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Presentation Overview

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

(2) Radioactivity Content Of Flowing Geothermal Steam
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(1) NDAs and NORMs - UNI EN I1SO 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 hereare also equally applicable to gamma measurements ofitems
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 measurementuncertainty.

Application to 3 different NORMs radiological characterization campaigns.

INTERNATIONAL ISO
STANDARD 19017

20050315

Guidance for gamma spectrometry
measurement of radioactive waste
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(2) Geothermal Plants Radiological
Monitoring

With theaim of a full application of the European Directive
2013/59/EURATOM and theitalian national legislation, we investigated
the presence of NORM inthe geothermal energy production process.
The activities are performedin the geothermal area of the Tuscany.
Numbers:

37 power plants subjected to radiometriccontrol (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 fluidis a
key informationin the definition of the total amount of radioactivity
involved in the process andthe activityconcentration of theresidues.
The application of ISO 19017 in this case allowed to include such

informationand thereforeimproved the radiological characterization of
each power plant.
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(2) Fluid “Radiological Quality” Estimation

° Gamma spectrum measurements using a portablecollimated Geometrical Model

high resolutionHPGe detector; Gas volume: 1,57m3 - Composition: overheated

. . steam (H2O) - Fluid density: 0,010g/cm3
° Presence of Rn-222 and its decay products in the geothermal

fluid. Pb-214 and Bi-214 determination throughtheir

characteristicgamma emissions;
. . ".. - D_... D_"' :__."

e  Steadystate condition of the the geothermal fluid: constant o=, . — = G urtine &

flow rate, temperatureand pressure; G;:’:::E":' - T — 0O T 0= 0 |mp Gas

. _ . T O — O O Compressor
e  Constant volumeof fluid in the detector Field of View (FoV); ., O— — ) .
= - N, 00— 0= YT o4 ~

° Monte Carlo simulation for the definition of the detection -

efficiency. Dimensions, density, fluid compositionandrelative - e FoM T

detector positionincluded in the model; -

p ’ ) Fepgeenichde @

° Measurements performed on 31 power plantsin operating

conditions; HPGe Detector
e  C(lassification of the plants according to the fluid radioactivity Relative efficiency: 40% - Lead Collimation -

content Energy Range: 50keV - 2MeV

Energy resolution: <2.0 keV @1332 keV
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(2) Fluid “Radiological Quality” Estimation

° Gamma spectrum measurements using a portablecollimated
high resolutionHPGe detector;

° Presence of Rn-222 and its decay products in the geothermal Measurement configuration for the adduction
fluid. Pb-214 and Bi-214 determination throughtheir pipeline in the Vallesecolo power plant.
characteristicgamma emissions;

e  Steadystate condition of the the geothermal fluid: constant
flow rate, temperatureandpressure;

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

° Monte Carlo simulation for the definition of the detection
efficiency. Dimensions, density, fluid compositionandrelative
detector positionincluded in the model;

° Measurements performed on 31 power plantsin operating

conditions; Monte Carlo geometrical model for the detection
efficiency calculation of an adduction pipeline.

e  C(lassification of the plants according to the fluid radioactivity
content.
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(2) Plants Classification based on the fluid
“Radiological Quality”

>70 kBg/m?* A
e  Measurements performed on 31 power plants in operating 55 + 70 kBq/m? B
ditions;

condrtions; 35 + 55 kBq/m? c

° Classification of the plants according to the fluid radioactivity
20 + 35 kBg/m* D

content.

e  Plantsarelocated in 4 differentareas (AGE): Larderello, Lago < 20 kBg/m’ E

(Cornia Valley), Radicondoli and Amiata Mountain
(Piancastagnaio & Bagnore);

e  Variability of the radiological quality of the fluid with respect
to the geographicalarea (AGE);

e  Samemethod applied on thegas treatment system (AMIS), Larderello 7 14,3 14,3 71,4
with activity concentration ranging from10 kBg/m3to 90 Lago 12 75 25 0
kBg/m3.

Amiata Mountain 5 40 1] B0

Radicondoli 7 14,3 71,4 14,3
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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 theTiO2 production process (Tionite and Red
Gipsium). In addition, many plants components contaminate as side
effect of some phases of the processthus constituting radioactive
residues to be characterized.

Characterization Process:

Contaminated plant components generated in large quantities.
Activity concentration mayvary dueto different factors.

° Samplingis notalways a suitable solution: problem of
representativeness, large number of samples needed,
selection of a proper technique, etc...

° Need fora measurementtechniqueto characterizelarge
quantities of material, atlow 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,
panelsand filters;

° Activity concentration varyaccording to: usage time,
component position, rawmaterial input, degree of
maintenance, etc;

° NDA using portable collimated HPGe detectorallows to
overcomethesamplingissues;

e  Counting efficiency determination using semi-analytical
Monte Carlosimulationable to reproduce complex
geometries andcontaminationdistribution;

° Ability to characterize large number of components.
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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,
panelsandfilters;

° Activity concentration varyaccording to: usage time,
component position, rawmaterial input, degree of
maintenance, etc;

° NDA using portable collimated HPGe detectorallows to
overcomethesamplingissues;

e  Counting efficiency determination using semi-analytical
Monte Carlosimulationable to reproduce complex
geometries andcontaminationdistribution;

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

U-238 chain [kBq/kg] Th-232 chain [kBa/kg] Th-232 chain [kBa/kg]

Moare Moare
Filters — Filters —
Higher Stripe 12,023,1 3,70£0,55 13,920,7 3422027 1,03£0,11 Higher Stripe 9,2024,10 2,63£1,10 11,2245 3,4220,27 1,7040,60
N.B N.B
Press Filters Press Filters
(16/11,21) 1,20:0,25 | 0,34240,031 | 1,550,14 | 0,460:0,030 | 0,122+0,017 {16/11/21) 1402057 | 0430£0,170 | 2,0320,81 | 0,630:0,240 | 0,12040,070
Moore ' Moore
Filters — Filters —
Lower Stripe 0,06020,020 | 0,021+0,002 | 0,08410,010 | 0,051£0,005 0,21 Lower Stripe 0,11020,050 | 0,033+£0,013 | 0,12040,050 | 0,073£0,030 | 0,040+0,017
M.17 | M.17
GAMMA LABORATORY MEASUREMENTS GAMMA ON-SITE MEASUREMENTS
Performed according to ISO 11665, with an high resolution Performed accordingto ISO 19017, with a portable collimated
HPGe detector in alow background configuration on average HPGe detector directly on site. Measurements were

homogeneous samples of the filters. performed on the entire filter container (Big Bags or Drums)



(3) Contaminated Plant Components - On-Site Results

U-238 chain [kBq/kg]l | Th-232 chain [kBa/kgl

GAMMA ON-SITE MEASUREMENTS

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

Valve 1,25¢0,43 | 0,43+0,12 | 0,90+0,32 | 0,27+0,11 <0,15
Heat Exchanger | 1,8040,54 | 1,12+¢0,45 | 1,79+0,53 | 1,01#0,35 | 0,12+0,03
Filter Panel <0,13 | 0,28:0,10 | 0,47:0,13 | 0,24:0,08 | 0,13:0,4
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(4) Large Area Characterization Of
NORM Contaminated Soil

Characterization of large potentially contaminated areas requires a
great number of samples andthe definition of a complex
characterizationplan. If prior knowledge on the radiological statusis
availablethan the number of samples and analysis could be reduced
and the quality of dataimproved.

Inthis casea 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 s pectroscopy
(NDA) was used to overcome the lack of information through the
characterizationof 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 previouslyanalyzed;

° Use of a collimated geometry for measurements of restricted 'Dl
areas; )

° Geometrical Monte Carlo model for counting efficiency

calculation: 50cm thicksoil layer with10cm asphaltlayer on
the top, 60cm source-detector distance;

o Soil compositionanddensity derived from the coring samples
analysis; -

° Resultfrom on-site gamma s pectrometry were compared to
soil samples collected from the same layer. Coting Sample
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(4) Radiological Characterization Of Soil -
Laboratory and On-Site Measurements

V5 - E (0,00-1,00) <0,078 |0,135#0,008 | 0,051+0,005 | 0,045+0,05 | 0,64+0,11

V5 - F (0,00-1,00) <0,051 | 0,063x0,004 | 0,092:0,020 | 0,032+0,08 | 0,480£0,05

0521_005 (V5) <0,35 0,081+0,039 <0,430 0,024+0,013 | 0,50+0,27
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(4) Conclusions

° For each of three case presented the use of NDAs provided satisfactoryresults when applied to NORM residues;

° Inthefirst case, the definitionof the radiological quality of the geothermal fluid increased the amount of information on
the radiological status of each power plant;

° Inthesecond case, the use of NDAallows to properly characterize |arge amount of contaminated components with lower
costs and less timeif compared to standard sampling and analysis method;

° Inthethird case, the combination of gamma on site spectrometry and laboratoryanalysis lead to a preliminaryradiological
characterization, necessary to the definition of a specific characterization scheme;

° For each of the cases presented, NDAs could improve NORMs' radiological characterization process inanindustrial plant.
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