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FINAL SURVEY & RELEASE FROM
DISMANTLING & DEMOLITION PREPARATION FOR REUSE REGULATORY CONTROL
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Radiological characterization
of activated components
which frequently exhibit
surface contamination is
essential for the decision
making process regarding
their management during
decommissioning.

e Cutting techniques

* Decontamination
techniques

* Clearance procedures
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Characterization on decommissioning
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(a) neutron activation & radionuclide
transport calculations;

(a) dose rate measurements;

(b) in-situ gamma spectrometry;
(c) sampling for determination of

scaling factors (SF).
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Neutron Activation Calculation
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Scaling Factors (SF)
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SF are used for determination of the activities of DTM radionuclides, based on
the correlation between easily measurable gamma emitting nuclides (key
nuclides) and DTM nuclides.

In the SF method, the concentrations of DTM nuclides in radioactive wastes are
evaluated by multiplying the concentrations of the key nuclide by the
coefficients calculated based upon radionuclide data obtained by sampling and
radiochemical analysis.

Many of the important long lived radionuclides in radioactive waste are difficult
to measure (DTM) by non-destructive techniques.

|ldentification of these DTM nuclides requires radiochemical techniques to

separate the various radionuclides for measurement and determination of the
SF.

The key radionuclides are Co-60 which is mainly an activation product and Cs-
137 - a main fission product - predominantly found as surface contamination
and only rarely within the material volume.
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Objective
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This work is focused on the development of an innovative technique for:

 the concurrent quantitative determination of volume activity (due to
activation) and surface activity (due to the surface contamination) in steel
components, using one single measurement

* the validation of neutron calculations
* limiting the sampling for radiochemical analysis

* significantly improve the accuracy of radiological characterization and SF
determination for metallic waste classified as Low Level Waste (LLW), Very
Low Level Waste (VLLW), and Exempt Waste (EW).

» efficient decontamination for clearance and recycling, disposal volumes and
associated costs reduction, and repository capacity preservation.
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Method
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A non-destructive gamma spectrometry technique by using
MCNP6.1 simulations for interpretation of the resulting gamma-ray
spectra of the radionuclides in activated and/ or contaminated
components.

In particular, simulated spectra were produced and compared with
the corresponding experimental spectra. These comparisons
validated the simulation results and allowed the use of simulated
spectra for interpretation of experimental y-spectra.
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4.

Spectra produced using MCNP6.1
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Use of F8 pulse-height tally (energy distribution of the pulses created within the cell) combined with the “FT8

GEB card” i.e FTS GEB a b ¢

The a, b and c values are functions of the type of detector and the size of the detector with units of MeV,

MeV¥2and MeV! respectively. These parameters specified the Full Width at Half Maximum

FWHM = a + bVE + cE? where E is the Energy of the tallied particle

The Gaussian Energy Broadening (GEB) option defines the energy broadening according to the Gaussian formula

1 _(E=Ep)?
e 202

f(E) =
oV2m
E: broadened energy;
E,: unbroadened energy;

o: standard deviation depends on FWHM according to the Eq. FWHM = 2v2 - In2 -0 = 2,35482 - ¢

Energy bins in MCNP6.1 input file should be equal to the 8192 channels of the HPGe detector.
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Quantitative comparison of real &
simulated spectra — Point Sources _
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Quantitative comparison of real &
simulated spectra — Volume Sources
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Volume sources used
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* Volume source representing the activated and the surface contaminated metallic slab
both with 13’Cs were prepared at the Radioactive Waste and Material Laboratory in
the NCSRD.

* Filter paper was subdivided into squares of 9 cm? each and 0.05ml of 13’Cs acid
solution (2M HNO,;) of 170 + 17 Bqg/ ml in the centre of each square. with 137Cs filter
paper was 5940 cm?. The total surface was subdivided into 18 sheets of 33 x 10 cm?.

Hence, the activity for each one of the 18 contaminated sheets was 304 + 30 Bq.
(0.92 Bg/cm?)

Volume source representing the surface
contamination on a slab for validation of MCNP6.1

g models (VisedX_24F)

Volume source representing the activated slab
for validation of MCNP6.1 models (VisedX_24E)




First Method

ARISTOTLE
UNIVERSITY OF
THESSALONIKI

The first method is based on the net counts of the detector in the photopeak and the
Compton edge region arising from activities distributed both within the volume and
on the surface of steel samples.

Coe = Az X Ay + A4 X Ag

C 1% CceV CphS CceS
1, = -2 A, = A, = P22 AL =
LAy 2T Ay T A A

Cpny: counts of the photo-peak for “Nominal Volume” with activity Ay
C.ey: counts of the Compton-edge for “Nominal Volume” with activity Ay,
Cpns: counts of the photo-peak for “Nominal Surface” with activity Ag

C.es: counts of the Compton-edge for “Nominal Surface” with activity Ag

Cpn: counts of the photo-peak in the experimental spectrum for each of the three arrays exhibiting both surface (4s) and volume activity
(Ay)
Cee: counts of the Compton-edge in the experimental spectrum for each of the three arrays exhibiting both surface (4s) and volume

activity (4y)
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Second Method
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The second method relies on the correlation between the Compton-to-photopeak
ratio (C/P) and the absolute photopeak efficiency, as derived from simulated
gamma-ray spectra.

The graphical representation of C/P as a function of the absolute photo-peak
efficiency is used to determine the total absolute photo-peak efficiency as well as
the relative contribution of volume and surface activity to the photo-peak counts.

total ef ficiency = (a X efficiency volume) + (f X efficiency surface)

vol.effic.(%) = (a X efficiency volume) / total ef ficiency

surf.effic.(%) = (B X efficiency surface) / total ef ficiency

a+ =1
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Second Method
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Results
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o B Counts Counts
volact | volgfig | swfac | CEE from Volume from Surface Tatal HRCz
Caza e activity-A; activity-A; coumts
9 GO 8 Ty | o %) T B (109
(% 10%) (% 10%)
Nominal
Surface 0 1550 + 155
1* method 110 + 100 1200 + 100
2 method o+ otlo: | oqpp 0% {1 0. otLse [ 6116 7., 12409, | 6Ll6+ 024
Nominal
Vol 4960 + 496 [}
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Outcomes
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* Two equivalent methodologies were developed and validated for
concurrent determination of homogeneous surface and volume
activities in mixed-activity steel samples with specific activities at the
level of specific clearance for melting.

* Both methodologies produced consistent results and the agreement
between the nominal activities and the experimentally determined
ones were within the 1o to the 20 uncertainty level, confirmed their
reliability for the concurrent determination of surface and volume
activities in steel using a single experimental gamma-ray spectrum of
an unknown sample.

HNPS 2026 RWM L



Conclusions

ARISTOTLE
UNIVERSITY OF
THESSALONIKI

This technique is essential for:

* the decision making process on cutting techniques, decontamination
techniques and clearance procedures

* neutron calculations validation
e SF determination via sampling

» safe and efficient waste management
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