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Calibration or Measurement Service

Measurand Level or

Measurement Conditions /

Expanded Uncertainty

Reference Standard used in calibration

(system code) Range Independent Variable
_ ndard APMP.RI(1)-K1.1
. rimary standard [
INER-1001 | air kerma 1 0 . . _ prima pLL
(kk1001) rate mGyh™| 1.98E+03 | 2.30E+04 Co 1SO-4037-1 1 % |on|zat|mé:gamber/ (2010-2011) « 3
TAF F5T(2015)
_ ndard APMP.RI(1)-K5 [£]2
i rimary standar " .
INER-1002 | air kerma 5 137 i .  Prima HL$(2013-2015) ~ i
(Kk1002) rate mGyh~| 6.12E+00 | 1.58E+03 Cs 1SO-4037-1 1 % |on|zat|mEcgamber/ 5 TAF s
(2015) -
APMP.RI( 1 )-K3
INER-1003 | air kerma 1 X-ray, 50 kV to [BIPM, NIST(M) 0 free air chamber / [f&LE¥$(2015-2017) ~
(Kk1003) rate | MCYM| 6:10B402 | 151E+03 |\ ™ oy, ISON, W) | 1 % INER i TAF FaTeE
(2015)
. : i NIST(M) _ APMP.RI(1)-K2 [£
||?|k|£l§0%ac))4 a'rrﬁgma mGyh| 2.30E+01 | 5.04E+03 | X ra%’ollf\}‘v © Mammogram | 2 % free a'lr,\j’g‘;mbe” EL3§(2014) i TAF
ISO(N, W) P T8 (2015)
INER-1005 | absorbed primary standard [APMP.RI(I)-K4 [
(kk1005) dose rate to| Gys® | 5.50E-04 | 6.40E-03 %co AAPM TG-51 1 % ionization chamber / [E5¥(2009-2011) -
water INER W% TAF FEE#E(2015)
absorbed . APMP.RI(I)-S2 [£]%
”Z'I(Elgot%gﬁ dose rate to |mGy h?| 4.28E+00 | 4.28E+00 |  °Sr/*°Y 1SO-6980 2 % Ca"bra{fgéource/ H-2(2011-2014) ~ i
tissue W5 TAF B EEE(2015)
Reference . APMP.RI(I)-K8
ITIE(TO%)%()N air kerma |mGyh*| 50 05 192 15 % Callbra;e_I(_stource/ (2016-2017) ~ 4
rate TAF F:§E(2015)
INER-1008 | air kerma 1 _ 0 i TAF BT
(kk1009) rate uGy h 170 0.55 Am-241 1.2~2.8 % INER (2010)
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Calibration or Measurement Service

Measurand Level or

Measurement Conditions /

Expanded Uncertainty

Reference Standard used in calibration

(system code) Range Independent Variable
INER-2001 |activity per Single nuclide meiTsCEr-eyrste)?l?Igg of APMP.RI(I1-K2.Fe-5
- . 1 . - 9 ’ O [EHFELEEF(2014) ~ 2
(kk1009) unit mass Bag™ | 1.00E+05 | 5.00E+05 solution source NCRP-58 1 % 2 standard weights / |, BTtt%{( . )
INER }EJ TAF EEEF.EE(ZO:B)
INER-2002 Single nuclide | 19158 high pressure well thgt?i(liléglilzez%
activity Bq | 4.14E+06 | 8.27E+09 g solutionin5mL| 1 % 2 type ionization [, o 0
(kk1010) solution source & TAF B 2182015
glass ampoule chamber / NPL [ w o )
dH 8 E
- electroplate, : FEIE - 1 PCl %8
INER-2003 | emission st | 1.00E+02 | 1.00E+04 Large area active area>10 3 % 5 proportional counter /K;ﬁét[:%ﬁ(ZOOZ) i
(kk1011) rate surface source INER NG N
cm by 10cm AT - iEE TAF Y
#£:(2015)
ambient
dose
INER-3001 eqw\ialent librated / APMP.RI(I11)-S1 [EX[fZ
1K1008) perrchr']al mSv h?| 6.41E-06 | 1.78E-04 | 22Cfsource | 1SO-8529-3 5 % 2 call raNelsiource FE$(2011-2012) ~ i
dose iE TAF FETE(2015)
equivalent
rate
ambient
dose
equivalent e
INER-3002 rate, 1 i ) Am/°Be At 0 calibrated source / [ TAF 5058
(Kk1008) personal mSv h™| 1.44E-06 | 5.83E-06 source 1SO-8529-3 5 % 2 NPL (2015) -
dose
equivalent
rate
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SCI # 7(2)
1| H 11010 (Supplementary Metrologia  [Volume 58
Mungpayaban, comparison
S. Ninlaphruk, APMP.RI(I)-S1 of Number 1A
C.L. Chen, M.C. standards for absorbed
Yuan, Y.L. dose to water in ®Co
Zhang, gamma radiation at
Y.Yuandi, G.M. radiation processing
Hassan, N. dose levels
Rabied :
T.B.Kadnie and
D. Butler
2 |Y C Lin,J H| 11010 [APMP key comparison Metrologia  [Volume 58
Lee, D Butler, D of absorbed dose to
Webb, A water for °Co, Number 1A
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% 1~ Cs-137 Z # % 5 1t #(APMP.RI(I)-K5) +* ¥4+ % & %

Nk (10" Gy C™) Relative standard

Participant A3 TN23331 uncertainty

(SIN110)  (S/N 0833) Ui(Nk) (%)
KRISS 0.8569 2.8535 0.21
NMI1J 0.8609 2.8560 0.24
INER 0.8565 2.8160 0.30
CIEMAT 0.8641 2.8420 0.78
NIM 0.8616 2.8450 0.30
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B 4~ Kr-85 ¢ s sy £ gl % 2 *hiaw 4

9.E-13 < e 4 .
? y = 3.2315E-13x + 2.8729E-14

SLE-1S R = 9.9986E-01
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Depth (mm)

% 2~ Kr-85 s e B3+ 5 2 %

85Kr % 4k F 0.07 mm & ik % & %+ 5 £ 31

AR £ B A

d(kk’I(1))/dl (1=0) | 3.2315x10 | A/mm
Collecting area 725.3713 mm?
Wie 33.83 J/Coul
Sta 1121
0 w0 1.1974x10° | kgmm® | @/ 293.15K
fE 101.325 kPa
B 65%

it & % Dy 5=1.411%105 Gy/s -
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B 5~ 1t 32 * o1 Sr-00 SR 1 5

# 3~ INER £ NIST g£:¥ in-house +* ¥+ %
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INER 31,815 Bglg + 158 Baglg
NIST(# %) 31,790 Bglg = 73  Bglg
INER/NIST  1.0008 + 055 %
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Metrologia
Volume 58
Number 1A, Oct 2021

Supplementary comparison APMP.RI(1)-S1 of standards for absorbed dose to
water in 60Co gamma radiation at radiation processing dose levels

H. Mungpayaban, S. Ninlaphruk, C.L. Chen, M.C. Yuan,
Y.L. Zhang, Y.Yuandic, G.M. Hassan, N. Rabied , T.B.Kadni and D. Butler

Abstract

Four national standards for absorbed dose to water in 60Co gamma radiation at the
dose levels used in radiation processing have been compared over the range 0.1 kGy to
50 kGy using alanine dosimeters of the Office of Atoms for Peace (OAP) as transfer
dosimeters. The comparison was piloted by the OAP who also participated. Two
laboratories from the original six were forced to withdraw due to equipment problems.
The results at low doses (0.1 kGy) showed a much wider spread (up to 17%) than at
the other doses, most likely as a result of random variations in the alanine readout at
OAP at these dose levels. Results in the 0.1 kGy range were excluded from the
analysis because the variation between the laboratories’ doses is overshadowed by the
variation in the readout of the alanine. Above 1 kGy the results indicated reasonable
agreement between the laboratories, with the majority of results within 2 % of the
reference value. All of these results were within two combined standard uncertainties
of the reference value, with the exception of the INER at 50 kGy point which was
within three combined standard uncertainties. Within the stated uncertainties, the
results establish the equivalence of the laboratories at radiation processing levels, for
the range in which they participated: NIS (3 - 10) kGy, NIM (3 - 30) kGy, INER (3 -
50) kGy, OAP (3 - 50) kGy.
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Metrologia
Volume 58
Number 1A, Oct 2021

APMP key comparison of absorbed dose to water for 60Co, APMP.RI(1)-K4

Y C Lin, J H Lee, D Butler, D Webb, A Krauss, T Kurosawa, Y Morishita, M Bero, S P
Vinatha, C T Budiantari, S Srimanoroth, K J Chun, K Wang, N E Khaled, T B Kadni, Z

Msimang and J Laban

Abstract

The APMP/TCRI Dosimetry Working Group performed the APMP.RI(1)-K4 key
comparison of absorbed dose to water for 60Co between 2009 and 2010. Fourteen
standards laboratories took part in the comparison. Three commercial cavity ionization
chambers were used as transfer instruments and circulated among the participants.
Nearly all the measured calibration coefficients for each ionization chamber were
within one standard uncertainty (as estimated by the laboratory) of the comparison
mean for that chamber, indicating reasonable agreement amongst the participants.
Three participants (ARPANSA, PTB and NMIJ) were used to link the results to the
BIPM through the ongoing bilateral BIPM.RI(I)-K4 comparison. Through this link the
degree of equivalence (the ratio to the BIPM Key Comparison Reference Value and its
uncertainty) was calculated for each non-linking laboratory to show the calibration
capabilities. For the 9 eligible participants, this degree of equivalent ratio fell within
3.3 parts in 103 of unity, well within the combined standard uncertainty in all cases.

To reach the main text of this paper, click on Final Report. Note that this text is that
which  appears in  Appendix B of the BIPM key comparison
database https://www.bipm.org/kcdb/.

The final report has been peer-reviewed and approved for publication by the CCRI,
according to the provisions of the CIPM Mutual Recognition Arrangement (CIPM
MRA).
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