104.06.30 9600 X ¥ A ﬁ‘
KK1001 NRSL-104146 PTW TM30013 & 1 j;,%;*; ’:" NI e 104.05.05 104.07.02 9600 B B
7
KK1001 NRSL-104153 PTW TW30006 tz i 1 %51& ¢ R ILAER 104.05.12 104.07.06 9600 & B
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KK1001 NRSL-104154 PTW TW31010 &1 Fgﬁ Z 153:}% B IZAER 104.05.12 104.07.06 9600 - & B
() &

KK1001 NRSL-104203 PTW TW31010 &1 i:ﬁ Wipg e 104.05.28 104.07.06 9600 - & B

KK1005 NRSL-104204 PTW TW31010 &1 *:?T Wirg e 104.05.28 104.07.06 9600 - & B

KK1002 NRSL-104073 NE2575 1t SE AT 2 1 104.04.09 104.07.08 9600  — m ER
54

KK1002 NRSL-104072 NE2530-1C & & oRREREH 2 104.04.09 104.07.08 9600 - & E
IFF;

KK1002 NRSL-104148 NE2571 it L@ st T2 1 104.05.19 104.07.08 9600 - m ER
1% 1

KK1002 NRSL-104140 PTW TM33002 & RzpEx g 104.05.19 104.07.14 9600 - & ER

%4 AR AE A AEE A Y FAREGE 103.05.30 104.07.15 172800 - &
E N s g

KK1003 NRSL-104243 Untros CT Solo Xi & i XEJIF ARG L 104.06.29 104.07.16 9600 — & ¥ A ﬁ‘
3

KK1011 NRSL-104094 Zcéfiksk 3 3 55 o e R EERZ =21 104.06.18 104.07.16 12000 - =& 3R 03 I
-

KK1011 NRSL-104094 *x¥fiksf =+ 2 5 F &0 SR kbR 1 104.06.18 104.07.16 12000 - SE 13 1
1% 1

KK1011 NRSL-104094 *x¥fikf =+ 3 5 F &0 SR kbR 1 104.06.18 104.07.16 12000 - SE 13 1
1% 1

KK1011 NRSL-104094 *cdfilfe+ 5 5 5 i SR aERE% T =1 104.06.18 104.07.16 12000 - = SE 13 1

1254
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KK1011 NRSL-104094 Zcéfiksk 3 3 55 o 1 e REEHZRZT =21 104.06.18 104.07.16 12000 A 3E g I
IFF;
KK1011 NRSL-104094 Zcitiffe+#6t3fer 1 S8 %i@E% =1 104.06.18 104.07.16 12000 P E 8 T
% Iy
KK1003 NRSL-104229 PTW TM30009 & & 1 ?r wE F? 3 104.06.10 104.07.16 9600 X ¥ A ﬁ‘
KK1005 NRSL-104159 Standard Imaging AISL 1 37k %55 K B @2 £ 27 104.05.15 104.07.16 9600 e I
i 5 ol AR
KK1008 NRSL-104252 Polimaster 1 c®FitRizs A2 104.07.08 104.07.20 9600 X &R Ty
Inc.PM1703GN
KK1003 NRSL-104250 PTW T60004 & i 1 &ERHERFF L2 F 104.08.08 104.08.07 9600 S ¥ A ﬁ‘
KK1001 NRSL-104197 PTW TN30013 & it 1 REFRM EﬁI/z =2 104.05.25 104.07.30 9600 & ER
¥z
KK1005 NRSL-104198 PTW TN30013 & i+ 1 i}‘éﬁ*%f% B EE A =2 104.05.25 104.07.30 9600 B IR
¥z
KK1001 NRSL-104157 PTW NE2571 &1 1 A fr%%:}% RECR)>F 104.05.15 104.07.30 9600 & R
KK1011 NRSL-104210 Zcitikf+ g#st3fr 1 ST 2 %3 iaa 104.06.24 104.07.31 12000 X BE 13 T2
KK1011 NRSL-104211 Zc¥tikg+ g#st3 s 1 ST %ir3 iaa 104.06.24 104.07.31 12000 X BE 13 T2
KK1007 NRSL-104218 PTW TN33004 : & 1 % %f%?&.l_ﬁ];z A 4 & 104.06.10 104.07.29 14000 e BT
% 4 %75 =S
KK1001 NRSL-104219 Wellhofer IC69 +x & 1 %3 %5:),%7}&_@];% A 4% @ 104.07.13 104.07.29 9600 5 18>
‘n ,{; %5 ]p:‘
KK1008 NRSL-104264 Thermo RADEYEN/NL 1 ¢ R4pégiki»3 "t & 104.07.16 104.08.06 9600 e EEat
& it
KK1003 NRSL-104239 PTW TM30013 & 1 i:ﬁ Wipg Ao @ 104.07.06 104.08.05 9600 e TR ﬁ‘
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KK1005 NRSL-104247 Standard Imaging AISL 1 Jedr2 RO 104.07.13 104.08.06 9600 N R
i
KK1001 NRSL-104240 PTW TM30013 & 1 *:?T Wipg e 104.07.13 104.08.11 9600 N R
KK1002 NRSL-104241 PTW TM30013 & 1 i:ﬁ Wirg e 104.07.13 104.08.11 9600 N R
KK1005 NRSL-104245 Standard Imaging AISL | *:?T P I A 104.07.13 104.08.11 9600 e I
i
KK1008 NRSL-104270 ATMOTEX BDKN-02 1 L7k 104.07.28 104.08.07 9600 & BF G
i
KK1005 NRSL-104228 PTW TW23343 & 1t 1 E&]?r FE ¥ 104.07.13 104.08.13 9600 e ERR I
KK1005 NRSL-104231 PTWTM31010 & 1 Eﬂ?ﬁ FEFn 104.07.13 104.08.13 9600 & R
KK1005 NRSL-104226 IBACCO1 & & 1 Eﬂ?ﬁ FEFn 104.07.13 104.08.13 9600 N R
KK1005 NRSL-104227 IBACCO1 & & 1 Eﬂ?ﬁ FE&EFn 104.07.13 104.08.13 9600 N R
KK1005 NRSL-104224 Wellhofer FC65-P +x 1 E&]?r FEFn 104.07.13 104.08.13 9600 I R
KK1001 NRSL-104225 Wellhofer FC65-P & it 1 E&]?r FEFIx 104.07.13 104.08.13 9600 I Iz
KK1003 NRSL-104232 Radcal 20x6-6 & i I # R & F R g ni 1040625 104.08.13 9600 B %3
+ g N A
pooNEE
KK1003 NRSL-104235 Radcal 20x6-6 & i 1 #B3Lw FRK &% 1040625 104.08.13 9600 & % & g
E 11 BN
(S &
KK1003 NRSL-104233 Radcal 20x6-180 2= 1 #3 L %5 RK AR 104.06.25 104.08.13 9600 B %3
E 11 BN
.
KK1003 NRSL-104236 Radcal 20x6-180 & it 1 +3% /’P’ %5 Bk # %> 104.06.25 104.08.13 9600 & % % g
E 11 BN
.
KK1004 NRSIL-104234 Radcal 20x6-6M & it 1 #37% /’P’ %5 Bk # %> 104.06.25 104.08.13 9600 5 ¥ ﬁ‘
E 11 BN
.

89



KK1004 NRSL-104237 Radcal 20x6-6M & it H BT %5 R & x> 104.06.25 104.08.13 9600 X 5 A ﬁ‘
e
KK1004 NRSL-104238 Radcal 20x6-6M & it H BT %5 Fem & x> 104.06.25 104.08.13 9600 X 5 A ﬁ‘
e
KK1008 NRSL-104244 Eberline E600 +Z i +H R /P’%? R & x> 104.07.02 104.08.13 9600 & BT
4 xf\[ 4\ =
e B igE e R a4 21‘??, 453 e @ 104.07.17 104.08.14 36000 e
R
Bois 4554 1 16 R B iy 4 cHT AR @ 104.07.17 104.08.14 36000 e
R
(GRS o SR cHT AR @ 104.07.17 104.08.14 36000 e
R
e B iR E e R a4 o R EEHR T2 1 104.07.17 104.08.14 36000 %
E N 1373
B g ot id 45 iR Bax 4 o RAREEHR T2 1 104.07.17 104.08.14 36000 e
E N 1373
R RO R SRkbiEE T2 1 104.07.17 104.08.14 36000 e
R B33
KK1008 NRSL-104249 Thermo AR E %5%2: i 104.07.02 104.08.14 16800 B BE
Harshaw(TLD600,700)
Sv B g B0 e R Ay A fFrctem+ ek B €45 104.07.17 104.08.25 36000 e
PR SR Y
KK1003 NRSL-104166 PTW T60004 {z i A 19 P 104.05.08 104.08.18 9600 B 25 A ﬁ‘
KK1004 NRSL-104167 PTW T60005 {1 A 19 P 104.05.08 104.08.18 9600 e % 2 ﬁ‘
KK1004 NRSL-104165 Unfors Xi R/F&Man & A 19 P 104.05.08 104.08.18 9600 B 25 A ﬁ‘
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i

KK1003 NRSL-104212 Radcal 10x6-3CT & & 1 ar30)a? 104.06.02 104.08.18 9600 X ¥ A ﬁ‘

KK1003 NRSL-104279 Radcal 20x6-6 & it 1 fefd R %3 T 104.08.06 104.08.21 9600 X ¥ A ﬁ‘
,\ ;1

KK1003 NRSL-104280 Radcal 20x6-6 & i 1 &2 HEBRFERFF T 104.08.06 104.08.21 9600 X ¥ ﬁ‘
\ ’1

KK1003 NRSL-104281 RTI Solidose R100 z i 1 &2 HEBRFRFF T 104.08.06 104.08.21 9600 X 5 A ﬁ‘
AN

KK1001 NRSL-104221 PTW TM30013 & & 1 % ﬁ REILPG AP 104.07.13 104.08.21 9600 B B

KK1003 NRSL-104273 Unfors 8202011-E & i 1 =G #ERE P 104.07.29 104.08.24 9600 e 35 A ﬁ‘

KK1007 NRSL-104265 Nucletron 077091 & i+ 1 %5 L NI PEEE A ] 104.08.04 104.08.24 14000 % EEat
féﬁ%é%ﬂ~§%

KK1003 NRSL-104287 Fluke Victorren 8000 2 1 & FHR% % i» 3 1o & 104.08.06 104.08.24 9600 e 35 A ﬁ‘

i

KK1001 NRSL-104222 PTW N30001 & & 1 Btk A %T%J‘?D 104.07.13 104.08.28 9600 B BRI

KK1003 NRSL-104168 Fluke 500-100 =i 1 5%k 4 %55 Fo o A4 Fa®  104.05.08 104.08.28 9600 X ¥ ﬁ‘
EF

KK1003 NRSL-104291 UD-802 fx i 1 Bsed 23 aa  104.08.20 104.09.21 2400 X ¥ A ﬁ‘

KK1003 NRSL-104313 Radcal 20x6-6 2 it 1 FHpE:zc o34 104.08.21 104.09.10 11600 X ¥ ﬁ‘
E£Efriick? v Fix

KK1003 NRSL-104314 Radcal 20x6-180 & i 1 FhMHBZEALA R 104.06.24 104.07.31 9600 % 35 A ﬁ‘
£ efrtiok? v Fix

KK1004 NRSL-104315 Radcal 20x6-6M #: it I FhMmE+$ 224 1040624 104.07.31 9600 % % %

EEfriick? v Fix
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Sv B i B M R Ay A 1 Bz /Fi EE N 104.07.17 104.09.16 36000 &
WHREEFERE)
Sv B i 5 e R Ay A 1 Bz /Fi EE N 104.07.17 104.09.16 36000 &
R AAED)

KK1008 NRSL-104283 BERTHOLD 1 EAFHMEZE A+ 104.08.03 104.09.10 9600 e BE
LB6411-Pb & & ERRE LT

KK1008 NRSL-104284 BERTHOLD 1 £ %5"),?? FA®E A ke 104.08.03 104.09.10 9600 e BE
LB6411-Pb & & ERARELF

KK1008 NRSL-104285 BERTHOLD 1 £ )%%5")% FA@E A4k 104.08.03 104.09.10 9600 e BE
LB6411-Pb & & LERRALF

KK1008 NRSL-104286 BERTHOLD 1 £ %5"),?? FA®E A4k 104.08.03 104.09.10 9600 e BE
LB6411-Pb & & LERRAF

KK1008 NRSL-104288 BERTHOLD 1 £ )%%5")% FA®E A +ke 104.08.05 104.09.10 9600 e BE
LB6411-Pb & & ERARELF

KK1008 NRSL-104289 BERTHOLD 1 £ %5"),?? FA®E A ke 104.08.05 104.09.10 9600 e BE
LB6411-Pb & & ERARELF

KK1008 NRSL-104290 BERTHOLD 1 £ %5"),?? FA®E A ke 104.08.05 104.09.10 9600 e BE
LB6411-Pb & & LERRALF

KK1008 NRSL-103254 *® 3 TLD B8 &+ 1 HWzjFpE+§ 103.06.04 104.09.22 2400 % e

KK1008 NRSL-104325 TLD 8814 & 1 BHEZEARRFHIEEHE  104.09.02 104.09.30 2400 e W

BFyoew
KK1006 NRSL-104326 TLD 8814 & 1 B A Rl higst  104.09.02 104.09.30 2400 & 35 A ﬁ‘
BFyoews
KK1011 NRSL-104117 *c&Fkhp+ 2 835 a0 1 c&TA4%x3 a2 104.09.14 104.10.12 12000 & BE 13 17
KK1011 NRSL-104118 Zx¥tiff+ #5531 ST %3 iad 104.09.14 104.10.12 12000 P BE i3 T
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KK1011 NRSL-104119 Zxitikf+ g#5t3fr 1 ST 2 %ir3 iaa 104.09.14 104.10.12 12000 e BE 13 T2
KK1011 NRSL-104120 Zcitikf+ g 5t3fr 1 ST %3 iaa 104.09.14 104.10.12 12000 e BE 13 T2
KK1011 NRSL-104121 Zxitikg+ g#st3fr 1 ST %ir3 iaa 104.09.14 104.10.12 12000 e BE 13 T2
KK1011 NRSL-104122 Zxitifg+ g#st3fr 1 ST %3 iaa 104.09.14 104.10.12 12000 e BE 13 T2
KK1011 NRSL-104123 Zxitiff+ g 5t5fr 1 ST 2 %3 iaa 104.09.14 104.10.12 12000 e BE 13 T2
KK1011 NRSL-104124 Zxitifg+ g 5t3fr 1 ST 2 %ir3 aa 104.09.14 104.10.12 12000 e BE 13 T2
KK1011 NRSL-104125 Zcitiff+ g#st3fr 1 ST %3 aa 104.09.14 104.10.12 12000 e BE 13 T2
KK1011 NRSL-104126 Zcitiff+ g5t 1 ST %3 iaa 104.09.14 104.10.12 12000 e BE 13 T2
KK1011 NRSL-104129 Zcitiff+ g#st3fr 1 ST %ir3 iaa 104.09.14 104.10.12 12000 e BE 13 T2
KK1011 NRSL-104128 Zxitiff+ #5531 ST %ir3 iaa 104.09.14 104.10.12 12000 e BE 13 T2
KK1011 NRSL-104129 Zcitiff+ g#st3fr 1 ST %ir3 iaa 104.09.14 104.10.12 12000 & BE 13 17
KK1008 NRSL-104327 Thermo IHT762 < & 1 EFfpsftss Ao a 104.09.10 104.10.19 9600 & BF G
KK1008 NRSIL-104328 Berthold LB6411 & & 1 EFfpsftss Ao a 104.09.16 104.10.19 9600 & BF G
KK1001 NRSL-104025 Standard Imaging A19 I @R ERFRHMBE L 1040216 104.10.12 9600 B EX
e < R ERF IR
KK1005 NRSL-104026 Standard Imaging A19 I @R ERFRHMBE L 1040216 104.10.12 9600 B EX
e < HRERF IR
KK1005 NRSL-104316 ?}tagdard Imaging A16 1 E 3? e 27 104.09.03 104.10.19 9600 KN IR
1=
KK1003 NRSL-104342 Unfors 8202041-D t&r 1 EZ4]5 %%z L 104.10.06 104.10.23 9600 E % & g
&
KK1011 NRSL-104202 Zcitiff+ g#st3fr 1 ST %3 iaa 104.09.14 104.10.12 12000 P BE i3 T
KK1001 NRSL-104266 Capintec PR-06C & it 1 FhME:2 oz i 104.09.02 104.11.05 9600 e I
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EgfrRinmY v Fix
’1‘

KK1001 NRSL-104292 PTW TW30013 & 1 F% Bk BT T 104.09.03 104.11.05 9600 & R
KK1005 NRSL-104293 PTW TW30013 &1 1 x frF% KR BR>3 ' 104.09.03 104.11.05 9600 B B
\ '1
KK1001 NRSL-104294 PTW TW30013 & 1 A fr%g:;% REWLF T 104.09.03 104.11.05 9600 & R
KK1005 NRSL-104295 PTW TW30013 fx & 1 fr%g:;% REWL»F T 104.09.03 104.11.05 9600 I R
KK1001 NRSL-104262 EXRADIN A12 & i+ 1 R AFRME:Z A A1 104.09.02 104.11.06 9600 £ ERR I
EAREAFIR
KK1005 NRSL-104263 EXRADIN A12 &1 1 £ A %55:1,% BAEE 4 K52 104.09.02 104.11.06 9600 B IR
B X A& %75 E3
KK1005 NRSL-104216 [3 *=<psf i 1 P B2 fEE%zs T 104.10.05 104.11.10 30000 & R
o F
KK1007 NRSL-104297 Standard Imaging & it 1 E&]%Ie.fs%“@ LS 104.08.17 104.11.05 14000 % W
KK1005 NRSL-104299 PTW TM31014 & 1 Eﬁ‘«lfﬁ FEFn 104.09.03 104.11.05 9600 & B
KK1005 NRSL-104300 EXRADIN A12 & i 1 E&]?F FLEIR 104.09.03 104.11.05 9600 B B
KK1001 NRSL-104301 EXRADIN A12 & i 1 E&]?r FEFI 104.09.03 104.11.05 9600 B B
KK1005 NRSL-104302 IBAFC65-P &1 1 E&]?r FEFn 104.09.03 104.11.05 9600 & R
KK1001 NRSL-104303 IBAFC65-P 21+ 1 E&]?r = & F?J‘m 104.09.03 104.11.05 9600 B IR
KK1005 NRSL-104307 Standard Imaging AISL 1 # zs:%?%‘f v P fr 104.09.03 104.11.02 9600 B ER-
KK1005 NRSL-104308 Standard Imaging AISL 1 # zif%‘f v P fr 104.09.03 104.11.02 9600 B ER-
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i kA Fx
KK1005 NRSL-104274 Standard Imaging AISL 1 kaw %r}%ﬁil}ﬁ]% Askwa  104.10.19 104.11.03 9600 N R
2 b FR
KK1005 NRSL-104274 Standard Imaging AISL 1 kaw %r}%ﬁil}ﬁ]% Askwa  104.10.19 104.11.03 9600 N R
Foi 5 & F
KK1005 NRSL-104274 Standard Imaging AISL 1 kaw %r}%ﬁil}ﬁ]% Askwa  104.10.19 104.11.03 9600 N R
e FEF
KK1001 NRSL-104343 IBAFC65-G 1t 1 sad*>2%a %P;L:é 22 104.10.20 104.11.06 9600 I Iz
PRFEFRELY
KK1005 NRSL-104344 IBAFC65-G it I ped2%sFrdzs 1041020 104.11.06 9600 B IR
PRFEAFRESY
KK1001 NRSL-104346 IBAFC65-G &t 1 sad*>2%a %P;L:é 22 104.10.20 104.11.06 9600 I Iz
PRFEAFRESY
KK1005 NRSL-104345 IBAFC65-G 1t 1 s >%ae Frizc 104.10.20 104.11.06 9600 I Iz
PRFEAFRESY
KK1001 NRSL-104339 IBAFC65-P & it 1 %= %ﬂ% 104.10.20 104.11.17 9600 B IR
KK1005 NRSL-104340 IBAFC65-P & it 1 2+ %K 104.10.20 104.11.17 9600 KN IR
KK1001 NRSL-104364 IBAFC65-P &t 1 AZFWipiAaf 104.10.20 104.11.17 9600 & B
KK1005 NRSL-104365 IBAFC65-P &1 1 AZFWiriAaf 104.10.20 104.11.17 9600 & B
KK1005 NRSL-104337 PTW TN30013 & & I fr%ﬁ Bk B> T 104.10.20 104.11.17 9600 & B
A
KK1001 NRSL-104317 PTW TM30013 I fr%g:;% REWLF T 104.10.20 104.11.17 9600 & B
A
KK1001 NRSL-104318 PTW TM31010 I fr%g:;% REWLF T 104.10.20 104.11.17 9600 & B
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AL

KK1001 NRSL-104319 PTW TM31016 f& i AfrF R &ERFF T 1041020 104.11.17 - 9600 * e
AR
KK1001 NRSL-104320 PTW TM23343 z 1t AR R RERGG T 104.10.20 1041117 9600 . T
AR
KK1001 NRSL-104310 PTW TW30013 .z e R R REE GG T 1040903 1041117 9600 - & zme
KK1005 NRSL-104311 PTW TW30013 &z feR R REEGF T 1040903 1041117 9600 - & zme
AR
KK1005 NRSL-104322 PTW TM30013 fe tmd g 10 I0ID H0AILT7 9600 - 2 ke
AR
KK1001 NRSL-104323 PTW TM30013 & tiet ey i 101019 1011179600 - 3 ue
AR
KK1001 NRSL-104257 PTW TM30013 {2z Fa0 Za kgt 1040902 104112309600 - 2 ae
CLIER L R i
CERRY frr EF R
KK1004 NRSL-104382 UNFORS8202031-EXi EERFRMEE RE 1041015 10411189600 - s g
b ullies
KK1004 NRSL-104383 UNFORS8202031-EXi FEFRMME A J=® 1041005 1041118 9600  — %4
b ullies
KK1003 NRSL-104384 RTI Electronics AB f& & FEFRMME A J=® 1041005 1041118 9600 — %4
¥
KK1005 NRSL-104335 Standard Imaging AISL P Ltk EAR L 1041020 1041118 9600 - m 3L
e 3o
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KK1005 NRSL-104271 IBAFC65-P &1 1 ﬁﬁ%%& B A B2 A kT 104.09.02 104.11.23 9600 B ER
Fhe
KK1003 NRSL-104385 Radcal 10x9-6 & i 1 %fr%ﬁi;}i Wirg @ 104.10.27 104.11.13 9600 e 35 A ﬁ‘
KK1003 NRSL-104385 Radcal 10x9-6(4c %t 57) 1 %ﬁgﬁﬂa}i Wirg @ 104.10.27 104.11.13 2000 e 35 A ﬁ‘
F& it
KK1003 NRSL-104385 Radcal 10x9-6(4c %t 57) 1 %?%Hiiat Wirg @ 104.10.27 104.11.13 2000 e 35 A ﬁ‘
&t
KK1001 NRSL-104259 PTW TW30010 #% i | ?&%’r%flﬁf PAEE 4 £ 104.09.02 104.11.23 9600 B ER
ERERFE IR
KK1005 NRSL-104260 PTW TW30010 & I P EHFRMBE £ 104.09.02 1041123 9600 & BN
% E\E‘?I{ [%
KK1001 NRSL-104329 NE2581 & 1 oS¢ ExBFi 104.10.29 104.11.17 9600 B B
KK1001 NRSL-104331 PTW TM31002 & 1 29 B8 Tk 104.10.29 104.11.26 9600 B ER
KK1003 NRSL-104401 IBA DCTIO-RS Lemo 1 2+ s T 104.11.10 104.12.04 9600 S A5 ﬁ(
L AR
KK1005 NRSL-104379 PTW TW30013 &1 1 =% %5’1% Pt @] E A 104.11.19 104.12.10 9600 e ER
KK1001 NRSL-104380 PTW TW30013 &1 1 =% %5’1% Pt @] E A 104.11.19 104.12.10 9600 e ER
KK1007 NRSL-104422 PTW TW33004 % i 1 kaw %5:),%77}&_37]% Ackw  104.12.04 104.12.17 14000 Y BE
FeFR
&3t 310 $
3,416,400
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2. R3I89 2% £ P8 L SL8r 1 PRI £
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air kerma
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air kerma

o rate 10 kV~
X 8% §
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source
ambient dose
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. | RIFIRHE
rate, persona . e n
Cm Fri H 4 E
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1.78E-04
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EEARA
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activit
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i LI 82 7E409 B =2] solution solution VANIVALY -9
. + > N N2 N
s a source source AEIEE > b
P LA
BEB 4 fF -
o emission rate = o ff
T B Rk Large area
o 1.00E+02/s |3%[p=95%,k o Bt
g kk1011 . 2 surface 85.07.01 B(F 16 20 29 20 12 44 141 | 2P 4%
0 = i
AL source /
1.00E+04/s Rt
EREGL D s AUIRIER B B 0F) 303 | 244 | 303 | 265 | 451 | 310 |1966

102




i&aﬁﬁjlﬁﬁﬂﬁﬁwi’hﬁﬁ%ﬂé*°

ﬂ"-&)i""‘l‘jﬂz’ *EIZ @393 7000’/%5;415*. !Lf’?
FZE80% 2 & foo
KERT B EokA D LT E R -

AERGIFREIRIEE 12 7 A2 310 #0492 ~ 3,416,400 ~ »
#3104 & & 245 HantEd p o

T B R IR K AL PR TR 460 ORI %
B kR R LB 0. 79% 2 F LB 1%t P

23 Ir-192 %3 25 B RaBpEE he s > T HHH
RPdRE 7ok 27 {%E $% - o227 ma ik 0.92%
ERERF AT bR PR

%% Cd-109 *cstiE B o BRI ki ¥ > T2 H 3R R
HEFLETREFVHRE B5- R ER AR 0. 63%F
TR R 1% E R
AERFHRTAMRIHSEM I EERERP § B RT R LR
SH o EFIAART B ~SI E g BB AR A
RRALHP o

103



E~ﬁiﬁﬁ
At IS EEERAEREA E A4

AL | BL | AT [P
35 (MR FRL | AL | A 53
%) OREEOERED)
AL RE dfRs
| (FEH R F IR 0.7 1 929.3 | o0 0
/% ,E,)i,a ¥
%%ﬁiiﬁﬁ*%w@w,ﬁ
9 R T BAR D 0 70. 7 29.3 | 0 0
3 |DRESCIRAFSAEE L s | LT | L7
/% ,E,)i,a ¥
%wﬁfﬁﬁ - SR
4 o ALAL 69 31 0 0
'ﬁ = '+ > ,fi 73
5 %%’f?ﬁ/ﬁ & SRR 66 a4 ) 0
mEE L P9
-+ = 67.7 31.62 | 0.34 | 0.34

H¥WRE D 2P D8PRG - P IENT - PIETRE
JEFBLNLRIP LN AT REOFF LT REEL 0 50 &

B
EABAREZE s TR > ZEBRL M RE RIS

104




A niE 2 AP B E A pE2. APMPRI(D-K3 e ¢idvgit 2 29 5% %

R A
Chamber type Geometry External diameter
(mm)
NE 2571 Thimble 6.96 (0.7 Cm3)
Exradin A3 Spherical 19.29
PTW 30001 Cylindrical 6.88 (0.6 ¢ m3)
S8 R 7S Ff TE PIFAT

Date of calibration at the

Date of chambers leaving for next

Participant laboratory laboratory
Pilot(INER) 1-Jul-2015(START)
ESR 18-Jul-2015 8-Aug-2015
Nuclear Malaysia 26-Aug-2015 16-Sep-2015
Pilot(INER) 3-Oct-2015 24-Oct-2015
NMISA 11-Nov-2015 25-Nov-2015
ARPANSA 12-Dec-2015 2-Jan-2016
BATAN 20-Jan-2016 10-Feb-2016
NMLJ 27-Feb-2016 20-Mar-2016
Pilot(INER) 7-Apr-2016 21-Apr-2016
AEC 8-May-2016 29-May-2016
NIM 16-Jun-2016 7-Jul-2016
KRISS 24-Jul-2016 14-Aug-2016
Pilot(INER) 1-Sep-2016 22-Sep-2016
NIS 9-Oct-2016 30-Oct-2016
LNMRI-IRD 17-Nov-2016 9-Dec-2016
Pilot(INER) 27-Dec-2016 17-Jan-2017
ESR 7-Feb-2017 28-Feb-2017
Nuclear Malaysia 20-Mar-2017 10-Apr-2017
Pilot(INER) May-2017 (END)
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A n it 3 A % ¥ CCRI(IN-K2.Ge-68 1 fd 3 bt B £ Pl %

Ge-68 iH R &R F FE TR A 7 %

QUANTITY Q Relative uncert.(%) | Type (A/B)
counting statistics 0.06 A
welighing 0.05 B
background 0.01 A
decay data 0.27 B
quenching 0.07 A
extra-/inter-polation of efficiency curve 0.1 A
decay correction 0.03 B
dilute 0.01 B
Combined standard uncertainty 0.32

R % 5 618.3 kBg/g
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A e rt i 5~ APMP. RICTT)-K2. Fe-59 +* $t5% %

Bl T A BRI 2 TioE > FRARELT @ ~F

(INER)Z & &2 T 0B M E 55 B2 28 > ¥ A2 RIF TR F

]‘%:]P\ o

520
510 f LNMRI OAP
500
490

480 | INER KRISS NIM  NMISA

BN S B o T
470 | T ? ¢

PTKMR-BATAN

460 Dotted line: Power moderated mean {

Solid line: Present KCRV of BIPM.RI(II)-K1.Fe-59

450

Participants
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MAHE 6 0 3 % [ E soR B L (A 55 1 APMP.RI(II)-S1)BIPM-KCDB %

Table 6.2.1 Calibration factors and their uncertainties (k=1) from each laboratories for
32Cf source. The weighted mean and the median are also shown in the table. The
number at the left side of the laboratory name is the ID of the laboratory in the plots.

Studsvik 2222A NSN2
DR |uDR) | FO%) uPC) | DR | u(DR) (IPO%) u(PC)

1 | ARPANSA
2| BARC 0.840 | 0.030 | 5.907 | 0.213 | 0.730 | 0.020 | 0.559" | 0.015
3| INER | 1.063 | 0038 | 7.711 | 0.139 | 0.895 | 0017 | 0.672 | 0.012
4| KRISS | 1.058 | 0.025 | 7.468 | 0.149 | 0.908 | 0.017 | 0.694 | 0.013

5 NIM

6| NMU | 1.068 | 0,023 | 7489 | 0.158 | 0.904 | 0.020 | 0.691 | 0.015
7|7 VNIM | 1.079° | 0.021 | 7.570 | 0.144 | 0997 | 0.019 | 0.763 | 0.014
“Ef;ffd 1.034 | 0012 | 7.391 | 0.069 | 0.891 | 0.008 | 0.678 | 0.006
Median | 1.059 | 0.016 | 7.500 | 0.097 | 0.902 | 0.012 | 0.687 | 0.010

1:_{a] Direct Reading 6
0.9 E::::If::::::::::I:ZI::::::Q:I:::f:::é::::: = = 'Q """""""""
0.8
T " 1 . v v . ‘ . . . . 1 . v " . 1 " ¥ . . | " . . . 1 " . . . 1 ¥ .
2 [ (b)Pulse Counting 4
b% L
g
A QQ -
0.6
_. 1 —u 1. 1 | I PR | P Y PR
0.5% 2 3 1 5 6 7
Laboratories

ARHBREABET I O AFHRIRBFERNFELIEE- R
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Taiwan Accreditation Foundation
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103 & &+ 3+ Bl TR R

104 & B+ 3+ 8l TR R R

Beam off Boam off Beam off
; Beam off
4.0E-05 L4 5.5E05 & ¢
3.5E-05 5.0E05
3.0E-05 4 SE05
§ 2.5E-05 _ADE0S
g 2.0E-05 Tg_:sf-,ns
A 1.5E-05 30805
1.0E-05 2505 |
5.0E-06 20805
0.0E+00 ™ : ' ' : : : 1.SE05 1 L
0 5000 TI(X)(K) 150C 20000 f(]()() 30000 0 5000 100p0 15000 20000 25000
Time (S) Time ¥s)
Beam on Beam on Beam on Beam on
v . » +
FEBFFERIECAE AT A
78 P =L 0% 3 FE TR (%)
#E A AP 0.34
P R m 0.0011
20 F3 k xk
2L ﬂ gap depth 0.20
k 0.10
imp
k
dor 0.10
k 0.10
axial
k
radial 0.10
k 0.22
w/c
P EEE R TR 049
R FEEA 0.98
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Ir-192 g s qB 18 pgap iz wepEsc iz & ]335 2 %
Correction factors ke Katt kwall
Calculation values 0.9402 1.1021 1.0362
Simulation errors 0.015%  0.005% 0.015%

CEORI FE TR A AT

*FETR KR

IR 2 TR S E

L B T IR 0.1000%
TEITRE 0. 0054%
R e 0.0031%
TEERLET I8 BA 0.0100%
BRI 0.0208%
LRI F RS 5] 0. 0289%
ERIFER B 5 0.0139%
FFPAARE T RETEIAE N. A

LR 0 2 0. 0550%
et i3 0.1800%
PEREICE T FE B LB 0. 1450%
fhe 3 a3 Big D RS 0.1100%
R T F]F 0.0180%
Ew R 93 B F)S 0.0200%
stz ¢ ]S 0.2670%
VERER T F] S 0.0150%
PR VEAR I T R 1S 1 S 0. 1690%
FHF RFGE TS 0.0020%
BRI FS 0. 0500%
FEHE iz 0. 0346%
FEHT 2 THEFEAME e I EFHER T TS 0.1300%
TFHE R THE N e o 0.1100%
xR FAAFIE G B A F 0.0150%
WHEE T TR 0. 46%
R Bk 0. 92%
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I-192 %% 3 = 5 2 PTB W 5% - K

49.35+0.92%
RAKR by INER (mGy/h)
(k=2)

49.45+2.5%
RAKR by PTB (mGy/h)
(k=2)

INER/PTB 0.998+0.027 (k=2)
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CIEMAT/NIST H & Bl %

65.00
R EIH A2 RELSCRE B CIEMAT/NIST 7532 B IS 5
64.00 +
ot 1 A
00 1 o BHS  wEHE
62.00 +
61.00 B
60.00 +
59.00 +
58.00 +
57.00 ] + + + + +
250 300 350 400 450 500 550
THIEHERR(SIE)
— L \ +
CIEMAT/NIST # it 7 re 2 B A 7 %
3 * R R il
# 3 FERA %R P HERR B3 TR &5 leiluei)
Xi u(xi) ci (Bg)
N Counting statistics (cpm) 140 140 282.7 39516
215851
B Background (cpm) 0.24 0.24 -282.7 68
36.60
gne | mier-polation ofefficiency dEff 0.00042 46934644 | 19837
curve
1.30117 0.031%
fitting
0.009%
m weighing 0.000017 -605294718 10290
0.10089
D Dilute factor 0.011% 0.000000057 | ###ttistt | 6718
0.000520538
Dy Decay correction factor 0.00044 52692320 23435
1.15899
B Prife S FR 0.36% 0.003600 61070000 219852
[ ARy SR 0.49% 0.004900 61070000 299243
Specific Activity at the reference time (Bg * g'])
61070000 combined  uncertainty u. = 370000
uc(%) = 0.61%
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Oct. 29 (Thu) 9:00- |APEC Workshop on Metrology Challenges
; 17:00 |in Renewable Energy and Climate Science NIM Changping
Oct. 30 (Fri) |g9-p0- Campus
e TC Workshops
Oct. 31 (Sat) |17:00 i
EC Meeting (1) / TCC Meeting /
9:00 |Medical Focus Group Meeting /
Food Safety Focus Group Meeting NIM Changping
12:30 |Lunch Campus
Nov. 1 (Sun) -
13:30 |DEC Meeting (1) /
% APMP-APLAC PT WG Meeting /
18:30 |Welcome Reception Crowne Palaza Sun
Palace
9:00 |TC Meetings
12:30 |Lunch NIM Changping
Nov. 2 (Mon) Campus
13:30 | TC Meetings
18:30 | EC/TC/DEC Dinner Separate Venues
9:00 |TC Meetings /| DEC Meeting (2)
: NIM Changping
Nov. 3 (Tue) |[12:30 |Lunch CHmpE
13:30 |EC/TCC Meeting
9:00 | Symposium Beijing Intemational
12:30 |Lunch Convention Center
Nov. 4 (Wed) 13:45 | NMI Directors’ Workshop Jintai Hotel
" NIM Changping
14:30 |NIM Lab Tour (for TC reps) Campii
18:30 | APMP Dinner Beijing Laffitte Hotel
Nov. 24 9:00- : SEe NIM Changping
(Mon-Wed) 17:00 Measuring Instrument Exhibition Camp
9:00 |General Assembly
12:30 |Lunch i
Nov. 5 (Thu) NIM Changping
13:30 |General Assembly Campus
17:30 | GA Dinner
9:00 |General Assembly
12:30 |Lunch i
Nov. 6 (Fri) NIMcChmgpmg
13:30 | General Assembly ampus
15:30 | EC Meeting (2)
Nov. 7 (Sat) |09:00 |NIM Lab Tour (for GA Reps) NIM Changping

Campus

o B R

51 [2(0)c

The 31! Asia Pacific Metrology Programme

General Assembly and Related Activities
—
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Comparison exercise on activity determination of radioactive waste
drums in Taiwan

Wei-Han Chu*, Chin-Hsien Yeh, Ming-Chen Yuan
Health Physics Division, Institute of Nuclkar Energy Research, 1000 Wenhua Road, finan Village, Longtan District, Taoyuan City 32546, Taiwan ROC

HIGHLIGHTS

« Comparison exercise on activity determination of radicactive waste drums in Taiwan was performed.

» Radioactive waste drums with uniform and non-uniform radioactivity distribution were prepared at NRSL
» Testing drums were measured by 7 laboratories using high resolution gamma-ray spectrometry.

s E, and B, values were used as parameters to evaluate the comparison results

» Highest discrepancies were found for drums with the rod-shaped source located in the center of the drum

ARTICLE INFO ABSTRACT
Article history: The National Radiation Standard Laboratory of Taiwan organized in 2014 a comparison exercise by dis-
Received 10 April 2015 tributing 210 L drum-typed samples  seven radioactive waste analysis laborawries in Taiwan Four
Accepted 25 November 2015 drums were filled with uniformly distributed active carbon, water, resin and concrete, respectively and
five drums were filled with cracked metals and heterogeneously distributed radioactive sources. Mea-
Keywords: surement uncertainties of participants results are in the range 3-40% (k=2) and about 96% of the re-
HPGe detector ported results produced E, values (IS0, 1997) smaller than one for drums with activity uniformly dis-
Comparison exercise tributed. The minimum discrepancies, expressed as B, values (IS0, 1997), of drums with heterogeneously
Radbactive waste distributed s and “Co were 0.34 and 0.17, respectively.

Testing drums

& 2015 Elsevier Ltd. All rights reserved.
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Metrologia 52 (2015) Tech. Suppl. 06019

APMP comparison for the calibration of ambient dose equivalent
meters in ISO neutron reference fields -APMP.RI(I1I)-S1

H. Parki and J.H. Kim Korea Research Institute of Standards and Science (KRISS), Daejeon,
Korea

D.Webb Australian Radiation Protection and Nuclear safety Agency (ARPANSA), Victoria,
Australia

V. Sathian Bhabha Atomic Research Centre(BARC), Mumbai, India

J.H. Lee Institute of Nuclear Energy Research (INER), Taipei, Taiwan

Hui Zhang National Institute of Metrology (NIM), Beijing, China

H. Harano, A. Masuda and T. Matsumoto National Metrology Institute of Japan, National
Institute of Advanced Industrial Science and Technology (NMI1J/AIST), Tsukuba, Japan

N.N. Moisseev and A.V. DidykD.I. Mendeleyev Institute for Metrology(VNIIM), St. Petersburg,

Russia

Abstract
The comparison for the calibration of ambient dose equivalent meter was organized by

TCRI of APMP. Seven laboratories(ARPANSA, BARC, INER, KRISS, NIM, NMIJ, and
VNIIM) wereparticipated in the comparison excersize. Two moderator-type neutron ambient
dose equivalent meters(one is cylindrical and the other is spherical) were circulated and
calibrated inISO standard neutron fields of 252Cf, 241 Am-Be, and D20 moderated
252Cftsources. The stability of the transfer instrumentswas checked by the pilot lab (KRISS)

between the measurements of two successiveparticipants.
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RADIATION PROTECTION DOSIMETRY(® X&)

MEASUREMENT OF THE ENERGY SPECTRA AND EFFECTIVE
DOSE RATES OF COSMIC-RAY INDUCED NEUTRONS WITH
STANDARD BONNER SPHERES AND HIGH-SENSITIVITY
BONNER CYLINDERS AT SEA LEVEL IN TAIWAN

Kuo-Wei Lee'?, Rong-Jiun Sheu'*’
"Institute of Nuclear Engineering and Science, National Tsing-Hua University, 101, Sec. 2,
Kuang-Fu Road, Hsinchu, Taiwan.
* Institute of Nuclear Energy Research, 1000, Wen-hua Road, Longtan, Taoyuan, Taiwan.
’ Department of Engineering and System Science, National Tsing-Hua University, 101, Sec. 2,
Kuang-Fu Road, Hsinchu, Taiwan.

Abstract

The cosmic-ray neutron spectra in Taiwan were measured by using two neutron spectrometer
systems, standard Bonner spheres and homemade high-sensitivity Bonner cylinders. The
Bonner sphere system consists of 12 polyethylene (PE) spheres of various diameters and four
extended spheres that comprise embedded metal shells. Similar to the design of Bonner
spheres, a set of 16 Bonner cylinders was assembled using a large cylindrical *He tube as the
central probe, which was wrapped using various thicknesses of PE and metals. The central
neutron probe used in the Bonner cylinders exhibited an efficiency approximately 18 times
higher than that of the Bonner spheres. In contrast to Bonner spheres, these Bonner cylinders
are not fully symmetric in their geometry, exhibiting angular dependence in their responses to
incoming neutrons. Focusing on the low-intensity neutron background, this study presents a
systematic comparison between Bonner spheres and cylinders in terms of their characteristics,
counting statistics during measurements, and the unfolded neutron spectra. The central probe
of the Bonner spheres shows a small but non-negligible counting noise that has to be
subtracted before unfolding. Based on the response functions calculated under isotropic
neutron incidence, the neutron spectrum determined by the high-sensitivity Bonner cylinders
agrees well with that measured by Bonner spheres. The annual sea-level effective dose from
cosmic-ray neutrons at ground level in Taiwan was determined to be 38 uSv, which
corresponds to a total neutron flux of 5.4x10™ cm™ s™.

Keywords: Cosmic rays; neutron flux; neutron spectrometer; Bonner Sphere Spectrometer;

Bonner Cylinder Spectrometer.
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Radiation Measurement (¢ # 7)

Spectral Correction Factors for Conventional Neutron Dosemeters Used in

High-energy Neutron Environments — Revised results after a Complete Survey
of All Neutron Spectra in IAEA-TRS-403

Y.S. Tsai', K.W. Lee'* and R.J. Sheu'*’
! Institute of Nuclear Engineering and Science, National Tsing Hua University, 101 Sec. 2, Kung
Fu Road, Hsinchu 300, Taiwan, R.O.C.
? Institute of Nuclear Energy Research, Lungtan, Taoyuan, Taiwan, R.O.C.
’ Department of Engineering and System Science, National Tsing Hua University, 101 Sec. 2, Kung
Fu Road, Hsinchu 300, Taiwan, R.O.C.

Abstract

High-energy neutrons (> 10 MeV) contribute substantially to the dose fraction but result
in only a small or negligible response in most conventional moderated-type neutron detectors.
Neutron dose meters are commonly calibrated with 252Cf and then used in various
workplaces. A workplace-specific correction factor is suggested, especially for high-energy
neutrons. A workplace-specific correction factor is suggested. In this study, Hundreds of
neutron spectra in IAEA-TRS-403 representing various neutron environments was used to
study the effect of the neutron spectrum on the accuracy of dose measurements. The
extended-range neutron detectors perform well in dose measurements in high-energy neutron
environments, while appropriate spectral correction factors (~1 to 4) are necessary for
conventional neutron dose meters, depending on the extent to which high-energy neutrons are
present in radiation fields. Fitting curves of the spectral correction factors as a function of the
percentage of high-energy neutrons or as a function of the ratio between the measured
responses of two Bonner spheres (4P6_8 versus 6”’) were given. These results provide useful
information to improve the accuracy of dosimetric evaluations for conventional neutron dose
meters used in environments with high-energy neutrons.

Keywords: High-energy neutrons; Radiation detectors; Response functions; Detector
calibration; Correction factors.

*  Corresponding author: Rong-Jiun Sheu (rjsheu@mx.nthu.edu.tw)
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Spectra implementation of medical diagnostic X-radiation standards
beams

Chien-Hau Chu*, and Tzeng-Te Huang
Health Physics Division, Institute of Nuclear Energy Research, P.O. Box 3-10, Longtan
325,Taiwan (R.O.C.)

ABSTRACT

Characteristics and available well-defined radiation conditions were set up for
medical testing environment is essential. The establishment of x-ray beam
quality in radiology recommended by IEC 61267. Free air ion chamber used to
measure the half value layer (HVL) of RQR and RQA series beam qualities for
use dictated by IEC standard. Through the results we can obtain the
homogeneity coefficients. We also used HPGe detector to measure spectra of
x-rays and compared by XCOMPS5 program. The Compliance with IEC 61267
specification of X-ray emission standards have been build quality and dose
completed, this X-ray spectrum conditions for standard diagnostic radiology
medical sources identified the mining equipment, this standard provides
domestic radiation dose associated diagnostic test dose calibration laboratory

instruments traceability.
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Evaluation method for modulation transfer function determination of
digital image detector

Chien-Hau Chu, and Yen-Chun Chen
Health Physics Division, Institute of Nuclear Energy Research, P.O. Box 3-10, Longtan
325,Taiwan (R.O.C.)

ABSTRACT

This study aimed to establish technology methods to evaluate MTF (modulation transfer
function) for digital image system recommended by IEC 62220-1 and the use of a slit. The
results showed that the difference was small between the knife edge and slit methods in the
image analysis. However, the knife-edge method based on the slit technology is simple, easy
to operate, and widely used. This method is used as a fundamental of the next research which
calculates noise power spectrum (noise power spectra, NPS), and quantum efficiency

(detective quantum efficiency, DQE).
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31st Asia Pacific Metrology Programme General Assembly
5-6 November 2015, Beijing, China

Laboratory Report
National Radiation Standard Laboratory
Institute of Nuclear Energy Research (NRSL/INER), Chinese Taipei.

Ming-Chen Yuan, Tzeng-Te Huang and Tsung-Yu, Hsieh

The Institute of Nuclear Energy Research (INER) was entrusted by the Bureau of
Standards, Metrology and Inspection (BSMI) Ministry of Economic Affairs (MOEA) of
Taiwan to establish the National Radiation Standard Laboratory (NRSL) to maintain national
standards in the area of ionizing radiation. NRSL/INER has developed 15 measurement
standard systems covering the areas of photon, beta, neutron and radioactivity and all of them

successfully passed accreditation of the TAF (Taiwan Accreditation Foundation).
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Comparison of high-dose dosimetry from facilities in the Asia
Pacific Metrology Programme (APMP) using alanine dosimeters
(APMP.RI(I)-S1)

H. Mungpayaban', S. Ninlaphruk"”, C.L. Chen %, M.C. Yuan®,
Y.L. Zhang3), Y.Yuandi 3), G.M. Hassan4), N. Rabie? T.B.Kadni”

D Office of Atoms for Peace, 16 Vibhavadi Rangsit Road, Ladyao, Chatuchak, Bangkok 10900, Thailand
I Institute of Nuclear Energy Research ,No.1000, Wenhua Rd., Jiaan Village, Longtan Township,
Taoyuan Country, 32546, Taiwan (R.O.C.),

IDivision of Ionizing Radiation’ National Institute of Metrology, No.18, Bei San Huan Dong Lu,
Beijing 100013, P.R.China
Y'National Institute for Standards, Department of lonizing Radiation Metrology, Quality manager
Tersa Street El-Haram El-Giza, P.O. Box: 136 Giza, El-Giza Egypt

’'Malaysian Nuclear Agency (Nuclear Malaysia), Bangi, 4300 Kajang, Selangor Darul Ehsan, Malaysia

Abstract

A comparison of the results from four institutes in the Asia Pacific
Metrology Programme (APMP) was conducted using alanine transfer dosimeters
in the dose range of 0.1 kGy to 50 kGy by employing cobalt-60 as gamma
radiation source. All analyses of these dosimeters were then performed using
electron paramagnetic resonance (EPR) spectroscopy at the Office of Atoms for
Peace (OAP), Thailand. Although these measurements were conducted
independently of those of the CCRI(I)-S2 comparison, which were performed at
the same time, they were linked to it through doses of 30 kGy by the
participation of the National Institute of Metrology (NIM, China). Within the
combined standard uncertainties there was reasonable agreement between the
laboratories’ own dosimetry systems and the alanine measurements.
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