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Photograph of the Ascó I reactor building and the adjacent buildings

of the nuclear power plant. The release of particles took place

through the stack.

Red dots: detected before 8 April 2008

Blue dots: detected after 8 April 2008

Left shore of 

the Ebro river

Aerial view of the site showing the locations where hot particles 

were collected in April 2008 (the release took place from 29 November 2007).

INTRODUCTION

An event in November 2007 in Ascó-1 nuclear power plant

(Spain) originated the release of a significant amount of hot

metallic particles through the discharge stack. Particles

were dispersed and deposited in roofs and neighbouring

areas within the NPP controlled area. However, the event

was not detected until March 2008.

More than 1,300 hot points were found, with radioactive

particles with a total activity of 409 MBq; 94% located

inside the double fenced controlled area and 6% within the

exclusion area; 5 particles were out of the exclusion area,

across the river.

A computational fluid dynamics (CFD) code, Ansys-CFX-11,

has been used to simulate the near-range atmospheric

dispersion and deposition of the particles. The purpose of

the analysis was to assess the distance travelled by

particles of different sizes (and activities) and the probability

that they have been deposited at a given location.

Overall view of the geometric model of Ascó I site. On the left, a detail of the main buildings of the plant

Details of the nodalization of the atmosphere

around the reactor building and in the mid-range

distances along the site and up in the atmosphere.

MATERIALS AND METHODS

A very detailed numerical model of the site

was built, taking into account the buildings

and the terrain features including the river

valley and the surrounding hills. The modelled

domain was 3.2 x 5.2 km, with the

atmospheric layer up to 4 km height.

Steps followed in the study:
1. Generation of a 3-D detailed model for

Ansys-CFX based on the terrain elevation

(digital map of the area) and the

dimensions of the buildings.

2. Analysis of the meteorological data recorded at the site between 29 November 2007 and 31 January 2008.

• Data have been recorded at 10, 24.5 and 60 m above ground at 15 minutes intervals.

• The analysis of these data has lead to classify the different atmospheric conditions in a total of 37 categories as reasonably representative of the local meteorology during the period

under study. There was a compromise between the need for realistic calculations and the computational resources needed for each simulation.

• In practical terms, the combination of these 37 categories, with adjusted frequencies, allowed to reasonably represent the atmospheric conditions in the following periods: one day, one

month and two months from the change in the ventilation system that gave origin to the release.

3. Simulation of the 37 weather categories, with specific conditions of temperature gradient and atmospheric stability, relative humidity, wind speed and direction. 3-D effects in the air flow

around the site were very relevant, due to the irregular terrain features and the influence of the cooling towers.

4. Seven classes of particles were taken into account in the simulations: 1—25 μm; 25—50 μm; 50—75 μm; 75—100 μm; 100—150 μm; 150—250 μm; 1—250 μm.

Larger particles could not leave the stack, as demonstrated with a preliminary study of balance of forces in the released flow. The particles density was taken as 7 g/cm3, as it corresponds to

metallic compounds from corrosion of the reactor primary cooling circuit.

5. Parametric study to get a probability of deposition of particles of different size in a given zone, taking into account the atmospheric dispersion. Combination of results for each of the

37 categories with their frequencies during each time period.

Results of the simulated deposition of
particles of diameters 1 250 μm
considering the atmospheric conditions in
three different time periods. The patterns
represent the particle density per m2

assuming a release of 107 particles.

Results of the simulated deposition of particles of different diameter
ranges considering the weather conditions during the first month after
the change of the ventilation system to normal mode (29/Nov/2007 to
31/Dec/2007). The patterns represent the particle density per m2

assuming a release of 106 particles.

RESULTS

• Preferential deposition in the South East area: higher frequency of winds in that direction,

plus the effect of the forced flow cooling towers.

• A release during the first 24 hours after the change of the ventilation system to normal mode

(fig. a) cannot explain alone the pattern of particles found. However, the deposition reached in

the first month (fig. b) is very similar to the period extended up to two months (fig. c). This result

suggests that the release could have taken place most likely in the first month.

• Small particles (1—25 μm), of very low activity compared to the large ones, could travel

out of the calculation domain. They could also deposit, in small concentrations, around the

stack and in other points of the site, with influence of the forced flow cooling towers. However,

such small particles were not found. This result suggests that, if present, their relative fraction

should have been extremely low.

• Particles of larger size (25—50 μm) show a distribution through a very large area, and

their deposition density should be very small, with a likely deposition within the site, but also off-

site. A significant fraction is leaving the calculation domain.

• For particles with size between 50—75 μm, the larger fraction should be deposited within

the site, although some of them could travel a bit out and cross the river. This could explain why

only 5 particles were found in that zone after a careful radiological survey.

• When larger particles are considered, with sizes between 75—100 μm, they hardly seem able

to leave the site, and they are deposited mainly along the dominant wind directions, towards E

and SE as commented above.

• Particles with size between 100—150 μm would be totally deposited within the plant

fence, dominantly towards E and NE, because of the influence of the buildings in the local wind

flow patterns. The majority of particles found did have sizes of this range.

• The biggest particles, with diameter larger than 150 μm, relatively very heavy and active,

would deposit totally in short distances around the stack, many of them in the roofs of the

reactor building and the surrounding buildings.

CONCLUSIONS

• The great capability of CFD models to simulate very local effects —like the flow

perturbation by the forced cooling towers, the buildings of the plant or the surrounding hills—,

has proven essential to accurately interpret the behaviour of particles of different sizes.

• To give realistic results, these models need a significant effort in terms of modelling the site

features, terrain elevation and geometry of the buildings and installations which could alter

the overall wind flow.

• Current computational capacities in general do not allow simulating dynamic sequences

with changing weather; weighted results of a representative set of “static” sequences help to

obtain a realistic pattern of the likely deposition of the leaked particles.

In order to give a useful representation of the deposition pattern, the

number of simulated particles was 10,000 for each size range of 25

microns. To represent it, we have multiplied it by 100 so we have a

number of 106 particles and the graphical representation displays the

number of particles deposited (per m2) per million particles released.

The minimum representation limit is 1 particle per m2. For the global

case comprising 1—250 μm, the number of particles assumed was 107.
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