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FEER(F)
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) Establishment of dose standard for high energy photon linear accelerator.
(2) Establishment of X-ray dose primary standard for IEC 61267 RQT
qualities.
(3) Establishment of primary standard of activity for radioactive source of
Ce-141.
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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NMI Service
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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 #35 EHES
. primary standard |(2003) -
air kerma . 60 Lo N
INER-1001 mGyh™| 1.98E+03 | 2.30E+04 Co 1SO-4037-1 1 % 2 ionization chamber / &3 : APMP.RI(1)-K1.1 BF[&
rate
INER Eb¥f (2010-2011)~ 787 TAF
F 5T (2010)
L H A NMIJ ~ SEOM
- primary standard |ARPANSA =21 ¥(2002)-
air kerma
INER-1002 mGyh'| 6.12E+00 | 1.58E+03 Bics 1S0O-4037-1 1 % 2 ionization chamber / [F#T : APMP.RI(I)-K5 B
rate
INER EE¥$(2013-2015) -~ iHiE TAF
FaTE (2010) -
APMP/TCRI gL
(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 [Ef£
rate 300 kv ISO(N, W) INER .
EE$$(2015-2017) ~ 3% TAF
FET4(2010)
B NIST(2002) -
_ NIST(M) ) BN H A B L
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 Ef%
EL¥$(2008-2010) ~ @38 TAF
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Calibration or Measurement Service

Measurand Level or

Measurement Conditions /

Expanded Uncertainty

Reference Standard used in calibration

Range Independent Variable
P37 (2010)
. BN ARPANSA #E35 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)
i TAF $03%(2004) <
absorbed ) .
. 90ee 0 calibrated source / [E£3T : APMP.RI(I)-S2 [E7f&
INER-1006 |dose rate to|mGyh™| 4.28E+00 | 4.28E+00 SIY 1SO-6980 2 % .
. PTB EE¥$(2011-2014) ~ @48 TAF
tissue e
P15 (2010)
B2 PTB(2005)
Reference ) . N
_ ) o2 Calibrated source / | T : B PTB EEiE L%
INER-1007 | air kerma |mGyh 50 0.5 Ir 15 % . N
PTB (2014) - iE#E TAF FEEFHE
rate
(2010)
air kerma L N, N
INER-1008 pGy h’ 170 0.55 Am-241 12~28| % INER H i TAF FEFE (2010)
rate
4nB-y absolute  [BL HZA NMIJ 2 LE
activity per ) Single nuclide measurement, set of [**Cs(2005) - APMP/TCRI L1
INER-2001 ) Bqg g~ | 1.00E+05 | 5.00E+05 ] NCRP-58 1 % . s 139
unit mass solution source standard weights / [} ~“Ce(2004) -
INER =T APMP.RI(11)-K2.Fe-59

60



Calibration or Measurement Service

Measurand Level or

Measurement Conditions /

Expanded Uncertainty

Reference Standard used in calibration

Range Independent Variable
EUFEELEN(2014) ~ i TAF
AT (2010)
APMP/TCRI *°Co i 1:EE
#£(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 BHPEEE¥(2014 ~ JEE TAF
glass ampoule chamber / NPL N
T (2010)
SERNERY A N Al
o electroplate, ) . 36 s .
emission . Large area _ proportional counter /|ffk Cl 22 B[4 LEEF(2002) -
INER-2003 S 1.00E+02 | 1.00E+04 active area>10 3 % 2 . N
rate surface source INER AT ¢ S TAF HeliE
cm by 10cm
(2010)
ambient
dose
equivalent i TAF 2755(2004) -
rate, ) 257 calibrated source / &3 : APMP.RI(111)-S1 B[4
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 ISO-8529-3 5 % 2 A TAF 5226 (2004) -
personal source NPL
dose
equivalent

rate
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(=) R FRFZ5| 4

1. 1 PR & szt &
FrelehF e & B g P A g T
1 JR= % 1 SR &
PEAR-ONE- P - PpF-OrEL-1 L pgt
*khkkhkkhkkkhkkhkkhkhkkhkkhkkhkhkkhkkhkkhkkhkkhkkhkhkkhkkhkkhkhkkhkhkkhkkhkhkhkhkkhkkhkkhkhkkhkkhkkhkkhkkhkkkhkkkkhkkkkkkkkkkkikikk
VR 22 aF R TOFRG SRR (108 £ &)
i ks 2 % OB A - #E IEE A BEpY ppdh Tk Fx L
Fluke(Victoreen) NERO FRPAEE A 2R Y
KK1003 NRSL-107461 ( ) FE ” . / N 2 107.11.26 107.12.17 11,600 - % &%
mAX £ € fciick” i
KK1005 NRSL-107428 PTW TM30013 1 == %51‘% 107.11.28 107.12.18 9,600 -5 ¥R 3Z
KK1001 NRSL-107425 PTW TM30013 1 == %51‘% 107.11.28 107.12.18 9,600 -5 ¥R
KK1005 NRSL-107427 PTW TM30013 1 == %gl‘% 107.11.28 107.12.18 9600 -% #=% 3
KK1001 NRSL-107424 PTW TM30013 1 == %P% 107.11.28 107.12.18 9,600 -5 ¥R
KK1005 NRSL-107431 IBA FC65-G 1 == %5}‘5% 107.11.28 107.12.18 9600 -% =23
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KK1001 NRSL-107430 IBA FC65-G 1 $2FR 107.11.28 107.12.18 9,600 - %3
KK1005 NRSL-107429 PTW TM23343 1+ Fr 107.11.28 107.12.18 9,600 - %7
KK1001 NRSL-107426 PTW TM23343 1 % Fr 107.11.28 107.12.18 9,600 - %3
KK1009 NRSL-107422 PTW TM33004 1+ Fr 107.11.28 107.12.18 14,000 - & M%+#
KK1008 NRSL-107473 THERMORADEYENL 1 ¥ #44% 227 1071128 1071220 9,600 - & [F
STANDARD IMAGING , , .
KK1005 NRSL-107442 ' TheAFR 107.11.30 108.01.16 9,600 - & 3
KK1009 NRSL-107444 Nucletron 077091 1 LTheAFR 107.11.30 108.01.16 14,000 - & FMF#
LAFAMME A § 2 .
KK1005 NRSL-107437 PTW TM30013 1 );gf ;r*/ ? 107.12.03 108.01.14 9600 - & &3
ERBRMME A G2 )
KK1001 NRSL-107436 PTW TM30013 1 ij ;F’ ® 107.12.03 108.01.14 9,600 - & 7
LAFRMME 32 ]
KK1009 NRSL-107439 PTW TM33004 L s Fg f ;F% sow 107.12.03 108.01.14 14000 - & M%F+#
KK1003 NRSL-107495 IBA XR 1 AEFERRE AL 107.12.18 108.01.03 9,600 - & 4%
KK1003 NRSL-107496 IBA XR 1 L E@FEmpdaf 107.12.18 108.01.03 9,600 - & &%
KK1003 NRSL-107494 IBA DCT-10 1 L E@FEmpdaf 107.12.18 108.01.03 9,600 - & & %%
KK1004 NRSL-107497 IBA XM 1 AR FERpF L 107.12.18 108.01.03 9,600 - & 4%
KK1004 NRSL-107498 IBA RQM 1 AE@FEmpdass 107.12.18 108.01.03 9,600 - & &%
KK1010 NRSL-107466 ERS(RKK8200)(Co-57) 1 = &% 127 107.12.25 108.01.02 9,600 - & % Fik
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KK1010 NRSL-107467 ERS(RKK8300)(Ba-133) 1 %5 £ #7127 107.12.25 108.01.02 9,600 - & 4% ¥ib
KK1010 NRSL-107468 ERS(RKK8400)(Cs-137) 1 &5 £ %73 a7 107.12.25 108.01.02 9,600 - & 4 ¥Fib
KK1008 NRSL-107527 LUDLUM 12-4 1 % +32a7 108.01.07 1080128 9,600 - & M % #
KK1008 NRSL-107511 BERTHOLD LB6411 1 B4 U7 1080107 1080110 9,600 - & MEFH
KK1008 NRSL-107512 BERTHOLD LB6411 1 B4 U2 1080107 1080110 9,600 - & FEH
KK1008 NRSL-107513 BERTHOLD LB6411 1 B+4EHf44 429 1080107 1080110 9600 - & MEH
KK1001 NRSL-107483 PTW TM30013 1 AF®RERFF AP 1080107 1080123 9,600 - & fE 7
KK1001 NRSL-107489 PTW TN30013 1 \T%% AFEFT 080107 108.01.23 9,600 -5 %%
KK1005 NRSL-107491 PTW TN30013 1 \T%% REEPTN 080007 1080123 9,600 -5 %3
KK1001 NRSL-107488 PTW TN30013 1 \f:%% AREFT 080107 108.01.23 9,600 - %%
KK1005 NRSL-107490 PTW TN30013 1 \f:%% AREFT 080107 108.01.23 9,600 -& %%
KK1003 NRSL-107499 Radcal 10X6-3CT 1 EA*H 108.01.07 108.01.14 9,600 - & & %2
KK1003 NRSL-107504 Radcal 10X6-6 1 EA+% 108.01.07 108.01.14 11600 - & 4 %2
KK1003 NRSL-107500 VacuTec DAP -OEM 1 £A % 108.01.07 108.01.14 11600 - % 4 %
KK1003 NRSL-107506 RTI Dose Profiler 1 EA-H 108.01.07 108.01.14 9,600 - & 4 %
KK1004 NRSL-107503 RTI Piranha 657 1 LA E 108.01.07 108.01.14 9,600 - & 4 &2




KK1004 NRSL-107502 RTI Piranha 657 1 &R+ F 108.01.07 108.01.14 9,600 - % &£®iZ
KK1004 NRSL-107501 Exradin A600 REF92600 1 & A~ % 108.01.07 108.01.14 9,600 - % £®iF
KK1003 NRSL-107505 RTIDCT-10 1 #A=F 108.01.07 108.01.14 9,600 - % &£®iZ
KK1008 NRSL-107525 THERMO FHT 751 1 2FEFHPLHEF AP 108.01.16 108.01.18 9,600 - & MFH
KK1003 NRSL-107462 Radcal 10X6-3CT 1 Bsnd 2y s 107.12.26  108.01.28 9,600 - % &£%:2
KK1001 NRSL-107481 PTW TW30013 1 ZEZFHFRr AP 108.01.07 108.01.18 9600 -% +=% 3%
KK1004 NRSL-107507 Radcal 40X9-Mo 1 %A % b B2 A 108.01.24 108.02.19 9,600 - % &£®iZ
KK1004 NRSL-107508 Radcal 10X6-6M 1 & A %33)%‘ CERLIPER 108.01.24 108.02.19 9,600 - % &£®iZ
KK1003 NRSL-107509 :_;—(\J/X;JZREIBURG 1 & A %-‘%‘ CERLIPER 108.01.24 108.02.19 13,600 - % & ¥®i*
KK1003 NRSL-107510 Radcal 10X6-3CT 1 & A %5?),%.‘ CERLIPER 108.01.24 108.02.19 13,600 - & & ®i*
KK1001 NRSL-108026 PTW TN30013 1 *H %3 R T %3 = 108.02.13 108.02.21 9600 -% %37
KK1005 NRSL-108027 PTW TN30013 1 "R %5 R %5 =  108.02.13 108.02.21 9,600 -% %32
frfed HEHF KGR , _
KK1003 NRSL-108001 Radcal 10X6-6 1 N 108.01.24 108.02.22 9,600 - % &£%:2
KK1008 NRSL-108035 THERMO FHT751 1 TE i %f)i( ; z/é CiRe 108.01.24 108.03.07 9600 - & MFH
KK1008 NRSL-108036 BERTHOLD LB6411 1 TE iﬁfi‘ ; z/é CiRe 108.01.24 108.03.07 9600 - & MFH
KK1001 NRSL-107528 PTW TN30013 1 3 %5’% 3 108.02.13 108.03.08 9,600 -% =& 32
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KK1005 NRSL-107529 PTW TN30013 1 %friﬁf e 108.02.13 108.03.08 9600 -% =% 3
STANDARD IMAGING ¥R f?fiii%’i >3 . N
KK1005 NRSL-108002 1 108.02.13 108.03.07 9,600 -% =% 3
EXRADIN A12S o
FRMABZ A 2R 5
KK1001 NRSL-108032 PTW TW30013 1 Fg A H N / N 2 108.02.13 108.02.27 9600 -% =3
EE ok P
FRpmZE A o0 .
KK1005 NRSL-108033 PTW TW30013 1 f A H N / N 2 108.02.13 108.02.27 9600 -% =3
EEfriiok’ vFr
fﬁ % GE R B TRAR R OK TN
KK1005 NRSL-108038 PTW TW30013 1 ' A = 108.02.13 108.03.05 9,600 -% =% 3
7 Raw
PR drkymiph % .
KK1005 NRSL-108039 PTW TW30013 1 g o 108.02.13 108.03.05 9600 -% %37
l)v F N4 ¢
STANDARD IMAGING Fgﬁ % ORE B B IRAR R K ) R
KK1005 NRSL-108041 1 R 108.02.13 108.03.05 9,600 - % =3
A1SL92722 B S
KK1003 NRSL-108020 Radcal 10X5-3CT 1 £ARXF 108.02.18 108.02.21 9600 -% &%z
KK1003 NRSL-108019 Radcal 10X5-60 1 £A~H 108.02.18 108.02.21 9,600 - % &%
KK1003 NRSL-108018 Radcal 10X5-6 1 £A~F 108.02.18 108.02.21 9600 -% &%
KK1004 NRSL-108021 Radcal 40X5-Mo 1 £ARXF 108.02.18 108.02.21 9600 -% &%z
KK1003 NRSL-108024 Radcal 10X6-6 1 £R:F 108.02.18 108.02.21 11,600 - &% £ &Z
KK1003 NRSL-108022 Radcal 40X5-W 1 A~ F 108.02.18 108.02.21 9600 -% &%
KK1003 NRSL-108017 RTI Dose Profiler 1 &A% 108.02.18 108.02.21 9600 - % &%=
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KK1003 NRSL-108016 RTIDCT-10 AR F 108.02.18 108.02.21 9,600 - EA BE
KK1004 NRSL-108025 RTI Piranha 657 RS H 108.02.18 108.02.21 9,600 - £®z
KK1003 NRSL-108023 Radcal 40X12-W AR F 108.02.18 108.02.21 11,600 - EA BE
KK1004 NRSL-108029 ?S_;EEBKVP divider ;j i\{i " %& RH 108.02.22 108.03.15 9,600 - & %
KK1004 NRSL-108030 Gammex 245 j; i\{i " % RRA RS 108.02.22 108.03.15 9,600 - & %2
KK1003 NRSL-108031 IBA DCT-10RS j; i\{i /ill % RRA RS 108.02.22 108.03.15 9,600 - & %2
KK1001 NRSL-108004 IBA FC65-P :; i% ” ;Eiz R 108.02.27 108.03.08 9,600 - w27
KK1009 NRSL-108006 PTW TW33004 - E %% 4 : i/z CES 108.02.27 108.03.08 14,000 - P+
KK1001 NRSL-107485 WELLHOFER IC-69 )i];; i}lfﬁ AR %% Fre 108.03.04 108.03.19 9,600 - 23z
KK1005 NRSL-107486 WELLHOFER IC-69 )i];; i}lfﬁ AR %% Fre 108.03.04 108.03.19 9,600 - 23z
KK1001 NRSL-107518 IBA FC65-P )‘i]%; i/? AR %% Fre 108.03.04 108.03.19 9,600 - 237
KK1005 NRSL-107517 IBA FC65-P Ak %g Fre 108.03.04 108.03.19 9,600 - 237

RFR
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pARE A ¢ E R I 5

KK1008  NRSL-108078 ATOMTEX/BDKN-OL 1 /i, 1080305 1080312 9600 - & MF4
25 b
KK1004 NRSL-108043 Radcal 10X6-6M fr gL TR 10803.13 1080328 9600 - & &%
KK1004 NRSL-108044 Gammex 245 frEALTR 10803.13 1080328 9600 - & 4%
AR R ER T T
KK1003 ~NRSL-108037 PTW TW30009 PIEFRASEPIN 0g0318 1080320 15600 - m k@
EE{IF R Rpg e o
KK1003 ~NRSL-108065 Unfors XI CT - 1080319 1080328 9600 - & 4%
RTI Electronics AB R LS Wi
KK1004 NRSL-108079 . " M PREARD 080322 1080408 0600 - &
Iran poia
4B Iy A >
KK1004 NRSL-108080 Gammex 245 e FREARP 1080322 1080408 9600 - m £
e
KK1003 ~NRSL-108093 RaySafe Xi CT FLB%WS 1P 1080822 1080403 9,600 - & A%
KK1010 NRSL-108081 Spectrum Technique/SS8 1 =4 #7427 1080412 1080422 9600 - & A¥ik
A FRABRE A &K o
KK1009 NRSL-108133 PTW 077094 on FRHE 1080411 1080502 14000 - & ME+4
KK1009 NRSL-108127 Nucletron 077092 5 AR 1080411 1080503 14000 - & HE+
KK1001 ~NRSL-108045 PTW TM30013 L RERGF TSP 1080418 1080503 9,600 - & 3§
KK1005 NRSL-108046 PTW TM30013 LR HRE®PS AP 1080418 1080508 9600 - f7 3§
1Y EALFREAA ,)A
KK1001 NRSL-108086 PTW TN30013 108.04.18 1080507 9600 - & {7 % §
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KK1001 NRSL-108089 PTW TN30013 A 108.04.18 108.0501 9,600 - % {72 %
];\ 5% . ‘ o3 q:l’j)r.;/,\.,lk K?\!

KK1005 NRSL-108090 PTW TN30013 ,\ir?g RAREDT 108.04.18 108.0501 9,600 - & {72 %
FHAFPER ] .

KK1005 NRSL-108072 PTW TM30013 o Frases 108.04.18 108.05.07 9,600 - & {7 ;

KK1001 NRSL-108075 IBA FC65-G #% £ F%F 127 1080418 1080507 9,600 - & 7 #

KK1005 NRSL-108076 IBA FC65-G % £ %3127 1080418 1080507 9,600 - & 3§
R TR B AR L.

KK1005 NRSL-108101 PTW TN31014 - T‘g fj ; V’ f 108.04.18 108.05.01 9,600 - & {73 3
A TR B <tk R

KK1005 NRSL-108100 PTW TN30013 - FR Ly a 108.04.18 108.0501 9,600 - & 7% 3
A TR MBI 4 kT

KK1009 NRSL-108143 PTW TN33002 - Fg f Ly r*/ f 1080419 1080501 14,000 - & %%
T A B B

KK1008 NRSL-108165 THERMO FHT 751 g o 1080502 1080506 9,600 - & %4
R 20 ¢

KK1008 NRSL-108166 LUDLUM 12-4 et ane 1080502 1080508 9,600 - & FEFH

KK1001 NRSL-107493 SUN NUCLEAR 1118 AR AN 108.0502 108.05.08 9,600 - & & %
AR MR L

KK1009 NRSL-108132 PTW TW33004 i igjf ; - © " 1080411 1080520 14000 - & MF#

4 L
KK1008 NRSL-108164 INOVISION/RP-N RLE 4G TP 1080502 1080613 9,600 - & FEH
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KK1004 NRSL-108159 Unfors Xi RIF&MAM 1 =hKZEFRFEF 108.05.20 108.06.03 9,600 - &% 4£%:2
KK1011 NRSL-108145 AEA TECHNOLOGY 1 R @3 108.06.03 108.06.14 12,000 B kB I
KK1011 NRSL-108146 AEA TECHNOLOGY 1 ;R EREEE 108.06.03 108.06.14 12,000 B kR I
KK1011 NRSL-108147 AEA TECHNOLOGY 1 c R HE®RE 108.06.03 108.06.14 12,000 B B
KK1011 NRSL-108148 AEA TECHNOLOGY 1 FRsE®RE 108.06.03 108.06.14 12,000 B RB I
KK1011 NRSL-108149 AEA TECHNOLOGY 1 @3 108.06.03 108.06.14 12,000 B kBB I
KK1011 NRSL-108150 AEA TECHNOLOGY 1 FRsE®RE 108.06.03 108.06.14 12,000 B RB I
KK1011 NRSL-108151 AEA TECHNOLOGY 1 R R®RE 108.06.03 108.06.14 12,000 B kBB I
KK1011 NRSL-108152 AEA TECHNOLOGY 1 FRsE®RE 108.06.03 108.06.14 12,000 B RB I
KK1011 NRSL-108153 AEA TECHNOLOGY 1 R @®RE 108.06.03 108.06.14 12,000 B kBB I
KK1011 NRSL-108154 AEA TECHNOLOGY 1 FRsE®RE 108.06.03 108.06.14 12,000 B RB I
KK1011 NRSL-108155 AEA TECHNOLOGY 1 R @E®RE 108.06.03 108.06.14 12,000 B kI
KK1011 NRSL-108156 AEA TECHNOLOGY 1 -~ Rz 108.06.03 108.06.14 12,000 B RBI
KK1011 NRSL-108157 AEA TECHNOLOGY 1 @ ®R3F 108.06.03 108.06.14 12,000 B ki3
KK1011 NRSL-108158 AEA TECHNOLOGY 1 FRsE®RE 108.06.03 108.06.14 12,000 B RBI
KK1005 NRSL-108097 A.Wieser Messtechnik 1 %Ry Aav 108.06.17 108.06.19 30,000 B3I
KK1004 NRSL-108179 INOVISION 35080B 1 v ii " % RE A 108.06.19 108.07.05 9,600 - & 4£%:2
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KK1004 NRSL-108181 INOVISION 35080B o 108.06.19 108.07.05 9,600 - & &%
}i R4 ¥
2 _gl Jo ! %) :/‘«; % LIRS
KK1004 NRSL-108182 INOVISION 35080B Y FARRASE 1080610 1080705 0600 -4 &%
}i SN
4RI _?g Kk , .
KK1004 NRSL-108184 INOVISION 35080B M 108.06.19 108.07.05 9,600 - & &%
j s
HE w§% e .
KK1004 NRSL-108185 INOVISION 35080B M 108.06.19 108.07.05 9,600 - & & %
}i 2
5B L F R R
KK1004 NRSL-108183 KEITHLEY 35080A " FREARE 080610 1080705 9600 -5 k@i
}i N2
1' ﬂ - Oy B "E ;\l/
KK1004 NRSL-108180 KEITHLEY 35080A ) m‘i’_ FREASE 050619 1080705 9,600 - & &%
j s
B FHMEE A E ,
KK1008 NRSL-108177 THERMO NRD g1 FRH B 108.06.17 108.07.03 9,600 - & [F #
&S FRMABRZE A &S -
KK1008 NRSL-108178 CARDINAL PR-N g1 FoRH B 108.06.17 108.07.03 9,600 - & [F #
RERERGG AP L
KK1003 NRSL-108190 FLUKE 8000 N 108.07.15 108.07.22 15600 - & 4 %
T T 2,
FRGHFRRA RS ]
KK1008 NRSL-108201 THERMO NRD-H2 Mg 10807.10 1080726 9,600 - & FEFH
[
BERTHOLD )
KK1008 NRSL-108213 B 4gsHf4d 827 1080726 1080801 9,600 - & MFH
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BERTHOLD

KK1008 NRSL-108214 L B6411-PB et TR s Sy I AR 108.07.26  108.08.01 9,600 - i 'ﬁ—“ +
BERTHOLD _
KK1008 NRSL-108215 L B6411-PB et TR s Gy I AR 108.07.26  108.08.01 9,600 - R " +
BERTHOLD _
KK1008 NRSL-108216 L B6411-PB el TR s Gy I AR 108.07.26  108.08.01 9,600 - R i +
KK1008 NRSL-108223 Thermo RADEYE N/NL PR G L P 108.07.23 108.08.01 9,600 - F —“F']—“ +
KK1008 NRSL-108224 Thermo RADEYE N/NL ¢RI AB L e & 108.07.23 108.08.01 9,600 - Fﬁ—ﬁ“ +
KK1002 NRSL-108188 PTW TN32002 E3 st /piig?ﬂ’ = 108.07.26  108.08.29 9,600 - A
. B FRRA R -
KK1004 NRSL-108204 Unfors Xi RIF&MAM A = 108.08.08 108.09.03 9,600 - o BES
5 F R AL
KK1003 NRSL-108203 Radcal 10X6-3CT ,Ug, N Fg REAERT 108.08.08 108.09.03 9,600 - A e
LR P
KK1004 NRSL-108194 Radcal 20X6-6M Fg A H lﬁl B ¥ & 108.08.08 108.09.02 9,600 - A BES
£ g Iniokd  F R
FRMAEZE A RS
KK1003 NRSL-108195 Radcal 20X6-6 Fg A H L ¥ 108.08.08 108.09.02 11,600 - A BES
£ g etz PR R i?;?]‘;{,
FRMAEZE A RS
KK1003 NRSL-108196 Radcal 20X6-180 Fg A H L ¥ 108.08.08 108.09.02 9,600 - £ %
Egfriiok? s Fr
KK1011 NRSL-108167 AEA TECHNOLOGY i ] I A 108.09.03 108.09.20 12,000 - P AR
KK1011 NRSL-108168 AEA TECHNOLOGY e RS L S 108.09.03 108.09.20 12,000 - * P AR
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KK1011 NRSL-108169 AEA TECHNOLOGY 1 c#®R 4 Ripy ey 108.09.03 108.09.20 12,000 - % ZEP4%
KK1011 NRSL-108170 ECKERT & ZIEGLER 1 c#T AR Ay 108.09.03 108.09.20 12,000 - % ZHP4E
KK1011 NRSL-108171 AEA TECHNOLOGY 1 c#BR 4 Rpy Aoy 108.09.03 108.09.20 12,000 - % %P 4%
KK1011 NRSL-108172 AEA TECHNOLOGY 1 c#T AR Ay 108.09.03 108.09.20 12,000 - % RP4E
KK1011 NRSL-108173 AEA TECHNOLOGY 1 c#T Aoy 108.09.03 108.09.20 12,000 - % RP4E
KK1011 NRSL-108174 ECKERT & ZIEGLER 1 c#®R 4 Ripy Aoy 108.09.03 108.09.20 12,000 - % EP4%
KK1011 NRSL-108175 ECKERT & ZIEGLER 1 c#T A 108.09.03 108.09.20 12,000 - % ZP4E
KK1011 NRSL-108176 AEA TECHNOLOGY 1 ¢RI RryAad 108.09.03 108.09.20 12,000 - % %EP4%
KK1008 NRSL-108243 LUDLUM//2241-4 1 R=2? L F 108.09.03 108.09.11 9,600 - 5% J‘éi—?]—“ 4
5B LN F R R ]
KK1008 NRSL-108245 THERMO /NRD 1 j . 'i /_1 f s 7 108.09.03 108.09.20 9,600 - 5% J‘ﬁ—ﬁ %
}i N 4 F
KK1003 NRSL-108229 Unfors 8202011-E 1 =hKHEFREF AP 108.09.03 108.09.19 9,600 -5 £®iZ
KK1003 NRSL-108219 PTW T60004 1 EFEFLHERGFG AP 108.09.10 108.10.01 9,600 -5 £
THERMO RADEYE EAIMEERLFT R ) ~
KK1008 NRSL-108255 108.09.23 108.10.16 9,600 - % M i 4
PX/NRD-H2 A
RS ST o
KK1001 NRSL-108120 IBA FC65-P 1 . 108.09.06 108.10.22 9,600 -% 23
ER: Rl ISP I A
KK1005 NRSL-108121 IBA FC65-P 1 . 108.09.06 108.10.22 9,600 -% ¥23
KK1005 NRSL-108047 STANDARD IMAGING 1 & 'fr%Mﬁ‘ RELFTF T 108.10.08 108.10.18 9,600 -5 ¥R 37
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Al1SL

N =S
&

STANDARD IMAGING

AR R R E R T T

NRSL-108048 9,600 "% g
A1SL a7
FAFRHBE 52 N
NRSL-108063 PTW TW30013 9,600 E
B HFR Y
NRSL-108066 PTW TM30013 LR RERNG TP 9,600 E
NRSL-108067 PTW TM30013 AfFRERFG I F 9,600 ¥z
LR FRAAEEAZS >
NRSL-108069 PTW TM30013 g ]1 PR 1 9,600 L
TR EFHRABREA LS N
NRSL-108070 PTW TM30013 g ]1 FRALB 1 9,600 S
"i g:; L g; N\ A xf\[ N\
NRSL-108091 IBA FC65-P 2R SARET 9,600 S
NRSL-108104 PTW TM30013 LRRERPF 2P 9,600 LE
NRSL-108105 PTW TM30013 LRHRERRF 2P 9,600 L
NRSL-108106 PTW TM30013 ERonig In P 9,600 LE
NRSL-108107 PTW TM30013 ERonig In P 9,600 LE
® zp & X Bogzr @ e
NRSL-108111 PTW TN30013 N ;F& FHERC 9,600 I
AAeF R REL G T
NRSL-108113 PTW TW30013 IERREEST 9,600 T
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AfeF R RERGF T

KK1005 NRSL-108114 PTW TW30013 N 108.10.08 108.10.18 9,600 %7
5 A E :‘,’",3?8}1"\4 (=]
KK1001 NRSL-108115 PTW TW30013 ,\1 _Pg RAR%ET 108.10.08 108.10.18 9,600 %7
5 A E :‘,’",3?8}1"\4 (=]
KK1005 NRSL-108116 PTW TW30013 ,\1 _Pg RAR%ET 108.10.08 108.10.18 9,600 %7
AR R REL G T
KK1001 ~NRSL-108117 PTW TW34045 FRRRRET 108.10.08 108.1018 9,600 e
AR R REL G T
KK1005 NRSL-108118 PTW TW34045 FRRRRET 108.10.08 108.1018 9,600 e
STANDARD IMAGING o o
KK1005 NRSL-108123 "ﬁc Wirg P 108.10.08 108.10.18 9,600 %2
A1SL
KK1001 NRSL-108125 PTW N30013 Birs A %5 9 108.10.08 108.10.23 9,600 #3237
STANDARD IMAGING P R
KK1005 NRSL-108134 ALSL FEARR e 108.10.08 108.10.18 9,600 %32
STANDARD IMAGING P R
KK1005 NRSL-108135 ALSL PR e P 108.10.08 108.10.18 9,600 %32
STANDARD IMAGING P R
KK1005 NRSL-108136 ALSL PR e 108.10.08 108.10.18 9,600 %32
KK1001 NRSL-108217 PTW TM30013 AT TR F] %5 [E3 108.10.03 108.10.24 9,600 #%3
EARFAMEE A AL L.
KK1001 NRSL-108248 EXRADIN Al12 PE ” 2R 108.10.08 108.10.17 9,600 %7

L RARR A %5 [ R
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LAFAMME <AL

KK1005 NRSL-108249 EXRADIN Al12 LERRE A %5 EX bl £ 108.10.08 108.10.17 9,600 5 #F27
F
F e g E AR R L
KK1001 NRSL-108082 PTW TM30013 A2 opg AN 3 108.10.08 108.10.18 9,600 B B3
7 X =w
FH B LR R .
KK1005 NRSL-108083 PTW TM30013 A2 opg A 3 108.10.08 108.10.18 9,600 B B3
7 X =w
FH B LR R .
KK1005 NRSL-108084 EXRADIN A1SL A2 opg AN 3 108.10.08 108.10.18 9,600 B B3
7 X =w
KK1008 NRSL-108259 THERMO BDKN-01 PORSARABL G L & 108.10.03 108.11.01 9,600 B Fﬁ—ﬁ“ %
KK1005 NRSL-108095 WELLHOFER IC 15 /i’f‘ipi w & %g [EIE WA S 108.10.08 108.11.06 9,600 B B3I
KK1005 NRSL-108094 PTW TW23343 ,éiﬁi.ﬁ,?él %51‘%" - S 108.10.08 108.11.06 9,600 B B Z
S IULIEEE s s
KK1001 NRSL-108109 PTW TM30013 %51” 108.10.08 108.11.01 9,600 B B3
KK1005 NRSL-108128 PTW TN30013 P i? N Y %g S 108.10.08 108.11.12 9,600 B ¥R
NI EF R MEE AR TN
KK1001 NRSL-108140 PTW TW30010 ¥ » HFR ~ 7 1081008 1081101 9600 - & 7 3
N é%"?i’? [
NG F R AR A K . A
KK1005 NRSL-108141 PTW TW30010 i &WF%)%‘ j - 108.10.08 108.11.01 9,600 B B3
E:Y %Tﬁ‘fﬁ(% 3
KK1001 NRSL-108191 WELLHOFER e %5«‘)%:7}:&@?% A A g 108.10.08 108.11.01 9,600 B B3
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WD-IC-69 kA& %’Pg 3
ﬁ%f%%@¢4%% ‘ L
KK1005 NRSL-108098 PTW TM30013 - p” 108.10.08 108.11.19 9,600 -% =% 3
Fg‘ﬂ KA l}i‘ﬁ: ’F AR N
KK1005 NRSL-108220 PTW TW31010 1A 108.10.08 108.11.12 9,600 -% =% 3
7 7 i
fﬂ E é’- @E B RE N
KK1001 NRSL-108221 PTW TW30006 N = 108.10.08 108.11.12 9600 -% =3
I7 }i R 2 ®
T o s
KK1001 NRSL-108225 PTW TM30013 % s 108.10.08 108.11.01 9,600 -% =% 3
KK1001 NRSL-108250 PTW TW30013 =& %g«‘),%: PE]E A 108.10.08 108.11.05 9600 -% %37
KK1005 NRSL-108251 PTW TWwWa30013 =& %-‘Iﬁ‘ FElEIPES 108.10.08 108.11.05 9600 -% %37
UL ERE RS .
KK1001 NRSL-108197 CAPINTEC PR-06C L 108.10.08 108.11.01 9600 -% =23
Egfriok? vFr
KK1001 NRSL-108209 WELLHOFER FC65-P 7 & ?f 3 108.10.08 108.11.08 9600 -% #=% 3
KK1005 NRSL-108210 WELLHOFER FC65-P <& %5 S 108.10.08 108.11.08 9600 -% =23
pew éfuyfij:ts; > e
KK1003 NRSL-108227 IBA 120-131 HS N 108.10.08 108.11.05 9,600 - % &%=
S ;i R SF - I aP B
KK1003 NRSL-108228 IBA RQA . 108.10.08 108.11.05 13,600 - & £ &Z
KK1002 NRSL-108261 NE2571 T ARy R 108.10.28 108.11.21 9600 - % T AL~
KK1002 NRSL-108260 NE2530 e RS L S 108.10.28 108.11.21 9,600 - =% AR
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KK1002 NRSL-108262 NE2575 SHTARPF AP 1081028 1081121 9,600 - & 1 L@
KK1001 ~NRSL-108256 PTW TM30013 AfRERHF U4 P 1081105 1081112 9600 - & I L
Y e , |
KK1005 NRSL-108268 IBA FC65-G T 1081105 1081115 9600 - & 1L
PRFEFL TR S
TEEEYY
KK1001 NRSL-108266 IBA FC65-G SR ERAFAT 81105 1081115 9600 - & 1 n e
PRF R REE gy
“h 2% e Frd
KK1005 NRSL-108267 IBA FC65-G SR EXSFAT 81105 1081115 9600 - & 1ne
PRFE S e R
Sa 2% s Fhed
KK1001 NRSL-108265 IBA FC65-G e Pt 1081105 1081115 9,600 - & 2L+
IR RE R G ﬁ |
KK1001 ~NRSL-108289 PTW TM30013 .o 108.10.28 108.11.08 9,600 - & TR
AT
J\fr'%)%‘fi%’i}ilp\”ﬁ‘i’ , .
KK1005 NRSL-108288 PTW TM30013 o 108.10.28 1081108 9,600 - & 1L
2w
P RAESS e
KK1001 ~NRSL-108281 PTW TN34045 o 108.10.28 1081108 9,600 - & 1L
2w
A ’ff’%&f}%“ ]’i@a F £ , 0 o
KK1005 NRSL-108279 PTW TN34045 o 108.10.28 1081108 9,600 - & 1L
2w
CfF R KRR o
KK1001 ~NRSL-108282 PTW TN34045 o 108.10.28 1081108 9,600 - & 1=
A
e ER RS T .
KK1005 NRSL-108280 PTW TN34045 .o 108.10.28 1081108 9,600 - % R
AT
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KK1005 NRSL-108130 PTW TW30013 ZERFIR 108.11.05 108.11.12 9,600 - A
AR R R E R T T
KK1001 NRSL-108316 PTW TW30013 A 2 108.11.05 108.11.15 9,600 - B RS
AR R R E R T T
KK1005 NRSL-108317 PTW TW30013 A 2 108.11.05 108.11.15 9,600 - B RS
]/\ r\; ;"",E,ga)f‘\"\" 351
KK1001 NRSL-108319 PTW TN31010 /\1 FR&EF®DT 108.11.05 108.11.15 9,600 - 1 &L=
2"
K Ao R BIL T T
KK1005 NRSL-108320 PTW TN31010 /\1 FRERRET 108.11.05 108.11.15 9,600 - A
2"
STANDARD IMAGING FaFE L Fxgwd
KK1005 NRSL-108347 ¥ Fﬁ%‘? PR A 108.11.04 108.11.14 9,600 - B
A1SL A F R
STANDARD IMAGING BEFLT A Fu e
KK1005 NRSL-108348 ¥ FRESEHRIAT 001104 1081114 9,600 - ER
Al1SL L LEFR
Lt it § 12
KK1005 NRSL-108350 PTW TM30013 ~ 2 108.11.05 108.11.12 9,600 - B
Lfed f R G L
KK1001 NRSL-108351 PTW TM30013 ~ = 108.11.05 108.11.12 9,600 - B
KK1011 NRSL-108263 AEA TECHNOLOGY T ARy P 108.11.08 108.11.21 12,000 - P AR
KK1011 NRSL-108264 AEA TECHNOLOGY e RS L S 108.11.08 108.11.21 12,000 - R AR
SRR AL 1T
KK1003 ~NRSL-108253 IBA DCT-10 ‘:z% (ke 108.11.08 108.11.21 9,600 - & &%
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P PABE A B R g 6 ,
KK1004 NRSL-108417 TLD & % P& ét S, 108.11.18 108.11.22 24,000 - & #LE:
B 5
PAEE AP B g
KK1006 ~ NRSL-108327 TLD i3 f &t ;%ﬁ ¢ PR 081118 1081122 4800 - % LR
B Esl
PAEE AP R R )
KK1008 ~NRSL-108326 TLD i3 &1 ,,:; f : BRM 081118 1081122 7200 - g
B 4%
3 B AT f A B A ,
KK1008 NRSL-108186 THERMO NRD-H2 j’;u N PR B 108.11.19 1081202 9,600 - & MEFH
1%‘1-,@72?»%5 e
e B B b B 4 , L
KK1001 NRSL-108160 PTW TN30013 RN 108.11.19 108.12.02 9,600 - & % 3
CEARY
i B Z& A P EE A ®
KK1001 NRSL-108161 PTW TN31010 jf) ’* PR B 108.11.19 108.12.02 9,600 - % % 3
o3 2 A f]‘m
3 B AE R A | A N
KK1005 NRSL-108162 PTW TN30013 jf LFW ’ 108.11.19 108.12.02 9,600 - % % 3
LA /’%P% [~
cETFIERRFG R
KK1003 NRSL-108205 PTW TL34060-2.5 N 108.08.08 108.12.02 9,600 - & 4%
N ]
g;‘i ’,.E @; A =
KK1005 NRSL-108295 PTW TW30013 %;é FORMBIE 108.11.05 108.12.02 9,600 - & I L%
g;‘i ’,.E @; A g;
KK1001 NRSL-108296 PTW TW30013 %;& FORMBIE 108.11.05 108.12.02 9,600 - & I L%
EAFRMHAME A B2
KK1001 NRSL-108286 PTW TN30013 FORMBE R 108.10.28 108.12.12 9,600 - & &L=

%%ﬁ@%%
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EAFHMME 4§

KK1005 NRSL-108284 PTW TN30013 1 . P %g s 108.10.28 108.12.12 9,600 -% I X~
EAFRMME A G2

KK1001 NRSL-108287 PTW TN31002 1 . & _Pg }j %g s / 108.10.28 108.12.12 9,600 -% I X~
EAFRMEE A2

KK1005 NRSL-108285 PTW TN31002 SN Pg }j 7 r*/ 108.10.28 108.12.12 9,600 - & I A<

AR RALEE X HRAT

KK1005 NRSL-108331 IBA FC65-P 1 g;; FRamE 108.11.05 108.12.02 9,600 - & I L%
»#;;I}g:,} 5) ;L#ig)r;f‘\-} 52

KK1005 NRSL-108357 PTW TM30013 1 . : ngf o 108.11.05 108.12.13 9,600 -% T A~
¥R PR

KK1005 NRSL-108358 PTW TM31016 1 ;_ fﬁ o 108.11.05 108.12.13 9,600 -% I XL~
PN

KK1008 NRSL-108328 TLD i % Pe st 3 RREHFHTT P 108.11.18 108.12.02 7,200 - & P

KK1004 NRSL-108423 TLD i % P& &t 3 HFFHFHFTL Y < 108.11.18 108.12.02 7,200 - B g

KK1008 NRSL-108333 TLD i % P& &f 1 Bsddimipg lad 108.11.18 108.12.02 2400 - & MFF

KK1004 NRSL-108418 TLD i % P& &t 3 sERAREF P 108.11.18 108.12.06 7200 - B EROE

KK1006 NRSL-108341 TLD i % P& &t 2 sERAREF P 108.11.18 108.12.06 4800 - % W LR

KK1008 NRSL-108340 TLD i % Pe &t 6 ~cHTARFF AP 108.11.18 108.12.06 14,400 - &% MF +

KK1004 NRSL-108419 TLD i % pg st 6 ~HTRFF AP 108.11.18 108.12.06 14,400 - & Vg

KK1006 NRSL-108339 TLD i % Pe &t 2 cETANRFF AP 108.11.18 108.12.06 4800 - % %I
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KK1008 NRSL-108338 TLD & & P& &t 6 ~cHTARFF AP 108.11.18 108.12.06 14,400 - 5 +#
KK1004 NRSL-108420 TLD i & P& &t 10 c#a 4 uiryAad 108.11.18 108.12.06 24,000 - g
KK1006 NRSL-108343 TLD & & P& &% 10 2T %Ripg Iad 108.11.18 108.12.06 24,000 - % LR
KK1008 NRSL-108342 TLD i & P& &t 3 cETANRFF AP 108.11.18 108.12.06 7,200 - i " +#
KK1004 NRSL-108421 TLD & P& %% 4 = ‘}piiﬁ?"t - 4 108.11.18 108.12.26 9,600 - i ”ﬁ‘ifﬂ
KK1006 NRSL-108337 TLD & & P& &+ 10 MzGE~ % 108.11.18 108.12.26 24,000 - % LR
KK1008 NRSL-108336 TLD i 3 P& %+ 6 Wzij&E~§ 108.11.18 108.12.26 14,400 - i i +#
KK1003 NRSL-108254 IBA DCT10-RSLemo 1 = F{gstfiss oy 108.11.19 108.12.02 9,600 - & %2
BiEW X }’E?}‘%i?ﬁ
KK1001 NRSL-108359 PTW TM30013 1 iﬂ Eﬁ]/é e 108.11.20 108.12.12 9,600 - R R
BAFEFHRS o
kEFREY)
KK1005 NRSL-108371 STANDARD IMAGING 1 ¢ @?]%5 E R %5 9 108.11.20 108.12.04 9,600 - I~
KK1005 NRSL-108361 PTW TW23343 1 ii giﬁ B W? 108.11.26 108.12.09 9,600 - IR
KK1005 NRSL-108362 PTW TM31010 1 ii giﬁ B W? 108.11.26 108.12.09 9,600 - IR
KK1005 NRSL-108363 IBA CCO1 1 %]j gf S Wi}i 108.11.26 108.12.09 9,600 - EA
FEFIn
KK1005 NRSL-108364 IBA CCO1 1 1_35]51*\ %5?),%.‘ B E A 1_35]51*\ 108.11.26 108.12.09 9,600 - R
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FEFR
KK1005 NRSL-108369 IBA FC65-P/TNC @ii %ﬁi L | 108.11.26 108.12.09 9,600 - ER
KK1001 NRSL-108367 IBA FC65-P/TNC @ii %ﬁi SR | 108.11.26 108.12.09 9,600 - ER
KK1005 NRSL-108370 EXRADIN A12 ii ;iﬁ e 108.11.26  108.12.09 9,600 - ER I
KK1001 NRSL-108368 EXRADIN A12 ii ;iﬁ e 108.11.26  108.12.09 9,600 - NI
KK1001 NRSL-108424 IBA FC65-P g}j’ %if S 108.11.26 108.12.09 9,600 - ER
LTI
KK1005 NRSL-108425 IBA FC65-P ii’ ;iﬁ iR 108.11.26 108.12.09 9,600 - ERI
KK1003 NRSL-108278 PTW TM 30009 ii ;iﬁ R 108.11.26 108.12.09 9,600 - EACES
KK1009 NRSL-108276 Standard Imaging HDR @ﬁ‘) FRHBLE B 108.11.26  108.12.09 14,000 - Mg
1000PLUS FEFIR
KK1003 NRSL-108230 Radcal 10X5-6 j; i\% CERRASS 108.11.28 108.12.13 9,600 - EACES
KK1003 NRSL-108231 Radcal 20X6-3 j; i\gﬁ ﬁ' FRRAR 108.11.28 108.12.13 9,600 - EACES
KK1003 NRSL-108232 Radcal 20X6-3 TR L F R R A R 108.11.28 108.12.13 9,600 - EA BE




YT u'm TR s
KK1003 ~NRSL-108233 Radcal 20X6-6 o 108.11.28 108.1213 9,600 E%i
}i A )
H R L %5 T K ok
KK1003 ~NRSL-108234 Radcal 20X6-6 Lo 108.11.28 108.1213 9,600 E%i
fovz
2B I WO
KK1003 ~NRSL-108235 Radcal 20X6-6 . mf’ FAREART 081128 1081213 9600 E%i
Fov*
% B I3 WO
KK1003 NRSL-108236 Radcal 20X6-180 v FAREART 081128 1081213 9600 %
Fov=
BN R /m%g)%‘ 25RO .
KK1003 ~NRSL-108237 Radcal 20X6-180 o 108.11.28 108.1213 9,600 %
}i R &
HR L NER [} RS
KK1003 ~NRSL-108238 Radcal 20X6-180 M FREART 081128 1081213 9600 £% i
}i N A
0 LIRS
KK1003 ~NRSL-108291 Radcal 20X6-180 o \’ FRRERD 1081128 1081213 9,600 E%i2
j e
0 LIRS
KK1003 NRSL-108292 Radcal 20X6-180 o \’ FRRARD 1081128 1081213 9,600 E%i2
}i R &
HR L NER [} A
KK1004 NRSL-108239 Radcal 20X6-6M Lo FAREARE 081128 1081213 9,600 &%
}i N4
H B TR R
KK1004 NRSL-108240 Radcal 20X6-6M Lo CFREART 081128 1081213 9600 %
BoIREE
KK1004 NRSL-108241 Radcal 20X6-6M #ELWFRRA RS 1081128 1081213 9,600 %




3R
POLIMASTER INC. AN . 5
KK1008 NRSL-108302 1 c®EiRGG AP 108.12.04 108.12.11 9,600 - =& J‘éiﬁ +
PM1703GN
KK1003 NRSL-108334 Radcal Accu-Gold 1 ¢ EpHEF 108.12.13 108.12.13 9,600 - % &%=
& 3+ 373 $3,091,200
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absorbed

B v
dose rate to )
1%[p=95%, | o R N
kk1005 |water 5.5E-04 4+-60 85.04.30| ~ PFELe |97 (62 (10018198 | 75 | 513 | HrieE | © P ,
k=2] Rk F R | RIE
1 6.4E-03
I
Gyls
absorbed
Sr-90/Y - )
dose rate to i B v
. 90 ik
tissue 2%[p=95%, |Sr-90/Y-9 o N S A
kk1006 86.06.30| ~ sebde |16 3| 1|9 (3]2 |58 |4E%| O ,
4.28E+00 to (k=2] 0 . P BRI
Falic i d
4.28E+00 2
E
mGy/h
source

ambient dose

equivalent ~ 3 JR 3%
rate, personal @ g L T N
kk1007 _dose >Plp=95%, (Ct-252 88.07.01| ~ RN4vig [ 042000 0 |24 |4F#% ¥ 5@? &) - mT & &’}"':
equivalent rate|k=2] source - HPRAR o #2| F3AT | PRIE
6.41E-06 ”’ Fo 5 13 B BRI
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1.78E-04
mSv/h
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ambient dose
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RE R HEE
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BRMEYTHEEE
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AN 2 LS X HRT F L8 v 3

L Z_HP AR

Date of chambers leaving

Date of chambers leaving

Participant NIM for participant participant for NIM
NIM 1-Feb-2019
KRISS 1-March-2019 21-March-2019
INER 10-April-2019 30-April-2019
NMIJ 27-May-2019 14-June-2019
Pilot (NIM) 30-June-2019 21-July-2019
NMISA 10-Aug-2019 31-Aug-2019
OAP 20-Sep-2019 11-Oct-2019
PTKMR-BATAN 1-Nov-2019 21-Nov-2019
EIS 10-Dec-2019 21-Jan-2020
BARC 10-Feb-2020 31-Feb-2020
Pilot(NIM) 20-March-2020 11-April-2020
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R RN

# o s o £ vt $H(EURAMET.RI(1)-S16)77 %0t 447 42

Report of

Calibration Repeat meas- |Transfer to the |the results

measurements urements at next participant |from the
Participant at the participant |PTB / DE or return to PTB | participant
PTB; DE 01/2018 01-02/2018
IST-LPSR; PT [03/2018 03/2018 05/2018
CIEMAT; ES 04/2018 04/2018 06/2018
BFKH; HU 05/2018 05/2018 07/2018
SSM; SE 06/2018 06/2018 08/2018
STUK; FI 07/2018 07/2018 09/2018
LNE-LNHB; FR |08/2018 08/2018 10/2018
PTB; DE 09/2018 03/2019
NIM; CN 04/2019 04-05/2019 06/2019
KRISS; KR 06/2019 06-07/2019 08/2019
INER; TW 08/2019 08-09/2019 10/2019
NMIJ; JP 10/2019 11-12/2019 12/2019
PTB; DE 01/2020 01-02/2020
NMISA; ZA 03/2020 03-04/2020 05/2020
NIST; US 05/2020 05-06/2020 07/2020
NRC; CA 07/2020 07-08/2020 09/2020
ININ; MX 09/2020 09-10/2020 11/2020
CPHR; CU 11/2020 11-12/2020 01/2021
PTB; DE 01/2021 01-02/2020
VNIIM; RU 03/2021 03-04/2021 05/2021
PTB; DE 05/2021
Task Date Participant
Draft of final report 08/2021 PTB/DE
Comments of all partners 10/2021 All partners
Final report for publication via KCDB and as 12/2021 PTB/DE
Metrologia Technical supplement
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# At 5 IEC 61267 RQT o4 7 5B £ if] 2 4 FE %R 376 & 5

IEC 61267 RQT &4 i k2 & o 5 &

Beam code kV Kair (Gy/s) %R EA%E (Cls)
RQT 8 100 2.063E-04 4.542E-10
RQT 9 120 2.939E-04 6.771E-10

RQT 10 150 4.838E-04 1.164E-09

IEC 61267 RQT 54 1 o AR 2E 7 /%R 3512 i &

7R A3l (%) Bl (%)
Lz 5k
TR 0.12 0.0031
TF 0.007
225 %FE
L 0.06
IFRAE 0.01
R 0.019
F R 0.042
iR 0.1
3.4 12 2k
W/e 0.15
4.3 & 3
L HE 0.047
LA 0.01
k= Js 0.07
ZH EF 0.07
7O R 0.0017
5.8 i
By 0.03
22 4 0.130  0.230
L AFERR 0.27
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A ert i 10~ 362 4F A - A (I & ot 14)

1L 9%~ (2)

78 [ i 21y o] L =2 S

= &
SCI # 7(2)

1 |Yu-Wei Tsai; 10803 |Evaluation of Different/Journal of Medical|December
Chien-Hau Chu; Modulation Transfer|and Biological|2019, Volume
Wei-Hung Shih; Function  Measurement|Engineering 39, Issue 6, pp
Shih-Chun Jin; Based on Different Edge 901-911
Jyh-Cheng Chen; Spread Function
Kai-Chieh Liang Calculations

2 iz # A p 3| 10810 |Silicon equivalent gas in|RADIATION Available
£ys 2 x4 silicon equivalentPHYSICS AND|online 10
EAT 4R proportional counter -|CHEMISTRY April 2019
oy Monte Carlo simulations
e

3 |#kfe 2 ERAT 5| 10810 |Proficiency Testing andRADIATION o i
M 4 mia Dose Comparison forMEASUREMENTS
£ 4R External Personnel
g § H G Dosimeters Evaluation in

coor A Taiwan

4 |§ 4 4 & %| 10809 |Establishment of| RADIATION F i
IR HReR diagnostic  X-ray  airlPHYSICS AND

kerma  standard in|CHEMISTRY
Taiwan
B 71(0)

2. § k= (6)

Iji e PR AL F gk LA

=

% ¢ & (6)

1 |Shih-Wen Wang;|1080525-1080602|Evaluation For The|2019 & % 3 & W%
Yi-Chun Lin; Environmental Level Airlz £ € p2 H g
Mi_ng-Chen Yuan;| 5 5 7 Kerma Rate Calibration ¢ 4 (ICDA-3)
Chien-Hau Chu System

2 |Tseng-Te Huang;|1080525-1080602|Establishment of|2019 = % 3 & ®%=
Chien-Hau Chu; diagnostic X-ray air kerma|# ¢ & ;g 2 H g ¥
Shih-Wen Wang ¥y standard in Taiwan ¢ % (ICDA-3)
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https://link.springer.com/journal/40846
https://link.springer.com/journal/40846
https://link.springer.com/journal/40846
https://link.springer.com/journal/40846/39/6/page/1

Chiu;Chun-Liang
Chen

Yi-Chun Lin;|1080525-1080602|Proficiency Testing and
Chin-Chi Chen; Criteria Comparison for
Ming-Chen Yuan;| 5 5 5 External Personnel
Chien-Hau Dosimeters Evaluation
Chu;Teng-Hung Laboratories in Taiwan
Tsou;Min-Chi

2019 & % 3 K B%
HEERZH R
¢ 3 (ICDA-3)

4 |Ching,Ning-Fa 1080525-1080602|Determination ~ of  the[2019 & % 3 & F'%
Chu,Chien-Hau ;Kuo detective quantum|z g 8 p| 2 H g #
Chin-Wei;Tang, Yi-Fu ¥y efficiency of a _ dlg!tal ¢ 4 (ICDA-3)
Gu;Hsuan-Long dental X-ray imaging
Yi-Chun Lin devices: intrinsic

performance study

5 |P.-F.  Lee,  W.-J.[1080906-1080915|Investigation of radioactive| % 7 E, Zg 5 < $4 %
Huang, P.-J. Huang, cesium level in seawater|g w = 24 ¢
M.-H. Lin, J.-J. Wang |3 2 /% 3 near Taiwan after the|(ENvIRA 2019)

Fukushima nuclear
accident

6 |[M.-H. Lin, Y.-H. Lu,{1080906-1080915|Inspection and radiation| % 7 E, Zg 5 < 844
P.-J. Huang dose evaluation results of|\gy w: = 4 ¢

BT RER Radon bed mattress inj(ENVIRA 2019)
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R ¢ &(0)
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A vt 11~ 1999-2019 & NRSL $-4r B vt 42 3%

R (L E R)
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R
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60Co(45) k = fe il &

ERAPPCHIFL RZ RS

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

166mHo(4X)54vr F ks B

P A NMI A 9% A5E 432016 £ 4 0 22y
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Evaluation of Different Modulation Transfer Function Measurement

Based on Different Edge Spread Function Calculations

Yu-Wei Tsai, Chien-Hau Chu, Wei-Hung Shih, Shih-Chun Jin, Jyh-Cheng Chen,
Kai-Chieh Liang

Abstract

As the X-ray imaging market keeps expanding and digital X-ray detector
technology has become more important, the International Electro Technical
Commission has developed an IEC 62220-1 standard for the device to cope with
medical imaging report requirements. This paper specifies the modulation
transfer function (MTF) and detective quantum efficiency (DQE) calculation
method. However, during the practical operation, we found that if the multiple
pre-sampling edge spread functions (ESFs) were averaged directly, the MTF
value would be underestimated. This work develops a novel method for
calculating the MTF.
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Silicon equivalent gas in silicon equivalent proportional counter -

Monte Carlo simulations

YuehChiangal;Tsi-ChianChaoabl;I-ChunChoacd;Chung-ChiLee;abdJi-HongHong;abeChie
n-HauChuf;Chuan-JongTungab

Abstract

Single event effects of secondary particles produced in silicon by proton and
neutron irradiations were studied using a silicon equivalent proportional
counter (SEPC), constructed for the measurements of linear energy transfer
(LET). For optimal measurements, a silicon equivalent gas in the cavity of
SEPC was needed. In the present work, Monte Carlo Geant4 simulations were
performed to analyse the LET spectra and the secondary particle yields in
several candidate gases of a silicon equivalent gas. Among all candidate gases,
including propane (C3H8), carbon dioxide (CO2), carbon tetrachloride (CCl4)
and noble gases, CCl4 gas seemed the best choice of a silicon equivalent gas.

Keywords: Silicon equivalent gas; Silicon equivalent proportional counter;
Monte Carlo simulation; Linear energy transfer; Single event effect
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Proficiency Testing and Dose Comparison for External Personnel

Dosimeters Evaluation in Taiwan

Yi-Chun Lin, Min-Chi Chiu*, Chin-Chi Chen, Chun-Liang Chen, Ming-Chen Yuan,
Chien-Hau Chu, Teng-Hung Tsou, Tseng-Te Huang

1Health Physics Division, Institute of Nuclear Energy Research, Taoyuan City,
Taiwan(R.0.C.)

Abstract

This study investigated the proficiency testing based on the latest American
National  Standard  Institute/Health  Physics  Society  (ANSI/HPS)
N13.11-2009(R2015) performance testing standard and the benchmark of dose
evaluation system for personnel dosimeters in Taiwan. The personnel dose
equivalent, Hp(d) data of the proficiency testing programs held by the Institute
of Nuclear Energy Research (INER) from 2010 to 2017 were reanalyzed to
research the dose assessment ability and the criteria update feasibility. The
results showed that the tolerance level (L), absolute of bias (|B|) and standard
deviation (S) for all categories of all the eight laboratories met the latest
ANSI/HPS N13.11 criteria. In addition, the measurements of the Hp(d) with
TLD-700 typed personnel dosimeters were also demonstrated by comparing
with the MCNP6 Monte Carlo code. For radiation protection application, the
responses of Harshaw 8814 TLD system were also satisfactory in 137Cs
including the angle tests, M100 and M150 X-ray beams produced by INER.

Keywords: Personal dose equivalent Hp(d), Performance testing, Personnel
dosimeters, Monte Carlo method, Radiation safety
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Establishment of diagnostic X-ray air kerma standard in Taiwan

Tseng-Te Huang, Chien-Hau Chu, Shih-Wen Wang and Yi-Chun Lin
Healthy Physics Division, Institute of Nuclear Energy Research, Taiwan

Abstract

Diagnostic X-ray air kerma standards were established at the Institute of Nuclear
Energy Research (INER, Taiwan) in accordance with the recommendations of
IEC 61267. The radiation qualities established by INER include IEC 61267
RQOR (RQR 3-10), RQA (RQA 3-10) and RQT. Among them, RQR is used to
simulate the energy spectrum generated from the X-ray machine, RQA is used
to simulate the energy spectrum after passing through the human body, and RQT
is used to simulate the energy spectrum of computed tomography (CT).

A tungsten target X-ray machine, 99.9% pure aluminum and copper filters were
used to build the IEC 61267 radiation qualities. A cylindrical free-air chamber
(FAC) is used as the X-ray air kerma primary standard. The FAC correction
factors, including air attenuation, window attenuation, ion recombination,
photon-scattering, electron-loss and shadow-effect, were evaluated by
experiments or Monte Carlo methods.

The half value layers (HVL) of these radiation qualities were measured by FAC,
and the HVL differences between INER and IEC 61267 are less than 3%. The
uncertainty of measurement was evaluated according to ISO GUM, and the
relative standard uncertainty of primary standard is 0.52% (k=1). An ionization
chamber (Exradin A5) was sent to PTB and calibrated with IEC 61267 RQR and
RQA qualities. When comparing the calibration factors between PTB and INER,
the differences are less than 1.25%.

The air kerma standard of diagnostic X-ray has been established at INER, and it
will provide dose calibration services in Taiwan to improve medical quality.

Keywords: primary standard, free-air chamber, radiation quality, calibration
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Evaluation For The Environmental Level Air Kerma Rate Calibration

System

Shih-Wen Wang,Yi-Chun Lin, Ming-Chen Yuan, Chien-Hau Chu

Introduction

Since the accident of Fukushima Daiichi nuclear power plant, the environmental
radiation dose has been increasingly emphasized on the global issue, but all the
calibration laboratories detection capability in the country for environmental
radiation protection equipment is just about 50 times the naturally occurring
background radiation. Therefore, the various radiation protection instruments are
to have a large difference of response to environmental radiations. To test the
accuracy of general radiation detectors when measuring natural background
dose intensity, the Institute of Nuclear Energy Research (INER) established an
environmental-level radiation dose calibration system. It can improve the quality
and accuracy of radiation dose measurement, and guarantee the radiation safety
and protection in the field of low dose rate environmental radiation, as the basis
for calibration services. The system was verified to meet the needs of
measurement and calibration through evaluations and comparisons. It was
assessed using I1SO 4037-1 criteria (ISO 4037, 1988).
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Establishment of diagnostic X-ray air kerma standard in Taiwan

Tseng-Te Huang, Chien-Hau Chu and Shih-Wen Wang

Introduction

Diagnostic X-ray air kerma standards were established at the Institute of Nuclear
Energy Research (INER, Taiwan) in accordance with the recommendations of
IEC 61267. The radiation qualities established by INER include IEC 61267
RQOR, RQA and RQT. Among them, RQR is used to simulate the energy
spectrum generated from the X-ray machine, RQA is used to simulate the
energy spectrum after passing through the human body, and RQT is used to
simulate the energy spectrum of computed tomography (CT).
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Proficiency Testing and Criteria Comparison for External
Personnel Dosimeters Evaluation Laboratories in Taiwan

Yi-Chun Lin, Chin-Chi Chen, Ming-Chen Yuan, Chien-Hau Chu,
Teng-Hung Tsou, Min-Chi Chiu, Chun-Liang Chen

Introduction

The National Radiation Standard Laboratory (NRSL) of the Institute of Nuclear
Energy Research (INER) always performs the execution of personnel dosimetry
proficiency testing for improvement of measurement quality and traceability of
related laboratories in the radiation measurement field. From 2016 to 2017, the
tenth proficiency testing in Taiwan was smoothly completed according to
Taiwan Accreditation Foundation (TAF) criteria — testing field of personnel
dosimtry criteria and testing, and the basic concept is the U.S. test criteria—
ANSI/HPS N13.11 standard. Eight tested laboratories were use 5 different types
of detectors for radiation safety in our country. The used dosimeters were of the
4 thermolummescent dosimeter (TLD) types HARSHAW, Panasonic, RADOS
and Thermo, and 1 optically stimulated luminescence dosimetry (OSLD) type
LANDAUER (Fig.1). The radiation dose data was reevaluated with ANSI/HPS
N13.11-2009(R2015) which defines different testing items, numbers of
dosimeters, radiation source types and stricter limitations than 2001 version.
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Determination of the detective quantum efficiency of a digital dental
X-ray imaging devices: intrinsic performance study

Ching,Ning-Fa; ChuChien-Hau;Kuo Chin-Wei;Tang, Yi-Fu;Gu, Hsuan-Long;Yi-Chun Lin

Introduction

According to the International Electrotechnical Commission (IEC) 62220 series,
partl-1: determination of the detective quantum efficiency-detectors used in

radiographic, part1-3 : detectors used in dynamic imaging, we studied the image

quality and radiation dose for dental X-ray imaging devices. This study
discusses the method for the determination of the DQE of dental X-ray imaging
devices which were made by National Chung-Shan Institute of Science and
Technology in Taiwan. It only needs 20% of dose for instant imaging compared
to other products.We designed the devices for the purpose of replacing the
imported commodities.
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Investigation of radioactive cesium level in seawater near Taiwan
after the Fukushima nuclear accident

P.-F. Lee, W.-J. Huang, P.-J. Huang, M.-H. Lin, J.-J. Wang

Institute of Nuclear Energy Research, Atomic Energy Council, Taoyuan, 32546, Taiwan
Keywords: seawater, radioactive cesium, Fukushima nuclear accident
Presenting author, e-mail: mhlin@iner.gov.tw

On 11 March 2011, the Great East-Japan earthquake occurred had caused the
core meltdown accident in the Fukushima nuclear power plant followed by the
leakage of radioactive materials into the air and ocean. Due to its long half-life
of Cs-137, it becomes an important issue to assess the impact of marine
ecosystems and public heath resulted by Cs-137 release.

Because Taiwan is geographically close to Japan, the radioactive materials
discharged into the ocean by the Fukushima nuclear accident may diffuse to
Taiwan through ocean currents. In order to investigate the impact of radioactive
materials released into the ocean from the Fukushima nuclear accident, the
seawaters near Taiwan were sampled during 2017 to 2018.

In this study, two volumes of seawater (1 liter and 60 liter) were sampled near
Taiwan for the content analysis of radioactive cesium during 2017 to 2018.
Seawater samples were all filtered by glass microfiber filters with a pore size of
1.2 um to remove suspended solids. 1 liter of seawater samples were collected
by one-liter Marinelli beakers and then measured using HPGe spectrometers. 60
liter of seawater samples were analyzed by using an ammonium
phosphomolybdate (AMP) co-precipitation method [1] and then measured using
HPGe spectrometers.
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Inspection and radiation dose evaluation results of Radon bed
mattress in Taiwan

M.-H. Lin, Y.-H. Lu, P.-J. Huang

Institute of Nuclear Energy Research, Atomic Energy Council, Taoyuan, 32546, Taiwan
Keywords: Radon, mattress, radiation dose
Presenting author e-mail: mhlin@iner.gov.tw

In addition to smoking, radon is stipulated as the second leading cause of lung
cancer by the World Health Organization (WHO, 2009). In May 2018, South
Korea discovered that the mattress produced by a manufacturer added monazite
powder containing natural radioactive substances. The thoron formed by the
decay of the thorium contained in the monazite causes the radiation dose above
the dose limit of 1 mSv/year for the public in South Korea.

In August 2018, the competent authority of Atomic Energy Council (AEC) in
Taiwan conducted an audit of the radiation content of commercial mattresses
which may contained monazite powder. The concentration of radon (included
thoron) was determined by using a radon meter (RAD 7) and the internal
radiation dose resulted from the progenies of radon was evaluated by using the
model reported in ICRP Publication 115 (ICRP 115, 2010). By the end of
December 2018, a total of 18 mattresses were tested for the content of radon and
7 of which exceeded the dose limit (1 mSv/year) for the public in Taiwan.
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