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NON-DESTRUCTIVE RADIOLOGICAL CHARACTERISATION OF  
CONTAMINATED AND ACTIVATED CONCRETE 
 

 
Background 
The decommissioning of nuclear facilities leads to large quantities of concrete and building material wastes. 
Radioactivity in building structures arise from very different physical processes such as neutron activation 
(bioshield), diffusion of the contaminants in the material (primary coolant leakage, maintenance and fuel 
loading) or aerosol deposition. The variety of the building material also extends the range of faced 
radiological characteristics. Therefore the minimization of concrete waste generation requires extensive 
characterisations and the availability of different measurement tools and methods. Up to now, these 
measurements came from the coring and the radiological analysis of the concrete, which is a destructive, 
long and costly technique. Looking for alternative solutions, SCK-CEN has started to investigate in 
collaboration with EDF-R&D and CEA (France) several non destructive methods based on gamma 
spectroscopy and different spectral examinations using mathematical calibration and modelling tools 
available on the market. Information on in-depth activity distribution can be derived from in situ gamma 
spectra by modelling absorption laws (peak to peak ratios) and photons interactions (Compton front) in the 
bulk of the concrete. 
 
Objectives 
As they combine modelling and measurement, the different methodologies being evaluated involve a lot of 
uncertainty sources linked to the measurement environment, to the knowledge available on site (historical 
background, material composition), to the operator responsible for the data acquisition and to the 
performance of the equipment. Therefore a detailed sensitivity analysis is required to define the range of 
applicability and the performances of the different methods. 
 
Principal results 

Modelling parameters 

Focusing  

- Collimation geometry 

Shielding  

- Material composition 
 - Thickness 

- Density 
- Geometry 

Source 

- Surface area 
- Source/detector position 

- Material composition 
 - Contamination/activation profile 

(i.e. exponential )

Spectra acquisition 

- circular surface located at 
coordinates X,Y 

-  background measurement 

ISOCS Modelling 

- Focusing 
- Shielding  

- Source

ISOCS Calculation 

- Efficiency curve : from 45 keV to 
1500 keV 

- Extrapolation down to 30 keV

Spectra analysis software 

- Activity in emission peak i (Ai) 
- Ratios Ai / Ak  

(Ak = key line activity)

For a given multi-energetic 
isotope : Ai = f(L)

Characteristic  
length L

 
The iterative ISOCS methodology for multi-energetic isotopes 

 
For multi-energetic isotopes, a method based on iterative efficiency curve calculation using ISOCS 
calibration software has been developed and firstly tested on deeply activated concrete (Bioshield). The 
main activation products 152Eu, 154Eu and 133Ba are ideal candidates to investigate the performances of this 
method since they have several high yield energy lines spread over the operating range of the chosen 
Germanium detector and their distributions in the bulk follow exponential laws A(z)=A(0)*e-z/RL (attenuation of 
a thermal neutron beam). The relaxation lengths (RL) and therefore the in-depth distribution profiles found 
for 133Ba show a very good agreement (within 10%) with the measurements done on core samples. Isotopes 
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with very different activation cross sections (like 133Ba and 152Eu) may have different exponential distributions 
and require specific model optimisation.  
Investigations around the in situ assessmentof the contamination depth have so far been restricted to the 
ISOCS methodology applied to the 32 and 661 keV emissions of 137Cs daughter. Indeed in situ as well as 
core sample measurements confirm that 60Co precipitates at the concrete surface and is not a suitable 
contamination tracer. However quantitative evaluation of penetration depth of 137Cs is made difficult by multi-
parameters distribution profiles depending on concrete physical state (cracks, protective layer ...), high 
uncertainty on extrapolated detector efficiency below 45 keV and the large influence of the radiation 
background.  
 

 
 

The ISOCS methodology developed is firstly tested ex situ to avoid the influence of high radiation background 
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A consistent distribution profile is obtained when activities calculated on the different photopeaks are equal. Here the 

activation distribution is modelled by an exponential decrease(1 parameter). 
 
Future work  
While activation depth can be assessed In situ with a low uncertainty thanks to the availability of suitable 
tracers, the measurement of the penetration depth of 137Cs with the multi-energetic approach is still 
imperfect. Characterisation of the detector in the low energy area and optimisation of the measurement 
configuration (narrow collimation without "pin-hole effect") could reduce the uncertainty on 32 keV calculated 
efficiency and appreciably improve the performance of the technique. Exploitation of the 661 keV emission 
Compton front using Monte Carlo modelling should be investigated to provide a palliative solution when 32 
keV activity cannot be calculated, e.g in baryte concrete, where natural Ba isotopes also emits 32 keV X-
rays. 
 
Main contact person 
Eric Cantrel, eric.cantrel@sckcen.be
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