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Characterisation in decommissioniny
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Prior to dismantling

Easy-to-measure (ETM) — Difficult-to-measure (DTM) —

Sampling gamma spectrometry radiochemical analyses

| |-
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| Scaling factor :

Material specific DTM to key ETM radionuclide ratio

| During dismantling Bl

ETM measurement of packed material Implementation of scaling factor for DTM




DTM — why are they difficult to mea

| m I | Nn — Acid digestion: Division of acid mixture into 2 fractions:
S a p g Oxidised ™C: Step1-0,1g ngNaZCO! inaml Measurement of the volume.
o RepresentatNe Samp|e co, "E’PE‘:%'S‘OU-“M H,0 + 4 ml HNO; + 4 ml HCI 300 ul of acid mixture into Fe-fraction and
. . Step2— 1 ml HCIO, rest of the volume into Ni-fraction
« Correct sampling technique | L oy |
Ni-fraction:
1 1 I 1%C measured using LSC. Addition of Ni carried if needed Fe-fraction: N
- R ad IOC h e m ICal an alys I S { Yield estimated. J Ni separation from Fe using hydroxide prec.ipitation in Evaporation into dryness and
i I H 4-5 dissolved into 9M HCI.
° Va“ety Of m ate rl al S and pl Purification of Fe using AG resin
H H column. Fe is sorbed into the
radionuclides Niin precipitate: o
Niis dissolved into 9M HCl and further purified from Fe resin while Ni flows through |
using AG resin column. |

* Low and high activities

. . 1 Fe-fraction: N ‘
» Long radiochemical procedures [ First Ni resin purification of Ni-fraction: ] Fe is eluted from the column
- Evaporation to near dryness and purified from Co using Ni resin using 0.5 M HCl, evaporated to ‘
© SOI u bl I |ty I dryness, and dissolved into 1M
Second Ni resin purification of Ni-fraction: H,PO, )
° I nte I’fe rences Evaporation to near dryness and purified from Co using Ni resin l
| |

‘ 55Fe measured using LSC, yield ‘

83Ni measured using LSC, yield measured using ICP-OES

measured using ICP-OES

» LSC quenching

Validation of the radiochemical

analyses
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Intercomparison exercises

S

Mordic nuclear safety research
http://www.nks.org/

Finland (3)
Sweden (1)
Denmark (1)
Norway (3)

France (1)
Taiwan (1)

UK (1)

Need for DTM
analysis
validation

2020 DT™M
Decom Il
Activated
concrete

2019 DTM
Decom |
Activated

steel

2021 DT™M
Decom Spent
ion exchange
resin
(betas)




Intercomparison exercises

S

Mordic nuclear safety research
http://www.nks.org/

Sending of
the samples

Kick off

|

Sample
homogeneity
studies

Analyses for
DTM and ETM

Final meeting

Peer-
reviewed
article

Statistical

analysis




Analysis validation

= Statistical analysis according to ISO standard?
= Assigned values calculate from participants’ results
= Comparison of performance using z score

zi= (xi — xpt)/oy

X,.= the assigned value
0,.= standard deviation for the proficiency assessment

Z score Analysis result

|z] £2.0 Acceptable

|z] = 3.0 Unacceptable

[1] International Standard 1SO 13528:2015(E) (2015) Statistical methods for use in proficiency
testing by interlaboratory comparison



DTM Decom | — activated steell2:3]

= Reactor Pressure Vessel (RPV) steel
* 1 cm x 1 cm thin slices
- 0.1-0.2¢

= Homogeneity check using gamma

spectrometry
« 1.8 RSD%

= 2-3 samples for each participant

= Radionuclides
* Fe-55 and Ni-63
« Optional C-14 and Co-60

= Additionally activation calculation
* Neutron dosimetry samples

[2] Leskinen et al. (2020) NKS-B report NKS-429

19052022 VT = beyond the 0bvious 31 eskinen et al. (2020) JRNC 324:1303-1316



DTM Decom Il — activated concretel4:

= Biological shield activated concrete

= Homogeneity

* 1.7 RSD% Eu-152

20 g / participant

= Radionuclides

« H-3, C-14, Fe-55 and Ni-63

» Optional: Ca-41, CI-36, Co-60, Eu-152

Additionally activation calculation

* Reactor history, neutron fluxes and chemical composition

[4] Leskinen et al. (2021) NKS-B report NKS-441
[5] Leskinen et al. (2020) JRNC 329:945-958



DTM Decom Ill — spent ion
exchange resin [l

= Spent ion exchange resin

= Homogeneity

* 0.9 RSD% Co-60

0,8 g / participant
Radionuclides

* Fe-55, Ni-63, Sr-90, gammas
» Optional H-3, C-14, Tc-99

Sending of
the samples

Kick off

Final meeting Peer-

reviewed
article

Sample
homogeneity
studies

Analyses for
DTM and ETM

Statistical
analysis

[6] Leskinen et al. (2022) NKS-B report NKS-457



DTM Decom Il — spent resin }

betasl®l ——
= Excerpt of results shown from final meeting ]
= Updated for the NKS report and upcoming publication —
= Mainly good results for Fe-55, Ni-63, and Sr-90 —
= Excellent results for gammas

s ]
Z score Sample Z score g {

Sample # Mn-54  Co-60  Cs-137  ° — ;

# Fe-55 Ni-63 Sr-90 1 13 12 13 e | ‘

1 0,6 1,6 . w e L

2 0.9 >1 >3 3 0,7 0,6 0,6 .

3 0,4 0,2 0,5 p 1’1 0’9 1’0 Sample #

4 1,4 0,0 1,2 c 0’2 0’1 0'4

T ' ' L .

6 OI3 4'6 B 6 0,4 0'7 0’1 1z| £2.0 Acceptable

7 0,2 0,4 0,1 7 0,1 0,1 0,2

8 1,3 1,1 0’8 8 012 0;4 0,4 |1z] 23.0 Unacceptable

- _ i 9 - - - [6] Leskinen et al. (2022) NKS-B rept NKS-457



DTM Decom | = Il & lessons learned VTT

Sr-90 measurement
with Cerenkov or
LSC. Can be time

consuming.

Oxidative acid
digestion vs thermal
combustion for
volatile DTMs

H-3 and C-14 is

High Fe content, EC challenging due to Uncertainty and limit Sl L X R
decay & short half- volatility and of detection e p——— .
life of Fe-55 trapping calculations knowledge sharing OV
o W
Easy to measure = um%
S radionuclides are N R !
Ni-63 |néeorfggence by easier (danger of Input data in ; & =
false positives, modelling ;

efficiency calibration,
coincidence)
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Conclusions

Method validation is crucial

High advantage in using real materials
High advantage with collaborative project
Interest of joining is increasing

DTMs are still difficult to measure
ETMs are easier than DTMs
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