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TAEA ILC October 2018

Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide:

Method:

Direct gamma-counting of the sediment sample (Cylinderical)

Detection system (including type of calibration applied):

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

Detection limit (Bq/kg dry):

F-P04:1.1 T-83:0.89 T-S8:0.93

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 October 2018 00:00 UTC

Bg/kg dry

F-P04 T-83 T-S8
Massic activity of Cs-134 (Bq/kg dry) 3.2 1.1 2.6
Uncertainty (k=1) (Bg/kg dry) 0.4 0.3 0.4

Uncertainty Budget (optional) Relative uncertainty (%)

Uncertainty component associated with net count 1.7 271 13.0
rate of Cs-134
Unt:f.:rtamry component associated with detector 3.0 30 3.0
efficiency
Uncertz‘n.nty component associated with emission 27 27 27
probability
Uncertainty component associated with weighing 0.4 0.4 0.4
Any other uncertainty component 29 29 29
(Uncertainty of detector stability) ' i i
Combined standard uncertainty (k=1) 12.7 27.5 13.9




IAEA ILC October 2018
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide:

Method:

Direct gamma-counting of the sediment sample (Cylinderical)

Detection system (including type of calibration applied):

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

Detection limit (Bq/kg dry):

F-P04:0.72 T-83:0.58 T-S8:0.70

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 October 2018 00:00 UTC

Bg/kg dry

F-P04 T-S3 T-S8
Massic activity of Cs-137 (Bg/kg dry) 35.2 10.8 27.7
Uncertainty (k=1) (Bq/kg dry) 1.8 0.6 1,5

Uncertainty Budget (optional) Relative uncertainty (%)
Uncertainty component associated with net count 17 32 2.0
rate of Cs-137
Unc&;namty component associated with detector 3.0 3.0 30
efficiency
Ullccnélflty component associated with emission 2.7 979 27
probability
Uncertainty component associated with weighing 0.4 0.4 0.4
Any other uncertainty component
. 2 2 i

(Uncertainty of detector stability) : . &
Combined standard uncertainty (k=1) 5.3 5.9 5.3
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IAEA ILC October 2018

Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide:

Method:

Plutonium was purified with anion exchange resin,

Detection system (including type of calibration applied):

Si semionductor detector

Detection limit (Bg/kg dry):

F-P04:0.012 T-53:0.0098 T-S08:0.013

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

Pu-238 : 87.7 y

RESULTS

At reference time 09 October 2018 00:00 UTC

Bg/kg dry
F-P04 T-53 T-S8
Massic activity of Pu-238 (Bg/kg dry) <0.012 0.010 <0.013
Uncertainty (k=1) (Bq,«'k_g dry) 0.003
Uncertainty Budget (optional) Relative uncertainty (%)

Uncertainty component associated with net count 70.0 126 494
rate of Pu-238
Uncertainty component associated with activity of

; ; 0.5 0.5 0.5
yield tracer (if used)
Uncertainty component associated with net count 38 37 39
rate of yield tracer (if used) g ; 3
Uncertainty component associated with weighing 0.5 0.5 0.5
Any other uncertainty component (please specify) 0.0 0.0 0.0
Combined standard uncertainty (k=1) 70.1 32.8 49.6




IAEA ILC October 2018
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide: Pu-239/240

Method:

Plutonium was purified with anion exchange resin,

Detection system (including type of calibration applied):

Si semionductor detector

Detection limit (Bg/kg dry):

F-P04:0.010 T-S3:0.011 T-S08:0.011

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

Pu-239:2411edy

RESULTS

At reference time 09 October 2018 00:00 UTC

Bg/kg dry
F-P04 T-S3 T-S8
Massic activity of Pu-239/240 (Bg/kg dry) 0.374 0.384 0.55
Uncertainty (k=1) (Bg/kg dry) 0.024 0.024 0.03
Uncertainty Budget (optional) Relative uncertainty (%)

Uncertainty component associated with net count 51 50 m
rate of Pu-239/240 . . L
Uncertainty component associated with activity of

; ;o 0.5 0.5 0.5
yield tracer (if used)
Uncertainty component associated with net count 338 37 3.9
rate of yield tracer (if used) f : ¥
Uncertainty component associated with weighing 0.5 0.5 0.5
Any other uncertainty component (please specify) 0.0 0.0 0.0
Combined standard uncertainty (k=1) 6.4 6.3 5.9
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TAEA ILC October 2018
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide:

Method:

For gamma-spectrometric measurements, the sample was transferred to U8 type polypropylene container and weighed. Measurement
was carried out by using gamma-spectrometry by means of a p-type coaxial HPGe. The spectrum analysis was performed by using a
software named Gamma Studio (SEIKO EG&G).

Detection system (including type of calibration applied):

Efficiency calibration by means of standards in U8 type polypropylene container (Cd-109,Co-57,Ce-139,Cr-51,5r-85,Cs-137, Mn-
54.Y-88 and Co-60) coincidence summing corrections, self-absorption corrections.

Detection limit (Bg/kg dry):

F-PO4--+0.7,T-83---0.35, T-S8++ - 0.56

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

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

RESULTS

At reference time 09 October 2018 00:00 UTC

Bg/ke dry

F-P04 T-53 T-S8
Massic activity of Cs-134 (Bg/kg dry) 39 1.10 2.47
Uncertainty (k=1) (Bg/kg dry) 0.3 0.13 0.23

Uncertainty Budget (optional) Relative uncertainty (%)
Uncertainty component associated with net count
7 11 9

rate of Cs-134
Uncertainty component associated with detector 3 3 3
efficiency
Unccrtgipty 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
Combined standard uncertainty (k=1) TF 11.4 95
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IAEA ILC October 2018
(Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide:

Method:

For gamma-spectrometric measurements, the sample was transferred to U8 type polypropylene container and weighed. Measurement
was carried out by using gamma-spectrometry by means of a p-type coaxial HPGe. The spectrum analysis was performed by using a
software named Gamma Studio (SEIKO EG&G).

Detection system (including type of calibration applied):

Efficiency calibration by means of standards in U8 type polypropylene container (Cd-109,Co-57,Ce-139,Cr-51,5r-85,Cs-137 Mn-
54.Y-88 and Co-60) coincidence summing corrections, self-absorption corrections.

Detection limit (Bg/kg dry):

F-PO4--+0.7, T-83---0.3, T-58---0.59

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

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

RESULTS

At reference time 09 October 2018 00:00 UTC

Bqg/kg dry
F-P04 T-S3 T-S8
Massic activity of Cs-137 (Bg/kg dry) 322 12.1 27.15
Uncertainty (k=1) (Bg/kg dry) 1.1 0.4 0.91
Uncertainty Budget (optional) Relative uncertainty (%)

Uncertainty component associated with net count 1.7 17 18
rate of Cs-137 i E i
Uncertainty component associated with detector

) 3 3 3
efficiency
cherb?.l.lnty component associated with emission 0.6 0.6 0.6
probability
Uncertainty component associated with weighing 0.0 0.0 0.0
Any other uncertainty component (please specify) 0.0 0.0 0.0
Combined standard uncertainty (k=1) 3.5 35 3.5
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TAEA ILC October 2018
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide:

Method:

50 g dried sediment samples was heated at 450 °C overnight. Pu-242 fracer was added, and Pu In the sediment sample was extracted
twice with 10 M HNO, - 0.1 M HF and then with 8M HNOs, The mixed extracted solution was heated and concentrated, added
H;BO;, and adjusted to 8 M HNO;, NaNO, was added to adjust Pu oxidation state, Pu separation and purification was carried out
using anion exchange resin (Dowex 1x8 100 - 200 mesh). The purified Pu was electrodeposited on the stainless steel plate and
measured by Si semiconductor detector.

Detection system (including type of calibration applied):

CANBERRA Alpha Analyst, energy calibrated with Am-243 sourse.

Detection limit (Bg/kg dry):

F-P04: 0.012, T-83: 0.012, T-88: 0.011

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

Pu-238 half-life: 87.74 + 0.03 year, Pu-238 alpha energy : 5593.20 + 0.19 keV (BIPM-5 Table of Radionuclides Vol.5)

RESULTS

At reference time 09 October 2018 00:00 UTC

Bqg/ke dry
F-P04 T-S3 T-S8
Massic activity of Pu-238 (Bg/kg dry) <0.012 <0.012 <0,011
Uncertainty (k=1) (Bg/kg dry)
Uncertainty Budget (optional) Relative uncertainty (%)

Uncertainty component associated with net count
rate of Pu-238

Uncertainty component associated with activity of
ield tracer (if used)

Unecertainty component associated with net count
rate of yield tracer (if used)

Uncertainty component associated with weighing

Any other uncertainty component (please specify)

Combined standard uncertainty (k=1)
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IAEA ILC October 2018
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide:

Method:

50 g dried sediment samples was heated at 450 °C overnight. Pu-242 tracer was added, and Pu in the sediment sample was extracted
twice with 10 M HNO; - 0.1 M HF and then with 8M HNO;, The mixed extracted solution was heated and concentrated, added
H;3BO;, and adjusted to 8 M HNO,. NaNO, was added to adjust Pu oxidation state, Pu separation and purification was carried out
using anion exchange resin (Dowex 1x8 100 - 200 mesh). The purified Pu was electrodeposited on the stainless steel plate and
measured by Si semiconductor detector,

Detection system (including type of calibration applied):

CANBERRA Alpha Analyst, energy calibrated with Am-243 sourse.

Detection limit (Bg/kg dry):

F-P04: 0.01, T-83: 0.01, T-S8; 0.01

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

Pu-239 half-life: 24100 £ 11 year, Pu-239 alpha energy : 5244.51 £ 0.21 keV (BIPM-5 Table of Radionuclides Vol.4)
Pu-240 half-life: 6561 + 7 year, Pu-240 alpha energy : 5255.75 £ 0.15 keV (BIPM-5 Table of Radionuclides Vol.5)

RESULTS

At reference time 09 October 2018 00:00 UTC

Bq/kg dry
F-P04 T-S3 T-58
Massic activity of Pu-239/240 (Bg/kg dry) 0.39 0.38 0.52
Uncertainty (k=1) (Bg/kg dry) 0.03 0.03 0.04
Uncertainty Budget (optional) Relative uncertainty (%)

Uncertainty component associated with net count
rate of Pu-239/240 i b G
Uncertainty component associated with activity of

: ; 25 2.5 2.5
yield tracer (if used)
Uncertainty component associated with net count 43 42 41
rate of yield tracer (if used) : : !
Uncertainty component associated with weighing 0.081 0.081 0.081
Any other uncertainty component (please specify) 0.0 0.0 0.0
Combined standard uncertainty (k=1) 8.8 8.5 7.9
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TAEA ILC October 2018
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide:

Method:

Gamma-ray spectrometry

Detection system (including type of calibration applied):

CANBERRA Genie 2000
Calibration with multi-gamma source)

Detection limit (Bq/kg dry):

0.73-0.95

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

Table of Isotopes, 7th Edition
(half-life: 2.062 year, emission probabilties: 85 44 %)

RESULTS

At reference time (09 October 2018 00:00 UTC

Bq/kg dry

F-P04 T-S3 T-S8
Massic activity of Cs-134 (Bg/kg dry) 4.1 1.0 22
Uncertainty (k=1) (Bg/kg dry) 0.4 0.3 0.3

Uncertainty Budget (optional) Relative uncertainty (%)

Uncertainty component associated with net count 87 26.7 136
rate of Cs-134
Unce'n:amty component associated with detector 29 29 29
efficiency
Uncem.fu‘my component associated with emission 27 27 27
probability
Uncertainty component associated with weighing 0.2 02 0.2
Any other uncertainty component (please specify) 3.9 39 39
Combined standard uncertainty (k=1) 10.3 27.2 14.7
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TAEA ILC October 2018
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide:

Method:

Gamma-ray spectrometry

Detection system (including type of calibration applied):

CANBERRA Genie 2000
(Calibration with multi-gamma source)

Detection limit (Bg/kg dry):

0.56-0.68

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

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

RESULTS
At reference time 09 October 2018 00:00 UTC
Bq/ke dry
F-P04 T-83 T-S§
Massic activity of Cs-137 (Bg/kg dry) 412 10.7 26.6
Uncertainty (k=1) (Bg/kg dry) i 0.7 1.5
Uncertainty Budget (optional) Relative uncertainty (%)

Uncertainty component associated with net count

X 1.5 3.1 1.9
rate of Cs-137
Unce_rtamty component associated with detector 29 29 29
efficiency
Uncerl&.u‘nty component associated with emission 27 27 27
probability
Uncertainty component associated with weighing 0.2 0.2 0.2
Any other uncertainty component (please specify) 39 3.9 3.9
Combined standard uncertainty (k=1) 5.7 6.3 5.8
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IAEA ILC October 2018
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):

0.0033

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

Table of isotopes 8th edition

RESULTS

At reference time 09 October 2018 00:00 UTC

Bq/kg dry

F-P04 T-S3 T-S8
Massic activity of Pu-238 (Bg/kg dry) 0.0047 0.0035 0.0070
Uncertainty (k=1) (Bg/kg dry) 0.0011 0.0011 0.0016

Uncertainty Budget (optional) Relative uncertainty (%)
Uncertainty component associated with net count 234 317 229
rate of Pu-238
E{ncertamty @mponant associated with activity of 0.4 0.4 04
yield tracer (if used)
Uncertainty component associated with net count
: X 0.0 0.0 0.0

rate of yield tracer (if used)
Uncertainty component associated with weighing 0.5 0.5 0.5
Any other uncertainty component (uniformity of 29 29 29
sample)
Combined standard uncertainty (k=1) 23.6 31.8 23.1
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IAEA ILC October 2018
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide:

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):

0.07

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

Table of isotopes 8th edition

RESULTS

At reference time 09 October 2018 00:00 UTC

Bq/ke dry

F-P04 T-53 T-S8
Massic activity of Pu-239/240 (Bg/kg dry) 0.376 0.378 0.56
Uncertainty (k=1) (Bg/kg dry) 0.018 0.020 0.03

Uncertainty Budget (optional) Relative uncertainty (%)

Uncertainty component associated with net count 37 45 41
rate of Pu-239/240 ' s 4
aneﬁaanty cfornpcnent associated with activity of 04 04 04
yield tracer (if used)
Uncertainty component associated with net count 0.0 0.0 0.0
rate of yield tracer (if used) : : :
Uncertainty component associated with weighing 0.5 0.5 0.5
Any other uncertainty component (please specify) 2.9 29 29
Combined standard uncertainty (k=1) 4.8 5.4 5.0
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