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EE ERICED
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 1ISO 17025
(2) APMP/TCRI comparisons or others
2. Measurement standards improvement and establish ment
(1) Evaluation of shadow effect for medium energy X-ray free-air chamber.
(2) Establishment of X-ray dose primary standard for IEC 61267 RQR
qualities.

(3) Establishment of primary standard of activity for medical radioactive

source of Tc-99m.

(4) Improvement of graphite calorimeter measurement technology.

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

Measurement Conditions /

Expanded Uncertainty

Reference Standard used in calibration

Range Independent Variable
BN ARPANSA #2358 ELES
. primary standard |(2003) -
air kerma . 60 L s
INER-1001 mGyh~| 1.98E+03 | 2.30E+04 Co 1SO-4037-1 1 % 2 ionization chamber / [BZ%7 : APMP.RI(1)-K1.1 BF[&
rate
INER EC#f (2010-2011)~ i35 TAF
P33T (2010)
L H A NMIJ ~ SEO
- primary standard JARPANSA =3i2EE¥1(2002)-
air kerma
INER-1002 mGyh'| 6.12E+00 | 1.58E+03 Bics 1S0-4037-1 1 % 2 ionization chamber / [E#T : APMP.RI(I)-K5 EZFZ
rate
INER EE¥4(2013-2015) ~ Z48 TAF
T (2010) -
APMP/TCRI F## L%
(2003) -
air kerma . X-ray, 50 kV to [BIPM, NIST(M) free air chamber / .
INER-1003 mGyh™~| 6.10E+02 | 1.51E+03 1 % 2 T P APMP.RI( T )-K3 [
rate 300 kv ISO(N, W) INER .
EE%$(2015-2017) ~ 3% TAF
FI3TE:(2010)
1B NIST(2002) -
_ NIST(M) ) BN G H A B EE
air kerma . X-ray, 10 kV to free air chamber /
INER-1004 mGyh™| 2.30E+01 | 5.04E+03 Mammogram 2 % 2 (2006) -
rate 50 kv INER .
ISO(N, W) T 0 APMP.RI(1)-K2 &%
EL¥$(2008-2010) ~ 3% TAF
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Calibration or Measurement Service

Measurand Level or

Measurement Conditions /

Expanded Uncertainty

Reference Standard used in calibration

Range Independent Variable
AT (2010)
. BN ARPANSA #35 ELES
absorbed primary standard
, (2003) -
INER-1005 |dose rate to| Gys" | 5.50E-04 | 6.40E-03 ®Co AAPM TG-51 1 % ionization chamber /|
AT © APMP.RI(1)-K4 &
water INER
FE3%$(2009-2011)
HiE TAF 5055(2004) -
absorbed ] .
. 900 calibrated source / [5#T @ APMP.RI(1)-S2 [ [%
INER-1006 |dose rate to|mGyh™| 4.28E+00 | 4.28E+00 Sty 1SO-6980 2 % . .
) PTB FE¥4(2011-2014) ~ 748 TAF
tissue e
AT (2010)
B % PTB(2005)
Reference ) . o
_ ) o2 Calibrated source / | T : B PTB EEi2 L0
INER-1007 | air kerma |mGyh 50 0.5 Ir 15 % . N
PTB (2014) - E3E TAF FspsE
rate
(2010)
air kerma L N, N
INER-1008 pGy h’ 170 0.55 Am-241 1.2~28 % INER JHuE TAF FHEE(2010)
rate
4nB-y absolute  [B HZA NMIJ 2 LE
activity per ) Single nuclide measurement, set of [**Cs(2005) » APMP/TCRI L
INER-2001 ) Bqgg~ | 1.00E+05 | 5.00E+05 ] NCRP-58 1 % . s 139
unit mass solution source standard weights / [} ~“Ce(2004) -
INER 24T ¢ APMP.RI(11)-K2.Fe-59
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Calibration or Measurement Service

Measurand Level or

Measurement Conditions /

Expanded Uncertainty

Reference Standard used in calibration

Range Independent Variable
EUFEELE(2014) ~ i TAF
AT (2010)
APMP/TCRI *°Co gL
#£(2004) -
) ) lgto5g high pressure well .
. Single nuclide o o AT - APMP.RI(11)-K2.Fe-59
INER-2002 activity Bg | 4.14E+06 | 8.27E+09 ) solutionin5mL| 1 % 2 type ionization o .
solution source ERPRELES (2014 ~ G TAF
glass ampoule chamber / NPL N
AT (2010)
SERNER A A ANEl
o electroplate, ) 36 . .
emission . Large area _ proportional counter /|ffk °Cl 2532 B[ LE % (2002) -
INER-2003 S 1.00E+02 | 1.00E+04 active area>10 3 % 2 . N
rate surface source INER AT ¢ S TAF Helis
cm by 10cm
(2010)
ambient
dose
equivalent i TAF $PE5(2004) -
rate, ) 257 calibrated source / [5z#T : APMP.RI(111)-S1 [&[f£
INER-3001 mSv h™| 6.41E-06 | 1.78E-04 Cf source 1SO-8529-3 5 % 2 ) .
personal NIST EL#5(2011-2012) ~ i TAF
dose 5T (2010)
equivalent
rate
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o ) Measurand Level or Measurement Conditions / . . o
Calibration or Measurement Service ] Expanded Uncertainty Reference Standard used in calibration
Range Independent Variable

ambient
dose
equivalent
rate, ) #1Am/°Be calibrated source / | .
INER-3002 mSv h™| 1.44E-06 | 5.83E-06 1SO-8529-3 5 % 2 HiE TAF 5226(2004) -
personal source NPL
dose
equivalent

rate
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VR P22 2 B R ROFRE SRR (105 £ B )

Rl ki dF 24 % B kB FH i # ok o= HEpYH FpHh FlEHF Fu REy
KK1005 NRSL-104395 PTW TM31010 z i 1 F& %5)%‘ PAEE A FraE %5 f= 104.11.20 105.01.14 9,600 - & 2 AR
KK1001 NRSL-104396 PTW TM31010 & i+ 1 F2 ;ﬁ R B E L g ;ﬁ f= 104.11.20 105.01.14 9,600 - % I Az
KK1005 NRSL-104393 PTW TM30013 <+ 1§ %5«‘),%: PAEE A FaE %5 f= 104.11.20 105.01.14 9,600 - N
KK1001 NRSL-104394 PTW TM30013 #& i 1§ %ﬁ% AEE A FaE %5 f= 104.11.20 105.01.14 9,600 - B
Standard Imaging AISL .

KK1005 NRSL-104398 " ging A frff FrRERFF U2 104.12.04 105.01.08 9,600 e S
L1t
Standard Imaging AISL .

KK1005 NRSL-104397 ging A frff FrRERFF U2 104.12.04 105.01.08 9,600 - S

e
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KK1001 NRSL-104404 PTW TW30013 z 1 *:% Wi e P 104.12.04 105.01.08 9,600 - IR
KK1007 NRSL-104421 PTW TW33004 2 & 1 B@2EX ,&%5 e 104.12.04 105.01.14 14,000 - R
KK1001 NRSL-104420 Wellhofer FC65P +x 1 3aEIRFI 104.12.15 105.01.14 9,600 - I
KK1005 NRSL-104419 Wellhofer FC65P tx it 1 B22EX {g% S 104.12.15 105.01.14 9,600 - E R
KK1005 NRSL-104390 PTW TW30013 i 1 %-ﬂ-’ SR P AR (R)2 @ 104.11.20 105.01.08 9,600 - B
KK1005 NRSL-104391 PTW TW30013 z 1 FeeghkpgmEer(L)a 7 1041120 105.01.08 9,600 - IR
KK1005 NRSL-104407 EXRADIN AISL & & 1 A ﬂfr§:)§‘ REWLFF L2 104.12.04 105.01.08 9,600 - E R
KK1005 NRSL-104406 EXRADIN AISL tz 1 A ﬂfr%ﬁ:)% RE%RF7 A2 104.12.04 105.01.08 9,600 - B
KK1001 NRSL-104370 EXRADIN A4 f& i 1 @R 4 adkir; Ao 1041119 105.01.14 9,600 - B
KK1001 NRSL-104371 EXRADIN A5 & 1 2#R4 2d%ry 2@ 1041119 105.01.14 9,600 - B RN
KK1001 NRSL-104372 EXRADIN A6 & i 1 @R 4 adkiz; Ao 1041119 105.01.14 9,600 - B
KK1001 NRSL-104374 PTW TW32002 < 1 2#R4 2d%Ery Aa@ 1041119 105.01.14 9,600 - EAN
KK1001 NRSL-104376 NE 2575C <& 1 @R 4 2adkiz; Ao 1041119 105.01.14 9,600 - B R
KK1002 NRSL-104367 EXRADIN A4 z 1 SR 4 2d%ry A2 1041119 105.01.14 9,600 - BN
KK1002 NRSL-104368 EXRADIN A5 & & 1 @R 4 2adkizy Ao 1041119 105.01.14 9,600 - R
KK1002 NRSL-104369 EXRADIN A6 < 1 SR 4 2d%ry 2@ 1041119 105.01.14 9,600 - BN
KK1002 NRSL-104373 PTW TW32002 < = 1 SR 4 2d%ry A2 1041119 105.01.14 9,600 - BN
KK1002 NRSL-104375 NE 2575C % 1 @R 4 adkiri Ao 1041119 105.01.14 9,600 - R
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KK1006 NRSL-104377 NE 2575C &z i cAR A 2P L2 P 104.11.09  105.01.14 60,000 - R
KK1001 NRSL-104417 PTW N30013 < i B A %’3 £ 104.12.15 105.01.14 9,600 - Ix
KK1008 NRSL-105009 Thermo NRD-H2 z i eprftdy o @ 105.01.11 105.01.21 9,600 - B
EAFRMABZEAHKRC LA
KK1005 NRSL-104387 PTW TN31014 & i - ;f 7 * 104.11.19  105.01.28 9.600 _ Iy
i, 45 %:é‘f,ﬁ‘i R E’I ,33]2{ A5 g
KK1005 NRSL-104414 IBA FC65-P & i . ii% ;M f i / v 104.12.14 105.02.04 9,600 - AR
IRV 7T
i, %7 %:é‘f,ﬁ‘i R E’I ,33]2{ A5 g
KK1001 NRSL-104415 IBA FC65-P & i . ii% ;M f i / v 104.12.14 105.02.04 9,600 - R
IRV 7T
Thermo RADEYE NL e o
KK1008 NRSL-104386 " PRSP 104.12.25 105.02.19 9,600 - Bl
1T
Standard Imaging AISL .
KK1005 NRSL-104435 ") Jing AfeF R REWSULF 1041231 1050216 9600 - A LR
1=
Standard Imaging AISL .
KK1005 NRSL-104434 b g ging 2 ﬂfr%«'),%f iR % r’}:\’ﬁ o 104.12.31  105.02.16 9,600 - RN
1=
KK1008 NRSL-105209 BF-3 9900305 #z i T EIMEFMALPF L F 105.01.21  105.02.23 9,600 - E A
EARFRMABZEAHC LA
KK1005 NRSL-105002 IBA FC65-P 2 i o ?ﬁ‘ ; * 105.01.30 105.02.16 9.600 _ 1a
EARFRMABZEAHC LA
KK1005 NRSL-105004 PTW TN30013 & i+ - g;f 7 * 105.01.30  105.02.16 9.600 _ 1a
KK1008 NRSL-104378 Thermo FHT752 & cATA P AP 105.01.08 105.02.23 9,600 - 3
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KK1001 NRSL-105012 PTW TM30013 tz %’P?n‘i—' R AN (% 105.01.30 105.02.23 9,600 I
KK1004 NRSL-104440 Raclcal MOD LR F 105.01.14 105.02.24 9,600 B RS
10x5-6M-3 & i
KK1004 NRSL-104441 Radcal 10x6-6M fz LR F 105.01.14 105.02.24 9,600 B
KK1004 NRSL-104442 Radcal 10x6-6M fz LR F 105.01.14 105.02.24 9,600 R
KK1004 NRSL-104443 Radcal 40x9-Mo & & “RF 105.01.14 105.02.24 9,600 B
KK1003 NRSL-104444 Radcal10x6-3CT & & LR F 105.01.14 105.02.24 9,600 B
KK1003 NRSL-104445 Radcal10x6-6 tz i “RF 105.01.14 105.02.24 9,600 B
KK1001 NRSL-104431 PTW TM30013 < & 7 ok @?]311 104.12.31 105.02.24 9,600 A
KK1005 NRSL-104428 Sz:dard Imaging AISL L B?]i? 104.12.31 105.02.24 9,600 B RN
KK1005 NRSL-104429 Szzdard Imaging AISL 7k @?];‘1*\ 104.12.31 105.02.24 9,600 B RS
KK1001 NRSL-105013 PTW TM30013 tz 1 *ﬁc Wi 105.01.30 105.03.07 9,600 B RN
KK1005 NRSL-105014 PTW TM30013 tz 1+ 1 Sfﬁt Wi 105.01.30 105.03.07 9,600 A
KK1003 NRSL-105030 Radcal10x6-3CT tx i 1 XEFA 105.02.02 105.03.07 9,600 B R
KK1003 NRSL-105031 Radcal10x6-180 i 1 &Y 105.02.02 105.03.07 9,600 B R
KK1007 NRSL-105006 Standard {maging HDR %g A 105.01.14 105.03.07 14,000 - Ea T

1000Plus +z i

vk s Flr
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KK1004 NRSL-105027 uKe KVP Divider g TREEFRRARLI 0105 1050307 9,600 %A
- . . . . & ¥
35080B }z it o ' 1T
KK1004 NRSL-104446 Radcal 40x5-Mo tz it 1 EAH 105.01.14 105.03.03  9.600 % % 5
KK1003 NRSL-104447 Radcal 10x5-6 & it 1 LA E 105.01.14 105.03.03 9,600 % 3
KK1003 NRSL-104448 Radcal 10x5-60 f& it 1 EAXE 105.01.14 105.03.03 9,600 ¥ o ﬁ(
KK1003 NRSL-104449 Radcall0x5-3CT #z it 1 EAH 105.01.14 105.03.03  9.600 %3 5
KK1008 NRSL-105026 LUDLUM12-4 +z 1 %3327 105.01.28 105.03.08 9,600 N
i 3 2 AT B B B E A “op
KK1001 NRSL-104425 IBA FC65P & it 1, i;% ;A FRHEE S o 104.12.31 105.03.15  9.600 E
IRV 7T
i B A PAREA S
KK1005 NRSL-104426 IBA FC65P f& i 1 " i:\% s Fg Ui / v 104.12.31 105.03.15 9,600 R
Ve T
| | T % 73‘& E ,ﬁ] = A 5 ¢
KK1001 NRSL-104424 IBA PPCO5 # it 1 i\? ;A FRMBECad 081 1050315 9600 s
27 T
g AF B A S
KK1005 NRSL-104423 IBA PPCO5 fz 1 oy ;A FRMBE <54 o 1050318 0600 s
27 T
Vacu TEC DAP-DEM
KK1003 NRSL-105008 oo 1 &A= F 105.02.02 105.03.08 9,600 35 A ﬁ:
1=
KK1005 NRSL-104402 PTW TW31010 x 1 SAEX E&% E3 104.12.04 105.03.09 9,600 BN
£ & PAEE A tRT £ AR
KK1003 NRSL-105063 Radcal 10x5-6 & it 1 e fé%‘ 18 fr 105.02.23 105.03.15 9,600 R ﬁc
KK1003 NRSL-105064 Radcal 10x5-60 fz it 1 £A Tﬁ B pAEE A kv £ A 105.02.23 105.03.15 9,600 ¥ ﬁc
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K ,{g%ﬁl‘;‘o

EAFRMBE AT £ A

KK1003 NRSL-105065 Radcal10x5-3CT & i . % 12 105.02.23 105.03.15 9,600 - 3 A ﬁ(
L AFRMABZE AR LA

KK1004 NRSL-105066 Radcal 10x6-6M < i 1o, ; f = AR 105.02.23  105.03.15 9,600 - ¥ & ﬁc

KK1007 NRSL-105084 PTW TM33004 tz 1 %ﬁ ¥ iEE AR (L) @ 105.03.01 105.03.22 14,000 - WE
Standard Imaging HDR

KK1007 NRSL-105040 PRFELE MR FIR 105.02.18 105.03.22 14,000 - B
1000Plus +z & ¥ E TRy s

KK1001 NRSL-105038 PTW TN30013 fx i 1 "R 7 R T e 105.03.10 105.03.22 9,600 - BN

KK1005 NRSL-105037 PTW TN30013 f&x it 1 R if; R if; 3 105.03.10 105.03.22 9,600 - E

KK1001 NRSL-105034 IBA FC65-P fx i 1 g% 307 105.03.10 105.04.08 9,600 - EA

KK1005 NRSL-105032 IBA FC65-P fx i 1 #rg¥E3nad 105.03.10 105.04.08 9,600 - E

KK1001 NRSL-105035 IBA FC65-P f& i 1 #Brg¥3ad 105.03.10 105.04.08 9,600 - EA

KK1005 NRSL-105033 IBA FC65-P &z i 1 s g %307 105.03.10 105.04.08 9,600 - ERR

KK1003 NRSL-105090 Radcal 20x6-0.6 < = 1 "B g% 07 105.03.17 105.04.08 9,600 - 3 = ﬁt

KK1007 NRSL-105070 Nucletron 077094 tz 1 EFEHHPHEF AP 105.02.26  105.04.13 14,000 - HE =
CARDINAL/RP-N & _

KK1008 NRSL-105074 _ 1 &= %5)%‘ PAEE A & & %5 F=  105.03.01 105.04.13 9,600 - 3 5
1=

KK1005 NRSL-105068 PTW TM30013 tx i 1 EFEHHPHEF AP 105.03.22 105.04.12 9,600 - E

KK1001 NRSL-105067 PTW TM30013 tx & 1 s HETF AP 105.03.22 105.04.12 9,600 - EA
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Thermo/Radeye-N

KK1008 NRSL-105079 ea HATE Ry A F 105.03.17 105.04.01 9,600 - %
L1t
AR E F R AL A SRR S
KK1001 NRSL-105086 PTW TM30013 $z i g1 ¢ RALB ¥ 1050322 1050401 9600 - ER
Standard Imaging A101 IR E FORALRE A RR S \
KK1003 NRSL-105088 . P 105.03.17 105.04.01 9,600 - R
%J_ T
i b R AR R ,
KK1007 NRSL-105085 PTW TM33002 #z it 21 105.03.01 105.04.01 14,000 - WE
S T L F ISP L
KK1008 NRSL-105103 Thermo/FHT751 t& i . 105.03.17 105.04.18 9,600 - %%
H B TR A>T R
KK1004 NRSL-105071 Gammex 245 & it N T RRERET 105.03.07 105.04.21 9,600 - % % 5
N ]
R LW ER 7t
KK1004 NRSL-105072 Gammex 245 & it A= 105.03.07 105.04.21 9,600 - % %
N ]
RTI Electronics AB F R LM FRK > R -
KK1004 NRSL-105073 _. . 105.03.07 105.04.21 9,600 - % g
Piranha 301 & i+ A
STANDARD e 2 vq A o e
KK1005 NRSL-105096 ., .\ . Fomirg s 105.04.06 105.0421 9,600 - X
KK1002 NRSL-105060 NE2571 f& it o R ERES T2 107 105.03.22  105.04.22 9,600 - ER
KK1002 NRSL-105061 NE2530 i SR TEEskE P2 10T 105.03.22 105.04.22 9,600 - R
KK1002 NRSL-105062 NE2575 fx SR sfEEsk Pz 1 (T 105.03.22 105.0422 9,600 - R
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KK1001 NRSL-105091 PTW TM30013 & 1 AR R RECR)2 P 105.04.06 105.04.22 9,600 - ER
KK1005 NRSL-105092 PTW TM30013 4 & 1 AfrFRERE(R)D P 105.04.06 1050422 9,600 - R
MEZE A Rri s g A
KK1005 NRSL-105075 IBA FC65P &t 1 j %g;» FREAEME 50322 1050420 0600 - QR
(= 7T
ARG FORALEE A RIS
¥ 30
pay
KK1005 NRSL-105101 PTW TN30013 fz i 1S9 # g FrREAAIR 1050406 1050511 9,600 - ER
KK1007 NRSL-105115 Nucletron 077091 & 1 5 EF iz 12 e 105.04.15 105.05.24 14,000 - #H7
KK1001 NRSL-105116 PTW TN30013 fz i 1 SEFERFFALP 105.05.09 105.05.24 9,600 - ER A
INOVISION/RP-N tz . , ‘
KK1008 NRSL-105126 _ 1 Bngdmipdaas 105.04.21 1050527 9,600 - w3 R
1=
SRS S s e n
KK1011 NRSL-105052 1 5 Rsfds%kE iz 1 (vB 1050502 105.0519 12,000 - %0 3
1=
SR 6 R s e ,
KK1011 NRSL-105053 1 SR esfEs%k 3z 1 0FH 1050502 1050519 12,000 - %0 T
1=
e RUE S S Rl o bremEs e n = oy .
KK1011 NRSL-105054 1 SR sfEs%k iz 1 0FH 1050502 1050519 12,000 - 0
1=
SR S R o beene o ,
KK1011 NRSL-105055 _ 1 SR esfEs%k iz 1 0FH 1050502 1050519 12,000 - %0 T
1=
KK1011 NRSL-105056 *cifife # 65 fe 1 oL %csi#sk 3= 1 i 1050502 1050519 12,000 - 0
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i

b Rk B B

KK1011 NRSL-105057 1 S siEm iz e 1050502 1050519 12,000 - 0 5
1=
SRR S i o ko 1 .
KK1011 NRSL-105058 _ 1 S %sEm i Pz el 1050502 1050519 12,000 - B0 I
1=
AR 5 5 R gt e 1 o »
KK1011 NRSL-105059 1 S siEm iz el 1050502 1050519 12,000 - S0 I
1=
KK1003 NRSL-105125 IBA DCT-10 # & 1 BEAHEGT AP 105.0419 1050525 9,600 - R
Unfors 8202011-B e . \
KK1003 NRSL-105140 _. . 1 AEEmpd sy 105.05.04 105.05.19 9,600 - R
XiR/F 2.t
BERTHOLD / LB6411 ERFRHEE A R £
KK1008 NRSL-105042 . 1, RPRHBEE S 105.02.15 105.05.24 9,600 - % % g
I L LF R
BERTHOLD / LB6411 A Fp Wit Atk £
KK1008 NRSL-105043 1 RPRHBIE S 105.02.15 1050524 9600 - "
it CLF
BERTHOLD / LB6411 EAFRMEE Atk £
KK1008 NRSL-105044 1 FORH B A 105.02.15 1050524 9600 - "
s kA& %5 %
BERTHOLD / LB6411 EAFRMEE Atk £
KK1008 NRSL-105045 - g FAFRMEE 1050215 1050524 9600 - &
s & A %5 %
KK1001 NRSL-105123 PTW TW30013 # it 1 BEFRFG P 105.05.09 105.06.06 9,600 - R
KK1005 NRSL-105122 PTW TW30013 & 1 GEFRRG AP 105.05.09 105.06.06 9,600 - R
KK1005 NRSL-105129 PTW TN30013 i 1 B0k & FIRATH A 105.05.09 105.06.06 9,600 - R
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KK1005 NRSL-105128 PTW TN30013 #: it 1 B AFRATH AR 105.05.09 105.06.06 9,600 R
STANDARD .,
KK1005 NRSL-105132 IMAGING ALSL 1 A{frFR&RE®RFFL2P 1050509 105.06.06 9,600 R
STANDARD .
KK1005 NRSL-105133 IMAGING ALSL 1 Afr¥FR&RE®RFF 2P 1050509 1050606 9,600 R
STANDARD y
KK1005 NRSL-105134 IMAGING ALSL 1 Afe¥pRE%FFI2F 1050509 1050606 9,600 B A
Bonner Sphere - e o
KK1008 NRSL-105112 LUDLUM 1 RzFE+% 105.05.16 105.06.01 9,600 HE
T N RT3t I I O ]
KK1008 NRSL-105121 Thermo NRD 1 T FREANET 060021 1050606 9,600 #E
KK1005 NRSL-105108 PTW TN30013 1 FfHmipgraag 105.05.09 105.06.07 9,600 R
KK1001 NRSL-105104 PTW TN30013 1 EFfmipgrase 105.05.09 105.06.07 9,600 BRI
KK1005 NRSL-105107 TPW TN323343 1 FfHmipgraag 105.05.09 105.06.07 9,600 R
KK1005 NRSL-105105 TPW TN31010 1 EFfmipgrase 105.05.09 105.06.07 9,600 BRI
KK1005 NRSL-105106 TPW TN31013 1 FfHmipgraag 105.05.09 105.06.07 9,600 ER I
_i, ﬂ ;ll"" O B :/‘ 2 /VE 75)"; AL A KE’\!
KK1003 NRSL-105192 IBA DCT-10 Lemo 1 o MERE o 105.05.16 105.06.06 9,600 sk
N ]
HRLTWEFRRE LRGN
KK1003 NRSL-105193 IBA DCT-10 Lemo 1 o MERH o 105.05.16 105.06.06 9,600 % R
N ]
KK1004 NRSL-105141 Inovision 35080B 1 #RELWFRRELFT T 1050427 105.06.06 9,600 KRN
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>
]

g FELHFREA LT .
KK1004 NRSL-105142 Inovision 35080B ~ o 105.04.27 105.06.06 9,600 - 7 l\ﬁ
. FREFRKA R 3
KK1004 NRSL-105143 Inovision 35080B ~ o 105.04.27 105.06.06 9,600 - 7 Aﬁ;
2, F
.. %ﬂﬂi"""%’%‘é{%“;&\’ﬁ " R
KK1004 NRSL-105144 Inovision 35080B ~ o 105.04.27 105.06.06 9,600 - 7 Aﬁ;
2, ®
. FRLFRKA R }
KK1004 NRSL-105145 Inovision 35080B ~ o 105.04.27 105.06.06 9,600 - 7 Aﬁ;
2, F
BRELWERRA RG]
KK1004 NRSL-105146 Keithley 35080A ,F\ - - Fg (e o 105.04.27 105.06.06 9,600 - 7 3\%
FRLWFRKERFTF T
KK1004 NRSL-105147 Keithley 35080A ,P\ - - Fg (e . 105.04.27 105.06.06 9,600 - 7 3\%
TR FRKAE R
KK1004 NRSL-105148 Fluke 35080B ,P\ = - Fg REAERT 105.04.27 105.06.06 9,600 - ¥ E\ﬁt
KK1008 NRSL-105178 Thermo NRD E %5)%‘ PAEE A K & %51‘% 105.05.10 105.06.13 9,600 - B
5 2p 8 4 Bt2r d vk '{,: .
KK1007 NRSL-105189 PTW TM33004 ;‘é ng TR 105.05.25 105.06.01 14,000 - B
KK1005 NRSL-105136 PTW TM31010 E %5)%‘ PAEE A &+ %5 f=~ 105.05.09 105.06.13 9,600 - B
Standard Imaging HDR w e
KK1007 NRSL-105190 ,fx‘jﬁ E¥EF AP 105.05.25 105.06.06 14,000 - B

1000 Plus 90008
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STANDARD

KK1005 NRSL-L05127 ' = TEFE 15 1050509 105.06.03 9,600 - & 1R
KK1007 NRSL-105131 Nucletron 077092 5tk A FRATS AR 1050517 105.06.07 14000 - s #%
KK1008 NRSL-105113 LUDLUM 2241-4 ARy 1050413 105.06.13 9,600 - & #F
KK1001 NRSL-105153 PTW TN30013 * 3%;‘; j RHBZCTE e 0606 1050623 9,600 - & 1<
KK1001 NRSL-105154 PTW TN30013 " 3:‘; P:T’g RHBZCTE e 0606 1050623 9,600 - & 1<
KK1008 NRSL-105149 Thermo NRD * i; ]:T’g RHBIZCTE 050427 10506238 9600 - m LR
KK1003 NRSL-105150 Radcal 10X6-3CT " ?;; Fj:?g RHBECTEE e 0427 10506238 9600 - s % %
KK1004 NRSL-105151 Radcal 10X6-6M " iﬁ; Fj:?g RHBECTEE e 0427 10506238 9600 - s % %
KK1004 NRSL-105152 Radcal 40X9-Mo " ?;; ]:?5 RHBECTEE e 0427 10506238 9600 - s % %
KK1007 NRSL-105164 PTW TW33004 ?" ?{gi% MBIE S RE2 050517 1050623 14000 - & S0
KK1003 NRSL-105114 it;gdard Image Exradin FRFRBHLGF UL P 1050519 1050620 9600 - wkh
KK1003 NRSL-105114 it;gdard Image Exradin FRFREHSSFUSP 1050519 1050620 2000 - & R
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Standard Imaging HDR

KK1007 NRSL-105138 T 105.05.17 1050620 14,000 - e
1000 Plus 90008 &R

T LY L T ]

KK1003 NRSL-105194 PTW TM30009 B 105.05.16 1050622 9,600 - s
% v Fg FArBE A ke K8

KK1001 NRSL-105181 PTW TM30013 g1 105.06.06 1050620 9,600 - ER A
B zp X % SN ] kA

KK1001 NRSL-105187 PTW TN30013 ;& PSR A 105.06.06 105.06.20 9,600 - R
\;/IJ:?)‘&’;/‘E | /é—_( X H

KK1005 NRSL-105161 PTW TW30013 i*;; }f RMBECREE 606 1050628 9600 - 1
7 T o
R AEFRHABE A LA

KK1001 NRSL-105162 PTW TW30013 " ;;:;f RHBZLERR 050606 1050628 9,600 - ER R

KK1003 NRSL-105236 IBA DCT10 Lemo LEFERGG AT 105.06.08 105.06.23 9,600 - %k
.Fi, ;{_ J- /‘.).p 3 R 2 DA

KK1003 NRSL-105165 Radcal 20X6-3 7 FRRARPT 105.05.09 105.06.27 9,600 - A
B g Wi R

KK1003 NRSL-105166 Radcal 20X6-6 i FREARET 105.05.09 105.06.27 9,600 - 5 K
P w1

KK1003 NRSL-105167 Radcal 10X5-6 o PREARET 105.05.09 105.06.27 9,600 - SES
%4‘15&"%5)%‘ KR R

KK1003 NRSL-105172 Radcal 20X6-180 T 105.05.09 105.06.27 9,600 - 5 K

KK1003 NRSL-105173 Radcal 20X6-180 HRELWFREALPF T 1050500 1050627 9,600 - G
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>
]

FRLTHFRRELPT T
KK1003 NRSL-105174 Radcal 10X5-180 ,F\ 5 B F§ R ! 105.05.09 105.06.27 9,600 - 7 l‘ﬁ‘
FRLTHFRRELPT T
KK1004 NRSL-105175 Radcal 20X6-6M ,F\ 5 a Fg R o 105.05.09 105.06.27 9,600 - x5 Lﬁc
2, F
_i, ‘ﬂ a_,_, ~'J'|‘] %) ._/‘ 2 % E)F; I A 351
KK1004 NRSL-105176 Radcal 20X6-6M ,F\ 5 - ﬁ de . 105.05.09 105.06.27 9,600 - x5 Lﬁ;
2, ®
_i, ‘ﬂ a_,_, ~'J'|‘] %) ._/‘ 2 % E)F; I A 351
KK1004 NRSL-105177 Radcal 10X5-6M ,F\ 5 - ﬁ de . 105.05.09 105.06.27 9,600 - x5 Lﬁ;
2, F
STANDARD )
KK1005 NRSL-105179 A R 105.06.01 105.07.06 9,600 - ER N
IMAGING A12S
KK1001 NRSL-105183 PTW TN30013 1 fr2 LRG3 P 105.06.06 105.07.06 9,600 - B
KK1005 NRSL-105184 PTW TN30013 1 frd R A2 @ 105.06.06 105.07.06 9,600 - RN
KK1005 NRSL-105185 PTW TN31010 1 fr2 LR P 105.06.06 105.07.06 9,600 - IR
STANDARD ,
KK1005 NRSL-105157 ¢ AR FR 105.06.06 105.07.12 9,600 - IR
IMAGING A1SL
KK1005 NRSL-105159 PTW TM31010 §ﬁ Wi ey 105.06.06 105.07.06 9,600 - IR
KK1003 NRSL-105196 Fluke 500-100 B igk & %5 oSy A 105.06.08 105.07.06 9,600 - 35 7K ﬁ:
KK1003 NRSL-105227 PTW TM30009 ﬁ]%]*x = %5 =3 105.06.14 105.07.14 9,600 - x5 3\%:
Standard Imagin
KK1007 NRSL-105276 90008 ging E&]*‘j*x =L %5 S 105.06.29 105.07.14 14,000 - H]E T
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KK1005 NRSL-105222 PTW TW23343 1 Wi&FeFla 105.06.29 105.07.14 9,600 ER
KK1005 NRSL-105218 PTW TM31010 1 W3 5FeFie 105.06.29 105.07.14 9,600 ER I
KK1005 NRSL-105219 PTW TM31014 1 RAiFefie 105.06.29 105.07.14 9,600 ER
KK1005 NRSL-105223 IBA CCO01 1 WiFeFie 105.06.29 105.07.14 9,600 ER
KK1005 NRSL-105225 IBA CCO1 1 WiFeFie 105.06.29 105.07.14 9,600 ER
KK1001 NRSL-105219 IBA FC65-P 1 RAFFefie 105.06.29 105.07.14 9,600 ERR I
KK1005 NRSL-105223 IBA FC65-P 1 WiFeFie 105.06.29 105.07.14 9,600 ER
KK1005 NRSL-105225 EXRADIN A12 e 105.06.29 105.07.14 9,600 ERR I
KK1005 NRSL-105217 EXRADIN A12 1 W3&Fefle 105.06.29  105.07.14 9,600 In
KK1001 NRSL-105170 PTW TN30010 1 EifFeFhrd Bt 105.06.06 105.07.11 9,600 R
KK1005 NRSL-105168 PTW TM30013 1 A#E7 Rmpg and 105.06.06 105.07.14 9,600 ER I
KK1002 NRSL-105195 PTW TM32002 1 RxF£E+% 105.06.06 105.07.22 9,600 R
KK1001 NRSL-105228 PTW TM31010 1 if\ 1 R RIER 105.06.29 105.07.22 9,600 R
KK1001 NRSL-105198 PTW TM30013 1 ;ﬁ\ 1 TR RAN D 105.06.30 105.07.22 9,600 R
KK1005 NRSL-105197 PTW TM30013 1 ;ﬁ\ 1 TR RAN D 105.06.30 105.07.22 9,600 R
KK1003 NRSL-105216 Radcal 10X6-3CT 1 E: PEERRARET R 105.06.08 105.07.27 9,600 ARG
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KK1007 NRSL-105201 PTW TN33004 AfeF R & ERPF 127 1050629 1050727 14,000 - B3 i
Polimaster Inc. / s
KK1008 NRSL-105306 o~ SWERENG AP 105.07.13 105.07.22 9,600 - B3 i
KK1005 NRSL-105231 IBA PPCO5 3 EEG AR 105.06.29 1050728 9,600 - R
KK1005 NRSL-105230 IBA PPCO5 B3 EEF AP 105.06.29 105.07.28 9,600 - A
;‘-&;—:A‘i ; ;i._,?g];/\i‘g;gb
KK1001 NRSL-105210 IBA FC65-P ;r* FRRRBIELEIES 050719 1050725 9600 - ER
Standard Imaging HDR Fi0 AR F R AT L
KK1007 NRSL-105235 ang i 2 %, FFRH B 105.06.01 105.08.09 14,000 - S (s
1000 Plus 90008 LR RF
I H ARy T T A B % -
KK1001 NRSL-105232 PTW TW30013 v 2 E ®F “ VY 1050630 1050809 9600 - R
AR HE R
$0 AR TR B A
KK1001 NRSL-105233 PTW TW23343 v 2 WHRFRHBE D 50630 1050800 9,600 - R
fL %%"i‘f{? =3
HRLHFRRARPT R o
KK1003 NRSL-105244 IBA DCT-10 Lemo o FREASETD 050614 1050804 0600 - i<
HR LM RIS ]
KK1003 NRSL-105202 Radcal 20X6-6 T FREA %D 105.06.06 105.08.04 9,600 - 5 K
2R LN ERREF LG T .
KK1003 NRSL-105203 Radcal 20X6-6 T FREA %D 105.06.06 105.08.04 9,600 - 5 K
FEEAFRRA LG 4
KK1003 NRSL-105204 Radcal 20X6-6 T FREA %D 105.06.06 105.08.04 9,600 - 5 K

90



FRLMFRRANR 2
KK1003 NRSL-105205 Radcal 20X3-3 Ao 105.06.06  105.08.04 9,600 - KRN
HR I FRLE LG T
KK1003 NRSL-105206 Radcal 20X6-180 ,F\ - LR . 105.06.06  105.08.04 9,600 - %k
%ﬂ;{;;~)~1—‘§§:@:— CRINP I o
KK1003 NRSL-105207 Radcal 20X6-180 ~ o 105.06.06  105.08.04 9,600 - KRN
FRLMFRRARFF
KK1003 NRSL-105208 Radcal 20X6-180 f\ o EHFREARET 105.06.06 105.08.04 9,600 - %k
FREWFRERA KRG .
KK1003 NRSL-105209 Radcal 20X6-180 ~ o 105.06.06 105.08.04 9,600 - 3 i«ﬁc
KK1001 NRSL-105214 WELLHOFER FC65-P FRELVLFR 105.06.30 105.08.09 9,600 - BRI
KK1001 NRSL-105242 PTW TM30013 AFRERFT AP 105.07.19 105.08.04 9,600 - ER
Fe ok iR E AR R
KK1001 NRSL-105247 PTW TW30013 b0 A o 105.07.19 105.08.04 9,600 - ERN
R 2 ®
T e B B ILAE R R F
KK1005 NRSL-105248 PTW TW30013 g A o 105.07.19 105.08.04 9,600 - ER
X 20 ¢
KK1007 NRSL-105267 PTW TW33004 ZERFIR 105.06.29 105.08.03 14,000 - HE T
KK1003 NRSL-105284 IBA DCT-10 Lemo fx‘j*x £EF A 105.07.13  105.08.09 9,600 - KRN
KK1001 NRSL-105212 IBA FC65-P = q*» R LS N 105.07.19 105.08.04 9,600 - ER
Thermo RADEYE } .
KK1008 NRSL-105351 YRR AR > e 105.07.19 105.08.15 9,600 - BrE

N/NL
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ST RGN Pkt

KK1008 NRSL-105357 ® + TLD i & P& &f sxo 105.07.27 105.08.10 2,400 HE T
B x
o BT ARG LD P s
KK1008 NRSL-105357 ® + TLD i & P& &t sxo 105.07.27 105.08.10 2,400 B
B x
. o BT ARG LD P s )
KK1008 NRSL-105357 ¢ + TLD & & P& & sno 105.07.27 105.08.10 2,400 HE T
G A
. o BT ARG LD P s )
KK1008 NRSL-105357 ¢ + TLD & & P& & o 105.07.27 105.08.10 2,400 HA T
¥ A
. o AR ARG U P st .
KK1008 NRSL-105357 ¢ + TLD & 3 P& &t sno 105.07.27 105.08.10 2,400 HE T
B A
ERAFRMABEAEERL
KK1001 NRSL-105245 IBA FC65-P o » ;f / - 105.07.20 105.08.08 9,600 ER N
STANDARD P
KK1005 NRSL-105240 IMAGING PR e P 105.07.19 105.08.12 9,600 ER R
STANDARD - S
KK1005 NRSL-105238 IMAGING PR e P 105.07.19 105.08.17 9,600 ER R
STANDARD -
KK1005 NRSL-105239 IMAGING FEGVR G AP 105.07.19 105.08.17 9,600 ER
KK1005 NRSL-105270 PTW TN30013 BESREF AP 105.08.02 105.08.17 9,600 ERR R
KK1001 NRSL-105269 PTW TN30013 BESKFF AP 105.08.02 105.08.17 9,600 e
KK1008 NRSL-105383 Thermo FHT751 iRy AP 105.08.11 105.08.12 9,600 AT
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STANDARD .
KK1005 NRSL-105265 1 =4 {&%5 [E3 105.08.02 105.08.12 9,600
IMAGING A19

EATRMEE A AL
KK1009 NRSL-105382 PTW TM33004 RFRMEE A ERE R

[

105.08.03 105.08.15 14,000

" A Em

KK1003 NRSL-105340 Radcal 10X6-3CT 1 £A f g 105.08.03  105.08.15 9,600

KK1001 NRSL-105277 PTW TM30013 1 AF&RERFF AP 105.08.02 105.08.19 9,600

KK1005 NRSL-105280 PTW TM30013 1 %« f REWRPF AP 105.08.02 105.08.19 9,600

KK1001 NRSL-105278 PTW TM23343 1 AF&RERFF AP 105.08.02 105.08.19 9,600

KK1005 NRSL-105279 PTW TM23343 1 % ﬁc RERF AL 105.08.02 105.08.19 9,600

KK1001 NRSL-105282 PTW TM30013 1 % f REWRF AP 105.08.02 105.08.19 9,600

KK1001 NRSL-105285 IBA FC65-P 1 % "1*\ E¥EF AP 105.08.02 105.08.19 9,600

KK1005 NRSL-105286 IBA FC65-P 1 % “1% EFE AP 105.08.02 105.08.19 9,600

KK1001 NRSL-105272 IBA FC65-P 1 [&]"1*\ & %5 3 105.08.02 105.08.25 9,600

KK1005 NRSL-105273 IBA FC65-P 1 E]“j% FE ¥R 105.08.02 105.08.25 9,600 e
KK1003 NRSL-105407 Radcal 20X6-6 1 o2 HBEFWREF A2 105.08.09 105.08.25 9,600 KRS
KK1003 NRSL-105408 Radcal 20X6-6 1 frfd HBEFWREF L2 F 105.08.09 105.08.25 9,600 KN
KK1003 NRSL-105406 RTI R100 1 fefd HEFWREF A2 F 105.08.09 105.08.25 9,600 KN

KK1005 NRSL-105264 STANDARD 1 oifd A pmig e
i cHFT 4 : I £
IMAGING 1 >3

~3
>
!

105.08.02 105.08.29 9,600
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KK1003 NRSL-105390 U i B FRRARGG A _ -

- nfors Xi 8202041-8 1 105.08.03 105.08.29 9,600 5 K ff
KK1003 NRSL-105288 Radcal 20X6-6 1 %\% EUFRRENPT N e 0712 1050820 9600 - AR
KK1003 NRSL-105289 Radcal 20X6-6 1 iiil PERRARFT e 0712 1050829 9600 - 5 K g
KK1003 NRSL-105290 Radcal 20X6-6 1 ii”ﬁj LEUFRRASPT 060712 1050829 9600 - G
KK1003 NRSL-105291 Radcal 20X6-180 1 iiil EUMFRRENPTN e 0712 1050820 9600 - AR
KK1003 NRSL-105292 Radcal 20X6-180 1 f% LMER T 050712 1050820 9600 - i
KK1003 NRSL-105293 Radcal 20X6-180 1 f% LHER "7 1050712 1050829 9600 - i
KK1005 NRSL-105260 PTW TN30013 1 PRFFAFURFR 105.08.03 105.0829 9,600 - 1
KK1001 NRSL-105259 PTW TN30013 1 YRFFTURFR 1050803 1050829 9,600 - R
KK1001 NRSL-105262 PTW TM30013 1 #f2#4Hm5F 2P 1050803 1050824 9,600 - ER RS
KK1005 NRSL-105258 Alanine AWM230 1 ¢ R4 AR ISP 1050810 1050826 30,000 - R
KK1007 NRSL-105332 PTW TW33004 1 A FRKERFFASP 1050803 1050830 14000 - s #E
KK1003 NRSL-105409 Radcal 10X6-6 1 Achs FEERHH U7 1050818 1050830 9,600 - 5 K g
KK1003 NRSL-105410 Radcal 10X6-6 1 fefid HEHM1 27 1050818 1050830 9,600 - 5 K G
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KK1003 NRSL-105411 Radcal 10X6-6 1 ek HEHF%F U2 105.08.18 105.08.30 9,600 - KN
Standard Image Exradin o
KK1003 NRSL-105417 AGOO 1 B3 niasd 105.08.23 105.08.31 9,600 - %
Standard Image Exradin _
KK1003 NRSL-105417 AGOO J 1 E % fop A7 105.08.23 105.08.31 2,000 - KRS
Standard Image Exradin _
KK1003 NRSL-105417 AGOO J 1 E % fop A7 105.08.23 105.08.31 2,000 - % L
Standard Image Exradin _ .
KK1003 NRSL-105417 ) 1 Ejfrinars 105.0823 1050831 2,000 - s
KK1008 NRSL-105412 ATOMTEX BDKN-01 1 ¢ #4485 Ao @ 105.08.19 105.09.02 9,600 - R
KK1007 NRSL-105256 Nucletron 077091 1 kmFF:gmnijIad 1050629 1050006 14,000 - PR
KK1001 NRSL-105253 PTW TW30013 1 kmFFpmuigAad 1050719 105.09.06 9,600 - ER
KK1005 NRSL-105254 PTW TW30014 1 \,%F? FEELFF ISP 105.07.19 105.09.06 9,600 - R R
Standard Image Exradin L .
KK1003 NRSL-105416 : 1 ##FHREHRFF 2P 1050823 1050906 9,600 - %k
Standard Image Exradin L .
KK1003 NRSL-105416 J 1 FRFREH®RFF L2 1050823 105.09.06 2,000 - 5k
FT FRRA LR T
KK1003 NRSL-105356 PTW T60004 1 105.07.27 105.08.24 9,600 - KIS
KK1009 NRSL-105371 Nucletron 077091 1 ZlxgfFk 105.08.03 105.09.19 14,000 - BE
KK1003 NRSL-105415 Radcal 10X6-3CT 1 BEnd?urjraad 105.08.24  105.09.20 9,600 - % L5

95



KK1008 NRSL-105387 ® & TLD 1 RzFE+g 105.09.09 105.09.29 2,400 - W3
KK1008 NRSL-105387 ® &+ TLD 1 Ra2FzEs 105.09.09 105.09.29 2,400 - W7
KK1008 NRSL-105387 ® & TLD 1 RzFE+g 105.09.09 105.09.29 2,400 - W3
KK1008 NRSL-105387 ® &+ TLD 1 RzfzEg 105.09.09 105.09.29 2,400 - W3
KK1008 NRSL-105385 ® &+ TLD 1 RzfzEsg 105.09.07 105.09.29 2,400 - W3
KK1008 NRSL-105385 ® &+ TLD 1 REFE8 105.09.07 105.09.29 2,400 - #% =
KK1008 NRSL-105385 ® &+ TLD 1 RzfzEg 105.09.07 105.09.29 2,400 - W3
KK1008 NRSL-105385 ® &+ TLD 1 RzFELg 105.09.07 105.09.29 2,400 - AT
KK1008 NRSL-105388 TLD /8814 1 Ry Higstmg e 105.09.07 105.09.29 2,400 - T
KK1008 NRSL-105261 Thermo / FHT752 1 B3 fEsfas o 105.07.13 105.10.07 9,600 - A
. + )% PAEZ A KR
KK1001 NRSL-105307 standard imaging al2 1 zﬁ f . /” Z;'—‘ 105.10.06 105.10.13 9,600 - ER
7D Vil BP0 14
. F»)%'*f PEZEARAKEE R
KK1005 NRSL-105308 standard imaging al2 1 ;i;%“ - /” z;k 3 105.10.06 105.10.13 9,600 - ER
7D Vil B9 14
KK1007 NRSL-105324 PTW TM33004 1 *+FR 105.07.19 105.10.18 14,000 - B3
BER A EE A S @
KK1001 NRSL-105294 PTW TW30013 1 j’ . gif R L 105.10.06 105.10.19 9,600 - ER
STANDARD , I ~
KK1005 NRSL-105304 1 AfeFA&FRG AP 1051006 1051024 9,600 - IR
IMAGING
KK1005 NRSL-105303 STANDARD 1 AfeFA & TR A7 1051006 1051024 9,600 - R
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IMAGING

STANDARD ,
KK1005 NRSL-105302 1 A{feF R &FRGF U7 1051006 1051024 9,600 ER R
IMAGING
KK1008 NRSL-105422 Thermo / FHT 762 1 BHfpafipy s 105.10.11 105.10.25 9,600 #HE
KK1008 NRSL-105423 BERTHOLD/LB6411 1 &+ igitfisd 127 105.10.18 105.10.25 9,600 #HE G
RPARE A B g g

KK1005 NRSL-105321 PTW 233331 1 EEE j ’ ;w TRESE 1051012 1051025 9,600 ER
FRMBZ A RFi & ¢ R

KK1005 NRSL-105323 PTW TW31010 1 iﬁj %;é FPREERE 1061012 1051025 9,600 ER
FRMBZ A RFi s ¢ R

KK1005 NRSL-105322 PTW TN23343 1 ZEE ! P“/” TRESE 1051012 1051025 9,600 ER

KK1008 NRSL-105420 LUDLUMN/42-30H 1 B %@ % i3 22 @ 105.10.06 105.11.04 9,600 WE G

KK1001 NRSL-105316 PTW TW30013 1 Efwpdraas 105.10.06 105.11.04 9,600 ER

KK1002 NRSL-105431 TLD 1 RyFHEaeg e 105.10.18 105.11.08 4,800 * iR

KK1001 NRSL-105311 PTW TW30013 1 4 {fed HFH%F 227 1051006 10511.08 9,600 ER

KK1005 NRSL-105310 PTW TW30013 1 A fed P %5227 1051006 1051108 9,600 ER R
Fo kB E AR OL D

KK1001 NRSL-105298 PTW TM30013 1T 105.10.11 105.11.08 9,600 ER R
R 27 ¥
RS T VA

KK1001 NRSL-105299 PTW TM31010 1 . 105.10.11 105.11.08 9,600 ER R
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KK1001 NRSL-105300 PTW TM31014 1 A 105.10.11 105.11.08 9,600 E R
FH e R PR K T
KK1005 NRSL-105297 PTW TM30013 1 A 105.10.11 105.11.08 9,600 E R
el LR L
KK1001 NRSL-105295 PTW TM31010 1 % N ;f Sl L 105.10.06 105.11.04 9,600 ERR R
SATA GG A P st .
KK1004 NRSL-105386 TLD 1 - 105.10.18 105.11.09 9,600 n %‘ﬁﬂ
R R
SAR ARG TR P .
KK1004 NRSL-105376 TLD 1 - 105.10.18 105.11.09 9,600 n %‘ﬁﬂ
R R
PR ORP A P ,
KK1004 NRSL-105427 TLD 1 - 105.10.18 105.11.09 4,800 5’3%55“
R ok B
AT ARG T Pk N
KK1002 NRSL-105428 TLD / Harshow 1 3 oz 105.10.18 105.11.09 7,200 R
R ok B
KK1001 NRSL-105328 IBA FC5-G 1 & *1*\ o 7 105.10.18 105.11.11 9,600 N
KK1005 NRSL-105335 IBA FC5-G 1 & q’» & é‘;jé LA 105.10.18 105.11.11 9,600 R
KK1001 NRSL-105313 PTW TN30013 1 X fr%ﬁ FrRERF3 L2 1051011  105.11.10 9,600 F R
KK1005 NRSL-105314 PTW TN30013 1 fr%:}/’% & B u»\”ﬁ Lo 105.10.11  105.11.10 9,600 F A
KK1005 NRSL-105330 PTW TM30013 1 == %5 [ 105.10.19 105.11.24 9,600 IR
KK1001 NRSL-105325 PTW TM30013 1 == %5 E3 105.10.19 105.11.24 9,600 F
KK1005 NRSL-105331 PTW TM30013 1 ==x¥x 105.10.19 105.11.24 9,600 F R

98



KK1001 NRSL-105327 PTW TM30013 1 FxFm 105.10.19 105.1124 9,600 - IR
KK1005 NRSL-105334 PTW TM30013 1 FxFm 105.10.19 1051124 9,600 - ER A
KK1001 NRSL-105326 PTW TM30013 1 FxFm 105.10.19 105.1124 9,600 - IR
KK1005 NRSL-105336 PTW TM23343 1 A2 Fr 105.10.19 1051124 9,600 - ER
KK1001 NRSL-105329 PTW TM23343 1 A2 Fr 105.10.19 1051124 9,600 - ER
AR AP E ARG 2
KK1004 NRSL-105425 TLD 1 ; g/ Rits Sk 105.10.18 1051121 7,200 - R
PEE AP AR SR .
KK1008 NRSL-105317 # <+ TLD iR % 1 ; g/ RHPS 105.07.27 1051121 2,400 - WHE
FRMBZ L L2244 .
KK1007 NRSL-105355 Nucletron 077091 1 Fgf% o FOREES 105.08.03 105.1121 14,000 - HHE
ez iofpe < %5]‘%
FRMEE AL R4
KK1001 NRSL-105354 CAPINTEC PR-06C 1 ¥ )%‘ % Bl EoARES 105.10.18 1051121 9,600 - ERR R
ez iofpre < %? =3
FRMEE AL R4
KK1005 NRSL-105353 PTW TW30013 1 ¥ R’E‘ % Bl EoARES 105.10.18 1051121 9,600 - ERR R
ez iofpre < %? =3
TR BEAAE R4
KK1001 NRSL-105352 PTW TW30013 1 ¥ )%‘ % Bt EoARES 105.10.18 1051121 9,600 - I
friick? «Fh
KK1001 NRSL-105358 PTW TW30013 1 #fed % F L7 1051114 1051124 9600 - ER
KK1005 NRSL-105359 PTW TW30013 1 #fed #fH%F 127 1051114 1051124 9600 - ER A
EXRADIN ALSL ‘
KK1005 NRSL-105365 1 SHAmpgrans 105.11.14 1051125 9,600 - ER

REF92722




KK1001 NRSL-105381 SUN NUCLEAR 1047 1 AGRE%EF =P 105.11.14 105.11.25 9,600 IR
KK1001 NRSL-105319 PTW TM30006 1 Zz\; ;j:% G 105.10.12 105.11.24 9,600 R
KK1005 NRSL-105318 PTW TM30006 1 :i;; ;j:% REBE LS 105.10.12 105.11.24 9,600 B
KK1001 NRSL-105361 PTW TM30013 1 Wfr FeFlr 105.11.14 105.11.25 9,600 B
KK1005 NRSL-105363 PTW TM30013 1 1.3?]%]’\ FE % 3 105.11.14 105.11.25 9,600 R
KK1004 NRSL-105430 TLD 1 WzgE<g 105.10.18 105.12.06 2,400 AL ol
KK1004 NRSL-105430 TLD 1 RzgpsE~ % 105.10.18 105.12.06 2,400 A STE
KK1004 NRSL-105430 TLD 1 RzgE< % 105.10.18 105.12.06 2,400 AL ol
KK1004 NRSL-105430 TLD 1 RzgpsE~ % 105.10.18 105.12.06 2,400 g
KK1004 NRSL-105430 TLD 1 RzgE< % 105.10.18 105.12.06 2,400 AL ol
KK1004 NRSL-105430 TLD 1 RzgpsE~ % 105.10.18 105.12.06 2,400 g
KK1002 NRSL-105429 TLD (OSLD) 1 RzgE< % 105.10.18 105.12.06 2,400 R
KK1002 NRSL-105429 TLD (OSLD) 1 HzjpE<F 105.10.18 105.12.06 2,400 FiE R
KK1002 NRSL-105429 TLD (OSLD) 1 WzgE~g§ 105.10.18 105.12.06 2,400 R
KK1002 NRSL-105429 TLD (OSLD ) 1 WzgE~%§ 105.10.18 105.12.06 2,400 R
KK1002 NRSL-105429 TLD (OSLD) 1 WzpE<F 105.10.18 105.12.06 2,400 FiE R
KK1002 NRSL-105429 TLD (OSLD) 1 BzF#s=<%§ 105.10.18 105.12.06 2,400 ot g
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KK1002 NRSL-105429 TLD (OSLD) 1 WzpE<g 105.10.18 105.12.06 2,400 FiE R
KK1002 NRSL-105429 TLD (OSLD) 1 RzgpsE<% 105.10.18 105.12.06 2,400 it R
KK1002 NRSL-105432 TLD 1 WzpE<g 105.10.18 105.12.06 2,400 FiE R
KK1002 NRSL-105432 TLD 1 RzgpsE~ % 105.10.18 105.12.06 2,400 iR
KK1002 NRSL-105432 TLD 1 RzgpsE~ % 105.10.18 105.12.06 2,400 iR
KK1002 NRSL-105432 TLD 1 WzgE<g 105.10.18 105.12.06 2,400 g
KK1002 NRSL-105432 TLD 1 RzgpsE~ % 105.10.18 105.12.06 2,400 iR
KK1002 NRSL-105432 TLD 1 HWzgE<g 105.10.18 105.12.06 2,400 %
KK1002 NRSL-105432 TLD 1 RzgpsE % 105.10.18 105.12.06 2,400 *uE R
KK1002 NRSL-105432 TLD 1 RzgE<F 105.10.18 105.12.06 2,400 ot %
KK1005 NRSL-105464 PTW TM30013 1 :fﬁ?ﬁt Wi e P 105.11.14 105.12.06 9,600 B
KK1001 NRSL-105463 PTW TM30013 1 i‘ﬁ: Wi ey 105.11.14 105.12.06 9,600 B R
KK1011 NRSL-105391 AEA TECHNOLOGY 1 @R Rz Iad 105.11.17 105.12.06 12,000 5k 14 17
KK1011 NRSL-105392 AEA TECHNOLOGY 1 28R4 %z ayd 105.11.17 105.12.06 12,000 515 17
KK1011 NRSL-105393 AEA TECHNOLOGY 1 R4 % Iad 105.11.17 105.12.06 12,000 k13 7
KK1011 NRSL-105394 AEA TECHNOLOGY 1 2T 4%z ayd 105.11.17 105.12.06 12,000 5k 13 17
KK1011 NRSL-105395 AEA TECHNOLOGY 1 28R4 %z ayd 105.11.17 105.12.06 12,000 R 17
KK1011 NRSL-105396 AEA TECHNOLOGY 1 R4 % Iad 105.11.17 105.12.06 12,000 R 13 7
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KK1011 NRSL-105397 AEA TECHNOLOGY 1 c#RA %y Iad 105.11.17 105.12.06 12,000 - RO
KK1011 NRSL-105398 AEA TECHNOLOGY 1 c&TA Ry Aad 105.11.17 105.12.06 12,000 - 503 1
KK1011 NRSL-105399 AEA TECHNOLOGY 1 c#RA %y Iad 105.11.17 105.12.06 12,000 - RO
KK1011 NRSL-105400 AEA TECHNOLOGY 1 ST A%z P 105.11.17 105.12.06 12,000 - k12 7
KK1011 NRSL-105401 AEA TECHNOLOGY 1 ST ARz P 105.11.17 105.12.06 12,000 - k12 7
KK1011 NRSL-105402 AEA TECHNOLOGY 1 @R %z Iad 105.11.17 105.12.06 12,000 - RO
KK1005 NRSL-105374 IBA FC65-P 1 % %]*x EFEF AP 105.11.14 105.12.06 9,600 - B
KK1001 NRSL-105373 IBA FC65-P 1 % 3r E¥E AP 105.11.14 105.12.06 9,600 - B
KK1005 NRSL-105375 IBA CC13 1 & "1*\ E¥EF AP 105.11.14 105.12.06 9,600 - BN
KK1008 NRSL-105451 g\;ill\\lﬂ:l(-)lix / 1 :IZ/} CUEARBME R 105.11.14 105.12.06 9,600 - F
KK1003 NRSL-105439 Radcal 10X6-6 1 £ %53)%5 ERLIPE 105.11.14 105.12.01 9,600 - PR T
KK1003 NRSL-105439 Radcal 10X6-3CT 1 £ %5?),%.‘ CERLIPER 105.11.14 105.12.01 9,600 - EaE
KK1003 NRSL-105439 Radcal 10X6-60E 1 £A %53),%5 ERLIPE 105.11.14 105.12.01 9,600 - B
KK1009 NRSL-105456 Nucletron 077091 1 £¢ %R ,&% [E3 105.12.05 105.12.05 14,000 - s
KK1005 NRSL-105403 PTW TM31010 1 ij» Fhgrad 105.11.14 105.12.12 9,600 - B R
KK1003 NRSL-105455 Victoreen 6000-200 1 ii‘ fljZ’j i ;;% 254 105.11.14 105.12.12 11,600 - AT
KK1008 NRSL-105462 Thermo/FHT 751 1 E2FHHPHEF AP 105.11.22 105.12.15 9,600 - N
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KK1005 NRSL-105368 PTW TN30013 1 &E %5«‘);?: P E A JRE %5 f~ 105.11.14 105.12.08 9,600 - A

KK1001 NRSL-105367 PTW TN30013 1 =& %5 K b4 B E A Jr %5 f= 105.11.14 105.12.08 9,600 - E R

KK1003 NRSL-105466 Radcal 10X6-6 1 LA F 105.11.29 105.12.09 11,600 - BE

KK1003 NRSL-105467 Radcal 10X6-6 1 £EA<E 105.11.29 105.12.09 11,600 - BE T

KK1003 NRSL-105468 Radcal 10X6-6 1 £EA<E 105.11.29 105.12.09 11,600 - BE T

KK1003 NRSL-105469 RTI DCT 16 LEMO 1 £A<E 105.11.29 105.12.09 9,600 - BRI
|é, LB E' lﬁl = A= , ,

KK1003 NRSL-105452 Radcal 10X6-3CT 1 5 i‘&?g]‘ Fg RH B t 105.11.14 105.12.06 9,600 - E
+ )% PAEE AR £ & ] ,

KK1008 NRSL-105076 Thermo/FHT761 1 ¢ &3 if 1Bl t* 105.02.26  105.12.15 9,600 - B
.y )3'\ ?ﬂ‘ @ EJRN v £ );*{ , ,

KK1008 NRSL-105077 BERTHOLD / LB6411 1 . £ ;f / L 105.02.26  105.12.15 9,600 - BE %
ERFRMBE A G 2L

KK1005 NRSL-105379 PTW TM30013 1 ¢ £ ;f / ¥ 105.11.14 105.12.27 9,600 - A N
+ )% PABE A 2R R

KK1001 NRSL-105378 PTW TM30013 1 N féﬁ‘ / 3 105.11.14 105.12.27 9,600 - B

STANDARD
KK1005 NRSL-105369 1 Fl kA %5 £ 105.11.14 105.12.22 9,600 - N
IMAGING A1SL
KK1003 NRSL-105470 Radcal 10X9-6 1 %?%5 FHREFF AP 105.12.19 105.12.30 13,600 - B
& E 398 & e $3,734,030
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air kerma
Sv 5 EFAR rate
ol 1%[p=95%,k o
TF B kk1001 | 1.98E+03 = =] Co-60 85.04.30 | ~ My | 70 | 80 56 88 58 76 428
Rk 2.30E+04 |
mGy/h
air kerma
Se & kl‘]“sﬁl rate
o 1%[p=95%,k .
TF B kk1002 [ 6.12E+00 = =21 4%-137 85.04.30 | ~ EEE | 12 17 6 20 12 27 94
KD i 1.58E+03 |
mGy/h
air kerma
X5+ 7 % rate
| y A 19%[p=95%,k |X-ray, 50 KV o
R kk1003 | 6.10E+02 to 85.06.30 | ~ Mrager | 21 | 22 35 73 52 73 276
, =2] to 300 kV
e 1.51E+03
mGy/h
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ambient

dose
equivalent
¢ 3
R rate, personal Am-241/Be-
¢ HE 5%[p=95%,k w®E -
—_— kk1008 dose 2 9 ~Cf-252 |89.12.01 R 26 | 37 | 36 | 71 | 40 45 | 255 | A F ¥
L ,ﬁ S = t'ﬂ
N equivalent source o
ratel.44E-06 =
to 5.83E-06
mSv/h
o ) , Single
activity per 47241 ~ &5 ]
] nuclide
. unit mass -57 ~ & )
R 1%[p=95%,k solution
) kk1009 | 1.00E+05 to -133 ~ 48 85.06.30 9 | 22 | 14 | 29 6 3 83 | %P 42
FLE =2] source
5.00E+05 -137 ~ 4 o
Ba/ g -60 ~ 4-192 o
PR
FEMARA
EARLE 2
P E i v Single Single FIE » BT
activi
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8.27E+09 Bq s st
s source source AEER .
A
MRS 4 1F -
o emission rate = o i
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e 1.00E+02/s |3%[p=95%,k o B ot
g s+ | kk1011 ) 2 surface 85.07.01 ey 20| 29 | 20 | 12 | 44 20 | 145 | %P 42
0 = p
I source
1.00E+04/s R
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AER T 1IER P AR iRy Aol iE S o
AERIFEHEF 599.08% % L& RBTFENAGFFFE80%17 2 &
AERG BOFANGEIERTFH D o
A E R BT PRAEE 398 i > 4z » 3,734,030 & > 42 4! 105 & & 250
Bt Pk e
% % BIPM ~ ISO-N ~ ISO-W + MIST-M ~ IEC-RQR % ¥ * 232 i 54
a‘:ﬁg@r s T F]F R E 0 AR R 0.05% AT A PR

12+ |EC 61267 * 7 RQR 5475 » £pl % F8%2 0.39% » i & £ 37
PFE TR )Y 1%t F PR e
%% TC-99m bt & R e BRIRE sz o dmex-y B ERRIC 2
£ pl% % 5 8.945 MBg/g + 0.50% CIEMAT/NIST = ;= £ jp|% % % 8.957
MBg/g +0.66% > @ #8= 22 Bipl8 %4 d - & £ FE2 R 0.5% -
i
AT EBI IR L BEEERI P A pFE AT
ST P 0 R R LR 0 3536 CO-60 Ak T B B Rk L
KT LAF LR REEHE T APMPRI()-KA B 250 > 21
T iaE E B3 05% EAE PR
AERFHRFTAVE2HE MR EDED B RF R T LR 2 B
EI AR T o BB S E R 2B B AIETA R RAL NP o
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ﬁfﬁL'fb“f‘]‘& 2 N j‘?:%?

P R g

i g2 APMPRI(I)-K3 1t 8t ihi2 2 289 % 3

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 Cm3)

8 R 72 I TLE P AR

Participant

Date of calibration at the

Date of chambers leaving for next

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 24-0Oct-2015
NMISA 11-Nov-2015 25-Nov-2015
ARPANSA 12-Dec-2015 2-Jan-2016
BATAN 20-Jan-2016 10-Feb-2016
NMIJ 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
BARC 3-May-2017 24-May-2017
Pilot(INER) May-2017 (END)
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A artiE 351192 4 2 5 B

Institute
NMIJ*
NRC*

NMIJ

BARC

NMISA

Nuclear Malaysia
INER

NRC

KRISS
IAEA

2 B
Q\L

_'.1

Bl $H(APMP.RI(1)-K8) 3 42

Measurement

September, 2016
October—
November, 2016

December, 2016

May 29 — June 2,
2017

June 19 — June 23,
2017

July 10 — July 14,
2017

July 31 — August 4,
2017

August 21 —
August 25, 2017
September 11 —
15, 2017

October 2 — 6,
2017



At R 4~ X SHAR1SO-4087 S5 % F %5 (APMPRI(I)-K3) 1t 45 &

Result relative to SCRV

Result relative to SCRV

1.05
1.04
1.03
1.02
1.01
1.00
0.99
0.98
0.97
0.96
0.95

1.05
1.04
1.03
1.02
1.01
1.00
0.99
0.98
0.97
0.96
0.95

Narrow Series

---------------------------------------------------------------- =NMI
----------------------------------------------------------- mPTB

INER
of .

. . . #NRL
nr:-i-----t--'--i --------- &-----oo- Shbiahhh_ihbhbhbhhh .
. t - L . a DMSC

] + ARPANSA

@BARC
MNA

NMISA

0.0

Mean energy [ keV

Wide Series

= NMIJ
®pTB

INER
* NRL

[ 1 ]

[ | L)

H e
a

* DMSC
# ARPANSA

@ BARC

0.0

50.0 100.0 150.0 200.0 250.0
Mean energy [ keV
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N I e e WL ES TR OR Y

WEOOtrHes dyEL EmER BELEE

IN40 0.9922 1.0000 1.0000 0.9922
IN60 0.9927 1.0000 1.0000 0.9927
IN8O 0.9937 1.0000 1.0000 0.9937
IN100 0.9947 1.0000 1.0001 0.9948
IN120 0.9953 1.0000 1.0003 0.9956
IN150 0.9958 1.0004 1.0004 0.9966
IN200 0.9966 1.0027 1.0003 0.9995
IN250 0.9971 1.0028 1.0009 1.0008
IN300 0.9974 1.0069 1.0034 1.0077

IW60 0.9925 1.0000 1.0000 0.9925

IW80 0.9931 1.0000 1.0000 0.9931
IW110 0.9945 1.0000 1.0001 0.9946
IW150 0.9954 1.0002 1.0003 0.9960
IW200 0.9962 1.0016 1.0003 0.9981
IW250 0.9967 1.0025 1.0005 0.9997
IW300 0.9971 1.0039 1.0016 1.0025

RQOR3 0.9921 1.0000 1.0000 0.9921
RQR4 0.9921 1.0000 1.0000 0.9921
RQR5 0.9922 1.0000 1.0000 0.9922
RQRG6 0.9924 1.0000 1.0000 0.9924
RQR7 0.9925 1.0000 1.0000 0.9925
RQRS8 0.9926 1.0000 1.0000 0.9926
RQR9 0.9929 1.0000 1.0000 0.9929
RQR10  0.9933 1.0000 1.0001 0.9934

M80 0.9923 1.0000 1.0000 0.9923
M100 0.9928 1.0000 1.0000 0.9928
M120 0.9932 1.0000 1.0000 0.9932
M150 0.9940 1.0001 1.0001 0.9942

B100 0.9926 1.0000 1.0000 0.9926
B135 0.9937 1.0000 1.0001 0.9938
B180 0.9946 1.0003 1.0002 0.9950
B250 0.9958 1.0013 1.0003 0.9975
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A et i® 6~ IEC 61267 RQR ET’F? P %
T4 1 H Fft fya % — ¥ 158 HVL) ¥ 5144 3(H)
sy HER REA mm Al
X kv mmAl INER i £FE(%) INER M #£ £ %)
RQR3 50 2343 179 178 055 077 076  -0.69
RQR4 60 2365 217 219 070 075 074 -1.67
RQRS 70  2.628 2.57 258 057 073 071 -2.44
RQR6 80  3.057 3.08 301 236 069 069 -041
RQR7 90 3121 3.56 348 239 068 068 052
RQRS 100  3.174 396 397 027 067 068 173
RQRY 120  3.673 505 500 -1.09 067 068  1.66
RQR10 150 4429 659 657 024 070 072  2.67
4153 RER T EABAR
X (Gyfs) (C/s)
RQR3 1.6178E-04 3.2918E-10
RQR4 2.3748E-04 4.8076E-10
RQRS 2.9725E-04 6.0378E-10
RQR6 3.4271E-04 7.0078E-10
RQR7 4.2044E-04 8.7276E-10
RQRS 5.0969E-04 1.0704E-09
RQRY 6.4744F-04 1.4032E-09
RQRI0 8.8154E-04 1.9971E-09
PP g R “gzéﬁ@ﬂ;uiﬁféﬂ:{i%ﬂ TP 0 T ERIFRIEATE RID] 0
FRs A K mf e 4 Zi»-'k
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AT Te-90m F ¥ SRS R R AR S R ER £

4mex -y & FHRIEITT AT TR A 1T &

Item Relative uncertamty %

A B
Extrapolation 048
DT and RT 0.01
Backeground 0.01
Counting 0.07
Weight 0.03
decay 0.06
Time Base 0.01
Dilute 0.01
Delay-B 0.01
decay scheme 0.01
Uc(k=1) 0.50

CIEMAT/NIST = /2 7 5& & » 17

A B
Activity of H-3 0.2
weight of H-3 0.02
(Quench of H-3 0.12
Counting of H-3 0.07
Nucleardata 021
Quench parameter 0.51
weight of Tc-99m 0.02
(Juench of Tc-99m 0.25
Counting of Tc-99m)| 0.07
Uc(k=1) 0.66
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M Zert i 11~ APMP 2016 ¢ shikAz 4 2 @ 2

H Program Schedule

Day 1 Mov. 11 (Fri.}

Full day workshops
Day I | Mo 12 (sat.)
09200 EC Maeting (1) I TCC Meeting
12:30 Lunch
Day 3 How. 13 (Sun., APMP-APLAC Joint PT Working Group
=i ’ 13:30 DEC Meeting (1) . "
meeting
18230 Welcome Reception
0:00 Al TCs (1] | EC Meeting (2)
12:30 Lunch
4 | Hov. 14 [Mon.
R ) 13:30 AlLTCs (2)
18230 EC/TC/DEC Dinner
09:00 AllTCs (3}
12:30 Lunch
E | Mov. 15 [Tue.
R ) 13:30 DEC Meeting (2)
1500 EC/ TCC Mestings
09200 Symposilm
12:30 Lunch
Day 6 | How. 16 L City Tour (1
= (Web.) 13:30 HMI Directors” Workshop J m
|for sightseeing: 1/2 day)
18:30 APMP DHnner
09200 General assembly (1)
12:30 Lunch
Day 7 | Mov. 17 iThu.) Lab. Tour [1
13:30 General Assembly . m
ifior TC member wvisit WMl lab.: 1./2 day
18:30 GA Dinner
08200 General assembly (2)
12:30 Lunch
. City Tour (Z)
Day 8 | Mov. 18 (Fri.} 13:30 General Assembly . )
|for sightseeing: 1/2 day)
15:00 ~
EC Meeting (3)
18200
. 14:00 ~ Lab. Touwr (Z)
Day ¥ How. 13(5at.) .
1700 (for Ga visit vl labo:1/2 day)

HOINGH) TOAN THE CHUONG TRINH B0 LUONG CHAUASTHAIBINR DUONG
LANTHU 32 VA CACSU KIENLIENQUANSSSS
THE 32'° ASIA PACIFIC METROLOGY PRB’@AMME
GENERAL ASSEMBLY AND RELATED MEETINGS™
09 - 18 November, 2016, Ds Nang, Viet Nam

(-‘

4
Y
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AN 12 0 74 - T4 R 40 16)

1 7w~ (2)

35 v} AR 1P g A BT
=% =
SCI # 7(2)
1 |& &% ;4 #x|105 & 2(Trabecular Bone Morphological|]. Med. Biol. Eng. [36:96-104
BMmAES 3 Analysis for Preclinical
Osteoporosis  Application Using
Micro Computed Tomography
Scanner
2 |U. Oparaji; Y.|105 # 9|SPECTRAL CORRECTION|Radiation SEPT. pp.
H. Tsai;Y. C.| FACTORS FOR(Protection 1-9
Liu; K. W. Lee; CONVENTIONAL  NEUTRON|p ietry
E. Patellil and DOSE METERS USED IN Advance Access
R. J. Sheu HIGH-ENERGY NEUTRON
ENVIRONMENTS—IMPROVED
AND EXTENDED RESULTS
BASED ON A COMPLETE
SURVEY OF ALL NEUTRON
SPECTRA IN IAEA-TRS-403
3 |% H AL, 4w Photon-scattering,  electron-lossiRADIATION F
C R VRS S and  shadow-effect  correction|pHySICS  AND
factors calculation for cylindrical| cgpMISTRY
free-air chamber
B 3 7(0)
2. %> (3
J?T (A EEREESS 1 AL F g3k LA
=%
A% § *0O)
1|% H#4E; % #5105 4 7 H|Calculation of correction|2016 # % 2 & F%
hieE 03-08 HEL[H/|factors  for  cylindrical|# & & B/ % H & *
= e free-air chamber ¢ 3 (2" International
Conference on
Dosimetry and its
Applications,
ICDA-2)
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2 |k F#;E P 4105 &£ 7 H|Reference air kerma rate|2016 & % 2 E ®%
Z 5t |03-08 HBEE/|calibration system for high|# £ € Bl % H & *
= R e dose rate Ir-192| ¢ 3 (2" International
brachytherapy sources in|Conference on
Taiwan Dosimetry and 1ts
Applications,
ICDA-2)
3| %P AR 105 4 11 H|32nd Asia Pacific Metrology| % 32 & 7 * 3+ & &
17-18 H g [Programme General| % ~ ¢ (32nd Asia
S s Assembly Laboratory Report|Pacific ~ Metrology
of Institute of Nuclear|Programme General
Energy Research Assembly)
SN EL)
3. iR £ (18)
7 e AR 3P 3 4 5t [ S
=X £ ¥
1|5 340 ke 10504 F % + 4 8 2+ £ 7] % 5|BSMI-INER-001-T001(105 | 32
2P AR G )
21§ % m 10505 N S “,!rt # 41|BSMI-INER-001-T002(105 | 160
i 2 Bl R B g )
3 . Ir-192 % 5.5 & +|BSMI-INER-001-T003(105 | 50
*FEH 10505, “%FLI‘?;;V 1 ; (
4 Ir-192 3% #5755 5 % % |BSMI-INER-001-T004(105 | 30
K F 10505|% # % 8 iz = 2 2 7]))
Prap s R0 ARA 2
S|HF v if K IEC 60601-2-54 %ﬁ + 7 IBSMI-INER-001-T005(105 | 34
I & 10507|F X SHa% & Heipl 425 |)
2
6 [FHF w2 = X sk Jf;ﬁaﬁsn £ & # % # % BSMI-INER-001-T006(105 | 70
o e 10507|".
o i‘af‘h L/T /P'in‘fﬂ ﬁﬁ‘_—» )
7 %w R ERE 10507 :&T 4t -”‘{? % 41 ¥ ¢l |BSMI-INER-001-T007(105 | 41
i FERE A )
8 w2 R 10509 *y: iﬂé%ﬁ? 5‘{551%‘ B 1 4 7| | BSMI-INER-001-T010(105 | 56
G EGTG IR )
9 - . P 5@; % IEC 61267|BSMI-INER-001-T011(105)| 25
w5 10500/ ROR i 7 X 585
i e 22 * = ‘
10| % P 42 ¥ % o g st £k s:c|BSMI-INER-001-T012(105 | 54
g 105094 4 #r ey )
11 ‘ =2 B g 58 £ 5 |BSMI-INER-001-T013(105 | 37
ER R 10510/, ‘m( £.137) )
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10510
#2 252 )
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i i RBRAFTESE )
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e % 10508\ & M= & & £ 7 2 2 &
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#31 € (TCRI Workshop)
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A LMt it 13 ~ 1999-2016 & NRSL %-4r B % - #4235 %

R (L E R)

-

TR

APMP.RI( T )-K4(1999)

60Co(45) k = fe il &

S ERLTE T

APMP.RI(I)-S2 166mH0(1999)

166mHo(4X)54vr F ks B

p

A NMIJ Ly R4 30

APMP.RI(TI)-K2 166mH0(1999)

166mHo(4% )< bt 1t 75

o

ie » KCDB(2003 # 5 1)

APMP.RI( 1T )-K2 58C0(2000)

58CO(45) 5 iR 1t i%
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Trabecular Bone Morphological Analysis for Preclinical
Osteoporosis Application Using Micro Computed Tomography
Scanner

David Shih-Chun Jin, Chien-Hao Chu, Jyh-Cheng Chen

Abstract

Trabecular bone morphological parameter (TMP)analysis with micro computed tomography
(micro-CT) has been used to evaluate the risk of fracture of osteoporosis in small animals.
Many researchers have pointed out the drawback of making decisions based on bone mineral
density only due to the lack of morphological information. Our study describes the application
of a laboratorymicro-CT systemand a self-designed TMP algorithm combined with two
statistical methodological tools for the evaluation of the artificially induced animal model by
the ovariectomy (OVX) surgery process. The results show that the percentage bone volume
(BVITV), the trabecular properties thickness (TbTh), number (TbN), and separation (TbSp)
have significant differences between the normal andOVXgroups. TbTh and ThSp had very
low p-values and are associated with bone loss caused by osteoporosis. The method can be
used to early detect osteoporosis to prevent the risk of fracture in aging small animals.

Keywords: Three-dimensional segmentation ; Bone mineral density (BMD); Biomedical

image analysis ; Osteopor
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SPECTRAL CORRECTION FACTORS FOR CONVENTIONAL NEUTRON DOSE
METERS USED IN HIGH-ENERGY NEUTRON ENVIRONMENTS—IMPROVED
AND EXTENDED RESULTS BASED ON A COMPLETE SURVEY OF ALL
NEUTRON SPECTRA IN IAEA-TRS-403

U. Oparajil,2, Y. H. Tsai2, Y. C. Liu2, K. W. Lee2,3, E. Patellil and R. J. Sheu2,4,*
lInstitute for Risk and Uncertainty, University of Liverpool, Liverpool L69 7ZF, UK
2Institute of Nuclear Engineering and Science, National Tsing Hua University, 101 Sec. 2,
Kung Fu Road,

Hsinchu, Taiwan, R.O.C.

3Institute of Nuclear Energy Research, Lungtan, Taoyuan, Taiwan, R.O.C.

4Department of Engineering and System Science, National Tsing Hua University, 101 Sec. 2,
Kung Fu

Road, Hsinchu, Taiwan, R.O.C.

*Corresponding author: rijsheu@mx.nthu.edu.tw

This paper presents improved and extended results of our previous study on corrections for
conventional neutron dose meters used in environments with high-energy neutrons (En > 10
MeV). Conventional moderated-type neutron dose meters tend to underestimate the dose
contribution of high-energy neutrons because of the opposite trends of dose conversion
coefficients and detection efficiencies as the neutron energy increases. A practical correction
scheme was proposed based on analysis of hundreds of neutron spectra in the IAEA-TRS-403
report. By comparing 252Cf-calibrated dose responses with reference values derived from
fluence-to-dose conversion coefficients, this study provides recommendations for neutron
field characterization and the corresponding dose correction factors. Further sensitivity studies
confirm the appropriateness of the proposed scheme and indicate that (1) the spectral
correction factors are nearly independent of the selection of three commonly used calibration
sources: 252Cf, 241Am-Be and 239Pu-Be; (2) the derived correction factors for Bonner
spheres of various sizes (6”—9”") are similar in trend and (3) practical high-energy neutron
indexes based on measurements can be established to facilitate the application of these
correction factors in workplaces.
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Photon-scattering, electron-loss and shadow-effect correction
factors calculation for cylindrical free-air chamber

Tseng-Te Huang, Chien-Hau Chu and Yi-Chun Lin

Abstract

A cylindrical free-air ionization chamber is used as the medium X-ray air kerma
primary standard at the Institute of Nuclear Energy Research (INER, Taiwan).
Photon-scattering, electron-loss and shadow-effect correction factors are taken into
account for the measurement of air kerma by cylindrical free-air ionization chamber.
The photon-scattering correction factor is to deduct ionizations caused by scattered
photons. The electron-loss correction factor is to compensate for the loss of electrons
striking the electrode shell without fully depositing their energies to the charges in the
air. The shadow-effect correction factor is to compensate for the loss of electrons
striking the collecting rod inside the chamber. The photon scattering and the electron
loss correction factors previously used at INER were based on the least-squares fit
with the experimental data published in the NBS Handbook 64. The shadow-effect
correction factor was not considered.

In this study, photon-scattering, electron-loss and shadow-effect correction factors
for each mono-energetic photon were calculated by Monte Carlo code EGS5. Then the
mono-energetic correction factors were substituted into the ISO 4037 radiation
qualities spectrum and calculated for the energy weighted correction factors.
Comparing the calculated correction factors with the previous correction factors, the
maximum differences were 0.51 % and 1.22 % for N-250 and N-300 radiation
qualities.

In the report of international comparison of air kerma standards for 1ISO 4037
narrow spectrum series (EUROMET.RI(1)-S3) conducted from 2004 to 2005, the ratio
of differences and expanded uncertainties (Di/Ui) for INER’s N-250 and N-300
radiation qualities are 0.9 and 1.8. If the correction factors obtained in this study are
substituted, the differences can be reduced, and Di/Ui become 0.36 and 0.6.

Keywords: Monte Carlo, free-air chamber, Photon-scattering, electron-loss,
shadow-effect
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Calculation of correction factors for cylindrical free-air chamber
Tseng-Te Huang, Chien-Hau Chu and Yi-Chun Lin

Health Physics Division, Institute of Nuclear Energy Research, P.O. Box 3-10, Longtan
325,Taiwan (R.O.C.)

ABSTRACT

A cylindrical free-air ionization chamber (Figure 1) is used as the medium X-ray
air kerma primary standard at the Institute of Nuclear Energy Research (INER,
Taiwan). Photon-scattering, electron-loss and shadow-effect correction factors
are taken into account for the measurement of air kerma by cylindrical free-air
ionization chamber. The photon-scattering correction factor is to deduct
ionizations caused by scattered photons. The electron-loss correction factor is to
compensate for the loss of electrons striking the electrode shell without fully
depositing their energies to the charges in the air. The shadow-effect correction
factor is to compensate for the loss of electrons striking the collecting rod inside
the chamber. The photon scattering and the electron loss correction factors
previously used at INER were based on the least-squares fit with the
experimental data published in the NBS Handbook 64. The shadow-effect

correction factor was not considered.
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Reference air kerma rate calibration system for high dose rate Ir-192
brachytherapy sources in Taiwan

Wei-Han Chu, Ming-Chen Yuan, Jeng-Hung Lee, Yi-Chun Lin
Health Physics Division, Institute of Nuclear Energy Research, P.O. Box 3-10, Longtan
325,Taiwan (R.O.C.)

ABSTRACT

Ir-192 sources are popular used in brachytherapy and there are around seven thousand
man-times using the high dose rate (HDR) Ir-192 brachytherapy source per year in Taiwan.
To establish the primary measurement standard of reference air kerma rate (RAKR) with the
HDR 1r-192 brachytherapy sources in Taiwan, the Institute of Nuclear Energy Research
(INER) fabricated a dual spherical graphite-walled cavity ionization chambers system to

direct measure the RAKR of the Ir-192 brachytherapy source..
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32nd Asia Pacific Metrology Programme General Assembly
Laboratory Report of Institute of Nuclear Energy Research

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 radionuclides activity and all of
them are maintained under the quality system complying with the 1SO 17025.
The first accreditation of NRSL was granted by TAF (Taiwan Accreditation
Foundation) in 2001 and NRSL continued to pass the on-site re-assessments

every three to five years and the nearest re-accreditation took place in 2015.
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