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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.

FilenamePAKSII_KHT_11_Dunamodell_EN 17250



MVMPaks IZrt. Environmental Impact Stuc

Implementation of new nuclear power plant units at the Paks site Modelling of the Danube river morphology and Danube hee
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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135000

134000

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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(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 obtheubd 509151 %iver knsection bottom levelsietres above Baltic sea]level
T including EOV coordinates
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Figurel1.6.34: Themorphological modithe Danube 150809 river kabottom levelsietres above Baltic sea]level
including EOV coordinates
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11.6.1.2.1.2Presentation of the area use of the Danube modetalsaparation of roughnestooemtifactors

141000 |

140000

139000
138000 &
137000

136000
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132000

636000 637000 638000 639000 640000
Figurel1.6.15: Land use categories orDieubd.5191530river knsectioni including EQV coordinates
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Figurel1.6.36: Land use categoriésng lhe Danub&509151%iver knsectiofi including EOV coordinates

FilenamePAKSII_KHT_11_Dunamodell_EN 27250



MVMPaks IZrt. Environmental Impact Stuc
Implementation of new nuclear power plant units at the Paks site Modelling of the Danube river morphology and Danube hee

121000

120000

119000

118000

N W R

117000

116000

115000

114000

113000+ :
637000 638000 639000 640000

Figurel1.6.17: Land use categories alon®#mibd 500150%iver knsectiori including EOV coordinates
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11.6.1.2.2 Calibration on high water

Fa the purposes of high water level calibration the benchmark data were the actually measured at th
crest/culmination with the discharge ratBafiube) = 890m| this is (he largest ever historical measured ice

free flood level from the 286a&3)The river bed ranges where the flow phenomenon actually takes place (model
river section) were generated by plane section, taking into account the measured downstream water levels ir

partial sections involved in the model sintHgsgioof the sectpiane Z0 plangseeTablel1.6.11 belowy.

Z (neasuredvater
Danubdriver knj leve) [metres above Baselinedata
Baltic sea levgl
1499.882 92.16
1500.920 92.24 3.Danubssection
1501.847 92.28 Danubd 500" 150%iver km
1502.842 92.34 Q = 8790 m
1503.071 92.36
1503.819 92.42
Z0 plane= 92.00netres above
1504.806 92.55 Baltic sea level
Z_downstream secti2.16
1505.794 92.64 metres above Baltic sea lev
1506.781 92.71
1507.316 92.75
1507.768 92.82
1508.756 92.91
1509.743 92.94
1510.641 93.00 2.Danubssection
1511.539 93.03 Danubd.509151%iver km
1511.579 93.05 Q = 8790 ni
1512.437 93.10
1513.335 93.21
Z0 plane= 92.70@netres above
1514.233 93.23 Baltic seaVel
Za_downstream sectiof2.92
1515.170 93.32 metres above Baltic sea lev
1515.418 93.32
1515.838 93.34
1516.072 93.35
1517.291 93.37
1518.245 93.48
1519.022 93.49
1519.196 93.48
1520.199 93.62 1.Danubeection
1521.184 93.69 Danubd5191530river km
1521.303 93.70 Q = 8790 ni
1522.193 93.77
1523.100 93.83
1523.550 93.84
Z0 plane= 93.00netres above
1524.000 93.89 Baltic sea level
Za_downstream sectiof3.49
1525.131 93.93 metres above Baltic sea lev
1525.714 93.99
1526.287 94.01
1526.706 94.04
1527.707 94.14 Surface gradieft7 [cm/km]
1529.528 94.21
1529.710 94.22

Tablel1.6.11: Modelled river sectidhe measured surface curve Bfathibe at the time of the highest@véree flood level

in Jun&013 (LNV)
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The purpose of the calibration was to set the river bed roughness or river smoothness coefficient by which
ensured that the measured and calculated longitudinel sexttotsvget as close to each other as.possible

Theriver bed smoothness feature rangesDunihleanain channahdfloodwayDanubel5061530river ki
channel bottom sectiocluding the calibrated river bed smoothness coeffipissntgen Table11.6.12

below

Land use

Serial number of

Range of smoothness

CalibratedVanningsmoothness

land use category coefficient coefficien{m/Js]
Water surfacand main 1 407 50 45
channel
Forest 2 571 20 11
Shrubswoodlots 3 151 25 17
Open are@loodwa)y 4 2071 40 26

Tablel1.6.92: River bed smoothness coefficient ranges of different land use categories and calibrated value ranges

The outcome of the model cadndavas the map of the static watenddpthare illustrated orfithes below

(Figurel1.6.38, Figurel1.6.19 andFigurel 1.6.110).
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Figurel1.6.18: Static water depth alond 8391530iver knDanube sectidrmigh wateflood crest/culmination of the year
2013y including EQV coordinates
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Figurel 1.6.19: Static watetepths at tHE509151%iver knbDanube sectiomigh water (flood crest/culmination of the year
2013) including EQV coordinates
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Figurel1.6.11Q Static water depths oflth@e150%iver knbanube sdoni high water (flood crest/culmination of the year
2013y including EQV coordinates
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Theflow ratéistribution findings calculated with the calibrated river bed smoothne&jaedfigiesented on
the figures bel@wigurel1.6.411, Figurel1.6.112andFigurel 1.6.113.

636000 637000 638000 639000 640000

Figurel1.6.111 Thedistributionof the absdloi® rate values thel5191530river knbanub river section after calibration
[m/sdimension®anubelischarge rat8790m| ¥ ysar2013 LNW)including EQV coordinates
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Figurel1.6.112 : The distributionof the absidwterate values he 1509519 river km Danube river section after calibration,
in [m/s] dimensions (Danube dischargey &8 year 2013 LNWVjncluding EOV coordinates
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Figurel1.6.113 The distributionof the aibsidbw rate values the 1560509 river km Danube river section after calibration, in
[m/s] dimensions (Danube discharge/@®e B i year 2013 LNVjncluding EOV coordinates
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The longitudinal profiles of the Danube surfaces measurddtaddt#ieutime of the ROESflood crest are

illustrated drigurel1.6.114
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Figurel1.6.114 Comparison of ttedaulated and measured longitudinal profiles after calubration for high vi&i@® along the

1530iver knbanub sectioin based on the measurement data of the flood cr281#abd(LNV)

11.6.1.2.3 Calibration on low water

The longitudinal profile of the assPsseibesectiorassociated with th&80m| Danubenavigation low water
stage discharge rate approyéeldebDanube Commission ((BY)was proportioned with the help of the low water
calibration method including the proportioning of the river bed smoothnebgocoetficierdoncerning t

Danubgrofile is contained &blel1.6.13.
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Z (measured surfage
Danubdriver knj [metres above Baltic Baselinedata
sea levdl
1499+000 8312
1500+000 8318 3.Danubssection
1501+000 8324 Danubd 500" 150%iver km
1502+000 8330 Q = 1180 ni
1503+000 8335
1504+000 8340
1505+000 8343
15064000 8349 Z0 plane= 8_3.0®netres above
Baltic sea level
1506+700 8352 Z_downstream secti_zm 83.18
metres above Baltic sea lev
1507+000 8353
1507+600 8357
1508+000 8360
1509+000 8368
1510+000 8375 2.Danubesection
1511+000 8382 Danubd509151%iver km
1512+000 8390 Q = 1180 nf
1513+000 8397
1514+000 8405
1515+000 8415 Z0 plane= 33.5®netres above
Baltic sea level
1516+000 8420 Z_downstream sect_io&3.68
metres above Baltic sgalle
1517+000 8426
1518+000 8435
1519+000 8444
1520+000 8450 1.Danubesection
1521+000 8457 Danubd5191530river km
1522+000 8466 Q = 1180 m
1523+000 8471
1524+000 8478
1525+000 8494
1526+000 8504 Z0 plane= 84.3®netreabove
Baltic sea level
1527+000 8516 Z downstream sect_i:)84.44
metres above Baltic sea lev
1528+000 8524
1529+000 8533
1530+000 8540
1531+300 8545

Tablel1.6.13: Modelled river sectiddBlongitudinal profilodelling benchline data

Matchingf the calculated @ahub&ommissiomater levels after calibration are presehigdreiri.6.115

i the match is thought to be very Hoechlibrated riveed smoothness coeffidiastthe same trend seen in the
case of calibration for high water
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Figurel1.6.115 Comparison of the calculated and mdasgitdiinal profiles aftelreadin for low water along the-1500
1530 river km Danube setti@sed on the Danube Commission water surface data

11.6.2ASSESSMENT OF THE ANIPS OF EXTREME NRAU AND ARTIFICIALONDITIONS-
PROPORTIONINE THELDMODEL

In the following chapter the (1D3l rsiotulation methodology of the impact of upstream side water level contt
structures, extretaadslidgandice phenomena is summarised

11.6.2.1Assessment of the extreme natural and artificial conditions on the flood exposure of the site
11.6.2.1.1Impact of the failu water governing structures on the upstream side

The purpose of this assessment is to define the exposure of the power planhgjte watianebetase of the
worst case flood event scenario, taking also into account the additiehesivgteritgnating from the burst and
disruption of theu n evateretaining workBhe basis for the worst case flood event araywievided by the
historical most permanent and most ddgbraatesituation.e. the series of flood waae®lling in the Danube
profile of Bratislavd @b4andin 1965 respectively

The discharge rates of the flood waves taken as a benchmark were modified so that the rate of flow du
culmination of the flood wave be calculated with a diecbhrgexisnuré probability which can be expected

only once in evelr@00years and which has never occurred Bbeshreuld be noted tthet most systematically
observed daily paramstthe water stage to which a specific water level wasaaddigeathily discharge rate
particulars were obtained by the associated elpediteasurements which were processed by calculations with
the @H curves corrected by computed prodeisiog) the flood level discharge rate pfobabilityemaied

below the formation level of the flood contralisighhagyeates werancreaseth a manner that the peak of the
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flood wave levelled with the grade of the flood control embankment and this way a load with lower probability
la level washtained

Taking into account the entire catchment arBaofitithePaksDanube sectiddetermined to be exposed to a

flood crest of at 1e286000m | @énghe basis of the preliminary estimates and calChisgstimeateloes not take

into acount the actual times of concentration and travelling in the casdladdextese® overtopping and
deteriorating the flood control Mioitsch situations Benubevill be transformed a series of reservoirs where the
actual course of travelbhghe flood wave is influenced and determined by the water absorption of the efflt
bottlenecks downstredims result confirmed the empirical conclusion which claimed that in order to encounter
extreme flood levels inRBkssection the joimipact of several cumulatiresecutivibood waves when extreme

high water volumes travel for a longdinseich phenomena mostly the spring and early summer floods of 1954 a
1965 could be determined from the observation time series as anxamalegtuishealso resulted the highest

ever water levéldNVpas well on the assessed section

For the purposes of the extreme scenario taking into account the realistic boundary conditions only the secti
Danubén the Carpathibasin was cadsred instead of the water system as alWwhaeenario tested took into
account the flood level discharge rate transfesgideDevin (ThebeBJatislava section withoubtinsting of a

dam Statistical analysis of the discharge ratetoattheeft was carried out by fitting the generalised extreme value
distributioGEV)andthe generaliséthretdistributionn the model simulation test rubOd@years flood level
obtained for the Bratislava section was taken into accawhtnimidiicdevel ofl3400m| /Tise.flood control

works of the Slovak capital is currently being developed.tAdbisriagthe excess water levels originating from
the active flood congfféctsand making and estimate on the safe sidevavitooi4000m | ¢ulninating peak
discharge rate at th@ mo s s(Kedieppdofile downstreatnaob | ks dakeas the input vall@r most of

the cases the flood waves level out downstream of BratGlavh larfdik anvestreme situatioactually
encountered by the observation in 20D6inating peak discharge rates may increase travelling dowthstream
configuration considered for the model the flood wdenobdaheets th&%f | ood wave of the
(MosorDanb e ) V§g, Qndth & macureemcel probgbibty iy #06ygars According to simulation
studies carried out earlier on this can be regarded asrecg @m@minishing culminating discharge rate can be
observed in 8@% of the cases wiih flood wavalng the BratisvdlagymarasectionAll in all, the flood wave

in question can be deemed to be less frequent than occurring dfEGHM every

I n order to enhance safety furt her ,ndatylsanditionfof theo d v
hydrodynamic model by disregarding the subsidence of the flood wave in the course of its travelling
V 8§ mo s s Zhanhia thd next step this flood wave was topped with the impact of the failure of the barrage sy:
L u n invthe least favourable and most adverse conditions which result in an additive dpothasise#me wave
entire efficiemblumen thd_ u n sterage reservoir between the upper operational amdntipelmdemeldvels
(110milliomm | incuding the additional volume of {hasbycandL90milliorm| furthermore the junction volumes
during the effluence were added to this figure, resulting2@3toitibah jwater volum@/ITUKI, 199D93)
discharged ir2alays period

11.6.2.1.2 Assessnent of the impacts originating from steep bank slides

The triggering cause aver wall collapseand landslides

TheHungarian section of Blamubedownstream Bludapestiows mainly along a nsothth directigtructural
valleyIn the geologicahé scale the river still migrates toward the West by scouring the elevated river bank or
right hand sidehis process is the basic cause underlying the landslides and collapses customary an the steep b

A second factis the loess, a materiaictvibuilds up the fldmk high bankEhese features allow the river to
create2060 metre high banks on the assessed section and to have such river walls collapsed under the appr
conditions relatively often

Theriver wall sections closera®@#mubehannel bottom are characterised by the so called slised sliges

This form of mass movements is generated on slopes and steep walls where the stability of the slope ceases t
some reason and the material of the riverlbslipsvdmwn in slices along a sliding track up to a point when the wa
is stabilised in a new balance position
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In the case of landslides along the coursdahubeusually higher than average level of precipitation can be
experienced for a couplmanths before the event actually takes place, which soaks the loess formation from al
Additionally, the permanent high water stages followed by rapid subsidmaeeserdatéso typical for these

evers. The latter fact leads to the obserttsiosuch phenomenarmndow watestages but not at extremely low
water levels, since they do not happen following several months of arid periods

Several authors refer to the role of earthquakes in the case .dfitanelstidagthquakes ansually not he direct
triggering causes of landslides, they rather have a kind of preparatory roles through the system of cracks crec
rocks

Current state of certain sections of the elevated river banknaatscumented landslides

Based ontdirary sourcddb documented landslide incidents can be identified8&dntthe section stretching
fromKulcdoD u n a s fseekigusiR.6.21).

For the purposes of our study those parts of the river wall seem to be important which run close to the channel
theDanuband hence the collapse or slide of which may changecttus@stgion of the river bed

TheErdhigh banis a3050metres higkteepnearly vertical walhe Danub#emolishes the foot of the steep bank
directlyThe scientific literature recorded several minor collapses on lihisthectwordsrge mass landslides
are not typical for this part of the river bank

TheErcsisections usually attached to the Danube 3@#0degrees slop&hestretch running the closest to the
Danubeiver bed is situated fa@h83 river knup to16134river kmThe risk of a high mass slide is relatively low
here, partly as a consequence of the bank protection measures

The section betwdénicsand D n a Yajisvs@me0ksnlong Earth movements causing the most serious impacts
were observed in this @amghe past few decadegen today there is an approximately three kilometres long sectior
within the builp area dfulcscommunity where several lots are declared to be at risk, efitphagpeethan a

third of them being particularly dangeddusigonstantlin motion already

TheDu n a f &dctibrea® be divided up into two.pdoish of theuDn a f Dridgkwth@ elevated river bank is
somewhat low@pproximateBdmetres The most typical mass movement is collapSeuterethe bridge the

high bank rises even higher, 880 metres above the level oDidweubeln contrast, sliced sliding of land is
predominant hefiehis is the place, next to the bridge, where a 700 metres lehgOama:tt€® wide slide took

place o 15 Septemb&®70.The estimated volume of the dislocated earth mass was appnilkomatelust

like in the case of a1 n a Yagveng thdasubehannel bottom was deformed in a length of several hundred
metresbut the twice a day readofghe watdére v e | gauge/ i ndndRaksare inssifficienhto Du n ¢
determine the impact of the collapse on the water levels

TheDunaszels Rectionis the only one found south of Reaksring directly besideDlhaubeThissectioris
particularipstableThe most recent major landslide also took place at this section or2Q@3Zabeatir mass
0f550000m jwas moved in a léngf520metres and inmaximunwidth oR40metresin this case some figures

are also known with regard to the changes encountered in the channel botfanudidhecivding to them at
least37000m j but not more thda6000m jof ground ipped into the river biéds assumed that the proportions
between the total earth mass moved and the part which actually made its way into the channel battom might
to the other landslide ca3éss landslide by the way had no detectablé impan t he Baj a or |
posts, either
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Figurel1.6.21: Landslide incidents in the past decades documented along th§Lhg®] banks

FilenamePAKSII_KHT_11_Dunamodell_EN

42250



MVMPaks IZrt. Environmental Impact Stuc
Implementation of new nuclear power plant units at the Paks site Modelling of the Danube river morphology and Danube hee

At the time being there are threessciobe along th®anubgwhere the risk of major landslides ma@esist

them at Wlcscanbe found directly beside the main rivitichade imaged that a landslide involving channel bottom
deformation occurs hdrat with a view to the distance Rakano serious impact is accounted Tigh

D u n a YJ8vh%rr sBetidisgadit furer up from the main river bed, and therefore, although a slide may occur a
time, this is not expected to affect the main channéldolititomal landslides should be reckoned with at the third
ri sk zone i n Dunaszekcs RPakshuthanyanajor iclesureadf theechadnel battany card o
only be caused by mass movements larger with an order of magnitude thes bppeméchrecently

Since most of the dangerous sections are monitored on a continuous way, and in a number of places bank |
works are underway, the chances that there will be a landslide along the Paks section big enoughédo cause a ¢
discharge rates or the closure of the river bed are very low and can practically be excluded in extreme Ic
situations

11.6.2.1.3Forecast of the formation of ice gorges and assessment of its impact in high water

The purpose of the cummerdel simulatisnto determine to which exteReke®ower Plaarea is affected by icy
high wateras an impact of an ice gorge formed upstream of the PowemRlattcasthacenario situation of icy
high waters and water level increase achieved ad theepaltie®d iceicegorggwhich usually happened in the
low ananedium watdischarge rate periods of the winter)season

Design flood elevatioDEH published in the Ministerial Decrdé/MN@97 (1X. 19.) KHviMthe design flood
elevation of ers(DFE were determined by the ice high water situations learnt on the basis of the measurement
recorded up to that date o#raibesection downstreanEettergonwhile non ice water situations were more
dominant on tidmnube sectiapstreanf Esztergarin the surroundings ofRhaksPower Platihedesign flood
elevatiomformed in the Danubat is not the ice free but thegbewatdevels were determif@acticallihose

was the packed ice perid®56) The formation levekét elevation) of the flood control works erected were also
determined as the design flood elevatiam;(D&EBS31metres above Baltic sea lievéhel526b river km

Danube profjjavith a one (1) metre safety tolerance in the neighbduehmmeesfilaf@FEoe7+ 1 m).

Ministerial Decree N@2010. (IV. 28.) KwMthe design flood elevation of the rivers entered into force on 6 Ma:
2010 and repealed the former Ministerial DA&EONO (IX.19) KHWMhis new regulation the deslg of the

ice high waters downstredfsztergomwas terminated as a result of the expegieinesl in the past petriloey

have all become ice free design flood elevations BattsRdher Plameighbourhood ithesign flood elevation
DFEx10(9401metres above Baltic sea,leviel 5266 river knprofileof the Danupe

For the purposes of solving the tasle alimensionaydrodynamimodelwas successfully calibrated for the

Du n a Y((158%nver ki Mo h § ¢ s9riverkiDarBube section in order to determine the worst case scenario
ice high water elevations developed so far on 5 ta%bBi@rdheD u n a Yaprofil®t thee Danulibe elevation

of the ice was raise@Bgmetres within two days due to the packed ioe gorges formed downgtream

The locations where packed ice stopped at the time of the 1956 ice flood oD dme lzsSestiltr design
purposes were as follows

Dunaf ©°| dvl&8®67 15580river km

Harta 154807 15460river km
Si -t or ok 151007 1489river km
Bajalpridge 1485071 14800river km

S8r os par t147507 14700river km
Hydrauliproportioniraf the modelrficefree flood waves

The maximum discharge rate associated with the flood wave travellBduaor@s¥ipesies(Danubel 58 6

river kinbetween 1 and 20 of Ad6was taken as a permanent $batthe purposes of upper boundary
conditiongp u n 2 8460 | /TIise.lower boundary condition was provided as a water level based on the de
water stagétires recorded in the M §mfg1446.9iver km

1D permanent numeric modelling of ditheasionaltural turbulent hydraulic process changing in space and time
is merely a poor approximation of H@aMsgver, calculations with acceptailecy can still be made in practical
terms and to handle the problem when the model is proportioned
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Proportioningvas made for the water levels measuredpnofileef the respective watermark posts by the
determination of $moothness coeffitsein the main channel bottom arfibddevayn the left and right hand
side

Water levels observed and calculatpbgmyrtioningespectively, were provided in the followindatalele
11.6.20):

Zcalculated Zmeasured A Z
Watermark pos| Danube [metres [?st:/es
(Danubg [river kn} | above Baltic ove [cm]
Baltic sea
sea levdl |
evel

Dun a%j 1586 9747 9749 -2.0
Dunaf ©° 1506 9575 9579 4.4
Paks 15313 9395 9398 -3.0
Dombori 15063 9242 9237 4.6
Baja 14787 9052 9050 24

Mo h §c 4 1446.9 8850 8850 0

Tablell.6.21: Measuredndcalculated by proportioniager levels

Proportioning for the ice flobgidf:

ThelDhydraulimodelised can also be applied for the situations whergeaseagoformed and breakingnd
floating of ice occBince for the definition of the ice gorge multiple data need tdldmatioyathickness
dimensionsmoothness coefficienthe ice gorgéheproportioningf the model was carriedauhg1956ice
flood event

Similarly to the casehgtirauligproportioningroportioningpok also place with the help of the smoothness
coefficient#\s a function of the ice gorge thickness the fatlowthgess coefficiaars recommended by th
prograniTablell.6.22).

Thickness of ice gorge| Manningypesmoothness coefficient
[m] [m9s]
01 0.015
03 0.4
05 0.06
07 0.06
10 0.08
1,5 0.09
20 0.09
3.0 010

Tablell.6.2: Mannintypesmoothness coefficient

Duringoroportionirgfforts were made to arrive at a good match of water levels héthGaewl16E5iver km
profile of the DanubB®ue to the uncertainties of the upper and lower bowitdang targer errors were also
accepted for the other sections

11.6.2.2Assessment of the extreme natural and artificial conditions on the safety of cooling water
extraction

11.6.2.2.1Impacts of the damage and abnormal operation of the upstream water level comtrollirg st
(1D)

Nonroperational functioning ofLthe n sterage reservoir (failure events) may have an impact under extreme
conditions when threviously emptied storage reservoir vetfedtiestorage volume dfOmilliorm j (VI TUKI
19921993)betveen the lower and uppgoundmelevels would be started to be filled in times when low water

stages occur on the Danlibiss undesirable process may only cause problems with cooling water supply and tri
interventions case of extretog watgperiods
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Water retention intended to fill up the reservoiretibimgparepression wave which enforces water level subsiding
effects in the areacobling water extractidre lower discharge rate is used for the filling of the storagkeeservoir,
longes the duration of the depression wave and the lesser the extent of the water levethsiesieleinte
storageeservois filled with a more substantial flow rate which approximates that dischaDgesnuhi@tddhe
waterstagesthe higher the extent of the depression wave formed and travelling along the river will be but the ¢
of thebbingvill be proportionally shorter

The predicted trends of a joint probability of extreme ev&asioih thekrage system and the extraoritinary
waterevents are not investigated herepartbds of standard operation, since the dam will not retain any water belc
1000m| Dasmubealischarge rates and the entire rate of flow arriving tis fleé thamugh to flow intddweube

mainly in order to maintain the appropriate living water supply of and diaiilityatbatieel bottorfhe
extremdow wateevent on the Danube was defined pursuant to the provisions faml/eiowmemtebree No
118/2011. (VII. Idn)the nuclear safety requirements of nuclear facilities and the related activities.of the authoriti

In order to maintain the level of nuclear safety the cooling water necessary for ensuring permanent cooling func
fresh water coolimgeratingrodes will only be available at the appropriate safety level when minimum water disch
rates are also available in addition to the minimum waGoniglialsce with the aforementioned criterion is
investigated asbal®year frequently le(@l event recurrent in e28800)just a it is required by the provisions

for meteorological feat(jpes 5« 10°/year= 5x 103/ 100yeay}.

A simulation test was carried out with the use of(1iRehfidredynamidEGRAS)modeffor the nestandard
operation of theu n ¢Gvacb | ¥ barmagecsystem during a period whBaribbas in permanently low water
stages in order to detect adverse effectsamiitigewater extractibthe Nuclear Power Plant

The worstase scenario is caused by the circumstances when for some extraoiidaichresaadailure event

not considered to be part of standard operations and which is depending on external conditiérthdeyond con
110millionm jvolume storage eesais emptied to its full extent and at the same time theDiaoobwligcharge

rate is extremely IdWe joint occurrence of such incidents in the event of standard opérationdrtiage

system is practically zero, while the frequency in the cases of functiorstendadgioperating mode can not be
judged

Water discharge atthe n darrage system at a flow rate lowetO®@n| is sonsidered to be a-stamard

operating mode which deviates from the operating imstiudtédnis the operation licbns¢he impact of water
retention in this failure event is assessed in the periodDahehetlader stage is extremely Tatne Water
Management Seevdetects the launch of undesirable depression wavedvdtheub@rofilethus their arrival

to Paks can be forecadibd 2 days beforehartis recommended that the oper&akstower Plarindthe
propose@akdl Nuclear Power Plagjotiated with the operator @f then barrag@bout the causes of the water
retention policy applied and to be applied in thandludirey information exchange between them about the
expected effects the negotiation meethgoperator of thewer plant is able to verifwéidoundedness of the
extraordinary water retention operating mode leading to the restrictions on the peulerdgésrerdtiomy

obtain information contributing to the proper decision making procestheematisgres necessary for the
extraordinary operating state in quéstiase the consultation does not arrive at a successful aglésment
depression wave originating from tistandard water retention policy @f the d®arrage systeendangers

cooling water extractittreNuclear Power Plamist accomplish the operative shut dowrurug thed must

provide for a safe cooling water suppither words, the impact of fillrigu n darrage systerasultsin
extraordinary situatiamen the incomiDgnubelischarge rate is extremely low and the storageise=sialy
emptyunder various water retention strafdgeestreme low water discharge rateldnbbeipstream, arriving

from theesevoirwas determined as an event with the probability defined by the Nuclear Safety Code for the e
cooling water extraciod meteorological condjtrespectively, for the Bratislava watermark post of the Danube at
the 1868.7 river kmofile Qicoming=558n| { (p=5x1®Wyea) probability evemecurrent in every 20 000 years
Filling of the reserwoitimes dbw watestages causes a depression wave with a varied depth and duration pendir
on the rate of flow retained for surrounidéngroposed site atBlamubd 526.%iver knprofile
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Retainedvater discharge Duration of the The extent of water level
mi /s depression wave subsidence caused by the
days depression wave
cm
10 127 ~2
50 24 ~12
80 13 ~22
100 10 ~25
150 8 ~38
200 6 ~50
250 4 ~62

Tablel1.6.23: Characteristic features of the depression waves in the esemtdzfrdaperation ofithe n barrage
systemwith a number of different water retention (f@Begytrategies

Regression analysis relationship of the associated measured water level readings between the watermark po:
(Danubd 5313 river kinandthe gauge at teenbaymeriDanubd 527river knt cold water cahalas carried out

in e entire range of the hydrological conditions patteanobgrethe mediuandlow waterangeand in the

high wateange

The following correlations could be established as a resu(Zdintteete stbove Baltic sea]levater levgl

-Danubdow watgandmedium watkave) range Zoanubeis31 siver ke Zembaymert 38 €M,
—Danubdaigh watdevel rang%anubel%l.ziver knT Zmbayme’nfl' 30 cm,

Theaverage surface gradient ob#meibéetween thBanube 5313 river knprofileandDanubel527river km
profilgcooling water outflow into the Daswpproximatédly cmn averagésomewhat lowerhagh watehighe

n times dbw watesince the roughness coefficient of the floodway is higher than thathafrthel tatitpnit

can be stated that approximately 3 cm gradient was necessary in the cold water canal for 27ecapproximate
Danubeurface water gradient in tintéglrofvatg27+3=30)vhile the same figure in the perilods watestages
isapproximatelyl cnsurface gradient onabkl water car(@lr+11=38Hereinafter an approximation is applied

The surface of the water has a gradient of approximately 38 cmdmbhagemetitatermark post of the power
plant and thBanubd?akswaermark pogtrofilgDanubel5313river kin The resistance of ttwd water canal
from th&anubenoutichannel bottom friction and local losses along the channel battdmvafetheanslich

as debris scregup to the water extraction plahéDanubdow watgseriods isllcm.

Surface of the water falls approximately 27 kilometres bbiwzear tRewer Plargter extraction prafileld
water canahouthof theDanub&152&river kihand the &kswatermark postofilgDanub 15313 river kiin
times of low water stages obdhabe

The outcome of thiehydrodynamicodel simulatitor thd. u n barrage systesne contained in the-sbbpter
e nt ilmphcts df the damage and abnormal operation of the upstrezeh ceateolling strudtuieDNo 6 (
11.9.2.2.1).

11.6.2.2.2Impacts of the situation encountered in consequence of ice gorges and packed ice

The purpose of this simulation is to define the impacts of ice extreme low water stages within the surroundir
power jant as a result of the ice gorge formed upstream of the water extraction site of the power plant in c
characterise thecurity of cooling water extraction

An ice gorge is the most extreme variation of packed ice which closes the erdiral guasdesettthe
watercoursén such cases (at least in principkthridogh would be eliminated for a period of time and the passing
rate of flow drops to z@ius state will be maintained until the level ofrtimpaateletiehind the icerge

reaches the crest of the ice gorge and water overspills the fldek&ddqeoint the water discharge rate along the
downstream section is gradually increased until reaches the initial discharge rate

This simplified model was used undeetadagfety assessment gtlE§8]andpartial closure of the channel
bottom, the breaking up of the ice gopmgssimg of the packed ice, etc. which all would result in a more rapic
restoration of the water levels downstream to the extentbpferaiting closure were not dealt~aitthe

purposes of the simulation a barrage system wildsafiitagietetr gate was placed t6@ie+02Bver knprofileo
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model the ice gorge and packed ice the bottom level of which was identieal waimtlos tbes actual channel
bottom and the width of which equalled the width of the cross profile at the height of the crest level of the ove
By movingerectinghehingedeaf tainter gate the closing effect of the packed ice caldtede sim

11.6.2.2.3 Assessment of the impact of river wall collapses and river wall slides

Since most of the dangerous section al@amtibeare continuously monitored, and a bank protection works are
underway in a number of locations, the possibility alear&mudistig detectable level of decline in the water
discharge rates and river bed closure at thedBalis extremely low, and can be practically excluded in the event
of extreme low water situattbren under artificial situations the congkstiohow water channel bottom of the
Danub¢o an extent more than modelled can not be.expected

In spite of thiandslidevas anticipated at one location upstreRaksRower Plantater extraction site in our
model simulation

11.6.3MODELLING THE HEAIUME- PROPORTIONING OF BIEHYDRODYNAMIC AND N&RORT
MODELS

11.6.3.1The case when the current design heat load status or the development is omitted

In the current conditions the warmed up cooling waaksPdimesr Plars returned into the Danulaghe
existing hot water cgth&P6+250ver knight bank

The cooling water requirements BalsBower Plamt full capacitig 25m| pesunit(4 unitaltogether, meaning
100mj / s ) .

ThePaksPower Plaaperates up to 20137 witlifdiene eghsiorpermit and the units will be shut down from 2032
to 2037 according to the schedule includedifétinttee extensipermitProvided the current state of affairs is
retained and the proposed development project is omitted, the followinghecbledtidlevin of eantiandthe
following hot discharge rates are to be accounted with

Periodyearg Highest hot water discharge rate Number of operatingits
Q [mi/ s] [piece]
2013 2032 100 4 existing units
2032 2034 75 3 existing units
2034 2036 50 2 existing units
2036 2037 25 1 existing unit
2037 0 -

Tablell.6.31l: Trends in hot water discharge in the event the current state of affair prevails

According to the Ministerial Decrde5Nb 2 0 0 1 . (VI . 6. ) KM on the emis
substances into the air and i wdtee course of the application of nuclear energy currently in effect the referer
profile is therofileof the Danube situad@@metres davstream of the hot water discpaofjkeat1525+750ver

km(its denomination+600n).

For the purposes of operation the decisive tlaetievel of tBanubdackground temperaflisewnd A &npits
changes in the reference préfilandownstream of the outflow

Toanubst @i bradiem TixingQ imTvalue
where
Tiimit vaiie 30A C
@ Teatgradicnt  8deskrided(in details in Chégtersuant to Ministerial Decrde®™é 2001 . (VI . 6.)

& hixing The extent of cooling caused by mixing of the hed@t thaDanubevater at the500m Danube
referenceprofilespecified in the regulation referred to. dbevenaximum temperature increment of the
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temperature distribution iD#dmibeeferencerofileas a result of the heat load, comparedtantbewater
temperature

Having the inequality above rearréingezhvironmental requirements are met at the Danube temperature levels
Tpanubeas follows

TDanubeOTIimit valué $-r[eat gradieﬁf r@i%

In this inequaléy fixng=  @Rk(Qanub), IN Other words the extent of coolirfgristarof theDanubelischarge

rates Both thenodehndthe measurements suggest that this value is relgtertieimdeom the actual discharge

rate due to the changes ifidleratspace in the range of the low discharge rates in the low water stage and medi
water stage of tBanub€2300n| that)s beloh850m|j therefore 8500m| Dasubeate oflbw was taken as

the design level for the calculations

According to thgdrodynaméicn d heat tr anspor higaaed o slighhdxtendin the cask ef v
the design operational state dPaksePower Plawith for unit@nd the design discharge rate of the :effluent
100m| /as & function of a number of dalricthe reference situatioR0d# with a heat gradienBdf Qthe
temperature decreased4¥ G0Ometres downstream of the hot water dischargibipailsio means that in the
event when thizanubevater temperatise26A (the34A Gemperatre of the hot water discharge is reduced to
30A Gn the Danube in the line of the maximum temperature of the heat waber fiemmeeratiseless in

other placesgarying betwe@6and30A C) .

Due to an increase ofdhaubevater temperatureer timghe reference situation in terms of heat loads is achieved
by the yea2032in the scenario when the development project is not implemented, when the hot water disc
reached00m|j #ndthe desigwater temperatwe the Danubed&3 8 LAt€r.ofi 2032002037 due to the

exit of the units proposed for each second year the heat loads will not be a cause for c&uceentlamy more
designwater temperatuwé the Danube exce@@ @y the end of thigetime extensiand hence, éB0A C
temperature level would be exceeded in the 500 metres reference profile shouddsuetakes no

Therefore, to be on the safer sid@s&éDanubevater temperatusvel will be taken as a benchmark on a
preliminary basis for theqaap of defining the anticipated duration of thevperimgsasures are necessary in
each of the years

11.6.3.2Specification of the design heat load statuses in case the proposed development project is
implemented

The warmed up technology process watgrroptisediewunits will be discharged into the Danuberightthe
bank of th&526+45fver knDanubeprofileon the upstream side of the current inletipanbew inlet point
approximately 200 metres to the nortlyastingnot water canatossing theecuperation structure

The maximum operational cooling water need of the2prbpo8&Vnewunitswill bes6m|j pes unif2 new
unitstotalling ih32mj / s ) .
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The operating schedule oP#tesPower Plarindthe proposed new degwelent is summarisedablell.6.2
below

Maximum hot . . Design Estimated highest annua
Period [years] | water discharge Number Of operating units dates water temperatuien the
[ mi/s [pieces [yeai Danubg°C]
2014 (present) 100 PaksPower Pladtexisting units 2014 2561 [C]
2014 2025 100 PaksPower Pladtexisting units 2610]C]
2025 2030 166 PaksPower Pladtexisting unitslnew unit
20301 2032 232 PaksPower Pladtexisting unis2new units 2032 2638[C]
2032 2034 207 PaksPower PlaBtexisting uni2 new units
2034 2036 182 PaksPower Plagtexisting unit2 new units
2036 2037 157 PaksPower Pladtexisting usi2 new units
2037 2085 132 2 new units 2085 2864 C
2085 2090 66 1new unit
2090 0 -

Tablel1.6.2: The trends in hot water discifa@e rimjthle svent the proposed development project is impiéinémed
highest expected anneteréamperaturen the Danulf@anue i @ design operation dates

Themaximurwater temperatuwethe Danube at the power plant Piéfile@vas taken as an initial value in the
year of 2014 as a r e andthe steephs oftithlimearttrenel was dedirfe@ads @dari s ( +
obtained from the climatic models, extend2t2@p to

The warmed up technology process waked with the water oDdreubefter dischargguch mixing is a multi

stage process, and in termgaaiesin depth, cross directional and longitudinal mixing phfterestatedhich

are fundamentally influenced by the flow and temperature conditions prBailibgAccheling to this the

critical design state is determined by ttedodisecharge rates anddreubdackground temperatasewell as

by the coincidence of theBased on earlier experiences and the measurements conducted it can be stated tha
periods of critichéchargeates and high background temparatiaity do not conaehe critical high temperature
incidentypically occur at low and mediun{*&a¥ 1850m| /trerefore the500m| dissharge level on the
Danube was selected for the purposes of describing the current and futioadesaiashea

In the event the proposed development project is implemented, the design heat load states on the Danube
expected in the year2@32and2085since after the yea082theexistinginitsare scheduled to quit and the
volume ratef flow of the hot water loads is thus redusetistamtiaxten(reduced b®5mj ih every second

yea). After the ye208%he discharge rates of the hot water loads is also reduced substérdiall2mqirb s

66m| /The)volume eabf flow of the hot water loads is redueeithantire increase in hanubédackground
temperaturéhis is why the yea32and2085will be the reference years for design

In the design heat load states of the2p@@and2085the efficiency ofixing and the extent of temperature
reduction is expected to drop from approximfi@ly 40 a p PAICo raismat e leys u2 tDanabe t he
water temperatwreer timandexceeding the current design hot water discharge rate dtRhksawner Plant

(100mj /Cempliance with 8®A @mit value at tB@0metreDanubeeference profile other words in the case

of theBA @eat gradient is possible only below approBAa@hd in the design heat load states of tR@32ar
and2085s possiblenly below approxima2dhx ©f Danubevater temperaturespectively

For the sake of safety, the Danube water temperature solicitinglaueelsungsobnsite monitoring
measurementhen the making of the potentedssary measures to an eventual intérieimntcdnded due to
the aforementioned reasons on a preliminary 2@&isRaksPower Plant Paksl| joint operatiandPaksl!
stanealoneoperatiorandas25A (PaksPower Plant

It is also invégated in the later stages what are the average expected periods of time inRiayshateterthe
temperatur@ncerned is expected to be excéradder words the durations for both current and future design hea
load states as a function of liheatological scenaribbe study encompasses the ran@arafbewater
temperaturieetwee20A @nd30A Clor aci Adiep, andthe800m| 7 3500m|j dissharge rate ranges of the
Danubéfor eaciOOmj / s ) .

The mixing states critical for thesparpbthe heat loadsich take into account the higher background temperature
levels occurring as a result of the climate change can be characterised by the following parameters
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Design state of 2014

- the background temperature of the [@naMEETomuwe= 2561A C ,

- cooling water discharge rate Raks®ower Plafg) 100nj / s ,

- the warmed up cooling mgatiischarge into thanubat the current outflow

- its temperatu®@ (Tot WateF’oj:%A Gand(ii)the inlet with tBA @eat gradient svvestigated in a separate model
run(Thotwater_-TDanubé' 8 AB 1= Ag:a )

Design state f&2032

- Tpanube 2638A C )

- as aresult of the joint operatidakaPower Pla@aindPaksll, the curretuen=100m|j flowis discharged at
the currentlet point and the futuesr132m| flow is discharged the upstream side of the current inlet
pointvia a new inlet point to the northesdgtieg hot water cac@ssing the recuperation stru@ufe: water
= 3 Jnd@)Gorwer= 343 8 rdsfectively

Design state f&2085

- Toanube= 2%4A C,

- Quuwe= 1 3 Zownsjdischarged the upstream side of the current injetip@intew inlet point to the north
of theexisting hot water caomldssing the recuperatianc8ire(i) Fot watem 33A Cand(ii) Tot water 3664A C
respectively

Supplementary measures to be applied to compBanitibéeenperature limit

Additional measures

- Extraordinary specmbnitoringpf Danube water temperatupstream othe cold water capah the
neighbourhood of itte watedischarge poimidat theeference projile

- deloading of thanits

- or additional cooling options

- or shut down it

may become necessary during the period when the undesirable event lasts

Additional cooling options

- additional extractioahubevater for cooling purppses
- postcooling by the installation of a post cooling system

Heat technology analysis of the additional cooling optioesifoitdéhvas accomplishdatcording the analysis
carried out for the potential supplementary medsadisgdef the units is the most cost efficient solution under the
currently known set of crittgeefore the additional cooling options are not dealt with henceforward

In thesectias below the duration of the measures (in days per year) expected in the future and necessary in «
adhere to the B0Gemperature limit value in5®@metresreference profile the Danube, based on the
climatological modelling results

11.6.3.1Presentton of the hydrodynamic and heat transport models used for the calculation of the
heatplume

Two kinds of models were used for calculating the heat load calculations

I. apermanerftontenin timg 3Dhydrodynaméndheat transpartodeivas create@@p&aFOAMIN the
mixing zone close to the outflow Bathéechannel bottom area betwee@5k& 152Giver km
profils of the Danube
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II. aquasBD transpamodel (CORMIX) was applied in the more distant mixing zone the lower boundary c
which concur wthe southern national b@derubd 43Fiver kryjusingone dimensional
hydrodynamics

Close mixing zor&D (OpenFOANodel

OpenFOANOpen Field Operation and ManipukagofifeeCFDsoftware with an open access sourcelbede
software has extnely wide range of modelling features which seitalele for the purposes of modelling complex
processes in fluid flow phyElese features in fact are identical with the featuFdsenfeth@ ANSY Software
programme3he services provided identical with those provided by the very costly aforementioned programmn
and can be upgraded further as necessary since they are permarssimamemomodels basedirite

volumes written in @eHanguage

The software was used to mul8l kilometres sectialtulateffom the discharge point
The summary of the model calculation processes is as follows

1 the construction of a geometric model starting with theuivey likege surrounding environment of the
outlet point into henubealong an approximagdtylongDanube sectibanub&hannel bottom survey
of the year 2012

9 definition of the finite element cell system of the calculation area for the numeric calculations

9 definition of the input values of the model by pheviinndary conditions and the initiainaltaer to
determine the upper boundary coffiditvoratalistribution tHzD flow model was used to calculate the
permanent fldigldof thel5313-151%iver knsection of the Danulgng th&iverD free use model

9 calibration of the model with the use of the measurement results

9 application of thedeto solve the tasks and objectives set

9 processing of the model simulation. results
Distant mixing zorisemi" 3D (CORMIXpdel

The CORMIXCornelMixing Zone Expert Systismd free hydrodynamic mixing model and decision making
preparation system developed HYySEPACEAMThe software allows simulation and analysis of the mixing of
contaminangndthe planning of emission parameters mettirgualédy requirement criteisused extensively

in the official licensing procedure of emitters of industrial and municipal wastewater of heaofialarants
calculated the features of the plume analy8Badlydiprovides text basaskistance tescrib@nd analyse the

mixing process form€&kde system consists of three subsystems which handle various types afdeanissions
supplemented with a number of data preparation and analytical subsystems

The software was used twledécthe features of the heat plume formed in the area marked out by the heat emis
point and the national border

The summary of the model calculation processes is as follows

- the construction of a geometric model starting with the river béldestveeysémtion marked out by the outlet
point into the Danube anddb#ernational border

- definition of the input values of the model by providing the boundary conditions and the initial values

- calibration of the model with the use of theemeaisuesulisnd of the findings of tBB (OpenFOAM)
simulation process

- model calculations of the emission cases
- processing of the model simulation results.

It should be noted thathibiewatetravels from the point of dischargeDartbhbgDanubd 52&5river kiyup to

the southern bord@Banubd 433river kihon a route of approxim&@akmlong in th®anubeiver bedwithin a

time of 24 days as an averdgdimes when the actual discharge rate of thiessv¢han tH2anubenedium

waterrate of flo®300n| ths tyavel time is gredfée discharge of tiet wateintotheDanubevas taken at 12

0 6 c | of(th& trered.ofrthe Paks watermark post daily temperature readings adapted to the annual maximun
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increased y2  iA thecold water carmbfildor the noon holtius théiot wates expected to leave the country
at around nooihe cooling effects of the lack of sunshine during the night and of the drop of the ambiel
temperature were taken into accobet parposes of the calculations

11.6.3.2Proportioning of the flow and heat transport models
11.6.3.2.1 Proportioning of the 3D flow and heat transport (OpenFOAM) models

Based on theydrodynanmsalculations carried out for the present state of affairs it can beatdhelutiecharge

of al00mj AMischarge rate of cooling water represents a surplus pul§églmeally6.3l), having an
advantageous impact on the mixing piduelisw ratalifferential between Benibe andthe discharge flow
increases the turbulent diffuSjmeed vectors with different directions favour the formation of eddies.and whirlpo
Themain current linetheDanub@ulled towards the right bank at the point of theneatfiogy th&tte majority of

the water volume carried bpdmeibés found herEor the purposes of mixing it was crititta theat plume be

mixed withs much as possible ofhrube water rate of ,ftbarefore it is important that the cooling watker arrive

to the riven an angle from which it can penetrate in a transversal direction the mbnéstimgtiadttendition has

a strong influence on the fate of the plume later

[ [ T | .

01 02 03 04 05 06 07 08 0.9 1 1.1 12 12 14 1.5

Figurel1.6.3L: Flowratedistribution pattern near the sfacebeneasurethte of flow 5 4 0 heatjgladient8s AC)
design state in 2qT4anubmac256 1 A C)
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The sections promoting mixing most can be found at the spur and transverse dyke sitlategintrider the
contrast, stagnant zones are formed in the shallower parts between the spur and theltramssensgibyise

mixing is prevented in addition to the lower speeds by the cooling water which forms a kind of wall against th
water andoes not lets it into this.dtean be said of the fliistribution measures it8@0 nprofilehat lower

speed ranges are formed on the right bank between the inlet of the cooling water anBitheatio6s®)yke
Relativélow ratesere formed in order to compare model findings with the measurement results since they bell
albeit close, yet not the same dischargEarthe purposes to obtain relative speeds the compofhantratehe
concerned wasvided with the mdlam rateThe standard deviation of the measurement points and the homogenei
of the model can be observed, nevertheless a high level of concurrence can be established

+500 m -es szelvényben mért relativ sebességek
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Figurel1.6.2: Relative flow rat@easured and calculated in306 neferenciprofileas a function of the relative distance
(y/B{> whereB [mis the width of tBanubeross profil€banubemeasure 1540 mj / s)

The heat plume of thesioer calculated with the use 8f fi®@at gradient is illustrateBigarel 1.6.33, where it
can be clearly seen that the plume is pressed against theFigtiidvandee, it can be seen that the significant
temperatureap takes place at the inlet point and the transverse dyke due to the phenomenon. discussed above

The maximum temperature of the heat plunaitutieeferencerofilgdischarge profite500m)was checked

on the basis of former measurenfentapmximately-4A QGlrop was measured in relation to the discharge
temperature during the control measuremeridamtiEbackgroundater temperatumas 2% (Due to a high

level of correlation betweemimsuredndcalculatedesults théeat transpamtodels regarded to have been
calibrated
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Figurel1.6.3: Heat plumé&, Ar@at gradie(@anubeneasuredischarge rate5 4 0 i degign state in 2014
(TDanubfmax:256 1A C)

11.6.3.2.2 Proportioning of the 'semD3eat transport (CORMIX) model

The analytical quasi 3D CORMIX model was appli@houbthsectioanging from the inlet point up to the
southern national bof@amubd 52575- 1433river kmin order to calculated the features of the hedhpghane

first step the built mppdelas calibrated to the measurement data available on the cibiss pucfiessful
calibration is demonstrated by the sufficient level of concurrence between the modelled results and the mea
results Figurell.6.24 shows the comparison of the modelled values with ttf#¥measurement$he

calibration for the direction ¢drig@udinal profivas carried out using the results obtained 3DrpenFOAM)
modesimulatian
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Figurel1.6.34: Results of tieORMIXhodetalibratio(t+500 mAugus2013)

11.6.4MORPHODYNAMUDDEL ASSESSMENTTEIEDANUBE CHANNEL
11.6.4.10ne dimensional (1D) model assessment of suspended sediment and bed loads

It was investigated earlier on in @et@ilsl Nonprofit Kft., 204yl the application of which morphodynamic model
the state of equiliibn insediment loadn the Danube section concerned can be characterisednesing a
dimensionatodel.

As a rule, quite a number of parameters play a role in the determination of thedeiktadtcribeort

- depth of the watercourse

- width othe watercourse

- mearflow rate

- fall of the energy Jine

- typical particle diameter

- water densijty

- density of the bead load material

- the shape of the bed load particle

- composition of the bed (padiclaistribution
- water temperature

The module ated for the calculation ofbéak load transport of the -RES one dimensional hydrodynamic
program developed byHpérologic Engineef@antreestablished from the engineers of the Army Corp of Engineers
and of the U.S. Institute for Water Reswsaesed for accomplishing the modellinghasiedculation of the bed
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load transportation capacity is made on the basis of the particle composition thiuh¢hleeel imadpossibility to
simulate grading below transportaticolaradatioof the channel bott@ue to its architecturerttugleis also
suitable for modelling complete river ndtweskmate maximum cavities caused by intense flptdferesdst
the impact of river dredging and to investigate the formasoQadEslatiah of thed load transpeds possible
with the use of the various equations in the.literature

TheHEGRAScalculation method can be used for the purposes of determination of the bed load transportation c
in the case of the kndwdauligpparametersndbed load propertigiebed load transpoktained contained the
volumes of both theulders bed loadd thesuspendesediment

Theboulders bed lo&lrolled and slipped away on the channel Dagitimof the river bed camsdsn as
continuoust happens that the sliding, rolling particle of the bed load leaps over a larger boulder or other obstac
in such cases the contact with the channel bottom is disrupted for a short period of time andreesbfatt distance
most important issues with regard to the movemebtulofetisebed loedthe definition of the boundary state
when the bed load particle on the bottom just startsatad rifevejuantity of the bed load trandportaling
Movements of thailders bed loatay happen in smooth channel bottom but in the event the material of the river |
is sandy, sand waves, dunes artliapd may be formed as it goes along

In the Hungarian stretch ddémeibeiver the bedding material is able tgaedénatation, compaction or clogging

in the periods of permanent low and medium water stages, that is the cohesion force keeping the bed load
togethes able to grow which causes the increase of the critical sliding tension on theshibttamrasithhe
domination of the channel bottom erosion processes even in the case of highn Watesvaage$ an extreme

high water stage in flood eventthpactedver bed is also able to get loosened and breakirg starting
substantial incision and rearrangement processes in the channel bottom

In contraswith the boulders bed load the movemerdusptirededediment is characterised by the fact that the
sediment material is suspendbd imater, moving with a flowwdtd is nearly the same as that of the water flow
Movements of thiespendeldad is more continuous than the movemehooldérs bed lgdmbwever the forces
keeping the sediment suspended keep on changing all the time and thereforsplosipantialedcguantity of
the suspended load is subject to constant.changes

According to the American interpretation there are two kinds of definitions for river loads, pending on the plact
and the mode of transportation

- bed material lodlde part of the load which is kept suspended mainly as the result, settidallehen
such turbulence subsides and its material is originating primarily from the own bed and banks of the rive

- wash loadhis is the part of wspendesedimerthe material of which is a lot more delicate than the bed
material and which is in constant motion along river stretches without papsingdiinersection under
consideration without settlisgquantity is predominantly determined by thesheadowt from the
catchment area of the ritlee particle size of this fraction of the bed load depends on the properties of 1
turbulencm the flow and of the size dlotverates

In the event the amount of bed load arriving from upstreaexdeed tinat transportation capacity of the river,
suspendeldad will pass without filling up or changing the chanmeldooifi@st, sediment settling on the river bed
or washed out from there will change the shape of the bottom

The basic equatidrttebed load transporbdelling is as folloflExnecontinuity equatipn
1,51
M X

where

width of the channel battom
depth of the channel bgttom
porosity of the active layer
time

distance

sediment load

OX"9ow
©
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Accordingptthe equation the changes in the cross section of the bed equals the difference between the am
sediment load inflow and outflow in the assessed section

The bed load continuity equation can be solved by the determination of the transpdntidatieneeapathe
transportation capacity is higher than the incoming firedextent of bed load replenigrmnsmbrtage of bed

load will occur leading to erosion and deepening of the bottom of bed if it is not protected ton rataral colmata
artificial pavemelfithe supply of bed loads is higher than the transportation ctyocigrds the stock exceeds

the rate of remawaicess bed loads are generated causing the siltation of the river bed

Thus, according to the aaityirequation incoming and outgoing loads are compared in the environment of
assessed cross profile of the riveFlldmount of the incoming loads is determined by the extent of replenishme
or supplyboulders bed lgatispendesedimentThe gantity of the outgoing load is the amount of bed load which
can be moved and transported by the water on the assesdaffesectems in tkediment load proportional

with the changes in the bottom of the bed which is determined in theoémaotntremsverse profile of the
section under consideration

Transportation capacity is influenced by a nomebsublend nomeasurable physical factors of the bed loads

and of the watercouige continuity of trensportation capaitithe watercourse are determined by the following

factors

- particle composition of the bed load

- thebed load transppatetial

- siltation capacittyis related to the rate of settling and the effective transportation depth

- erosion capacitiy is relatedo the dislocating force, the inclination of particle grading (classification) at
colmatation

The rate obed load transpast determined by thgdrauligparameterand the properties of the loBke
transportation capacity is determined for gelehsfram he full bed loardnsport

gs = a. gsi q)l
i=1

where

gs fullbed load transport

gsi bed load transpofthe fraction No i

p particle size of the fraction No i

n the number of particle grades in the composition of the load
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Partie size grading of the bed load m@iasiadl on the classificaymtenof theAmerican Geophysical Ynion

Bed load material Particle diameter Median geometric particle diamef
[mm] [mm]
Clay 0.002i 0.004 0.003
Very fine silt 0.0041 0.008 0.006
Fine silt 0.008i 0.016 0.011
Medium silt 0.0167 0.082 0.023
Coarse silt 0.0327 0.0625 0.045
Very fine sand 0.06251 0125 0.088
Fine sand 0.125i 0250 0177
Medium sand 0250i 05 0354
Coarse sand 057 1.0 0707
Very coarse sand 107 20 1,4
Very fine gravel 2.07 4.0 2,83
Fine gravel 4.01 8.0 5,66
Medium gravel 8.07 160 11,3
Coarse gravel 16071 320 22,6
Very coarse gravel 32071 640 45,3
Small cobbles 641 128 N05
Large cobbles 128i 256 181
Small boulders 256i 512 362
Medum boulders 512i 1024 724
Large boulders 10241 2048 1448

Tablell.6.41: Sediment material classification system according to the sizébafSparticidébe classification system of the
American Gphysical Unijpn

Vulnerability assessment dd&ineibéransportation capacity

Stationary sediment load and potential bed load transportation capacity Gt [kg/s] was calculated in prismatic
bottom in the event of permanent wateCdllowistiancovereduspendesediment loawhly

Theimpact of fluctuations in the values of typical geometric, hydraulic and bed materniabpataradtershe
assessed section of BenubdVITUKI Hungary Kft., 2@ the full potential (statioranmy3portation capacity
were investigated

Properties assessed andittiervats

- Q,discharge rate betweefil000m | ¥ 6H00m| /atsfdur, discrete values
- B,width of water table betweefd56mi 800m],at eight discrete values
- identicahomogesoug sediment

- d,particle diameteloads bed loads characterised by a particle size digtribati@mge [0707mmi
5.66mm]}(inhomogeneous bed loads) wittidoretealues

- dg,typical diameter in the range [Bf64mmi 3,79mm], 3ypes of distribution
- So,channel bottom gradibetweecm/knmi 10cm/km], Biscrete values

Having assumed the characteristic features set forth above the following values were derivative parameters

- H,hydraulic median depth  in thd244mi 7.57m]rangeat8 discret@alues
- v,average flow ratetheprofile in thd060m/si 1.59m/s]range, at 8iscret@alues
Assuming a prismatic river bed, combination typical for theDamsbssedtion were compiled using the

parameters referred tovablhe constructed morphological model was run for each dorfibendifterebed
load transparorrelations
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The following bed load transportation equations winesesade the equations also used 2D #oed 3D
models

d) AckersNVhitgmarked a8Won the figures beJpw
e) Engeluntiansen (H),

f) LaurseiCopeland{C),

g) Toffaleti (Taipd

h) Yangype(Yangjransport equations

Thesuspended sediment load measurements available don the/s profiof thes Danube during the years
betveen950and2008:

Correlations between sediment loads and water discharge rates were determined for each decade based on
from the67measurementsigurel1.6.41 shows clearly the permanent declineso$peadedediment loadh

order to allow comparison, a consistently identical exponential functional correlation was fit to the measured
each decad®everse tendencies deviating from the prevailing trends occurretid@aloirbamel 19801989

perials at larger discharge rate ralgd® range of IQwvalueghe correlation curves are very uncertain due to the
large level of standard deviationnrettsiregdoints
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Figurel1.6.41: Therate ofuspended e di ment | oad of t he Danyl9%r0@Bpnds ur ed a
equalising lines of the data for each decade
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The

Omeasur ed?®o
correlatiodetermined for th@062008periodexponenti@ndpower function cuivékwever, sediment load was
also determined for e n a Yiprofigbased on the graphine of the best fit foe water levelispended

sediment load (@s)a supjgldbyBo g 8§ r d i

sedi

me nt

oads

associ at

J meaguledis VI TUKISEDIELL6.4Q):

ed Wi

Danub&
[ . mi [/

1000

m

2500

m

4000

m

6000

m

Note:

Sediment loag

supply
Gs [kg/s]

~7 kgls
~7 lg/s

~23 kgls
~10 kg/s

150 kg/s
188 ka/s
65 kg/s
87 kg/s

800 kg/s
1019 kg/s
182 kg/s
263 kg/s

7000 kg/s
4365 kg/s
722 kgls
682 kg/s

19334 0 .
19565 3 .

20002008&xponential
200620080wer function curv

(Bog§gr
(Bogégr

t h

Tablel16.42: Aggegate particle distribution patternDdnbbdottom materehdsuspendesediments at tbanubd 524
1527iver knsection as a function oXaeubelischarge rate

It should be noted that no measured values thais208furred in the pasyéfys among the measurement
points reflecting a very high level of standard iesytioof the fact Qatunemax> 8500n| Was also observed
This questions the validity of the values obtained from the readimg®ofobéise fit Bo® r d i -10)in
response to a leve6@®0m|j uinder the current conditimesaussediment loaticlined since 1950 substantially

[11

The impact pfofileaverage flow rdbactuations on thediment load

The data obtained from the bed maten¢sdaken from hanube&061. VOHydrograptal clas$ profils

(15138 153635river kmin the year @009were used for the purposes of vulnerability assAss@iratd was
developetby which thapproximateneven distribution in generahkyforr the cross profile concerned can be
generated from the individual characteristic distribution curves obtained for each of the trRastielese profiles
distribution curves measured at three transvers@l/@bfilesland60)were used fdne tests and the overall
general particle distribution pattern adopted as typical for the entire profile was generated from these curves

They were as follows
- HydrographicelassvO60 including the average particle distributiog0588mm,withan average particle

distributiodgof0644mm,

- Hydrographicelass VO 50 including the average of 7 particle distributimmdgvitt?8n average particle
distribution dglo86mm,

- Hydrographicalass VO 51 including the average of 6 parilmligiatisdg 4.4%m, with an average particle
distribution dg279mm.

As an examplayeragalistributiopatterns of particles as measured higdtwaphicatlassvVO50 profileand
calculatedy us will be presentedrignrel1.6.42.
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Figurel1.6.42: Particle distribution patterns measuretf@b0mrofileand the average typical particle distribution pattern
calculated for the cross profile as a whole

Now the indepeamd variable is theerage flow ratetheprofileandthe dependent variable is the satiiment
loadagain Corresponding to the three selected patrticle distribution curves the following three figures were gel
(Figurel1.6.43, Figurell.6.4; Figurel1.6.4).No di sti nction i s made on the
types of river hdtiey are included jointly as a functionasfethge flovates Medium flow raté a profile
condensates the Keydrauliandgeometric propert{€s B, H, S an implicit manriEnerefore the calculated

points are a bit scattered around gimtgtdncea given discharge rate passes once a wide and ocaevin a n

river bedMedium flow ratealculated for each of the channel bottom with were provided in small tables on

Gt(Q,B}ype figures
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Figurel1.6.43: Stationary suspended sedimentdaled$atedith different correlations as a functioavardge flow rate
theprofilein the case df =064 mnaverage particle diameter
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Figurel1.6.44: Stationary suspended sediment loads calculaféstevittcdrrelations as a functionaafettagye flow rate
the profile, in the case of dg =1.86 mm average patrticle diameter
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Figurel1.6.4: Stationary suspended sediment loads calculated witoadifatems as a function eiwbeage flow rate
the profile, in the case of dg = 3.79 mm average particle diameter

Trend lines show clearly the differences between each of the calculaftiolinmetibdshat was stated earlier
the calculath method recommendeddwyseiCopelan@nd the Yang formula provides the highest and lowest
values, respectively

From 1985 on, profile mefiitan ratesvere determined in the n a Y4profi® atale times wlkespended
sediment loateasurementere madeThe trend lines plotted from the measurement data of the measuremer
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betwee2000and2008ver e al so f eat ur e dmeasurett rheen o alpehst T#9iet | wean
datalt can be seen that the measurement trend lied isgieeen the lines of best fit of Gt values derived from the
EngelunéiansemndYangcalculation formulas, respectively

It could be concluded thaEtigelungiansenypesediment loazhlculation formula seems to be the best for the
purposes of assing the morphodynamics Diathebsection concerned

Therefore, the two dimensional (2D) morphodynamic model, i.e. the River2D (free access) model is usec
purposes of investigating the impacts of the proposed development project omthieerstengerphology of the
Danubgsupplemented with Bmgeluntfansesediment loaglculation subodule

11.6.4.2Two dimensional (2D) model assessment of morphodynamic processes in the Danube
channel

The task was to carryteotdimensioni@D)morpbdynamiflow and channel bottom movemuds| simulation
on the Danube section between the Paks waterprafidlgidanubd 5313 river kinandtheDanubd 5190river
kmprofile

Data requirements ofrtinglel simulatiare as follows

- Expectedhanges in the dpechannel bottom morpholegne investigatading the water stage, discharge
rate and bed material (concentration and particle distribution of suspended sediment, as well as particle di
of bed material) data rangindglfi®®oip the end 8012.

- channel bottom data at low and medium water staDaswbf¢heluding their changes and trends over time in
order to calibrate therphodynanmwdel

- Historical analysis of and future forecast for the water level nelduetierritrg to the bed bottom changes at
low andanedium watstages of the Danube

The method of ttim®del simulation

- Flow rates ammhannel bottom morphotdgnges have mutual impacts on eachloéhdescription of the
dynamicelationshipetwer the flow rafeeld and the movements of the bed load is possigproxiamate
manner with the use of quasi permanent 2D morphological models applicable to corsecetthe fer@ds
required for ngermanent assessments is very longesnolod provide any measumnadneaccurate results

- Quasi permanent calculations were carried out for different hydrological yaemsraarplaslaljy changes
were estimated for longer periods .dfulhrezer morphology changes are providedioy of the estimated
trends and the local changéth the use of tBBhydrodynaminodethemain current liaad the surface
gradient can be calculated

Model simulatitasks

Themorphodynamicodelis calibrated and applied on the basis afatimel bottom measurements in the pas
period of time and of the results of bed load investikjatiotne following cases as a basis

1.) Determination of the expedted morphology changedalterations in the flow conditioB81ih 2120,
scheduled quitting of thedristinginis, taking into account the extraction of the following cold water volumes ar
discharge of the same amotiot efater

20142 0 3 2. 1umidx ng 5 smj(/4s) ;
203203475 muniss 28 mj / s) ;
2034203650 muniss 22 mj / s) ;
203620372 5 minixs 2(51 mj / s) ;

20372120:0 mj / s .

=A =4 =4 -4 -
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2.) Determination of the expected river morphology changes and alterations in the flow conditions in 201«
scheduled entry of the two new units2@xVIW)Yaking into account the extraction of the following cold water
volumes and discharge of the same amount of hot water:

208520906 6 mpelws 6L mj / s) ;
209@2120:0 mjnevx B mj / s ) ;

3.)Determination of the impact area firetheorphology changed alterations in the flow conditions using the
outcome of the two tasiserred to abofdislocation of thmain current lirhanges in surface graglient

T 20142 025: Ad&iBtingupits s2 5 mj / s) ;

T 20252030 4 éxiStingupits s2 5 nmeyw s6 6+ rhj / s) ;
T 2032 03 2: s@e&igtingups 25 nmewd s6 6~ M) / s) ;
T 2032 03 4: 2&igtingupits s2 5 meyw s6 6+ M@j / s) ;
T 20342036 2 &igtingwpis s2 5§ nmewd s6 6 M) / s) ;
1 20362037 1 &gtingupit! 2 5( mewy s6 6+ Mmj / s) ;
T 2032085 1rgvix mj6/ smj (/X)) ;

1

1

Below, theDmorphodynarmmmodebpplied is showhhe detailed analysis of the expected changes in the river bed
morphology of tBanubeandof the section next te ¢hld water canalouthithe hot water canial paved and

raised, therefore it is not subject to inveptigifltibe discussed at a later stage in the Chapter entitled
fCharacterisation of the expected flow and morphodynamic impacts orNibEL®ahiR)e

11.6.4.2.1 Presentation of the 2D hydrodynamic and sediment transport model used

TheDelft3BFlowhydrodynamandmorphodynamitodel(Delft3B-low, 2013yas used for the assessment of the
morphodynamic processes with the applicatiwo dfritensiathydrodynamicodte.

TheDelft3Ds a modular muliimensiong2D, 3Dhydrodynamandtransponnodel systernihe depth integrated
2Dandthe nomermaner8Dflow andranspontinodebpplied are able to take into account the impacts of the density
variations, temperature difference and of the meteorological elements on thadldawamoddle of the model

uses the solution of the shallow water equations with finite differentials on the shifted type.dontipaitational gr
event of a commational grid the model offers three .aptiomgonal grichrvilinear grid and the combination of the
two, respectivelfhe model system contains data preparation modules and modules allowing the display
evaluation of the calculation results

The most wide spread procedure for the modelling of bed load transport is the coyptextioranftibed

load continuity equatidimehydrodynamizocesses and the morphological processes are usually described with tt
help of shallow waf@depth integrated liquid and pulse Hatgoegions and with Enerbed load continuity
equationrespectivelyhe mathematicabdebystem of threorphodynanpoocess is obtained by the connection of
theNaviefStokeandExneequations

Bed loadnovements understood as the complex process of bed load uptake (from the perspective of morphe
changes: erosion, deepening, incision), transport and settling (settlement, dépesiiltsittati@mations of the

river morphology and monsptaodics. The accuracy of the calculatrmstlysinfluenced by the accuracy by which

the partial process of transport can be described. In spite of the fact tHz@260 ybarsastore and more
correlations were described for the purposedatibnabfied load transporvolume rate of flow of bed Joads
sedimentloddt he al most half a century old statement cl
determination of the be[d}9]lTeadculationa whiclp can be used i practical s
conditions are stitmppredamdnantt gl bab ed.sleddnd ae me
0 s empiricdl means that the form of t heebastsofrdimensientanalyss | o
and/or theoretical considerations and statistical methods

To tell the whole truth it must be said that sporadically there are field measurements as wedl, vauy tlogir numbe
and no correlations were derived fropthteemost frequent use was to verify the existiffpraonsgnce
TsubakShinohara, Einstein, Hansen in van Rijn, 1984/a, 1824riltbp of that, the description of the
circumstances by which such field measurements were made istdso incompl
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The mathematical description of bed load transport

Selection of the appropriate method

The Delft3D model system uses a number of different bed load transport formulas in order to calculate the mov
the bed loads. You can choose from ihgou are luckywith the help of proportioning based on in field transport
or morphology measurements. kuttentase, however, the measurement data with appropriate accuracy an
spatial density necessary for morphological model proportioaiagalslenoTherefaitee bed load transport
formula marked "van Rijn (19849]idas selected from the nine (9) different methods offered on the basis of t
most characteristic properties of the river and the phenomenon to be investgatémyiver mo

It is noted that the model system recommends the van Rip»9],99H([Las a defa(that is, the default values

of themodelparameteysbut this provideohrealisticallarge movements of bed loads even with realistic input
parametrs Several calculations were conducted with the nigtheldieiansen (1967his was the first frial

since in a former st(dy UKI, 201it ould be concluded oLihn¢HERAS) modei relation withe vulnerability

testing of the correliasi calculating bed load transpdBia s ed on t he r esulYasproft i s
theEngelunéiansertype potentibed load transpoaliculation methods will be fit for making estimates on long term
morphological changes gftepoibning ®he Delft3EFlowmodel system does not contailYahgtransport

formwd. Now it was also demonstrated th&ngeuntiansen @H) formulgan not be used, either, for 2D
modelling without proportiofimg might not be very surprisingdedmng the following

- The(VITUKI, 2014fudy applickDmethods

- TheDu n a Yapusp@ndedsdiment load measureméntis g080Mhm)results were used for making the
conclusions at the time

- TheEH calculates stationary(fath) sediment loazhly with the help of plaeticlediametergauging vertical
average flow ratad theCh zytype roughnesand thereforeisteasy to proportion it to a narrow vafigey
only

- It does not take into account the differences hidden in the movement processes based on the nature
suspendedndboulders bed loatiich are therefore based on different principles

Descripion of thevan Rijn (1984ed load transpodalculation

Thevan Rijn (19840 EhorthangR'84)method calculates the eb&ckload transpprdo t ot a las atsumaaf s p o r
the boulders bed leahd suspended sediment, pending on thedimmgitde othe bed material and the form of
the channel bottom as well as the flow conditions

It expressed the thad load transpfotmulas and the statiosadiment loadvith the help of the function of two
nonrdimensional parameters

Detailed desption of the malimension&lelft3EFlowmodel system applied, modeifsthgpdynaméndtransport
processes was compiled on the basi®efftBB-lowmodemanualg§Version: 3.1&8nd3.15.30932; DelftBDw,
2011, 2013).

It does not really egeefrom the short description above that a very serious theoretical background is hidden b
the calculation methdde developer of the ma@e Rijused a total of several hundred in field and laboratory
measurement results in order to sulesthetiapplicability of his métrardRijn 1984/a, 198Maasured rates of

rolling bed loads asetliment loadrom 580 total and 783=(S + S) measurements from various authors were
compared to the values obtained by calculation methdgysatifferedithors and his ®wa calculation methods

used for comparison can be found in the following réftapseeseM ¢ | | er (1 Hadn8eh (196H,n g e |
AckeraNhite (1973ndYang (1973pifferences were specified in detailed percduésgkaszd on the r factors
derivedrom the ratio of the sediment load results derived with the different calcuetdthenfigttiods of the

various field and laboratory measurénme@suadfneasure). It Was stated in general thagits o6 har dly po
calculatelled load transpwaiithr < 2error rates with confidetiagan also be seen from the results that the method
by Ackerd/Vhite (1978 also of similar accuracy fquuipmsesf the boulders bed load transpothéharethod
recommended by him (vR'84), while in the case of full bed loads the method offered by him provided the mos
results in allranges testedhis is the reason why we selected the method devetnp&ijby198#)r the

purposes ofafculating boulders bed loadd suspended sediment load necessary to make estimates on the
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morphological changes in the Datnolwever, you shouldinas highlighted by a number of autfoget that

the sediment load, descritiegmost importapartial process of tttennel bottom morphology provide
differences in the order of magnitude under thgdsamligonditions when calculated with different correlations
[1%28], [1471].

The mathematical modekbfinnel bottom morphologlangs

Since the stationary (potential) sediment load depending on the momentary hydraulic conditions and char
properties of the bed load is known to oneroelileivél write up an equation for conservation @bmtassty
equationfor alkhe cellsThis is principle identical with the Exner type continuityregidation the 1D state in

our previous sStuMITUKI, 2011).

The initial thickness of the channel bottom potentially invblreédoadteanspartd movements isaagmeter
specified by the udarthe light of the mass alterations and the density of the bed material under water the alter:
in the channel bottom thickness can be calculated easily

11.6.4.2.2 Specification of morphodynamic design load statuses

The tasks desbed above will be accomplished by selecting the design sexedifignatver plant operation
and of the proposed development project and by analysing and evaluating the res@Bnbaigetbdyntmic
model calculations

Local river morpbgy changes concerningtaeubanedium watehannel bottom expected as a result of the
proposed development project are assessed in the design loatheituatgpated trends in Erubenedium
wateriver bed are shaped predominantly hytihle iyears average ohtftrodynamicocesseflow regimgn

other words by the multiple years average discharge rate as the rate of flow shaping th&avafoe thettom
guaspermanent discharge raB3060m | i considered to beaawrage hydrological year on the Danube

According to the statistical analysis, the extreme high precipitation hydrDiagidstam bieeseen as 1.3 times
the multlp years average water flow 42&8@m| F whjch is the ratio of the aeevdghe daily discharge rates
in the year dP65and the multiple year average daily water raté wfutmed upwards 2800m| Damube
discharge rate

Desigmorphodynanstates of the proposed development project depend basically amtheagxtainiow of
the design water extraction and. return

Based on the results of thdetnsimulatigncan be determined thakéyedriver of th@orphodynantbanges is

the multiple year average discharge rat®anubeand flood waves of é&shkiratiorfnorpermanent processes

perturb it only to a slight exiéetrefore, model assessment of the river morphology changes are carried out in
guaspermanenhydrodynamistate of the Danube for the multiple year average discharg80futg of s .
Additionally, the river morphology changes in several consecutive high precipitation hydrological years
assessed for tBO00M | dverage annual discharge rate of the Danube in order to analyse the increments in imp:

In the aforemioned context the designphodynanstates are summarised as follows
A.)Current sta{@0142025) operation of tiRaksPower Plant
Current statend the maintenance of that state according to the schelifigiencd theensi@2014
2037)
Cold water extracti@n0 0 thmgughghexisting cold water canal
Hot water dischartyed 0 fromp thexistindpot water can#iirough thenergy dissipation device
Al)In the case of an average hydrologicalD®&anbelischarge rate2800mj / s
A2)In the case of high precipitation hydrglegieddanubelischarge rate3®00mj / s
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B.)Joint design operating 2282032} Simultaneous operatidhaddsPower Plant aRéksl

Design operating state with the entry ofribn tvnit

Cold water extractidg@2m| thsough the expanded channel bottom profikxistittiecold water
canal

Hot water dischar{@82mj / s ) :

1 100m;| threugh thexisting energy dissipation device
1 132m| threugh the proposed recuperatiks 2@0mupstream of the current outlet
point
B1)In the case of an average hydrological year: a Danube discl28§8mgte/ ok

B2)In the case of high precipitation hydrological year: a Danube dis@@ogmijate of
C.)StanealoneoperationfPakdl (203722085) onlyPakdlis in service

After the exit of #sdstingPaksPower Plannis
Cold water extractib®2mj / s ,
Hot water dischar@2mj / s ) :

1 132m| threugh the proposed recuperation worksygéideam of the curretiétou
point

C1l)In the case of an average hydrological aaube discharge ra@300mj / s

11.6.4.3Analysis of the local morphodynamic processes along the river section affected by the
proposed project

11.6.4.3.1 Assessment methods of the local morphodynamic imgradtisnpact areas

The locainorphodynaniiopacts of the design load states and the demarcation of the impact area was investig
with the following details

- based on the comparison ofitbe morphology changsssed and the sediment#itiationdeepening
(Ziver ved(X,Y) INetres above Baltic seallevel

- through the analysis of the differences betvadsoltiie values of the flowdiateébution patterns formed in
theDanubevater spacéVbeing the geograptistributioaf the absokitalue of the depth integrated flow rate
vecto=V(x,y) [m/s]):

T @WalX,y) = M(X,y) ValX,y)andm ViaX,y) = ¥(X,y) Vai(x,y) &veraggeay,
T P¥eadXy) = MXY) VadX,y)lando Yaadx,y) = ¥x,y)- Vadx.y) fiigh precipitatipeay,
1 the area with higher tN&2 m/schanges in tfflew ratés considered to be the impact area
- based on the relocation ofrihi current lifie line of the maxinflow ratesf theDanubewhich is the
deep channel bottom route meandering&a thietlenedium watstage channel botjpm

- by the analysis of the differences Datiubevater surfag@ being the geographic distribution of the water
surfac& = Z(x,y)rjetres above Baltic sea]level
T pg(Xy) = Z(XYy) Zadx,y)andep £:axX,y) = &(X,Y) ZaiX,y) &verage yegr
91 the high precipitationryeavaluated on the basis of the imgkt oatehanges
f the area with hi gh dlowratecansidel ® bexhe impastaear an g e

Themain current linétheDanubevhich can be determined under the current flow ¢@owitistnsam of tRaks

Power Plargperatigni that is, the location whereddep channel bottom route meandering in the area of the
medium water stage channel bistgimated can be found near the site, close to the right bank of the main channe
of thea DanubeThe position of this line may be modified to a slight extent as a fubetobaitdharge rate

pending ondlflow rates
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11.6.4.3.2 Analytical methods for the local morphodynamic processes
The temporal patterns of the local morphodynamic impacts in the design load states longer term pel
morphodynanmwdel calculations were carried out

According to the studyltesheadditionathannel bottom erosion and siltation processes will be expected to dimini
substantially within approximately 2agdais stop in an asymptotic behaviour vbtmar@om thelate when
the proposed development project is siomedis

Thismorphodynanpoocess over time is illustrated by the presentation of the 5 years time series of the channel t
morphology changes of the Danube at the locations downstheawaitdischargefA, Btime series of the

river morplagy changes at the control jpoints

11.6.4.3.3Trends in river morphology changes

Expected trendsiver morphology charugesed on the statistical assessmenDafihisdow watdevels

The trends of thigeer morphology charayesusually concluded frenmylrological statistical analysis of the annual
low watdevels

Theoutcomes of the forecémtshePaks watermark post profile of the Danube (Danube 1531up rigeth&m)
year 2120 set forth in details atdtistical analysis of the Danubes water stageare summarised in the table
belowTablel1.6.43):

Period of the proposed Expectedow watetevels(lowest annual Expected subsidence of low water
development project and lifetim in terms of time stages in terms of time
extension Z [metres above Baltic sea lgvel @Z [ m]
. . Linear Logarithmic | Average Linear Logarithmic | Average
Year | Unit operation schedulg trend trend trend trend trend trend
2013 - 83.78 83.78 83.78 0.00 0.00 0.00
2025 | Enter new unit | 83.51 83.4 83.62 -0.27 -0.04 -0.16
2030 | Enter new unit Il 83.39 83.72 83.55 0.39 0.06 0.23
2032 | Exit existing unit | 83.34 83.71 83.53 0.44 0.07 0.25
2034 | Exit existing unit Il 83.30 83.70 83.50 0.48 -0.08 0.28
2036 | Exit existing unit Ill 83.25 83.70 8348 0.53 -0.08 0.30
2037 | Exit existing unit IV 83.23 83.69 83.46 0.55 -0.09 0.32
2085 | Exit new unit | 82.13 83.52 82.83 -1.65 -0.26 -0.95
2090 | Exit new unit Il 82.02 83.50 82.76 -1.76 -0.28 -1.02
2100 | - 81.79 83.47 82.63 -1.99 -0.31 -1.15
2120 | - 81.33 83.39 82.36 -2.45 -0.39 -1.42

Tablell.6.43: Expectetbw watdevels in terms of time based on the projection of(Hek&estdrmark pefianube
15313 river km

Logarithmicend fit ohelow watelevels is an optimistic estimate assuming full stop of the industrial river dredgi
operations and a declining tendency iofipaetswhile the fit of the linear trend can be regarded as a conservative
estimate

Based on the table abov&immary it can be stated that the following annual low water stage levels and the follc
estimatedubsidence levels of the channel bottom can be expected by @89 ydwmothe second new unit of
the proposdeakd|power plant quits
- In thecasethe linearends extended: a subsidened.8fm].29 [cnyeal),
- In thecasethelogarithmitend is extended: a subsidenr€e8dm]dverage0.36 [cnyea}),
- Calculated with the average value of the linegahenittends a subidence of10[m] &verage-1.33
[cmyeat).

Expected trends in tlrerrmorphology chaniggsed on the annual assessmentdibenedium watstage
channel bottom

The survey of the channel bottom profile carried out byDias lodfaieyWater Management DirectOhirt)
VIZIG)n the year @013at theDanubd5373-1512iver knsection withl0metres profile densatyd with a 100
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metres profile density at the two river kilometres long sédétidocsasr the assignmentNdyMPaksPower
PlanZrt. (ADWIZIG, 2013).

The executive summary ABaVIZIGeporfl12]reads like this

AEvaluation of the results c oXchjearjuatdikk tha praviaus attemptse v e
No dredging took plac013in theDanubel5601510river kimsectionThe annual specific river morphology
changes for the y2ar13 developed to the fulbfilewidth represented.0 cnyeardeepeningn the upstream
sectionand2.0 cnyeardeepening downstream ofctihé water canétl should be highlighted that the channel
bottom of thE5371527river knsectiorsubsided upstream ofdble water carsahce2006to a various extent but
continuouslipeepening occurred inlh271512river knsection in tH2006to 2008period while the subsequent

three years were characterised by an approximate stationary channedobotfbrotwétions, then deepening
could be observed in the yedyid@again'

Annual dredging volumes dropped to about the hatinaf tfi982Z007) quantities starting #0@8and were
terminated altogethe26¢l1along thd5361557river knDanube section which is the Danube section upstream of
the site

11.6.4.3.4 Proportioning of the two dimensional (2D) model describing the local maaphiogrocesses of
the Danube channel

The calibration of te dimensior{@D)morphodynamiwde Isydrodynamicibmodelvas possible, however no
accurately administered series of measurements was available for the calculation of theclwvage®l bottom
(deepening and siltation) oDahebe&hannel bottom sectiode investigation

Model parameters waneportioned and confirmed to the flow measurements at the medium and high water stag
regimes of the Danube in the yealaand2013(Danubelischarge rates in this period2v@e5 1 0 0, mj / s
respectivélyThe results of tipeoportioningxercise are illustrated on the figures(Bglomell.6.4, Figure

11.6.47 andFigurel1.6.4):

Duna 1527+000 fkm ényének fiiggély-kozépsebesség eloszlasa, Duna vizh 2700 m¥/s

Jobb part

Fiiggely-kozépsebesseg [m/s]

0 50 100 150 200 250 300 350 400 450 500
Viztiikdrszélesség [m]
= Mért fuggély-kozépsebesség ——Szamitott fliggély-kozépsebesség

Legend:

Duna 1527+000 fkm keresztszel v®ny®nek 3fs} Qaydgihp yertidal®avefigesratdistribwion of thel os z | ¢
Danube tresverse profile at Danube 1527+000 river kilometre. Danube dischargésrate: 2700 m

F¢g&®IlzwWp s e b eGasaging vertical averpoe ratém/s)

V2zt ¢ k?©r 9¥ieth e watkblg (mj m)

M®r t K % @ ®3 sNbeasared@augingticat averagow rate

Sz 8§ m2 t ok °tz & p;sgedi@dutsteRyging vertical averdlgay rate

bal part right river bank

jobb pait left river bank

Figurel1.6.46: Calibration of tBelft3Dnorpbdynamimodein thel527iver knerossprofileof the Danube for a Danube
discharge rate2f00mj / s
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Duna 15274000 fkm ényének fiiggely-kozépsebesség eloszlasa, Duna vizh 5100 m¥/s
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Legend:

Duna 1527+000 fkm keresztszel v®ny®nek 3fs} @aydihp yertidal®avefigesratdisitmiso®aof the | os z | ¢
Danube transverse profile at Danube 1527+000 river kilometre.

Duna v 2 zhi¥stbambe dsché@rde rate: 5E30 m

Féeg&®IizwWp s e b eGasgihg vertical averfoe ratém/s)
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Sz 8§ m2 t ok °tz & p sgedi@dutseRoguging vertical average flow rate

bal part right river bank

jobb pait left river bank

Figurel1.6.47: Validation of the Delft3D morphodynamic model imittee BB2Grogsofile of the Danube for a Danube
discharge rate®f00mj / s

Taking into account the maximum permittednerasurement of flogv rate can be stateldat the flow model
represents tlvalculatedepth integratifigw rateproperly

The fit of thmeasuredater surface on tbegitudin&@anuberofils is illustrated on the following: figure
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Meért és modellezett vizszintek a Duna paksi szakaszan

90,50

""“"“---A...._«_-..-

90,00 == @ oo ° *®

s980 4+—4—"1———+————+ ..

8900 +———"———+—++ -+ b

@
©
o
&

|

|

|

|

|

|

|

|

|

Vizszint [mBf]

8800 +—+—1—————+—— 1 1 Lty

o5 b n = | 9

1528 1528 1527 1527 1526 1526 1525 1525 1524 1524 1523
Duna folyamkilométer

B Mértvizszint Q=2700 m3/s ® Mértviszint Q=5100 m3/s

Szamitott vizszint Q=2700 m3/s == == Szamitott viszint Q=5100 m3/s
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Figurel1.6.48: Calibration of the Delft3D morphodynamic model ifl §8rhEzHm longitudinal profile of the Danube
calibrated for a Danube discharge rat®@0pfip / s a nd vsehbrgedadeto®OGm|jf/osr. a di

11.7 BASE STATE OF TBENUBE SECTION ASSESS

11.7.1CHARACTERISATION GFE HYDROLOGICAL PRRN ON THE ASSESSIINUBE SECTION
11.7.1.1General hydrological characteristics

The Danube is the second largesnrizarope with a length 867xm The catchment area ranges up to
817000kn?. It has three characteristic sections, the Upper Danube including the Bavarian and Austrian basi
having a high gradient, the Middle Danube within the crown of the Carpathians and the Lowgr Danube,
Wallachia.

The river enters this country at Rajka BbOrvdr km profile and leaves the ceontip f Mo hBJiwer at 1
km. The 1 & m sout hern section from Dunaf®°l dvsg§r up to t
therc ur ves the most dparti lgeadyheretise rabiesiontlge curve & m&E@@Mo Ehe

average width of therisv&00600m, with a gradient @&d@n/km up to Fajsz arklcdn/km downstream of it.

The width of the floodwdyusiaflvais merely 458 (this is one of the narrowest flood level profile of the country),
but at t he -Kampaecsagions ihrdach@siso.a

Bottom materi al in the section upstreamtreaniofifFokt R

In the surrounding ofRaksPower Plant (the power station profile isratet3&i from the mouth) site the Danube
is slightly of |l ow course section character. The
Mo hs8itds everywhere betwegd32330mj / s .
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Legend:

Duna, Dombori, 1506,8 fkm;2 958 2
Mi n i inMinimurs,

Ct | aAverae and

Ma x i imgaximum

® V year

®v e s Anndakdisaharge nates from 1956 to 2@1Rantbori profile of the Danube

Figurel1.7.11: The trends of the annual low, medium and high water dischargeDatehatDbebori

The discharge rate of the Danube in the neighbourhood of the po@amplbdb&teaver kinvaried at around
~600mj &nd8785m| #ivlkEle the water levels fluctuated8AGlied406 metres above Baltic sea lewnglgice
freeLNVon 1 Jun2013 Danubd 5313 river kniPaks watermark p88ficmwater levep429metres abo\altic
sea levglpto the end of the y284.3.

Characteristamnual high, medium lamdwatedischarge rates typical in the area of the proposed development are
presented drigurel1l.7.1l. The highest and lowest anrecialpe rates were chosen for eaah e®anube

15088 river knprofil§Domborvatermark pdstosest to the power plat site on the basis of the daily data measured i
the years betwedd65and2012andthe annual average water discharge ratdouidedt can be seen tiagh
waterstageDanubelischarge rates reflect an increasing tendency while the discharge rateasdmedititow
watestages fluctuate arousteadynedian valyEigurel1.7.11).

Linar fit of the water levels associated with the high, medium and low water stages in the Paks watermark post
the DanubgDanubel5313 river kiin the year&965to 2012summarised on the following figeeEigure

11.7.12). Trends and average annual water level variations associaled/ witlidleels(KV) medium water

leveld K ¥awdhigh watdevels are presentedatlell.7.11:

KV K¥V NV
[cmyea} [cmyeat [cmyeat
-2.33 -2.43 +038

Tablel1.7.91 Average annual water level variations associated with low, medium and high water levels
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y=0.0088x +74.214 Paksi éves vizszintek 1965 - 2012 Z[mBf] y=-00243x +136.1  y=-0.0233x+132.07
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Paksi ® v eAnnual vates levielsian thé& Danube at Paks

Figurel1.7.12: Trends in the low, medium and high water levéaoubéetheDanubd 5313 river knprofil§Paks
watermark pgst

11.7.1.1.1 Fords and straits

Afordis a typical element of the channel bottogeneliafed by the sedimentation of the bed load in the form of an
elevation crossing the river bed in an oblique angle relative to the direction of the flow

From thgenetiperspectivafordcan be regarded as a solitary sandhbdinkp in oppositeediion of the flow on
meandering rivers in the transitional section between the consecutive bends

The gradient of the river anaviragdow ratare relatively higiretheforg in times ¢dw wateandmediunfow
wateistages than next to tHenmating points of the bends

1 A goodordis formed when the basins of the consecutive bends do not exceed each other but are be
towards each other gradually, without any sudden changes of direction

1 In the case of a daddthe basins referred boaeoverlap each other shifted in the layout of the transitional
section and a threshold of sediment is formed between the two basins

A straitis a channel bottom section too narrow relative to the average width or the training widtfihefythe river be
are usually formedabinnel bottom sediset up of cohesive materials which resist the drifting power. of the wate
The formation of straits may be encouraged by the integration of the littoral shoals with the banks of the river
slip @ the steep bani$e straits impede the travel of flood waves and navigation

The elements of the channel bottom relief are formed as a result of the interaction between the river bed, t
moving in it and the mass of the beth&@adbrmatiochanges and elimination being in close relationship with the
flow regime

The proper research of botlfotideand straits is prevented by the circumstance that their observation is restrici
predominantly to the period when they represent anfolzstaE&a®Dn this basis the following statements can
be made

- on fords wifixed threshold the diminishing water levels are associated with the reduction of the ford depth
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- in the case of fords with gravel and sandy materials the followingaxsiloies peading on the local factors
such as channel bottom width, gradient or lateral branches, etc

o lowering of the water level and in conjunction with it the size of the wetted cross profile results in the increase |
roughness which may start tissoerof the ford and in times of long term low water stages even the depth of the
ford may be obseryed

0 substantial amount of bed load is settled in the wide and shallow channel bottoms during the diminishing curve
flood wave, the buifdlof theofd is continued, the depth ébrttie reduced significantly and due to the
increasing roughnessritaén current lireegetting further and further up from the ford, the river bed i$ transferred
eventually on the other side of an island oridaridge p

The aforementioned processes can be observed with stréitst &s thee cases the bed load balance of the
sectiorroncerned and the inclination of the bed material to cementing play a more significant role

Variations of the fords on indiwdo@ons of the river depend mainly on the flow regime of the Igiyerargears

with abundant water supply and relatively even flow regime only a few fords with negligible impact are form
consecutive flood waves or permanent low waterastagesilly result the generation of a multitude of fords just as
well

The flow regime and the hydrological behaviour of the period investigated was usually characterised by
changeswith occasional clusteringiadfer and drier yearhe begitimg of the sixties was characterised by a
diminishingndency a@innual water transpottowed by the great flood of th&3@&zndseveral other years with
abundant water supplye first third of the seventies was again a little bit moneedrigyfal period of higher
precipitatioihe eighties were characterised by the alternating nature of the hydrologicahb&hairieties

ofthe last century clusters of arid and humid years alternat@ yeassagd quite a numberiroks the year

with the most abundant water supply was followed by theTdresst ooeditions were naturally reflected in the
formation of the fords as well

During the assessed period the significant growth of the duration of low watbe sthgewedufshrticutan
the last third of the last certbieyunderlying causes of this increase include the following
9 factors of the weather
the impact of barrage systems
expansion of bottlenecks
reduction of channel bottom roughness
the impet of industrial level dredging

= =4 =4 =4

The occurrence of the days Vandrsurface within a day under natural conditions usually follows the hydrologic
behaviour of the riv@orresponding to the flow regime of the low water stogesrémee fufrd and straitsas

an obstacle to navigation can be expected invthgushore explicit low water flow regime in Sdpiethieer

most critical month is Octéladiowing this season the share of the winter and early spring months in the ford per
declines gradually and by March the navigation obstacle usually disappears

The fords and straits in the wider environment of the power Plant & thi© egerD&nube section can be
characterised as foltows

x Dun af /Gppeflord@3610-1560Q0river km This ford with the marly and sand stone bottom was first
observed iR001 Water depth in the wide chanh&tim.In 2006dredging works were accomplished
to reach thieowest navigation water leveKbiV27dm,the result of which was wcoafl only in
patchesDue to the risk of sliding on the right steep bank the narrowedjuoh thatstage river
bed is proposed for the future instead of further dredging

x Du n a f /Pvelibrd(8559,8 1558,%iver kinOn this ford which waasnseegularly in the first half of
the sixties and then appearing again in the eighties the number of days exposed to the ford inc
frequently above 100 in a, yddle the depth of the ford recededli®2®emrangeAs a result of
the dredginge depth deficiency of the ford was eliminated but the straitrénesaiimee being the
repeated builg of the ford can be observed

x  Soltluppefford(1558& i1 15575 rriver kin The ford which appears regularly from the eighties of the past
centurys clearly the result of the channel bottom erosion caused by the dredging operations carried
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this sectiomhe number of days wheifotitles exposed varies betws@nd150,0ccasionally with a
depth deficiencysef0dm.A miestream shoabw formed in the two wide river bed

x  Solt/lowefford(15538 1 15548river ki The circumstances which have riseftodd@respond to
those described for the upperDoel to the mid stream shoal referred to there a double river bed
structure wdermed on this sectibhe5-10dmdepth deficiency of the ford is intended to be mitigated
by local impoundment created by narrowing

x B° | ctaikl®551 15514river kin The conditions of &#0m wide strait formed in the adverse
bend arentenledto be improved by transverse dikes

x  Hartdord(154& - 15470river ki Thisfordcould be observed from the second half of the sixties up to
the beginning of the nineties with imarouptiondhe depth levels observed rarely dropped below
20dm,and the number of days exposedftodivas also not significdihe training of the Harta bend
also contributed to the eliminationfafdhe

x Madocs#ord(1541,1 15D 4river kinlt could be observed for a period of three years iratheffirst h
the eighties, subsequently it has disappeared

x  Ordadord(15400171 1539 river ki The ford observed regularly in the sixties was characterised by a
ford depth 8618dmmeasured on-30 days throughout the geeverage

x F el ip&ndord(1535 - 15360river ki This ford, observed betwlidattand1985has become
the top ford of the Hungarian section several times due to its very nasty features such as the mi
depth of2dmand50-70days of observatitirwas eliminated by direglg

x Z § dfard(1539071 15337 river ki Thefordwas formed in the bend of the river and disappeared in a
few yearod6s time as a.consequence of the dred

x Paksstrai{15®351 152%rriver ki Due to the unfavourable bend and the forrshtiatsdhe width
of the navigation route is m&&fy here The construction of a guard rfendeticipated here to
eliminate the strait

x Bar ®rh(B220i 15215river kin The ford is the local base of erosion on this section of the river, its
eimination or even partial erosion would result in further deepening of the coniiéaifgrdection
appeared periodically in the sixties and seventies and couldddialmoslybserved from the
ninetieswith an average number of exposed daymd a minimum depth5adm.

x Ko v §c sfqud(l512,5 45118river ki As a result of the channel bottom subsidence process the
fordcurrently exists mainly due to the lack of control works and is caused by the too wide river bed
to shodalormation generated downstream of thechamogl bottom sectioGerjen

In 2013 navigation bottleneck was reported frobanhbeectionaround the Paks power plaoth the
Kov 8cs pus z bawedidI29]l 5148 riveukatdineedsionsvidth1 60m,lengtlv00m).No deficiency of
depttoccurreth 2013along the navigation route near Paks

11.7.1.1.2Gauge connection between the watermark poftaks (Danube 1531.3 river km) and the

embaymentvatermark post of the existing site (cold water danedjround of the watektraction
plant)

Thehydrographicstiation situated the closest to the powergfilgDanubd 52 7iver kihpossessing long term
observation data series on water leveRakglveatermark post

Key features

1

T
T
T

the Paksalove grounttydrographicatation was established on the Danube on 1 J868anyd
systematic water level readings are carried out at the steit® since

data on discharge rates are available only sporadically
the size of the catchment area atesbaiith theofiles189092k m|
the elevation of éh@aint on the watermark p@38metres above Baltic sea.level
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The data series available from the Paks watermark post are to be tranBfanuieehtwuthgofileof the power
plant clol water canél52#iver ki) for which thembaymentatermark pogtofileof the cold water caftiad
anteroom of the cold water extraction) p@spsedrhe correlation of the watermark posts betweefiléhe
was determined by calculations

It can be established on the basis of watermark post correlation calculations that theowdtevdavehés 38
embaymentatermark post profile of the cold water canal (the anteroom of the cold water extraction pumps) in
and medium watége range of tBanubéhen at the Pakk5313 river kiywatermark pgstofileof the Danube

and the same difference is approxigtaelin the Danube high water rafg=8 cm difference is caused by the
higher roughness coefficient Diathebdigh watdyed and the channel bottom resistanceobd thvater canal

Thecold water carmlrface water gradient can be estimated to be appiddmatehe case of low water on the
Danubgand to approximateBcmat high watetherefore ¢éhsurface water gradient of the low and medium water
stages (~20m) can be accepted ashigh watesurface water gradient of the Danube not influenced by the ice
phenomena betweenRh&s watermark pastiDanube mouth of tdudd water car@anubd527iver kindue

to the proximity of Baks watermark poBhus the Danube profile of the power planvét®ea), in other words
thewater level of theld water caratl theDanubenouth is practically approximétgégmlowe n all timedian

the water level measurable dpaksvatermark padis31.3iver kin Therefore, this gradient will be applied to the
Danuberofilef the power plant during the further calculations

Thewatermark pof @oint of thembaymentas set up 8500 metres above Baltic sea ,l¢vetefore the
readings of the water level gauge in times of low and medium water stages corresponds to the readings of
level gauge at tRakswvatermark pgstatermark pddt point is s8538metres above Bakea levgel

11.7.1.1.3 Characterisation of water discharge rate and stage d(t86&2012)

Discharge ratiiratios in the surrounding of théXirubd 5068 river kimDombowatermark plist

Thedischarge rate duration levels determinedmmbwiDanubel506.8iver kinDanuberofilen thel965
201Zhomogeneous period are contaifiebdl@1.7.12, andillustrated drigurel1.7.13.

Danube DomborDischarge r&t(Q)duration(1965 2012)
Discharge rate Discharge ratduration Discharge ratduration

Q [n¥s] [nap] [%]

8320 0.02 0.01

5625 3.65 1.00

3635 36.35 9.98

3045 72.73 19.96

2655 109.27 29.98

2375 145.52 39.93

2125 181.96 49.93

1905 219.27 60.5

1695 255.67 70.15

1495 291.79 80.06

1295 327.06 89.74

941 360.81 99.00

825 365.23 100.00

Tablell.7.42: Thedischarege rate duration figuresDétiubd€19652012)atDanubd 506.8iver kmDanborivatermark
postprofile

Inundation of the floodway staB€0@6000m| high watedischargeFlood, i.e. the inundation of the entire
floodway occurs AD0B8000m | /Tise.flood level is determined as approX@3fehetres above Bakia

levellt can be stated froablel1.7.12, that the duration of the floods from the figures obtained in the period betwe
the years dP65and201Xall short of one day per.year
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Dombori at the river km 1506.8 betwe€91965

Figurel1.7.13: Danubelischarge ratdsirattndiagramyn theDanubén the Dombori watermark post (Dafilebd 506.8
river km
Duration of water Isvnlthéanub@rofilef the existing site of the power plant

The results of the processing of water lewskaani@vealuratios for theold water can2hnubgowermplant
profil§dDanubd52river kinare presented in a transformed foahlél.7.43 andonFigurel1.7.4.

Danube Domborater leve(Z)duration(1965 2012)
Water leve Duration of water levg Duration of water leve
[ mi/ s] [nap] [%]
93.83 0.02 0.01
93.29 0.52 0.14
91.76 3.67 1.00
89.51 36.60 10.02
88.64 72.85 19.95
88.10 109.60 30.01
87.64 146.25 40.04
87.23 182.90 50.08
86.85 219.15 60.00
86.46 255.92 70.07
86.11 291.94 79.93
85.68 328.94 90.06
85.05 361.50 98.98
84.57 365.23 100.00

Tablel1.7.43: The Danubgater leveluratiofigure419652012)n theDanbepower plaprofilg152#iver ki
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Paks erémii szelvény 1527 fkm. Tartéssagi diagram 1965 - 2012 kizt
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Paks erRmT szelv®ny 1821 2fillkaksoWeh plantprofie§1§a7 rivérikra)gDuration diagraéntbeDin 1965
Figurel1.7.34: Danubevater leveturatiodiagrann theDambepower plaprofilg€152#iver km

TheDanubdloods of the year 2013 culminated with the following water heitgntéeqeih the surrounding
watermark psst

1 in the Paks watermark post ficf8é.3iver knat891cm with a water levedP9metres above Baltic
sea levdfd 0 .38nBtres above Baltic sea)level

1 in the Dombori watermark post 60k giver kmat 918cmwith a water level9@f70metres above
Baltic sea le @ 0 .528n8tres above Baltic sea)level

1 in the Bja watermark post pr@fidy 8 river kinat984cm,with a water levelP0B3metres above Baltic
sea levegfd0 0d09%Bnetres above Baltic sea)level

The levels of preparedness decisive for the purposenutrdlopteparedness on the (Bajabel478. Fiver
km andPaks watermark p@=nubd531.3iver kinare illustrated dablell.7.34:

Grades of preparedness Bajawatermark post | Paksi watermark post
(cm) (cm)
Gradd 700 650
Gradel 800 800
Graddll 90 900

Tablell.7.%4: Water elevations on the Baja andPBRlsgatermark pssif the Danube at which each of the flood control
preparedness grades are ordered

Duration of water lsv@ler timeleepemig of the river bed

Based on the water elevations observed on a daily bBsisubdia31.3iver knfPakswatermark pgirofile
from1965up to the end 2012he multiple yeaater leveluratiorurve can be plotted which is preseritigmien
11.7.35, the full period supplemented wittatee leveluratiorturves prepared for ten years cyblesiuration
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figure associated with any ddarubevater leveheans the retention time belowdter levedoncernedh
[daydyeat, or[%] projected to a yedimensions

The water level duration curves prepared for ten years cycles tend to decline at water levels below apprc
885 metres above Baltic sea leatdr leveteferring predominantly to thedsuiogi of thBanubenedium water
stageandlow watestage channel bottdrhe curves also reflect the effects of the flood waves passing along in tf
past year€002, 2006, 2010).

An extraordinary flood wave travelled alBaguaben July of the ye2013 which exceeded the highest ice free
water levels ever measured Mptt 8t@reduced higher than exater levéd429metres above Baltic sea level
/891cmwater elevati@®13kxceeding the highestasurediater elevation ever measureaka{@2cm, 1965.)
by19cm.

Eat Paksi vizszintek tartéssiga 1965-2012 | | | | |
s 4——t1+—1+—F—+—+—+——+—+——+——— 1 ———— 1965-2012 |—
9325 - \ 1065-1974 |
915 - \ 1975-1984 [
I
& 905 1985-19094
< % |
z 895 g “\\ 1995-2004 [
B \ |
12 88.5 “"“xh—uc.h;‘h"."‘-—-. 005-2012 [
—=====——
. %}%%
. e -
I |
85.5 —rs==a
845 |
0 10 20 30 40 50 60 70 80 90 100
tartossdg [%)

Legend:

Paksi v2zs ihuratioed watenlevels-asPaks g a

Vv 2 z s z ii Water level BriB)

tart - § duBaton (%)

Figurel1.7.35: Characterisation of Brenubd 531.3iver knfPaks watermark pogiter leveluratiomandpresentation of the
changes ibOyears cycles

The trend of medium water stageésof the low water staggssidedpproximatetiOmetre and.4 metre,
respectively, on the basith@fanalysis of the data series originating from the pasf{18@]yklagh waters
culminated with dramatically increasing high water levels ever since the date of the inhomogé&8émy in the year c

In the time series of the annual low wagerastdigcontinuity can be observed during the period 98tavekn
1983.The trend of low water stages in th@0pests is slightly diminishiAgtransient increasing trend can be
observed in the period$9832002and subsequently after the ofe2003 with extremely low water stattyes
20032013periodsThe correlation of the sixty years linear fit is apparently better than that of the twenty years [
and in spite of the interim fluctuations and the increase28@8tnghe loger term still tHeclining, mitigation

trend of thew watestages can be expected for the near future

The specific annual river morphology changes could be characteds®gdar éo@/:€ring in the neighbourhood of
thecold water carahd inhe yea”013downstream of it was.Wéle river bed on the section beti&3
1527iver knupstream of tloeld water cand¢epened in various extents but gradualBOSid.d&ere was a
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subsidence in thB271512iver knsection during tA@062008periodthe next three years were characterised by
an approximate stationary channel batitnfluctuationsnd irR013deepening could be experienced again

11.7.1.2Statistical analysis of the high waters in the Danube

Based on the complete daily alatetion data series measuredRathibd 531.3iver knin the Paks watermark
post profiléncluding those influenced by ice phehtmanauabr yearlhigh watdevels were determined from
198602012Trends were determined on the bsshoinogeneity evaluation of the datéssetiens of the line
of best Jitwhich are illustrated on the followingFigurel1.7.16). Thehigh watdevels tend to grow sih@eb.

Paks NV paraméterek 1876-2012

99 -
98 -
97 4
96 X
95 -
94 ]
93

A L Ry Gl RV 1 L

90 +

89
1875 1895 1915 1935 1955 1975 1995 2015

— NV — 1%-0s — kiegyenlités

Legend:
Paks NV pareléh®ighevater kigurgéstaf’Péks betweeldB76
NVi high water
1 9%o0si 1 %
ki e g yidamogenei®ys
Figurel1.7.16: Homogeneity testing and trendsétiodd 531.3iver knfPaks watermark pdigh watdevels by
processing the high water figures in the perd@@ftog012

11.7.1.2.1 Justification of the probability level for exceeding the design flood level

Design low and high water levels were determined by calculating the best fittstghuitdralbditeditted to the
measured data as extreme events R@00Byears recurrence period Bwrd0>/yearprobability levélhis
corresponds to a hundred years (100) long servaredaé&rind & probability level corresponding fidithervice
periodp = 5 10%/year= 5x 103/ 100yea}.

The provisions laid dow@duwernment DecreeIN8/2011. (VII. 11.) on the nuclear safety requirements of nucleatr
facilities and the related activities of the au#vongedNG: NucleaSafety Codda abbreviatipNuclear Safety

Code/ Volumé&': Assessment and Evaluation of the Sites for NuclegrStéeclinpser N@.5:Assessment and
Evaluation of the Sites for Nuclear Power7P3abBoint of floopdeal with the numlesafety requirements of
nuclear power plant sites in the case of flood controi as follows

7.5.5.0100rhe probability that the flood water level throughout the entire service period exceeds at the site the level tal
account in the design bagheafiuclear power plant shall not be any gre&tet@¥an

7.5.5.020Rarameters belonging to the design basis of the site shall be selected for the purposes of designing the flooc
works and embankment so that the probability of inuihdatidéoathe entire service peradd not beore than
5x1@3. For this purpose the characteristic properties of the inundation and flood risk must be determined duri
assessment of the site in accordance with the respective requiicabints dppldesign of flood control works and
embankments as well as those applicable to nuclear safety of the nucleat/plesempptarded for by the law
otherwise, such properties must be determingxilét®kerpassing probability lewehe entire service period
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11.7.1.2.2 Typical elevations of the site in relation to flood control

Water heights on the Ralitermark post (Danube 1531.3 river km, a wateriadkoposp o i n't at th
85.38netres above Baltic sea level) at whid gecHood control preparedness grades are ordered

Grades of Water height and water level atth ~ Water level at trembayment
preparedness Pakswatermark post watermark post*
650 cm 91.88 metres aboy 91.50 metres above Bsdiileve)
Grade | .
Baltic sea level
800 cm 93.38 metres aboy 93.00 metres above Baltic sea
Grade Il .
Baltic sea level
900 cm 94.38 metres aboy 94.00 metres above Baltic sea
Grade Il .
Baltic sea level

Note:
* The elevation of tambaymentvatermark post profil¢hefcold water canal (the anteroom of the cold water extraction
pumps)8500 metres above Baltic sea.level

Tablel1.7.35; Characteristicater levelof flood control gradfes oRakeandpower plamtatermark pgst
11.7.1.2.3 High water levels influenced by ice incidents within the proposed project area

As it is customary in the hydrological statistical studies, water height observation data recor@@diniftth ice code
ice A:standing i¢cd:packed ic®:shorefast igat the time of observation were omitted from the assessment aiming
at water levels not influenced by ice phenomena

In the course of hydrological statistical studies the influence of ice phenomena means that all water height re
counted with, in other words data with and without ice code are assessed jointly

The joint analysis of water levels influenced by ice phenomena and those taken in ice free conditions shows
extent the statistical characteristics are modifibd watan tevels marked with ice codes are taken into account

If the condition precedent of independence is met for the annual high water data series assessed, the last h
significant inhomogeneity is identified and the assessment dhthedaiarsefies originating from an earlier date
than the significant inhomogeneity is.arhit@adependent and homogeneous and later ondatasgeds of

the annual high water stagrapificalistribution function) are fit with the distdbutis presented below and then

the best fit as the most probable value is.selected

The most probable value of the flood water level influenced by theecerianidienevery 20 000 yg@ars
5 x 10%yearprobabilijyis 9649metres above Balsea levih theDanubd 531.3iver knprofileThe area of the
site to be extended is situated downstreaDaniuthé531.3iver knprofilgDanubd527iver kijtherefore the
expecte@0000years recurrence probabhiliy watdevel is tan to be approximagigmlower a®622metres
above Baltic sea leWgle ground of the currently operational and the proposed power pla@&leseeiow
above Baltic sea leamtithe9630metres above Baltic sea trest of the flooontrol works fall short of i,
spillingn the left bank crest of the (Ak8®metres above Baltic sea)level

Pursuant to the currently effective Ministerial Decree No 11/2010. (IV. 28.) KvVM on the design flood elevatiol
thedesigrflood elevati@pplicable in the power measfilgDanubd527iver kinwill beDFEz010= 9410metres

above Baltic sea levidle flood water level determined by us as tieedenazit in every 20 000 yisa8622

[metres above Baltic sed]lévether words it exceeds by more than two metres the design flood elevation (recur
in every 100 years) value provided for by the legal. provisions

Empirical and adjusted probability distribution furnitibnsad@evels influenced by icenpheengdJNV)are
illustrated drigurel1.7.17.
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Duna 1531,3 fKm (Paksi vizmérce) INV eloszlas 1965 - 2012

—— Empirikus

= Normal

Gamma

P - valésziniség [ - ]
o
0

=—Gumbel

895 0.0 %05 91.0 915 920 925 93.0 935 94,0 %45
Z[mBf]

Note:
TheGaussian ar@ammarobability distribution functions on the figure above are practictigrefergiche curve of
the Gaussian probability distributioorfismiétiund below the curve Gdhremgrobability distribution function

Duna 1531.3 fkmP a k s i V2zm®r ¢2)2 DUnd\I53k3 rioes fvhtd evellgQu§ebatk3 high water
level influenced by ice phenofr88%012
Pival - s PRiprobaslity
E mp 2 r empirica
N o r im®rmal
Figurel1.7.17: The probability distribution functiorhaftttveatdevels influenced with ice phenqd e (1963012)
Danubd531.3iver km

The highest icy water level ever observed so far occurred in the time of the ice flb®b @7ttrelyasry
1876)the value of which W@86cmin the Paks watermark post ffditeibd 531.3iver krpand could be only
a coufe of centimetres lowethe power plambfilesince the surface of Benubecould be almost horizontal
because of the packed ice

The last serious ice flood occurred in thelgé&amidthe data recorded reflect an intensive decline inghe numb
and duration of the ice phenan$ardn changes can be explained by three factors according to the reseairc
conducted in this issue

1 A set of high performance hydropower plants were built on the Austriae Baatdbiiod 8 chain
Riparian sé&tments alonget Danubeere canalised almost everywhieof power plant cooling water
and sewage represent a serious level of heat pollution

1 Water quality was subjected to adverse chiheggswth of tadédsolvedatter concentrations irsaga

the time necessary for the formation of solid ice a grbat eitentchemical contaminations also prevent
the formation of.ice

1 The Austrian barrage systems now form a cascade of hydropower plants and the Austrian stretch of 1
can be caidered as fully canaligeztording to the rules of operation in the Austrian barrages no ice i

discharged from the storage reservoirs and therefore the ice supply from the Austrian stretch is r
significantly

As a result of the river trainiogsefind other human manipulations the probability of the formation of packed ice
reduced in the past few decades substansgilg of thishaving regard to the unexpected nature and difficult to
forecast size of this phenomietiom risk ote floods must not be disregarded hereinafterheiticdsreaker

fleet is currently maintained by the water managem@atimuiePirectorate of Water Manag@viemtdthe

Water Management DirectordtZiG)Theicebreaker fleet on thenDbe consists3dhips
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11.7.1.2.4 Calculation of ice free design high water levels

If the condition precedent of independence is met for the annual high water data series assessed, the last h
significant inhomogeneity is identified and the asseSwreat of the data series originating from an earlier date
than the significant inhomogeneity is omitted. The independent and homogeneous and later on arranged date
the annual high water stagepificatlistribution function) are fit héthdistribution curves presented below
(Gaussian, Gamma and Gumbel) and then the best fit as the most probable value is selected.

The most probable value of the flood water level influenced by the ice incident recurrent in every 20 000 ye
5x10%year probability) is 96m9res above Baltic sea level in the Danube 1531.3 river km profile. The area of
site to be extended is situated downstream of the Danube 1531.3 river km profilevé@d&mihehEsaiore the
expected W00 years raaence probability high water level is taken to be approgmédelgrat 96 .2tres

above Baltic sea level which lies below the ground of the currently operational and the proposed power |
approximately 97r@6tres above Baltic sea.level

Pursuant to the currently effective Ministerial Decree No 11/2010. (IV. 28.) KvWM on the design flood elevatiol
the design flood elevation applicable in the power plant profile (DisaukenlBalf be Dibkb= 94.10netres

above Battisea level. The flood water level determined by us for the period between 1968 and 2012 as th
recurrent in every 20 000 years is: 96.22 [metres above Baltic sea levell], in other words it exceeds by more
metres the design flood elevatimurr@nt in every 100 years) value provided for by the legabpidvistitirfalls

short of the 96.8&tres above Baltic sea level crest of the flood contretmapiinon the left bank crest of the

dikes (95.80etres above Baltic leaal)

The culminating height of the 2013 flood wave at the gDapulpb2 Friver kiywas94.06 metres above Baltic
sea level

Empirical and adjusted probability distribution functions of ice free high water levels (NV) Riguidustrated o
11.7.18:

Duna 1531,3 fKm (Paksi vizmérce) NV eloszlas 1965 - 2012

P - valosziniiség [ - ]

895 90.0 90.5 91.0 915 92.0 925 93.0 935 94.0 945
Z[mBf]

Note:
The Gaussian and Gamma probability distribution functions on the figure above are practically identicabftherefore the curve
the Gaussian probability distribution function is founccbelevetiiee Gamma probability distribution function.

Duna 1531.3 fKm ( Pak20i2 Durfa 1531&8rriceekm (\Wakér levdl gagge &t Baks) High @dier level
distribution 198812

Pv al - s rPprobabil@yg

E mp 2 r emfirica

No r rmBokmal

Figurel1.7.18: The probability distribution function of the high wer)l¢¥883012) Danubd531.3iver km
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Based on the figures above it can be concluded that if the lastwlaizhsesin be regarded as homogeneous
(196%2012) is taken as the benchmark, maximum water heights not influenced by ice phenomena are greater
higher water heights with less probability of odlamgemqeeriods of recurrence

Figurel1.7.19 shows the highest annual water heights influenced and not influenced by ice phenomena meast
theDanubdPaks watermark prem1876up t02013.The data seriesin be considered as homogeneous since
1965with the decliig impact of ice phenomena on the high water levels

It can be seen from the highest daily water level figures presented on an Bigudl b@si8 [Danubd.531.3

river kmPakg that high water stageghkiencelly ice phenomena were greater than those which were ice free in the
years 01968, 196and1971therefore the angular coefficient of the trend line influenced by ice phenomena is hif
than that of the ice free trengblineno significariffekence can be seen in the data series analyd&é5rom
Because since approximately the yi&#®9tfe ice free trend line rises aboveetleaded trend line, the ice free

high water data series will be used hereinafter

Duna 1531.3 fKm (Paksi z m®r ce) | ®ggel befoly8solt ®s-201% dgna | nem bef
1531.3 river km (Water level gauge at Paks) data of high water levels influenced by ice phenomena and ice free high wate
levels 1968012

Duna Vwatetewel ohthe River Danube

JNVI high water levels influenced by ice phenomena

NVi high water level

Figurel1.7.19: Time series and trends of maximum i@&Mtdgh water leveladhigh watdevels infanced by ice
phenomen@NV)n thel8762013and19652013period$ Danubd 531.3iver km Paks

Forecast for the anrhigh watdevels

Fitting the data ser{@9652012)}o alogarithmitrend and projected to the fututdghevatdevel requent in

every 20 000 years was predic&?@and a height 87.41metres above Baltic sea l@asl obtained in the
Danubd531.3iver knprofileln the power plgmbfilehe same prediction @d%4metres above Baltic sea.level
According tine calculations the high water levels not influenced by the annual ice phenomena will be increa
approximately one more metre

Thiswater levelill never be formed as it surpasses the crest level of the flood ¢antnel paxies plant on the
Danubeight bank 8630metres above Baltic sea,lemghe left bankS80metres above Baltic sea)levieich
is not possible, since the flood waves is skimweedpilingcross the crest of the upstream embankments during
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