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Extremely Low Level Waste y-Scanner and its Characters

.

Twao MANABE, Katsuya KAWASAKI and Kentaro MINAMI

Department of Health Physics
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received March 7, 1990)

It is necessary in reactor dismantling that a large amount of
radioactive solid waste arising should be reasonably treated and disposed
according to the radioactive level of them.

An extremely low ievel waste y-scanner has been developed for the
purpose of efficiently classifing and confirming the extremely low level
radioactive solid waste by. v-ray spectrometry. The system which consists
of a scanning mechanism of waste container, a couple of HPGe detectors
and multichannel analyzers, and a minicomputer system, can measure
automatically radioactivity for each nuclide in the wastes such as
concrete in the three types of contailner.

Detection efficiency calibration factors of this system are to be
decided for each container by functioms of y-ray energy and effective
density of waste in the container. A verification test with radiocactive
standard containers showed that the calibration factors gave a precision
within 10-percent for typical radicnuclides in the homogeneous specimen,

The minimum detectable limit of radicactivity concentration of this
system is about 7.5x107° Bg/g for 8%Co in 200 % drum container in
measuring time of 600 seconds regardless of their density. This system

can ciassify about 1,000kg of the waste an hour.

Keywords: y-ray Spectrometry, Radioactive Measurement, Minicomputer,
Automatic Svstem, Minimum Detectable Limit, Calibration,
Detection Efficiency, Low Level Radiocactive Waste,
Extremely Low Level Waste, Reactor Dismantling

This work was performed by JAERI in 1983 ~1986 under contract with
the Science and Technology Agency of Japan.
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Table 2-1 Table of Major Radionuclide Data for the Classification
of Extremely Low Level Radioactive Waste in Reactor
Dismantling
Nucldes 82¢o 13405 i52py 184y
Half Lifel[Year] 5.2791 2.0625 13.2 8.5
Production Mode $9¢o(n, v) | '33%Cs(n, 7 )| 'S Eu(n, 7 ) 'S%Eu(n, 7 )
Decay Mode B ~(100) B{89%) B ~{27.0) B ~(99.98)
(Emission Rate)[%] EC(3x1074) | B*(0.019) | EC(0.02)
EC{73.0)
v -ray Energy[MeV] 1.17321 0.47535 0.12178 0.12314
(Intensity) [%] (100) (1.465) {30.7) {40. 47)
1.33247 0.56326 0.24467 0.24804
(100) (8.38) (7.173) {6.60)
0.56929 0.34427 0.929174
(15.43) (27.2) {4.83)
0.60466 0.41109 0.6924!
(97.58) (2.25) (1.6%)
0.79576 0.4440 0.7230
(85. 44) {2.88) (19. 7}
0.80184 0.778% 0.75687
(8.73) (Lz.14) {4.33)
1.038590 0.86739 0.87319
{1.00) (4.102) (11.5)
1. 16786 0.9640 0.6%9632
(1.81) (14.36) (10.3)
1.36513 1.08580 1.00476
{(3.04) (10.11) (17.3%)
1.11207 1.2466
(18.42) (0.70)
1.21289 1.27439
(1.433) (35.5)
1.40803 1.59648
(20.78) (1.67)
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Table 3-la Specifications of Extremely Low Level Waste y-Scanner
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Table 3-1b Specifications of Extremely Low Level Waste y-Scanner

B OB & H E] an i
ZEHEEOITE HEER 106—1 Ao/ Frrinw
TSUVvE 10cm Fite
3 v b o —suEEE 2EpY, Pevs, TIRNNY
F, o-—», ROI, %
HESA I —T 2R NAIG—IB(IEEE —483 )
ANEUGTERLER Ho 16w b
A EVER 512ks5A4 b
R BhE wF LA
wIF TS T L
BE/NESEE
@E?Jzﬁﬁﬁ jjit '7:./?';7\5.@.
A AR 9.4 M/¥4 b
T oE—Fa2AIE | ¥Y—bHAX 3.54F
T8 AEYER 270 k-4 b
F—H- N7 74 XFHEH WEHE, HF, FEREXFEFISTHE
wd F4 AT LR E 144 »»+
HEE T8
B 1024 x 780
P ) B HIZE%L 132 F/1T
HFdE 180 /8
XEHEH BEZ A+, BEXF
F eI NTT -~ 50.8 cn’s
JisE5i A3 AL
o 6
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Table 3-ic Specifications of Extremely Low Level Waste y-Scanner
B o8 & I = {t bk
U E 4 RE AR AS [o] #x &2 1,2,5,10 rpm
5 M R 5,10, 20 em/min
ﬁﬁ%ﬁ@r 0~95 cm
BAERTE 75(D)x100(l) cm
o K 3 500 kg
o gt Et B 2R O — F L
FPoAL 8 g 20~ 1000 kg
KR Ay ¥4 U5 3K
-3 6.2 %
5 & &t B BT B iR 13705
K Hl &R Nal{T1l) 25{(D)x75{H)mm
ER R & 10 cm
Yy N F s RNTHIAY
ANEIE 0.02~10 V
# 51| 83 P 0.02~10 ¥
9
ATHAEE 10%-1
EHEEE 10 MHz
7{v 0.1~ i0ksec
At tiesr oy I NFriANTEIAY
ATTEBE 0.02~1¢0 V
# Bl &G b 0.02~10 V
1%
St E R 108-1
A= ST 10 Mllz

_16_
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Table 3-2 List of the Automatic Sequential ‘Measurement Programs

Program No. 1 2 3 4 5
Entrance Window 80mm ¢ 80mm ¢ 30mm @ 80mme | 50x1Cmm
Detecter Position 200mm 200mm 200mm 300mm 200mm

Drum Drum Square Drum Drum
Container

200 ¢ 100 ¢ 5018 2002 2002
Name of Detection

A B C D E

Efficiency Curve
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Table 3-3 Table cf Constants of Polynomical for Detection Efficiency

Calibration of Extremely Low Level Waste y—Scanner

Progranm 1 2 3 4 5
Number
CO1 |-2.2870x10% |-3.5379x10% |-4.7282x10% |-2.7305x10° 1.8603x10®
Cl11 |-1.8531x10% |-9.0239x107" [~1,7187x10"% | -1.5870x10% | -6.0868xL0°
C2l 1 2.5730x10°1 | 9.4378x1072 | -8.7850x107% | 2.0992x10°' | 1.1174x10®
< | €02 !-1.7399x10% |-1.5609x10" |-1.8572x10% |-1.6786x10' | -1.8550x10"
Eg Cl2 | 1.0455x10° 9.0693x10° 1. 1146x101 9.9133x10? 1.0392x101
EE €22 | -2.2487x10% | -1.9640x10% |-2.3219x10% |-2.1421x10% j-2.2133x10%
= €3 |-9.8062x107! |-9.5529x107" [-1.0073x10% |-9.5948x10°1 | -1.0219x10®
o 3, 5238%1075 | -8.0448x107% | 1.3782x107% | -7.1502x107® | 1.5052x1074
C5 | -1.4553x1079 | 4.6632x107% | -3.1763x107% | 1. 9675x107% | ~7.3976x107®
COL | -2.4238x10% §-3.6748x10% | -4.8650%x10% |-2.8674x10C? 1.8614x10%
Cll | -1.8082x109 | -8.5844x107% | ~1.2792x107" | -1.5430x10° |-6.1201x108
C21 | 2.5730x107% | 9.4377x1072 | -8.7861x107% | 2.0992x107% | 1.1174xi0%
ea | CO2 |-1.6904x10Y | -1.5114x100 | -1.8077x10" |-1.6291x10! |-1.9228x10°
Eg Cl2 | 9.9666x10° 8.5805x10° 1.0658x10° 9. 4245x10° 1.0840x10"
jg €22 |-2.1365x10% | -1.8518x10® |-2.2097x10% |-2.0298x10% | -2.3333x10°®
| ¢ f-9.8062x1077 | -9.5529x107% | -1.0073x10® | -9.5948x107 | -1.0219x10
C4 3.5238x1075 | -8.0448x107% | 1.3792x107% 1 -7.1502x107® | 1.5052x1074
C5 | -1.4553x1079 | 4.6632x107% [ -3.1763x107% | 1.9675x107% | -7.3976x1078
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Table 3-4 Mass Absorbtion Coefficients of Materials Registered

for Fxtremely Low Level Waste y-Scanner

Energy Iron Copper Polyethylene Concrete
keV o=7.8g/cmn® | p=8.9g/cn® | p=0.8%6g/cn® | p=2.38/cn®
184.41 0.1566 0.1710 0.1440 0.1313
320.08 0.1058 0.1072 0. 1191 0.1052
4217.86% 0.0908 0.0907 0.106! 0.0937
EC4.73 0.0766 0.0759 0.09:8 ©0.0807
B61.864 0.0738 S 0.0725 0.0882 C.0T75
706.8617 0.0710 0.0702 0.0857 0.0752
T56.719 0.0687 0.0678 0.0830 0.0728
810.76 0.0665 0.0656 0.0804 0.0705
834.83 0.0655 0.0646 0.0733 0.0695
1115.52 0.0567 0.0357 0.0689 0.0604
1274. 39 0.0530 0.0521 0.0644 0.0564
1291.56 0.0527 ¢.0517 0.064¢0 0.0561
1332.46 0.0518 0.050C9§ 0.0630 0.0952
1408.02 0.0504 0.046% 0.0612 0.0536
1690.94 0.0460 0.0453 0.055% 0.0488
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Fig. 3-2 Moving Chart and Required Time of Waste Container by Scanning

Mechanism

in Container

XxxREX  REPORT of DRUM HEIGHT and THICKNESS  %XXwNXxX
ID No, 1 0710812
Measured Date 198G~ 7-10 9:03
Haeiaght (emd 1 89,00
Thickness(cm) H.51
Hedight Thickness{cm) Count Ratelups) Ratio
1 2,30 10,97 1.00
& 14,05 1.36 A2
3 11,97 1.97 18
< b6 .14 AT
5 .60 g.74 B0
& 2.78 10.21 73
7 2,9 Y., 80 20
t J3.53 8,94 81
Y 3,52 8.95 B2
Fig. 3-3 Print Out of Height and Thickness Counting Data of Waste
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xxu&u®  HEPORT of DRUM DISTRIBUTION wx®x%x
ID Ho. : 0710512
Megsured Date ; 1985%—- 7-10 92:53

fnale (dea.l 0 45 20 135 130 225 270 315
Heiaht 1 208.84 23.17 24,45 a0.,%96 70,11 84,60 64,48 35.44
chi 14,52 11.70 12.9%9 23.8B7 36.61 A5.52 34.44 17.60
ch2 14,322 11.47 11,47 17,09 33.20 3%9.08 30.04 18.04
2 51,91 37,12 52,23 110,18 256.32 333,89 20%.01 78,86
chil n5,28 20,48 25.74 57,20 136,06 186.%92 1146.97 53.78
ch2 26,53 16,64 25,49 52,98 120.27 1446.98 $2.05 45,08
3 9hH.67 65,34 93.41 245,12 896,15 14615.4 £56.6% 224.07
chi 46,71 34.4% 44,42 120.18 434.10 B18.94 36B.13 120.4°7
cha 49,96 20,89 46,99 124,%4 462,09 796.44 ZB2,54 103.57
4 196,846 105,28 155.82 458,26 2221.0 4448.5 15467.92 38%9.27
chi 77 .85 93,10 77.92 229,18 1095,7 2183.2 846.05 205,90
ch2 79.01 52,18 . 77.8%9 229,08 1124.,3 2285.3 721 .84 182,37
2] 211.62 142,79 213.62 706,03 3578.3 7449,5 258H.9 983,39
chl 107,30 70.19 105.45 355.86 17646.8 3837,1 1371.0 305.98
cha 104,32 72.60 108,17 350,17 1811.5 3812.4 1215.9 276.41
& 250,78 167,13 245.01 B839.53 4795.5 9405.2 3222.1 488,18
chil 130,46 B2.65 120.%3 434,40 2117.3 475%9.1 1735.0 371,81
cha 120.322 84,43 174.08 405.13 2178.2 46346.1 1487.0 316.37
7 272.71 168.70 2&61.80 5.34 4495.4 9F30.8 I3568.8 724,84
chi 141,.9% B3.79 129,63 431,12 2245.5 a4%32.4 1B16,3 384.01
cha 130.76 84,91 132,17 424,22 224%.% 4798.4 1552.4 340,83
8 24T, 566 156,98 248,57 745,42 3EV1.2 B4LS5T7.6 30730 462 .60
chl 132,53 76,31 121,25 3EZ.70 1945.9 4337,7 1855.5 I36.%91
ch2 117,13 HD0.&5 127.32 362.72 1925.3 4319.% 1417.6 305.74
@ 201.21 132,90 195,11 540.94 24947 S767.2 2072.1 481 .53
chi 104.98 69.25 106.83 285,87 12886.9 2948.3 1092.7 257,27
. ch2 S6.23  L3.65 B?.28 255,36 1209.%9 2818.9 97®.43 224,24
unit & cps

Fig. 3-4 Print Out of Distribution Data

Container

of Radiocactivity in Waste
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Setting Range of Detector

350 350 175

Detector Shield

HPGe Detector \\\\\\
\\\\ 7 %
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.
' Stand for Elevator
A N e

/////// Elevation Screw

1
‘//.ﬂ///

077

Elevator
\ )
- Container —_—
200 4 Drum
- =
Y

1635

/7
Truck

Internmediate Base

Fig., 3-6 Side View of Detectors and Scanning Mechanism of Extremely

N

Rotater

Sensor of Weighing Instrument

Low Level Waste y—-Scanner
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[

Movement
|
Weight
Counting
|
Elevation and Thickness Measurement of ACQU1S¥tIOU of
Rotation Counting y -ray Spectrum Distribution
Counter
. I
i Assay of
g?lggéggtgn Radicactive
Distribution
‘ ]
Down Peak Analysis

Background Subtraction

Energy Calibration

Peak Adding

Calculation of Mean
Radigactive Concentration

1

Calculation of
Minimum Detectable Limits

Judgement

Qutput of Result
1

Fig. 3-7 Flow Chart of Radlocactivity Measurement of Exﬁremely Low

Level Waste y-Scanner
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(b) Measuring Instruments and a Minicomputer System

Photo. 3-1 The Extremely Low Level Waste y-Scanner
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Table 4-1 Specifications of Radioactive Standard Containers Made of
Cement for Detection Efficiency Calibration
Capacity | Density Net Net Total Activity (MBg)
No. | Container Weight | Volume
(¢) (g/om') (kg) (e) |[19%Ce |'37Cs 89¢Co

A0l Prum 200 2.1%5 429 139 20.4 45. 4 12.5
AQZ ” 100 2.09 206 98. 6 18.5 13.8 12.9
AQ3 Square 50 1.92 98. 4 51,72 1.81 5.37 4. 40
A04 ” 50 1.89 97.0 # 7.73 5.29 4, 317
405 ” 50 i. 80 82.0 ” 7.33 5. 00 4. 14
AOB ” 50 1.18 25.9 14.3 2.04 137 1. 11
AOT Drum ZOb 1.35 279 207 26.2 15.0 12.4
ADSB G 100 1.62 1417 90. 74 24.0 16.2 11.4
A0S Square 50 1.26 64. 6 51.2 5. 81 3.52 3. 585
AlQ # 50 L. 24 §3.17 ” 5.74 3.48 3. 50
All w 50 1.25 63.8 ” 574 3.48 3.50
Al2 ” 50 .33 38.3 28. 7 3. 44 2.07 2.09
Ald Drum 200 L.07 195 182 25.5 15.1 10.0
Ald ” 140 1.01 91.7 90.7 30.1 11.3 9.03
AlS Square 50 1.13 46. 4 46. 1 6. 11 4.68 4.07
AlG ” 50 0.957 19. 0 51.2 6. 44 4.92 4.33
ALT o 50 0.942 43.4 41.0 5.170 4. 40 3.81
¥ Activity reference day on Feb. 1986
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Table 4-2 Specifications of Non-Radioactive Standard Containers

for Background Measurement

Nominal Density Net Net
No. | Container Capacity Weight Volume
(e (g/af) (kg ) (1)

B0 Drum 200 2.09 432.3 207.

B02 ’” 100 2.05 210.7 103.
BO3 Square 50 2.02 103.5 51.2
BO4 # 50 2.02 103. 4 91.12

B0 6 Drum 200 1.31 283.1 207.

BC17 2 100 1.29 i32.1 103
BOS Square 50 1.29 65.8 5.2
BOY # ‘ 50 1.28 65.4 51.2

Bl1 Drum 200 1.01 194. 192.
B12 v 190 0.976 94.7 37.0
B13 Square 50 0.975 49.9 51.12
Bl4 ” 50 0.984 50. 4 51.2

_36_.
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Table 4-3 Count Rates of y-Ray Spectrum Obtained using

Non-Radioactive Standard Container of 200 £ Drum

Energy | Channel 1ol Ghammel .ty | phethy | Count®rate | Count rate

(keV~keV) (s~1/keV) (s=1/keV) (keV) (s1) (s 1)
50~99 2.87x1072 | 2.37x1072 | 238.6 2.79x107% | 2.25x1072
100~ 149 2.80x1072 | 2.22x1072 ] 295.2 2.08x10°2 11.99x1072
150~199 2.22x1072 | 1.78x107% | 351.9 3.89x1072 | 3.01x1072
200~ 249 1.92x107%{ 1.34x1072 | 583.2 1.60x1072 | 1.57x1072
250~299 1.11x10°2 | 9.26x107 | 609.3 3.85x1072 | 3. 44x10°2
300~ 349 7.20x1073 | 6.75x107%} 911.2 £.18x1072 | 1.07x1078
350~ 399 5.80x1073 | 5.58x107% | 968.9 7.27x107% 1 6.28x107%
400~ 44¢ 4.07x1073 1 4.04x107% [ 1120.4 1.10x1072 | 1.11x1072
450~ 499 3.36x1073 | 3.25x1073 [ 1460.7 3.95x1072 | 3.08x10°2
500~599 2.96x1073 | 2.90x1073 | 1764.0 9.31x1073 | 8.35x1073
§00~699 2.32x107% | 2.19x10°3

700~ 799 £.63x1073 | 1. 54x1073

800~8399 1.32x107% | 1.30x107%

900~ 999 1.31x107% [ 1.23x1073

1000~1099 | 9.19xi0°*| 8.67x107%

1100~1199 | 1.01x107% | 9.33x107*

[200~1299 | 8.20x1074 | 7.50x107*

1300~1399 | 5.22x1074 | 5. 46x107¢

1400~1499 | 8.02x1074 7§ 7.17x1074

1500~1599 | 3.76x1074 | 3.68x107%

1600~1699 | 2.53x107% | 2.61x107*

1700~1799 { 3.44x1074| 2.91x107*

1800~1869 | 1.92x1074} 1.83x1074

1900~2000 | 1.63x1074| 1.87x1074

Program No : 1, Counting time : 21,636 s
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Table #4—4 Minimum Detectable Limits of Radioactivity Concentration

for Extremely Low Level Waste y-—Scanner

Minimum Detectable

Nominatl . ¥ -ray
Container | Density| Nuclides | Energy Limits (Bg/g)
(g/cm®) (MeV) t=100s t=300s t=600s
88 (g 1.832 | 2.,x1072 | 1.3x1072 | T.gx1073
- t240g 0.604 2.,%x1072 | 1.3x1072 [ 8.,x1078
) 152y 0.344 | 7.,x1072 1 4.,x107% | 3. gx1077
154py 1.274 | 8.5x1072 | 3.sx1072 | 2.4x1078
§2(0 1,332 | 2.4x1072 | 1.4x1072 | T.gx1073
Drum . 134¢g 0.604 | 2.5%x1072 | 1. 4x1072 | 8. 7x107°
1.3
2002 152fyg 0.344 | 8.¢x1072 | 5.5x1072 | 3. 6x1077
164y 1.274 | 6.6x1072 | 3.9x1072 [ 2.,x1078
tcy 1.332 2. 4x1072 | 1.ax1072% [ 7.gx107°
o 13405 0.604 | 2.5x1072 [ 1.5x3072 | 9.5x1073
i 1S2py 0.344 | 8. 4x1072 | 5.5x1072 | 3. 5x107°
1540y 1.274 §.gx1072 | 3.9x1072 | 2.5x1078
BBCo 10332 |3 .4x1072 | 1.ax1072% [ 1. yx107%
Drum - 1340y 0.604 | 3. 4x1072 | 2.gx1072 | 1.5x107%
1004 ) 182y 0.344 | 1.,x1071 | 7.6x1072 | 4.4x107%
154, 1,274 | 9. 4x1072 §5.,x1072 | 2.9x1078
680 1.332 | 5.gx1072 [ 8.,x1072 | 1.gx1072
Square . L34Cs 0.604 | 6.gx:072 | 8. ¢x1072 [2.3x107F
1. .
50 4 ts2py | 0,344 | 2.5x1077 | Logxl07! | 9.ox1077
154py 10274 F1..x107% | 6.9x1072 | 4.5x1072
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Photo. 4-1 Radioactive Standard Containers for Detection Efficiency

Calibration
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