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Abstract—A dispersion model-system called TREX (TRansport–EXchange) was 
developed at the Eötvös Loránd University (Budapest, Hungary) for modeling the 
transport and deposition processes of air pollutants originated from either continuous or 
accidental releases. In this study, a multi-layered, Eulerian version of the TREX model is 
presented that can simulate transport, transformation, and deposition processes of 
radionuclides or chemically toxic substances over Central Europe. The TREX model was 
coupled to the ALADIN mesoscale limited area numerical weather prediction model used 
by the Hungarian Meteorological Service to predict the path of nuclear contamination in 
the atmosphere. Two case studies – hypothetical accidents at the Paks Nuclear Power 
Plant (Paks NPP) – are presented to show how the coupled model can capture the 
dispersion of radionuclides from a single point source. Another effort of this study is to 
present a new method, a simple spatial semi-adaptive grid algorithm, which could be an 
effective tool for accelerating simulations. In this method, model calculations are 
performed only in the grid cells where concentrations in the previous time step are higher 
than a user defined threshold concentration. Reduction of the computational time depends 
on this threshold value, but decreases of more than 60% are found without decreasing the 
accuracy of the results. The efficiency of this method and a comparative analysis of 
model estimations with and without this method are also presented in this study. 

Key-words: dispersion model, numerical weather prediction model, accidental release, 
semi-adaptive grid 
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1. Introduction 

The potential for an accident in a nuclear power plant requires continuous 
developments of atmospheric dispersion models and widespread simulations of 
an accidental release of radionuclides with these models. Since the accident at 
the nuclear power plant in Chernobyl in 1986, an increasing demand is observable 
on the part of countries for construction of sophisticated dispersion models. On 
the basis of accurate model calculations, the decision makers have to make 
important arrangements, which can save human lives. In the last two decades, 
several accidental release models for different spatial and time scales have been 
developed. Some of these models are based completely or in part on the 
traditional Gaussian formulation. The DERMA (Danish Emergency Response 
Model of the Atmosphere) model uses a hybrid stochastic particle-puff diffusion 
description (Sørensen et al., 1998, 2007). In the horizontal, a Gaussian distribution 
of the concentration is assumed for each puff. For puffs inside the boundary 
layer, an assumption of complete mixing is applied in the vertical, while for 
puffs above the boundary layer, a Gaussian distribution is used. The RIMPUFF 
(Risø Mesoscale PUFF) model (Mikkelsen et al., 1997) was applied for example, 
in the study of Gultureanu et al. (2000). The Hungarian Meteorological Service 
has also adapted the RIMPUFF model for mesoscale simulations of a plume. 
The NAME model of the UK MET Office (the British Meteorological Service) 
and the Norwegian SNAP model apply Lagrangian description which simulates 
numerous particles that provide facility to take account of the effect of the 
fluctuation in the meteorological data (Ryall and Maryon, 1998; Saltbones et al., 
1998; Bartnicki et al., 2003; Jones et al., 2007). The Austrian emergency 
response modeling system, TAMOS (Pechinger et al., 2001) is based on the 
Lagrangian particle dispersion model FLEXPART (Stohl et al., 1998, 2005; 
Srinivas et al., 2006) and the trajectory model FLEXTRA (Baumann and Stohl, 
1997; Stohl and Wotawa, 1997). The Hungarian Meteorological Service has also 
adapted FLEXRTA/FLEXPART for calculating the long-range transport of 
particles from a nuclear power plant. 

The Lagrangian models have the advantage that they can afford to use high 
spatial resolution, although they rely on the interpolation of meteorological data. 
Their potential disadvantages are that in some cases they neglect important 
physical processes and often experience problems when strongly diverging 
flows lead to uncertainties in long-range trajectories. In contrast to the 
Lagrangian approach, the Eulerian models use grid based methods and have the 
advantage that they may take into account fully 3D descriptions of the 
meteorological fields rather than single trajectories. An Eulerian dispersion 
model, MEDIA was joined to the emergency response system of the Hungarian 
Meteorological Service (Ferenczi and Ihász, 2003). However, Eulerian models 
show difficulty in resolving steep gradients, when fixed meshes are used. This 
causes particular problems for resolving dispersion from a single point source, 
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which creates very large gradients close to the point of release. For a coarse 
Eulerian mesh, the release is immediately averaged into a large area, which 
smears out the steep gradients and creates a large amount of numerical diffusion 
(Lagzi et al., 2004). Therefore, in some cases a mixed approach is used. In these 
models (e.g.: DREAM – Danish Rimpuff and Eulerian Accidental release 
Model, or MATCH – Multiscale Atmospheric Transport and Chemistry model), 
close to the source, a Lagrangian description is used, while an Eulerian model 
calculates the long-range transport (Langnera et al., 1998; Brandt et al., 2000, 
2002). The accidental release models are usually coupled with a nuclear 
decision-support system, e.g., the DERMA model has become interfaced with 
the Accident Reporting and Guidance Operational System – ARGOS (Baklanov 
et al., 2006), or RIMPUFF was jointed to RODOS (Realtime Online DecisiOn 
Support) system (Ehrhardt et al., 1997; Mikkelsen et al., 1997).  

The European real time modeling exercise RTMOD was developed to the 
comparison of long-range transport and dispersion models and support of 
decision making. It gathers the results of more than 20 models, and it provides 
not only one-to-one model comparison but ensemble dispersion forecasts 
(Bellasio et al., 1999; Galmarini et al., 2001, 2004).  

Although several different kinds of dispersion models are available, further 
and continuous developments of simulation techniques are required. Based on 
the experience of our previous investigations (Lagzi et al., 2001, 2004, 2006; 
Lovas et al., 2006; Mészáros et al., 2006; Dombóvári et al., 2008), a newly 
developed Eulerian dispersion model is presented in this study. Model simulations 
and tests were carried out to estimate the long-range transport of radionuclides 
from a nuclear power plant (Paks NPP).  

Dispersion simulations must have a high degree of accuracy and must be 
achieved faster than real time to use it for decision making strategy. There are 
several well defined methods and techniques to decrease the calculation time of 
the applications. One useful solution is the parallelization of source code and the 
application of the supercomputers, clusters, and grid systems to solve these tasks 
(Dabdub and Seinfeld, 1996; Martin et al., 1999; Larson and Nasstrom, 2002; 
Alexandrov et al., 2004; Dimov et al., 2004; Martín et al., 2004; Ostromsky et 
al., 2005; Singh et al., 2006). A new method for parallelization using newly 
developed video-card in CUDA environment is presented in Molnár et al. 
(2010). On the other hand, there are several numerical models, in which 
adaptive gridding techniques have been implemented (Lagzi et al., 2004, 2006, 
2009; Zegeling and Kok, 2004). The numerical algorithm automatically places a 
finer resolution grid in regions characterized by high spatial numerical errors. 
Therefore, the fine resolution grid follows the plume of the air pollutants.  

In this study, a new semi-adaptive calculation method was introduced to 
reduce the CPU time for simulating dispersion processes. Using this simple 
algorithm, faster simulations are achievable due to decreasing of the active cells 
determined by a user-defined critical (or threshold) concentration. Numerical 
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simulations are performed only in these active cells, where the concentration of 
air pollutant in the previous time step exceeded the predefined level. The 
effectiveness of this method (how fast and precise the model) depends on this 
critical value. Very large critical concentration may cause uncertainty in the 
simulation, and very low critical concentration cannot call forth effective 
acceleration. However, the optimal choice of the critical value decreases the 
computational time without decreasing the quality of the results. 

2. The TREX-Euler model 

2.1. Model description 

As a part of TREX model-system, developed at the Eötvös Loránd University, 
Hungary, the TREX-Euler is a multi-layered, Eulerian passive tracer dispersion 
model to describe transport and deposition of air pollutants over the Central 
European region. The model was developed in a flexible framework, and 
therefore, can simulate both single source accidental releases and photochemical 
air pollution. In this study we only focus on the dispersion of radionuclides from 
a nuclear power plant. All required meteorological data were obtained from the 
ALADIN mesoscale numerical weather prediction model (Horányi et al., 1996, 
2006). In the TREX-Euler model, horizontal dispersion of radionuclides is 
described within a regular Eulerian grid framework. The vertical mixing is 
parameterized using K-theory. Dry and wet deposition and also the transformation 
of radionuclides by nuclear decay are considered in each grid cell. The 
simulation of the dispersion is based on the following atmospheric diffusion 
equation:  
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which describes the advection, diffusion, and source and sinks of the 
radionuclides. In the equation ci is the concentration of the ith radionuclides, V  
is the three-dimensional velocity vector, K  is the tensor of turbulent diffusions 
coefficient, ick  is the coefficient of radioactive decay, idk and iwk  are the dry 
and wet deposition coefficients, and Ei is the emission of radionuclides, 
respectively.  

This partial differential equation has been solved by ‘method of lines’ 
technique. The two main components of the method of lines are spatial 
discretization followed by time integration. A second-order central difference 
stencil and upwind approximation are used for spatial discretization of the 
turbulent diffusion and advection. The model uses the forward Euler method to 
solve the obtained original ordinary differential equations. However, this 
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method is robust only with the appropriately chosen grid spacing (Δ x) and time 
step (Δt). An accidental release model must be precise and fast at the same time. 
It is difficult to achieve both, because the more accurate and complex the model 
is the more computational time is required. The accuracy and the CPU time 
depend on model algorithms and also on the spatial and time resolution. For 
example, a shorter time step increases the accuracy of solution, at the same time, 
the computational efficiency decreases. To preserve the stability of the solution, 
the following conditions must be realized between the Δ x spatial resolution and 
Δt time step for advection and diffusion, respectively: 
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where |V| is the amplitude of wind velocity vector and K is the horizontal 
turbulent diffusion coefficient. The spatial resolution is same as the resolution of 
the meteorological data from the ALADIN model, therefore, the model 
calculation was discretized on an equidistant rectangular grid with resolution of 
0.0375 × 0.025 degrees (~ 2.5 km × 2.5 km). For this spatial resolution the time 
step Δt was set to 10 s, which assures the stability of solution. 

In the vertical direction the model contains 32 levels and the resolution 
increases exponentially with height. Each vertical level was determined with the 
barometric formula (assuming isothermal layers) in a hypothetical air column, 
where the surface pressure is equal to 1013.25 hPa. Up to 200 m above the 
surface, the column was divided into 12 levels with equidistant pressure 
difference (197 Pa in isothermal layers), up to 3000 m the layers were thicker 
with higher pressure difference (1514 Pa), and these two resolutions were joined 
together. Two additional levels were added to the bottom and the top of column 
to ensure the boundary conditions.  

The horizontal turbulent diffusion coefficients (Kx and Ky) were considered 
with a constant value equal to 104 m2 s–1 (Brandt, 1998). In regional scale, in the 
function of the wind speed, the effect of the advection on dispersion is one or 
two orders of magnitude higher than the effect of the horizontal turbulent 
diffusion. Vertical transport was parameterized using the K-theory. The vertical 
turbulent diffusion coefficient (Kz) at a given level z has spatial and temporal 
variation: 
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where k is von Kármán’s constant taken to be 0.41, u* is the friction velocity, z 
is the height above the surface, ΦΤ is the similarity function for heat, and Hmix is 
the height of the mixing layer. Similarity functions for stable and unstable 
stratifications were used after Arya (1988). The value of Hmix was obtained from 
ALADIN model. The friction velocity was calculated by the following equation: 
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where zref, u, z0, and Ψm are the reference height, wind velocity at this height, 
roughness length, and integral form of universal stability correction functions 
for the momentum, respectively. 

Universal function in stable stratification was estimated after Businger et 
al. (1971) in case of 5.0≤Lzref , and an empirical relationship of Holtslag and 
de Bruin (1988) was used in other cases, where L is the Monin-Obukhov length. 
In case of unstable stratification, the stability function was based on Paulson 
(1970). The stratification of the layer was determined iteratively by the Monin-
Obukhov length: 
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where T is the air temperature at 2 m (data from ALADIN model), g is the 
acceleration of gravity, ρ is the air density, cp is the specific heat at constant 
pressure, and H is the sensible heat flux. In this study, this latter term was 
calculated after Brandt (1998).  

The vertical dispersion was calculated with a Lagrangian stochastic, 
random displacement method. In this method, the particles, which are in a cell, 
are divided into a number of  groups or packages (10 packages in this study) 
with equal number of particles, and the ‘packages’ are moving together. The 
vertical displacement of a package ln is calculated as follows: 
 

tnKRl zn Δ)(= ,                                               (7) 
 
where R is a random number with normal distribution and Kz (n) is the vertical 
turbulent diffusion coefficient at the nst level (zn). During a time step, a particle 
package can move only into the adjacent cells (the direction of the movement 
depends on the sign of the ln). The ith (i = 1 to 10 in this study) package from the level 
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zn gets into the level zn+1 (upward) if ln(i) is positive and 2/)()( 1 nnn zzil −> + , and 
into the level zn–1 (downward) if ln(i) negative and 2/)()( 1−−>− nnn zzil . If the 
condition is not met, the ith package stays at the level zn. From the top and 
bottom levels the vertical transport is one way.  

During current model simulations, the dispersion of a radionuclide – 131I – 
was considered. The emission was assumed to be from the Paks NPP (46°34’N, 
18°51’E) as a point source. The radioactive decay and the change of activity of 
131I were simulated. Chemical reactions were not considered. However, the 
structure of the program allows simultaneous simulations of the dispersion of 
several hundred isotopes, taking into account all radioactive decays and 
reactions.  

The deposition is handled as a first-order reaction, which decreases the 
amount of the radionuclide in the atmosphere. Dry deposition of radionuclides 
from the bottom layer is parameterized by a constant deposition coefficient 
(3×10–6 s–1 for 131I) based on Baklanov and Sørensen (2001). The wet deposition 
velocity was parameterized using a simple scheme to calculate the wet 
deposition coefficient kw based on the relative humidity RH with the following 
parameterization (Pudykiewicz, 1989, 1991; Brandt, 1998): 
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where RH is the current relative humidity, RHs is the saturation relative 
humidity (100%), and RHt is a threshold value of relative humidity (80%); 
above which the wet deposition of radionuclides from the bottom layer occurs. 
The radioactive decay is calculated by a constant rate: 212log tkc = , where the 
radioactive half life ( 21t ) of 131I is 6.948×105 s. 

During the model computations, each process – horizontal spreading 
(advection and diffusion), vertical dispersion, source and sinks terms (deposition, 
radioactive decay, and emission processes) – are calculated separately using the 
operator-splitting approach. The model was coupled with the ALADIN 
mesoscale limited area numerical weather prediction model used by the 
Hungarian Meteorological Service. 

2.2. The semi-adaptive method 

In a previous investigation (Lagzi et al., 2006), an adaptive grid model has been 
presented to describe the formation and transformation of air pollutants based on 
triangular unstructured grids. This technique is based on the calculation of 
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spatial error estimations. The algorithm can then choose to refine the grid in 
regions of high spatial error by comparison with a user defined tolerance for 
radionuclides. Therefore, depending on the numerical error, the spatial resolution 
was varied. In this study, another effective way is presented to reduce the CPU 
time of model calculations. The model applies a semi-adaptive method to 
perform faster simulations. In contrast to the adaptive method, in the newly 
introduced semi-adaptive method, the spatial resolution remains constant but a 
concentration test is applied to determine if model calculations are to be 
performed in particular grid cells. 

The main concept of the semi-adaptive method is that the model calculation 
is performed only in the grid cells, where a predefined condition is met. This 
condition is that the concentrations in the grid point in the previous time step 
must be greater than a user defined critical concentration. By this method, the 
accuracy and the CPU time depend on the critical concentration and the 
simulation period. At the beginning of the simulation, immediately after the 
accidental release, the efficiency of the acceleration is higher, since model 
calculations are performed only in a few grid points. With the development of 
the plume, the efficiency of the method decreases as the number of affected grid 
points increases. Through the choice of the critical concentration, the CPU time 
and the error of the method can be adjusted. By increasing the critical 
concentration, the CPU time can be significantly decreased, however, the 
calculation error increases.  

3. Results and discussion 

3.1. Modeling accidental release  

The features of the transport model and the efficiency of the semi-adaptive 
method are illustrated by two simulations of a hypothetical nuclear accident in 
the Paks Nuclear Power Plant, in the central part of Hungary (46°34’N, 
18°51’E). During the simulations, 131I isotope was emitted into the atmosphere 
from the point source to the given grid cell with the rate of 1010 cm–3 s–1 between 
00 and 12 UTC on December 2, 2005 and March 24, 2006. Meteorological 
fields (wind speed, wind direction, temperature, relative humidity, cloudiness, 
and mixing layer height) were obtained from ALADIN weather prediction 
model. Simulations were performed for 48 hours after the hypothetical 
accidents. The modeled area covered the region around Hungary (10.85°– 
25.1°E, 41.3°–52°N) and contained 8640 grid cells on each 32 vertical levels.  

Fig. 1 depicts the horizontal structures of the radioactive plume originating 
from the Paks Nuclear Power Plant at the emission level (120 m above the 
surface), 12, 24, 36, and 48 hours after a hypothetical accident on December 2, 
2005. The plume structure is predominantly determined by the wind field. 
However, other meteorological parameters can also influence the dispersion 
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(e.g., vertical temperature gradient, planetary boundary layer height, etc.). 
During this simulation period, the Carpathian Basin was affected by a 
Mediterranean cyclone and a warm front caused rainy weather. The variable 
wind field caused the plume to spread in south, south-western direction in the 
first few hours of the simulation, but as the wind direction changed, the 
radioactive cloud had moved in eastern, north-eastern, and finally, northern 
direction. Due to this variable wind field, a wide region (including all of 
Hungary) was affected by the plume. However, as the concentration was highest 
after the release, when the plume had moved in southern direction, the highest 
cumulative dry deposition of 131I to the surface appeared to the south of the point 
source (Fig. 2a). The cumulative wet deposition (Fig. 2b) was also significant, 
because more than 15 mm precipitation occurred in some parts of central 
Hungary during two days after the hypothetical accident. Highest wet deposition 
was found around the point source (the maximum was higher than 109 cm–2), 
where the largest amount of precipitation was fallen during 48 hours. 

 

 
 
Fig. 1. Horizontal distribution map of 131I concentration at 120 m above the surface, 
(a) 12, (b) 24, (c) 36, and (d) 48 hours after the hypothetical accident at 00 UTC, 
December 2, 2005. 
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Fig. 2. Horizontal distribution map of cumulative (a) dry and (b) wet deposition of 131I to 
the surface, 48 hours after the hypothetical accident at 00 UTC, December 2, 2005. 

 

 
 
Fig. 3. Horizontal distribution map of 131I concentration at 120 m above the surface, (a) 
12, (b) 24, (c) 36, and (d) 48 hours after the hypothetical accident at 00 UTC, March 24, 
2006. 
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During the period of the second simulation (March 24 –25, 2006), an 
anticyclone was located over Central Europe, which caused sunny, dry weather. 
In the first 12 hours of the simulation, the plume was spread in a wide south-
north belt, which had moved to the North and finally to the East (Fig. 3). 
Significant cumulative dry deposition was observed in south-northern axes 
(Fig. 4a), however, wet deposition (Fig. 4b) was very minor due to the dry 
weather conditions. 
 

 
 

Fig. 4. Horizontal distribution map of cumulative (a) dry and (b) wet deposition of 131I to 
the surface, 48 hours after the hypothetical accident at 00 UTC, March 24, 2006. 

3.2. Efficiency of the semi-adaptive method 

Efficiency of the semi-adaptive method is illustrated by running a set of 
simulations with the same meteorological and emission conditions used in the 
standard model runs described above, but during these simulations, the 
calculations have only been made on grid columns (on active cells), when the 
concentration of 131I, at least at one grid cell in any of the 32 layers of a given 
grid column, exceeds a previously defined critical concentration. Fig. 5 shows 
the number of active cells as a function of time, and critical concentrations. The 
higher the critical concentration is, the lower the number of active cells are. By 
increasing this critical concentration, higher acceleration can be achieved, since 
fewer calculations must be performed over the domain. In Fig. 6, the relative 
CPU time and the ratio of active cells can be seen as a function of the critical 
concentration for a 48-hour simulation (00 UTC, March 24, 2006 – 00 UTC, 
March 26, 2006). In case of relative CPU time, 1 refers to the CPU time of the 
simulation without the semi-adaptive method. The ratio of active cells is the 
maximum number of calculated horizontal grid cells during the whole 
simulation divided by the total number of horizontal grid cells 8640 (96 × 90). 
One can see that both the ratio of active cells and the relative CPU time 
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decreased with the increase of the critical concentration, but the size of the 
decreases are different. For lower critical concentrations (up to 107 cm–3), the 
relative CPU time decreases rather than the maximum number of active cells 
during the simulation. The reason for this difference is that the number of active 
cells increases during the simulation. Accordingly, the acceleration is most 
effective after starting the simulation and decreases with time as the number of 
active cells increases.  

 

 
 

Fig. 5. Number of active cells during a 48-hour simulation after the hypothetical 
accident at 00 UTC, March 24, 2006 with different critical concentrations (in cm–3). 

 

 
 

Fig. 6. Relative CPU time and ratio of active cells as a function of critical concentration. 
Test data: March 24–25, 2006. 

 
In Fig. 6, the ratio of maximum number of active cells are presented, 

however, the relative CPU time corresponds to the whole period. In case of 
higher critical concentrations (from 109 cm–3), with increase of the critical 
concentration the number of active cells slightly increases further, but it seems 
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that there is no further significant changes in the effective CPU time. This result 
suggests that there is a possible limit of the acceleration and any further increase 
of critical concentration will not increase the efficiency of the simulation. We 
should note that the CPU time also contains the time of unpacking, reading, and 
repacking of all meteorological datasets from the ALADIN model output files, 
and this time cannot be shortened by the semi-adaptive method. 

The decrease of the simulation time of an accidental release model is 
crucially important and, at the same time, the method applied for the 
acceleration must be reliable. In Fig. 7, the horizontal distribution of the plume 
at the surface can be seen after 12 hours of a hypothetical accident using different 
critical concentrations. It appears that there is good agreement between maps 
with no critical concentration and lower critical concentrations (104–106 cm–3). 
The polluted area and region with the highest concentrations can be captured 
similarly in all cases. However, some differences appear in the distribution, and 
these differences increase with increases in the critical value. For higher critical 
concentrations (107–109 cm–3) the differences became significant, and only the 
most polluted area appears in the maps. Additionally, in some part of these 
regions, higher concentrations can be found as in case of standard model runs 
without the semi-adaptive method. Nevertheless, simulations using high critical 
concentrations can rapidly provide information about the direction of plume 
transport. 

 

 
 

Fig. 7. Horizontal distribution map of 131I concentration at the surface 12 hours after the 
hypothetical accident at 00 UTC, March 24, 2006 without and with different critical 
concentrations (in cm–3). Same input meteorological and emission data were used in all 
cases. The black point denotes Paks NPP. 
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The differences depend not only on the choice of critical concentration but 
also on the simulation time. Figs. 8a and b present the relative differences of 
average and maximum concentrations of 131I at the surface calculated without 
(c1) and with (c2) a critical concentration.  

 

 
 

 
 
Fig. 8. (a) Relative differences of average 131I concentration at the surface during a 48-
hour simulation after the hypothetical accident at 00 UTC, March 24, 2006 in 6-hour 
time step. Values are calculated over the whole domain with and without semi-adaptive 
method with different critical concentrations (in cm–3). (b) Same as Fig. 8a, but for 
maximum values. 
 
The relative difference was calculated as 121 /|| cccdiff −= . Relative differ-

ences of average values (Fig. 8a) varied around 0.1 in general, but there are 
greater differences in case of 109 cm–3 critical concentration in the first 
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simulation day. From the 36th hour of the simulation, the differences became 
larger and the highest differences were found in case of higher critical 
concentrations. It is particularly noticeable, that differences decreased at 12 and 
36 hours after the hypothetical accident (at 00 UTC). This is because of more 
turbulent conditions during daytime. Relative differences of maximum values 
(Fig. 8b) show greater variability. Nevertheless, if the critical concentration 
remains lower than 108 cm–3 till the 36th hour of the simulation, model estimation 
gives similar maximum values (the relative differences are small). It should be 
noted, that for a purpose of a shorter (for 12 hours) prediction of the maximum 
value, higher critical concentrations (108–109 cm–3) should also provide 
appropriate results. 

 

 
 

Fig. 9. Temporal variation of 131I concentration at the surface over the city of Veszprém 
(47.1°N, 17.92°E) after the hypothetical accident at Paks NPP at 00 UTC, March 24, 
2006. Values are calculated without and with different critical concentrations (in cm–3). 

 
The semi-adaptive method was also tested over given points. Fig. 9 shows 

the temporal variations of 131I concentration at the surface in Veszprém (47.1°N, 
17.92°E, about 90 km to the NW direction of the point source) after a 
hypothetical accident in Paks NPP at 00 UTC, March 24, 2006, calculated with 
different critical concentrations. The plume passed over the city in the same 
interval, from 06 UTC to 18 UTC, and maximum concentrations appeared 
between 10 and 11 UTC in case of all different model runs with different critical 
concentrations. In the time series, about 20% variations on average can be found 
between values calculated with and without the semi-adaptive method. 
However, these differences are mainly caused by the stochastic calculation of 
the vertical transport term and not due to the different critical concentrations. 
This can be seen in Fig. 10, where two standard model runs without the semi-
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adaptive method are compared. In spite of that in both cases the same 
meteorological and emission input fields were used, similar differences in 
concentration values can be seen similarly to Fig. 9, where model runs with 
different critical concentrations are presented. The differences between any two 
simulations should decrease with the use of more ‘packages’ in stochastic 
diffusion. These results also underline that the semi-adaptive method should be 
an effective way to accelerate the calculations. 
 

 
 

Fig. 10. Same as Fig. 9, but both time series were calculated without semi-adaptive 
method. 

4. Conclusion 

Modeling of the accidental release of radionuclides or highly toxic air pollutants 
requires fast and precise model estimations. In this study an Eulerian version of 
the TREX transport-exchange model is presented. We have also provided here a 
new method to accelerate the simulation, which is crucially important if a 
nuclear accident occurs, as we can gain time to prepare for the effects of the 
plume. With the semi-adaptive method, the efficiency of model simulations 
could be increased.  

Two test simulations have been carried out for 48 hour periods. In case of 
each simulation, a hypothetical accident was assumed at the Paks Nuclear Power 
Plant, and the transport and deposition processes of 131I have been estimated 
over a domain of 96 × 90 × 32 grid cells. All meteorological fields for the 
simulations were obtained from the ALADIN numerical weather prediction 
model. Concentration fields, dry and wet deposition have been presented for two 
different meteorological conditions. 
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To apply the semi-adaptive method, the model simulations have been 
performed only on grid columns, where the concentration exceeds a predefined 
level in any of 32 layers in the column. The more efficient the method is, the 
most inactive cells are there, so the model became faster than without the semi-
adaptive method, because less calculation is needed. The calculation time 
decreases with increasing critical concentration. 

Based on our results, it seems that the semi-adaptive method could be an 
appropriate tool for accelerating the simulations. With high critical concentration, 
10 times acceleration could be achieved compared to simulation without semi-
adaptive method. However, there are some limits to this process. The higher the 
critical concentration is, the greater the differences are in the structure of the 
plume and in the estimated concentrations compared to the results obtained from 
normal simulation. The agreements between two cases are better in earlier part 
of simulation and generally decline with time, but more intense turbulence in 
daytime should be diminish the differences either during the latter part of 
simulation. Although high critical values (more than 107 cm–3 – compared to the 
emission rate used in this study) may cause large differences in simulated 
concentrations, it also should be usable for a fast, rough estimate for the 
direction of travel of the plume and the order of magnitude of the concentration. 
Determination of the critical concentration plays an important role of this 
method in decision support. It should be noted that further investigations should 
precede the implementation and any operational use of the semi-adaptive 
method in simulation of accidental release. Results of this study contribute to the 
further development of TREX dispersion model system. 
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