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11 MODELLING OF TEBNUBE RIVER MORPHGY@NIDANUBE HEAT LOAD

11.1 LEGAL BACKROUND

European Union legislati(iecision, Directive)

Directive 2006/44/EC of the European Parliament and of the Council of 6 September 2006 on the quality of fresh water
protectionr@amprovemeirt order to support fish life.

Acts
Act No LIdf 1995 laying down the general rules for the protection of the environment
Government Decrees

Government Decree No 314/2005. (X11.25.) on the Environmental Impact Assessment and the integrated licensing proce
utilisation of the environment

Goernment 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 Decree128/1997. (VII. 18r) the protdon of water bases, long term water &msedl as of water facilities
serving drinking water supply

Government DecreeZd4(2006. (I. 3bi the use and utilisation of high water riverbeds, littoral zomesjatedesireas and
of areas at riskoin wellingp groundwater behind flood ,dgkéson the procedure related to the allowance for
depreciation of the value of land protected by summer dykes

Government DecreeId@/2010. (IV. 2R&ying down the general rules for the activitiestesddieditated to the utilisation,
protection of and mitigation of damages caused by waters

Government Decree No 100/2014. (lll. 25.) amending certain Government Decrees in the context of the full transpos
environmental objectives set byiir@000/60/EC of the European Parliament and of the Council of 23 October 2
establishing a framework for the Community action in the field of water policy

Ministerial Decrees

Ministerial Decree p002. (XI. 5.) KvuiMthe contamination limit safisurface 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 anc
control

Joint Ministerial Decree No0.6/2009. (IV. 14k IKVMMM on th limit values necessary for the protection of the geological
medium and underground water bodies against pollution and the measurement of contamination levels

Ministerial Decree No0.10/2010. (VIII. 18.) VM on the limit values applicable tmthefcanfacenatiters and laying the rules
for the application thereof

Ministerial Decree Ng2010. (IV. 28.) KuMiMhe design level of floods on rivers

Ministerial DecreeN& / 2 0 0 1 . on(thélemissién. apd eki8sn control of radioataiveesubso the air and inrwate
n the course of the application of nuclear energy

Ministerial Decree N0.28/2004: (XIl. 25.) KvWM on the limit values applicable to the contamination of wégsrfoatitelaying the
application thereof

Ministerial Des2 N0.31/2004. (XII. 30.) KvWM laying down certain rules for the monitoring and state assessment of surface
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11.2 (GENERAL HYDROLOGIEEATURES OF TBBENUBE

The Danube is the second largesinrizairopevith a length @857km. The catchment aremges up to
817000kn?. It has three characteristic sections, the Upper Danube including the Bavarian and Austrian basil
having a high gradighe Middle Danube within the crown of the Carpathians andDieubpwamrssing
Wallachia

The riveenters this countryRajla in thel 850river knprofile and leaves the cogotyiofM o h &t 433river
km Thel27kmsouthern section frbnu n a f @p ltodhe Sauthern borderline cons3&berfdsBends vary in
their curves the most @amgs being ti# § rpartsbend wherethe radius of the curve is m&@dm. The
average width of thersv0600m,with a gradient@8 cm/kmup to Fajsz adeb cm/kndownstream aof it

The width of the floodwdyuataha is merel50m ¢his is one of the narrowest flood level profile of the country
but at the @nen@ndB ® &Kaaapancseegions it reach®&s km.

Bottom material in the section upstreamkstcdrse gravel and sand, and finer sand and mud downstream of it

In the surrounding ofRaksPower Plalthe power station profile i$27river knfrom the moQtite thddanube
is slightly of low course section chaféetaverage wat flow of thBanubéiardly varies frdbnu n a %jov 8 r 0 s
Moh§8cs, it i s23@3BOMy Wilker e bet ween

11.3 MODELLED STATASODELS APPLIED

TheDanubeanodektudies conducted as part of the Environmental Impa&akslidgiof to determine how the
PaksPower Plasite affected in case the conditions deemed to be the most extreme and most unfevourable oc
investigate the morphodynamic changes developing as a result of the various hydrological events and to as
typical parameters oftteaiplume in the Danube of the warmed up cooling water returned into the Danube

The Danubmodels studied and analysed the following aspects in details

0 One dimension@lD)modelling of the impacts arising from extreme natural and artificial conditions
A on he exposure of the site to floods
A on the safety of cooling water extraction
o Two dimensional (2D) modelling of extreme low and high water events
0 River morphology changesphodynamics
A One dimensional (1D) model assessment of suspended sedimemtsand bed lo
A Two dimensional (2D) model assessment of morphodynamic processes in the Dan
channel
0 Theimpact of the warmed up cooling water returneDainubie Three dimension@D)
modellingf the heat plume

11.4 DEeESIGN OPERATING SHRAND TIMES FOR PHIRP®SES OF MODELLINGTBIRDANUBE

The cooling water requirements of the currently Redctlomabr Planinits at full capacity ranges Bpntg / s

per unif4 units totallOOm| /Mayimum operating cooling water needs of the propaeeiWnewunits is

66m | pes uni(2 new units total32n| / Teemaximum cooling water extraction levels and returned hot water
volumes to be taken into account for the purposes of mdaflirig?¥ thagth a view to the lifetime extension of
PaksPower Rntand the proposed operati®akdli were summarisedablel1.41.
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Maximum cooling water
Period Number of operating units extraction levels and returneq
[year§ [piecd hot water volumes
[ mi/ s]

2014 gresent PaksPower Pladtexisting units 100

2014 2025 PaksPower Pladtexisting units 100

2025 2030 PaksPower Pladtexisting unitkPakd! Unit 1 166

20301 2032 PaksPower Pladtexisting unitkPakd! Unit 1 and 2 232

2032 2034 Pals Power PlaBtexisting unitkPakdl Unit 1 and 2 207

2034 2036 PaksPower Plagtexisting unitkPakd! Unit 1 and 2 182

2036 2037 PaksPower Pladtexisting urittakd! Unit 1 and 2 157

2037 2085 Pakdl Unit 1 and 2 132

2085 2090 Pakdl Unit 2 66

2090 - 0

Tablel1.41: Design operating states and times for the purposes of modelling on the Danube

11.5 DEMARCATION OF THEDEOLED AREAS BY TBENTIFICATION OFETHWODELS APED

Theassessed area of @nubehannel bottom extends in the broader sense tarthioidg8iver section from
Du n a f (Bdnub&5806 river kindown to the national bofidanubd 43Ziver kinboth to theiddlestage and
high water stage ribed area

In order to allow the study of the impact fEoantthe {Lkuonydmarrage system as a water level control facility the
range of investigation was extendeld trama f Wdtréam $r8 mo s s (Raamubaé8956river kin This large
scalegeographic monitoring task was accomplished with tiomeséneé@sior(daD) model (HEAS).

In order to allow more detailed investigation of the impacts from the proposed develapdieranioj¢zD)
andthree dimensiof@D)model sidies were conducted for the environment of the phojedekiteating the
channel bottom area oD@eubas a function of the task

11.5.12DMODEL AREA OF EXTEEN@W AND HIGH WABYENTS AS WELL ADBHE TERATIONS
Extreme low and high water evettisizanube

The detailed relief model for Dlamubebed atmedium wate and high watestages was prepared for the
Du n af 2HajdzWD&nubel5® 6 - 15000river km section in a lengthapproximateB0km.For the purposes
of assessing extrefowandhigh wateDanubealischarge raeecurrent in every 20 000 yasadisthe impact of
undesirable everftandslideriver wall collapdsursting of a daommder such conditions 38kmlongDanube
channel bottom sec{@anubd500iver knit 1530river kryof the relief model was taken as a basis

The impact of tipeoposed developmenttheriver morphology chanmgeshe neighbourhood of the site was
concluded from the calculation Bbwheatgpace and the analysis of the historicabgsoakwng #0kmlong
Danube sectiosing theDflow modsimulation results

River morphology changesphodynamics

Morphodynaméssessment of the impact from the proposed development project were completed for this D
channel bottom sectising th®elft3EFlow liereinafter referred to@sIft3D) modeltwo dimensionagrsion
(Delft3B-low, 2013As a result of the model assessment it can be stated that the marppadiyaseasiovas a

lot less than the area modélleereforehé longer ter(poncerning the cases of a few average and a few high
precipitation hydrological yeawgphodynantalculations were carried out for the Danube channel bottom sectior
affected most by the morphodymapéct area in a lengtiBkin betveen theDanubeprofiles152475 i
152775river kinin the neighbourhood of the proposé¢tilditg
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11.5.2ASSESSMENT OF THERBWME NATURAL AND KRJIAL CONDITIONS THE FLOOD EXPOSIORE
THE SITE AND SAFEJFYCOOLING WATEREXCTTION1DMODEL AREA

Theimpacts of phenomena encounteredsiamdardircumstancesin extreme cases of the conditions formed by
natural (river bank wall collapse, landslide, formatiacepbpactificial (surface water control facilityjffewtors
Danubeare asessed in the form of accidental and failurerettemtsooling water extraction and on the risk of being
floodedrmanundated

The impact of surface water control facilities, extreme landslgenhameri@as operating trouble, accident or
failre’ were tested by thae dimensiondD) model (HERAS).These variations concerned the study of the
impacts of extreme floods and the impacts of extreme low waters stagessetigityngftibeoling water
extractian

11.5.2.1Assessment of the extrematural and artificial conditions on the flood exposure of the site

The cases assessed are as follows:

- The modelling of itmpacts of surface water control facilities, extreme landsliolesreomenemodel area
V 8 mo s s zMaobhadokansibe sectio

- Forecast of the impacts offametastingownstream landslides and the formation of icesgaggls flow
model model areBudapest Mo h $ansibe section

- Forecast of the formation of ice gorges and assessment of its impactugirigiheweter modeiodel
areaD u n a ¥j-M&h Peasibe section

11.5.2.2Assessment 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 operatianpsirében water level controlling structdel area
V 8 mo s s zMeobhagolansibe section

- Upstreanmpacton water extraction secofitthe situation encountered in consequence of ice gorges and
packed icemodel are® u n a % j- M Eh PDesibesection

- Assessment of the impact of river wall collapses and river mallalidesd u n a % j- M & hr Densibe
section

11.5.3ASSESSMENT OF THE WER UP COOLING WATERCHARGED INTO TBENUBE- 3DMODEL
AREA

The assessment of the heat load irigpdetsisive mainly in the caséswofnd mediuBanubevaterflows
therefore it concernsiamubenedium stage river bed oD#meibe sectidownstream of the hot water discharge
up to the southern national border by defining the designréinggademmdss the southern national border

Using the fremftwarenamed OpenFOAND model assessment was carried out for the appr@métely

Danube section in the neighbourhood of the sikaoolbshannel bottom sectidretween 152-71524river

km profiles For thisa 2D hydrodynamitow model(River2D and Delft8Be software programmes in two
dimensions) was calibratedLbkelongDanube sectiam order to allow transfer of the boundary conditions to the
3D modetithout boundatigturbance

The impact area of the heat load and the design impact appearing in the southern national defidedbyrofile were
a quas{"semifhree dimensioffide transport mo@ORMIX) by adapting to tBB (OpenFOAM) madek the

sectbn between the proposed hot water discharge and the southern national borderline crossioghtére Danube
words for the approxim&@kynlongDanubesectionbetween the 1526.8343%iver km Danube profiles
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11.6 METHODOLOGY OF THBIGEILOAD STATUSESD PROPORTIONING'BE MODELS

11.6.1ASSESSMENT OF THE IBESLOAD STATUSESEDHREME LOW AND HWEATER EVENTS ON THE
DANUBE AND PROPORTNINOF THEDFLOW MODEL

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

Calculations of theigas model variations were accomplished for water flows occurring in average once in ¢
20000years for high and &tream flowkor thel 5000 1530river knfFajsz Pak$ section of the Danube

11.6.1.1.1 Extreme low water event on the Danube

The impact dfg proposed design cooling water extraction status as the standard design operation status ¢
security of cooling water extraction was examined in extreme low water level situations taking the current in
available on channel bottom morphulm@ccount in comparison with the current status (i.e. the highest level
water extraction®gksPower Plant, which ishQ0/ s ) .

As adilure incidenaindslide was assumed upstream of the cold water canal to the Danube at extreme low wate
conditionsince this is the situation whematedevels are expected to diminishneritffdbourhoad theDanube
cold water proffe®oling water extraction paihich may have an impact setheity of cooling water extraction

The studyfaéhe cases below is presented in the following chapters

Current stat

Calculated with extreme, permanavatemflows occurring in average once in €0€ry&4rs on tBanubge
Qanbe= 5 7 qtherodtcbrse of the statistical processingwivlaer stages in 1865201 1period on the
Danubé when yea?012is also taken into account, somewhat higher levels ajanthéthetie maximum
level 000m| cosling water extrac{tbrough the existing cold watel),¢éadaidingetun through the energy
dissipation device

Design standard operation

Calculated with extreme, permanavatemflows occurring in average once in €0€ry&4rs on tBanube,
anda maximurof 232m| #osbe get up by the proposed extensiorexdtihg cold water caitaough the
Danubenouth crossectional arpaooling water extractioeturn is accompliskiedthe existing hot water canal
and across tlemergy dissipation devide thédanubédin the form of right bank dischaitieamaximunof
100m| hat water discharge voluara also through thecuperation structutesigned approximately
200metres upstream intoDaaubdin the form of right bank Danube digehitiiggenaximurof132m| os
water discharge volume

Failue incident

This is the assessment ofék@gd standard operalipnaking into consideration a potential adverse event such
aslandslideorriver wall collapse

11.6.1.1.2 Extreme high water (flood) event on the Danube

The impact of the proposed design catdingxiraction status as the standard design operation status on the safe
of the current and future site in case of a flood situation was examined in extreme high water level situations
current information available on channel bottomgyndmpihalccount in comparison with the current status (i.e. the
highest level of water extractiBakgPower Plant, which isih(G0/ s ) .

Under the current status assessment the impact of the bursting of a dam (or artificial cutting throggh the emb
on the Danube section upstream of the cold water canal outflow was modelled in extreme flood situation on the
the current and future site and their environment
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Landslide was assumed to happeraiagra incidedbwnstream of thet wateranaloutflow on the left bank in
extreme flood situation, since this is the situation when the landslide has an impoundment effect on the Dant
levels and an adverse flood situation compared to the standard operating mode may devety of the environm
current and future site

Current state

Calculated with extreme, permanenvdtgghflows occurring in average once in éd@0yy2ars on the
Danubeanube=14799M | &nd with the maximum levelohl00 s c ool i n g ughahe existing x t r ¢
cold water canatcludingeturn through the energy dissipation device.

Current staténcludingbursting of a dampstream

Theassessment biirsting of a dam (or artificial cutting through the embankment) on the Danube left bank s
upstrearof water extraction inflawcase of extreme higtter flows occurring in average once in ©agry 20
years on theanubeanuw=14799m | )lorsthe flood safety situation in the environment.of the site

Design standard operation

Calculateavith extreme, permanent Wwigter flows occurring in average once in €3@0dyy2ars on the
Danub&anun=14799mi Ansla maximumof 283 /s (t o be set up by the p
cold water canal, through the Danube motgéctiass area) cooling water extr&itomn is accomplished

via the existing hot water canal and across the energy dissipation device into the Danube (in the form of ri
discharge) with a maximum ahl00 s hot wat er d ithough the rgcaperationl struciere  a
designed approximatelyri2@@es upstream into the Danube (in the form of right bank Danube discharge) wi
maximumof 182 / s hot water discharge vol ume.

Failure incident

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

11.6.1.2Presentation 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 levehindod high water stages and of land use

Themodelling under the permanent low state and flooebfévefewad to above in the bottom channel of the
Danubevasaccomplishexith the application ofDk#t3hydrodynamicodelising itswo dimensial(2D)depth
integrated modulmder thextreme high and leater flows occurring in average once in &0€rye&rs on the
Danubéor thet 5001530iver knehannel bottom sectibthe Danube

The assessed Dargkeetion included the upstreahdawnstream sections ahtiséin@ndproposed sites of the
power plant

The calculation results are described below in the following geograplieiDeaktevarction

a) Danubd5191530iver knfin the calculatiostage 1
b) Danubd509151%iver kniin the calculatiostage P
c) Danubd500150%iver knfin the calculatiostage B

The relief map and morphological map of the area ¢madenmesr branahdfloodwaghannel bottom section
on the Danupeere developed i:@2 mresolutionModelling was deemed to be sufficient in detail6 xétimthe
resolution grid

On the figures below the morphological model developed for the main river branch channel bottom and for the
on the Danube is illustrggedFigurell.6.11; Figurell.6.12; Figurell.6.13 andFigurell.6.34, respectively

Danube morphbglcal modapplied in tHandslidéype situation asseséaidl slipand the features of the ground in
theDanubehannel bottom are present&uyonel1.6.11.
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11.6.1.2.1.1Morphological model developed for theenhedrand floodway of the Danube

139000
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137000
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133000

132000

131000 R
636000 637000 638000 639000 640000

Figurel1.6.11: Themorphological modithe Danube 151880 river km sectidmottom levelsetres above Baltic sea]level
T including EOV coordinates
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Note
(the arow shows the location dittgslide

Figurell1.6.12: Themorphological model obtheubd 5191530river knsection version assumilagndslidebottom levels
[metres above Baltic sea]leuatiudig EOV coordinates
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Figurel1.6.13: Themorphological model obthrubd 509151 %iver knsection bottom levelsietres above Baltic sea]level
T including EOV coordinates

FilenamePAKSII_KHT_11_Dunamodell_EN 24250
































































































































































































































































































































































































































































































































































































































































































