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14. GEOLOGICAL FORMATION® GROUNDWATER HE DANUBEVALLEY
DOWNSTREAM BRKS

14.1. LEGISLATIONZONINGLIMIT VALUES

14.1.1 RELEVANT PIECES OGLELATION

EU legislation (Decision, Directive)

Directive 2000/60/EC of the European Parliament and of the Council establishing a framework for Community action
field of water policy.

Statutes antlaws

Act LIl of 1995 on gfemeral rules of environment protection.

Government Decrees

Governmental Decree 314/2005 (XI1.25.) regarding the procedures of enpaohmesdasment and the single
procedure of authorization of utilization of the environment
Government Decre® 12004 (VII. 21.) on the protection of underground waters

Government Decree 123/1997 (VI1.18.) on the protection of water resources, perspective water resources and hyd
establishments used for potable water supply.

Government Decree 201/20@%.§>n the quality standards and monitoring of drinking water

Ministerial decrees

Joint Decree 6/2009 (IV.14.) Kwv¥MAVM on the limit values established for the protection of groundwater and the
geological medium 14.)
Government Resolution (2d.) Hungaryodés River Basin Management Pl an

Decree 15/2001. (VI.6.) K°M on radioactive releases t
and their monitoring

14.1.2 THE LEGISLATIVE CLASSATION OF THE BEFED AREA

Under section 2. c) of Appendix 2 to Government Decree 219/2004 (VII.21.) on the protection
groundwater, the surrounding of Paks Nucled®|&diselo be treated as a sensitive area from the
perspective of the condition of groundwater becapsef the fworous mamuifeformation can be

found within 100 metres below surface.

Under section 1. a) of Appendix 2 to the named Decree, the internal, external and hydrogeological prot:
zones of operating and perspective water resources avesidebed cas highly sensitive areas in
respect of the condition of groundwater. Within the direct and indirect impact areas of Paks Nuclear P
Plant t hat may affect the Cs8mpa water rpamource
as wdlthe operating and perspectivefiiardd water resources of the section of Danube downstream of
Paks.

Hungaryos River B &l}s dompliai avithaDgrextimes 2000/6(PHC aoh the [ ELirdpean
Parliament and of the Council (Water FramewtivkiDU€l) was issued as Attachment no. 1. to
GovernmenteRolution 1127/2010. (V. Rdcprding to VGT (Water catchment management plan), the
surrounding of Paks Nuclear FRlampertains to the water catchment management $ud S - ,
and isdcated on the edge thereof.
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Out of the underground bodies of water within the region of the power plant, however, potential loads
affect a number of bodies of water for their hydrogeological propertiesl(Taiud-iguie21 4-1)2

The Watecatchment management plan highlights that, due to the lack of coherent watertight cov
sediments, shallow porous bodies of water are very sensitive to contaminations from the surface. \
quality degradation of anthropogenic origin (nitrificatioitucdlaayrd communal origin, and pollution of
industrial origin at places) can be witnessed in the bodies of water. Nonetheless, those bodies of water
good quantitative and qualitative condition, which status is to be sustained.

Qualification .
Code Name Category itati Chemical Environmental
Quantitative status emica objective
status

Catchment area on the right sidq .
AlQ the Danube, downstream of Pak Shallow Good Good Good cond_mon t
540 porous be sustained

(sp.1.10.1.)
AlQ o | - & Shallow Good condition t
498 B° | iBokgey-hagsp.ll.10.2.) pOrous Good Good be sustained
AlQ | Danub€disza Interfluv®anube Shallow Good but with the 0od Good condition t
522 | Valley, Southern part (sp.1.15.2] porous | risk of poor conditi 9 be sustained

Table 14.1-2 Main characteristics of the bodies of water located in the zone of the power plant
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14.1.3 LIMITVALUES

Under section 2. c) of Appendix 2 to Government Decree 219/2004 (VII.21.) on the protection
groundwater, The surrounding of Paks Nucle&iddiwedo be treated as a sensitive area from the
perspective of the condition of groundwater because the top of theguuitefmeition can be

found within 100 metres below surface.

Under section 1 a) of Appendix 2 to the named Decree,, teeténtexinahd hydrogeological protection
zones of operating and perspective water resources are to be considered as highly sensitive area
respect of the condition of groundwater. Within the direct and indirect impact areas of Paks Nuclear P
Plantt hat may affect the Cs8mpa water replanurce t
as well the operating and perspectiviltbegdk water resources of the section of Danube downstream of
Paks.

The good condition of groundwater, frperdpective of potential contamimaetablished with

threshold values for bodies of water and with health limit values for potable water. Regulations on nitre
the most frequent conservative contaminant of groundwater resources and @metetafzeiedure

below.

Under subsection 6(1) of Government Decree 219/2004 (VII.21.) on the protection of groundwater 21
Water Inspectorate will take measures in areas highly sensitive from the perspective of the conditic
groundwater to preventiacigental deterioration or, if deterioration is occurring, to improve the condition.
The turning point as per subsection (1) is:

a. the concentration value, averaged in the upper 50 metres of subsurface bodidsaté water, of
and pesticides (B) is B%e maximum contamination value;
b. thetemperaturen the underground water changes to such an extent that it endangers the gooc

condition of the body of underground water.

Under Appendix 2. to Government Decree 201/2001 (X.25.) on the qualitg stexmitartsg aof
drinking water, out of the water quality characteristics, the amount of nitrate may not exceed 50 mg/litre

With respect to temperature, the piece of legislation does not specify a limit value. The effect of tempel
on the producedteramanifests itself primarily in the increase in the bacterial count, and therefore th
relevant piece of legislation set forth the mandatory requirement that at every Water Works where
temperature of the watked into the network excé&ds Ghall make E. coli, Ps. Aeruginosa counts

and colony count at°@7 Temperature rises are seasonal phenomendiltdrédnkater resources

because the surface watercourse indirectly supplying some of the production from wells warms u
summer.

The Geernment Decree 201/2001 (X.25.) deteadimeivityin potable water, relying on twaacriteri

The tritium activity concentration may not be higherBipaim18@d the total radioactive dosage
(tritium, potassi, radon and radon decay pgroducluded) may not be higher thanSOAearf 1 t

is not required to assess tritium or radioactivity in potable water in order to define the total indicative dc
if the tritium level in the indicative dosage calculated in another assésenertt is fart h o | i mi t
comply with the above stipulation, the total alpha and beta activities shall remain below activity concent
of 0.1Bg/dmand 1Bg/dm respectively.
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14.2. DESCRIPTION OF THE/ERONMENTAL BASIQSE OF THE AREA UREHUDY

14.2.1 HY'DROGEOLOGICAL CHBRERISTICS OF THEOBRER ENVIRONMENT TBE AREA
UNDER STUDY

Groundwater in the Danube Valley is stored in a Danubian alluvial, pebbly, sandy sequence from
Pleistocene and Holocene age. Groundwater constitutes a continandsssystirect contact in the

West with a higher level groundwater that is seeped from the rains and snow on the Holocene loess pla
of MezRf°l d bordering the Danube Valley and a

area providesupply to groundwater reserves in the Danube Valley at all times.

The general direction of groundwater flow follows the descent of the terrain; the flow runs from NW to ¢
the right bank while from East to West on the left bank. The highesiayrelsnchvalbe found on the
|l oess plateau West of Paks. The hydraulic grad

The groundwater level in tributaries is also higher than in the valley of the river, which directs the ge
flow fom East to West, i.e. towards River Danube. Topographically, the left bank is less articulated,
therefore hydraulic gradient values are lower here.

The water levels in the wells outside thdymginic impact area of the Danube move roughét in parall

with one another, i.e. the value of hydraulic gradient does not change significantly in various times of lo
high water. However, the hydraulic gradient is rising within the hydrodynamic impact area of River Dal
while it declines in times bfager, and it can even turn into the opposite direction.

14.2.2 BOUNDARIES OF THE AREIDER STUDY

14.2.2.1Horizontal delimitation of the area under study

Geographically, the shallow porous bodies of water sp.1.10.1., sp.1.10.2. and sp.1.15.2 described ir
previous chapter are affected in part only. Processes of action occur within the boundaries of the bodi
water, in a much narrower area.

ltisot he stretch of the |ive stream of the Danut
environmental baseline condition was identified and, then, indirect impacts were examined. The area |
study lies between river kilometres 1534 arfdHelB&uoube

The boundaries of the area under study were established in line with the boundaries of the body of v
sp.1.10.1. along the surface catchment area on the loess ridges at the Western border of the Danube V
The natural water catchmantbd ary of t he stretch of the Danub
the Eastern side stretches up to the Homokh 8t s
take into account the artificial boundary running 3.5 to 9tte Keit foamkt of the Danube.

14.2.2.2Vertical delimitation of the area under study, based on hydrogeological
characteristics

The vertical boundaries of the area under study are set by hydrogeological characteristics.

It is not on the surface but also in depth of several hundred meters that the porous formations sensitive
the perspective of the propagation of contaminations can be found within the assessed area. But
hydrogeological reasons the complete popeersce cannot be considered, from the perspective of the

operation of Paks Il., as a potential impact area to be studied. The assessment of impacts could
narrowed down to Quaternary formations and shallow porous waters in which groundavater constitu
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coherent flow system among the |l oess ridges i
Danube as the main drainage area.

The hydrgeologically determinatigaiferformation in the Danube Valley is a Pleistolmaame
sandy, pebbly cdeyp Based on our current knowledge, its formation is conceivable to have taken place |
the Danube of that time continually filling up the constantly subsiding territories around Kalocsa.

In the deflation period between flood times, intense gemeratigrsahd occurred on the left (Eastern)

side, gradually pressing recent Danubian erosions and fills Westward. At the junction of territories cove
quicksand and the Eastern floodplain parts of the Danube the groundwater infiltratimxgarmzligh the qu
sprang to surface, creating peaty areas. As a result of buried peat and silt lenses rich in organic matter
groundwater is in reductive condition on extensive pieces of land, with high iron, manganese and ammc
content.

The coherent sarepbly complex gradually becoming thicker and thicker Eastward came to being as
result of a specific evoluticg][14

Out of the Quaternary formations in the hilly
metres and running sand inthickness of a few metres are the most significant formations. Both
formations are groundwagaring formations at the same time, and they play a role in mediating the
seepage from hilly areas towards the groundwater of the Danube Valleycen dhd Rahmpdaian

artesian waters in the second.

It is the Upp@annonian Tengelic formation, a regionally extended but at some places locally missing,
few metre thick Pannonian mud, clayey silt, sometimes silty layer with poor hydraubt conductivity
constitutes the bottom of the geaibhaquifecomplex with good conductivity.

What lends significance to the formation is that by hindering the contact between Quaternary and Uj
Pannonian aquifiers, it gives protection to the water rededroasUygier Pannonian formation water
against pollution spreading from the surface.

Located 2.8 km Southwest of the Paks Nucle&ldpwerCs § mpa Wat er Wor ks, S |
PowePlant was also installed on Pannonian formation watdorPobthue Water Works is addressed
in a separate Chapter.
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Figure 14.22 The NW5E hydrogeological section crossing the area under study

Prevailing pressure conditions in the formations also provide protection tw#terf@ejfdtential

levels below the hilly parts providing supply decline as the depth grow, i.e. there is a possibility
percolation, subject to anisotropy and/or predetermined geological courses. In its untapped, natural s
the selpotential leV of formation water in the Danube Valley rises downward, i.e. the subsurface water
flowing upwards here, meaning this is a plume area.

The general direction of groundwater flow is towards the main drainage area of the Danube; it flows
NW to SE dhe right bank and from East to West on the left bank. The flow conditions of groundwater :
determined by the base level of the Danube as well as the geographical location of depressions.

The characteristic hydrogeological features of the ared,fampletalemarcation of the area under
study, are shown in a hydraulic-sgossn nearly perpendicular to underground water flows (Figure
14.2.22). The water levels measured in static condition upon the installation of wells were used to cor
thathydraulic crosection. The Pusztahendsez - d s e -8E direction was drdwkiVup as far as

the line of the Danube because East of the Danube there were not sufficient well data perpendicular tc
direction available to further draw the Sdwidforthwestern part of the section is an infiltration zone,
where the hydraulic potential level of the layers close to the surface significantly exceeds the level of d
layers, and the vertical hydraulic gradient of underground water is Wiaedseddbthe surrounding
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of the Danube is a drainage zone where the hydraulic ascent height of deeper groundwater exceeds tl
shallower layers; and the vertical hydraulic gradient of underground water is directed upwards.

The Danube Valley and,, tthes zone downstream of Paks NucleaPRowvaard Paks Il are plume
areas from hydrogeological perspective. The plume regime provides protection to deeper layers of
geological formations as well as to waters contained in them, ag@linslevgetbutions that seep
down from the surface.
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Figure 14.22 Selfpotential log crossing the Paks NucleaPRower

14.2.2.3Delimitation of the area under study, based on the processes of action

In delimiting the area to be assessed, we took into account thef pidcestest the extra load on the
environment imposed by Paks II. will bring about. The extra load imposed on subsurface water by Pal
as compared to its natural baseline condition, can appear in two ways: in the forms of indirect and c
transprt of heat and of substances.
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Thedirect waymeans seepage into groundwater in the area below plenpdhisrpotential load is
addressed in detail in Chapter fnGeol ogical for
( h er edtensodetirgrn . A

Paks Il. is located at river kilometre 1527 on the right bank of the Danube, where due to regional and
flow directions the groundwater, having done a short distance of seepage, arrives in the Danube.
substances refsing the Danube get blended with the groundwater, and are then drifted away, in the riv
Based on the hydrogeological conceptual model, presented briefly above and detailed hereaf
contamination cannot thus reach the regional system of flendisiantraceas. As shown before, the

load cannot reach the zone of formation waters, either.

Theindirect waymeans that the load first spreads with some other natural medium, and later appears
the underground water, with a shift in time andhshateprbcess the most important medium of
transport is the live stream of River Danube. The processes occurring in the Danube are addressed in
in the Chapter AModel ling the morphology of t
(heeinafteDanube surface water modelling

In summary of the above, the direct and indirect load that appears in the form of heat or substance trar
can only affect the Quaternary sandy, pebbly complex.

The description of the environmental basealiiencertends to the incidentally affected Pleisticene
Holocene sandy, pebbly complex, the groundwater moving in it, the factors influencing groundwater fl
detailed assessment of the relation between the Danube and groundwaterfilkewdivatdank
resources along the Danube.

14.2.3.TERRAIN ANDATERS IN THEREA UNDESTUDY

What determines the direction of groundwater flow is the geodesic height difference between seepage
drainage areas. That is why it is important to be aware of the topography of the area under study an
position of minor drainage watercourses.

Fromtopographical perspective, the area under study is a flatland with gently undulating surface.

exception is the loessered Westexorthwestern agricultural land where the highest point is 2014 mBf
at Gy°rk°ny. The av agtlzeded and rgbtdanks ofI Danul®dsntsters ar e a
above Baltic Sea level (mBf). Most of the area is used for agricultural land for cultivation or as pasture.

Keeping its-8l direction, River Danube slightly meanders along the stretch betwe@ndsettiarden

the Si- channel, causi ng i-M@metreewdde ondahie Average.sThe | n
area under study lies between river kilometres 1534 and 1498 of the Danube. The area is poor in ne
watercourses. The left sidiheofDanube is an area with sparse runoff, short of water; it is relatively
abundant in water only at the time of snow thawing and of raining in early summer. Its network of art
channels is quite long.

The Southern part of the right side is matenkow backland, a floodland, entirely the flood basin of River
Danube. This flatland with gently undulating surface is dissected byoffahaeliywatats of the

Danube (e.g. Fa#ttitDuna TolnaHoltDuna and more or less filled up former tive dchannelS i

the only significant surface tributary reaches the Danube at the Southern border of the area under study
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Figure 14.2B Terrain and hydrography of the area under study

14.2.4GEOLOGICAL FORMATIONS

The indirect load that appears in the form of heat or substance transport can only affect the Quater
sandy, pebbly compl ex. Based 09hcoverhdegeo®goallmam i ¢ a |
[143], the Northwestern part (between Pai&syahd k ° ny ) of the area unde]
loessafluvieeolic sand on the surface. South thereof, mainly fluvial sand, fluvial silt sand, moving sand &
fluvialacustrine silt can be found (Figurell4.2.4

As a characteristic of theeeatea from the 0.55 metre thick cover layer to the-Bampeonian clay
bottom, grain sizes become more and more coarse. Belgraitierlfsand following the cover layer,
mediungrained, then coaggained sand, gritstone and pebble layarsf@inm facies at some places)
lie. The pebble layer continually becomes thinner towarelsdtteweghdthen it pinches out, and
cannot be followed in the area of loess ridges.

The overall thickness of the Quaternary formations abovdrdmadspgerbottom ranges from 8 and
98 metres, the average being 30 to 40 metres Demaheritbenedek as far as the Southern border of
the assessed area on the | eft -Gerahdine afd attthee Da
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Western, Northstern edge of the area on the right side of the Danube the assessed sequence increas
in thickness up to more than 40 meters, exceeding even 70 metres at Kalocsa and North of Paks.
complete thickness of Quaternary formations ranges between eBezsndl@tyrthe Toktaadd-
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Figure 14.24 Simplified covered geological map
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14.2.4.Hydrostratigraphy of geological formations

The Pleistoceiwlocene sequence of formations was split up etratigdaphic basis, by
consolidating formations that have identical conductivity properties. Sequences of about 350 wells
drillings were used for the vertical distrébsigmificant part of them reached even thBadpoeian

clay bottom.

The main layEnclude:

Cap layer;

Finegrained sand layer;
Mediungrained sand layer;
Pea sandgravelly sand layer;
Clay bottom.

=A =4 =4 4 4

The overlying strata are built up of loess, loessal sand, moving sand, fluvial, lacustrine and palt
sediments. Its average thicknessrigeges in areas West of the Danube, it reaches its maximum in the
middle of the area, nPana z e n t g .8 mefrgs). I{ id thinner in areas East of the Danube, 2
metres on the average while-& mditre thick in the direct surrounding ef tAde\bottom of the layer

is situated at the height between 70 and 210 metres above sea level-Bfrigure 14.2.4
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Figure 14.221 Cap layer map at substrate level

The thickness of the-fijreened sandy beds is between 2 aetleS on the flat land on both sides of

River Danube while it reaches even 10 metres near Tolna, Fadd and Kalocsa. On topographically h
ground surfaces fgrained sand is replaced by loess on the Western edge of the area and in the
Northeast, wheits thickness may exceed 50 metres. The bottom of the layer is situated at the heig!
between 70 and 160 metres above sea level, it continually slopes fidorttiveeSiotththe Seuth
Southeast, and it can be found in the largest depths Sowutineass af€ll as near FBj&t ya and
Kalocsa (Figure 14-2)4
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Figure 14.231 Map of fingrained sand substrate

The mediwgrained sand isl5 metre thick on the average but it becomes even thicker North of Paks
South of Dusnok, bet ween Bogyiszl- and River
ranges between 15 and 30 metres. The sole of the stratum islgtuwedn iEDrunoff is similar to that

of the stratum above it, and it slopeth&dorthwest to the Southeast (Figurd)14.2.2
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Figure 14.24 Map of mediugnained sand substrate

The thickness of the cograged sanghebbly stratus below thediaged sand gradually grows from
the West to the East, reaching t-60enetrathickwhiem b et
the average thickness along the Danui38 imdfses.

The bottom of coagsained formations is Upaemonian clay or muddy clay, sloping gradually from the
WesiNorthwest to the E8sutheast. The height above sea level is between 20 and 120 metres, the
highest location is in the loess kdg&sof Paks and the lowest point is near Kalocsa.
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Figure 14.25 Map of coarggained (pea) sand and pebble substrate level

14.2.4. Mydraulic conductivity of geological formations

Thegroundwater flowrate is uneven, changing subject to the grain composition of the stila¢a. The coarse
grainsare the better conductivity the formation has. For the hydrodynamic modelling, we had to ass
specific seepage hydraulic parameters ts f@moations, in addition to their-dtyatigraphic
classification.

Table 14.224 shows the heights above sea level and thicknesses of the strata used for modelling tt
operating and perspective water resources in the assessed area as wetings tired haeitical
percolation factor values of those strata. The presented parameters were defined by well hydraulic tes
well as by grasize distribution studies. The table is based on literature references named in the details
description of tearesources.

Horizontal seepage factor values are usually higher by an order of magnitude than vertical seepage f
values. Generally speaking, the seepage factors of cover layers are lower thpahblyhsragady
below them but they are higher thanphgesésctors of clayey bottoatudeformations.
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| Layer depth | K. [m/day] | K. [m/day]
Perspective water resource
Ordag Dunpataj 88:|: 92 mBf 0.05 0.005
Ordas section (Lower re 83i 88 mBf 8 0.08
; ; 661 83 mBf 65 45
Dungpataj section 66-
Local model
25 0.2
35 0.4
60 0.6
. 60 0.6
Gerjen North 60 06
Regional modsg
01 7m 15 0.2
71 25 m 1530 0.4
25i 40 m 10 0.1
83i 90 mBf 0.5 0.05
B § t- Moath 837 61 mBf 40 25
617 40 mBf 40 2.5
0.01; 0.3 0.95
.- . 5; 10; 25; 50 0.03
Gerjeri Dombori 8: 1728 01
0.04 0.004
81.36:91.77 mBf 0.05 8.24 0.025 0.41
B § t-apz 81.36 64.5 mBf 28i 63 1.417 3.15
64.5 23.78mBf 28-63 1.41 3.15
851 90 mBf 0.15 0.45
Fadd DomborB o g vy i 857 42 mBf 40; 51; 69 15; 19; 21
421 mBf 0.001 0.0001
8589 mBf 0.5 0.05
Fajsz Dusnok 7585 mBf 35 0.35
6475mBf 35 3.5
3964 mBf 35 3.5
Operating water resour
Thickness:
Fadd 3i20m 1i 5 0.5
131 30 m 20-60 5
Topset fine clastic 5*1¢ 5*1@
Dunpataj Sandy aquifier 6*10 6*1¢
Gravelly sandy aquif 5.5*10 5.5*10
Substrate clay 5.5*18 5.5*16

Table 14.2-# Seepage hydraulic parameters measured on water resources

14.2.91YDROLOGICAL CYCLETBIE GROUNDWATER EX6T

Soil water in the area gains supply partly from infiltrating rain and snow, and étyrfece the
waters transferred upwards from the groundwater in plume zones. According to data of the Hung:e
Meteorological Service (OMSZ), annual rainf@d@di() the climate is dry temperate.

The residual volume of seepage from rainfalhegedhbiyea number of factors (thickness and physical
properties of the soil, the material of rocks below the soil constiphiaseaztimeeland utilisation, the
evapéranspiration of plants). There are a number of methods to define thecotéioe IeEgohing

the saturated groundwater zone. This study presents the seepage values that serve as the basis fo
calculation of national wat er bal d]nThase values Hu n g &
were also taken into condidera the numerical hydrodynamic modelling.

The following Figure 1412 $hows the surplus infiltration values of the period between 1991 and 2000,
assuming such a low groundwater level from where there is no capillary ascension into the root zone
calculations were made with a 1 by 1 km resolution hydrological model with split parameters. The sur
SsiXx monthsoé infiltration surplus is zero in g
volume of the rainfall seeping down.

According to some authors, the groundwater evaporation in summer may even lead to a negative v
balance in drainage areagd].14t an annual level, this value can/#gacm in the Danube Valley.
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Figure 14.25 Infiltration tendencies in the area under study

14.2.8VONITORING SYSTEMSHE REGION

Based on the water level and water quality data measured in monitoring systems, you can track the n
processes occurring in the area, and notice the changes resulting from human interventions. The water
data measured in monitoring systemsaiste pnformation about the flow of groundwater. Multiple
monitoring systemsedto observe the groundwater operate in the area, mutually supplementing each
other. The locations of monitoring wells in the area under study are shown-h Figure 14.2.6

1 Maitoring system located within the site of MVM Paks NuclPanRdevelts detailed
description can be found in Chapter NfnGeol o
direct surroundingo.

1 MVM Paks Nuclear Pdiant_td. The environmprdtection monitoring system of underground
waters along River Danube.

1 Core network and other observation wells operated by Water Management Directorates.
1 Observations wells of water resources operated by Water Works
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14.2.6.1The environment protection monitorgygtem of underground waters along River
Danube at Paks Nuclear PoRlant

Returning the cooling water to the Danube and to groundwater along the Danube is such a factor impe
the environment whose effect Paks Nucled&|®uglso keeps an eye on by continuously operating the
monitoring system, under the competent author
and perspective significant-filtered water resources along the affected stretch oféhe DangbT h e
guotation is from the Water Rights Operation Permit).

The environmental monitoring system examines the effect of the thermal plume on subsurface waters \
special setup and in a special way. A section consists of riverbed probesmatigiledvestically in

the flood catchment area (pair of vertical riverbed probes) and, farther on from the Danube, observ
well(s) installed mostly in the protected zone. Measurements are made both with instruments and man
Instrumented measuents extend to measuring pressures, temperatures and, in four locations,
conductivity.

The technical parameters of the monitoring system are suambledldj?ib.

Facility Section e Terrain| Bottom hold
name | number of sectio name Danubeiver km yp mBf m
PK1_HMSz 1 Paks North Cold water| 1529.5 Horizontal riverbed pr| 91.50
27F 1 Paks North Cold water| 1529.5 Observation well 91.80 215
PK2/1_HMY 2 Paks North Warm watg 1526.0 Horizontal riverbed prf 89.10
PK2/2_HMS 2 Paks North Warm watg 1526.0 Horizontal riverbed pr| 89.10
PK2/3_HMS 2 Paks North Warm watg 1526.0 Horizontal riverbed pr| 87.35 5.0
Pk62a_F 2 Paks North Warm watg 1526.0 Observation well 93.00
KB1_VMSZ 3B Kal ocsa_Ba 1521.6 Vertical riverbed prob{ 88.40 15.0
KB2_VMSZ 3B Kal ocsa_Ba 1521.6 Vertical riverbed prob{ 88.90 26.0
KB11_F 3B Kal ocsa_Ba 1521.6 Observation well 91.80 30.0
KB12_F 3B Kal ocsa_Ba 1521.6 Observation well 91.74 20.0
KB13_F 3B Kal ocsa_Ba 1521.6 Observation well 91.97 19.0
ZS1_VMSZ 3J Zsid- z8to 1520.0 Vertical riverbed prob{ 86.41 9.6
782 F 3J Zsid- z8to 1520.0 Observation well 92.58 30.0
GR1_VMS: 4 Gerjen 1512.2 Vertical riverbed prob{ 89.80 15.0
GR2_VMS: 4 Gerjen 1512.2 Vertical riverbed prob{ 89.82 30.0
GR3_F 4 Gerjen 1512.2 Observation well 91.32 30.0
SIE1_VMS; 5¢£ Si - _North 1497.0 Vertical riverbed prob{ 88.97 15.0
SIE2_VMS; 5¢£ Si - _North 1497.0 Vertical riverbed prob{ 89.12 30.0
SID1_VMS] 5D Si - _South 1496.0 Vertical riverbed prob{ 90.37 15.0
SID2_VMS] 5D Si - _South 1496.0 Vertical riverbed prob{ 90.37 30.0
BAl_VMSz 6 Baja 1481.6 Vertical riverbed prob{ 85.20 28.5

Table 14.2-8 Technical data on the environment protection monitoring system of underground waters along River Dant
at Paks Nuclear PoRkamt

The topography of different sections are shown in detail in Fgure 14.2.6

File namé?AKSII_KHT_14 Dunavéllyy 2477



MVM Paki$. Zrt Environmental impact stuc
Implementation of the new nuclear power plant units at the PaksGsslogical formations and underground in the Davailey downstrean

630000 640000

&

b Gyorkény

T Aver”

W 3
“Pysztahencse

[
140000

140000

# 5 Dunaszentbenedek

1 2.5z 1526.1 Paks-Melegviz !

Kisfoktb,

130000
130000

g Szedres

Facankert

120000
120000

! Jelmagyarazat
B MVM Paksi Atomerdmil Zrt. telephelyén
belil elhelyezkedd monitoringrendszer
A MVM Paksi Atomeromd Zrt. Duna menti
felszin alalli vizek kérnyezetvédelmi
moenitoringrendszere

Vizligyl loazgatosagok altal (zemeltetett

térzshalozati és egyéb figyelckutak

(vizszinl adatsorral)

— Vizlgyi lgazgatosagok altal Gzemeltetett
térzshalozati és egyeb figyelckutak
(vizszint adatsor nelk(il)

O egyéb figyelokutak

| T folyamkilométer

[ vizsgalati teriilet hatara

‘5. sz. 1497.0 Si-Eszak
(esﬂeles 2002- 2005)

110000
@

110000

630000 540000

1.521527.1Pakd i d eNp.4:2527.1 Paksli degv 2 z ( c oMV MvaPtaekrs)i AMVM Reks NRaedr P&vertPlant Ltd.
2.521526.1 Palidle | eNp\22 1526.1 Pakde | egv 2z (wabumanenti f el sz2 n dnimdnitolingrendszeeek k°r nye

water) The environment protection monitoring system of underground waters

3B. sz3B. no. along River Danube.

1521.8 Kalocs® a r -B5R1e8 KalocsB a r § k a V2zeéiggyli |l gazgat-s8gok 8§l tal izemel t
3J. s23J. no. figyel Rkut ak-Cqremmetwoskand other absbraationo r r a |l )
1520. 0z 8495&0 . Oz 84 soindy:- (reef) wells opeted by Water Management Directorates (with data series on
4.521512.2Gr j e n ( ndeng.ylel®.2 @erjen gquarterly) water levels)

5A. sz5A. no. V2z¢gyi |l gazgat-s8gok 8ltal ¢zemeltt
1497£6 zaik- ( ®20005Fk 4 ®B-N@tH @liBervation figyel Rkut ak (Corezesvarkamdothard at sor n®I| k
from 2002 to 20005) observation wells operated by Water ManagemenebBifwiturat

5B. sz5B. no. data series on water levels)

1496-D®ISi(-ne-y4 e d-Sa@rh&qgsarterly) egy®b f -btigeyobderRatian tvellk

Jel magbegemd§ z a't f ol y a mkverlkiome®a e r

MVM Paksi Atomer RmT Zrt.tel eph evliyz&ng 8l eal tfduntaskshbtheypreazhkderdgidya
monitoringrendsadonitoring system located within the site of MVM
Paks Nuclear Power Plant Ltd.

Figure 14.28 Monitoring systems in the area under study
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Figure 14.238 A detailed layout of the monitoring system of groundwater long the Danube
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14.2.6.2Core network and other observation wells operated by Water Management Directorates

In the assessed area there are observation wells that beloore toetherk operated by Water
Management directorates (Central Transdanubian, Lower Danube Valley) while other ones were,
instance, completed during the diagnostic studies of water resources. The detected data, however,
rather incomplete. The datut wells that are not short of data for more than 15% and are, therefore,
involved in the assessment of the groundwater flow system are detailed-i) habél Ioh2t& data

from the Central Transdanubian and Lower Danube Valley Watet Megtgeates

The table sums up the characteristic values measured in the assessed period cR@L§kars (2012
Among the data, the distances between wells and the Danube are also indicated, which is an impo
parameters in looking at distteuts.

KV K¥V NV K¥V .
. ) KV (low . NV (high )
Level of (low (medium | (high (medium Distance
N(Ijastter Lbocal nt':f‘ me Of” plpe C},vetl:'l water water water \Ilé\a/teel)r water \lz\a/teel; to
ata observation we flange ep level) level) level) level) Danube
relative absolute
mBf mBf mBf mBf
(metres (metres
(metres (metres
above above
above [m] [em] [em] [em] ) above B [m]
: Baltic . Baltic
Baltic Sea Sea Baltic Sea Sea
level) level) level) level)
Northern water
132051 | O 91.40| 400| 612 493| -277| 8528 86.47| 8863 373
132053 ﬁ/it ya N. v 90.78| 405| 460 386| -210| 86.19 86.92|  88.68 1208
132054 ﬁ/gt ya N 9571 205| 450 377 206| 8621 86.94| 8866 1212
132055 ﬁl /flt ya N. v 91.05| 400| -436 381| 271| 86.69 87.24| 8834 1962
3974 ﬁl /fzt ya N.wW 9108 200| 38 382| 271| 8670 87.26| 8837 1964
Northern water
132057 | O gt 9290 205| -801 644| -367| 84.89 86.46|  89.23 86
132059 | Northermn water 9262| 205| 741 613| -150| 85.21 86.49| 9112 402
resource V2f
1419 | B § t1418 91.47| 916| -485 426| 296| 86.62 87.21| 8851 2283
DungatajOrdas
perspective water . . _
132084 | o VOl No. 95.61 807 722| 61| 8755 88.39  90.00 451
2
645 | Duna z e n t-G#y ° 92.94 6.8| 346 289| 235| 8948 90.05| 9059 5692
FajszZDusnok
132103 | Perspective water 90.34| 30.0| 509 432| 227| 8525 86.02| 8807 1082
resource well no-B/f
K-33
132119 FasBusnok water 90.56| 30.0| -495 431| -300| 8562 86.25| 87.57 1823
resource 5If
1422 | Dusnok422 90.35 55| 349 292| 187| 86.86 87.43| 8849 4867
14703g| Danube right bank 90.49| 190| 626 593| 39| 8423 8456 85.10 2405
exploration4
Danube right bank
147040| o o 90.83| 200| -483 421| 321 86.00 86.62| 87.62 1503
FajszZDusnok
132130| perspective water 90.52 10.0 -487 412 -204 85.65 86.40 88.48 1240
resource 3SZF/2
132160| B 8 Hwsz water 90.73| 150| 558 a53| 273 8515 8620  88.00 572
resource 1F/f2
B § tFgjsz water
132161| - > P RS NE 90.16| 30.0| -443 360| -133| 8573 86.56| 88.83 1079
132163 | B 8 trasz water 9057| 300| 522 426| 253| 8536 86.31| 88.04 703
resource 3F/fl1
132165| B 8 Hwsz water 90.99| 300| 513 434| 217| 8586 86.65| 88.82 1202
resource 4F/f1
B § tFgjsz water
132166( o - BTES 91.00| 150| 513 434| 218| 8587 86.66| 88.82 1202
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KV K¥V NV K¥V .
. . KV (low ) NV (high .
Master Local name of Levelof | yye vgggr (n\;vzcti(leurm \S\T ;%:r water (n\;lzcti(leurm water | Distance
data observation well pipe depth level) level) to
flange level) level) level) level) Danube
relative absolute
132097 | Dun@ataordas 91.05| 195| -302 271 -242| 8803 88.34|  88.63 2011
water resource-b/f
2088 | Kalocs®988 91.18 77| 304 236 47| 88.15 88.83| 90.72 6705
DungatajOrdas
132089| Vb (water resource) 3 93.14| 150| -656 541| 369| 8658 87.73|  89.46 280
2.
132095 | Dun@atardas 9296 210| -536 486 | -389| 87.60 88.10|  89.07 1002
Water resource-5/f
132096| Dun@atafOrdas 9295 150| 535 485| 390 87.60 88.10|  89.05 1005
Water resource-8/f
647 | Pakss47 127.30 62| 315 210| -137| 124.15 12520 125.93 1705
643 | Pusztahence#3 136.20 56| 359 334| 313 13261 132.86] 133.07 7589

Table 14.2-8 Observation wells operated in the area under study by Water Management Directorates

14.2.7 HLOWS AND PRESSURESTHE GROUNDWATER

The pressure conditions, at all time, of groundwater in the zone of the Danube Valley are subject tc
water regime of the Danubian live stream. Water levels in River Danube over the last 10 years were Ic
at, and a period was sought for whoseewaterlls ar e characteristic of
established that, in respect of the water cycle of the Danube, typical periods can be selected from y
2012 and 2013 (Figure 14R.7
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Figure 14.21% Water levels of the Danube in years 2012 and 2013

In 2012, the summer period free of nAgreen fl o
at the end of which in December the water level achieved the minimum in that year. The time was absc
suitable to define the low groundwatehésaeteristic of times of low water level (KV) in the region.

Then after a number of winter and spring surg
arrived, setting new highest water levels (LNV) as far as the town Bajaufidnevasia@bsalutely

suitable for us to draw a map of groundwater levels characteristic of times of high water level (LV) ir
region.

File namé?AKSII_KHT_14 Dunavéllyy 2877



MVM Paki$. Zrt Environmental impact stuc
Implementation of the new nuclear power plant units at the PaksGs#elogical formations and underground in the Darmiley downstrean

Based on the data of Danubian water levels, we established the value of the average water level for th
10 years. @of the Y2013 data series of Danubian water levels at Paks, we looked for the period when t
value arose, in the proximity of averages, with duration of one or two weeks. That is how we selecte:
late October period that was suitable to chathetaxiseage groundwater levels pertaining to the times

of medium water level in the Danube. The hydrological characteristics of the Danube in those period:
summed up in Table 1412 The periods listed in the table are capable of drawing acdreeiage hy
picture of the correlation between groundwater pressure levels and changes in Danubian water level i
Danube Valley in the notable periods (KV, K¥V

Dombori Paks Cold water canal Dombori Baja

1.506'8 1531.3 river km 1526.4 river km| 1506.8 river km 1.478'4'

river km river km

Water | Water Water drop Water Water

Danube level level drop level cm/k level drop level
yield n¥/s cm mBf cm/km mBf m mBf cm/km mBf

KV [2012.12.1) 1360 20 85.58 6.69 85.24 -3.00 | 83.94 4.30 82.72
K'¥12013.10.20 8980 883 86.97 6.00 86.69 -1.00 | 85.50 5.39 83.97
NV [2013.06.1] 2140 159 94.21 6.33 93.97 6.00 92.66 6.16 90.76

mBf metres above Baltic Sea level
Table 14.2-F Typical water levels of River Danube

Groundwater level data within the area were available in an uneven distribution for us to edit maps
contours of notable groundwater levels (KW w a t medium waen/and Lhigh water). A

significant andance of data was available primarily in the areas of the Paks NBtde&amnéofer

t he o perKalocsar{kplocBaa k 8 Ra) water resource. The dat ¢
observation wells and riverbed probes scattered ja@inlisttcam each other were also known.

To present the seepage hydraulic status characteristic of the assessed region in the notable dates, we
the following boundary conditions in our drafting work:

1 In the preet period, the groundwater presslues in the Danube and in the cold water channel
along the drawn up current bankline are identical with the water levels calculated for the gi\
bankline of the Danube and of the cold water channel.

f Using the groundwater level data measured inooba@fisatn the region in 2012 and 2013, we
updated the pressure values of the pressure level contours taken from the national regior
groundwater map in the Eastern and Western sections of the Danube Valley to define those val
The groundwater levweface within the region of the loess ridge in the Western part of the region
was adjusted in consideration of data of ground levels.

1 The pressure levels of the groundwater delimiting the Southern part of the region are equal to
current water levelsihe Si - channel

1 The groundwater level in the direct vicinity of lakes is identical with the lake levels measured
controlled in the FaddltDunaand TolndlolktDunadead channels.

1 South of the Paks Nuclear PBlasat t he | ev ellsa koef) tahned -téafln dtohret - |
(fishing lakes) were estimated on the basis of groundwater levels in wells T68 and T67, respectiy
and on the bottom level of their beds.

1 We defined the groundwater pressure level values among wells by usinigtioeabastuipo
on the pressure level data of observation wells located along isochronous (synchronous draine
contours of identical deviation values defined from the data about soil water levels in 2012 and 20

For the Danube water level model assaernrdble boundary condition, we calculated the water level
data for the assessed days, decreasing to the same degree as the gradient along the channel line o
river, based on the Danubian surface profile calculated from gauge connectotite peveiniveyer
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levels. Based on the flood principle, we drafted the surfaces of Danubian water levels for the times/date
forth in Table 14:2.1h the three periods in question.

Based on the surfaces produced with the model of water fenglsoprtanamed dates and on the

values of terrain differences defined from the terrain surface, we defined the bankline of the live strec
River Danube in the given period. The height of the Danube water level pertaining to the bankline
gained ém the data of the water level model compiled for the given day-ZTeldliedié2the typical

water levels of surface waters used for drawing the map of groundwater levels.

Water level
river 006 p
Name of section km mBf 2012.12.1§ 2013.06.11 2013.10.2

Szeksz8&8rd Pal §nk 19.118 | 85.09 86.95 89.14 86.83
Si - FI ood gate upstr e|2587 |79.32 86.99 89.19 86.84
Si - Flood gate downst|2587 |79.32 83.54 91.89 85.02
Si - mouth to Danube (

level model) 83.52 92.07 84.98
FaddHoltDuna 86.53 87.71 88.08 87.75
TolnaHoltDuna

(M8 di K eyateSupper f | oo d 83.00 87.30 87.88 87.44
TolnaHoltDuna

(M8 di K eyateSlaaver f | oo d 83.00 86.89 87.83 87.10
Kondort- (Kondor Lake

30 cm) 89.00 91.10 90.10
Fishing lakes (level of observation well T67 + 4 90.00 92.30 90.50

mBf metres above Baltic Sea level

Table 14.2-Z. Typical water levels of surface waters
14.2.7.1Seepage hydraulic characterisation of groundwater &\teis water

Corresponding to the extension of loamy layers typical of loess in loess ridges, the groundwater pres
takes values between 125 and 133 mBf. The annual fluctuation is between 0.5 and 0.6 m. Groundv
seeps down with a high hydgraliient ¢(60%) from loess plateaus towards the valleys. Although the
groundwater hydraulic gradient drop®to @36 i n t h e-creek it it gillysigrficantlg bighenp a
than in the Danube Valley. At the levobah®3, groundwater saeplse same direction as the valley,

i.e. towards SE.

On the boundary of the Danube Valley, the groundwater developed a presSérenBf/edrat gen,
spreading in the shape of a fan, it continues to seep in NW to SE direction toveamtsahthéve str
Danube.

At the boundary of the Danube Valley, the hydraulic gradient of groundwater d6dié#s fooMh01
where it seeps towards SE with a rising value.

In the middle zone between the boundary of the valley and the chanDahlife o& tb@mpensation

can be noticed at theB8/MBf level, the gradient values are between 0.05 and 0.1%. From that strip to th
Danube riverbed the gradient value gradually rises. In the direct zone of the Danube, its drainage €
cause hydrauli@adient values to rise to 60L80%, and pressure level values-&rendBf and, in the

Southern areas -84 mBf.

Within the territory of Paks NuclearPamt¢he hydraulic gradient value-s43@in the direct vicinity

of the cold water chdnn@he groundwater level ranged between 86 and 90 mBf. The descent of
groundwater located Westhwest of the Paks Nuclear FRdarégand around the boundary of the

Valley are 0.15% and 0.06%, respectively, and pressure levels range betwdzn 91 and 94 m
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On the left bank of the Danube, the groundwater in the DanubiéB¥ ard N@éh of the Kalocsa
FolBtaR 8k ai Wat-g86mBf\amun# Rapzanokdn ttée Southern area. The Kalockat R

Bar 8kai water r es cfiectofeghe Damubeimtheidirect gicnitytohtlee Water &/orksa g
the groundwater is at the level&8.B5mBf between the Water Works and the Danube. The hydraulic
gradient value is between 0.15 and 0.18%.

Groundwater seeps frorfEN#rection towards live stream of River Danube, the pressure level of
tributaries is $BmBf in the North,-8® mBf -Kdlocs& in thé widdte Ran8887Bf in the
South. The hydraulic gradient value ranged between 0.1 and 0.05%.

A map of groundwater leveles bilow water is shown in Figure24.2.7
14.2.7.2Seepage hydraulic characterisation of groundwater levels at medium water

On the right bank of the Danube, groundwater seeps from the loess risbB\nditbetddh. As
the seasonal fluctuation of wetfisigmificant (0.5 to 0.6 m), the picture of groundwater seepage and its
extent are identical with what is described in the situation in times of low water (KV).

On the boundary of the Danube Valley, the groundwater developed press2 Serfl suod 90

94 mBf in the NW and SW parts, respectively, with a hydraulic grad®at 6f334,5and then,

spreading in the shape of a fan, it continues to seep in NW to SE direction towards the live stream @
Danube.

At the boundary of the Dantddley, the hydraulic gradient of groundwater declings@d4%,d2om
where it seeps towards SE with a rising value.

In the middle zone between the boundary of the valley and the channel line of the Danube, a compens
can be noticed at the988nBf level, the gradient values are between 0.08 and 0.1%. From that strip to th:
Danube riverbed, the gradient value is increasing towards the live- 2% b it changes

direction because the backward damming effect of Danubiaaypeessameoe noticed along the 100

150 metre strip of |l and in the direct wvicinit:
hydraulic gradient showed values bebuw@md-0.08%. Pressure levels ar@98mhBf North of the

Paks Nucle@owePlant 8688 mBf in the middle ar8@BBBf in the Southern areas.

The damming effect of the Danube within the area of the Paks NB&@edraRdyeedetected only in
a short section where the hydraulic gradient is 0.12%. The exidingclcafthelgrevents the
damming effect from evolving. The gradient value in the area of the cold wated.8hauanel 9.1
0.9% in the Eastern and the Southwestern part, respectively.

The groundwater level ranges between 87 and 90 mBf. ithgrdji@raturalues of groundwater in the
WesterNorthwestern area and around the boundary of the valeylrart20.02%, respectively,
and pressure levels range between 92 and 95 mBf.

The damming effect of the river does not appear on thefigficbBranube, the groundwater in the
Danubian area is®mMBf North of the KalécsakBtaR 8§ k a i Wa t -@7/rmBiVdmuné Bajsza n d 8
Dusnok in the Southern area. With the operation of thE &Kéitedd 8 k a | water res
groundwater is hetlevel of 8% mBf in the direct vicinity of the Water Works between the Water Works
and the Danube. The hydraulic gradient value on the bank of the Danube is between 1 and 2%.

Groundwater seeps frordENHrection towards the live stream of Rives, Hrenybessure levels in
tributaries are-89mBf in the North, 88.9 mB f -Kalocs&in the nodkleé, Bhd@BhBf in the
South. The hydraulic gradient value is between 0.02 and 0.04% and, in the Southern part, 0.03%.

A map of groundwateellevtimes of medium water is shown in FiguBe 14.2.7

14.2.7.3Seepage hydraulic characterisation of groundwater levels at high water
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On the loessal rises on the right bank of the Danube, the seasonal fluctuation of wells is insignificant ({
0.6 m), the sdtion of groundwater seepage is identical with what is described in situations in times
medium (K¥V) and | ow (KV) waters.

On the boundary of the Danube Valley, the groundwater developed a presSarenRf;ehef\@8ue

of the hydraulic gratlisr0.15 0.20%, and then, spreading in the shape of a fan, it continues to seep in
NW to SE direction towards the live stream of the Danube; then the hydraulic gradient value of
groundwater declines to 003 %, from where it seeps towardhSEsightly rising value.

In the middle zone between the boundary of the valley and the channel line of the Danube, a compens
can be noticed at theB88mBf level. The balanced area has significantly grown in size as compared tc
timesinlow(K&nd medi um (K¥V) water | evels. The hydr
and 0.05%. From that area on, the gradient value towards the riverbed of the Danube gradually decl
and it takes negative values in thee2000netre strip afdan the wider vicinity along the Danube, i.e.

the backward damming effect of Danubian pressure waves may cloes couthders towards
tributaries in the movement of the groundwater. Depending on the distance from the Danube, the hyd
gradietvalues along the Danube vary be@w@@amd0.4%. Pressure levels developed at a water level

of 9893 mBf and in the Southern area®2atr9Bf.

As a result of the damming effect of the Danubian water within the area of the Palil&hitihear Power
hydraulic gradient valu®.i8 and0.5/ on the protected side of the flood protection embankment; those
negative hydraulic gradient values are detectable witii@O@ ®@dre wide strip of land. The
groundwater level ranges between 90 and&&ridraulic gradient values of groundwater in the area
WestNorthwest of the Paks Nuclear Ptaméand around the boundary of the Valley &2 0%&nd

0.05%, respectively, and pressure levels range between 92 and 93 mBf.

On the left bank of Benube, the groundwater in the Danubian a@gansB8North of the Kalocsa
FolBtaR 8§k ai Wa t-3 mBf\aounk Fapzsnoakdn th@ 8outhern area. With the operation of

the Kalocse o KBtaR 8 kai water r esour o822 mnBfm thgdirecuvitiditywat er
of the Water Works between the Water Works and the Danube. The impact caused by the damming eff
the Danube and the Water Worksd cones of influ

Groundwatseeps from NEdirection towards the live stream of River Danube, the pressure levels in the
tributaries are99mBf i n t he N o rKaldtsa in®e midde far88B8Bf irkKthesSbuthk t R
The hydraulic gradient value ranged between@@3%nd

The map of groundwater levels in times of high water is shown in-4igure 14.2.7
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14.2.8 THE IMPACT d®VERDANUBE ON GROUNDWATER

The impact of Paks Il. on underground waters in the Danube Valley can spread only indirectly, throug
Danube. The relations between River Danube and the groundwater system are manifold, dependent c
water cycle of the Danube, they effect graundiifééeent ways to different extents.

In natural sedbtential conditions, the Danube drains underground waters coming from tributaries. With
rapid changes in its water level as compared to changes in groundwater levels, River Danube con
goundwater levels along the bank. In natural seepage circumstances, pressure spread is rar
accompanied by an actual flow into the grothedsiatprstratum. Danubian pressure waves typically
have a backwater effect on groundwaters, rather tigathemedtack into the strata.

In the case of an evenly but not too steeply rising water level, the spate of the river, so to say, suppor
groundwater percolating from tributaries. With thelguestefr potential surfaces, pressure levels are
bahnced in the surrounding of the bed surface. However high they are, the Danubian surges car
penetrate significantly to the sand constituting the Danubian riverbed.

Actual penetration of water from the rigerdesked by sudden water level risesydrigle peaks of

flood waves. When a flood wave has passed, the continuous water supply very tjibckéyies
presses othewater with Danubian characteristiegttirea few days. If g@tential conditions justify

so, waters originatiranT the Danube can stay longer in the layer. Then temperature compensation occut
through other processes and may take weeks. Then it is probably the large afpeants) cbokater

and tributaries that absorb thermal enefgyl4b].

Based on ¢hdata measured in the monitoring system, the following cases are studied from the viewpoin
the indirect impacts of Paks Il.

1 With the propagation of its pressure wave, the Danube affects groundwater levels and flc
conditions close to the bank.

1 The temerature of River Danube has an impact on the temperature of groundwater.

T Actual inflow comes from the Danube, water particles (water of Danubian temperature and perh
contaminants) seep through into the groundwater system as a result of water production

The operation of a baidred water resource on the given stretch of bank modifies natural processes.
Numerous operating and perspectiviltbagd water resources can be found in the Danube Valley, and
therefore we pay special attention to ewptieissprocess.

Based on the site and laboratory tests and measurements made within the framework of the monitoril
operation called AEnvironment al monitoring sy:
Planbs c ool i ngn dswasttesd meccanfadalysecsuch series dgefomgest results, from

the viewpoints of hydrodynamics, heat transfer and water quality changes, that served as a basis fo
validation work of the hydrodynamic and heat transport models.

[146].
14.2.8.1 The hydrodynamic impact area of River Danube

It is only the changes in percolation that influences the groundwater levels in areas located far from
Danube. The time series of water levels from the following wells are typical of -6d3,area: Paks
Pugtahencse, Tengéit2, Duna z e n t-6fy, Fadd ¥ and Fadd-& on the right bank, and
DungatajOrdas water resourcelpKalocsa 9 8 8 B8t ya No-,tlH , waBgEry ar e s o
Dusnoll422 and Dusnok-B/6n the left bank. The eres from the wells more remote from the
Danube, on the right and on the left banks are shown in FigurasdlaR2BR, respectively.

The groundwater levels in territories close to the Danube are influenced by infiltrations as well as by \
levels in the Danube; such territories are called the hydrodynamic impact area of the Danube. The imp
changing Danubian water levels would spread in the form of pressure waves towards the backgrc
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(tributaries), resulting in increases or dedredlsesgroundwater level. The pebble beds mediate
propagating pressure waves to the background. The natural impact area of the Danube can be define
the basis of the propagation of pressure waves.
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Figure 14.2B Groundwater cycle in well on the right bank of the Danube
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To illustrate the spreading of presaues, the water level time series of wells positioned in a nearly
perpendicular section to the DanubelatrijatalOrdas water resource is presented-gQ4.2.Be

time series of water levels of the Danube measured at river kilometre 1Ww8fe3atddPstkswn on

the diagram. The Figure clearly shows that the water leve? inlagekt3id the Danube (280 m)
accurately follows the water levels in the Danube while the more dis{afowelidres far from the
Danube) follows majagss only and does it with delays. The effect of the Danube cannot be detected i
the water level of well GHat is situated 2011 metres from the Danube.

The water level time series of wells positioned in a nearly perpendicular sectiontto thebanubB 8 t y
North water resource looks similar (Figurd)1Z2eBwater level in wdlldlbsest to the Danube (373

m) accurately follows the water levels in the Danube while the more didtamdwéRs(12008

metres far from the Dantdiw major surges only and do it with delays only. The effect of the Danube
cannot be detected in the water levels of viedad!lii2 that are situated 1962 metres far from the
Danube.

It shows the water level time series of wells postiorezdly perpendicular section to the Danube on

the left bank (Figure 1462.8lo effect of the changes in the water level of the Danube can be seen on the
water level either in web/Bklocated 1577 metres far from the Danube, or in the égiseanthoed

T-25. Farther and farther away from the Danube, the effect of changes in the Danubian water level is we
and weaker on wellslRkto P4/a.
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Figurel4.2.83: Water level time series of wellsiopatajOrdas water resource

File namé?AKSII_KHT_14 Dunavéllyy 3877



MVM Paki$. Zrt

Environmental impact stuc
Implementation of the new nuclear power plant units at the PaksGsslogical formations and underground in the Davailey downstrean

9

94

93

92

91

90

89

Vizszint [mBf]

N (PP

.

86 U . =
85
84 : : : : : :
2012.01.01 2012.04.10 2012.07.19 2012.10.27 2013.02.04 2013.05.15 2013.08.23 2013.12.01
Datum
Eszaki \izbazis 1/i-1 ——BatyaE vizbazis 11/f-1 ——Batya E vizbazis 1/f-2
——Batya E_vizhazis lll/f-1 ——BatyaE vizhazis 112 = Duna Paks 1531.3 fkm
V2 z s z iWater lefeinBBf))
mBf-metres above Baltic Sea level
D § t-Data
£szaki -¥NorHer watesresbutcé If f
Bg8tya £ -MB?8zthyS8z iNeurceMid/t efr r es
B8§tya £ -2B&thy8ziN. wat/erf resource |1/ f
Bg8tya £ -¥B&thysaz iN. Iwdlt/erf resource |11 /f
Bg8tya £ -2B&thy8az iN. Iwat/erf resource |11 /f
Figure 14.28Wat er | ev el t i m-blortk watei ressurce f wel | s
95
o I“
93 I’\
) J_,’/ I —-‘\\
_o
2
= 0 N f ’
I %1 S NN
o ) Vo
. ' LR\
87 J}\ f W
86 VA\I‘V V)
85 : . : : :
2012.41.01 2012.12.31 2013.03.02 2013.05.01 2013.07.01 2013.08.31 2013.10.30
Datum
‘ ——Pkl/a ——Pk2/a ——Pk3la Pkd/a ——Pk5/a —T25 ——Duna Paks 1531.3 fkm
V2 z s z iWater leeinBIBf))
mBf-metres above Baltic Sea level
D § t-Data
Figure 14.28 Water level time series of wells on the left bank
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Based on an evaluation of water level senes, the hydrodynamic impact area of the Danube in
times of the highest floods extends to ca. 1000 metres and 1200 metres from the bankline on the
right and left sides of the river, respectively.

It is clearly visible on the time series of the siddislmihyddynamic impact area of the Danube that

their water levels move roughly in parallel with one another, i.e. the value of hydraulic gradient doe:
change significantly in various times of low and high water. However, the hydrasimmggrattient i

the hydrodynamic impact area of River Danube, while it declines in times of high water, and it can evel
into the opposite direction.

Due to the higher situation of tributaries, we can witness on both banks that the vizaeulsvel of the
changes the prevailing flow direction in groundwater for a short period only. At the time of permanent
waters in the Danube, Danubian pressure waves reduce the extent of the groundwater flow toward:
river, and with their flow towardarigbuthey even change the direction of seepage in a relatively narrow
(1000 1200 metre) strip of land.

A significant number of water level data detected by observation wells are available within the territory
Paks Nuclear Powdaint which aivs hydrodynamic impact areas to be assessed more accurately. Out of
the observation wells within the area of the Paks NucllanPae/selected those that are free of the
hydraulic effects caused by the cold water channel. Water level ewagsrofvetis along with the
pertaining standard deviations (indicated after the lower dashes next to the well numbers in the Leger
Figure 14.2@
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Figure 14.2@8 Water level time series and standard deviations of observation wells in the region of Paks Nuclear Powe
Plant

The groundwater level data were used to calculate the standard deviations that we processed in a c
section pisentation in function of their distances from the Danube, presenting such distances in a logari
scale Figurel4.2.87). Based on a graphical analysis, we defined the strip of land intensely affected b
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compressional waves from the Danube (meattiegdifexttion of hydraulic gradient is also changed),
and having processed the results, we estimated the boundaries as far as which compressional waves
the Danube can spread.

The range of intense effect of the Danubian pressure waves withiof the Raks Nuclear Power
Plaitis 30400 metres from the line of the Danube at any time while the range within which pressure wa
spread is estimated to bel800 metres.

The hydrodynamic impact area of the Danube is not identical with doatsamgans$ from the

Danube. It is because in most of the year groundwater seeps from tributaries towards the Danube, an
Danube drains groundwagaring formations. In natural circumstances, water seeps from the Danube intc
the sequence containgngundwater in the course of surges (floods) only. The water moves towards
tributaries as long as the water level of the Danube maintains that reversed flow system. As pressure v
spread faster than water particles, the impact area of the Dafuberasaugre is much smaller than

its hydrodynamic impact area.

Dunai nyomashull amok térbeli hatasanak vizsgalata az Atomerémdi terségéeben
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Figure 14.2:B Assessment of the propagation of Danubian pressure waves in the region of Pak®lsntlear Power
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14.2.8.2The impact of River Danube on groundwater temperature

The seasonally changing temperature of the Danube determines the temperature of groundwaters alor
bank in the region. The mode and extent of heat transport between waters flowing in the riverbed and |
the surface may vary depending the cumangioad and temperature conditions.

In natural seepage conditions groundwaters along the bank are well protected against directs impacts
Danube. It is not the height of a surge but the sudden occurrence of a change in the relative water leve
triggers actual inflow into the bankside reservoir layers. The effect of conductive tevaidtegsfer is at

its runoff follows changes in the Danube with a delay. But the propagation length of the thermal cu
changes to a significant extenecsub the water level in the Danube. The difference, several orders of
magnitude in size, between the horizontal and the vertical seepage factors of sediments constituting
riverbed and its surrounding exerts its effect if the groundwatedédlarve dadlsmot yet blended with

the surface water deriving from the flood. Then heat transfer transmitted with conductive heat cut
naturally has a short path, and the time necessary for the propagation of the effect will also be shorter.

The degred the effect also depends on the temperature differences of fluids. At the time of major flood:s
the Danube, in spring and early summer in general, the temperature in the river is not high yet, and a
flood is mostly accompanied by a decrease ienn@rature. Thus, in periods when heat transfer takes

a short path, the relative low temperature of the river imposes a limit on the amount of heat to be transfi
In natural flow conditions, the path of heat transport is significantly hengezrtizenlow yield and

high temperature. It is true in such times that rising water flow is accompanied by declining tempera
which causes the penetrating heat flow to reduce its intensity.

In normal flow conditions, the effect of convedioedh@&ansported in an actual water flow generally
appears when temperatures in the Danube are far below peak values. Transmission of the thermal effe
material flow rarely occurs in natural flow situations, and even then it is not a Based process.
measurements of riverbed probes, the runoff of temperature changes, considered as regular witl
convective heat flows, shows anomalies for days.

The tefyear temperature time series of Danubian surface and of bankside undergroundawaters sugge
seasonal periodicity. The frequencies of sinusoidal time series are identical, its amplitudes and phases
characteristic differences. Farther and farther away from the bankline, the amplitudes show a nat
attenuation of the impact. The diffagiosable between the Danubian peak temperatures measured at
the cold water channel and the annual peak temperatures measured in riverbed probes is nearly con:
its extentis abob8 C. What further arti culhattdifesenceisthatas s e
actual, measured temperatures were taken into account in certain sections while the Danubian tempet
running off in the section is actually higher, being a water temperature warmed up by the cooling water
operating powgant

The phase differences between time series were analysedamtiatrosscalculations (Figure-14.2.8

8). The processes are triggered by natural weather changes, and thus the frequency of their chang
identical. Using the daily averages iatme the data series of ten years, we calculated-the cross
correlation with a alay shift from more than 3500 data points. In every case examined, the gained
correlation values were high enough for us to consider the calculated phase dephasdidblay3h

in temperature of riverbed probes have values between 30 and 115 days on the right bank south of the
Nuclear Pow@&ant The riverbed probes in locations influenced by production on the left bank show
delay of 115 to 145 days, whiggests a lower but still reliable correlation coefficient.
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Figure 14.28 Crosscorrelation function of data measured in riverbed probes between 2003 and 2013

The character measured in the section above th
by the Danube flowing above it, although it was true of virtually all the measured water levels that
groundwater splftential surface slofmegards the Danube.

In the low water period iRDemember in 2006, the temperature changes of the low temperature and low
water river is followed by the riverbed probe
the relative temperature peaks of the Danube and the time serigsedfphebavis not constant. It

was 5 days in late spring in year 2010, when conductivity values also run in parallel, meaning that |
Danube exerts a direct and rapid impact. With low water levels in the Danube, the dampening, dele
effect of tributes is naturally stronger.

It can be seen from the eros®lation function of measured temperatures (Fig8re that2i8 the

period between September and December 2013 the correlation between the time series of tempera
measured in the Damalnd in riverbed probes is very high (0.9 for more than 3500 data points) while the
shift in time is about 20 days.

The observation well of the section is the observation well Pk27_F (or T27 in the Palkdaxdictear Power
register) located in the triangle constituted by the embranchment of the warm water channel and
Danube, meaning that the Danube affects the well from two directions. Based on the time series mea:
in the well, the temperature fluctuates ngthefrabout’C.

Figure 14.28shows the results of monthly conductivity measurements and the synchronous water lev
in the Danube. High surges in June 2012 bring along waters with low conductivity, resulting in declin:
conductivity in wells awdrbed probes alike. Low waters in August, so to say, expose the objects to
tributaries; and thus conductivity increases
processes broadly recurred but the minor changes in water $envemerlaffected the riverbed probe

only, conductivity in the well clearly shown properties of tributaries.
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The horizontal riverbed probes of thbleakse gv 2 z (war m water) section
riverbed under the thermal plume; this is the section exposed to the largessialpadtububere

that except the period of the steeply surging Danubian flood waves, the tributary can be characterised \
higher sepiotential level than the Danube. The water of riverbed probes, protected with natural filter lay
and higher hyastatic potential differs by orders of magnitude from the Danube above it even in times
high flood levels.

The shift of peak values in the pressure and temperature time series allows for the estimation that
temperature impact of a sudden preisseuia the Danube can be detected in the riverbed probe
Pk2/1_HMSz for a period-603tburs.

Riverbed probes Pk2/1_HMSz and Pk2/2_HMSz measure the temperature of underground water belo
riverbed of the Danube, in line with the thermal plunid.¢gF&0)e Based on the crosgelation

function described above -tkmg observations show a very high correlation coefficient (0.8), with ah
average time shift o333days.

The riverbed probe Pk2/3_HMSz was installed close to the bartiies.iA&EKE are moving away
from the zone of the riverbed that is permanently covered in water, the correlation coefficient here is 0.
the delay is 55 days.
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Figure 14.28 Analysis of the time series of pressures and temperatures measured in riverbed probe Pk2/1_HMSz in
2006

The temperature of the groundwater in the depth in riverbed probe Pk2/1_HMSz, which is characteris
the selpotential levels of tributaries,ficaly differs from the Danube water flowing above it.
Measurement results from ten years are shown in Figlte A428n the temperature time series of

the Danube and the riverbed probe was quantified above. The annual relative temgerature pea
connected on the Figure. The dampening effect of the background can be observed even in suct
extreme measurement situation. The difference was as8nuch @& 7i n certain years
and 2013 while the smallest differenceveas alsb e ast 4 AC in 2008 and 20

The riverbed probe Zs1l_VMSz was drilled close to the LKV (lowest water level) bank edge, and it is sit
in an area covered by the Danube in most of the year (Fid@)e Ddsphi® the above, it has the
characteristics of tributaries, showingotbetipe effect of the filtering layer and {heeseihl

di fference. Both the dissolved oxygen and the
water at the probe as affected by the pressure waves of the Danube.

It is in the ped of abrupt surges peaking that, in natural circumstances, the most intense thermal effec
the Danube can reach subsurface waters along the riverbank. A sudden rise in the water level sel
occurs in the period of high temperature of the Danudrel vlager it is generally accompanied by a
decline in water temperature. Accordingly, t h
especially in the period between 2004 and 2006. As a rule, measured temperatures are lower than
yearly peak temperatures. The steep deflections in positive and negative directions visible on the curve
times and temperature conditions when waters originating from the Danube actually penetrate intc
probe.

The riverbed probe Zs1l_VMSz showsateimgpealues on the right bank in natural flow circumstances.
The correlation value is very high: 06. and 0$pevtdire to phase shifts of 95 and 115 days,
respectively. The two humps in thecarodation function show that studying natesabprdoes not

always result in ideal, textbook correlations.
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Figure 14.28L Presentation of the temperature time series of the Danube and the riverbed probe Pk2/1_HMSz
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Figure 14.2 Presentation of the temperature time series of the Danube and the riverbed probe Zs1l VMSz
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