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11 MODELLING OF THE DANUBE RIVER MORPHOLOGY AND DANUBE HEAT LOAD 

11.1 LEGAL BACKGROUND 

European Union legislation (Decision, Directive) 

Directive 2006/44/EC of the European Parliament and of the Council of 6 September 2006 on the quality of fresh waters needing 
protection or improvement in order to support fish life.  

Acts 

Act No LIII of 1995 laying down the general rules for the protection of the environment 

Government Decrees 

Government Decree No 314/2005. (XII.25.) on the Environmental Impact Assessment and the integrated licensing procedure for the 
utilisation of the environment 

Government Decree No 220/2004. (VII. 21.) laying down the rules for protecting the quality of surface waters 

Government Decree No 221/2004. (VII. 21.) laying down certain rules for river basin management 

Government Decree No 123/1997. (VII. 18.) on the protection of water bases, long term water bases, as well as of water facilities 
serving drinking water supply 

Government Decree No 21/2006. (I. 31.) on the use and utilisation of high water riverbeds, littoral zones, water-inundated areas and 
of areas at risk from welling-up groundwater behind flood dykes, and on the procedure related to the allowance for 
depreciation of the value of land protected by summer dykes 

Government Decree No 147/2010. (IV. 29.) laying down the general rules for the activities and facilities dedicated to the utilisation, 
protection of and mitigation of damages caused by waters 

Government Decree No 100/2014. (III. 25.) amending certain Government Decrees in the context of the full transposition of the 
environmental objectives set by Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 
establishing a framework for the Community action in the field of water policy 

Ministerial Decrees 

Ministerial Decree No 6/2002. (XI. 5.) KvVM on the contamination limit values of surface waters used for drinking water extraction, or 
dedicated as drinking water base and of surface waters dedicated for ensuring the conditions of life for fishes and on their 
control 

Joint Ministerial Decree No.6/2009. (IV. 14.) KvVMïE¿MïFVM on the limit values necessary for the protection of the geological 
medium and underground water bodies against pollution and the measurement of contamination levels  

Ministerial Decree No.10/2010. (VIII. 18.) VM on the limit values applicable to the contamination of surface waters and laying the rules 
for the application thereof 

Ministerial Decree No 11/2010. (IV. 28.) KvVM on the design level of floods on rivers 

Ministerial Decree No 15/2001. (VI. 6.) KºM on the emission and emission control of radioactive substances into the air and in water 
n the course of the application of nuclear energy 

Ministerial Decree No.28/2004: (XII. 25.) KvVM on the limit values applicable to the contamination of waters and laying the rules for the 
application thereof 

Ministerial Decree No.31/2004. (XII. 30.) KvVM laying down certain rules for the monitoring and state assessment of surface waters 
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11.2 GENERAL HYDROLOGICAL FEATURES OF THE DANUBE 

The Danube is the second largest river in Europe with a length of 2 857 km. The catchment area ranges up to 
817 000 km2. It has three characteristic sections, the Upper Danube including the Bavarian and Austrian basins and 
having a high gradient, the Middle Danube within the crown of the Carpathians and the Lower Danube, crossing 
Wallachia. 

The river enters this country at Rajka in the 1 850 river km profile and leaves the country south of Moh§cs at 1 433 river 
km. The 127 km southern section from Dunafºldv§r up to the southern borderline consists of 32 bends. Bends vary in 
their curves the most dangerous being the S§ros-parti bend, where the radius of the curve is merely 1 000 m. The 
average width of the river s 400-600 m, with a gradient of 6-8 cm/km up to Fajsz and 4-5 cm/km downstream of it. 

The width of the floodway at Dunafalva is merely 450 m (this is one of the narrowest flood level profile of the country), 
but at the Gemenc and B®da-Karapancsa regions it reaches 3-5 km. 

Bottom material in the section upstream of FoktŖ is coarse gravel and sand, and finer sand and mud downstream of it. 

In the surrounding of the Paks Power Plant (the power station profile is at 1527 river km from the mouth) site the Danube 
is slightly of low course section character. The average water flow of the Danube hardly varies from Duna¼jv§ros to 
Moh§cs, it is everywhere between 2 300-2 330 mį/s. 

11.3 MODELLED STATES, MODELS APPLIED 

The Danube model studies conducted as part of the Environmental Impact Study of Paks II aim to determine how the 
Paks Power Plant site affected in case the conditions deemed to be the most extreme and most unfavourable occur, to 
investigate the morphodynamic changes developing as a result of the various hydrological events and to assess the 
typical parameters of the heat plume in the Danube of the warmed up cooling water returned into the Danube. 

The Danube models studied and analysed the following aspects in details: 

o One dimensional (1D) modelling of the impacts arising from extreme natural and artificial conditions 
Á on the exposure of the site to floods 
Á on the safety of cooling water extraction 

o Two dimensional (2D) modelling of extreme low and high water events  
o River morphology changes, morphodynamics 

Á One dimensional (1D) model assessment of suspended sediment and bed loads 
Á Two dimensional (2D) model assessment of morphodynamic processes in the Danube 

channel  
o The impact of the warmed up cooling water returned in the Danube - Three dimensional (3D) 

modelling of the heat plume 

11.4 DESIGN OPERATING STATES AND TIMES FOR THE PURPOSES OF MODELLING ON THE DANUBE 

The cooling water requirements of the currently functional Paks Power Plant units at full capacity ranges up to 25 mį/s 
per unit (4 units total: 100 mį/s). Maximum operating cooling water needs of the proposed 2 x 1 200 MW new units is 
66 mį/s per unit (2 new units total: 132 mį/s). The maximum cooling water extraction levels and returned hot water 
volumes to be taken into account for the purposes of modelling the Danube ï with a view to the lifetime extension of 
Paks Power Plant and the proposed operation of Paks II ï were summarised in Table 11.4-1. 
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Period 
[years] 

Number of operating units 
[piece] 

Maximum cooling water 
extraction levels and returned 

hot water volumes 
[mİ/s] 

2014 (present) Paks Power Plant 4 existing units 100 

2014 ï 2025 Paks Power Plant 4 existing units 100 

2025 ï 2030 Paks Power Plant 4 existing units + Paks II Unit 1 166 

2030 ï 2032 Paks Power Plant 4 existing units + Paks II Unit 1 and 2 232 

2032 ï 2034 Paks Power Plant 3 existing units + Paks II Unit 1 and 2 207 

2034 ï 2036 Paks Power Plant 2 existing units + Paks II Unit 1 and 2 182 

2036 ï 2037 Paks Power Plant 1 existing unit + Paks II Unit 1 and 2 157 

2037 ï 2085 Paks II Unit 1 and 2 132 

2085 ï 2090 Paks II Unit 2 66 

2090 - 0 

Table 11.4-1: Design operating states and times for the purposes of modelling on the Danube 

11.5 DEMARCATION OF THE MODELLED AREAS BY THE IDENTIFICATION OF THE MODELS APPLIED  

The assessed area of the Danube channel bottom extends in the broader sense to the 128 km long river section from 
Dunafºldv§r (Danube 1560.6 river km) down to the national border (Danube 1433 river km) both to the middle-stage and 
high water stage river bed area. 

In order to allow the study of the impact from the Gabļ²kovo (Ļunovo) barrage system as a water level control facility the 
range of investigation was extended from Dunafºldv§r upstream to V§mosszabadi (Danube 1805.6 river km). This large 
scale geographic monitoring task was accomplished with the use of a one dimensional (1D) model (HEC-RAS). 

In order to allow more detailed investigation of the impacts from the proposed development project, two dimensional (2D) 
and three dimensional (3D) model studies were conducted for the environment of the project site, by delineating the 
channel bottom area of the Danube as a function of the task. 

11.5.1 2 D MODEL AREA OF EXTREME LOW AND HIGH WATER EVENTS AS WELL AS BED ALTERATIONS 

Extreme low and high water events on the Danube  

The detailed relief model for the Danube bed at medium water - and high water stages was prepared for the 
Dunafºldv§r - Fajsz (Danube 1560.6 - 1500.0 river km) section in a length of approximately 60 km. For the purposes 
of assessing extreme low and high water Danube discharge rates recurrent in every 20 000 years and the impact of 
undesirable events (landslide, river wall collapse, bursting of a dam) under such conditions the 30 km long Danube 
channel bottom section (Danube 1500 river km ï 1530 river km) of the relief model was taken as a basis. 

The impact of the proposed development on the river morphology changes in the neighbourhood of the site was 
concluded from the calculation of the flow ratespace and the analysis of the historical processes along a 10 km long 
Danube section using the 2D flow model simulation results.  

River morphology changes, morphodynamics 

Morphodynamic assessment of the impact from the proposed development project were completed for this Danube 
channel bottom section using the Delft3D-Flow (hereinafter referred to as: Delft3D) model, in two dimensional version 
(Delft3D-Flow, 2013). As a result of the model assessment it can be stated that the morphodynamic impact area was a 
lot less than the area modelled. Therefore, the longer term (concerning the cases of a few average and a few high 
precipitation hydrological years) morphodynamic calculations were carried out for the Danube channel bottom section 
affected most by the morphodynamic impact area in a length of 3 km (between the Danube profiles 1524.75 ï 
1527.75 river km) in the neighbourhood of the proposed site. [11-17] 



MVM Paks II Zrt. Environmental Impact Study 

Implementation of new nuclear power plant units at the Paks site Modelling of the Danube river morphology and Danube heat load 
 
 
 

 
 

File name: PAKSII_KHT_11_Dunamodell_EN 19/250 

 

11.5.2 ASSESSMENT OF THE EXTREME NATURAL AND ARTIFICIAL CONDITIONS ON THE FLOOD EXPOSURE OF 

THE SITE AND SAFETY OF COOLING WATER EXTRACTION - 1D MODEL AREA 

The impacts of phenomena encountered in non-standard circumstances or in extreme cases of the conditions formed by 
natural (river bank wall collapse, landslide, formation of pack-ice) or artificial (surface water control facility) factors of the 
Danube are assessed in the form of accidental and failure events on the cooling water extraction and on the risk of being 
flooded or inundated. 

The impact of surface water control facilities, extreme landslides and ice phenomena ï as operating trouble, accident or 
failure ï were tested by the one dimensional (1D) model (HEC-RAS). These variations concerned the study of the 
impacts of extreme floods and the impacts of extreme low waters stages affecting the security of cooling water 
extraction. 

11.5.2.1 Assessment of the extreme natural and artificial conditions on the flood exposure of the site  

The cases assessed are as follows: 

- The modelling of the impacts of surface water control facilities, extreme landslides and ice phenomena - model area: 
V§mosszabadi - Moh§cs Danube section. 

- Forecast of the impacts of and forecasting downstream landslides and the formation of ice gorges using the flow 
model - model area: Budapest - Moh§cs Danube section. 

- Forecast of the formation of ice gorges and assessment of its impact in high water using the flow model - model 
area: Duna¼jv§ros - Moh§cs Danube section. 

11.5.2.2 Assessment of the extreme natural and artificial conditions on the safety of cooling water 
extraction 

The cases assessed are as follows: 

- Impacts of the damage and abnormal operation of the upstream water level controlling structure- model area: 
V§mosszabadi - Moh§cs Danube section. 

- Upstream impacts on water extraction security of the situation encountered in consequence of ice gorges and 
packed ice - model area: Duna¼jv§ros - Moh§cs Danube section. 

- Assessment of the impact of river wall collapses and river wall slides - model area: Duna¼jv§ros - Moh§cs Danube 
section. 

11.5.3 ASSESSMENT OF THE WARMED UP COOLING WATER DISCHARGED INTO THE DANUBE - 3D MODEL 

AREA 

The assessment of the heat load impacts is decisive mainly in the cases of low and medium Danube water flows, 
therefore it concerns the Danube medium stage river bed on the Danube section downstream of the hot water discharge 
up to the southern national border by defining the design cross border impact across the southern national border. 

Using the free software named OpenFOAM 3D model assessment was carried out for the approximately 3 km long 
Danube section in the neighbourhood of the site on the Danube channel bottom section between 1527 - 1524 river 
km profiles. For this, a 2D hydrodynamic flow model (River2D and Delft3D free software programmes in two 
dimensions) was calibrated in a 10 km long Danube section in order to allow transfer of the boundary conditions to the 
3D model without boundary disturbance. 

The impact area of the heat load and the design impact appearing in the southern national border profile were defined by 
a quasi ("semi") three dimensional free transport model (CORMIX) ï by adapting to the 3D (OpenFOAM) model ï for the 
section between the proposed hot water discharge and the southern national borderline crossing the Danube, in other 
words for the approximately 93 km long Danube section between the 1526.25 ð 1433 river km Danube profiles. 
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11.6 METHODOLOGY OF THE DESIGNLOAD STATUSES AND PROPORTIONING OF THE MODELS 

11.6.1 ASSESSMENT OF THE DESIGN LOAD STATUSES OF EXTREME LOW AND HIGH WATER EVENTS ON THE 

DANUBE AND PROPORTIONING OF THE 2D FLOW MODEL 

11.6.1.1 Design load statuses of extreme low and high water events on the Danube 

Calculations of the various model variations were accomplished for water flows occurring in average once in every 
20 000 years for high and low stream flows, for the 1500 ï 1530 river km (Fajsz - Paks) section of the Danube. 

11.6.1.1.1 Extreme low water event on the Danube 

The impact of the proposed design cooling water extraction status as the standard design operation status on the 
security of cooling water extraction was examined in extreme low water level situations taking the current information 
available on channel bottom morphology into account in comparison with the current status (i.e. the highest level of 
water extraction by Paks Power Plant, which is 100 mį/s).  

As a failure incident, landslide was assumed upstream of the cold water canal to the Danube at extreme low water level 
conditions, since this is the situation when the water levels are expected to diminish in the neighbourhood of the Danube 
cold water profile (cooling water extraction point), which may have an impact on the security of cooling water extraction. 

The study of the cases below is presented in the following chapters: 

Current state 

Calculated with extreme, permanent low water flows occurring in average once in every 20 000 years on the Danube, 
QDanube = 579 mİ/s (the outcome of the statistical processing of the low water stages in the 1965-2011 period on the 
Danube ï when year 2012 is also taken into account, somewhat higher levels are obtained) and with the maximum 
level of 100 mį/s cooling water extraction (through the existing cold water canal), including return through the energy 
dissipation device. 

Design standard operation 

Calculated with extreme, permanent low water flows occurring in average once in every 20 000 years on the Danube, 
and a maximum of 232 mį/s (to be set up by the proposed extension of the existing cold water canal, through the 
Danube mouth cross-sectional area) cooling water extraction. Return is accomplished via the existing hot water canal 
and across the energy dissipation device into the Danube (in the form of right bank discharge) with a maximum of 
100 mį/s hot water discharge volume, and also through the recuperation structure designed approximately 
200 metres upstream into the Danube (in the form of right bank Danube discharge) with a maximum of 132 mį/s hot 
water discharge volume. 

Failure incident 

This is the assessment of the design standard operation by taking into consideration a potential adverse event such 
as landslide, or river wall collapse. 

11.6.1.1.2 Extreme high water (flood) event on the Danube 

The impact of the proposed design cooling water extraction status as the standard design operation status on the safety 
of the current and future site in case of a flood situation was examined in extreme high water level situations taking the 
current information available on channel bottom morphology into account in comparison with the current status (i.e. the 
highest level of water extraction by Paks Power Plant, which is 100 mį/s). 

Under the current status assessment the impact of the bursting of a dam (or artificial cutting through the embankment) 
on the Danube section upstream of the cold water canal outflow was modelled in extreme flood situation on the safety of 
the current and future site and their environment. 
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Landslide was assumed to happen as a failure incident downstream of the hot water canal outflow on the left bank in 
extreme flood situation, since this is the situation when the landslide has an impoundment effect on the Danube water 
levels and an adverse flood situation compared to the standard operating mode may develop in the environment of the 
current and future site.  

Current state 

Calculated with extreme, permanent high water flows occurring in average once in every 20 000 years on the 
Danube, QDanube =14 799 mİ/s and with the maximum level of 100 mį/s cooling water extraction (through the existing 
cold water canal), including return through the energy dissipation device. 

Current state including bursting of a dam upstream 

The assessment of bursting of a dam (or artificial cutting through the embankment) on the Danube left bank section 
upstream of water extraction inflow ï in case of extreme high water flows occurring in average once in every 20 000 
years on the Danube Danube=14 799 mİ/s) on the flood safety situation in the environment of the site. 

Design standard operation 

Calculated with extreme, permanent high water flows occurring in average once in every 20 000 years on the 
Danube QDanube=14 799 mİ/s and a maximum of 232 mį/s (to be set up by the proposed extension of the existing 
cold water canal, through the Danube mouth cross-sectional area) cooling water extraction. Return is accomplished 
via the existing hot water canal and across the energy dissipation device into the Danube (in the form of right bank 
discharge) with a maximum of 100 mį/s hot water discharge volume, and also through the recuperation structure 
designed approximately 200 metres upstream into the Danube (in the form of right bank Danube discharge) with a 
maximum of 132 mį/s hot water discharge volume. 

Failure incident 

This is the assessment of the design standard operation by taking into consideration a potential adverse event such 
as landslide, or river wall collapse. 

11.6.1.2 Presentation of the calibration of the applied (2D) hydrodynamic model to low water and high 
water events 

11.6.1.2.1 Development of channel bottom level in low and high water stages and of land use 

The modelling under the permanent low state and flood level run-off referred to above in the bottom channel of the 
Danube was accomplished with the application of the Delft3D hydrodynamic model using its two dimensional (2D) depth 
integrated module, under the extreme high and low water flows occurring in average once in every 20 000 years on the 
Danube for the 1500-1530 river km channel bottom section of the Danube.  

The assessed Danube-section included the upstream and downstream sections of the existing and proposed sites of the 
power plant. 

The calculation results are described below in the following geographic breakdown (per Danube section): 

a) Danube 1519-1530 river km (in the calculations: Stage 1) 
b) Danube 1509-1519 river km (in the calculations: Stage 2) 
c) Danube 1500-1509 river km (in the calculations: Stage 3) 

The relief map and morphological map of the area concerned (main river branch and floodway channel bottom section 
on the Danube) were developed in a 2 x 2 m resolution. Modelling was deemed to be sufficient in details with the 6 x 6 m 
resolution grid. 

On the figures below the morphological model developed for the main river branch channel bottom and for the floodway 
on the Danube is illustrated (see Figure 11.6.1-1; Figure 11.6.1-2; Figure 11.6.1-3 and Figure 11.6.1-4, respectively). 
Danube morphological model applied in the landslide type situation assessed (soil slip) and the features of the ground in 
the Danube channel bottom are presented on Figure 11.6.1-1. 
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11.6.1.2.1.1 Morphological model developed for the main river bed and floodway of the Danube 

 

Figure 11.6.1-1: The morphological model of the Danube 1519-1530 river km section - bottom levels [metres above Baltic sea level] 
ï including EOV coordinates 
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Note: 
(the arrow shows the location of the landslide) 

Figure 11.6.1-2: The morphological model of the Danube 1519-1530 river km section - version assuming landslide - bottom levels 
[metres above Baltic sea level] ï including EOV coordinates 
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Figure 11.6.1-3: The morphological model of the Danube 1509-1519 river km section - bottom levels [metres above Baltic sea level] 
ï including EOV coordinates 
































































































































































































































































































































































































































































