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Measurement of gamma spectrum of radioactive waste and
working environment by portable germanium detecter.

(Technical Document)

Yukihisa SANADA*, Kiyomitsu AKIYAMA*, Masaki Wakayama**, Yuichi Yoshizaki*,
Kenjiro Miyabe*

Abstract

Practical application of portable Ge detector was examined in radiation control at
the reprocessing plant. Main purposes of the examination are, (1) estimation of
radionuclides inventory by in-situ object counting system (ISOCS), and (2) acquisition
of the gamma ray energy information which is necessary for dose estimation. At first
waste box, analytical jug, filter and lead container were measured. Then gamma
spectrum was measured around glove box in Pu conversion development facility (PCDF).

As a result, some aspects concerned about detection limit, distribution of point
source and self-absorption by low energy gamma ray were clarified. Information on the
gamma ray energy were obtained.

Radiation control will become advanced by measuring a gamma ray spectrum by

portable germanium detector.

* Reprocessing Radiation Control Section Radiation Protection Division Tokai Works

** Inspection Development Company Ltd.
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Table 1 Getr Hi2s D14 EE

BRHAREA GC2018-7935-7F/RDC
AN Lt 2002C
MCAZ! 4, Inspector2000
FARV—T4 T ERE 0
*P/CHIE
a7+ EE 4159-4383 ch
u Iy NWAA =)y Ry AV 8 183 cts/ch
E—2 ATk 10002 cts
P/C 55 (AR w 7 >50)
* T REEHIE
1F% R INVBHEODITRIF— 0.25 keV/ch
53R (FWHM) 1.69 keV
FWTM 3.36 keV

*MARRBE T X THIE
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Table 2 juglZ X9 BISOCSDEENTRMA: (F1E)

*tF| BFROME L2 # B (g/eu.c) NS D4 M OB

1 |LPOLYETH CoH, 0.92 WNEOZEGH B EER G ENDEE
2 |LPOLYETH CzH, 0.92 EED 5 ImmiZ BHEWERF £ 544
3 |LPOLYETH CzH, 0.92 FED S Immi B EASTENSERE
4 |HPOLYETH CzH, 0.95 EED 5 ImmiZ BHEWERF £ 544
5 | ACRYLIC C1H0; 1.17 EED 5 ImmiZ BHEWERF £ 544
6 GLASS  75i02+15Na;0+15Ca0 2.6 EED S5 Immi B EATENSEBE
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Table 3 BERYIZA 4R T O BEH RO RAE K R(1/2)

sample NOclearance leve 1182 1194 1183 1192
sample Bgg) |[H—F RV IR H—F R IR A—Fr2Ry TR 15L green
dose( £ Sv) <0.5 <0.5 <0.5 <0.5
“Co 4.0E-01 N.D N.D N.D N.D
s 5.0E-01 N.D N.D N.D N.D
“cs 1.0E+00 N.D 1.6E+01 9.2E-01 5.8E-01
Eu  40E-01 N.D N.D N.D N.D
gy - N.D N.D N.D N.D
*Np - N.D N.D N.D N.D
Py - N.D 2.9E+01 N.D N.D
Py 2.0E-01 N.D N.D N.D N.D
Py 2.0E01 N.D N.D N.D N.D
Hopy 2.0E-01 N.D N.D N.D N.D
“Am  20E01 N.D 1.6E+01 N.D N.D
*py_ 2.0E01 N.D N.D N.D N.D
- BEBUHTEREDA > BRHBRFAMELA L N.D: Not detected
sample NOclearance leve 1200 1187 1190 1201
sample (Ba/g) 15L red 15L red 15L red 15L green
dose( 1 Sv) 12 <0.5 1.2 9.5
%Co 4.0E-01 1.9E-01 N.D N.D N.D
Hes 5.0E-01 1.9E+01 3.2E-01 1.6E+00 4.8E+00
o 1.0E+00 5.6E+02 8.4E+H00 5.1E+01 1.2E+02
Eu 4.0E-01 LIE+01 N.D 1.1IE+00 3.7E+00
Eu - 7.2E+H00 N.D N.D 2.TE+H00
Np - N.D N.D > N.D
2y - N.D 5.6E-01 > N.D
Btpy 2.0E-01 N.D N.D > N.D
py 2.0E-01 N.D N.D > N.D
*opy 2.0E-01 N.D N.D N.D N.D
*Am  20E01 2.7EH2 1.2E+02 N.D 1.9E+01
Hpy 2.0E-01 N.D N.D > N.D
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Table 3 BERYIZA 48 T O BEH B DO RAE K R(Q2/2)

sample NOclearance leve 1193 1288 1196 1204
sample (Bg/g) 15L red 15L green F— RKRvIA 15L white
dose( 1 Sv) 1.4 <0.5 <0.5 <0.5
“co 4.0E-01 N.D N.D N.D N.D
s 5.0E-01 N.D N.D N.D N.D
“cs 1.0E+00 > 6.9E-01 1.2E+00 7.2E-01
gy 4.0E-01 N.D N.D N.D N.D
Eu - N.D N.D N.D N.D
*Np - > N.D N.D N.D
'y - > N.D N.D 455
®pu 20E01 > N.D N.D N.D
py 2.0E-01 > N.D N.D N.D
*pu  20E01 N.D N.D N.D N.D
“Am  2.0E-01 > 18.1 N.D N.D
*py 2.0E-01 > N.D N.D N.D
- BEBHTERED. > BRHBRFMELLE  N.D: Not detected
sample NOclearance leve 1185 1197 stdl std2
sample (Bg/g) 15L white F— RKRvIA 60L 15L
dose( # Sv) <0.5 <0.5
“co 4.0E-01 N.D N.D N.D N.D
Hes 5.0E-01 N.D N.D N.D N.D
Hics 1.0E+00 42E-01 1.1E+H00 23E+01 2.2E+01
¥Eu 4.0E-01 N.D N.D N.D N.D
Eu - N.D N.D N.D N.D
“Np - N.D N.D N.D N.D
Py - N.D N.D N.D N.D
Z¥py 2.0E-01 N.D N.D N.D N.D
py 2.0E-01 N.D N.D N.D N.D
*py 2.0E-01 N.D N.D N.D N.D
*Am  20E-01 N.D N.D 6.6E+01 1.0E+02
*py 2.0E-01 N.D N.D N.D N.D
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Table 4 BEREYIB(15L) TRE X Nz v BEHBRE D HI(No. 1193)

Observed energy Expected energy Branching ratio Suspected origin
(KeV) (KeV) (% per decay)
45.05 4524 0.045 *2py
4491 0.036 #0py
5142 51.01 0.34 Py
5935 59.54 35 Py
59.54 36 1 Am
64.55 64.83 13 Py
76.85 77.59 0.00041 by
8631 86.47 12 2INp
86.81 2.0 *¥pq
94.44 94.64 0.60 2INp
9827 98.78 0.0012 by
100.72 99.85 0.010 2¥py
103.63 103.68 0.00010 *lpy
103.50 0.0078 *2py
103.06 0.00023 by
10423 0.0070 #0py
114.06 11626 0.00060 By
117.39 117.70 0.16 >Np
129.01 129.29 0.0063 by
14832 148.57 0.00019 *lpy
159.79 158.80 0.00045 *2py
164.32 164.61 1.85 By
207.66 208.00 21.14 By
26723 267.54 071 By
299.81 30034 6.62 23p,
3115 312.17 386 23p,
332.05 33236 12 By
332.85 0.00049 9y
340.09 340.81 447 23p,
344.57 345.01 0.00056 9y
374.64 375.05 0.00016 9y
41333 41371 0.0015 9y
66123 661.66 85.1 *Am
1461.18 1460.83 10.67 g
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Table 5 BEREYIBR(15L) TRHE X Nz v BEHBERE D HI(No. 1201)

Observed energy Expected energy Branching ratio Suspected origin
(KeV) (KeV) (% per decay)
45.05 4524 0.045 *2py
4491 0.036 #0py
5142 51.01 0.34 Py
5935 59.54 35 Py
59.54 36 1 Am
64.55 64.83 13 Py
76.85 77.59 0.00041 by
8631 86.47 12 2INp
86.81 2.0 *¥pq
94.44 94.64 0.60 2INp
9827 98.78 0.0012 by
100.72 99.85 0.010 2¥py
103.63 103.68 0.00010 *lpy
103.50 0.0078 *2py
103.06 0.00023 by
10423 0.0070 #0py
114.06 11626 0.00060 By
117.39 117.70 0.16 >Np
129.01 129.29 0.0063 by
14832 148.57 0.00019 *lpy
159.79 158.80 0.00045 *2py
164.32 164.61 1.85 By
207.66 208.00 21.14 By
26723 267.54 071 By
299.81 30034 6.62 23p,
3115 312.17 386 23p,
332.05 33236 12 By
332.85 0.00049 9y
340.09 340.81 447 23p,
344.57 345.01 0.00056 9y
374.64 375.05 0.00016 9y
41333 41371 0.0015 9y
66123 661.66 85.1 Am
1461.18 1460.83 10.67 g
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Table 6 JIEH T ¥ 7 (ag) TRHE SN /= v BB BEE

Observed energy Expected energy Branching ratio Suspected origin
(KeV) (KeV) (% per decay)
59.54 59.54 36.30 *'Am
59.54 34.50 By
94.64 93.35 3.20 2Ac
98.62 99.50 1.28 2ac
97.08 15.70 By
97.08 22.00 B5py
101.1 103.06 0.00 py
103.68 0.0001 #py
148.6 148.57 0.0002 #py
208.04 209.25 3.88 2Ac
238.56 238.62 44.60 H2py
295.19 29521 19.20 pp
33827 338.32 11.30 2Ac
351.89 351.92 37.20 pp
510.71 511.00 Annihilation radiation
583.17 583.19 84.50 20811
609.28 609.31 46.30 24p;
661.65 661.65 85.12 Bics
727.39 72717 11.80 22
911.38 911.21 26.60 A
969.31 968.97 16.20 2ac
1120.79 1,120.29 15.10 Mg
1461.92 1,460.81 10.67 g
1766.27 1764.49 15.8 Mg
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Table 7 KX FjuglZ B1F B8 H T ERE O FMm#E R ISOCSIZ X 5)

Smser | 1 2 3 4 5 6

jagl #am  [41x10* 3.5x10° 5.4x10° 3.5x10° 3.6x10° 4.6x10*
Pics | 5.5x10' 4.8x10' 6.7x10' 4.8x10' 4.8x10' 5.1x10'
jag2 #am | 5.8x10° 49x10* 7.5x10° 49x10° 5.0x10* 6.4x10*
Pics | 7.7x100  6.6x10' 9.4x10' 6.7x10' 6.7x10' 7.1x10'

* : Table 20D MRS
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Table 8 ISOCSICE VEHLEZAR 7 2 VI —IZXT 5

T R B DR T RRME
BT ISOCSIz &R H Ui it FRR{E
A ;‘égg 1000s 5000s 954585
(Bq/g) Bq Bq/g Bq Ba/g Bq Ba/g
%Mn 1.0E+00 |9.52E+02 4.14E-02 [3.65E+02 1.59E-02 [4.17E+01 1.81E-03
80Co 4.0E-01 |6.44E+02 2.80E-02 |2.52E+02 1.10E-02 [4.88E+01 2.12E-03
%Zn 1.0E+00 |2.15E+03 9.35E-02 |7.67E+02 3.33E-02 |1.38E+02 6.00E-03
%Nb 2.0E-01 |8.97E+02 3.90E-02 |3.35E+02 1.46E-02 [4.81E+01 2.09E-03

1334 2.0E+00 (2.p9E+03 1.13E-01 [9.65E+02 4.20E-02 (6.33E+01 2.75E-03

1340 5.0E-01 |[1.15E+03 5.00E-02 |4.43E+02 1.93E-02 [5.98E+01 2.60E-03
13705 1.0E+00 |1.24E+03 5.39E-02 |4.91E+02 2.13E-02 |5.75E+01 2.50E-03
152Ey 4.0E-01 |6.38E+03 2.77E-01|2.49E+03 1.08E-01 |7.76E+02 3.37E-02
gy 4.0E-01 |2.28E+03 9.91E-02 |8.89E+02 3.87E-02 |1.06E+02 4.61E-03

Am 2.0E-01 |2.37E+04 1.03E+00(8.15E+03 8.54E-01 |1.29E+02 5.61E-03

* Kigk 5(1999)
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Table 9 7 4 V7 —ADFHEN B DEWNIZ X SR H FERIED

(ISOCSIZ & 3)
PR Bics Am
(cm) (Bg/sample) (Bg/sample)
1 8.0x10° 2.6x10'
14 1.1x10° 1.9x10°
28 6.6%10 4.8x10°
* (1) / (28) 0.012 0.005

* lemiZ BT SR TERRE / 28cmiZ BT SR H TERIE
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Table 10 $f R 5 AME TR S /- v B &E

Observed energy  Expected energy Branching ratio Suspected origin

(KeV) (KeV) (% per decay)

72.8 72.90 TI-K @

74.93 75.00 Pb-Ka

84.79 84.90 Pb-K 8

87.33 87.20 3.70 4py
238.56 238.62 44.60 2py,
351.89 351.92 37.20 4py
510.71 511.00 Annihilation radiation
583.17 583.19 84.50 %11
609.28 609.31 46.30 24p;
661.65 661.65 85.12 Yes
911.38 911.21 26.60 Ac
969.31 968.97 16.20 Ac
1120.79 1,120.29 15.10 24p;
1461.92 1,460.81 10.67 Kk
1766.27 1764.49 15.8 21p;

Table 11 $hA AR CRIE SN/ v BRI E
Observed energy ~ Expected energy Branching ratio Suspected origin

(KeV) (KeV) (% per decay)

73.26 72.90 TI-Ka

75.64 75.00 Pb-K @

85.32 84.90 Pb-K 8
609.41 609.31 46.30 2145
661.55 661.65 85.12 Pes
1460.91 1,460.81 10.67 “K
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Table 12 Pu-con A126IC BT B/ 0—T R w7 A TREHI N
T BRI LR D #l(No.6 P13B09)

Observed energy Expected energy Branching ratio Suspected origin
(KeV) (KeV) (% per decay)
45.05 4524 0.045 *2py
4491 0.036 *9py
5142 51.01 0.34 2Ty
5935 59.54 35 2Ty
59.54 36 *'Am
64.55 64.83 13 2Ty
76.85 77.59 0.00041 py
86.31 86.47 12 *Np
86.81 2.0 3y
94.44 94.64 0.60 »INp
9827 98.78 0.0012 py
100.72 99.85 0.010 2%y
103.63 103.68 0.00010 *lpy
103.50 0.0078 *2py
103.06 0.00023 py
10423 0.0070 *9py
114.06 11626 0.00060 2Ty
117.39 117.70 0.16 »INp
129.01 129.29 0.0063 py
14832 148.57 0.00019 *lpy
159.79 158.80 0.00045 *2py
164.32 164.61 1.85 21y
207.66 208.00 21.14 27
26723 267.54 071 21y
299.81 30034 6.62 23y
3115 312.17 386 23py
332.05 33236 12 21y
332.85 0.00049 29py
340.09 340.81 447 23py
344.57 345.01 0.00056 29py
374.64 375.05 0.00016 29py
41333 41371 0.0015 29py
661.23 661.66 0.000364 #Am
1461.18 1460.83 10.67 g




INC TNPEB18093-003Pu-con A126IC BT B/ 0—THhw 7 A TRHE XNz

T BRI H %R D Bi(No.25 BEEY))
Observed energy Expected energy Branching ratio Suspected origin
(KeV) (KeV) (% per decay)
59.23 59.54 35 By
59.54 36 MAm
74.61 75.00 - PbK o
98.18 98.78 0.00122 B9py
98.97 0.0203 MAm
100.47 99.85 0.00735 Bipy
102.82 102.98 0.0195 MAm
103.06 0.00023 Bpy
103.50 0.00781 22py
103.68 0.000102 Hpy
148.11 148.57 0.000185 py
207.62 208.00 21.14 By
208.01 0.000791 MAm
267.11 267.54 0.71 By
299.64 300.34 6.62 B3pg
311.43 312.17 38.6 B3pg
331.99 33236 1.20 By
332.85 0.000494 B9py
340.05 340.81 447 23pg
344,54 345.01 0.000556 B9py
370.44 370.94 0.107 By
374.7 375.05 0.00155 B9py
39243 393.14 0.000348 Bpy
397.95 398.62 1.39 B3pg
413.2 413713 0.001466 Bpy
450.84 478.40 - "B(n, ¢ 7 )or'Li(n,n' 1)
510.45 511.00 - Annihilation radiation
582.58 583.14 85.8 20811
618.51 619.01 0.000059 MAm
661.95 662.4 0.000364 HAm
721.52 722.01 0.000196 MAm
726.85 727.25 6.66 2n2g;j
765.98 766.39 0.000022 Bépy
846.47 846.75 - *Fe(n,n' 1)
890.42 ?
1236.01 ?
1274.68 1274.54 99.93 Na
1461.31 1460.83 10.67 g
1528.69 ?
1593.26 1592.35 double escape 2081
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Table 14 Pu-con fEERBICBITBE—I T MOEE

No RoomNo GBNo e(t:'\goy e & W Dos:a(ri/.eiv/h) net(count)
59 . 1.27E+06

) A324 P41B03 208 Al 20 7 9SE+03
Al128 P41B03 > R 20 L61E+06

208 743E+03

A324 PR7B01 > WREBRAT 20 2255296

208 4.05E+04

. 59 2.53E+06
A324 P87B01 208 WHERER 20 A31E+04

59 . 1.63E+06

A324 P87B01 208 WHEBRAT 20 7 19E+04

b 59 224E+06
A324 P87B01 208 WHERER 20 8 39E+04

59 . 6.86E+04

A324 P87B02 208 WHEBRAT 0.6 o TIE+03

¢ 59 7.12E+04
A324 P87B02 208 WHERER 0.6 o TOEH03

A324  PSTBO2 » WA 1 TITERR

i 208 1.18E+03
A324  P87B02 > WERS 1 LOGEF05

208 1.55E+03

*: Fig.3 2
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Table 15 Pu-con A324IZBIFB 7 0—T Ry 7 A TREHI N
T BRI BE R D Hil(No.a P87B01)

Observed energy Expected energy Branching ratio Suspected origin
(KeV) (KeV) (% per decay)
58.88 59.54 35 By
59.54 36 1 Am
939 94.64 0.60 2INp
97.93 98.78 0.0012 »%py
10025 99.85 0.010 >%py
102.84 103.68 0.00010 *lpy
103.50 0.0078 *2py
103.06 0.00023 py
104.23 0.0070 *9py
11346 11626 0.00060 2Ty
11841 117.70 0.16 2INp
128.81 12929 0.0063 »%py
14792 148.57 0.00019 #lpy
163.94 164.61 1.85 2Ty
20730 208.00 21.14 By
20355 0.00057 py
266.80 267.54 0.71 2Ty
299.54 30034 6.62 *py
311.09 312.17 386 23y
331.68 332.36 12 By
332.85 0.00049 py
344.13 345.01 0.00056 by
37026 375.05 0.00016 py
412.86 41371 0.0015 29y
661.4 661.66 85.1 ! Am
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Table 16 Pu-con A324IZBIFB 7/ 0—T Ry 7 A TREHINE
T BRI LR D Hi(No.c P87B02)

Observed energy Expected energy Branching ratio Suspected origin
(KeV) (KeV) (% per decay)
59.33 59.54 35 21y
59.54 36 ' Am
94.44 94.64 0.60 2Np
98.44 98.78 0.0012 py
100.70 99.85 0010 >%py
103.04 103.68 0.00010 *lpy
103.50 0.0078 *2py
103.06 0.00023 *py
10423 0.0070 *0py
113.77 11626 0.00060 21y
14828 148.57 0.00019 *lpy
164.39 164.61 1.85 21y
207.65 208.00 21.14 21y
20355 0.00057 *py
26720 267.54 0.71 21y
26720 312.17 386 23py
331.68 33236 12 21y
331.98 332585 0.00049 *py
661.4 661.66 85.1 ' Am
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