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ABSTRACT 

The dose projection software “DOZE” produced by paper authors and in addition using 
advanced dispersion model from Arianet is described in details. DOZE SW takes input data 
from plant process information system and environmental information system and than allow 
the user to calculate all phases needed for population doses estimation. DOZE SW main 
modules assess a radioactive source term before the release based on the core activity 
calculation and relevant measurements within the plant; and process local meteorological 
parameters and use lagrangian particle air pollution dispersion modelling system routinely on 
a half-hourly basis and finally estimate doses of the population in NPP surroundings.  Health 
physicist can model a release pathway and release parameters according to actual plant 
design. An optimised radionuclide release source term is prepared for dose calculation. The 
programme can be used either on-line being directly connected to plant status parameters 
important for in-containment release or off-line with manual monitoring data input. 
Preselected nuclear accident scenarios based on probabilistic safety assessment results are 
also available for off-line use or an exercise. The modelling area of 25 km x 25 km is set over 
complex terrain using validated numerical Lagrangian particle model.  

1 INTRODUCTION 

For more than a decade, Krško NPP has been using dose projection module in the field 
of plant monitoring and air pollution dispersion calculation. Both, the plant and regulatory 
body emergency teams use the same software. An up-date of the software is to be finished in 
2012. 

The module is using assessment of radioactive source term based on the core activity 
calculation together with core temperature and containment radiation measurements. Local 
meteorological parameters and meteorological modelling system is used routinely on a half-
hourly basis.  Health physicist can model a release pathway and release parameters according 
to actual plant designed pathways. Radionuclides are selected based on their importance for 
containment dose rate and environmental dose calculation [1]. The programme can be used 
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either on-line being directly connected to plant status parameters or off-line with manual 
monitoring data input. Preselected nuclear accident scenarios based on probabilistic safety 
assessment results are also available for off-line use or an exercise. 

Software up-date assures user-friendly navigation, improved map graphics for the 
modelling area of 25 km x 25 km, a link to plant process information system for a set of 
relevant reactor primary system and containment data, improved and verified dose calculation 
of an elevated radioactive cloud over complex terrain using validated numerical Lagrangian 
particle model, and a new application for accident simulation purpose.  The dispersion 
coefficient statistics can be used for normal operation dose assessment on a monthly basis.  In 
addition, the future plant safety up-grade with passive containment filter release pathway can 
be easily included in the dose projection software. 

2 DOSE PROJECTION MODULES 

The main programme modules are designed to determine the following: source term, 
reactor core damage, release source term, critical release pathways, meteorological situation 
and dispersion modelling. 

Dose calculation is performed for critical exposure pathways for an early phase of the 
release, i.e. inhalation, cloud external radiation and external radiation due to deposition. The 
intention is to have a quick dose projection procedure to forecast situation in the environment. 
It is possible to present the result in different forms and to present also averted dose.    

 
Figure 1: Modules Flowchart 

2.1 Reactor core source term 

The radionuclide activities were calculated by SCALE computer code for three fuel 
cycle burn-ups [2]. These are used as steady state values in the dose projection module which 
takes into account also reactor power transients and calculates continuously radioactivity of 
the set of important radionuclides.  

For activity calculation in real-time, general algorithms has been prepared [3], taking 
into account also chain decay of some important nuclides.  As an example, instantaneous 
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radioactivity of  I-132 or Xe-133 is calculated as described by the Eq. (1) below: 
 

A2(t) = A02 exp(-λ2t) + PAs2(1- exp(-λ2t)) + (λ2 /(λ2 – λ1)) (A01-PAs1) (exp(-λ1t)-exp(-λ2t))   (1) 

 

In Eq. (1) index 1 is used for parent and index 2 for daughter nuclide, A0 is initial activity 
before power change, P is relative power, As is steady state activity at full power.   
Only algorithm for Xe-135 is more complicated taking into account also power rise burn-up.  

Accurate follow-up of radioactivity in the core is important in case of iodine isotopes 
and it also reduces uncertainties in determination of complete release source term. 

2.2 Release source term and release pathways 

The software enables a quick and rough determination of release source term using also 
Krško plant procedures based on the same approach as described by standard industry core 
damage assessment guidance [4].   

In case that plant process computer and radiation monitoring inputs are operable, most 
of the relevant data are available on-line in the software. The release source term can be also 
determined using a window for more precise sample measurements but these require manual 
input. 

The basic data are provided by the core exit thermocouples and containment radiation 
monitors. The plant computer provides additional information for the user of the programme 
to help him with the information on plant condition.  

Release pathways have to be selected manually based on evaluation using the 
measurements and indications in the plant or in the environment. It is possible to select also 
filter efficiency factors in case of vented release. 

In-containment release fractions can be determined based on core damage assessment 
using core exit thermocouples’ measurement and/or containment dose rate measurement 
provided by two high range radiation monitors [3].   

 

2.3 Air pollution dispersion modelling 

Dispersion modelling of air born radioactive material is one of the crucial steps for 
realistic dose projection in case of nuclear emergency. NPP Krško is located in a semi closed 
basin surrounded with complex hilly topography. Complex terrain and related complex 
meteorology of the area make the air pollution modelling task very challenging.  

From 2002 a modern numerical Lagrangian particle air pollution dispersion model 
Spray (by Arianet, Milano) is running over 25 km x 25 km domain around Krško in 365/24 
regime [5] [6] [7]. Model is coupled with diagnostic meteorological description of the area 
based on model Swift with pre-procesor (both from Arianet also). 

Modelled meteorology is based on several measurements. Measurements include station 
Tower near the NPP with wind, temperature and humidity measurements up to 70m, global 
solar radiation measurements and SODAR wind profiler (up to 500m above the ground). 
Stations Krško, Brežice and Cerklje consist of ground level meteorological measurement with 
10m wind. 
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Modelling system is running in a completely automatic regime, calculating dilution 
coefficients (based on unit emission) every half hour based on new measured meteorological 
data. Results are available in 2D and 3D presentation over domain to authorised users in NPP. 
In case of emergency situation dilution coefficients are automatically available as inputs into 
the second phase of dose calculation - multiplied with released source term are the basis for 
dose calculation. 

Quality control of the input data is made to the highest possible degree in automatic 
regime. Firstly all the dynamic meteorological data are assessed against several physical and 
other mathematical quality control checks. Finally also the reliability of the model results is 
being assessed based on the quantity of the meteorological inputs. In case of SODAR, tower 
of ground level measurements malfunction, results are less reliable. 

 

 
 

 
 

Figure 2: GIS Based Presentation of Results: effective dose from cloud shine 2x, intervention 
measures, and 3D cloud presentation 

For future enhancements of the system inclusion of a fine resolution local scale weather 
forecasts would be possible. That would enable reliable dose projection for example up to two 
days in advance. Suitable forecasting system is already available and it is successfully running 
for nearby Zasavje region within the KOoreg research project [8] [9].  

2.4 Software up-date 

One of the reasons for ordering software up-date was to arrange some additional user-
friendly features such as continuous indication of current programme routine to enable 
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follow-up the process. More substantial reasons were a need for more developed geographic 
information screens, improved calculation of dose rate from radioactive cloud (far from dose 
recipient), connection to an additional set of on-line measurements inside reactor containment 
and some others. As well, calculation of averted whole body and thyroid dose with possible 
countermeasures has been taken into account. 

2.5 Air pollution dispersion model validation 

Due to complex terrain it is of extreme importance to choose air pollution dispersion 
modelling system that is proven to give realistic results in time and space for such conditions. 
The modelling system for Krško was chosen because it has been successfully validated on 
similar other Slovene territory already before installation in Krško NPP [9][10]. Validations 
have been done based on SO2 as “tracer” near Šoštanj Thermal Power Plant. Recently 
validations have been done also over Sava river Canyon over Zasavje region which is a 
neighbouring region to Krško [11][8]. Validations have been reported in several scientific 
articles in journals and on conferences [12][13][14] [15][16][17]. Validations have also been 
done for KOoreg prognostic system [18][11]. All the validation procedures show good 
agreement with real situation. For the diagnostic operation agreement in time and space was 
achieved within a “window” of one grid cell location error (typically 100m to 250m) and one 
or two time steps (half hour or one hour).  

3 CONCLUSIONS 

The dose projection module as described in this paper is a practical decision making 
tool in case of an emergency with radioactive releases. It has been designed based on the 
input and guidance of health physics staff of Krško NPP and it is coupled to state-of-the-art 
air pollution dispersion modelling. Connection to on-line plant process data important for 
radioactive release prognosis and its assessment is advantage of this system. These features 
make the dose projection in case of a nuclear emergency easier for health physicists and more 
reliable for the plant.  
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