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Nuclide: Cs-134

TAEA ILC November 2021
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Method:

Direct gamma-counting of the sediment sample (Cylindrical)

Detection system (including type of calibration applied):

P-type coaxial (relative efficiency 31%)
calibration with multi-gamma source

Detection limit (Bg/kg dry):

F-P04:0.86 T-S3:0.72 T-S8:0.73

Nuclear data used (e.g., half-life and emission probabilities):

Evaluated Nuclear Structure Data File, NNDC,Brookhaven (2016.1): 2.07y , 795.9keV , 85.5%

RESULTS

At reference time 09 November 2021 12:00 UTC

Bq/kg dry

F-P04 T-S3 T-S8
Massic activity of Cs-134 (Bg/kg dry) 1.08 1.33 1.72
Uncertainty (k=1) (Bg/kg dry) 0.27 0.24 0.26

Uncertainty Budget (optional) Relative uncertainty (%) (k=1)

Uncertainty component associated with net count rate of 5.0 175 141
Cs-134
Uncertainty component associated with detector efficiency 3.0 3.0 3.0
Uncerte.u'nty component associated with emission ’7 ’7 27
probability
Uncertainty component associated with weighing 0.4 0.4 0.4
Any othe.r uncertainty compo'n.ent 9 ’9 29
(Uncertainty of detector stability)
Relative combined standard uncertainty (k=1) 25.5 18.2 15.0




TAEA ILC November 2021
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide: Cs-137

Method:

Direct gamma-counting of the sediment sample (Cylindrical)

Detection system (including type of calibration applied):

P-type coaxial (relative efficiency 31%)
calibration with multi-gamma source

Detection limit (Bg/kg dry):

F-P04:0.52 T-S3:0.47 T-S8:0.52

Nuclear data used (e.g., half-life and emission probabilities):

Evaluated Nuclear Structure Data File, NNDC,Brookhaven (2016.1): 30.08y , 661.7keV , 85.1%

RESULTS

At reference time 09 November 2021 12:00 UTC

Bq/kg dry

F-P04 T-S3 T-S8
Massic activity of Cs-137 (Bg/kg dry) 37.6 50.2 49.3
Uncertainty (k=1) (Bg/kg dry) 1.9 2.5 2.5

Uncertainty Budget (optional) Relative uncertainty (%) (k=1)
Uncertainty component associated with net count rate of
1.2 1.0 1.0

Cs-137
Uncertainty component associated with detector efficiency 3.0 3.0 3.0
Uncerte.u'nty component associated with emission ’7 ’7 27
probability
Uncertainty component associated with weighing 0.4 0.4 0.4
Any othe.r uncertainty compo'n.ent 9 ’9 29
(Uncertainty of detector stability)
Relative combined standard uncertainty (k=1) 5.1 5.1 5.1




TAEA ILC November 2021
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide: Pu-238

Method:

Sediment samples were leached with nitric acid. Plutonium were separated with anion exchange resin column. Purified plutonium was
electrodeposited on a stainless steel disc for alpha spectrometry.

Detection system (including type of calibration applied):

Si semiconductor detector was used for plutonium measurement. (The calibration was carried out using NIST traceable Pu-242 tracer.)

Detection limit (Bg/kg dry):

F-P04 :0.0037 T-S3:0.0035 T-S08:0.0031

Nuclear data used (e.g., half-life and emission probabilities):

Pu-238:87.7y

RESULTS

At reference time 09 November 2021 12:00 UTC

Bq/kg dry

F-P04 T-S3 T-S8
Massic activity of Pu-238 (Bg/kg dry) 0.00362 0.00576 0.00772
Uncertainty (k=1) (Bg/kg dry) 0.0012 0.0013 0.0014

Uncertainty Budget (optional) Relative uncertainty (%) (k=1)

Uncertainty component associated with net count rate of 319 23.0 18.0
Pu-238
Uncerte.unty component associated with activity of yield 0.68 0.68 0.68
tracer (if used)
U.ncertamty (.:omponent associated with net count rate of 185 1.86 1.80
yield tracer (if used)
Uncertainty component associated with weighing 0.044 0.044 0.044
Any other uncertainty component (please specify) 0.0 0.0 0.0
Relative combined standard uncertainty (k=1) 32.0 23.1 18.1




TAEA ILC November 2021
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide: Pu-239/240

Method:

Sediment samples were leached with nitric acid. Plutonium were separated with anion exchange resin column. Purified plutonium was
electrodeposited on a stainless steel disc for alpha spectrometry.

Detection system (including type of calibration applied):

Si semiconductor detector was used for plutonium measurement. (The calibration was carried out using NIST traceable Pu-242 tracer.)

Detection limit (Bg/kg dry):

F-P04 :0.0023 T-S3:0.0037 T-S08:0.0024

Nuclear data used (e.g., half-life and emission probabilities):

Pu-239 : 2.413e4 y Pu-240 :6.570e3 y

RESULTS

At reference time 09 November 2021 12:00 UTC

Bq/kg dry

F-P04 T-S3 T-S8
Massic activity of Pu-239/240 (Bq/kg dry) 0.393 0.410 0.512
Uncertainty (k=1) (Bg/kg dry) 0.012 0.013 0.014

Uncertainty Budget (optional) Relative uncertainty (%) (k=1)
Uncertainty component associated with net count rate of
g . 2.05

Pu-239/240 240 238
Uncerte.unty component associated with activity of yield 0.68 0.68 0.68
tracer (if used)
U.ncertamty (.:omponent associated with net count rate of 185 1.86 1.80
yield tracer (if used)
Uncertainty component associated with weighing 0.044 0.044 0.044
Any other uncertainty component (please specify) 0.0 0.0 0.0
Relative combined standard uncertainty (k=1) 3.1 3.1 2.8
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HAG T 2 —Tld, TAEA L OFED b, IREINTZHIEIHE - T, BELD

RITALER, 5315 2 ki L7,

2. FEhEHiE

(1) SEHErRsH
BE ORI, 5ENE 2021 4 11 A 10~15 BIZ3FEE L=,
ATALER, ENCfRD HEERZR 2-1 177,

3 2-1 BIALERSESE H 2

EAR 20214F11H
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[F ECB i FEEE & L7z,
# 2-2 ELFEOFEHE & ZHE
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Cso i 78 Pufy
T-53 6. 6kg-wet 8 7
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T-53
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[ 1stsplit 120 #1400 ¢ |

[2nd spiit 14 #9700 ¢ |

[3rd split 18 #9350 ¢ |
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| 1I0EDERIZEDS |

T-S8,F-P04
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[ 1stsplit 42 #1400 ¢ |

[2nd split 14 #9700 ¢ |

[ 3rdsplit 158 #9350 ¢ |

[ 4th split 118 #0175 ¢ |
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3. EfiR
(1) AR O
MRS SRR ORTALEE, SENCRDFEMT — 2%, #R T L ICRK 3-1~3 1T T



F 3-1 IAEA & OFABRPTRE LR ITICAR DR TATLEE, FFEeE (D

Sample No. T-53
trayNo. 101 102
i tray{(g) total 1068 8 10823
tray- sample (g) 42890 442535
sample (g) 6563.4 3220.2 33432
. |raytsamge(g)| totd 36185 37274
Istweght [—
samype (g) 5194.8 2549.7 2645.1
. |ray+sampe () total 36187 37269
Dry 2nd weight = = o 5
(at105°C) sampke (g) 5194.5 25400 2644.6
Ist-2nd |decrease(g) 030
Ist-2nd |decreasze(%:) 0.01
water content (%5) 209
trayNo. 103
tray(g) total 4357
> 2o =
tray+ sample (g) 4706
sz sampie (g) 34.9 349
fractiona ton trayNo, 104
tray{(g) total 10818
=2Imm s
tray+ samgle (g) 62482
samye (g) 5166.4 5166.4
tray No. 103
trav(g) total 6384
>250 um e
tray+ sample (g) 30732
sz sampie (g} 24348 24348
frac tiona tion trayNa, 106
- tray(g) total 7175
tray+ sample (g) 34463
samype (g) 27290 27200
| )
1
trayNo. 109 110
" tray(g) 638.6 630.0
Ist sgdit 12 =
tray+samyple (g) 1990.6 20248
sampie (g) 1352.0 13748
trayNo. 111 112 113 114
) trayi{g) 4463 4368 451.8 453.3
2nd split 14 Ton =
tray+sampz (g) 11221 11325 11518 11281
samype (g) 675.8 675.7 700.0 674.6
— I P | 1 |
trayNo. 113 116 117 118 119 120 121 122
s i tray(g) 4328 4457 445 4539 4399 4464 4349 43529
3rd st it —
tray+samplz (g) 7925 781 7822 791.7 800.6 7058 7924 7804
sampie (g) 330.7 3353 3372 3a7.8 340.7 3404 3375 336.5
l 1 Y
trayNo. | 123 124 125 126
. tray{(g) | 446.0 4501 452.7 4474
4th st g = T T =
tray-sample (g) v v v v v v 6131 617.7 6213 6149
sampie (g) 339.7 3353 3372 337.8 340.7 3404 169.1 167.6 168.6 167.5
TAEATLC2] [TAEATLC2M2] [IAEATLC2OD] (IAEATLC2(21 [IAEA ILC2M01 [IAEA ILC2(01 [TAEA ILC2021 [TAEA ILC2021 [TAEA ILC2021 [TAEA ILC2021
Bottle Nams Sediment Sadiment Sadiment Sadiment Sediment Sadiment Sediment Sediment Sediment Sadiment
T-BBortle A |T53BoleB [T-S3Bomle C [TS3BomleD |T-S3BontkE |TS3Bottke P |T-S3Bouk ¢ |T-S3BowkH |T-S3Bowkl  |T-S3Bowk]
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301 302
ozl 10807
Initiz]
30568 40151
2876.1 8353
iy [ PR 3104.6) 32785
=t weisht
T |emge (g 11139 2017
v+ szmple () 31832 2760
D Indwsight [ Zs =
105 °0 T |mmskiE 11125 12001
103
total 4462
5332
=2 870 87.0
frecrizmtion =y Na 104
o r=v {2 ozl 106663
- E}‘r;ﬂ?h.:’. SI0RS5
=mpl= (2 42312 42322
2y Na 103
rav i todal 6383
> 50 um
FEv+ sarpls (5 12181
smpk (5 S50 8 5808
106
" totzl 7170
= 150 im
3353.7
21836.7 218367
=y Mo 100
ay (5 G403
lst lit 12 =
5 mave szmpl 8 20613
=gk (8 14118
]
r=y Ma 111 112 114
mEv g M0 4448 4508
2nd mpli 12 = 5 = T
Eayr szmole (2 11550 11461 1171 2
=mo (8 T 0 TOL3 Tiz1
1 I I
v Mo 115 116 X7 118 118 128 131 133
Eav {8 4566 4438 4471 4334 433.8 4516 4354
pdapit 18 - = ——— = = =
Ezv+ szmpls (S o8 2011 T84T 8107 BD&.3 30RO 805
=mois (5 3532 4T 6 15811 3573 3517 3573 354.1
— i v
v Na | 133 124 | 104
e | 115 [PLE , 4547  Hs7| | 10663
wEv+ sEmpls (5 ¥ r ¥ ¥ ¥ 6343 6134 ¥ 18823
smpk (8 3532 3555 347 6 3531 3573 3527 795 1777 354 1 3160
bAEA 1Le?
Bottle Name Sedmme:
[-55 gk |54
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Sample Mo, F-PD4
201 202
it total 10412 10784
4371.5 44308
67417 33 34114
totsl 35306 36545
HTES 2480 4 15861
totsl 352046 I6628
Igm 50728 | nassa) assas
203
- ] total 4514
T ey Sk (2 4871
stz =l (2 487 457
ractinetion v ¥a 204
e LCvA ] total 10768
mEv+ s 61116
=g (2 a8 48
ey No 205
s =yl totsl 6421
Tl ray+ =gk (5 1153.4
sope (2 £113 5113
206
FA~ =y (S totsl 740
Rl -3 42425
4955 - - - - + -+ S A — —
1
ray Na 20E 218
— - v ig 6365 634.3
rEv+ Eemis 128R 5 253
s (2 13520 13910
T I
rey Na 1T 212 X3 214
o 14 rF (8 4532 4525 432.0 4088
rap+=opk (2 11208 11353 11378 1682.4
=g (2 6575 6827 050 635.6
i ] T
ey Na 215 216 217 218 218 2240 221 232
o - v ig 334 4248 41750 4133 4383 435 441.1 4314
rEv+ Eemis Ty 7513 7131 408 B T8L5
=i (5 XTI A26.7 3452 3366 3611 3511
! 1 | v v
e N | | | 204 208
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TAEA ILC November 2021
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide: Cs-134

Method:

gammma-ray spectrometry with a HPGe detector

Detection system (including type of calibration applied):

CANBERRA Genie 2000
(Calibration with multi-gamma source)

Detection limit (Bg/kg dry):

F-P04:0.96Bq/kg dry,T-S3:0.83Bq/kg dry,T-S8:0.85Bq/kg dry

Nuclear data used (e.g., half-life and emission probabilities):

Table of Isotopes,7th Edition (harf-life:2.062year,emission probabilities:85.44%)

RESULTS

At reference time 09 November 2021 12:00 UTC

Bq/kg dry
F-P04 T-S3 T-S8
Massic activity of Cs-134 (Bg/kg dry) 1.4 = 1.9
Uncertainty (k=1) (Bg/kg dry) 0.3 = 0.3
Uncertainty Budget (optional) Relative uncertainty (%) (k=1)

Uncertainty component associated with net count rate of 23.0 _ 159
Cs-134
Uncertainty component associated with detector efficiency 2.9 = 2.9
Uncertainty component associated with emission

o 2.7 = 2.7
probability
Uncertainty component associated with weighing 0.2 — 0.2
Any other uncertainty component (please specify) 4.1 = 4.1
Relative combined standard uncertainty (k=1) 23.7 — 16.9




TAEA ILC November 2021
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide: Cs-137

Method:

gammma-ray spectrometry with a HPGe detector

Detection system (including type of calibration applied):

CANBERRA Genie 2000
(Calibration with multi-gamma source)

Detection limit (Bg/kg dry):

F-P04:0.65Bq/kg dry,T-S3:0.53Bq/kg dry,T-S8:0.61Bqg/kg dry

Nuclear data used (e.g., half-life and emission probabilities):

Table of Isotopes,7th Edition (harf-life:30.174year,emission probabilities:85.0%)

RESULTS

At reference time 09 November 2021 12:00 UTC

Bq/kg dry
F-P04 T-S3 T-S8
Massic activity of Cs-137 (Bg/kg dry) 38.2 = 42.0
Uncertainty (k=1) (Bg/kg dry) 2.3 = 2.5
Uncertainty Budget (optional) Relative uncertainty (%) (k=1)
Uncertainty component associated with net count rate of
1.6 = 1.5
Cs-137
Uncertainty component associated with detector efficiency 2.9 — 2.9
Uncertainty component associated with emission
o 2.7 = 2.7
probability
Uncertainty component associated with weighing 0.2 — 0.2
Any other uncertainty component (please specify) 4.1 = 4.1
Relative combined standard uncertainty (k=1) 5.9 — 5.9




TAEA ILC November 2021
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide: Pu-238

Method:

After conditioning plutonium valence using reducing agent, purificated plutonium by anion exchange culumn was adhered to stainless steel plate
electrically.

Detection system (including type of calibration applied):

Silicon semiconductor detector caliblated by alpha reference source certified by LRQA.

Detection limit (Bg/kg dry):

F-P04: 0.00424 , T-S3: 0.00468 , T-S8: 0.00490

Nuclear data used (e.g., half-life and emission probabilities):

Half life:87.7 year
emission porobabilities:99.9%

RESULTS

At reference time 09 November 2021 12:00 UTC

Bq/kg dry

F-P04 T-S3 T-S8
Massic activity of Pu-238 (Bg/kg dry) 0.00598 0.00710 0.00825
Uncertainty (k=1) (Bg/kg dry) 0.0014 0.0016 0.0016

Uncertainty Budget (optional) Relative uncertainty (%) (k=1)

Uncertainty component associated with net count rate of 235 217 196
Pu-238
Uncerte.unty component associated with activity of yield 113 113 113
tracer (if used)
U.ncertamty (.:omponent associated with net count rate of 304 3.09 301
yield tracer (if used)
Uncertainty component associated with weighing 0.0210 0.0210 0.0210
Any other uncertainty component (please specify) 0.0 0.0 0.0
Relative combined standard uncertainty (k=1) 23.7 219 19.9




TAEA ILC November 2021
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide: Pu-239/240

Method:

After conditioning plutonium valence using reducing agent, purificated plutonium by anion exchange culumn was adhered to stainless steel plate
electrically.

Detection system (including type of calibration applied):

Silicon semiconductor detector caliblated by alpha reference source certified by LRQA.

Detection limit (Bg/kg dry):

F-P04: 0.0522 , T-S3: 0.0529 , T-S8:0.0611

Nuclear data used (e.g., half-life and emission probabilities):

Half life:6561 year
emission porobabilities:99.9%

RESULTS

At reference time 09 November 2021 12:00 UTC

Bq/kg dry

F-P04 T-S3 T-S8
Massic activity of Pu-239/240 (Bq/kg dry) 0.433 0.430 0.533
Uncertainty (k=1) (Bg/kg dry) 0.018 0.018 0.021

Uncertainty Budget (optional) Relative uncertainty (%) (k=1)
Uncertainty component associated with net count rate of
d d 2.35

Pu-239/240 2.63 269
Uncerte.unty component associated with activity of yield 113 113 113
tracer (if used)
U.ncertamty (.:omponent associated with net count rate of 304 3.09 301
yield tracer (if used)
Uncertainty component associated with weighing 0.0210 0.0210 0.0210
Any other uncertainty component (please specify) 0.00 0.00 0.00
Relative combined standard uncertainty (k=1) 4.2 4.2 4.0
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TAEA ILC November 2021
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide: Cs-134

Method:

Sediment samples in U8 type polypropylene container were counted on a p-type coaxial HPGe detector.
SEIKO EG&G Gamma Studio was used for the analysis of the obtained spectra.

Detection system (including type of calibration applied):

Efficiency calibration is carried out using mixed-radionuclide sources in U8 type polypropylene container (Cd-109, Co-57, Ce-139, Cr-51, Sr-85, Cs-
137, Mn-54, Y-88 and Co-60) for coincidence losses, self-absorption effects.

Detection limit (Bg/kg dry):

F-P04+++0.7 ,T-S3+++0.6 ,T-S8+++0.6

Nuclear data used (e.g., half-life and emission probabilities):

half-life * -+ 2.06 (year)
emission probabilities **+ 97.56 (%)

RESULTS

At reference time 09 November 2021 12:00 UTC

Bq/kg dry

F-P04 T-S3 T-S8
Massic activity of Cs-134 (Bg/kg dry) 1.6 1.5 1.7
Uncertainty (k=1) (Bq/kg dry) 0.4 0.2 0.2

Uncertainty Budget (optional) Relative uncertainty (%) (k=1)

Uncertainty component associated with net count rate of 24.0 15.1 137
Cs-134
Uncertainty component associated with detector efficiency 2.8 2.8 2.8
Uncem.n.nty component associated with emission 03 03 03
probability
Uncertainty component associated with weighing 0.0 0.0 0.0
Any other uncertainty component (please specify) 0.0 0.0 0.0
Relative combined standard uncertainty (k=1) 24.2 15.3 14.0
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TAEA ILC November 2021
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide: Cs-137

Method:

Sediment samples in U8 type polypropylene container were counted on a p-type coaxial HPGe detector.
SEIKO EG&G Gamma Studio was used for the analysis of the obtained spectra.

Detection system (including type of calibration applied):

Efficiency calibration is carried out using mixed-radionuclide sources in U8 type polypropylene container (Cd-109, Co-57, Ce-139, Cr-51, Sr-85, Cs-
137, Mn-54, Y-88 and Co-60) for coincidence losses, self-absorption effects.

Detection limit (Bg/kg dry):

F-P04-++0.7, T-S3+++0.6, T-S8+++0.7

Nuclear data used (e.g., half-life and emission probabilities):

half-life « =+ 30.17 (year)
emission probabilities *** 85.0 (%)

RESULTS

At reference time 09 November 2021 12:00 UTC

Bq/kg dry

F-P04 T-S3 T-S8
Massic activity of Cs-137 (Bg/kg dry) 41.3 46.3 50.9
Uncertainty (k=1) (Bq/kg dry) 1.3 1.4 1.6

Uncertainty Budget (optional) Relative uncertainty (%) (k=1)
Uncertainty component associated with net count rate of
1.5 14 1.3

Cs-137
Uncertainty component associated with detector efficiency 2.8 2.8 2.8
Uncem.n.nty component associated with emission 0.6 0.6 06
probability
Uncertainty component associated with weighing 0.0 0.0 0.0
Any other uncertainty component (please specify) 0.0 0.0 0.0
Relative combined standard uncertainty (k=1) 3.2 3.1 3.1
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TAEA ILC November 2021
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide: Cs-134

Method:

Fill the sample in a U-8 container and measure with a Ge semiconductor detector.

Detection system (including type of calibration applied):

Germanium semiconductor detector
Calibration with 9 nuclide sources

Detection limit (Bg/kg dry):

0.84

Nuclear data used (e.g., half-life and emission probabilities):

2.0654F  604.66kev 97.62%

RESULTS

At reference time 09 November 2021 12:00 UTC

Bq/kg dry
F-P04 T-S3 T-S8
Massic activity of Cs-134 (Bg/kg dry) 0.0 2.19 0.0
Uncertainty (k=1) (Bq/kg dry) 0.0 0.311 0.0
Uncertainty Budget (optional) Relative uncertainty (%) (k=1)

Uncertainty component associated with net count rate of 0.0 13.9 00
Cs-134
Uncertainty component associated with detector efficiency 0.0 0.7 0.0
Uncem.n.nty component associated with emission 0.0 0.1 0.0
probability
Uncertainty component associated with weighing 0.0 0.0 0.0
Any other uncertainty component (please-speeify)

. A 0.0 24 0.0
Uncertainty of radioactivity of standrd sourcos
Relative combined standard uncertainty (k=1) 0.0 14.2 0.0
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TAEA ILC November 2021
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide: Cs-137

Method:

Fill the sample in a U-8 container and measure with a Ge semiconductor detector

Detection system (including type of calibration applied):

Germanium semiconductor detector
Calibration with 9 nuclide sources

Detection limit (Bg/kg dry):

0.81

Nuclear data used (e.g., half-life and emission probabilities):

30.074F 661.64kev 85.10%

RESULTS

At reference time 09 November 2021 12:00 UTC

Bq/kg dry
F-P04 T-S3 T-S8
Massic activity of Cs-137 (Bg/kg dry) 0.0 55.8 0.0
Uncertainty (k=1) (Bq/kg dry) 0.0 1.62 0.0
Uncertainty Budget (optional) Relative uncertainty (%) (k=1)

Uncertainty component associated with net count rate of 0.0 14 0.0
Cs-137
Uncertainty component associated with detector efficiency 0.0 0.7 0.0
Uncem.n.nty component associated with emission 0.0 02 0.0
probability
Uncertainty component associated with weighing 0.0 0.0 0.0
Any other uncertainty component (please-speeify)

. A 0.0 24 0.0
Uncertainty of radioactivity of standrd sourcos
Relative combined standard uncertainty (k=1) 0.0 2.9 0.0
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IAEA ILC November 2021
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide: Cs-134

Method:

F-P04: First, approx. 120 g of the sediment sample was transferred to a plastic container (47 mmg).
Then, a direct gamma-counting of the sample was performed.
Gamma line on 604.7 keV was used.

T-S3: 108.89 g of sediment sample was filled in plastic container (47 mmg).
The massic activity was measured by direct gamma-counting for 80000 seconds.

T-S8: Direct gamma-counting of the sediment sample

Any aditional chemical treatments are not applied in the sediment sample
Measuring container was a container (56mm diameter x30mm height)
Weight of sample for a measurement was 113.6g

Measuring time was 80000 seconds

Detection system (including type of calibration applied):

F-P04: An n-type germanium detector (GMX-40195-S, EG&G ORTEC) coupled with a MCA (MCA-7a, SEIKO EG&G Co., Ltd.) and a
software (Gamma Station, SEIKO EG&G Co., Ltd.) was used for a measurement and an analysis of gamma-ray spectrum. The detection
system was calibrated using a volume multinuclide standard (multinuclide distributed in ~1.1 g/cc alumina matrix in a plastic container of
the same one as the sample container). Correction for true coincidence summing (TCS), self-absorption, decay was performed.

T-S3:High purity germanium semiconductor detector with 100% relative efficiency : GC10021, CANBERRA
The detector was calibrated with the same shape of the volume radioactivity standard with mixed gamma sources.
Corrections were made for self-absroption in the sample matrix and for true coincidence summing.

T-S8: Detector :Coaxial Ge Detector manufactured by CANBERRA ( Model: GX3519) : Resolution(FWHM) at 1.33MeV ; 1.9 keV / Relative

Efficiency at 1.33MeV ; 35 %

Detector effeciency calibrated with a multiple gamma ray emitting large volume source, which was manufactured by Eckert & Ziegler
Isotope Products. (Source type: EG-ML, Source form : container, Serial number: 2060-14,Component nuclide: Am-241(0.236kBq), Cd-
109(3.30kBq), Co-57(0.126kBq), Ce-139(0.164kBq), Hg-203(0.491kBq), Sn-113(0.616kBq), Sr-85(0.784kBq), Cs-137(0.553kBq), Y-
88(1.25kBq), Co-60(0.659kBq), Date of calibration; 1 December 2018)

Analysis software : Gamma StationTM Seiko-EG&G ( Model:DS-P1001 )

MCA: MCA-7TM  Seiko-EG&G ( Model :M7-000 )

Detection limit (Bq/kg dry):

F-P04: 0.88
T-S3:0.32
T-S8:0.53

Nuclear data used (e.g., half-life and emission probabilities):

F-P04 : Half-life : Half-life: 2.06 years +/- 0.005 years
Emission probabilities: 97.6% +/- 0.32%
Reference : Table of Isotopes Eighth Edition, A Wiley-Interscience Publication, 1996

T-S3:Half-life: 2.0652, y, Energy: 604.721, keV, y emission probability: 97.62;,%
*Smaller italic numbers following any value represent the uncertainty.
Reference: Evaluated Nuclear Structure Data File, NNDC, Brookhaven National Laboratory, 2004.

T-S8:Half-life:2.062; y, Energy: 604.66, keV, Emission probability: 97.565,%

*Smaller italic numbers following any value represent the uncertainty.
Reference : C.M. Lederer, V.S. Sheirley et al., Table of Isotopes Seventh Edition, 1978

RESULTS
At reference time 09 November 2021 12:00 UTC
Bq/kg dry
F-P04 T-S3 T-S8
Massic activity of Cs-134 (Bg/kg dry) 1.6 1.4 1.6
Uncertainty (k=1) (Bq/kg dry) 0.4 0.2 0.4

Uncertainty Budget (optional) Relative uncertainty (%) (k=1)

Uncertainty component associated with net count rate of 207 96 123
Cs-134

Unc@tamty component associated with detector 6.6 23 183
efficiency

Uncertfnpty component associated with emission 03 0.1 03

probability

Uncertainty component associated with weighing 0.0 0.2 0.0
Any other uncerFamty component (please specify) 05 100 0.0
-- Decay correction

Relative combined standard uncertainty (k=1) 21.7 14.1 22.0
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TAEA ILC November 2021
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide: Cs-137

Method:

F-P04: First, approx. 120 g of the sediment sample was transferred to a plastic container (47 mmg).
Then, a direct gamma-counting of the sample was performed.
Gamma line on 661.6 keV was used.

T-S3: 108.89 g of sediment sample was filled in plastic container (47 mme).
The massic activity was measured by direct gamma-counting for 80000 seconds.

T-S8: Direct gamma-counting of the sediment sample

Any aditional chemical treatments are not applied in the sediment sample
Measuring container was a container (56mm diameter x30mm height)
Weight of sample for a measurement was 113.6g

Measuring time was 80000 seconds

Detection system (including type of calibration applied):

F-P04: An n-type germanium detector (GMX-40195-S, EG&G ORTEC) coupled with a MCA (MCA-7a, SEIKO EG&G Co., Ltd.) and a
software (Gamma Station, SEIKO EG&G Co., Ltd.) was used for a measurement and an analysis of gamma-ray spectrum. The detection
system was calibrated using a volume multinuclide standard (multinuclide distributed in ~1.1 g/cc alumina matrix in a plastic container of
the same one as the sample container). Correction for self-absorption, decay was performed.

T-S3 :High purity germanium semiconductor detector with 100% relative efficiency : GC10021, CANBERRA
The detector was calibrated with the same shape of the volume radioactivity standard with mixed gamma sources.
Corrections were made for self-absroption in the sample matrix and for true coincidence summing.

T-S8: Detector :Coaxial Ge Detector manufactured by CANBERRA ( Model: GX3519) : Resolution(FWHM) at 1.33MeV ; 1.9 keV / Relative
Efficiency at 1.33MeV ; 35 %

Detector effeciency calibrated with a multiple gamma ray emitting large volume source, which was manufactured by Eckert & Ziegler
Isotope Products. (Source type: EG-ML, Source form : container, Serial number: 2060-14,Component nuclide: Am-241(0.236kBq), Cd-
109(3.30kBq), Co-57(0.126kBq), Ce-139(0.164kBq), Hg-203(0.491kBq), Sn-113(0.616kBq), Sr-85(0.784kBq), Cs-137(0.553kBq), Y-
88(1.25kBq), Co-60(0.659kBq), Date of calibration; 1 December 2018)

Analysis software : Gamma StationTM  Seiko-EG&G ( Model:DS-P1001 )

MCA: MCA-7TM  Seiko-EG&G ( Model :M7-000 )

Detection limit (Bq/kg dry):

F-P04: 0.80
T-S3:0.36
T-S8: 0.65

Nuclear data used (e.g., half-life and emission probabilities):

F-P04: Half-life: Half-life: 30.1 years +/- 0.03 years
Reference: Table of Isotopes Eighth Edition, A Wiley-Interscience Publication, 1996
Emission probabilities: 84.6% +/- 0.5%
Reference: The Gamma Rays of the Radionuclides, Tables for Applied Gamma Ray Spectrometry Verlag Chemie Weinheim New York,
1979

T-S3: Half-life: 30.08, y, Energy: 661.657; keV, y emission probability: 85.10,,%
*Smaller italic numbers following any value represent the uncertainty.
Reference: Evaluated Nuclear Structure Data File, NNDC, Brookhaven National Laboratory, 2007.

T-S8: Half-life:30.174;, y, Energy: 661.638,, keV, Emission probability: 85.05%
*Smaller italic numbers following any value represent the uncertainty.
Reference : C.M. Lederer, V.S. Sheirley et al., Table of Isotopes Seventh Edition, 1978

RESULTS
At reference time 09 November 2021 12:00 UTC
Bq/kg dry

F-P04 T-S3 T-S8
Massic activity of Cs-137 (Bg/kg dry) 40.8 44.2 37.5
Uncertainty (k=1) (Bq/kg dry) 3.5 2.6 6.9

Uncertainty Budget (optional) Relative uncertainty (%) (k=1)

Uncertainty component associated with net count rate of 54 s 12
Cs-137
Uncertainty component associated with detector efficiency 6.6 2.8 18.3
Uncert;‘n‘nty component associated with emission 06 02 06
probability
Uncertainty component associated with weighing 0.0 0.2 0.0
Any other uncer?amty component (please specify) 02 49 0.0
-- Decay correction(F-P04)
Relative combined standard uncertainty (k=1) 8.5 5.9 18.4
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TIAEA ILC November 2021
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide: Pu-238

Method:

F-P04: Dried sediment sample was first heated to 500°C. Then a #2py isotope dilution tracer was added to sample, and the plutonium

recovered from the sediment with a M HNOj; leach. This material had the plutonium oxidation stated adjusted with hydrogen
peroxide. Plutonium was then separated and purified using Dowex 1x8 (100-200 mesh) anion exchange resin. Plutonium was
electrodeposited onto stainless-steel plate and counted by alpha-ray spectrometry.

T-S3,T-S8: 1. A sample was heated to 450 °C.
2. The sample was spiked with a Pu-242 tracer and immersed in the HNO; solution on heating for leaching.
3. Plutonium ions were extracted from the filtered leaching solution by an ion-exchange method.
4. These plutonium ions were fixed on a stainless steel plate by electrodeposition.
5. The massic activity of Pu-238 was measured by alpha-counting for 80000 seconds.

Detection system (including type of calibration applied):

F-P04: Silicon semiconductor detector (Alpha Analyst 7200, Canberra) was used for a measurement and analysis of alpha-ray spectrum. The
detection system was calibrated using alpha radiation standard sources ( a radionuclide deposited onto stainless-steel plate). Energy and
efficiency calibration was performed.

T-S3,T-S8: High purity silicon semiconductor detector with 25% relative efficiency : SEIKO EG&G ALPHA-ENSEMBLE-8
The detector was calibrated with the same shape of the radioactivity standard with mixed alpha sources.

Detection limit (Bq/kg dry):

F-P04:0.018
T-S3:0.0051
T-S8:0.0071

Nuclear data used (e.g., half-life and emission probabilities):

F-P04:Nuclear data was not used for decay compensation.
T-S3,T-S8: Half-life: 87.7, years
Energy: 5499.03,, keV
Reference: Evaluated Nuclear Structure Data File, NNDC, Brookhaven National Laboratory, 2006.

RESULTS

At reference time 09 November 2021 12:00 UTC

Bq/kg dry
F-P04 T-S3 T-S8
Massic activity of Pu-238 (Bg/kg dry) 0.0 0.0 0.0
Uncertainty (k=1) (Bg/kg dry) 0.0 0.0 0.0
Uncertainty Budget (optional) Relative uncertainty (%) (k=1)
Uncertainty component associated with net count rate of 0.0 0.0 0.0
Pu-238
Uncert'c'unty component associated with activity of yield 0.0 0.0 0.0
tracer (if used)
Uncenalnty §omponent associated with net count rate of 0.0 0.0 0.0
yield tracer (if used)
Uncertainty component associated with weighing 0.0 0.0 0.0
Any other uncertainty component (please specify) 0.0 0.0 0.0
Relative combined standard uncertainty (k=1) 0.0 0.0 0.0

*Since the massic activity of Pu-238 is below the detection limit, the relative uncertainty is not evaluated.
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Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide: Pu-239/240

Method:

F-P04: Dried sediment sample was first heated to 500°C. Then a *2py isotope dilution tracer was added to sample, and the plutonium
recovered from the sediment with a 8M HNO; leach. This material had the plutonium oxidation stated adjusted with hydrogen
peroxide. Plutonium was then separated and purified using Dowex 1x8 (100-200 mesh) anion exchange resin. Plutonium was
electrodeposited onto stainless-steel plate and counted by alpha-ray spectrometry.

T-S3,T-S8: 1. A sample was heated to 450 °C.
2. The sample was spiked with tracers and immersed in the HNO; solution on heating for leaching.
3. Plutonium ions were extracted from the filtered leaching solution by an ion-exchange method.
4. These plutonium ions were fixed on a stainless steel plate by electrodeposition.
5. The massic activity of Pu-239/240 was measured by alpha-counting for 80000 seconds.

Detection system (including type of calibration applied):

F-P04: Silicon semiconductor detector (Alpha Analyst 7200, Canberra) was used for a measurement and analysis of alpha-ray spectrum. The
detection system was calibrated using alpha radiation standard sources ( a radionuclide deposited onto stainless-steel plate). Energy and
efficiency calibration was performed.

T-S3,T-S8: High purity silicon semiconductor detector with 25% relative efficiency : SEIKO EG&G ALPHA-ENSEMBLE-8
The detector was calibrated with the same shape of the radioactivity standard with mixed alpha sources.

Detection limit (Bq/kg dry):

F-P04:0.017
T-S3:0.0060
T-S8: 0.0084

Nuclear data used (e.g., half-life and emission probabilities):

F-P04: Nuclear data was not used for decay compensation.

T-S3,T-S8:
Pu-239: Half-life: 241103, years
Energy: 5156.59,, keV
Reference: Evaluated Nuclear Structure Data File, NNDC, Brookhaven National Laboratory, 2014.

RESULTS

At reference time 09 November 2021 12:00 UTC

Bq/kg dry
F-P04 T-S3 T-S8
Massic activity of Pu-239/240 (Bq/kg dry) 0.37 0.43 0.53
Uncertainty (k=1) (Bq/kg dry) 0.04 0.03 0.05
Uncertainty Budget (optional) Relative uncertainty (%) (k=1)
Uncertainty component associated with net count rate of 71 63 74
Pu-239/240 ) ) )
Uncertainty component associated with activity of yield
. 2.1 0.6 0.6
tracer (if used)
Uncertainty component associated with net count rate of
. . 7.2 33 3.7
yield tracer (if used)
Uncertainty component associated with weighing 0.0 0.4 0.4
Any other uncertainty component (please specify)
- Ux?certamty component associated with detector 00 29 29
efficiency
-- Decay data
Relative combined standard uncertainty (k=1) 10.3 7.7 8.8
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