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Introduction to WP1
 Overall aims
- The aim of this work package is to improve the characterisation of
materials and items at decommissioning sites, prior to disposal.
- A variety of techniques will be investigated
(i) initial assessment by (where possible) remote measurement,
(ii) planned and statistically robust sampling,
(iii) radiochemical analysis and measurement of sampled material, and
(iv) the derivation of improved scaling factors for future work

- These outcomes provide feedback for future decommissioning
work, so that each iteration of the assessment-samplinganalysis/measurement-scaling factors cycle enables the next
iteration to be carried out more effectively
- Ultimate aims: Continually improving the processes in order to
better utilise resources
Accurately sentence waste arisings

Tasks within the work package
 Mapping inside nuclear facilities (SCK•CEN, CEA, ENEA,
IFIN-HH, NPL, STUK)
- Devise techniques for mapping internal contamination within a
nuclear facility to inform subsequent strategy for decommissioning

 Sampling strategies (NPL, ČMI)
- Ensure that the sampling of materials is carried out in a statistically
valid manner, without taking excessive numbers of samples

 Radiochemical analysis procedures (NPL, PTB)
- Analysis of long-lived and less common radionuclides

 Scale factors (ENEA, CMI, NPL, SCK•CEN)
- Apply the principles set out in ISO 21238:2007 to the measurement
of contaminated areas in
decommissioning sites
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Task 1.1: Mapping inside nuclear
facilities: Objectives
- To devise techniques for mapping the internal contamination
within a given nuclear facility in order to inform the subsequent
strategy for decommissioning the facility. These techniques include
the determination of contamination by a variety of methods,
including
 surface contamination determination,
 identification of localised hot-spots by using detectors (cadmium-zinc
telluride, lanthanum bromide, etc.),
 in-situ gamma spectrometry,
 determination of depth distribution of radionuclides,
 remote alpha detection

- Improvement and enhancement of these techniques to determine
the levels and location of gamma, alpha and alpha/gamma
contaminated areas will better inform the planning of sampling
for further radiochemical analysis and the overall
decommissioning strategy

Tasks 1.1 consists of 4 topics
Task leader
 Improve the traceability & accuracy of surface
beta contamination measurements
 Realise response characteristics of the
quantitative performances of the GAMPIX
gamma camera
 Develop UV based stand-off detection methods
for detecting & monitoring of alpha
contamination
 Execute & examine a case study (contaminated
floor in PWR): different techniques, number of
measurements, geostatistics

Improve the traceability &
accuracy of surface beta
contamination measurements
- Achieved up to now

 For the first time, plane source efficiency of beta emitting nuclides
was computed by Monte Carlo simulation. Simple analytical
expressions were obtained for the efficiency of plane sources using
least squares fitting of Monte Carlo data. The paper “Modeling the
transmission of beta rays through thin foils in planar geometry” was
published in Applied Radiation and Isotopes
 A new method for determining the activity of large-area beta
reference sources was developed for improving the traceability and
accuracy surface contamination measurements.

- Future work
 The new method for determining the activity of large-area beta
reference sources will soon be validated.
 The evaluation of the uncertainty of measurement will be improved
and a Good Practice Guide for the measurement of surface activity
and mapping the contamination will be written.

Realise response characteristics
of the quantitative performances
of the GAMPIX gamma camera

- GAMPIX (prototype)/iPIX (industrial system) = new generation
gamma camera for the localisation of radioactive hotspots
 Timepix pixelated detector with a coded mask
 Portable plug-and-play system
 Improved of detection sensitivity

- Achieved up to now
 Preparation and standardisation of reference radioactive sources of
various activities (Co-57, Cs-137, Am-241)
 First tests: analysis of the response and calibration in terms of fluence
of the GAMPIX system

- Future work
 Metrological validation of GAMPIX quantitative performances
 Accuracy of the dose rate measurement associated with a given hot
spot
µSv.h-1 ?

Develop UV based stand-off
detection methods for detecting &
monitoring of alpha contamination
- Present methods used:

Limited quantitative value due to the high UV background (e.g. sunlight)

- Objective of this study
Possibility to perform stand-off alpha detection using a narrow solar
blind wave length region (240 nm - 280 nm)

- Achieved up to now
The radioluminescence spectra of air, nitrogen and argon have been
measured using bi-alkali PMT and monochromator.
Strong solar blind emissions in nitrogen and argon environments enable
detection in daylight, while very weak emissions are observed in normal
air (estimated detection limits in air are >1 MBq at few meter distances)

- Future work
 Repeat the experiment with additional detectors (e.g. Cs-Te)
 Enhance the experimental setup & calibration of the monochromator
 Conduct integral measurement of radioluminescence light yield with
different detector & gas combinations

Execute & examine a case study:
different techniques, number of
measurements, geostatistics
- Case study

Contaminated floor in a room in a PWR (SCK•CEN, BR3)

- Measurements performed
 Surface beta contamination measurements
 Dose rate measurements
 In-situ gamma spectroscopy (HPGe, LaBr3, CdZnTe) & gamma camera
(HSL500)
 Sampling & characterization
 Geostatistical analysis

- Achieved up to now
 Contamination depth distribution (mm)

- Future work
 Decontamination plan & decontaminate
 Post radiological characterisation
 Assessment of various measurements methods and optimization
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Task 1.2: Sampling strategies for
radiochemical analyses
 To ensure that sampling materials prior to and during
decommissioning are carried out in a statistically valid
manner.
 Recommend sampling strategies based on Bayesian
analysis techniques , existing protocol and visual sampling
plan will address:
- An optimised minimum number of samples
- Limiting the risk of returning false negatives

Task 1.2: Sampling strategies for
radiochemical analyses
 Sampling strategies reviewed
- DQA : EPA QA/G5S. Guidance on choosing a sampling design for
environmental data collection for use in developing a quality
assurance project plan. (2002).
- Clearance and Exemption Working Group. Clearance and
Radiological Sentencing: Principles, Processes and Practices for Use
by the Nuclear Industry A Nuclear Industry Code of Practice.
(2012).- NICoP
- MARLAP

Task 1.2: Sampling strategies for
radiochemical analyses
 Conclusion in sampling strategies review
- Sample size
There are different approaches to decide the sample size

- Number of strata
There is no clear rule of how to decide how many strata must be selected
on the site of interest

- Approach for not solid matrices not clear if heterogeneous material
E.g. sludge or liquid sample with solid phase.

- Sampling grid shape
Not clear rules of what shape of grid for the sampling to get the
representative samples
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Task 1.3: Radiochemical analysis
procedures
 To build on the work completed in MetroRWM on the
automated analysis of radioactive material.
- In MetroRWM : dissolution procedures for concrete, separation
procedures for 90Sr, 99Tc, uranium isotopes, plutonium isotopes and
241Am as well as measurement procedures for α- and β-emitters.
- The need, therefore, is to be able to measure a wider range of
radionuclides in a more diverse set of matrices

Task 1.3: Radiochemical analysis
procedures
 Selected matrices: Concrete, graphite and steel
- Concrete sample preparation by Lithium borate fusion, automated
in Katanax K2, followed by PEG precipitation
- Steel sample preparation by dissolution in aqua regia
- Graphite: Under study

Task 1.3: Radiochemical analysis
procedures
 Selected radionuclides
- Strontium-90 (t½: 28.80 y, 100% decay via 90Y – t½: 2.67 d)
Bone seeker produced in large quantities (fission yield ~5-6%) in
operating nuclear power plant stations
- Zirconium-93 (t½: 1.61×106 y, 73% decay via 93mNb – t½:
16.1 y)
This nuclide is a long-lived, high yield fission product (fission yield
~5-6%); also generated in PWR/BWR zircaloy fuel cladding.
- Samarium-151 (t½: 28.80 y)
Medium yield fission product (fission yield ~0.5-6%) with a ~90
year half-life.
- Uranium – 233U, 234U, 235U, 236U, 238U (t½: all >1×105 y)
Uranium is the major component of fuel assemblies and is handled
in multi-tonne quantities needed
for waste assay and fissile material
management.

Task 1.3: Radiochemical analysis
procedures
 Some of the challenges
- Separation of Sm from other
lanthanides
Studies
of
Triskem/EiChrom
Lanthanide resin
Comparison with α-HIBA separation

- Zr and Nd separation
TBP liquid-liquid extraction
Studies of Triskem TBP resin

- Currently testing separations with
stable isotopes mix
Measurements by Agilent ICP-MS
QQQ system to assess recoveries

Task 1.3: Radiochemical analysis
procedures
 TBP resin : Zr and U elution profile
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ICP-MS measurements (not corrected for
recovery)
Tested separation with a solution of Zr,
Nb, Sm, Eu and U

Task 1.3: Radiochemical analysis
procedures
 Samarium-151 measurements by ICP-MS QQQ
-

Isobaric 151Eu interference
O2 reactive gas, and so Sm forms SmO
Eu remains on mass
Used to support or replace wet chemical separation
Use in comparison/combination with radiometric techniques (LSC)

Task 1.3: Radiochemical analysis
procedures
 Samarium-151 measurements by ICP-MS QQQ
Sm vs SmO with oxygen flow rate

Eu vs EuO with oxygen flow rate
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MetroDECOM: Scale Factors
contribution by M. Capogni, P. De Felice, A. Compagno
(ENEA)

SFs Methods
 SF between two generic radionuclides A and B in a
generic waste stream is defined by the ratio between the
specific activities of the two radionuclides:
• Statistical techniques applied in SFs methods
Linear Regression
ARN= a + b · AKN
Geometric Mean
ARN= c · AKN
Logarithm linear regression log(ARN) = d + e · log(AKN)
a, b,c, d = const
KN = Key Nuclide

SFs for activation product
 SFs theoretical estimate for HTMR group made by the activation
product (55Fe, 63Ni e 14C) based on the radionuclide rate:

N = number of radionuclides activated in the circuit [mols]
M = number of non active elements [mols]
s = activation constant [1/s]
l = decay constant
e = rate of removal of radionuclides from the circuit [1/s]

By integrating

Burn-up method
 If the accumulation ("build-up") of the radionuclide to be
determined is related to "burn-up" of the nuclear fuel in
the reactor, its activity can be adequately estimated by
"calculations of the burn-up", executables by different
codes currently available and validated.
 One of the most commonly used calculation codes is the
code Origen-Scale.

Nj = number of radionuclides associated with the jth radionuclide
sf j = fission cross section of the jth radionuclide
gj i = probability for the jth radionuclide after the fission to create the ith
radionuclide
f = neutron flux averaged on the energy and position
sc, i – 1 = cross section of a neutron captured from the (i-1)th radionuclide
lk = decay constant of the kth radionuclide.

Combined method of BURNUP and
SFs
 Some radionuclides α emitters (such as 243Am, 231Pa,
237Np), some radioisotopes (as Pu, Cm, Cf, U, Ra) and
the radioisotopes of the Th cannot be related to a KN.
For these radionuclides a combination of the two
methods, burn up and SFs, is used.
 A constant ratio between the HTMR and an auxiliary
nuclide, defined as a radionuclide which can be
correlated with a KN, is computed. Combining these two
steps a new correlation between the HTMR and a KN
can be established.
 In applying this combined method usually the logarithm
regression law is used.

Conclusions

-

SFs depend from:
kind of nuclear plant and reactor (BWR, PWR, etc.)
composition of the materials (impurities)
neutron flux (intensity and neutron energy)
cross section of the reactions (activation, fission, etc.)
source-target geometry
live time of the nuclear plant
dead time since the shutdown of the nuclear plant till the starting of the
analysis data

 The main materials of a nuclear plant are strongly dependent on the
kind of reactor: in a BWR the dominant materials are carbon steel or
stainless steel, differently in a PWR Inconel or Incoloy
 Many difficulties to find in the literature clear and homogeneous data
and information about SFs for concrete,
graphite and steel
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Final comments
 Approaches
- To achieve the aims of this work package, a number of novel
techniques are being developed
- All address shortening the sampling, measurement and assessment
of contaminated areas
Monitoring of contaminated areas using conventional monitoring and
stand-off techniques
Sampling strategies better directed to draw defendable conclusions,
whilst limiting the number of samples taken
Radiochemical analyses for long lived and hard to measure nuclides
Realisation of better scaling factors

- These measurement solutions will be developed in the course of the
project and deliver relatively strategies that shorten the time for
suitably assessing levels and extent of contamination prior to
decontamination and demolition

Thank you.
Any questions?

