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Establishing Standards to the Evaluation of Measurement Uncertainty

and Traceability for the Low-Level Radwaste

by

Huang Ping-Ji, Chin-Hsien Yeh and Jyi-Lan Wuu

Abstract

The identification of radionuclide and radioactivity for radioactive waste
i1s an important basis for waste classification. The reliability of radioactivity
measurement techniques and the precision of measurement data depend on the
operation of sound accreditation system. By following the requirement of
ISO-17025, the Taiwan Accreditation Foundation (TAF) requests the
measurement laboratories shall evaluate the uncertainties of their
measurement quantities. This report established a traceability system for
low-level radioactive waste measurement techniques and also studied the
methods to evaluate the measurement uncertainties for the low-level radwaste
measurement by following the “Guide to the Expression of Uncertainty in
Measurement” published by ISO. The evaluation of uncertainty includes A
type uncertainty, B type uncertainty, and expanded uncertainty. The procedure
of evaluation of uncertainty was explained in detail in this report, following

the applicable examples.

Keywords: uncertainty, low-level radwaste, traceability system
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(1) AR5t

o RRFEE
@%&&ﬁ%ﬁ@%ﬁﬁ%mJ%mﬁbm”%v”ﬁg“@p
PTCs ~ Y s CCo) Y TR dodk 30 o BB AR SRR F AR
Bi23%-

S

3 i B AREREEIR G TR

Master Uncertainly , %
Gamma-Ray Half-Lifa, Source* This Source Type Calibration

Nuclide Energy (keV) Days YPs/grain YOS Ug 1™ U Mothod
Am-24 1 59.5 158007 e 2.01BE+03 0.1 1.7 35 4n LS
Ca-109 88.0 462.6 1. 685E+05 2.82BE+03 0.6 2.3 4.8 HPGe
Co-57 122.1 271.8 8.978E+04 1.507E+03 06 20 42 HPGe
Ce-139 165.9 137.6 1.262E+05 4.118E+03 05 19 389 HPGe
Hg-203 a79.2 4B.61 2.712E+03 4. 653E+03 04 19 39 HPGe
Sn-113 381.7 115.1 1.763E+05 2.959E+03 0.4 19 39 HPGe
Cs-137 661.7 10883 1.143E+Q5 1.919E+03 06 19 40 HPGe
Y-88 898.0 106.6 4.264E1+08 71.168E+03 04 19 39 HPGe
Co-60 1173.2 1925.2 2.10TE+08 3.537TE+03 05 19 39 HPGe
Co-60 13325 1525.2 2.110E+05 3.542E+03 05 1.9 349 HPGe
Y-88 1836.1 106.6 4.508E+05 7.569E+03 0.4 1.9 3.9 HPGe

¥ Master Source relers to Analytics' Bisotope mixture which is calibrated cuarterly.
¥ P 1 ¥

Calibration Methods: 4 LS - 4 pi laquid Scintilation Counting, HPGe - High Purity Germanum Gamma-Ray Spectrometer,
IC - Jonization Chamber. Uncertainty: U - Relative expanded nncertainty, k = 2. See NIST Technical Note 1297, "Guidelines
for Evaluating and Expressing the Uncertainty of NIST Measurement Results.”

o HhEH
d st B % % 7 & (Table of Isotopes) ® % @ Cs2 L % 8
L3004 £ 003 & > FlUHARHIER A TR L (0.03/30.04) X
100 ~ 0.1 % -

o R EHF
kI o KR iRgp kg %‘rf- % 7oL % (Table ofIsotopes)( )y % 1@

N

19



2)

3)

4)

PTCs? 661.65keVii % 2. A % 5 85.1 + 0.2 %> Fpt H jp $HE 28 7
TR S (0.2/85.1) x 100 ~ 0.3 % -

B B M 2t e

B4 40 B 5 A (P7Cs) g 10000 kB2 i 3c i Bk 3 7 45 20 B 40 B
ARERSERET 0 R HEE(AG) » 59609 counts ~ =3 #iciE (Ax)
% 55487 counts¥? # § 2t #ciE(Ag) & 4122 counts o % 3 HciE 2 R #
£ 485 T og = (59609)7 ~ o5 = (4122)7 226y = (067 s 05° ) =
253 > F]pt v REH AP E 2 m TR 5 (on/AN) x 100 =
(253/55487) x 100 ~ 1.0 % o

TRERF

EE4F 4o B 5 B (P7Cs) g 10000 kBq2. M3 B R 31 2 B 4 B
FRERSEET > R EE(AG) » 59609 counts ~ =3 #iiE (Ay)
% 55487 counts¥? # § i #ciE(Ag) & 4122 counts o % 3 Hcid 2 R
£ Au 5 Tog = (59609)7 ~ o5 = (4122)" oy = (067 057 )" =
253 > P B H AR R 2 TR 5 (op/Ay) x 100 =
(64.2/55487) x 100 ~ 0.1 % o

EREEAE

EE4F 4o B 5 B (P7Cs) g 10000 kBgz. Mt AR H 0 TR £ &
105 2 A Ep| 18 54 40 B & B 5 2.076x10* Ba/kg> ¥ #F A u] & ik
TP ORI G 104 2 A2 106 O A (B S BpFERIEL 5
+1 ) @FIER B ER AN S 2071 x 10 Bg/kge 2.082 x
10° Ba/kg » ]t H pp$H 8 2 2 8 5 [( | 2.071 x 10°—2.076 x
10* | + ]2.082 x 10°—2.076 x 10* | )/2/2.076 x 10* ] x 100 ~
0.4 % o
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(5) =¥
E 4 e B s A (P7Cs) g 10000 kB2 Moz st A A 45 0 S R
E2pl 7 X o FEiE R E L L 1654 counts ~ TiaE L 56916
counts > F]pt H AR ML 2 R 2R & (1654/56916) x 100 ~ 3.0
0% ©

(6) Bk syt pr
MBS RRIFR L3044 PEELAYREOREE
PRI B2 PFREEI IR G- B G- 24> HApHEET =
TR % 30/(60 x 24x 30) x 100 ~ 0.1 %

(7) i £4 2%

PEIRRE RS AR T ARV A SR ERFRES

RANTHAE S B R EERTE 2 o 2

FEERR AL AT E YR G

e

S5 b A BB ERIE MG
ISOTOPIC-32)* #; » ISOTOPIC #i#i @ # %L F & St & &
KRB AFE TR DA ) o TIRABEMEE IR E

FEERFEGAPMIE P

(a) w BErcFmEd M
R AI* e i B2 R e Tm(241Am 9¢d ~*"Co ~ "*Ce ~ 2®Hg -
Sn s FCs Ty~ Co) e AR E R R RS R T

Rl BRI BEILIITN G N FRSRE LT R

REW M BRAek 4 97 o d AV BIRA A RS 4 M2 ¥
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Efficiency calibration Fit

Polynomia

TR FET R 05% -

uUncertainty = 0.4350 %

Coefficients:

-0.275211 -7.879734 0.585786 -0.080732 0.004903 -0.000116

Efficiency Table

Energy Efficiency Fit Delta
59.54 1.0834E-003 1.0835E-003 -0.00%
88.03 1.6451E-003 1.6439e-003 0.07%
122.06 1.7297e-003 1.7311E-003 -0.08%
165.85 1.6477e-003 1.6503E-003 -0.16%
279.19 1.2557e-003 1.2459e-003 0.78%
391.69 9.6037e-004 9.6678E-004 -0.67%
661.66 6.4700E-004 6.4608E-004 0.14%
898.06 5.1061E-004 5.1666E-004 -1.18%
1173.24 4.3200E-004 4.2688E-004 1.18%
1332.50 3.9124e-004 3.8965E-004 0.41%
1836.08 3.0534E-004 3.0685E-004 -0.49%
Calibration Certificate Table
Isotope Energy Pct Halflife Activity GPS Error Date & Time
Am-241 59.54 35.70 1.58E+005 5652.70 2018.00 3.50% 7/1/2009 12:00:00 PM
cd-109 88.03 3.60 4.63e+002 78556.00 2828.00 4.80% 7/1/2009 12:00:00 PM
Co-57 122.06 85.54 2.72E+002 1761.70 1507.00 4.20% 7/1/2009 12:00:00 PM
Ce-139 165.85 79.90 1.38E+002 2650.80 2118.00 3.90% 7/1/2009 12:00:00 PM
Hg-203 279.19 81.50 4.66E+001 5709.20 4653.00 3.90% 7/1/2009 12:00:00 PM
Sn-113 391.69 64.00 1.15e+002 4623.40 2959.00 3.90% 7/1/2009 12:00:00 PM
Cs-137 661.66 85.21 1.10e+004 2252.10 1919.00 4.00% 7/1/2009 12:00:00 PM
Y-88 898.06 92.66 1.07e+002 7725.00 7158.00 3.90% 7/1/2009 12:00:00 PM
Co-60 1173.24 99.90 1.93e+003 3540.50 3537.00 3.90% 7/1/2009 12:00:00 pP™
Co-60 1332.50 99.98 1.93e+003 3542.70 3542.00 3.90% 7/1/2009 12:00:00 PM
Y-88 1836.08 99.35 1.07E+002 7618.50 7569.00 3.90% 7/1/2009 12:00:00 PM
b)) TFRAE

d 354 Mk ERAFH Y P ERFR S ERER ] - HFA
FRAT RIS o d FRRR BT B LR LY
10% (=4kg)> FI* REE IR MIANTESTFTRAEI L
BB AR I8 E 0 bl4e Dy =400 kg/210 L, D, = (400-4)
kg/210 L, D, = (400+4) kg/210 L » & % F B EH 4 5 F R 5 Ag~ A
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A FISMEAREEI TR G A —A | + | Ay—
Ay | )/2/A0] x100 ~ 2.5% -
(c) B iwAjk
FhRgFEBR A RE > RREREAPHIEFIRTAE L 15% -
(d)

FE N 5 ER LR R * ISOTOPIC-32 4ickd - 468 £ P4~

Es

Jay

T2 B4 B35k 0 RETRETHEE L EEH L322 4p

HIFEEF TR S 9.6% -
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AN SO I #Eﬁ'ﬁl‘@% Eii@l(%)
N B #
SR
a. R b 23
b. ik % 0.1
C. ¥+ B Bt 0.3
¥ S M E 2 i 1.0
TRREES 0.1
& REEHE 0.4
£ L 3.0
By s R 0.1
A e e
A EACEFE LA M 0.5
b. i %A 2.5
c. i A 15
d3" & =2 96
2LrmeERr (k=1) 11
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6. $4 %

R+ aek g g IR G o s fekt g I 5 2002 -

FESTES W R R E IR Y RO Y I e
> FIEARP] > 2003 -

International Organization for Standardization, 1995. Guide to the Expression
of Uncertainty in Measurement, ISO, Switzerland.

PAEE A 2 RRREA £ ¢ (TAF) » 2005 > RI2 % % 2R 7 /2 LR 4p
31 » TAF-CNLA-RG 3(1) -

/4

BPAECFRORECFRE CF BT R AR Mg
BRSO R B RO 2 A AR R R ER A5 PR L AT iR
B AF89E 12 o

A ZNFLZ  F2 s P42 3R "L AR RETR2 2
AP (X H) " ARFREHIETRHRE ~ i

B AFN2ES5 o

oy
T
X
F
(e
¥

ANSI N42.14-1991, “American National Standard for Calibration and Use
of Germanium Spectrometers for the Measurement of Gamma-Ray Emission

Rates of Radionuclides”.

Richard, B. Firestone, “Table of Isotopes”, 8" ed., John Wiley & Sons Inc.
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