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(1) NDAs and NORMs - UNI EN ISO 19017:2017 Principles and Applicability

● ISO 19017:2017 “Guidance for gamma spectrometry measurement of 

radioactive waste”;

● Specifically intended for radioactive waste within nuclear industry and 

research;

● “many of the principles, measurement methods, and recommended practices 

discussed here are also equally applicable to gamma measurements of items 

other than radioactive waste [...] or to measurements made on radioactive 

materials contained within non-traditional packages [...]”

● Main Principles: 

1. Use of an open or collimated detector  geometry;

2. Efficiency determination using analytical (mathematical) or Monte 

Carlo (simulation) methods;

3. Attenuation corrections based upon average density, materials and 

measurement configuration;

4. Estimation of measurement uncertainty.

● Application to 3 different NORMs radiological characterization campaigns.
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(2) Geothermal Plants Radiological 
Monitoring
With the aim of a full application of the European Directive 

2013/59/EURATOM and the italian national legislation, we investigated 

the presence of NORM in the geothermal energy production process. 

The activities are performed in the geothermal area of the Tuscany. 

Numbers:                                                                                                             

37 power plants subjected to radiometric control (31 under operation).                                           

100+ samples collected.                                                                                

More than 60 gamma on site spectrometry measurements performed. 

NDAs for the fluid “Radiological Quality” estimation                                     

The estimation of the activity concentration of the geothermal fluid is a 

key information in the definition of the total amount of radioactivity 

involved in the process and the activity concentration of the residues. 

The application of ISO 19017 in this case allowed to include such 

information and therefore improved the radiological characterization of 

each power plant. 

4/ 14



0
1 

0
3 

Geometrical Model 

Gas volume: 1,57m3 - Composition: overheated 
steam (H2O) - Fluid density: 0,010g/cm3

(2) Fluid “Radiological Quality” Estimation 

● Gamma spectrum measurements using a portable collimated 
high resolution HPGe detector;

● Presence of Rn-222 and its decay products in the geothermal 

fluid. Pb-214 and Bi-214 determination through their 
characteristic gamma emissions;

● Steady state condition of the the geothermal fluid: constant 

flow rate, temperature and pressure;

● Constant volumeof fluid in the detector Field of View (FoV);

● Monte Carlo simulation for the definition of the detection 
efficiency. Dimensions, density, fluid composition and relative 

detector position included in the model;

● Measurements performed on 31 power plants in operating 
conditions;

● Classification of the plants according to the fluid radioactivity 

content.

HPGe Detector

Relative efficiency: 40% - Lead Collimation -
Energy Range: 50keV - 2MeV                                     
Energy resolution: <2.0 keV @1332 keV
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Monte Carlo geometrical model for the detection 
efficiency calculation of an adduction pipeline.

Measurement configuration for the adduction 
pipeline in the Vallesecolo power plant.
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(2) Plants Classification based on the fluid 
“Radiological Quality”  

● Measurements performed on 31 power plants in operating 
conditions;

● Classification of the plants according to the fluid radioactivity 

content.

● Plants are located in 4 different areas (AGE): Larderello, Lago 
(Cornia Valley), Radicondoli and Amiata Mountain 

(Piancastagnaio & Bagnore);

● Variability of the radiological quality of the fluid with respect 
to the geographical area (AGE);

● Same method applied on the gas treatment system (AMIS), 

with activity concentration ranging from 10 kBq/m3 to 90 
kBq/m3.

Radiological 
Quality of the 
endogenous fluid 
determined by the 
concentration of 
the Rn-222 decay 
products
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(3) Characterization Of Contaminated Plant 
Components From The TiO2 Industry 

The Titanium Dioxide industry has to face problem related to NORM 
involved in the production process. Two main residues are produced as 

a consequence of the TiO2 production process (Tionite and Red 
Gipsium). In addition, many plants components contaminate as side 

effect of some phases of the process thus constituting radioactive 
residues to be characterized.

Characterization Process:  

● Contaminated plant components generated in large quantities.

● Activity concentration may vary due to different factors.
● Sampling is not always a suitable solution: problem of 

representativeness, large number of samples needed, 
selection of a proper technique, etc…

● Need  for a measurement technique to characterize large 
quantities of material, at low cost and directly on field.
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(3) NDA Characterization Of 
Contaminated Plant Components

● Large number of NORM contaminated plant components
produced during maintenance;

● Different type and quantities: pipes, valves, heat exchangers, 

panels and filters;

● Activity concentration vary according to: usage time, 
component position, raw material input, degree of 

maintenance, etc;

● NDA using portable collimated HPGe detector allows to 
overcome the sampling issues;

● Counting efficiencydetermination using semi-analytical 

Monte Carlo simulation able to reproduce complex 
geometries and contamination distribution;

● Ability to characterize large number of components.
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(3) Contaminated Filters - Comparison Between Laboratory 
And On-Site Results

GAMMA LABORATORY MEASUREMENTS GAMMA ON-SITE MEASUREMENTS

Performed according to ISO 11665, with an high resolution 
HPGe detector in a low background configuration on average 
homogeneous samples of the filters.  

Performed according to ISO 19017, with a portable collimated 
HPGe detector directly on site. Measurements were 
performed on the entire filter container (Big Bags or Drums)  
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(3) Contaminated Plant Components - On-Site Results

Performed according to ISO 19017 principles. Counting 
efficiency determined through the Monte Carlo model of the 
measurement configuration.    

GAMMA ON-SITE MEASUREMENTS
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(4) Large Area Characterization Of 
NORM Contaminated Soil 

Characterization of large potentially contaminated areas requires a 

great number of samples and the definition of a complex 

characterization plan. If prior knowledge on the radiological status is 

available than the number of samples and analysis could be reduced 

and the quality of data improved.

In this case a disused oil and gas storage site could be potentially 

contaminated by the oil sludge deposited in some subsoil tanks. Almost 

no informations were available about the type and location of the 

potential contamination.

The combination of laboratory DA and on-site gamma spectroscopy 

(NDA) was used to overcome the lack of information through the 

characterization of large areas of the site.
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(4) Radiological Characterization Of Soil -
Laboratory and On-Site Measurements 

● Gamma spectrometry on soil portions where coring samples
where previously analyzed;

● Use of a collimated geometry for measurements of restricted 

areas;

● Geometrical Monte Carlo model for counting efficiency
calculation: 50cm thick soil layer with 10cm asphalt layer on 

the top, 60cm source-detector distance;

● Soil composition and density derived from the coring samples 
analysis;

● Result from on-site gamma spectrometry were compared to 

soil samples collected from the same layer.

12 / 14



(4) Radiological Characterization Of Soil -
Laboratory and On-Site Measurements 
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(4) Conclusions

● For each of three case presented the use of NDAs provided satisfactory results when applied to NORM residues;

● In the first case, the definition of the radiological quality of the geothermal fluid increased the amount of information on 
the radiological status of each power plant;

● In the second case, the use of NDA allows to properly characterize large amount of contaminated components with lower 

costs and less time if compared to standard sampling and analysis method;

● In the third case, the combination of gamma on site spectrometry and laboratory analysis lead to a preliminary radiological 
characterization, necessary to the definition of a specific characterization scheme;

● For each of the cases presented, NDAs could improve NORMs’ radiological characterization process in an industrial plant.
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