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ABSTRACT The Low-Level Radwaste produced from nuclear power plant and related
research institute were partially Solidified by Cement to obey storage safety requirement. Gamma
counting detection limit is confined to the precision of correction technology, this paper describes
the technology to prepare the cement-solidified standard drum and use Europium-152 source to do
Canberra's gamma waste analysis and correction. The result showed the difference between gamma
counting activity and NIST certified value is 0.38%. We established the cement-solidified radwaste
counting system had finished whole drum gamma detection and determination for sixty barrels
sludge.
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Outline of Waste Package Inspection System
Using GSSM

FEATURES Fully Automatic System
Easy to Maintenance and Install
High Inspection Speed

Compressive Strength .

Measurement/Labeling Unit
Radioactivity/Dose Rate/
Weight Measurement Unit =&

Visual
Inspection/Surface
Contamination Unit

COGEMA EURISYS MESURES
Canberra

1 GSSM
(gamma waste assay

software, GWAS)  Canberra
1

(gamma spectrum scanning
method, GSSM) @ 86 7 17

€y
2
©)
@)
(radial)

®)

(6)

) 2. (1)

1 ©) (6) (7) (8)

91.8 91



92

1 1
ITV
GM GM
7 2 2 >37x10° | 1
>3.7x10° Bg/cm’
Bg/cm’
(lon Chamber) (lon Chamber) (lon Chamber)
5 4 3 2
0.001 10 mSv/hr /1
4 3
5 2 2
(GSsV) (Ge)
(Ge) (Collimator) (Emission Computed
5 Homographs, ECT) 5
) ECT
Co-60 0.37 Bg/g Nal
(Load Céll) (Load Cell) (Load Céll)
6 2
1
1000
/ 7 5
ID
(2) GWAS 3 Eu-
152 (@]
(1) 2 Modd GC 1018 HPGe
(201 Modd GC1020 HPGe
(3) 2 Mode 2101P (preamplifier)
(41 Modd 2100-1 (power supply)
2 (52 Mode 9645 ICB

91.8

(programmable H.V. power supply)




(6) 2 Mode 9660 ICB
(programmable digital signal processor)

(7)1 Mode 1654 (pulser)

(8) 1  Model 556 Acquisition Interface Modular
(AIM)

9 1
(1001
(11)
(12) 2
(13) Europium-152 (Eu-152)
2.85 mCi (
May-1-1998) Eu-152 | sotope
Products Laboratories (I1PL)
9.53 mm x 813 mm
7.75 mm x 809 mm 1.07 g/cc
(epoxy) Eu-152
3 NIST
Europium-152
Canberra
Model $431 Genie-PC Gamma Waste Assay
Software V2.0 0S/2 Genie-
PC 4
@)
D
)
(relay)
RS232
3
Co-60
Cs137 C-14 S-90 Tc-99 1-129

Pu-239 Am-241 Cm-244

CERTIFICATE OF CALIBRATION
GAMMA STANDARD SOURCE

GENTECH INDUSTRIES, INC.
24

GTS625-

AL |'\'._c"/i-\'| won
3. NIST Europium-
152
(trash)
15% K,Fe(CN), - 3H,0
25% 5% 55%
55 311
kg 5
6 NIST
2.85 mCi Eu-152

91.8 93



HFRERSE
) BIE5t x2 \
|
Relay X6 BHBRITE / §
%)
C | BRPHE (o 3P220V
] 7
2535 X2 e o B 18 GC-1018 © L
R g § 7935-7F/RCD Cryostat ®
A @ o]
2101P
i Preamp Y 3 A
1654 Pulser x 1 THREER
% 9645 ICB HVPS x2 RS-232 to RS-485 oc
% 9660 ICB/DSP X2
A 556 Ethernet AIM ~ x 1 N
2100 Bin/Power Supply x1 g
I M
AIM Driver RS232 METTLER
S400 Genie-PC Basic TOLEDO
- $401C Genie-PC ) H -
S S405C Genie-PC QA < =
0 S480C DB2 for 0S/2 R
] S450C IBM OS/2 WARP -
S431C G-PC GWAS —-eaae-_-_».._ CES
ENZRA% -!a"‘x--_'!‘;'-.’-nn —
iTle R/ A ———
4,
(collimator)
(region of interest, ROI)
(continuum)
(Compton) (photoelectric)
5.

94 91.8



(full energy peak efficiency) AlBlclDlEIF
Befg 6 | & | d | d | &
(counts)
a b c d e f
I O Y R I R Y R B
P=AxyxexGxT N N
A (Ba/g) P 55
(intensity, cps) y (branching ratio, %)
€ (intringic efficiency) ( ) @
G (geometrical efficiency) T
(transmission rate) . 6 Eu-152
6
) @)
(shell) ( A B C
D E P (3 6 d d
r
le 2
(dead time)
2
A= S,
N
E|F r_dn+dn,1
! 2
d, n r,
n R 55 N
6
55 57.2cm
—pi e d, d, 11.7 16.5
> 202 234 261 28:6cm
: r, re 58 142 185 218 248 274
6. cm

91.8 95



Eu-152

efficiency)

(e

R(E) ©

2 100

1,;=4939.3

10 20

1K,
REE) = [n(E) - BE)] <, o5

E
(absolute peak energy & n(E) = N(E)/T N(E)
T n(E) B(E)
e(E)
IK; (i = 1 to 4) (matrix attenua-
tion) K. (coincidence summing)
K, (activity decay) Ks
(pulsepileup) K,

(branching ratio) C C=
R(E)/Y

6,
C (6)

S

C= f(S,T,Y,Vchlelg)z
TxYXxVxK.xK,Xxe

S (net

NEa

E
\

244 |(10)

3
de
(28.4)

7. Europium-152

96

iﬂ. peak area) T (livetime) Y
(branching ratio) V

1.9)
855}> 1299 K. K,
(L&}
€ (cps/dps)
13) 1090
{L.7)

/, .
17, 3
(22)

444 696

(3.1} {
6 Eu-152

o) duzf N ) ng] 1 Sigma 68%
1.050x 10°+ 9.210x 10" TBq NIST

. Yy v 1.054 x 10" TBq NIST

t 0.38%
344
26.5)

91.8



5%

K,Fe(CN);
Ca0 SO, AlLO, FeO,
15% 4 cm 2 4
% 4 cm
2.
Eu-152 7

121 244 344

411 439 778 867 964 1085 1112 1408
kev 8
11
4 cm 778
keVv 8 4 cm
778

867 964 1085 1112 1408 keV 6
0.9999
778 867 964 1085 1112 1408 keV
(full width at half height, FWHM)
174 179 186 193 195 211
kev Co-
60 1173 1332 keV Cs137 661 keV

Eu-152

3000 4 cm

60

@
f=3
=]

121+ 344 1916 keV

keV keV

a
b=3
=]

140
keV|

S
k=3
t=3

244 778 867 964| 1085
keV KkeV keV keV| keV

w
<
=1

n~3Cc0oQ

i T
4,5"3-.. . . keV
hE e 411439

n
o
=1

N " keVkeM

=]
o

No Shielding -

“JMWMWWWA..WNWWWVM}*W i ST

4 cm Pb

o

0 500 1000 1500
Energy (keV)

8. 4 cm

Cobalt-60
Cs-137
247 x10° TBq

Cesium-137 Co-60

8.47 x 10" TBq

10 6M
90°C 24
Canberra GC4020
Genie-2000

Cobalt-60
137 3.60 x 10" (Bq/g)
(Bg/g) 60

Cesium-
8.71 x 10°

60
Co-60 Cs137
495x10° TBq 1.20x10° TBq
9 10
Cs-137

0.58

Co-60
0.48

91.8 97

2000



__ 2.0E-05
jon
|CE M'
= .M
1. 0E-05 »
3 M s
S
O 0.0E+00
0 20 40 60
9. Co-60
S 5.0E-03 ’
= Mﬁ*’a
2.5E-03
~ M o
QI gy
8 0.0E+00 =
0 20 40 60
10. Cs-137
1 , ,
: , 21 (2001).
2. , ,

, , INER-T2704, 25 (2001).
3. M. Bruggeman, J. Gerits, and R. Carchon, Applied Radiation
and Isotopes, 51, 255 (1999).
4, ,
, 99 (1998).

98 91.8

3.
Co-60 (Bo/g) | Cs137 (Ba/g)

1 3.60x 10" 1.02 x 10°
2 4.69x 10! 9.46 x 10’
3 451x 10! 1.14x 10°
4 367x 10" 1.41 % 10°
5 5.20 x 10" 8.59 x 10’
6 3.28x 10" 7.22x 10’
7 2.87x 10" 5.95x 10’
8 2.40x 10" 6.73x 10’
9 2.85x 10" 8.85x 10’
10 2.96x 10" 4.71x10°

3.60x 10" 8.71x 10’

5. ANSI, American Nationa Standard for Calibration and Use of
Germanium Spectrometers for the Measurement of Gamma-
Ray Emission Rates of Radionuclides, N42.14, 13 (1999).

6. ) ,

, INER-OM-0488, 13 (2000).

Ching-Tsung Yu received his MS in chemistry from
National Taiwan University. He is currently a assistant
scientist in Ingtitute of Nuclear Energy Research, ROCAEC.
Jwn-Yung King received his MS in chemistry from
Chung-Cheng Institute of Technology. He is currently a
senior scientist in Institute of Nuclear Energy Research,
ROCAEC.

Tsung-Yuan Wang received his MS in chemical engineering
from Zuan-Ze University. He is currently a technician in
Institute of Nuclear Energy Research, ROCAEC.





