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IAEA ILC November 2020
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide: Cs-134

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-P04:081 T-53:066 T-58:0.69

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 04 November 2020 12:00 UTC

Bg/kg dry

F-F04 T-53 T-58
Massic activity of Cs-134 (Bg/kg dry) 2.90 2.48 3.49
Uncertainty (k=1) (Ba/kg dry) 0.32 0.27 031

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

Uncertainty component associated with net count rate of 99 95 75
Cs-134
Un_ce?rtamly component associated with detector 30 10 30
efficiency
Uncertm_nty component associated with emission 27 57 27
probability
Uncertainty component associated with weighing 04 0.4 0.4
Any other uncertainty component
(Uncertainty of detector stability) 3 43 i
Relative combined standard uncertainty (k=1) 11.1 10.7 9.0




TAEA TLC November 2020
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide:

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 (Bq/kg dry):

F-P04:0.56 T-S3:047 T-58:0.52

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 04 November 2020 12:00 UTC

Bqg/kg dry

F-P04 T-83 T-58
Massic activity of Cs-137 (Bg/kg dry) 584 46.6 75.8
Uncertainty (k=1) (Bg/kg dry) 3.0 24 38

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

Uncertainty component associated with net count rate of 0.9 10 0.8
Cs-137
Unct?namty component associated with detector 3.0 30 30
efficiency
Ullcena?l.rlty component associated with emission 27 27 27
probability
Uncertainty component associated with weighing 0.4 0.4 04
Any othelr uncertainty cumpqn_ent 29 29 29
(Uncertainty of detector stability)
Relative combined standard uncertainty (k=1) 5.1 5.1 50




IAEA ILC November 2020
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide: Pu-238

Method:

Plutonium was purified with anion exchange resin.

Detection system (including type of calibration applied):

Si semiconductor detector

Detection limit {Bg/kg dry):

F-P04 : 0.0032 T-S3:0.0035 T-S08:0.0037

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

Pu-238 : 877y

RESULTS

At reference time 04 November 2020 12:00 UTC

By/kg dry

F-P04 T-83 T-88
Massic activity of Pu-238 (Bg/kg dry) 0,00469 0.00371 0.00839
Uncertainty (k=1) (Bg/kg dry) 0,0012 0.0011 0.0016

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

Unecertainty component associated with net count rate of 247 306 189
Pu-238
Unccrtajl}aly component associated with activity of yield 0.74 0.74 0.74
tracer (if used)
U_ncerlamty component associated with net count rate of 182 185 1.83
yield tracer (if used)
Uneertainty 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) 24.8 30.7 19.0




IAEA ILC November 2020
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 semiconductor detector

Detection limit (Bq/kg dry):

F-P04 : 0.0036 T-S3:0.0026 T-SO08:0.0030

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

Pu-239:2411led y

RESULTS

At reference time 04 November 2020 12:00 UTC

Bq/kg dry

F-PO4 T-53 T-58
Massic activity of Pu-239/240 (Bg/kg dry) 0.379 0.384 0.529
Unecertainty (k=1) (Bg/kg dry) 0.012 0.012 0.015

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

Uncertainty component associated with net count rate of
Pu-239/240 243 2,46 2.07
Uncertgmty component associated with activity of yield 0.74 0.74 0.74
tracer (if used)
qncenamty tfomponent associated with net count rate of 182 185 1.83
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 3.2 29
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IAEA ILC November 2020
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide: Cs-134

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-p04---0.8 ,T-83---0.6 ,T-58---0.7

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

half-life - =+ 2.06 (year)
emission probabilities *++ 97,56 (%)

RESULTS

At reference time 04 November 2020 12:00 UTC

Bq/kg dry

F-P04 T-53 T-S8
Massic activity of Cs-134 (Bg/kg dry) 2.8 1.8 3.7
Uncertainty (£=1) (Bg/kg dry) 0.3 0.3 0.4

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

Uncertainty component associated with net count rate of 102 16.4 16
Cs-134
Uncgr‘tamly component associated with detector 28 2.8 28
efficiency
Uncem_n_nty component associated with emission 03 0.3 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) 10.6 16.7 12.0
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IAEA ILC November 2020
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide: Cs-137

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-P04---0.7 ,T-83+-+0.6, T-58---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 04 November 2020 12:00 UTC

Ba/kg dry

F-P04 T-83 T-58
Massic activity of Cs-137 (Bg/kg dry) 56.8 463 837
Uncertainty (k=1) (Bg/kg dry) 1.7 1.4 el

Uncertainty Budget (optional) Relative uncertainty (%) (k=1)
Uncertainty component associated with net count rate of
1.2 13 1.0

Cs-137
Unr:?rtamty component associated with detector 08 28 28
efficiency
Uncer@_ﬂty component associated with emission 06 06 06
probability
Uneertainty 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) 3.1 3.1 3.0
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TIAEA TLC November 2020
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide: Pu-238

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 with 8M nitric
acid. The extracted solution was heated and concentrated and adjusted to 8M nitric acid. Sodium nitrite 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: 0,004, T-53: 0,004, T-S8: 0.004

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 04 November 2020 12:00 UTC

Bq/kg dry
F-P04 T-83 T-S8
Massic activity of Pu-238 (Bq/kg dry) 0.005 0.005 0.009
Uncertainty (k=1) (Bg/kg dry) 0.001 0.002 0.002
Uncertainty Budget (optional) Relative uncertainty (%) (k=1)
Uncertainty component associated with net count rate of 28.9 977 20.4
Pu-238
Uncertainty component associated with activity of yield
: 2:8 2.5 25
tracer (if used)
Uncertainty component associated with net count rate of
: : 2.5 2.5 2.4
yield tracer (if used)
Uncertainty component associated with weighing 0.081 0.081 0.081
qncenamty component associated with added volume of 0.29 0.29 0.29
yield tracer
Relative combined standard uncertainty (k=1) 29.1 27.9 20.7
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TAEA ILC November 2020
Cs-134, Cs-137, Pu-238 and Pu-239/240 in sediment

Nuclide: Pu-239/240

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 with 8M nitric
acid. The extracted solution was heated and concentrated and adjusted to 8M nitric acid. Sodium nitrite 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: 0.004, T-83: 0.004, T-S8: 0.004

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

Pu-239 half-life: 24100 + 11 year, Pu-239 alpha energy : 5244.51 4+ 0.21 keV (BIPM-5 Table of Radionuclides Val.4)
Pu-240 half-life: 6561 + 7 year, Pu-240 alpha energy : 525575 £ 0.15 keV (BIPM-5 Table of Radionuclides Vol.5)

RESULTS

At reference time 04 November 2020 12:00 UTC

Bg/kg dry
F-P04 T-83 T-S8
Massic activity of Pu-239/240 (Bg/kg dry) 0.410 0,391 0.530
Uncertainty (k=1) (Bq/kg dry) 0.020 0.019 0.023
Uncertainty Budget (optional) Relative uncertainty (%) (k=1)

Uncertainty component associated with net count rate of
Pu-239/240 32 3.3 2.7
Uncert;pnty component associated with activity of yield 25 25 95
tracer (if used)
Uncertainty component associated with net count rate of

. . 25 25 2.4
yield tracer (if used)
Uncertainty component associated with weighing 0.081 0.081 0.081
U.nccrtamty component associated with added volume of 0.29 029 029
yield tracer
Relative combined standard uncertainty (k=1) 4.8 4.8 4.4
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IAEA ILC November 2020

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

Nuclide:

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-P04:1.1Bq/kg dry.T-83:0.85Bq/kg dry,T-S8:0.91Bq/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 04 November 2020 12:00 UTC

Bg/kg dry

F-P04 T-83 T-S8
Massic activity of Cs-134 (Bg/kg dry) 2.0 2.3 4.1
Uncertainty (k=1) (Bg/kg dry) 0.4 03 0.4

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

Uncertainty component associated with net count rate of 19.9 137 8.8
Cs-134
Uncertainty component associated with detector efficiency 219 29 249
Uncedgl}']ty component associated with emission 27 97 27
probability
Uncertainty component associated with weighing 0.2 02 0.2
Any other uncertainty component (please specify) 39 3.9 39
Relative combined standard uncertainty (k=1) 20.6 14.8 10.4
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IAEA ILC November 2020

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

Nuelide: 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-P04:0.68Bq/kg dry,T-83:0.55Bg/kg dry,T-S8:0.68Bq/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 04 November 2020 12:00 UTC

By/kg dry

F-P04 T-S3 T-S8
Massic activity of Cs-137 (Bg/kg dry) 543 46.7 75.1
Uncertainty (k=1) (Bg/kg dry) 3.1 2.6 4.2

Uncertainty Budget (optional) Relative uncertainty (%) (k=1)
Uncertainty component associated with net count rate of
1.3 13 1.1

Cs-137
Uncertainty component associated with detector efficiency 2.9 29 2.9
Uncem_alpty component associated with emission 27 27 27
probability
Uncertainty component associated with weighing 0.2 02 02
Any other uncertainty component (please specify) 39 3.9 3.9
Relative combined standard uncertainty (k=1) 5.7 5.7 5.6
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IAEA ILC November 2020
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 (Bq/kg dry):

F-P04: 0.010Bq/kg dry, T-53: 0.014Bq/kg dry, T-S8: 0.011Bq/kg dry

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

Half life:87.7 year
emission porobabilities:99.9%

RESULTS

At reference time 04 November 2020 12:00 UTC

Bg/kg dry

F-P04 T-S83 T-S8
Massic activity of Pu-238 (Bg/kg dry) ND ND ND
Uncertainty (k=1) (Bg/kg dry) = 3 -

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

Uncertainty component associated with net count rate of 50.0 44.7 6
Pu-238
Uncem_imty component associated with activity of yield 193 193 193
tracer (if used)
Uncertainty component associated with net count rate of
yield tracer (if used) e A b
Uncertainty component associated with weighing 0.0413 0.0413 0.0413
Any other uncertainty component (please specify)
Relative combined standard uncertainty (k=1) 504 452 351
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IAEA ILC November 2020

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: 0.092Bq/kg dry, T-83; 0.102Bq/kg dry, T-S8: 0.116Bq/ke dry

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

Half life:6564 year
emission porobabilities:99.9%

RESULTS

At reference time 04 November 2020 12:00 UTC

Bq/kg dry

F-P04 T-83 T-S8
Massic activity of Pu-239/240 (Bg/kg dry) 0.389 0.372 0.549
Uncertainty (k=1) (Bg/kg dry) 0.032 0.035 0.040

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

Uncertainty component associated with net count rate of
PU-239/240 529 6.18 428
Uncertgmty component associated with activity of yield 1.03 1.93 1.03
tracer (if used)
U_ncertamty ;omponcm associated with net count rate of 586 6.73 562
yield tracer (if used)
Uncertainty component associated with weighing 0.0413 0.0413 0.0413
Any other uncertainty component (please specify)
Relative combined standard uncertainty (k=1) 8.1 93 7.3
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