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INTRODUCTION
Following the Chernobyl accident, a National Plan of protective measures for radiological
emergencies has been set up in Italy to cope with those nuclear risks which may require
actions at national level.
As the Italian nuclear installations are, at present, not operational, the nuclear risk sources
considered in the National Plan include accidents at nuclear power plants near the Italian
borders or aboard nuclear-propelled ships, the fall of nuclear-powered satellites and the
transportation of radioactive materials. 
Some of these events would potentially concern the whole national territory, while the
typology of others is such that only small areas of the national territory are likely to be
affected.
As for the foreign nuclear plants near Italian borders (a typical distance is around 150 km from
the northern border), the National Plan takes into account at the moment a severe accident
characterised by the fusion of the fuel and the degradation of the containment system; it is
however assumed that the immediate loss of containment could be probably avoided by
human intervention (Parisi, A. et al., 1998).
The performed evaluations of the radiological impact of this accident show that in the Italian
territory the intervention levels of dose recommended by International Bodies (ICRP, 1993;
EUROPEAN COMMISSION,1997) are not reached. However, the National Plan  accounts
for the timely control of the atmospheric diffusion conditions, in order to implement specific
protective measures in case of particular local meteorological conditions; the Plan accounts
also for the increase of the frequency of the measurements performed by the monitoring
network, aiming at reducing the dose from ingestion of  contaminated food.
In this paper a few more severe events, characterised by core meltdown together with early
loss of containment, which could result from a sabotage act or the crash of a large body (such
a fully fuelled jetliner), are analysed. This analysis could possibly be used for a forthcoming
revision of National Plan.     

REFERENCE ACCIDENT SCENARIOS
148 of the 216 European nuclear power plants are located in the Western countries. Most of
the western nuclear reactors, as is well known, are light water reactors (LWR),  mainly of the
pressurized type (PWR), while in the Eastern countries both VVER (similar to the PWRs) and
RBMK (graphite moderated light water reactors, LWGR) plants are present.
In order to obtain an estimate of the environmental and health potential impact of severe
accidents on the Italian territory, the following nuclear power plants have been  selected:
� two PWRs N-East and N-West of the Northern Italian borders;
� a VVER in the Czech Republic;



� a LWGR in Lithuania.
The reference accident considered for the PWRs and the VVER assume a complete  core
meltdown with an early loss of containment tightness and a direct release of radioactivity to
the atmosphere.
The radioactive releases ( which correspond to a 4·103 PBq 131I  equivalent release for the N-
West plant, 3.7 ·103 PBq for the N-East one and 2.4·103 PBq for the VVER reactor) belong to
the highest level of the IAEA INES scale (IAEA, 2001) and correspond to PWR 1 or PWR 2
events in the WASH 1400 scale (USNRC, 1975; Cornille, Y., 1994 ).
For the LWGR reactor the radioactive inventory release fractions are assumed to be the same
as those of the Chernobyl accident.

RADIOLOGICAL IMPACT
The evaluation of the health consequences of the radioactive releases  has been carried out by
means of the RANA (Radiological Assessment of Nuclear Accident) algorithm (Tabet, E.
1999), assuming the most probable Pasquill-Gifford category D and a wind speed equal to
7m/s.  
Figure 1 shows the time integral of the 131I concentration in air versus the distance from the
release point for the plants considered in the most significant cases, that is for the NW and NE
PWRs.



Figure 1. Integrated air concentration of 131I as a function of the distance for the N-East
              and N-West plants

In table 1 the values of iodine time integrated air concentration at the nearest important towns
are compared with the derived intervention level (DIL) for inhalation of radionuclides in
plume, corresponding to the lower limit of the range of intervention level of adverted dose
(IL) for evacuation recommended by ICRP (ICRP, 1993); the DIL values are referred to the
most exposed age class (children, 7- 12 years).

Table 1. Time integral air concentration of 131I at the nearest important towns and 
             DIL for evacuation

  Town         Distance       Time integral  of  131I  concentration     DIL  for evacuationa

                        (km)                              (GBq·s / m3)                                (GBq·s / m3)
  Aosta             203 ~ 8                 15  
  Trieste           135 ~10                 15
  Gorizia          397 ~0.94                 15

a DIL are referred to children
 

For LWGR reactor the values of air concentration, at the nearest town, Gorizia at a distance of
~140 km from the plant, are much lower than those previously seen (not reported in the table).
We may note that the calculated values of 131I  air concentration are lower than DIL for
evacuation; however, the implementation of a protective action requires that all the
radionuclides and the exposure pathways concerned by the countermeasure should be
considered.



In table 2 the inhalation and total doses to children at the selected towns are reported. This
table shows that, in the event of radioactive releases comparable with the very severe one here
considered, the lower limit of the range of dose intervention level for evacuation (50 mSv) is
exceeded in one case (Trieste). For the other towns the implementation of protective measures
such as sheltering should be considered.

Table 2. Dose to children at the nearest important towns

        Town                       Inhalation effective dose                Total effective dosea

                                                    (mSv)                                             (mSv)                      
         Aosta                     ~35                   ~39   
         Trieste                     ~90                 ~100 
         Gorizia                     ~11.5                   ~12

a Inhalation + cloud + ground effective dose after 7 days from the accident

For LWGR reactor, the total effective dose is less than 1mSv at Gorizia. 
The contamination of some relevant foodstuffs has also been calculated, assuming that the
accident occurred in June, when a consistent transfer of radioactive contamination to some
foodstuffs is to be expected. The peak concentration values in milk and vegetables for the N-
East plant (table 3) are considerably higher than those provided in Council Regulation
(Euratom) No 3954/87.

Table 3  Trieste : Radioactive contamination of milk and vegetables
 
      Foodstuffs                                    Concentration  (kBq/kg or kBq/l)
                                                         131I 137Cs                      
Leafy vegetables                   ~3·103                  ~1·102

         Milk                   ~2·103               ~8·101

Figure 2 shows the 131I concentration in milk versus time at different distances from the NE
plant; we may note that some food control actions would be implemented for several  days. 



Figure 2 131I concentration in milk as a function of time at  various distances from the N-East plant: the
EU level for adults line  coincides  with  the time axis

REAL TIME DIFFUSION OF A RADIOACTIVE CLOUD
The atmospheric dispersion on real time of stable or radioactive pollutants on different time
and spatial scales has been evaluated by using the numeric computation system ARIES
(Atmospheric Release Impact Evaluation System). 
ARIES (Desiato F. et al., 1992; Desiato F. et al., 1994) can estimate the instantaneous and
integrated air concentration and the wet and total ground deposition of radionuclides in the
whole meteorological European region; from a source located anywhere in the European
territory ARIES can calculate the atmospheric dispersion over areas of size ranging from a
few to thousands of km from the emission source.

Input requirements for ARIES are meteorological data and forecasts, received on a daily basis
via a dedicated data transmission line from the Meteorological General Office of the Italian
Army Air Force as well as geographical information on site location and data on chemical and
physical properties of pollutants. 
 
ARIES is a modular system, which makes it possible to update, replace or create new
modelling components (Desiato F. 1993). At present it is provided with three models: 
� APOLLO (Atmospheric POLlutant LOng range dispersion), a Lagrangian particle model

for calculating dispersion over great distances, i.e. events like Chernobyl; 



� ARCO (Atmospheric Release in Complex Terrain), a particle model for the estimate of
dispersion over areas characterised by complex orography of a size up to a few hundreds
of km; 

� SPADE (Sequential Puff for Atmospheric Dispersion Evaluation), a puff model for
estimating concentrations up to a few tens of km from the source.

Thanks to its features ARIES makes it possible to carry out simulations of the environmental
impact of severe accidents in the most significant European nuclear power plants. By applying
pre-definite, specifically programmed sequences, it is possible to immediately evaluate the
potential impact of the passing of a cloud, in case of a real accident, for drill purposes or on a
routine basis (Giaimo, 2001). The system also allows to study dispersion in various
meteorological conditions and provides useful elements to decision-makers in the assessment
of the possible evolution of contamination. 

The APOLLO model of ARIES system has been used in simulations for analysing the
dispersion over long distances of a radioactive release following a severe accident at the two
N-West and N-East power plants. 
Analyses have been carried out in particular on time integrated concentration and on total
ground deposition, since they have been considered more significant in radiological terms.
Simulations have been systematically repeated over a period of about seven months (three
times a week, from January to July 2002), in order to cover all possible meteorological
conditions. In each simulation session, the calculation area has been defined through the co-
ordinates of the emission point (i.e. the co-ordinates of the two sites), the date and time of
release. The domain of the graphical output of the analyses was taken to be the European
region.

It may be remarked that, as all the simulations show, the N-East power plant appears to be the
most dangerous site for Italy, both as for the size of covered areas and the rapidity of the
radiological impact. Thus, in the most serious event (on  March 27th 2002) 4 hours after the
accident the cloud would have already reached over Friuli and after 6 hours the greatest
concentration would have been found over Trieste. 

In the case of the N-West power plant, in the worst situation concerning environmental impact
(June 6th 2002) the cloud reaches Aosta after 6 hours.

Using the meteorological conditions corresponding to these days, two further Apollo runs
were selected, with the same source terms of the reference accident scenarios reported in
para.2.  Figure 3 shows  131I  time integrated concentration in air, as result of a simulation of
48 hours after the release. The results clearly display the considerable impact of the accident
on the Italian territory.



Figure 3: 131I air integrated concentration isopletes for NE and NW nuclear power plants

The maximum values of 131I integrated concentration in air in the Italian territory range
between 109 – 1010 Bq·s·m-3 (in both cases). Values of the same order of magnitude have been
obtained with the RANA algorithm (table 1), using the Pasquill-Gifford category D. 
 
Values for 137Cs total deposition have been obtained with the same simulation runs of
APOLLO and the corresponding results are given in figure 4. 

 

Figure 4: 137Cs total deposition isopletes for NE and NW nuclear power plants

Apart from these specific remarks, it can be noted that in general the analysis that has been
carried out shows that the Italian territory, as previously said, is more affected in case of
events originating in the N-E power plant. This is generally true as regards both the affected
region size and the frequency of significant occurrences.

For this reason the analysis will be continued with a view to reach a time range of at least one
year, so that all the possible meteorological conditions are covered. Thus the complete results
will prove extremely useful for the review of the existing National Plan.
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