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0. Abstract 
This paper presents the scheme and the tools implemented for the evaluation of the dose to the population due to 
the routine and emergency situations of the nuclear installations at the Joint Research Centre in Ispra. In 
particular, it will be introduced and discussed the use of models provided by commercial software and 
international technical recommendations. The approach for all the calculations required the usual conservative 
hypotheses, so that the maximum dose results have been derived. The dose evaluations have been performed 
retrospectively, for the years 1990-2002. The doses are evaluated net of the doses due to the naturally occurring 
radioactivity. 
 
 
1. Introduction 
 The Joint Research Centre (JRC) of the European Commission, in Ispra, holds, starting 
from the Sixties, the licences for the following research nuclear installations: 

• 

• 
• 
• 
• 
• 
• 

Nuclear complex INE, including: 
o Research reactor ESSOR, not in operation; 
o Laboratory for analysis of nuclear fuel:, not in operation; 
o Laboratory for the analysis of activated reactor structural components, 

not in operation; 
o Pool: fuel elements, in operation; 
o Laboratory for safeguards NDA, in operation; 
o Neutron Laboratory, in operation; 
o ETHEL complex, for tritium handling, closed. 

Research reactor ISPRA-1, not in operation; 
Hot Cells, not in operation; 
Radiochemistry lab, partly in operation; 
Laboratory for studies on depleted uranium, closed; 
Cyclotron: radioisotopes for hospitals and research, in operation; 
Nuclear Waste Management Plant, in operation. 

These plants give rise to a continuous release of radioactive airborne effluents (basically 
tritium -HTO) through three stacks and a number of releases into a stream of radioactive 
liquid effluents (various radionuclides, mainly HTO, Sr-90 and Cs-137). The stream 
eventually ends into the lake Maggiore. 
 The Italian legislation for any aspect of radiation protection is in force at the JRC Ispra. 
The JRC implements a programme of controls of radioactive contamination in working areas 
and in the environment. For the external environment, the chosen radiation protection 
standard approach is to maximize the hypotheses of release or dump of radioactivity and to 
consider ultra-conservative information for the description of the territory and of the 
radionuclide transfer paths. 
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2. Materials and methods 
 According to the cited standards within the radiation protection activities, the JRC has set 
up an organisation and some tools to manage the radioactive contamination, both in routine 
and emergency situation (items with letters to be discussed in this paper): 
Routine situations 

(a) calculation tools for the environmental destination, in the medium-long time range, of 
the radionuclides released in the environment; 

(b) scheme for the evaluation of the dose to the population target group; 
- programme of surveillance of environmental radioactivity; 
- sampling and measurements network for environmental samples and food; 
- Meteorological Station and Laboratory for Radioactivity Measurements. 

Emergency situations 
(a) calculation tools for the environmental destination, in the short time range, of the 

radionuclides dumped in the environment; 
(b) scheme for the evaluation of the dose to the exposed population and countermeasures; 
- External Emergency Plan (EEP) for nuclear accidents; 
- real time alarm network for airborne particulate radioactivity; 
- Meteorological Station and Laboratory for Radioactivity Measurements. 

 
2.1.a Routine situations: calculation tools  
 The PC CREAM suite [1], [2] and a model suggested by IAEA [3] have been customized 
for the Ispra site conditions, respectively for airborne particulate effluents and for liquid 
effluents. For these models the source terms (stacks size, activity released, frequency of 
release, etc.) and the contour conditions (meteorology, population distribution, population life 
habits, food consumption, etc.) have been considered.  
 For the activity concentration calculation in airborne particulate at various distances from 
the emission source, the implementation of the PC CREAM suite Gaussian model “PLUME” 
has required the following considerations:  

• 
• 

• 

• 
• 

• 

• 

• 

the only released isotope is tritium; 
the atmospheric dispersion coefficients have been set according to Hosker scheme, 
i.e. considering the roughness length value suggested by literature for Ispra-like 
terrain; 
the wind calm effect, typical of the Ispra area, have been duly taken in account in 
the activity concentrations formula, deriving and introducing correction 
coefficients to offset the activity underestimation introduced by the simplified 
PLUME wind model, for most atmospheric stability class; 
the effective release heights have been calculate according to the Briggs’scheme [4] 
the radionuclide transfer coefficients in the food chain of the population target 
group are those suggested by PC CREAM. 

The screening model suggested by IAEA, for assessing the impact of discharges of 
radioactive substances into water environment has led to the discussion of the following:  

the release has been assumed continuous (though it takes place 10-15 times a 
year); 
equilibrium conditions have been assumed for the radionuclides concentration in 
the stream in which they are released and in the hydrological receptor compartment; 
the Ispra hydrological receptor compartment has been characterized in terms of the 
concentration factors suggested by IAEA [3] for water, bed sediments, edges 
sediments, and for transfer coefficient to fish compartment. 
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2.1.b Routine situations: dose evaluation scheme for the population target group  
 A considerable part of the work has been the exposure scenarios setting. The population 
target group (the part of population living around the Ispra site that, according to its life 
standards and habits, is likely to receive the maximum dose due to the JRC Ispra nuclear 
activities) had to be defined/updated. According to past definitions and experiences, single 
release simulations with the PC CREAM suite and the results from over 40 years of 
measurements on environmental samples and food around the Ispra site, it has been proposed 
a set of preliminary population targets groups (a total of ca. 30,000 people) that has eventually 
led to the identification of the target group, thanks also to the information collected through a 
questionnaire distributed to ca. 1000 people. 
 Such an exercise, other than providing updated information on the population habits and 
on the surrounding territory, has shown different approaches and sensibilities for the 
environmental issue of radioactive contamination. This has revealed that a long work of co-
operation and information exchange has still to be done within the local community.  
 After defining the population target group and the exposure scenarios, and obtaining the 
activity concentrations from the PC CREAM suite through the transfer coefficients of 
radionuclides between the environmental compartments, the individual and collective 
committed dose estimations have easily been done using the conversion factors bequerel to 
Sievert provided by the Italian legislation, derived from the Council Directive 96/29 
EURATOM [5]. 
 
 
2.2.a Emergency situations: calculation tools  
 The software SAFE_AIR VIEW [6] is a tool developed properly for the Ispra site, 
according to the following needs: 
• 

• 

• 

• 

• 

• 

calculate in every single moment the ground and airborne particulate contamination in an 
area within a radius of 50 km from the source point and for a virtually infinite time from 
the beginning of the release; 
create scenarios for sources (extended sources, stacks, or combinations of these) and 
reference databases for radionuclides (half life, scavenging factors, etc); 
convert the contamination into dose to the population, through customisable conversion 
factors and according to the type of radionuclides released; 
take into account all the meteorological conditions and measurements (temperatures at 
various heights, wind speed and direction, solar irradiation, precipitation); 
use a model, already developed for the scope and recognised by national control 
authorities, which provides the simulation of the geo-morphological and social conditions 
in the area surrounding the Ispra site (seasonal roughness, buildings and dwellings 
distribution, hills, lakes, population and its habits) as much as possible coherent with the 
real conditions and to be implemented according to the foreseen accident scenarios;  
be compatible with PCs, have a user-friendly interface, provide icons, images and text 
output on screen, file and printer. 

This software is based on the integration of GIS (Geographic Information System) technology 
with SAFE_AIR [7], [8], an advanced mathematical model for the definition of wind fields, 
simulation of atmospheric dispersion of contaminants, calculation of contaminant 
concentrations at sparse or dense receptors. This model is itself the combination of two sub-
codes: WINDS (Wind-field Interpolation by Non-Divergent Schemes) and P6 (Program 
Plotting Paths of Pollutant Puff and Plumes), which lack of graphic interface and handle only 
input and output text files.  
 WINDS [9] is a diagnostic tool for the calculation of 3D wind fields in complex terrain, 
based on mass conservation hypotheses and very flexible input data (meteorology from fixed 
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towers, vertical profiles, SODARs, etc., orography and seasonal roughness from official 
cartography and experimental data sets. 
 P6 is a pseudo-Lagrangian multi-source code that makes use of both Gaussian plume 
segments and puffs to simulate airborne pollutant dispersion: in such a way it allows to deal 
with numerical simulation of both non-stationary and inhomogeneous conditions. Every 
plume element develops according to different conditions found along its trajectory. The 
resulting ‘chain’ of elements gives a better description of pollutant dispersion than a ‘rigid’ 
plume, as in traditional Gaussian models, but the simplicity of the Gaussian formulation is 
maintained. P6 allows the management of temporal steps of quasi-instantaneous emissions of 
contaminants: in fact the simulation time (the time during which the diffusion phenomenon, 
numerically simulated, is assumed to last) can be divided into an arbitrary number of 
meteorological time steps, with a typical minimum duration of a 15 minutes each, during 
which the meteorological and emission conditions can be continuously updated.  
 The GIS environment allows a direct interaction with the territory elements in which the 
simulation takes place, using real data represented in geo-referenced cartography. The super-
imposition of multiple specific layers allows the contemporary visualisation of multiple 
information: use of soil (agriculture, industry, dwellings, etc), administrative areas, population 
age classes, orography, roughness as a function of the soil use, map formats, geo-referenced 
buildings and installations, meteorological towers, emission sources, receptors, concentration 
isopleths, etc. 
 
 
2.1.b Emergency situations: dose evaluation scheme and countermeasures 
 Thanks to the GIS features of SAFE_AIR VIEW it is possible to visualize in detail the 
areas affected by the radioactive cloud and to have a good estimation of the target population. 
The maximum doses and contaminations can therefore be evaluated for realistic scenarios, 
through the activity isopleths and the conversion factors bequerel to Sievert provided by the 
Italian legislation, derived from the Council Directive 96/29 EURATOM [5]. 
 The countermeasures (no action, sheltering, food ban, evacuation, relocation, etc.) can be 
chosen according to the Italian Reference Levels for Nuclear Emergency (dose, time 
integrated airborne radioactivity concentration, ground concentration), derived from various 
Council Regulations EURATOM [e.g. 10]. 
 
 
3. Results 
 For routine situations, between 1990 and 2002, the following estimations have been done: 

• 
 

 

• 
 

 

annual committed dose for radioactive airborne releases for the target population:  
maximum individual value ca. 7 µSv/y for infants (1994), average individual 
value ca. 1 µSv/y for the three population classes (infants, children, adults); 
maximum collective value ca. 0.03 man·Sv/y for adults (1990), average 
collective value ca. 0.01 man·Sv/y for adults; 

annual committed dose for radioactive liquid releases for the target population:  
maximum individual value ca. 23 µSv/y for adults (1992), average individual 
values ranging between ca. 1 and 4 µSv/y for the three population classes 
(infants, children, adults); 
maximum collective value ca. 0.03 man·Sv/y for the reference population 
(1994), average collective value ca. 0.01 man·Sv/y for the reference 
population; 

The values calculated are affected by uncertainties, due to the intrinsic models characteristics 
and to the accuracy in the input data. The PLUME model presents the following restrictions: 
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it is a Gaussian model (valid in principle for flat terrains only) which may lead to variations of 
a factor 2 of the annual average airborne concentrations calculations within a few km from the 
source; Organically Bound Tritium (OBT) may affect up to a factor 10 the concentration of 
HTO in certain samples (e.g. cereals); frequent low wind speed in Ispra affects the 
atmospheric stability classes definition. On the other hand, the reliability of the IAEA scheme 
depends mainly on the large variability of the distribution coefficients (concentration in 
sediments Vs concentration in water) and the bio-accumulation coefficients for fish (transfer 
of radioactivity from water to fish). This scheme is therefore implemented considering, for 
each radionuclide, the suggested maximum and the minimum values for these parameters, 
other than their average values. According to the calculation performed with these models for 
routine situations, even a factor of 100 in the worst individual dose scenario would lead to 
values below 1 mSv/y. 
 For emergency situations, the SAFE_AIR VIEW reliability depends mainly on the 
dispersion input parameters (plume rise equations and σ-functions), other than on the 
orography and surface rugosity, being the latter provided with very good accuracy by the GIS 
environment. Though an on-site evaluation, including a sensitivity and uncertainty analysis on 
the whole set of input parameters, is always desirable with these codes, the dispersion input 
parameters have been set according to the values suggested by the various satisfying 
validation exercises performed on these models [e.g. 11]. 
 
 
4. Conclusions 
 The JRC Ispra has implemented reliable schemes and tools for the evaluation of the dose 
to the population due to the routine and emergency situations of the nuclear installations at the 
Joint Research Centre in Ispra. The customization and use of models provided by commercial 
software and international technical recommendations has proved to be satisfactory for the 
purposes of radiation protection of the population and of the environment, considering also 
the conservative approach for all the calculations to derive the maximum dose values. The 
dose evaluations have been performed retrospectively, for the years 1990-2002. 
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