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Introduction 
The new Environmental Radiation Monitoring System of the Paks NPP in Hungary consists 

of three radiation release measurement posts (placed into the two ventilation stacks of the four units 
and into the ventilation stack of the spent fuel intermediate storage building), 9 radiation monitoring 
stations and 11 gamma-radiation measurement posts placed more or less evenly around the plant.  

During normal operation, the system monitors and integrates the amount of the actual 
releases for the authorities. In case of accidental releases of radioactivity the system  
• measures the releases in the stacks; 
• using real-time simulation model and meteorological data estimates the resulting gamma-

radiation field at the positions of the monitoring stations and posts; compares the calculated dose 
values with the measured dose rates integrated for the time period; 

• if the measured values are significantly higher, that means the containment is leaking and this 
leakage is estimated; 

• adding up the leakage to the measured releases the model calculates the actual gamma dose 
caused by the cloud and by deposition on the soil surface, and predicts those for all measurement 
posts and for 21 villages within a 30-km radius around the plant. 

Besides monitoring the normal operation of the plant the purpose of the system is to 
determine  the environmental dose burden caused by atmospheric  dispersion of the radionuclides 
during accidental releases as well; the system plays an active role in the mitigation of the 
consequences. This means that the system is classified similarly to the other safety-related 
equipment of the plant. 

The measurements 
There are three possible sources of regular radioactive release: the two ventilation stacks of 

the Nuclear Power Plant (NPP) and the ventilation stack of the Spent Fuel Intermediate Storage 
(SFIS). These are surrounded by 9 complex measurement stations type A and 11 gamma dose-rate 
measurement posts type G.  

The stations and measurement points are not located evenly. We had to take into account the 
location of existing roads, buildings, private properties, power lines, etc. The detection range is 
shown by solid lines across the body of the stations type A and gamma dose-rate measurement posts 
type G on the Fig. 1. The width of these ranges are calculated to indicate at least 10% of the maximal 



centerline activity concentration of the actual plume released in case of neutral dispersion 
conditions. The average radius of the measurement posts is 1.4 km. 
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Fig 1. Stacks of the Nuclear power plant (NPP) and Spent fuel intermediate storage (SFIS) 
surrounded by measuring stations (A – red marked) and detectors (G – blue marked). The 
sensitivity areas are shown by lines, the grid dimension is given in m.  
 
The actual gamma dose radiation level resulted by normal operation of the nuclear power 

plant is less than 0.1% of the natural radiation level (even the 10 % variation of the natural level is 
higher by two orders of magnitude); this is therefore immeasurable. The G-type measurement posts 
are useful in accidental situations only. They consist of a BITT-made gamma dose-rate detector; a 
solar cell with control electronics and a rechargeable battery; a radio modem to transmit the 
measured data. Having no connecting cables and external power sources it is easy to make them 
strong enough to withstand the maximal predictable earthquake. 

The A-type stations are equipped with the same type of gamma dose-rate detector. These 
stations are situated in aluminum containers used by the railroad freight traffic. Along with the 
gamma dose-rate measurement the following time-integral measurements are carried out 
continuously by these stations: 
• aerosol gross beta-activity on-line measurement; 



• elementary iodine-activity concentration on-line measurement; 
•  organic iodine-activity concentration on-line measurement; 
• additionally a high-flow-rate sampling unit for low-concentration off-line (laboratory) 

measurements is applied. 
 

The measurements of the released activity can be divided to on-line and off-line ones. Only 
on-line measurement values - transferred to the central data processors immediately - are used for 
dispersion calculations. These are: the PING (Particulate, Iodine and Noble Gas) monitor produced 
by MGP Instruments; the NEKISE (Nuclide-specific Noble Gas Analyzer) produced by the Budapest 
Technical University and a wide range gamma dose-rate detector made by BITT. The latter is 
needed to measure the high radiation levels during accidental situation caused by occasional failure 
of the forced ventilation. 

Data acquisition and display 
The primary goal is to collect all the data measured in the stack, in the spent fuel storage and 

in the fields as well as data from the meteorological tower and present them in the control room and 
in the radiation protected control post. (The central data processors get the meteorological data - 
wind velocities and directions, air temperatures, precipitation, etc. measured at different elevations 
of the 120 m high meteorological tower using radio links.) Together with the measured data the 
environmental dose fields calculated by the dispersion model are also displayed.  

 The dispersion model   
Besides the presentation of the measured data, the system calculates the dispersion of the 

radionuclides in the 30 km vicinity of the NPP in normal and accidental situations, too. 
The dispersion of the radionuclides released by the NPP is a sophisticated phenomenon. 

There are four parallel processes to be modeled continuously in time and space: 
• the release of radioactive gases and aerosols: the volume of the outflow from the stack, and the 

initial isotope concentration of it is measured continuously; 
• to calculate the dispersion of the released radioactive noble gases, aerosols and elementary 

iodine we have to take into account the actual meteorological conditions (e.g. wind direction, 
wind speed and turbulence as function of space and time); 

• as time passes the isotope concentration of the radioactive materials changes continuously due 
the chains of radio-active decay; and dry (and wet) deposition; 

• the radiation in any point on the ground level around the NPP must be calculated as an integral of 
distance taken over the (ever changing) air isotope concentration in the vicinity of that point, as 
well as the radiation of the fall-out accumulated around on the soil surface so far. 

 
All these phenomena are calculated using the three-dimensional Gaussian puff models. The 

basic ideas are shown in [1] and [2], some details concerning calculations in [3]. According this 
method the process of continuous release is approximated by the finite sequence of so called 'puffs', 
each corresponding to a 10-minute release. Each puff contains a given amount of different 
radioactive materials, determined by the intensity of the release and of the actual time period of the 
sequence after the release. 



The central point of the puffs is moving according to the actual wind vectors and the dilution 
of the puffs is determined by the actual air turbulence, described in our case by the discrete Pasquill 
stability classes. The continuous drifting and dispersion are approximated by the sequence of 
discrete steps. The time base is 10 minutes, therefore the model releases a new puff in each 10 
minutes. 

Due to the reflection from ground surface and to the temperature inversions the vertical 
Gaussian distribution of the puffs may be modified. The height of the barrier layer of the inversion at 
each Pasquill stability class is taken from the literature. 

We take into account plume depletion procedures due to dry and wet deposition. We follow 
the radioactive decay as well. The time period elapsed between the reactor incident or accident and 
the release to the environment, the time of the dispersion of the puffs and the decay time of 
radionuclides after the fall-out to the soil are all taken into account. Calculating the dose effects of 
these decays all the most important daughter isotopes are taken into account, too. The calculation is 
made for 58 different isotopes (the different forms of iodine isotopes are calculated separately). The 
conversion factors for the internal radiation doses - by inhalation and due the food chain - are 
selected according to the international recommendations. The food chain depends upon the actual 
season of the release - therefore we cannot omit the seasonal effects.  

Normal mode calculations 
During normal operation, the on-line measurement posts in the fields are unable to detect 

excess radiation; therefore the calculated gamma dose-rate distribution caused by noble gas releases 
is presented on the display of the information system, together with the 10 minute average of the 
wind direction and velocity. The calculations performed are based on the activity measurements in 
the two stacks of the NPP. 

Accident mode calculation 

Source term estimations 
We use the following algorithm to determine the places and the equivalent elevations of the 

releases: 
1. We measure the releases made through the ventilation stacks of the NPP and the SFIS. These are 
direct measurements which are accepted unconditionally. 
2. Using the measured releases in the stacks and the measured actual meteorological conditions we 
simulate the dispersion process and calculate the expected gamma dose at the A-type stations and 
G-type posts.  
3. If the radiation levels measured by the A-type stations and G-type posts are significantly higher 
than the calculated values, we take the decision that the containment is leaking somewhere and there 
are releases bypassing the stacks. 
4. The excess amount of the activity is re-calculated back to the release point assuming the height 
of the release as 25 m (half of the height of the containment). 

 
In steps 1 and 2 we perform a simplified calculation, determining only the gamma dose 

caused by the puffs for 20 points (9 A-type and 11 G-type measurement points). We are taking into 
account the fall-outs accumulated on the soil surface so far, too.  



Now, after step 4, using the new source terms (stack and/or containment) we re-calculate the 
dispersion process - this time not only for the A and G type measurement posts but in the whole 
vicinity of the power plant; and not only the external gamma doses but the doses caused by 
inhalation and via food-chain are also calculated. 

It is very important to have a good estimate of the initial isotope composition for calculating 
the environmental dose burden from leakage via the reactor building. Basically there are  four types 
of isotope composition: 
• Successful LOCA (Loss of coolant accident) - only some fuel rod claddings are ruptured; 
• Unsuccessful LOCA - the core is melted but the debris remains inside the reactor vessel; 
• Unsuccessful LOCA - the debris of the melted core penetrates the reactor vessel; 
• PRISE - water from the primary circuit penetrates to the secondary circuit and the release comes 

from there 
The first three cases start with the gap activity (gap on the cladding of the fuel rod) and the 

fourth with water activity. These are the two initial isotope compositions for the very beginning of 
the calculations. 

Dose predictions 
The dose for different nodal (grid) points inside the vicinity of the plant can be calculated 

inserting  
a) the source term estimated,  
b) the isotope composition accepted and  
c) the meteorological data measured  

as inputs for the dispersion model described above. As far as the source term cannot be predicted for 
a longer period of time, we cannot make reliable estimations for longer period than 2-6 hours even if 
we assume that the meteorological and release conditions do not change. There are two types of 
doses calculated to all nodal (grid) points: 
• Effective gamma dose increment from external radiation. This value is calculated adding up the 

radiation coming from the clouds and radiation coming from the fall-out on the soil. 
• Inhaled iodine radiation dose increment of the thyroid glands of the children. 

Computational constraints 
The calculation is made in the following steps: 

1. Keeping track of the puffs: 
• in each time step of 10 minutes a new puff is born; 
• the actual parameters of this puff (size, isotope content, location etc.) are calculated and stored, 

as long they are inside of the 30 km-radius circle of interest; 
• the puff is deleted from the data storage if it leaves the territory, or its radiation decays 

significantly. A cut-off  at 144 puffs (one day release) is also applied for the total number of 
puffs within the territory, so that the  puffs can not accumulate by thousands even in case of no 
wind at all. 

 
2. Calculating the radiation 

According to the aging of each puff, the isotope content and the intensity of radiation is 
changing, too. Calculating the dose rate for a given point, located inside the territory, the impact of 



each puff has to be taken into account, adding up their radiation weighted with the actual distance. 
The same is true for the fall-outs, accumulated on the surface so far. 

 
All these values are calculated for the following points: 

• Polar coordinates (between 0 and 10 km radius- 1 km resolution, between 10 and 30 km radius - 
2 km resolution; angular resolution is evenly 5 degrees), that makes 20 circles x 72 directions = 
1440 points; 

• 9 A-type stations, and 11 G-type stations; 
• 11 pre-selected measurement points (K-type check points for mobile laboratory measurements); 
• point of the maximal radiation inside the 3 km radius around the plant; 
• 21 villages within the 30 km radius around the plant. 

That makes close to 1500 points to calculate and integrate. All these values are put into the 
archives as well. 

Conclusions 
The basic goal of the Environmental Radiation Monitoring System is to provide complex and 

reliable information about the releases in all operating modes to facilitate the adequate estimation of 
the situation and to promote the decision making. 

Thanks to the astonishing development in the digital technology and to the state-of-the-art, 
up-to-date measurement techniques, a new level of confidence can be reached. Unpredictable 
radioactive leakage of the containment can be detected and the radiological situation of a relatively 
large area can be calculated and predicted. A very reliable system can be constructed withstanding 
earthquake and protected against single failure.  

Based on reliable and detailed measurement data, advanced simulation methodology and 
well-designed graphical user interface, an easy-to-use operator advisory system can be created to 
help the decision making in the very first and most difficult period of a nuclear accident.  

It is very important that the same system is used with the same features during the normal 
operation of the nuclear power plant, too; this means that the operators are able to get the necessary 
'hands-on' training in order to be able to use the system during extreme stress and very unusual 
situations, too. Shaping the system in close cooperation with plant engineers and operators is 
indispensable in order to achieve the aforementioned goals. 
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