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ECERICED
Abstract

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

1. Measurement standards maintenance and services
(1) Provide calibration services that meet ISO 17025 quality assurance
criteria
(2) Participating in or piloting international comparisons
2. Measurement standards improvement and establishment
(1) Estimation of graphite calorimeter correction factors and establishment
of the circuit system
(2) Primary standard for Am-241 source activity
(3) The measurement circuit study of graphite calorimeter primary standard
3. Measurement standards technology promotion and applications
(1) Promotion events of radiation metrology standards and APMP related
meeting
(2) Providing standard radioactive sources for proficiency testing of
personnel dosimeters, environment-level and medium- or low-level

radionuclides analysis

Keyword: national standard; ionizing radiation, primary standard; calibration,

proficiency testing.
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(z) HFFaFH)

Calibration or Measurement Service

Measurand Level or

Measurement Conditions /

Expanded Uncertainty

Reference Standard used in calibration

Range Independent Variable
NMI Service ) _ | Minimum | Maximum o ) Coverage | Standard / Source of P
o Quantity | Units Parameter Specifications | Value | Units - FARERE R RY T )
Identification value value Factor traceability
primary standard . S
air kerma SRV APRANSA £55 =4
INER-1001 mGyh'| 1.98E+03 | 2.30E+04 ®Co 1S0-4037-1 1 % 2 ionization chamber /
rate (2003) -
INER
EEpIA NMIJ ~ JY
primary standard B
air kerma APRANSA = 35 F=45f
INER-1002 mGyh'| 6.12E+00 | 1.58E+03 B7cs ISO-4037-1 1 % 2 ionization chamber / o
rate (2002) - HF[=1 V= BF
INER )
APMP/TCRI F$}(2005) -
air kerma . X-ray, 50 kV to |BIPM, NIST(M) free air chamber / |APMP/TCRI Eﬁ%f%é?f
INER-1003 mGyh~| 6.10E+02 | 1.51E+03 1 % 2
rate 300 kV ISO(N, W) INER (2003) -
_ NIST(M) _ LELF= NIST(2002) -
air kerma . X-ray, 10 kV to free air chamber / . . o
INER-1004 mGyh™| 2.30E+01 | 5.04E+03 Mammogram 2 % 2 Ef’?iﬁi?’\’\'p& [ 12 C55 P55
rate 50 kV INER
ISO(N, W) (2006) -
absorbed primary standard . o
RPN APRANSA S5 F45
INER-1005 |dose rate to| Gys® | 5.50E-04 | 6.40E-03 %o AAPM TG-51 1 % 2 ionization chamber / (2003)
water INER
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Calibration or Measurement Service

Measurand Level or

Measurement Conditions /

Expanded Uncertainty

Reference Stan

dard used in calibration

Range Independent Variable
absorbed ]
. 9050 calibrated source / | -~
INER-1006 |dose rate to|mGyh™| 4.28E+00 | 4.28E+00 SIY 1SO-6980 2 % TR Pl TAF %@(2004) o
tissue
Reference ] o
. 1 102 Calibrated source / 1= PTB(2005)
INER-1007 | air kerma |mGyh’ 50 0.5 Ir 15 % —
PTB T2 PTB €55 F551(2010)
rate
air kerma L e
I NER-1008 uGy h 170 0.55 Am-241 12-~28| % INER 2010 @;ﬁ}?’l fﬁ‘l 51
rate
47B-y absolute N
EEp 1A NMI) €55 P55,
activity per . Single nuclide measurement, set of | ., 5
INER-2001 ] Bqgg™ | 1.00E+05 | 5.00E+05 _ NCRP-58 1 % ) Cs(2005) - APMP/TCRI F
unit mass solution source standard weights / | .
Sf ~“Ce(2004) -
INER
) ) lgto5g high pressure well 6o ] )
. Single nuclide o o APMP/TCRI *Co =%
INER-2002 activity Bq | 4.14E+06 | 8.27E+09 ) solution in 5 mL 1 % type ionization |
solution source £(2004) -
glass ampoule chamber / NPL
o electroplate, ) o
emission . Large area _ proportional counter /|f[1~ F !~ @& ~ 5~ i~ FyZF-
INER-2003 s 1.00E+02 | 1.00E+04 active area>10 3 % o 36 . .
rate surface source INER 5 °Cl 28 B [EF%1(2002) -
cm by 10cm
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Calibration or Measurement Service

Measurand Level or

Range

Measurement Conditions /

Independent Variable

Expanded Uncertainty

Reference Standard used in calibration

INER-3001

ambient
dose
equivalent
rate,
personal
dose
equivalent

rate

mSv h!

6.41E-06 | 1.78E-04

52Cf source 1SO-8529-3

% 2

calibrated source /
NIST

3 TAF 73(2004) -

INER-3002

ambient
dose
equivalent
rate,
personal
dose
equivalent

rate

mSv ht

1.44E-06 | 5.83E-06

21Am/Be
1SO-8529-3
source

% 2

calibrated source /
NPL

SEI3 TAF 32(2004) -
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KK1005 NRSL-101220 PTW TW31010 & i+ 1 HGeR%F AP 101.11.28 102.01.04 9600 - & SR E
KK1008 NRSL-101399 * =+ @ # B+ 1 wBggEznae 101.12.14  102.01.09 9600 . e
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KK1005 NRSL-101298 EXRADIN AISL 1 a5 AP AP 101.11.15 102.01.11 9600 X SR E
KK1005 NRSL-101299 EXRADINAISL 1 a5 PRI A 101.11.15 102.01.11 9600 & SRR E
KK1008 NRSL-101308 * + @& FH & 1 AL ECR)2F 101.12.11  102.01.18 9600 P St A
KK1004 NRSL-101400 #* = #¥ iz 1 ww ﬁi’if‘n}* S0y 101.12.17 102.01.18 9600 & + 1L
KK1004 NRSL-101396 kVp meter {< i 1 L F R A oy 1011126 102.01.25 9600 & ¥ H
KK1001 NRSL-101405 PTW TM31010 % it 1 5\ L ﬁiést('i;) A 101.12.26  102.01.30 9600 B SRR E
KK1005 NRSL-101406 PTW TM31010 & i 1 % ;Tii RPN 101.12.26  102.01.30 9600 & IR E
KK1008 NRSL-101315 * + & Bl 1 £ Em0er)a? 101.12.14 102.01.30 9600 & e
KK1004 NRSL-101411 kVp meter & it 1 a/rF0R)ad 101.12.26  102.01.31 9600 Ex S
KK1003 NRSL-101403 #Fdiziei 1 er3(%)27 101.12.24  102.01.31 9600 P ¥ B
KK1004 NRSL-101404 #“ % #% 54zt 1 e 30R)a? 101.12.24 102.01.31 9600 EX B4
KK1005 NRSL-101375 PTW TW30013 & i 1 283 a7 101.12.17 102.02.01 9600 & IR E
KK1005 NRSL-101376 PTW TW30010 f& i 1 283 a7¢ 101.12.17 102.02.01 9600 & SRR E
KK1003 NRSL-101402 #F#tiriei 1 At #FRaEnmG s 1011226  102.02.05 9600 P 3 AR
KK1003 NRSL-102019 ##t¥zies 1 "B gxypAa? 102.01.15  102.02.05 9600 e + H 1K
KK1004 NRSL-101415 > &R F3pis 1 EAR#®E 102.01.11 102.02.07 9600 B ¥ B4
KK1003 NRSL-101416 CT *F3girz it 1 EAR<#E 102.01.11 102.02.07 9600 S ¥ B
KK1003 NRSL-101417 “F#tizie s 1 £#AHF 102.01.11  102.02.07 9600 & ¥ 51k
KK1003 NRSL-101418 *F3tiziet 1 £EA< % 102.01.11  102.02.07 9600 X ¥ B
KK1001 NRSL-101407 PTW TW30013 & i+ 1 frﬁ}%xﬁ? Lipg A 101.12.12  102.02.25 9600 % 3
KK1005 NRSL-101408 PTW TW30013 #z i 1 <« frF% FREBILFF AP 101.12.12 102.02.25 9600 B 5k R
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KK1004 NRSL-102033 3 % ## 7 F3izict 1 2BRERPF AP 102.01.25 102.02.25 9600 & ¥ 31k

KK1004 NRSL-102034 kVp meter & i 1 XBREURGF AP 102.01.25 102.02.25 9600 X ¥ H 1t

KK1003 NRSL-102035 CT »5a3girfe 1 32ZBBERERGFF AP 102.01.25 102.02.25 9600 X ¥ A

KK1009 NRSL-101410 * 3|7 Fdizics 1 *AFREMEBEA 102.01.22  102.02.22 14000 Ea Spm 4

KK1001 NRSL-102036 PTWTWTN30013 it 1 4 et FRFECR)D 102.02.07 102.03.04 9600 B SRIRE

KK1005 NRSL-102037 PTWTWTN30013 it 1 A et FFRFCER)2F 102.02.07 102.03.04 9600 B SRR E

KK1001 NRSL-102015 PTW TW30013 & 1 ®mziEs g%ﬁ 3 102.02.07 102.03.11 9600 N SE TR ’%;“

KK1005 NRSL-102016 PTW TW30013 & 1 ®mzais g%ﬁ £ 102.02.07 102.03.11 9600 B 3BT ’%;“

KK1005 NRSL-102042 [ *=pa| € 3+ (R ERLY L5 LI N 102.02.19 102.03.12 30000 e 55

KK1001 NRSL-101378 PTW TM31010 & = 1 %ﬁﬁ_’ SR mARRN k>3 1011225  102.03.21 9600 B SRR E
AN

KK1005 NRSL-101379 Standard Imaging AISL & & 1 %H—' RiE R g AR R %> 1011225 102.03.21 9600 % %
AN

KK1001 NRSL-101372 PTW TW23343 & i 1 %511_’ R REREE AR >3 1011226 102.03.21 9600 % SE ’Jﬁ
AN

KK1005 NRSL-101373 PTW TW23343 < i 1 %5 Ve A E AR >3 1011226  102.03.21 9600 B SRR
AN

KK1001 NRSL-101366 PTW TW30013 & 1 -j%ﬁﬁ_' kAP AN R>3 1011226  102.03.21 9600 B SRR E
AN

KK1005 NRSL-101367 PTW TW30013 & 1 -j%ﬁﬁ_' kAP AN Ri>3 1011226  102.03.21 9600 B 5k 5%
SRS

KK1001 NRSL-101368 PTW TW31010 #z i 1 FLewhkp@pr iy 1011226 102.03.21 9600 B IR ’%’“
AN
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KK1005 NRSL-101369 PTW TWwW31010 & 1 %Eﬁ_’ fEE P AR L3 1011226 102.03.21 9600 I SRIRE
AN

KK1001 NRSL-101370 PTW Twa31013 #& & 1 %H_.' SR E P AN L3 1011226 102.03.21 9600 P % 5
AN

KK1005 NRSL-101371 PTW TW31013 & 1 FredhkpZErFLrg 101.12.26  102.03.21 9600 S 3T ”ﬁ
AN

KK1001 NRSL-102012 PTW TW30013 & 1 ﬂfr%ﬁ Bk BN e 102.02.07 102.03.21 9600 A IR E

KK1005 NRSL-102013 PTW TW30013 & 1 ﬂfr%ﬁ Bk BN o 102.02.07 102.03.21 9600 & SRR E

KK1001 NRSL-101357 PTW TN30013 fz i FARE R FAME 1011128 102.03.27 9600 B IR E
= A

KK1008 NRSL-101389 ¥ =+ i #& B 1 Bsdgdwixiaay 101.12.14  102.02.29 9600 e e

KK1004 NRSL-102060 Mammo #5355 & i 1 % ﬁa;?%ﬁ Fmigizg sy 1020225 102.04.10 9600 % B4

KK1004 NRSL-102061 KvVP meter & 1 % ﬁa;?%ﬁ Fmgizg sy 1020225 102.04.10 9600 % + B

KK1005 NRSL-99301 PTW TN30013 4z i+ 1 -j%ﬁﬁ_' AP AN L3 991011 102.04.15 9600 I SRR E
AR

KK1001 NRSL-99302 PTW TN30013 4z i+ 1 -j%ﬁﬁ_' AP AN L3 991011 102.04.15 9600 I SRR E
AN

KK1001 NRSL-102026 Wellhofer FC65P % i+ 1 & %‘x EECR)S P 102.02.26  102.04.18 9600 B SRR

KK1001 NRSL-102062 IBAFCG65P & i 1 %‘x EECR)S P 102.04.01 102.04.18 9600 & SRR

KK1003 NRSL-102039 *F#irit 1 £#8T4r3Aa? 102.03.25 120.04.18 43600 e ¥ B4

KK1005 NRSL-102050 PTW TM30013 4z i+ 1 +®8Ev RK%ui>FAad 102.04.01 102.04.18 9600 B Sk

KK1003 NRSL-102052 CT »5#4iztir 1 Free¥ ﬂért REEHHELE 1020322 102.04.19 9600 % ¥ 51k
ot EARTFR
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KK1004 NRSL-102053 Mammo #5335 & i 1 1 ﬁii‘%;‘gx;ﬁ LregEL R 1020322 102.04.19 9600 B + B
g o EARFR
KK1001 NRSL-102040 PTW TM30013 tz i+ 1 %« ﬁ REWF AP 102.03.15 102.04.19 9600 B 3E 5 ”f
KK1003 NRSL-102047 »5#tipfci 1 ¥ E&]%@ R 4 102.03.15  102.04.23 9600 e + B4
KK1001 NRSL-102082 NE-2571 | RFE R Fraost 1020401 102.04.24 9600 5 S
’?ﬁ;}%%ﬂ
KK1003 NRSL-102054 >4t icl 1 HELH %5"1%5?5\ %% >3 ' 102.03.15 102.04.25 9600 X ¥ B
A
KK1003 NRSL-102055 #4151l 1 #B 4w %5 Bk k> e 102.03.15 102.04.25 9600 & ¥ H K
A
KK1001 NRSL-102023 Wellhofer FC65-P +x i+ 1 +<+i%& ;5 3 102.02.26  102.04.25 9600 B R IR Hﬁ
KK1005 NRSL-102024 Wellhofer FC65-P 2 & 1 ~+R7eFR 102.02.26  102.04.25 9600 B SRR E
KK1008 NRSL-101204 * < ##&k 11t 1 EARFHMEE A 101.08.13  102.05.16 9600 A S A
KK1008 NRSL-102125 * + & Eicl 1 &R Pﬁ R A B A 102.05.14 102.05.16 9600 % e
KK1001 NRSL-102043 Wellhofer FC65-P & it 1 HTdk4 Pﬁ ERES R Rt s 102.03.15 102.05.16 9600 I SRR E
KK1005 NRSL-102044 Standard Imaging AISL 1 HTdk4 ?ﬁ P ¥ B 7 7 oL 102.03.15 102.05.16 9600 I SRR E
KK1011 NRSL-102072 *cdtifife = 3 b 2 1 s uryAad 102.04.03  102.05.16 12000 B MATiE
KK1011 NRSL-102072 *cdtifife = 3 b o 1 s 4uryAad 102.04.03 102.05.16 12000 B MATiE
KK1011 NRSL-102073 ZcitiRk =+ 2 &+ 3 it 1 s 4uryAad 102.04.03 102.05.16 12000 B MATiE
KK1011 NRSL-102074 3zt 5 55y 1 S#TA % ad 102.04.03 102.05.16 12000 s ML
KK1011 NRSL-102075 *c¥fiffe+ 4 &5 fa 1 a4 %RryAad 102.04.03 102.05.16 12000 e MuATE
KK1011 NRSL-102076 3c¥&fiffe =+ 4 &5 fa 1 a4 %RryAa? 102.04.03 102.05.16 12000 e MuATE
KK1011 NRSL-102077 *cétiffe =+ 3 b F 2 1 ST 4uryAad 102.04.03 102.05.16 12000 B WAL
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KK1011 NRSL-102078 Zcifife 3 38 bt F 1 cAR ARG P 102.04.03 102.05.16 12000 B e
KK1011 NRSL-102065 *citiff 3 28 &% f 1 2874 naae 102.04.03  102.05.16 12000 Y FhagiE
KK1011 NRSL-102066 2Ttk + 3 6+ F fa 1 s iuixiaad 102.04.03  102.05.16 12000 & FhagiE
KK1011 NRSL-102067 Zc&tikie+ 3 6% oo 1 o#Tdmrg Ay 102.04.03  102.05.16 12000 B FhagiE
KK1011 NRSL-102068 *%dfifufe+ 3 & 5 fe it R 1 R B 102.04.03  102.05.16 12000 N ATt
KK1011 NRSL-102069 Ttk =+ 4 43 &t 1 S#TA%r ad 102.04.03 102.05.16 12000 B Fhagid
KK1011 NRSL-102070 *c&fiksf =+ 4 845 v 1 S#TA % ad 102.04.03 102.05.16 12000 B Fhagid
KK1002 NRSL-102063 EXKADIN A6 & it 1 #skmh+icd B €istd 1020508 102.05.20 9600 I SRR E
R
KK1001 NRSL-102021 PTW TN3001 #z i 1 Brrk 4 T‘iﬁ i3 102.02.26  102.06.03 9600 I SRR E
KK1011 NRSL-102087 Z*tétikf + 3 6+ F & 1 s dnixiaay 102.04.22 102.06.03 12000 B MhaTiE
KK1011 NRSL-102088 *cifik =+ 4 45 &t 1 S#TA % ad 102.04.22  102.06.03 12000 B Fhagid
KK1011 NRSL-102089 *tifiksk+ 4 45 &t 1 S#TA%r ad 102.04.22  102.06.03 12000 B FhagiE
KK1011 NRSL-102090 =itk + % &5 i 1 S#TA % ad 102.04.22  102.06.03 12000 & FMhaTiE
KK1011 NRSL-102091 Zcétikde + 3 6+ F & 1 s uryAad 102.04.22  102.06.03 12000 B FhaTiE
KK1011 NRSL-102092 *zitikfe 3 3 b+ 5 fa i 1 {; 5—’5‘ TARRG AT 102.04.22  102.06.03 12000 e MhaTiE
KK1003 NRSL-102117 #5&tirie it 1 THEF A 102.05.01 102.06.07 9600 e F Bt
KK1009 NRSL-102110 * &+ #H# B 1 &= Pg),% F’J FIPEIRNE- ?5 102.05.16  102.06.11 9600 & W A
KK1005 NRSL-102103 PTW TWwW30013 & i 1 287 X%z A7 102.05.07  102.06.11 9600 S SRR E
KK1005 NRSL-102101 Standard Imaging AISL 1 #rk %5 e Eij B2 X A7k 102.05.07  102.06.11 9600 K Sk
e & Fix
KK1005 NRSL-102111 Standard Imaging AISL 1 =EeFhamz mime 1020508 102.06.13 9600 B SRAE
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¥

KK1009 NRSL-102109 * + #is Eier L S 102.06.16  102.06.13 9600 & S 2
KK1005 NRSL-102115 Wellhofer FC23-C Fix BB ILAER (k) 102.05.08 102.06.14 9600 S IR E
7
KK1005 NRSL-102099 /SA,t;';lSnEard Imaging Exradin 1 Aedrd 2 HE% 3 A7 1020506 102.06.14 9600 S SRR E
KK1001 NRSL-102113 Ne2571 1 5@ EX BF [ WA ES 102.05.08 102.06.18 9600 e 5k 7 TE
KK1009 NRSL-102020 * + ¥ s Eier 1 EFHFHPH AP 102.05.16  102.06.18 9600 & S 4
KK1003 NRSL-102126 “F#tiziet 1 PRFHE~ 102.05.10  102.06.18 9600 & ¥ WK
KK1009 NRSL-102127 * <+ # ik 11t 1 Asmirg a2 102.06.03  102.06.18 9600 A S A
KK1009 NRSL-102145 * + ¥ Bl 1 Lm%irF AP 102.06.03  102.06.18 9600 B Sm o
KK1009 NRSL-102146 * + ¥t Bl 1 Lm%irF AP 102.06.03  102.06.18 9600 B Sm o
KK1001 NRSL-102105 PTW TN30010 & it i R e 102.05.07  102.05.21 9600 Ea SR E
KK1005 NRSL-102106 Wellhofer IC15 & i 1 Bi¥ée¥ie 102.05.07 102.05.21 9600 e ¥ o
KK1004 NRSL-102123 ##ri it 1 %a“l§55~""'%§f)%f&%ﬂif;>*ﬁ oy 102.05.10 102.06.25 9600 Pa ¥ 51k
KK1004 NRSL-102124 KVp meter it 1 %ﬂg;;—1~[»'%5;;§5g;%a,tf;>’ﬁ oy 102.05.10 102.06.25 9600 B ¥ L
KK1004 NRSL-102134 =& Bl 1 FB LRk g rias 1020527 102.06.25 9600 & F B
KK1004 NRSL-102135 =% BiLi 1 FB LRk g rias 1020527 102.06.25 9600 P ¥ AL
KK1004 NRSL-102136 = fi-a Bt 1 4 R I FRARA G A 102.05.27 102.06.25 9600 Pa ¥ WA
KK1009 NRSL-102100 < Z|5#iric i 1 e B F 102.05.06  102.07.04 14000 Ea W A
KK1009 NRSL-102162 = &|#aszte 1 -;/5? t¥E3 AP 102.06.05 102.07.08 14000 & W 4
KK1001 NRSL-102152 IBAFC65P tz 1 & i]‘x gEFAP 102.06.25 102.07.10 9600 Ea 5 E
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KK1005 NRSL-102153 IBAFC65P < & 1 % %& EFE3 AP 102.06.25 102.07.10 9600 Y SRR E

KK1005 NRSL-102154 IBAFCG65P < & 1 % %& EFE3 AP 102.06.25 102.07.10 9600 & R E

KK1005 NRSL-102155 IBAFC65P tx 1 & ? EFE7F AP 102.06.25 102.07.10 9600 e 3E 5 ”ﬁ“

KK1001 NRSL-102184 Wellhofer FC65P +x it 1 éﬁggg«%lﬁbz LERERE M%rfm 102.06.28  102.07.12 9600 B SRR

KK1005 NRSL-102130 PTW TM30013 +z 1 £FE7 ]KRixs Aad 102.06.07  102.07.12 9600 B SRR

KK1004 NRSL-102132 7*F&tiriert 1 %R pd Eﬂ,z Axarfs¢ 1020520 102.07.16 9600 e ¥ B
‘ft‘lp /r'ﬁ’r‘; NN ?RF;E

KK1003 NRSL-102133 *F&tiriert 1 FhMmiEr3xaxrfisé 1020520 102.07.16 9600 e ¥ B
‘ft‘lp /r'ﬁ’r‘; NN ?RF;L

KK1003 NRSL-101422 »5#tiztir 1 & ?z B T’E KB @|E 4 x4k 102.01.28 102.07.18 9600 B ¥ B

ﬁﬁ 3
KK1001 NRSL-101419 Standard Imaging A19 1 @ ?z AAF R B2 4 <4k 1020508 102.07.18 9600 5 PR
ﬁﬁ 3

KK1002 NRSL-101421 Standard Imaging A19 1 M’z A% B2 4 <4k 1020508 102.07.18 9600 P g
N /l:ﬁ\‘]zg P’D

KK1005 NRSL-102128 PTW TM30013 #z i+ 1 a7 = :;-7-*;-;5 Fw%2cp4 @ 102.06.07 102.07.18 9600 N SR
%‘fai%%% B4

KK1005 NRSL-102186 PTW TN30013 #: i AR RER G AP 102.06.28  102.07.29 9600 5 %

KK1001 NRSL-102118 PTW TN3006 x it F e kB AL 1020607 102.07.29 9600 5 % 5
AN

KK1005 NRSL-102119 PTW TN3006 +: it 1 Feekdmpgrnssd 1020607 102.07.29 9600 5 % K
LA ?

KK1001 NRSL-102120 PTW TN31010 & it 1 ¥k dmpghnrsd 1020607 102.07.29 9600 P T
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KK1005 NRSL-102121 PTW TN31010 &1+ 1 %5{ ek E AR x> 102.06.07  102.07.29 9600 & IR E
AN
KK1003 NRSL-102148 53 H*Jf&‘;ﬁ 1 HELH %5 Bk k>3 e s 102.06.11  102.07.29 9600 & ¥ H
KK1003 NRSL-102149 et 1 HELH %5 Bk k>3 e s 102.06.11  102.07.29 9600 & ¥ H
KK1003 NRSL-102165 *’é}ﬂ‘-’i s 1 HELm '%5)%**“»% L ey 102.06.11  102.07.29 9600 & + H KL
KK1003 NRSL-102166 »s3tizicr 1 HEIm '%5)%‘“%6; >3 a9 102.06.11  102.07.29 9600 5 ¥ 51k
KK1003 NRSL-102168 »s3tizict 1 HBLm '%5)%‘“%6; >3 '@ 102.06.11  102.07.29 9600 5 + HAKL
KK1003 NRSL-102169 &t qu_ 1 #ELH '%5)%““%6; >3 '@ 102.06.11  102.07.29 9600 5 + B
KK1004 NRSL-102150 3% #% 7 F3ipit 1 HELH '%5%&»% >3 '@ 102.06.11  102.07.29 9600 & ¥ H
KK1004 NRSL-102167 “ % #%&% *ww*% T 1 HELH '%%J{xﬁ’i}t >3 '@ 102.06.11  102.07.29 9600 & ¥ H
KK1004 NRSL-102170 ¥ > #® 7 5F3pis 1 #2L47 '%5%&»% >3 oy 102.06.11  102.07.29 9600 & ¥ H
KK1009 NRSL-102011 * + & Eicl 1 = £5% 8 "+ %> 1020516 102.07.30 9600 5 &R
Ty
KK1001 NRSL-102178 Wellhofer IC-69 % i+ 1 ;g ?5 FALBE A 4 Bk 102.06.28 102.08.08 9600 & SR
¥ 1
KK1003 NRSL-102180 PTW TW31010 #x i+ 1 i@ ToRxALEE A 4 @k 4 102.07.16 102.08.08 9600 % ¥ H
%) }!;‘D
KK1004 NRSL-102191 RTI Piranha 656 % i 1 f EE3a7P 102.07.16  102.08.12 9600 % S
KK1004 NRSL-102192 kVp meter & it 1 i i¥3ra? 102.07.16  102.08.12 9600 % S
KK1001 NRSL-102137 PTW TM31014 #x i+ 1 [3‘2]??@ %ﬁl&% 102.06.14  102.08.16 9600 e SR
KK1001 NRSL-102138 PTW TM31010 #% i+ 1 m??éﬂ%ﬁ% 102.06.14  102.08.16 9600 S SR E
KK1005 NRSL-102139 PTW TW23343 4z it 1 m??éﬂ%ﬁ% 102.06.14 102.08.16 9600 S SR E
KK1001 NRSL-102140 Wellhofer FC65-P & i+ 1 E«‘]%.x L ;Hfu 102.06.14 102.08.16 9600 B kIR Hf
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KK1005 NRSL-102141 Wellhofer FC65-P #% it 1 l?ﬁ?]j\ & %l‘% 102.06.14  102.08.16 9600 N SRIRE
KK1001 NRSL-102142 EXRADIN Al12 1 ]9‘«]%\ &L 5951‘?@ 102.06.14 102.08.16 9600 I SRIRE
KK1005 NRSL-102143 EXRADIN A12 1 ﬁ]? k= Frr 102.06.14  102.08.16 9600 S SR R
KK1001 NRSL-102196 PTW TM31013 & & 1 g‘ﬁ’i}iw”ﬁ‘ Lo 102.08.02 102.08.22 9600 B IR E
KK1004 NRSL-102210 Unfors 8202031-G & i 1 F gy s 102.07.16  102.08.22 9600 e + B4
KK1004 NRSL-102211 Unfors 8202031-G fz it 1 #@EHes Aad 102.07.16  102.08.22 9600 X ¥ B
KK1001 NRSL-102257 IBAFC65-P tz 1 Sxygiiad 102.08.16  102.08.23 9600 B 5k 7 TE
KK1003 NRSL-102208 PTW T60004 +z i 1 ftiiigi;stﬁ,t 3 Ra 102.07.15 102.09.02 9600 £ 3 WL
KK1008 NRSL-102171 Dolimaster Inc.PM1703GN 1 sHFERFF AL 102.07.24  102.09.02 9600 & RN
o i
KK1001 NRSL-102217 PTW TN30010 i 1 £x E-EF'?I%E et rdgf 102.08.02  102.09.05 9600 & 5 5 E
KK1005 NRSL-102218 PTW TN30010 #: it 1 3? %z E-EF'?I%E Fecstrdgf 102.08.02  102.09.05 9600 & 5 5 E
KK1001 NRSL-102225 IBAFC65-P & i 1 gEFAP 102.08.02  102.09.05 9600 A Sk
KK1005 NRSL-102226 IBAFC65-P it 1 B %57 102.08.02  102.09.05 9600 A Sk
KK1003 NRSL-102079 PTW T60004 < i 1 o FF+%ipgRad 102.07.15 102.09.11 9600 B ¥ H
KK1004 NRSL-102191 PTW T60005 #x & 1 efF3F%izyAad 102.07.15 102.09.11 9600 B 3 H
KK1008 NRSL-102258 Nuclear Research Corporation 1 5 gl % i>5 *T= 2  102.08.05 102.09.16 9600 e & KT
NP-2 & i
KK1009 NRSL-102198 & Al F3ipias 1 3 i’fﬁ%ﬁ gL g frPﬁ F=  102.07.26  102.09.17 14000 5 iR
KK1005 NRSL-102241 Standard Imaging AISL 1 3 i’g?ﬁ g < gk fr?é f= 102.08.16 102.09.17 9600 B Sk
KK1005 NRSL-102242 Standard Imaging AISL 1 3 i’s:%ﬁ gL By fr?é F= 102.08.16 102.09.17 9600 A REE
KK1001 NRSL-102256 PTW TM30013 & 1 & ﬁ RELF LD 102.08.16  102.09.17 9600 B SRAE
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KK1009 NRSL-102199 * Al F3giri 1 3z2EBFR 102.07.26  102.09.17 14000 & %K T

KK1005 NRSL-102205 PTW TM30013 fzx i 1 «frPﬁ kBN Lo 1020816 102.09.25 9600 & %K T7

KK1005 NRSL-102206 PTW TM30013 1 X frFﬁ Bk BRI F AaP 102.08.16 102.09.25 9600 S R

KK1005 NRSL-102231 Standard Imaging AISL 1 Afefm&E®RiNG L7 1020816 102.09.25 9600 5 £ T

KK1005 NRSL-102232 Standard Imaging AISL 1 A{c¥ R &g ias 1020816 1020925 9600 P TR

KK1008 NRSL-102228 Thermo RADEYE NL 1 ¢ E&]!ﬁiﬁ Wi e 102.07.23  102.09.25 9600 & RN

KK1009 NRSL-102220 < Al#*#girit 1 W5 F R A B2 A £ %44 102.09.04 102.09.27 14000 % &K
Wf% =

KK1009 NRSL-102254 * 3| Fdpizici 1 FhMmizriorzs¢ 1020106 102.09.27 14000 B TR
ﬂfr ’P e %’ v

KK1008 NRSL-102086 Eber line 600 1 #ELwFRRaniy R 1020723  102.09.27 9600 B TR
AL

KK1002 NRSL-102094 NE-2575 1 S#TA % ad 102.08.16  102.10.02 9600 & 7k IR 9%7;

KK1002 NRSL-102095 NE-2530 1 S#TA%ir ad 102.08.16  102.10.02 9600 & 7 IR g%e

KK1002 NRSL-102096 NE-2571 1 S#TA % ad 102.08.16  102.10.02 9600 & 3E Th a%e

KK1008 NRSL-102188 * + i3 et 1 s#Rdmpgaag 102.08.23  102.10.02 2400 A E KT

KK1001 NRSL-102212 PTW TW30013 &z i 1 =&¥ f}:\’ﬁ LA 102.08.02  102.10.04 9600 & TR Hf

KK1008 NRSL-102221 *© + i 3 PR 5t 1 B AP EFX RGP 102.08.23 102.10.03 2400 S E KT
35
2

KK1005 NRSL-102234 Standard Imaging AISL 1 kuw %ﬂ% B 4 ke ¥4 102.08.16  102.10.08 9600 I SRR E
¥z

KK1005 NRSL-102235 Standard Imaging AISL 1 k= %5:};%4}__@];‘; L kw4 102.08.16 102.10.08 9600 & RAE

¥ s
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KK1005 NRSL-102236 Standard Imaging AISL 1 kuw %5:},%7}_{@;‘; Akw sxs 102.08.16 102.10.08 9600 I SRIRE
3 }!;"D
KK1008 NRSL-102315 Thermo FHE762 1 ?_i—"» ol @ 102.09.14  102.10.08 9600 & RN
KK1008 NRSL-102313 * B #&3* 2 FHIgHFAL P 102.09.10  102.10.09 4800 K R
KK1008 NRSL-102278 *© & i3 BB & 2 RHGGEHAT Y 102.08.23  102.10.09 4800 B RN
KK1001 NRSL-102238 PTW TM30013 #z i+ 1 £A %51%5‘ AE: 2 3L A 102.08.16 102.10.09 9600 S 5k 7 TE
5%k
KK1005 NRSL-102239 PTW TM30013 #z i+ 1 £ ﬁegfé‘ AE: 2 3L A 102.08.16 102.10.09 9600 e 5k 7 TE
5%k
KK1008 NRSL-102321 *® =+ TLD pe st 3 ,%i% K F AP 102.09.30 102.10.17 2400 & RN
KK1001 NRSL-102270 PTW TM30013 & i FH ek PR R 1020930 102.10.17 9600 S SRR E
A
KK1005 NRSL-102274 Standard Imaging AISL 1 z:f:ﬁc Wi e f 102.09.30 102.10.17 9600 & SRR
KK1008 NRSL-102188 *© & i 3 BB & 1 S#TA % ad 102.08.23  102.10.17 2400 I R
KK1008 NRSL-102188 *© & & 3 P8 & 2 SETARE P 102.08.23  102.10.17 4800 I iR
KK1003 NRSL-102298 PTW TM30009 x 1 @Ij\ FEFIn 102.09.18 102.10.18 9600 e ¥ B
KK1008 NRSL-102214 ¥ =+ & & P &¢ 1 s uryAad 102.08.23  102.10.28 2400 e TR
KK1003 NRSL-102085 CT »5agiriz it 1 Stk 102.03.25 102.10.31 9600 Ea ¥ B4
KK1001 NRSL-102244 PTW TM30013 & i+ 1 5BefLFrRilks 102.08.16  102.10.31 9600 S R E
KK1008 NRSL-102324 BERTHOLD LB6411 1 BFfpspiss aae 102.10.04  102.11.06 9600 e R
KK1005 NRSL-102259 IBAPPC-05 % it 1 ﬁ%‘r%?:},%#ﬂ?ﬁ]ié AR 102.09.30  102.11.05 9600 £ 55 E
KK1005 NRSL-102260 IBACCO1 %1 1 ﬁ%‘r%?:},%#ﬂ?ﬁ]ié AR 102.09.30  102.11.05 9600 £ 55 E
KK1005 NRSL-102261 IBA CC13 & 1 TR RTFIL 1020930 1021105 9600 P R

89



KK1005 NRSL-102262 IBACC13 & & 1 ##%%%57,%7}4_ IERS #ﬁfr%ﬁl‘;i 102.09.30  102.11.05 9600 I SRIRE
KK1005 NRSL-102063 IBAFC65-P &1 1 #ﬁ‘r%r}%i& ESRS ﬁ:%%%ﬁr’* 102.09.30  102.11.05 9600 K SRIRE
KK1004 NRSL-102329 RTI Piranha301 1 #RLWFRRAairs e 1021007 1021111 9600 N R
KK1004 NRSL-102300 INOVISION kVp divider 1 #RAEWFRRARrG e 1020914 102.11.11 9600 N R
KK1004 NRSL-102301 FLUKE kVp divider 1 #RLWFRRARrs e 1020914 1021111 9600 N R
KK1003 NRSL-102344 RADCAL 10X9-6 1 %‘rPﬁ RO 102.10.28 102.11.12 9600 S AT
KK1001 NRSL-102281 EXRADIN Al12 & 1 &&%ﬁv}fﬁ%ﬂ;‘é AABRERE 6%3}‘;. 102.10.04 102.11.11 9600 I SRR E
KK1005 NRSL-102282 EXRADIN Al12 & 1 &&%ﬁv}fﬁ%ﬂ;‘é AABRERE 6%3}‘;. 102.10.04 102.11.11 9600 I SRR E
KK1001 NRSL-102305 PTW TW30013 fz it 1 A pEC) = 102.10.24  102.11.11 9600 S SRR E
KK1005 NRSL-102306 PTW TW30013 +x i 1 A pECr)ad 102.10.24 102.11.11 9600 I SRR E
KK1001 NRSL-102202 PTW TM30013 & i 1 A pEC) = 102.10.04 102.11.11 9600 S SRR E
KK1005 NRSL-102203 PTW TM30013 % it 1 A fed FFHO2P 102.10.04 102.11.11 9600 S SR E
KK1001 NRSL-102308 PTW TW30013 & & 1 %M BB IR LR AP 102.10.11  102.11.14 9600 K SRR E
KK1005 NRSL-102309 PTW TwW30013 & & 1 Féﬁ &R B IZAER R P 102.10.11  102.11.14 9600 e SRR E
KK1005 NRSL-102294 Standard Imaging AISL 1 fefT2FfHO) 27 102.10.11  102.11.14 9600 & 3
KK1001 NRSL-102283 IBAFC65-P t& i 1 A et Froost 1021004 102.11.14 9600 & 3
KK1005 NRSL-102284 IBA FC65-P % 1 AR A ki ﬁrgrmrﬁ%rm 102.10.04 102.11.14 9600 B SRAE
KK1005 NRSL-102285 IBACCO04 & 1 AR A EANEL Fleptm i 102.10.04 102.11.14 9600 ES 5 5% UE
KK1008 NRSL-102343 BF-3 DETECTOR 1 £83EEmmO)a? 102.10.23 102.11.14 9600 Pa R
KK1003 NRSL-102348 Radcal Corporation 20X6-6 1 et BEFRRG AP 102.10.28 102.11.14 9600 % R NE R
KK1003 NRSL-102349 Radcal Corporation 20X6-6 1 fefid HRgRI ”ﬁ A 102.10.28 102.11.14 9600 I TG
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KK1001 NRSL-102277 PTW TW30013 tz it AR KRB AT 102.10.04  102.11.15 9600 5 3
KK1001 NRSL-102319 PTW TM34045 $z it e E(R) P 102.10.11  102.11.15 9600 A %
KK1001 NRSL-102287 CAPINTEC PR-06C FheABz A 2onrfdeefrtioy 1021004 102.11.19 9600 B 5 5
LN
KK1005 NRSL-102271 PTW TW30013 #x & 1 fj;}% HELF P 102.10.04  102.11.26 9600 B 5 5
KK1005 NRSL-102272 PTW TN31010 & it 1 AfPRRERRF 17 102.10.04  102.11.26 9600 5 3
KK1001 NRSL-102327 IBAFC65-P & i 1 g oraap 102.11.13  102.11.26 9600 A %
KK1008 NRSL-102360 CARDINAL HEALTH & 1 &+ PR AR A R Fhe 102.10.28  102.11.26 9600 B &R
KK1004 NRSL-102354 GAMMEX RMI245 #x it 1 FRELPWFRRELNF P 1021028 102.11.26 9600 A o A
KK1002 NRSL-102174 PTW TM32002 +: it 1 WzFE<8 102.06.17 102.11.26 9600 5 56 7
KK1003 NRSL-102381 UNFORS 8202040-B #: it 1 FLFEERF NP 102.11.19  102.11.26 9600 5 F KT
KK1003 NRSL-102326 IBADOSIMAXPLUSAHV 1 B3 igétfist 17 102.10.07  102.11.29 9600 % AT
KK1003 NRSL-102359 IBADCT10-RS LEMO & i 1 B3ty A 102.11.14  102.11.29 9600 % RN
KK1004 NRSL-102345 UNFORS XI 8202031-E 1 REFRMWE GREF I 102.10.28  102.11.29 9600 e iR
KK1004 NRSL-102346 UNFORS X 8202031-E 1 REFHMME R F 2 102.10.28  102.11.29 9600 5 TR
KK1003 NRSL-102347 RTIELECTRONICSABDCT 1 REFRMEZAREF I 102.10.28  102.11.29 9600 & P RTNEH
10 RS LEMO
KK1005 NRSL-102311 Standard Imaging A19 1 AFAMBE A LARRFR 1021004 102.11.29 9600 B P E
KK1001 NRSL-102336 NE-2581 & it 1 49 ¥34FRk 102.11.13  102.12.06 9600 % o
KK1001 NRSL-102383 [ =ik #| & 3+ 1 pAEE A gy e 102.11.15 102.12.11 30,000 5 % 5
KK1008 NRSL-102382 *® &+ * R A& 3 &t 6 PARE A iy e 102.11.15 102.12.11 14,400 % T
KK1001 NRSL-102334 PTW TM31002 i 1 47 ¥ @FR 102.11.13 102.121.11 9600 % R
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KK1008 NRSL-102396 ATOMTEX AT1117M % i+ 1 B %5y 102.12.02 102.12.11 9600 % RN

KK1008 NRSL-102192 ¥ =+ iR 3 P & 3 A=z -;Fii** = 102.08.23 102.12.13 7200 X &R

KK1001 NRSL-102331 PTW TW30013 &+ 1 %+ %%Eﬁ@]}é A &% %51‘;‘0 102.11.13 102.12.19 9600 S IR E

KK1005 NRSL-102332 PTW TW30013 &+ 1 &= %%Eﬁ@% A &% %’31‘;‘0 102.11.13 102.12.19 9600 S IR E
&+ 265 $ 2,553,600
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X 7 g = = EH W% e by 29 sk 21 %
2. R IR F % 3 & BIHR3 & LU R PRI &
B PR %2 BpEg s e )l RIPTHFAF R
o R . F A , . i MR e EE¥ b
RS ¥ kd iEBREE E RN THRDIZKRR L A .
R S (L] irlge ERCEE - R AR R R RE FY97 | FY98 | FY99 | FY100] FY101| FY102 ek A (V7 EREFHE)
air kerma rate 1.98E+03 _ _ . . c
kk1001 2.30+04 mGy/h 1%[p=95%,k=2] |Co-60 85.04.30 PEREYE 76 80 80 70 80 56 442 | %3R5 ©
air kerma rate 6.12E+00% |, o - oz, 1 . i g P
kk1002 L58E+03 mGy/h 1%[p=95%,k=2] |4#-137 85.04.30 b e 18 10 7 12 17 6 70 | 3 4R35 ©
air kerma rate 6.10E+02 to ,
%[p=95% k= a v s v szl O y
kk1003 L51E+03 mGy/h 1%[p=95%,k=2] |X-ray, 50 kV to 300 kV 85.06.30 PRALE 9 31 98 21 22 35 216 | pRok #E © A
XoFa g § w2 air kerma rate 10 KV~50Kv |0 o o _ . . e e o~ @ A
P kk1004 2.3E+01.1 5.04E+03 mGy/h 2%[p=95%,k=2] [X-ray,10 kV~50 Kv 85.06.30 PEHLE 10 19 25 20 25 30 129 | %% © A
£2-60-K 5 e B absorbed dose rate towater | o . | . s U R B
oz ks kk1005 5.5E-04.1 6.4E-03 Gy 19%[p=95%,k=2] |4-60 85.04.30 Peapar 29 31 39 48 67 68 282 | 3245 | O
R R TS absorbed dose rate to tissue |, N . o . . 4 ZFIfEE
= =] X - - - p oh Ja 5N s e £ © /
X kk1006 4.28E+00 to 4.28E400 mGy/h 2%[p=95%,k=2] |Sr-90/Y-90 86.06.30 Sr-90/Y-90 44 ik £ #F 4t 3¢ Py 3 4 76 12 4 0 99 hoiE R @ AN B 100 125l
source ambient dose equivalent
¢ AR R rate, personal dose equivalent | - . _ g . . PO YEIRESE WERE AU $ e
® KK1007 | ote 6.41E-06 mSvih to 1.78E- |2 °LP=98%ik=2] |CF-252 source g8.07.01 Fresanedg ’ 2 0 0 0 0 S| EET O oS prags . i BERE Y -
04 mSv/h
ambient dose equivalent rate,
@ B i ’ - -9 - Cf-
" AT kk1008 personal dose equivalent  |5%[p=95%,k=2] ';TmZ:UBe 9 ~ Cf-252 89.12.01 v R AR AR 30 25 36 26 37 36 190 | 2% | © A
- rate1.44E-06 to 5.83E-06 mSv/h
- . 45-241 ~ £5-57 ~ 4 . . .
KK1009 activity per unit mass 1.00E+05 196[p=95%,k=2] |133 « £5-137 ~ 45-60 « 85.06.30 . Slngle nuclide solution source » 15 18 16 9 2 14 o |tpe| o
to 5.00E+05 Bq/ g 192 )iy
. L - . . . ?ﬂ(ﬂ‘“?ﬁmﬁ Q‘*HI(T””“G
4 ; Az bt . . . . . 4
BRI aot0 | VY 414E;°6 108278409 |1 o, 1-0506,k=2] f;”?lz nuclide solution | g5 559 | - single nuclide solution source 1 0 0 6 0 0 7 |sme| 0 | = i ::‘élﬁ?*i[ 4 3
R L q ul ﬂ%uyﬂ'& [RUARES T
emission rate 1.00E+02/s to . _ ., |Large area surface . . PN PR
kk1011 1 00E+04/s 3%[p=95%k=2] |- - 85.07.01 S el BEHR(R T R ) 23 23 16 20 29 20 131 | #pa| ©
EREFGL KBRS B T it i s ) 217 243 393 244 303 265 1665

©: & # R (FY101)it 7 % = ¥
WA ERIBF
AN REREFREHE

4

SRR R

R
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AERPM L FEATREIRVH AlE A RE A &
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2 Am-241 FRREERIEEHLE S HE RIS EFEAR
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WA 2 AR % E A P52 APMPRI(1)-K3 1t 443 BIPM 4 3k % &2 ff

[l | ]I

BIPM Y

Bureau International des Poids et Mesures ...l

Key and supplementary comparisons Calibration and Measurement Capabilities - CMCs

Home = Comparisons Search > Results of the search
Key and supplementary comparisons - Results of the search (iIMDB

N Related links Sea_l_'ch criteria : Ionizing Radiation, Section I (x and gamma rays, electrons), Key, Asia
Pacific Metrology Program

* KCDB Statistics Your request produced 8 result(s)
* KCDB FAQs
* KCDB Reports N List of comparisons
¢ CIPM MRA Click on a comparison identifier to view more
* JCRB Page 1 2
® Find my NMI APMP.RI(T)- K3.2013 Measurement of air kerma for medium energy X rays

2014 - 2016
* Metrologia

Comparison type, Field Key comparison in Ionizing Radiation, Section I (x and gamma

rays, electrons)

Parameter(s) Radiation type: medium energy X rays
Status  Planned
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A et i® 3~ APMPRI(1)-S31SO 4037 X &4 7 # 5 B+ % INER £ Bl %

Calibration factor (Gy/C)

IN-30
IN-40
IN-60
IN-80
IN-100
IN-120
IN-150
IN-200
IN-250
IN-300
IW-60
IW-80
IW-110
IW-150
IW-200
IW-250
IW-300

1.0355E+06
1.0069E+06
9.7891E+05
9.7738E+05
9.8978E+05
9.8798E+05
9.8431E+05
9.9026E+05
9.8338E+05
9.7929E+05
9.8377E+05
9.8404E+05
9.9243E+05
9.8585E+05
9.8617E+05
9.8952E+05
9.9160E+05
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1.0538E+06
1.0126E+06
9.8501E+05
9.8530E+05
1.0030E+06
9.9060E+05
9.9175E+05
9.9663E+05
9.8688E+05
9.8160E+05
9.8794E+05
9.9029E+05
9.9975E+05
9.9314E+05
9.9197E+05
9.9551E+05
9.9610E+05

A4_XP122571 A4 _XP122631 A5_XY121223

2.9668E+05
2.9568E+05
2.9658E+05
3.0067E+05
2.9863E+05
2.9684E+05

2.9672E+05
2.9682E+05
2.9887E+05
3.0094E+05
3.0199E+05



=

2N

A ountE 4 APMPRI(I)-S2 & S e s e B 2 v i pfe d (A F g C
FARIRE AR Fp AR EE T ERERIF
*)

Date of chambers ) Date of chambers
. _ Measurement period ) .
Participant leaving NM1J for leaving participant for
. at the laboratory
participant NMIJ
Malaysian Nuclear 21- Jan-2013 to
7-Jan-2013 28- Jan-2013
Agency 25- Jan-2013
17-Jun-2013 to
KRISS 3-Jun-2013 24-Jun-2013
21-Jun-2013
29-Jul-2013 to
INER 22-Jul-2013 5-Aug-2013
2-Aug-2013
11-Nov-2013 to
OAP 28-Oct-2013 18-Nov-2013
15-Nov-2013
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A vt i® 5y APMPRI(I)-S3.Cs-134.Cs-137 v 2 R % 3 2.4 £ Pl % % (7F

L2014 £ 17 > B wmEERIAETHRT)

’}i:;_ i; Cs-134 2 R Cs-137T R
sk 44. 4 + 4.3 86.5 + 8.4
17 43.7 + 4.2 87.2 + 8.5
Relative standard uncertainty (%)
Source of uncertainty
A type B type
Standard source 1.1
Peak area measurement 1.67
Background peak-area variations 0.42
Long term stability 4.02
ADC live timer 1.5
Weighing 0.1
Full-energy peak efficiency 1
Combined standard uncertainty (k=1) 4.8
Expanded combined standard uncertainty (k=2) 9.7
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A ur i 6~ AR B R R ARPANSA i 7 Co-60 # & Hif v 2 %% (2

ZRAERFREIAFEPN R F - R)

Year 2013

Description  |Calibration of air kerma and absorbed dose to water

Type Similar bilateral comparison

Participants |INER(Taiwan), ARPANSA(Australia)

Pilot ARPANSA (Australia)

Results
Co-60 source
INER ARPANSA Ratio
Gy/C |Uc(k=2)%| Gy/C |Uc(k=2)%| INER/ ARPANSA | Uc(k=2)
Air kerma  |4.9927E+07| 0.66 |4.9964E+07| 0.88 0.999 0.011
Absorbed dose |5.4273E+07| 0.66 |5.4124E+07| 0.88 1.003 0.011
to water
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A Zuwt it 7~ APMP RICI)-K1 BIPM-KCDB % % (  Bl5idh Di % & |2 % 22 BIPM
BRE2 A3 T UFL 4T AFHZTEREFCERES

o2 BRI AR 2 BRAT A EAR )

BIPM.RI(I)-K1, SIM.RI(I)-K1 (2002), COOMET.RI(1)-K1 (2006), EUROMET.RI{I)-K1 (2005 to 2008) and
APMP.RI(1)-K1 (2004 to 2006)
Degrees of equivalence with the KCRV for air kerma in ®Co

35

25

Bl it e s

D;! (mGy / Gy)
o o
— .-
——
0
—
—
]
N
—
—8
—
—
—
_
—
|
|
]
o
i

-15
-25
-35
Z >0 EF I F O E S F2ZZ LS 3L 28322ZRYESS05E8 2324
S I O w o =0 @ = (- o a 0O =FEF 4 [T
225§>182%ngz232955503515gu_:mgn-mgzz%sggQZEE
a 3z = s£x SoxW z I p Y$30%a ¢ £ =
“ZJ < 4 (&} = a4 =
54 < < =
& 3
[*]
E
z
Red circles: participants in BIPM.RI(I)-K1 Black squares indicate results that are more than 10 years old
Green triangle: participant in SIM.RI())-K1 Pink squares: participants in EUROMET.RI()-K1
Blue diamonds: participants in COOMET.RI(I)-K1 Orange triangles: participants in APMP.RI(1)-K1
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A ourg it 8~ Co-60 e s £ & &+ 3513 & F]+3

fluence per incident particle {cm™ MeV™h

1LE-03

1LE-04

L.E-05

1.E-06

1.E-08

LEO7 (7--

0 0.2

0.6 0.8

photon energy (MeV)

i |

(S pEdt

Kew X Keepn
Kimp

Ker

Kaia

Keadial

1.0073
0.9998
1.0000
1.0002
0.9997

0.14%
0.10%
0.10%
0.10%
0.10%

ST

1.0070
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At RO AM-241 Stk iE B R st 2 VYNS (R 1)~ 2 mL % 5Tk 4
b (] 2) ~ LSC P %% (%) 3)
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HEALTH PHYSICS
1044 511, p60-p67

SURVEYED DATA FOR STRUCTURAL SHIELDING CALCULATIONS
OF RADIOGRAPHIC X-RAY INSTALLATIONS IN TAIWAN

Tou-Rong Chen', Yeu-Sheng Tyan, Chien-Hau Chu, Ming-Chi Wu, and Chuan-Jong Tung

ABSTRACT

The use of surveyed data on the x-ray tube workloads and clinical exposure
parameters was suggested in NCRP Report No. 147 for the structural shielding
design of medical x-ray installations. To guide the shielding design of
radiographic x-ray rooms in Taiwan, a large-scale survey was conducted to
collect information required for the computations of the transmissions from
broad x-ray beams through shielding materials. Surveyed data were collected
during one week from 10,750 projections of 6,657 examinations in 13
radiographic rooms from nine hospitals. These hospitals were considered
representative because they had similar distributions with all hospitals in Taiwan
regarding health-care rating (medical center, regional hospital, and district
hospital) and geographic location (north, central, south, and east). The total
workload was divided into separate contributions from x-ray projections
directed at the floor, the wall bucky, and all barriers (used for secondary
barriers). Based on the surveyed workload distributions, the unshielded air
kerma per patient at 1 m from the source was calculated by the PCXMC
program using surveyed X-ray tube parameters on the generator waveform,
anode material, target angle, and filtration. Subsequently, the transmissions of
x-rays through different barrier materials were computed by considering the
average workloads and the average workloads plus one standard deviations. The
latter computations were for a sensitivity study to find the influence of workload
variations in different hospitals on the shielding requirements. All surveyed data
and calculated results were compared with corresponding values given in
NCRP-147 to analyze the radiographic imaging differences between Taiwan and
uU.S.

Keywords: radiation shielding; x-ray room, NCRP 147, workload distribution
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Metrologia 2013, 50, Tech. Suppl., 06011

APMP/TCRI Key Comparison Report of Measurement of Air Kerma for
60Co Gamma-Rays (APMP.RI(1)-K1)

K. J. Chun, D. J Butler, D. Webb, A. K. Mahant, A. Meghzifene, J. H. Lee, S. H. Hah,
T. B. Kadni, Y. Zhang, T. Kurosawa, Z. L. M. Msimang, E. S. Caseria

ABSTRACT

The APMP.RI(I)-K1 key comparison of the measurement standards of air kerma for 60Co
gamma-rays was undertaken by the APMP/TCRI Dosimetry Working Group between 2004
and 2006, coordinated by the Korean Research Institute of Standards and Science (KRISS). In
total, 10 institutes took part in the comparison, among which 7 were APMP member
laboratories. Three Farmer-type commercial cavity chambers were used as transfer chambers
and circulated among the participants. All the participants carried out their measurements
according to the guidelines for the comparison established by the KRISS with the cooperation
of the ARPANSA. For each transfer chamber, an NMI calibration coefficient was obtained
and a ratio derived by dividing by the average result from the linking laboratories, ARPANSA
and NMIJ. The APMP comparison reference value for each chamber was calculated as the
mean of the NMI-determined calibration coefficients divided by the average result from the
linking laboratories. The results showed that the maximum difference between the APMP

linked ratio of a participating NMI and the APMP reference value was 1.76 %.
The measured ratios of the
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RADIATION PHYSICS AND CHEMISTRY(~ # 4&)

Dosimetry and kVp Standardization for Quality Assurance of
Mammography

Chien-Hau Chu, Ming-Chen Yuan ,and Bor-Tsung Hsieh

Abstract

Breast cancer mortality rates were significantly reduced in Taiwan after
achieving early-stage monitoring with mammography screening. This study
establishes an appropriate and traceable calibration infrastructure, which offers
calibration services for mammography X-ray quality assurance instrumentation,
which is performed clinically on a regular basis. The entrance air kerma, HVL,
and kV, of mammography equipment with five different target/filter
combinations can be taken as adequate indicators for the level of average
glandular dose (AGD). The primary dose standard in mammography uses a
free-air ionization chamber to estimate the rate of air kerma. Several correction
factors were determined by Monte Carlo simulations and experiments. A
secondary kV, standard in mammography is in accordance with the IEC 61676
recommendations. The calibration system of kV, meter uses a high-voltage
divider, which is traceable to ITRI primary standard in Taiwan. Dose and kV,
verifications were conducted by mammography instruments, which were
previously calibrated by NIST and PTB. The evaluation results indicate that the
capabilities of this irradiation system met the ISO 4037-1 requirements. The
expanded uncertainties (k=2) were 1.03% and 1.6% when the mammography
X-ray air kerma rate and kV, meter calibration factors were evaluated using 1SO
GUM. Experimental verification and a comparison with NIST using transfer
ionization chambers yielded differences in calibration factors. Comparison with
the PTB using kV,, meter indicated a less than 1% difference. The results showed
that dose and kV, standards were in reasonable agreement with standard
uncertainty. The low uncertainties associated with the obtained results in this
work show that the standardization employed can be accurately used for
calibration of instrument in mammography in Taiwan.

Keywords: Mammography; dosimetry; kVp meter, calibration standard
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RADIATION PROTECTION DOSIMETRY(L'TQ?T&J)

PRELIMINARY STUDY OF NOVEL DOUBLE-SIDED PARALLEL-PLATE
IONIZATION CHAMBER FOR PROTON THERAPY QUALITY
ASSURANCE

Y.C. Lin*, J.H. Lee, M.C. Yuan, T.S. Duh, S.Y. Cai, A.E. Chen, Y.W. Tsali, P.R. Tsai F.X.
Chang, M.L. Chu, C.H. Lin, P.K. Teng, C.H. Wang, C.W. Hsieh, T.C. Chao, S.J. Dali,
C.C Lee, C.J. Tung

ABSTRACT

For beam quality assurance of proton therapy, a novel parallel plate ionization
chamber was developed to map one, two or three dimensional distribution of
absorbed dose. To measure treatment beam profiles, the chamber was segmented
into narrow strips with double-sided collection electrode. The 1D dose
distribution from strip responses of the chamber was compared to that by
NE2571 ionization chamber at a well-defined 60Co calibration beam. This strip
typed chamber can be placed inside a water phantom to measure the depth dose
and lateral spread of proton beams in depth. By performing accurate calibration,
the chamber can also serve as a dosimetric measurement tool. This paper
reviews previous studies regarding the sensitivity test and long-term stability of
this chamber.
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(1st International Conference on Dosimetry and its Applications)
JUNE 22-29, 2013 £ 5. # &

Standardization of dose area product in Taiwan

Tseng-Te Huang, Jeng-Hung Lee, Ming-Chen Yuan and Chien-Hau Chu

ABSTRACT

Dose area product (DAP) is an useful quantity for diagnostic X-ray examination, which
consists of two factors, the entrance surface dose and the field size, capable of reflecting the
actual health risks. The purpose of this study is to establish the primary standard of DAP,
which can be used for dose tracing back in Taiwan.
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PARALLEL-PLATE IONIZATION CHAMBER FOR PROTON
THERAPY QUALITY ASSURANCE

Y.C. Lin, S.Y. Cai, F.X. Chang, Y.W. Tsai, P.R. Tsai, J.H. Lee,T.S. Duh, M.C. Yuan, M.L.
Chu, C.H. Lin, P.K. Teng, A.E. Chen4*, C.H. Wang, C.W. Hsieh, T.C. Chao, S.J. Dai, C.C
Lee, C.J. Tung

ABSTRACT

This study developed a parallel plate ionization chamber for proton therapy
quality assurance. To measure 1D beam profiles, the chamber was segmented
into narrow strips. This chamber can be placed inside a water tank to measure
the depth dose and lateral spread of proton beams in depth. By performing
accurate calibration, the chamber can also serve as a dosimetric measurement
tool. This paper reviews previous studies regarding the long-term stability and

correction factors of this chamber.
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Measurement and Calibration of Metal and Non-Metal Wastes Produced
from Decommissioning

Chin-Hsien Yeh, Ming-Chen Yuan

ABSTRACT

This report described a radioactive waste reference drum which was
established with large-area sources and metal slices. This reference drum could
be applied in calibration or testing of drum counting systems having 4z counting
geometry and being made with plastic scintillators. This metal reference drum
has the advantages of easy operation, low natural background contribution and it
also has agreeable measurement efficiency calibration curves for the drum
counting system as the non-metal reference drum studied previously. On the
other hand, this study explored the detection efficiency variations of the drum
counting system by simulations of the metal reference drum being filled with
wastes up to different heights of the drum. With the exploration, it is feasible to

correct the measurement errors caused by different quantities of waste filling.

Keywords : large-area source; reference drum; radioactive waste
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Dosimetry study of diagnostic X-ray using doped iodide normoxic polymer gels
You-Ruei Huang; Yun-Jen Chang; Ling-Ling Hsieh; Ming-Hung Liu; Sou-Hsin Chien;
Chien-Hau Chu; Bor-Tsung Hsieh,

Abstract:

In radiotherapy, polymer gel dosimeters are used for three-dimensional (3D) dose
distribution. However, the doses are within the Gy range. In this study, we attempted to
develop a lowdose 3D dosimeter within the mGy range for diagnostic radiology. The effect
of the iodinated compound was used as a dose enhancement sensitizer to enhance the
dose sensitivity of normoxic polymer gel dosimeters. This study aims to use
N-isopropylacrylamide(NIPAM)-based and methacrylic acid (MAGAT)-based gels to
evaluate the potential dose enhancement sensitizer, as well as to compare two gels that
may be suitable for measuring diagnostic radiation doses. The suitable formulation of
NIPAM gel [5% (w/w) gelatin, 5% (w/w) NIPAM, 3% (w/w) N,
N'-methylenebisacrylamide (BIS), 5 mM tetrakis (hydroxymethyl) phosphonium chloride
(THPC), and 87% (w/w) deionized distilled water] and MAGAT gel (4% MAA, 9% gelatin,
87% deionized water, and 10 mM THPC) were used and loaded with clinical iodinated
contrast medium agent (Iobitridol, Xenetix® 350). Irradiation was conducted using X-ray
computed tomography. The irradiation doses ranged from 0 mGy to 80 mGy. Optical
computed tomography was the employed gel measurement system. The results indicate
that the iodinated contrast agent yields a quantifiable dose enhancement ratio. The dose
enhancement ratios of NIPAM and MAGAT gels are 3.35+0.6 and 1.36+0.3, respectively.
The developed NIPAM gel in this study could be suitable for measuring diagnostic

radiation doses.
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LABORATORY REPORT
National Radiation Standard Laboratory
Institute of Nuclear Energy Research

Bor-Jing Chang, Ming-Chen Yuan, Jeng-Hung Lee and Chien-Hau Chu
ABSTRACT

NRSL/INER has developed 14 measurement standards covering photon, beta,
neutron and radioactivity and all of them successfully passed accreditation of the TAF
(Taiwan Accreditation Foundation). NRSL/INER provided dosimetry and radioactivity
standards traceability for the fields of radiation protection and medical exposure in
Taiwan. In response to the “Standards for Medical Exposure Quality Assurance”
enacted on July 1, 2005 by the Atomic Energy Council (AEC) of Taiwan, NRSL/INER
provided calibration traceability of medical ionization chambers for air kerma in Co-60,
absorbed dose to water, mammography kVp meter and ion chamber calibration
services in mammography and computed tomography X-rays beam qualities as well
as high dose rate (HDR) well-type chambers used in brachytherapy and dose
calibrators used in nuclear medicine.
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