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LIST OFABBREVIATIONS

Short name Full name
KHV Environment al i mpact da)sessment (K°rnyezeti h
KHT Environment al |l mpact Assessment Study (K°rnyg
HVCS cold wat er-csatamag | (hidegv?z
MVCS hot water -csatoma)l (mel egv?z
mBf Height above mean water level of the Baltic Sea (Bajtie r  k ° z e preasg v sz&®)i nt | €
KV |l ow water (kisv?2z)
K¥V medi um water (k°z®pv?2z)
NV hi gh water (nagyv?z)
VGT Hungarian Basin ManagelmerRd §R |keond §(sMa g year rvoer)s z § ¢
VKI Water Framework Directive, WFD (V2z Keretir§i
PAH Polycyclic aromatic hydrocarbons (polici kI usgq
BTEX Benzene and alkylbenzenes (Benzol ®s al kil ber
TPH Total amount of hydrocatiyoe ontaminants with-C8 0 car bon atoms in envi

mint-€4h0C6z®natom; sz8§m¥%W sz®nhidrog®n t2pus¥ sz
KKCT Spent Fuel I nterim Storage (Ki®gett Kazett §k
GHB Generalheadbouary (8§l tal 8§nos peremfelt®tel)
CHB Constant head boundary (konstant peremfelt ®tgq
WHO Worl d Health Organisation (Eg®szs®g¢é¢gyi Vil 8¢
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13 GEOLOGICAL MEDIUM ANNDERGROUND WATER TBNE SITE AND IN THE
IMMEDIATE VICINITY

13.1LEGAL BACKGROUNZONINGLIMITS

Legal documents by tEeiopeanUnion (Decision, Directive)

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

Acts
Act LIl of 1995 on the General R&esimhmental Protection

Government decrees

Government Decree 314/2005 (XI1.25.) on Environmental Impact Assessment and the Integrated Environmental Permit.
Government Decree 219/2004 (VII. 21.) on the Protectionvafédsound

Government Decree 12371(VIl. 18.) on the protection of water resources, future water resources and the water faci
producing potable water

Government decision

Government Decision 1042/2012 (ll. 23.) on the River Basin Management Plan of Hungary

Ministerial decrees

Minsterial Decree 14/2005 (VI. 28.) KvWM on the rules concerning the screening surveys of remedial site investigations.

Joint Decre@/2009. (IV. 1KYVNIE ¢ iFVMof the Ministries of Environmental Protection, Health and Agriculture on pollutic
limits reqred for the protection of the geological media and the underground water agaéth8iepatledismrement

of pollutions

Ministerial Decree 101/2007 (XIl. 23) KvWM on professional requirements for intervention in underground atater resources
well drilling

Ministerial Decree 15/2001 (VI. 6.) K°M on Radioa

Using Nuclear Energy and their Monitoring.

13.2 HORIZONTAL AND VERLIOELINEATION OFETAUDITED AREA

Definition and charastgion of the condition of the geological medium and underground waters in the area of the
Nuclear Power Plant cover the assigned extension site and its local area.

The characterisation of the underground water environment extends to thebgn&ufithateadr water and
confined groundwater (aquifer) storage layers located within the area surveyed. With respect to groundw
confined groundwater, the horizontal extent of the study area is determined by the underground water level ¢
quality detection network consisting of more than 220 wells and operating currently on the site and in the vicir
nucl ear power plant, as well as the wells of the

Taking into account the position of the confined grountkratee studies affected the vertical geological section
extending down to a depth of 210 meters when calculated from the surface.
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13.3 GENERAL CHARACTERISTOF THE STUDIEIMHERGROUND AQUATIFIRONMENT

13.3.1SHORT HYROGEOLOGICAL CHARRRISATION

Two types ainderground water occur in the region: confined groundwater in the Pannonian sand layers wl
located deeply under aquitards, and above the latter, contiguous groundwater irHble dtdaestoedse

On the site, a fileg layer of varyinglhiess and composition is situated up to the groundwater, under which ne
Holocene casting clay, casting sand and casting sludge are located. When moving away from the Danube be:
holocene quicksand bed covers the original ground level. Tabowghldiiers, precipitation may reach the
groundwater while leaking vertically. The low floodplain is covered by a network of former meanders filled up.
it is protected from flooding bycihodebl dams built at 2961Bf level, but chasgde the Danube water level
primarily through the material of a former bed being discavitdgtiedluence the evolution of the groundwater
level.

About @ m above the upper and middle Pleistocene alluvium of the Danube, the lattem's tewacdosas

up, which is made of riverine small and graghach sand interspersed with small gravel layers. The latter's surfac
is covered by upper Holocene quicksand. The Danube has little or no effect on the groundwater conditior
terrae.

The Danube valley is flanked from the northwest by a loess plateau rising to -48%eigBf.oP rapitation

falling on the surface of the loess plateau, seeping in the soil and gathering above the clay zones is led to th
base in the m@porous layers. This is the feeding area of the Danube Valley groundwater. The aquitard bedrocl
groundwater storage layer is composed of upper Pannonian sedimentary material which consists of sand, c
marly rock flour, i. e. alternatuiéer@nd aquitard layers of different thickness and development levels in the wh
area. The vertical infiltration coefficient of the tgtpen, tAltk part is84®” m/s. The thickness of the Upper
Pannonian formations in the area is aroundDb@Otonthe pressure conditions of the water stored in the aquifer,
groundwater cannot flow down to the confined groundwater under natural condition.

Typically, the wells produce a discharge rate of 200 I/min from the latter, but there arersignifieawediff
the discharge rates of individual wells.

13.3.2CLASSIFICATION OF BRGGROUND WATER BSDIE

According to Hungary's River Basin Management Pi&ojé@Ment Decision 1042/2012 (ll. 23.) on Hungary's
river basin management ptha environmeof the Paks Nuclear Power Plant belongstolthe 3 i - river
planning subunit and it is located on its eastern edge.

According to Point 2 c) of Annex 2 of Government Decree 219/2004 (VII. 21.) on the protection of undergrou
the envirorent of the Paks Nuclear Power Plant is regarded as a sensitive area in terms of the condition
underground water, because the top of the main porous aquifer formation is located within 200 m below the sut

In addition, according to Point LAanex 2 of the Decree, the interior, exterior and hydrogeological protection are
of the operating and future drinking water bases are regarded as highly sensitive areas in terms of the und
water condition. As regards the Paks Il developmentatf f ect s t he Cs8mpa water
supply for the power plant.

13.4 BASIC CONDITION OFETEEOLOGICAL MEDWND UNDERGROUND WRADE! THE SITE AND IN
THE IMMEDIATE VITWI

13.4.1BASIC CONDITION OETFEOLOGICAL MEDINMHE PLANNED INVEEN AREA

The environmental status of the geological medium has been determined and characteriseditaccording tc
assessments performed in 2012.
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In the proposed power plant area, 40 exploratory wells were drilled at a depth of 10inTBva)kesingB
direct push technology and continuous core samplingmwitb@el@diameter. The location of drilled boreholes is
shown ifrigurel3.4.11.

W ]

Jelmagyaréze t@Farishelyek

Bem®r ®s3ketch § z | at

Gol der Associates Zdtaj mMviMaR®t 2ftt . h e-Egodekiasurigey of théulmb@d soiasampling locatior efeGolder
Associates Zrt. in the area of MVM PA Zrt.

J e | ma ghyfavhir§szsalidgendh dridlikg locations

Hi de gv 2 -Loldveatrtcanal n a

1164Sz enny v . .-%LlbdeéSpwageRasime d

1165 Vegyszer es 11650nhdmical weste Water basind e n ¢ e
401 I. sz. zagy med01 sludge basin No. |

402 Il. sz. zagy medi02 sludge basin No. Il

b e k °-seRvicésad

aszfalt asphalt

felvee t Racéess road

®s z a k-inortipem gatehouse

Figurel3.4.11: Location of boreholes drilled in the proposed power plant area.
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We have collected point samples from the soil at depffOramge&3m, 47 m andi@0 m for the purpose of
chemical laboratory tests (a total of 200 samples).

The soil samples from thesweéace (@ m) and capillary rangeé ¢4 8.0 m) were subjected to chemical analysis
of the organic compounds defirethex 2 of KvWM Decree 14/2005 (VI. 28) foBHEXTARH components.

If during the analysis of the sample from therfaearor the capillary range, the concentration of a certain
component exceeded the "B" contamination limit (accordidgaibJamtéXecree 6/2009 (1V. 14) of the Ministries
for Environment, Heal th and Agriculture, respecti
limited number of organic components (PAH, BTEX, TPH) of other samples obt#lingd from the d

We have used the point samples obtained from the drilling to perform a chemical analysis of all inorganic co
(metals, semietals, pH, conductivity) specified in Annex 2 of KvWM Decree 14/2005 (VI. 28.)

In Table13.4.11, we have summarised the analysis results of 40 drill core samples from various points 0
investment area, by showing the maximum, minimum and average concentration by component.

Measuring | 0 B6 cont { Maximum Minimum
Components : S Average
unit limit values vaues values
pH - 9,5 7,3 8,5
Conductivity € S/ cn 2500 620 36 75
Chrome 75 104 4 174
Cobalt 30 13 1 3.8
Nickel 40 44 3 12
Copper 75 63 2 8.6
Zinc 200 58 7 20.1
Molybdenium 7 <1 <1 <1
Selenium ma/kg 1 0.4 <0.3 <0.3
Cadmium 1 <0.3 <0.3 <0.3
Tin 30 3 <1 <1
Barium 250 157 4 31.3
Lead 100 22 1 5.5
Argent 2 <0.9 <0.9 <0.9
Arsenium 15 11 1 3.3
Mercury 0.5 0.08 <0.02 <0.02
Benzene 0.2 <0.05 <0.05 <0.05
Toluene 0.5 <0.05 <0.05 <0.05
Ethylbenzene 0.5 <0.05 <0.05 <0.05
Xylenes in total mg/kg 0.5 <0.1 <0.1 <0.1
a|k5||an(z)etne2 @ 0.5 <05 <0.5 <0.5
TPH /C&40/ 100 <50 <50 <50
Total Naphtaleng mg/kg 0.53 - -
Total PAH mg/kg 1 0.56 - -

Tablel3.4.11: Laboratory analysis summary of the soil samplesrivestrttent area.

Compared to the other samples, the specific conductivity of the 0.45 m samp@&dridimghentiBdy fillup) was
exceptionally high: 628 / ¢ m. This means that the solubl ehemi ner
other audited areas.

In the soil sample taken from a depth of 8.35 m durt® dn#ifig@ we have measured a chromium concentration
of 104 mg/kg ("B" = 75 mg/kg) and a nickel concentration of 44 mg/kg ("B" = 40 mg/kg). The sample analy
medumgrained fluvial sand. These metal contaminants are insignificant, and because of the greater depth, onl
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accumulation is likely to be involved. In the other samples, we have not experienced any concentration exce
"B" limit for any cament.

Out of the hydrocarbon components, BTEX and TPH could not be detected in any of the soil samples analysed
in the form of indication. Measurement results regularly remained under the detection limit of the analytica
applied.

We haveot detected any soil contamination in naphtalenes and PAHSs, either, but smaller indications occurred
places as shownTablel3.4.12:

Soil sample mark Naphtalenes Total PAH
(mg/kg) (mgrkg)
TB33.Fi 0.4 m 0.07 0.07
TB34.Fi 8.4 m 0.53 0.56
TB35. Fi 0.45m - 0.11

Tablel3.4.12: Naphthalene and PAH indications in soil samples of boreholes drilled in the investment area

In summary, it can be estadd that the geological medium opened up in the investment area to a depth of 10 mi
may be considered uncontaminated in respect of the surveyed components, the only exceptiorlfeom this is t
drilling.

The chrome and nickel contaminatioifiedlénthe 8.35 m sample of tH® TEilling are insignificant and most
probably of natural origin.

13.4.2BASIC CONDITION OETMNDERGROUND WADERTHE SITE AND HETMMEDIATE VICWNIT

The hydrogeological condition survey was based on and fragnied tlyegafiormation available, arranging it in a
database which was followed by the assessment.

13.4.2.1Assessment of archive measurement results of the groundwater monitoring system operated
on the site and in its surroundings

By processing archive waterneasurement data, we have briefly characterized the flow regime of soil and sha
confined groundwater aquifers detected with the monitoring system operated by PA Zrt.

Figurel3.4.21 shows the locations o$e¢hgroups of wells, which can be characterized by similar flow regimes on t
basis of the 4#ar data set analysed. The simplified relationship between the water levels measured on wate
posts set up next to the Danube and the cold water carfidwanddgime of wells is presented very succinctly in
Tablel3.4.21.

Group of wells
Measured parameter
l. Il. . V.
Measured max. water lev 93.54 91.15 91.28 Those wells for which no relatloa_:sh
(mBf) be shown between their flow regimg
Measured min. water levi the Danube water levels. It is
(mBf) 84.61 84.48 88.25 predominantly determined from the
. distance from the Danube or the co
Max. flow regime (m) 8.93 6.67 3.03 water canal or the type of aquifer.
Average flow regime (m] 5.4 2.52 1.95
. direct (& close shifted in tim . o
Danube impact days) (58 days) | (945 days) can not be identified

Tablel3.4.21: Flow regime relatiopdtetween the Danube and the monitoring system wells
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Figurel3.4.21: Regional grouping of monitoring wells
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13.4.2.1.1 Period before operation of the nucleavgyglant

The groundwater characteristics of the nuclear power plant and its surroundings are know from water samples
in the period preceding construction of the nuclear power plant during the extensive soil mechanics exploratior
analys of monitoring wells specifically created for groundwater monitoring. During construction, numerous otf
samples arising from geotechnical exploration were quality tested.

Following the instructions of the then existing technical standarity, dhstothes covered the determination of
calcium, magnesium, sodium, potassium, ammonium, nitrate, alkalinity, bicarbonate, chloride, sulphate, pH, ¢
the free carbon dioxide and the dissolved oxygen content.

The quality of confined grouadwatwas known from the analysis of th
obtain their water from the sandy layers of the Upper Pannonian formations at a déep@i®interval of 50

13.4.2.1.2 Groundwater pollution status based on monitoring results

We haveralysed the contamination status of the groundwater on the basis of the available data sets. These d
cover the period from January 2005 to December 2010; as regards the nitrate content we have data from N
2003.

The area distribution of aglgubudited monitoring wells is not even, these wells were established primarily ir
adjacent to the areas of potentially polluting plant sections or structures.

monitoring wells of the industrial sludge area: Z01, 202, Z02/a, Z05, T65, T66, T72;

monitdng wells installed around the gas oil tanks: O1, 02, O3, 04, 05, 06, 07, OS;

monitoring wells of the hazardous waste collection site: T73, T74, KG03

monitoring wells of the faecal sewer system of the courtyard T7/a, T20/a, T23, T24/a, M05, M06, MO7;
moni oring wells of the KKCT sewage drainage cha
monitoring wells of the KKCT area: KHO0O1, KHO02,
monitoring wells of the makeup water preparation plant: T7/a, T13, T23, T24/a, O1, 02, O5, MQ9;

monitoring wells in the imneedratironment of the power plant units in the courtyard: M04, M07, T15, T1
T17,T24, T37/a, T39/a, T45/a, T53, T55.

=A =4 =4 -4 4 - -4 -4

13.4.2.2Evaluation of results measured in wells sampled in 2012

In order to make the baseline survey of underground waters we have usistinongnthéoemerly installed
monitoring wells which are currently in operation on the site. We have had a consultation with the Client on
selected for sampling and upon designation of individual wells, we have strived to analysd thifeeestreened
depths. We have checked the suitability cééhecped wells for smapling during our local site visit.

Based on the afore mentioned selection principles we have conducted the quarterly monitoring tests of t
according feigurel3.4.21in 2012:

1 Contaminant monitoring in already known contaminated areas: O1, O3, Z02, T73, M10;
1 Baseline survey: R63, R64, C1.2., C2.2., C3.1,,C4.1.,C4.2., T21, T22, T31A, T32A, T59, T82, V206a,
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Figurel3.4.2: Wells involved in monitoring
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13.4.2.3Components analysed

Wessling Hungary Kft. (1047 Budapest, F y tegistened 5 6 .
under number NAT 398/ 201 2. The process of chemical anal ys
Management Manual 6 used by the test |l aboratory &

standard.

In the rangef studies in the& quarter we have conducted our tests for the components included in Annex No.]
Ministerial Decree 14/2005. (VI. 28.) KvWM on the rules concerning the screening analysis of the cleanup fa
according to the monitoring plan:

Inorganic components: pH, specific electric conductivity, fluorid, chloride, nitrite, nitrate, sulfate, phosphate, «
total Cr, Co, Ni, Cu, Zn, Mo, Se, Cd, Sn, Ba, Pb, Ag, As, Hg;

Organic components:
Volatile organic compounds:

9 aliphatic hydrocans TPH (G59);

1 benzene, toluene, ethylbenzene, xylenes and other alkylbenzenes (BTEX);

1 halogenated aromatic hydrocarbons (chlorobenzene, dichlorbenzene, trichlorobenze
bromobenzene, chloronaphtalenes);

1 halogenated aromatic hydrocarbons (exceptiovidg);

1 in the range of other compounds: isafropygl, glycols, pyridine, tetrahydrofuran,
tetrahydrothiophene;

Nonvolatile organic compounds:

9 aliphatic hydrocarbons TPHQZQ},

1 phenals;

1 policyclic aromatic hydrocarbons (PAH excef®)eare);

1 chlorinated aromatic hydrocarbons (tetra, penta, hexa), chlorophenols

9 Pesticides measurable by GC (phenoxyacetic acids, carbamates, triazines)

In case of the additional studies, based on the results in the 1st quarter we have erdynaysexéar th
components according to Annex 1 of the KvVM Decree 14/2005 (VI. 28.) on rules relating to the screening of f;
related to clean up only for inorganic components. In case of organic components, analyses have only been |
for omponents over the measurement range in the 1st quarter:

Volatile organic compounds:

91 aliphatic hydrocarbons TPHC@5
1 benzene, toluene, ethylbenzene, xylenes and other alkylbenzenes (BTEX)

Nonvolatile organic compounds:
9 aliphatic hydrocarbons TRIG@30);
1 policyclic aromatic hydrocarbons (PAH except: benzo(e)pyrene).

In the samples of the series of tests none of the
limit (according to Annexes No.2 and 3 of Joint Minisee6A2MNECHR/. 14.] KVEN TRAVM ).
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13.4.2.4Description of factors affecting field groundwater measurements
13.4.2.4.1 Groundwater storage layer

In the Paks Nuclear Power Plant region, groundwater moves in the Upper Pleistocene sediment formatior
gravelly sand, sgngravel) and forms a part of thefilbardd water resources in the strip along the Danube. The
total thickness of the aquifer formations can be estimatdnate?, the bottoril7meter thick section is
gravelly, but sand dominates in theestayriayer above, where the grain size becomes increasingly refined upt
moving up. This upper sandy layer is in direct contact with the Danube bed.

The lower gravelly level determines the main conditions of groundwater movement and wetter'storage, th
regional average infiltration coefficietlisLk* m/s.

The regional average infiltration coefficient cftapedetiasting sandsliGl 104 m/s.

The bedrock of the groundwater storage layer consists of an erosionalZzagyaeeFafrthation characterized by
Upper Pannonian age and fluvial facies. The bedrock is largely madeagspdE@diiteents characterized by
poor water conductivity, but sandy interim settlements may also occur locally. In this casaulicere is a
connection between the two water types, so we cannot speak of a single aquitard bedrock.

13.4.2.4.2 Relationship between the Danube and groundwater

Within the area, the groundwater forms a contiguous system, the average groundwater level isocated in t
sandy formations, at d@r08neter depth under ground level. The prevailing groundwater level is mainly regulate
the current water level in the Danube. At the time of monitoring works, the Danube water level was 197 cm
12th, 300 cm on Jurd¢hl 164 cm on September 19th and 101 cm on October 1st at the Paks watermark pos
water level had dropped by the March, September and October measurements, but had flooded by tt
measurement. On December 10th, 2012, the Danube levePdiappethat water level of 52 cm.

In 2012, the average water level was 176 cm, with a maximum water level of 485 and a minimum of 14 cm.
flood waves passed down the river in late Januaryusred(vlicbn the maximum water level was magsuet#d)

as the very end of December. The lowest water levels were medasbadhiy nnidhe last third of August, at the
end of November and inDeicember. In 2012, the river was characterised in rapid and short periods of water |
changes.

Inregional terms, it can be said that under average and low water levels, groundwater flows towards the SE w
of 23a - towards the river bed. In this case, water is replenished from the background, from rainwater infiltratin
loess plateaosf Mez Rf°1 d and vicinity.

In the event of high water levels and floods, the river feeds into the groundwater aquifer layers, and groundwatt
from the background swells back with an increased groundwater level. According to data abtairied from gro
monitoring wells, the effect of water level changes in thevBi@nifhetuation exceeds 8.5 metisrgnostly

manifest in a ca. Z8D m strip lining the river, but this effect is also detectable at a 1,500 meter distance fror
riverbak edge. This effect is delayed and occurs only dteimg floagls, the rate of water level increase is getting
smaller when moving away from the riverbank. Duténm dlowtl waves, it is insignificant. The increase of
groundwater levels causeitblods is manifest ca. 2 days later a2@0lD@ter distance from the shore.

In the vicinity of the cold water canal, maximum groundwater levels are expected to be around 94 mBf. In ti
plant areas situated more remote from the Danubeartheahalterage seasonal water level fluctuation is around 2
m. The groundwater flow rate is not uniform, but it varies depending on the particle composition of the aquifer.

In terms of chemical composition, the groundwater has calcium hydrogemecabD®matetent of the water on
the average is 3000mg/l, with a slightly alkaline pH, a total average hardrtsdcfG@drman hardness), a
typical chloride ion concentration3gfiri@@/l, and an average sulphate ion content 50rh@d. Typally, the iron
(0,51,0mg/l) and the manganesé&@@fhg/l) content is higher.
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13.4.2.5Evaluation of the field measurement results

During the first measurement campaign, the groundwater level could be measured at El@igtameetefss.66
from the pip#8anges of the wells, corresponding to an absolute altitud887438%BS. In the second
measurement series, water levels were locafdilZy. Sfietres under the pipe flange. During measurements in the
3rd quarter, water levels were situatetD®22neters from the pipe flange. In the 4th quarter, the groundwater levi
was at a depth of 5B458 m from the pipe flange.

The intense water level fluctuation of the Z02 well can be explained on the basis of the small number of meas
(four) andloseness to the Danube by the Danube flow regime and water level fluctuation.

The highest groundwater levels in the wells could be measured during the 2nd quarter, whereas the lowest ¢
obtained during the December observations. As a fustiiocediam the Danube bed, groundwater fluctuation
ranged between 0.389 m.

The flow regime of the R64 confined groundwater well was aligned to that of the groundwater wells, the high
levels were measured in the 2nd, and the lowestqndherdthhe absolute fluctuation level was 1.15 m.

Even the field test results of the relevant-gitgmsimal parameters point to the $apported even by the
monitoring system operating for more than a tthetale quality of groundwates study area is identical to that
observed in the average areas. Out of measured water chemistry parameters, the pH value (a water body be
values of 6.5 to 9.0 is regarded as @ant ami nat ed gr oundwa@S/rc)m)adnbge gcuol nas
relevant limits do not exceed the contamination limit in any of the wells.

Ql Q2 Q3 Q4

measured value of groundwater fromtl | 5 661073| 5511027 | 5421092 | 5941158
flange of wells
chemical reaction of underground wate 6.87.5 7.118.0 7.48.6 7.88.2
transport capacity O0S/ g <600 <500 500- 800** 5151597
dissolved oxygene concentration of mg/l <5 <4* <4 1.435.86I
groundwater
redox potential values mV 100 -90 and 150| -60 and 100| -28 and78

Note:

* except the T21A well revttee dissolved oxygene concentratiog/is 8 B B
**(the 1000S/ cm value is exceeded inO$hem,c awedIdfcTng D meell WedC4s :1
11720S/ ¢cm, weQS/ cR%,3 :well3L1EMN02: 1401

Tablel3.4.2: Summary of parameters measured in the groundwater monitoring wells

The highest groundwater levels in the wells could be measured during the 2nd quarter, whereas the lowest c
obtained during the Decemtmgraations. As a function of distance from the Danube bed, groundwater fluctua
ranged between G.389 m.

The flow regime of the R64 confined groundwater well was aligned to that of the groundwater wells, the high
levels were measured ir2itte and the lowest in the 4th quarter. The absolute fluctuation level was 1.15 m.

We have compared the chemical | aboratory test res
of Joint Ministerial Decree 6/2009 (1V. 145 KWWM.

Summarising the laboratory test results in the first quarter of 2012, the following statements can be made:

TPH, BTEX and PAH contamination could not be detected in any of the soil samples analysed
no halogenised aliphatic and halogenised ardroaticbons could be detected,

no fenols, chlorine fenols could be identified in the samples,

no organic dissolvents and other organic compounds could be detected,

no pesticide derivatives could be identified in the groundwater,

Out of metals and semtad, cobalt, nickel, copper, zinc, lead and arsenic can be detected in a number
well samples over the "B" limit (in wells 202, T31, M10, R64)

=A =4 =4 4 -4 =9
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1

Among the general water chemistry parameters assessed the concentration of nitrate and ammonia e:
in some &lls the "B" limit (Points O3, T21, V219, 202, M10). The maximum concentration overshoot |
exceeded twice the contamination limit.

In view of the results of the analysis made in the second quarter of 2012, including also the reseatts of the firs
the following conclusions can be drawn:

1
1

1

BTEX contamination in the wells was still not measurable,

Slight amount of PAH impurity can be detected, (wells T31, M10, V219), but the limits were excee
minimum extents

Slight amounts of TPH impurityeceatected in the samples of the R64, T21 and T31i velIH(10& g / | )
this has raised the possibility of a sampling error

Out of metals and semtals, cobalt, nickel, copper, zinc, lead can be detected in some well samples ovel
"B" limit (202,3,7T31, T82)

In the Z02 well, the concentrations of cobalt, nickel, lead and copper are multiples of the "B" value ex
the threshold, moreover, the latter has increased significantly in comparison with the first measuremet
the limit);

Amondhe general water chemistry parameters assessed the concentration of nitrate and ammonia exc
in some wells the "B" limit (Points O3, T21, 202, M10, C4.2);

In the M10 well, the measured value of ammonium concentration is above the relevant limit ir

measurement, the measured value in the second measurement was the triple of the first value. Th
indicate the presence of contaminating sources (e. g. defective sewer);

In view of the results of the analysis made in the third quarter oin2Cd!2pittotucbsults of the previous quarters,
the following conclusions can be drawn:

1
1

1

TPH, BTEX, PAH contamination could not be detected in the water samples of the wells;

Out of metals and semtals, cobalt, nickel, copper, zinc, lead can bersteuedell samples over the

"B" limit (202, C1.2, T31);

In the Z02 well the concentrations of cobalt, nickel, lead and copper are multiples of the "B" value excee
threshold;

In the C1.2 well copper appeared as a new element comparedus theast@ements, moreover, it is
rather high (five times the limit);

In the M10 well, the ammonium level was well above the limit in all three measurements, which sugg
presence of a constant source of pollution close to the samplinglpointh&imil@ well, the reasons for

high and rising levels ammonium contamination detected in the C4.2 well in the second and third meas
will have to be researched and explored after the fourth measurement.

In view of the results of the wateresangtysis made in the fourth quarter of 2012, including also the results of tl
previous quarters, the following conclusions can be drawn:

1

In the water samples in some wells (T21, M10, V219), PAH components could be again detec
concentrations exdeegdthe "B" contamination limits. Limit overshoots may evemmb8faitaeitent.
TPH and BTEX contaminants could still not be detected;

Except for molybdenum, toxic metal impurities (cobalt, nickel, copper, lead) could be only detected in tl
samples of the 202 well in the 4th quarter, but the concentration of contaminants has decreased to a
degree. This metal contamination is most likely caused by the sludge basin.

The high copper concentration measured in the 3rd quarter had distygp€d.2 well, the measured
value was below the detection limi©O(gQ,51 ) .

In the sample from the R64 confined groundwater well, a minor molybdenum contamination could be de

In the M10 well, the ammonium concentration was high tlergeginq20d?), about four times the "B"
contamination limit. This proves the presence of a permanent contamination source in the vicinity
sampling point. No ammonium contamination could be detected in the C4.2 well.
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1 In the 4th quarter, the nitrabeentration exceeded the contamination limit at the O1, O3 and Z02 poin
However, the excaecks were not too high.

During monitoring studies, contaminations exceeding the relevant "B" contamination limits could be detectec
samples of a totdl15 wells. There were altogether 3 wells (03, 202, M10) where upon each sample collection,
one assessed component's concentration exceeded the respective "B" contamination limit. Water contamin:
caused by general water chemistry catspgniteate ion, ammonium ion), toxic metals anetasnicobalt,

nickel, copper, zinc lead, arsenic, molybdenum) as well as certain PAH components (phenantrene, benzo]
indenol[1,2&]pyrene, benzo[a]anthracene, chrysene, benzol[b]fluranthene

Upon review of the study results it can be concluded in general, that organic components in underground we
only be detected in small concentrations for some PAH components in uneven regional distributions (T21, T
V219 wells). The tempdlistribution of PAH concentrations is highly variable, so we believe, no perman
contaminating source should be anticipated in the vicinity of wells.

In the 2nd quarter, the minimal TPH contamination detected in the R64, T21 and1530 g)elisb(10de
presumably caused by a sampling/analytical error
analytical method applied before and after that data were measured. No such technology or structure can be
the viciity of these wells from which hydrocarbon contamination could be considered likely.

Permanent toxic metal impurities in higher concentrations could only be detected in the vicinity of the sludge pi
well). In the samples of the T31 well, theratbaosrf copper and zinc were high in the first three quarters, no
contaminants could be detected in the 4th quarter.

In the groundwater samples of the O3 and the Z02 wells, high nitrate concentrations were found in the wh
period. | the grountlevaf the M10 well, high ammonium ion concentrations were measured throughout, this ma
indicate a failure of the nearby sewer.

Based on the results of sampling and chemical analysis carried out in 2012, it can be concluded that in the
poing, no such level of contamination can be detected on the basis of which any other intervention would be w
in the area apart from monitoring activities currently conducted. Contamination detected is 1mastd,ertainly sp
limited to the immealiatinity of the wells in question, but the stratum origin of this measured contamination cant
ruled out, either (e. g. arsenic). The ammonium and nitrate contamination detected among inorganic contamil
be most certainly associated witlastmwater utilities in the area and their related leaks.

13.4.2.6Joint evaluation of soil and groundwater contamination measured in 2012

We could perform the joint evaluation of soil and groundwater contamination in those places where soil sampl
were rkatively close to a tested monitoring well.

These sites were in the investment area as follows:

1 groundwater wells C4.1, C4.2 and drilliag TB
groundwater well T21 and drilli@g TB
groundwater well C1.2 and drilki; TB
confined groundwater well&@Hdrilling T¥5;
confined groundwater well R63 and driing TB
1 groundwater well C2.2 and drillihg. TB

At the above locations in the investment area, no contaminations could be detected in the soil exploration dril
respect to the comgmots studied. In the water samples of the C4.2 well, the ammonium concentration in ground
was slightly high in the 2nd and 3rd quarter of 2012. At the T21 point, slightly high nitrate and PAH (phene
concentration occurred in the groundwiaticaily. In the water wells of the C1.2 well, an exceptionally high copp
content was measured once (3rd quarter) where in the other cases, copper in the groundwater was barely d
The anomaly was probably caused by a sampling probleamgle tobtee R64 confined groundwater well,
negligible levels of molybdenum contamination were detected in the 4th quarter. No contaminations could be d
any time from the samples of the R63 confined groundwater well and the C2.2 groundwater well.

=A =4 -8 4
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No correlations between the soil and groundwater contamination status could be established in the investment

Comparisons can only be made in just two sites outside the investment area, these are the hazardous waste
site and the sludge ghbasins (northern foreground).

1 T-2 and B exploration wells (vicinity of hazardous waste collection site);
1 202 groundwater well aidceXploration well (sludge pond areas).

Samples from exploratory soil drillings in the vicinity of the hazamdulectivassite did not show any
contamination. In the northern foreground of sludge ponds, in the subsurface soil sample ebtdmigfrom the T
(0.8 m), a minimum indication of toluene occurred, whereas at a depth of 5.5, low coneentaatamskefl bar
impurities were detected. Throughout the relevant analyses, major nitrate and toxic metal contaminants were
in the groundwater samples of the Z02 well. No direct correlation can be found between the soil and grot
contaminatio

13.4.3HYDROLOGICAL MODEQ.F UNDERGROUND B¥ADN THE SITE

The complex groundwater and confined groundwater flow model studies as well as the analysis of the spre
most mobile related radioactive material, namelyHtithas been complefiidce the power plant is located on

the bank of the Danube, the main contributor of the groundwater and confined groundwater flow prevailing in t
is the Danube itself and the closely related cold water canal (HVCS). In additionfaztibres, tivakeddondor

and the western loess plateau have a strong impact. In the vicinity of the site, all of these together determine
conditions of underground water for the given period.

The input parameters of the hydrological site modslidestdprdata measured in the period between 01/11/2012
and 31/10/2013 B]3We have chosen the given year because average, low and high Danube water levels had ¢
occurred in that period. Another criterion was to be able to demonstraferbgessksyicathe vicinity of the site

with the latest data. Input parameters were as follows:

Danube and HVCS water level at the site.

Lake Kondor water level,

water levels of-site monitoring wells,

precipitation data measured in the vicinisjtef the

tritium activity concentration valuesité pronitoring wells,

= =4 =4 -4 4
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HVCS Vizmiinél mért vizszintjei 2012.11.01. - 2013.10.31.

—-““'">

HVCS V2zmTn®l m®i 201310.32Watei levels measured] t HZCS Whter Wbrks between 11/01/2012 and 31/10/2013
V2 z s z i-\Wdter I§vel BriBt]
D § t -Date

Figurel3.4.3l: Water levels measured at the cold water canal in the examined period

Monthly precipitation [mm]
November 25.7
December 51.9
January 44.3
February 83.7

March 131.9
April 33.2
May 85.7
June 41.5
July 32.3
August 15.6
September 62.2
October 38.3

Tablel3.4.3L: Monthly precipitation in the site
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Note:

Major structures shown in the figure: green columns: egroumitesing wells (the yellow columns below show the
screening locations), blue colour: base map contour bordering on surface waters, white line: plant ares,ofellow line: contour
major structures not belonging to the power plant area, bluansipatergnoonitoring wells, red lines: underground

effluent lines.

Figurel3.4.2: Model space created during the test

We have used 20 layers in the model, and the smallest cell divisionocé8d espiens!s t
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N

Figurel3.4.33: Layer structure created during the test
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Figurel3.4.34: Cell structure of the grid created during the test

For the run, we defined boundary conditions (head boundaries) as follows: the PK battery of wells in the n
Danube and the HVCS in the east, Lake Kondor angdotmgsfishthe south as well as the diversion ditch and the
western loess plateautbe west. The findings obtained from the model are valid in an area enclosed by tf
boundary conditions (head boundaries).
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We have used the Visual MODFLOW program applying the finite difference method to define the flow of unc
water. The program allows static (constant in time) and dynamic (changing in time) analysis of th&eicinity of th
have obtained the input data of each dynamic scenario from the previously run static model result. Satur:
unsaturated zones are managed by separate modules. We have run the saturated zone, the level of which de
the precipitation prevgilinthe given hydrologieywdfr and the Danube water level by using the MODFLOW 2000
module. The unsaturated zone is located above the latter and has been handled by the SURFACT module.

To build the hydrologic model, we also needed the following:

1 georetry of layers,

91 hydraulic infiltration parameters of the relevant layers (infiltration coefficient, effective porosity, specific
capacity, specific yield, dispersion coefficient and diffusion coefficient).

Zone Kx [m/s] Ky [m/s] Kz [m/s]
1 0.0003 0.0003 0.00009
2 0.000035 0.000035 0.0000035
3 0.00013 0.00013 0.000018
4 0.0006 0.0006 0.0005
5 0.00000048 0.00000048 0.000000008
6 1.8 1.8 1.8
7 0.00000005 0.00000005 0.000000005
8 0.00009 0.00009 0.000013
9 0.0001 0.0001 0.000015
10 0.00012 0.m012 0.000017

Note:

We have also introduced some ranges characterised by an extreme high infiltration coefficient (Kxyz =1.8 m/s) in the immediat
vicinity of "constant heads". This is advisable because upon specifying boundary conditthestoihéaleusihabe

shifted and become embedded in the underlying layers. Therefore, in the immediate vicinity of boundary conditions (heac
boundaries), the conductivity of the lower range can be unrealistic. By introducing extremely higiltjaoadtictivity, the

layers characterized with real conductivity can detect the change in boundary conditions more rapidly.

Tablel3.4.2: X,y, z components of infiltration coefficients applied in the model

Zone Ss [1/m] Sy Eff. Por. Tot. Por.
1 0.0005 0.25 0.15 0.25
2 0.005 0.25 0.3 0.33
3 0.0005 0.24 0.28 0.3
4 0.0005 0.22 0.26 0.3
5 0.0005 0.15 0.26 0.28

Note:

Ss (Specific Storage): Specific storage capacity Unit volume of water reldaséd asih ceange in pressure divided
by the volume of the aquifer originally containing the water. (Storage coefficient/vertical layer width)

Sy (Specific Yield): Specific yield Ratio of the recoverable water volume and the total rocksaidgnedih, @aiseaof
value close to, equal to or less than the effective porosity.

Total porosity: In a porous medium, the ratio between the pore volume and the overall volume (Void volume).
Effective porosity::A ratio between the volume of the porelspade water movement and the overall volume.

Tablel3.4.3: Other hydraulic infiltration parameters.
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By using data for the abwraed period, we have studied the distribution of thaetgrdabig and the velocity
space and patrticle trajectories emerging in the saturated zone during typical low medium and high water lev
Danube.

The water levels of the cold water canal fluctuated between 85.1MBdnd @ @xaminedqukrirhere were
such high flood waves in January, February and June which blocked the flow towards the HVCS and the D
during which backwater occurred towards the power plant area.
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Figurel3.4.37: Contour map of the groundwater table on 17/02/2013 in thedduentvafter level in the Danube (87.56 mBf)

File namé&?AKSII_KHT_13_Telepmodell_EN 28111



MVM Paki$. Zrt

. Environmental Impact Stuc

Implementation of new nuclear planeunits at the Paks $iteological medium and underground water on the site and in the immediate

E— ]
0,000 3100 % 000

]

00

B

"
al 230

N

b
v

wa0 >0

Y, 73 ,.“

T —d ) :
.a—';/;/ P ./ P T // // o 1 -~
S eener 2L LY AN p 25
B SIL )eE N E TN
e A S e o

Figurel34.39

. Developments in the direction of flow on 22/08/2013 in the event of low water level in the Danube (85.14 1
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Figurel3.4.3L0 Developments in direction of flow on 17/02/2013 in the event of medium water level in the Danube (87.56 n
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Figurel3.4.311 Developments in the direction of flow on 11/06/2013 in the event of higthev@anldyel8%#.01 mBf)
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From the velocity space giving an overall characterisation of the area, it is apparent that:

1 In the vicinity of the northern side of the main building and the HVCS, velocities are significantly higher
cases than on the thoside. The difference may even be-pdodérs of magnitude.

1 Two zones moving in the opposite directions meet on the southeastern side. For thismogampn, a slow
zone is formed to the north of the O5 well.

1 For the T battery of wells (etist @ battery of wells) a flow away from Lake Kondor had evolved (southet
during the entire examined period.
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Figurel3.4.312 Velocity space formimthé vicinity of the main building and the HVCS in case of low water level in the Danut
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Figurel3.4.31L3 Velocity space forming in the vicinitynairihauilding and the HVCS in case of high water level in the Danube
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By comparison of maximum velocities it can be stated that the lowest velocity had evolved during medium
levels, Vmin = 7;8B/s. The highest velocities were seen during Bariochenwater levels, Vmax =5h&

The above velocities are typical along the Danube and the HVCS, groundwater flow is slower in the immediate
the main building. The above velocities mean a travel distante38&fndedérs in thenitgi of the HVCS. The
difference between speeds measured next to the HVCS and the main building may be up to an order of magn
calculated daily distances travelled in the vicinity of the main building fluctuatedi b@hBeeetddD28 a

function of time and place in the examined period.
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The markers represent the distance travelled in 100 days.

Figurel3.4.314 Path of water particles launched from the assumed sources.

The timwarying velocity space forces the particles in the given layer to travel on special paths. We have launc
relevant paths from potential sources (sewer system bordering on the un#ionbtildingst, the auxiliary
buildingsjnitsand the TNBHine). 72150 days are required to travel 100 meters under the given circumstances.

13.4.3.1Evaluation of the mutual impact of the groundwater and surface water

To evaluate the mutual impact of groundwater and surface water, we have created a laygglogic model
conditions present in the event of extreme Danube water levels for the site and its direct vicinity. We have sel
relevant extreme values from a thieime(2002013) dataset of the Paks watermark post and the waterworks at the
HVCSThe lowest water level occurred on 03/12/2011. At the Paks watermark post, a 84.81 mBf level was m¢
whereas at the HVCS, a water level of 84.3 mBf was detected. The highest value occurred on 11/06/2013. At
watermark post, a 94.29 mBiNdagaheasured, whereas at the HVCS, a water level of 94.01 mBf was detected.

In case of extremely low water levels in the Danube, the relevant processes follow those defined during the |
level, i. e. an eastern flow from the fish ponds to &eabéiauhorthwestern flow to the HVCS can be observed. A
northeastern flow is observed from the site of the current power plant, whereas groundwater flows to the HV
eastern direction from the western loess plateau. This means that iré&zSeantlBartdibe water levels, the fish
ponds behave as sources, whereas the Danube and the cold water canal behave as sinks.

File namé&?AKSII_KHT_13_Telepmodell_EN 32111



MVM Pakis. Zrt. Environmental Impact Stuc
Implementation of new nuclear plameunits at the Paks sieological medium and underground water on the site and in the immediate

Although in case of extreme high water levels in the Danube, the relevant processes follow the trends defin
high watervels, but the backwater is much stronger. In the southern part of the Danube next to the site, a weste
effect can be observed towards the fish ponds. On the southern side of the HVCS, a southeastern dam effe
observed in the direction opahes, as well. Flows to the west and the east (from the western loess plateau) i
south of the HVCS at the diversion ditch, thus the latter works as a sink. Northwestern flow is observed on the
of the HVCS which subsides when meeting gasteontfiow arriving from the western loess plateau. In this case,
the Danube and the HVCS represent the source and the fishponds the sink components.

13.4.3.2Results of modelling the unsaturated zone

We have used a separate module of the program (Surfelctheoumsaturated zone. This module only takes into
account the upper, more densely distributed layer, so we have created a simplified model space in order to st
time for calculations.

We have distinguished between the following four casesrtxtehniae the velocity spaces emerging in the
case of extreme Danube water levels in the unsaturated zone, usirgiateadyculations.

1 Extremely low Danube water level, taking into account the impact of the fish ponds and the diversion dit
1 Extremgllow Danube water level, disregarding the impact of the fish ponds and the diversion ditch.

1 Extremely high Danube water level, taking into account the impact of the fish ponds and the diversion d
1 Extremely high Danube water level, disregardpagtiud the fish ponds and the diversion ditch.

It was advisable to separate the four cases in order to be able to illustrate the interaction between certain na
ponds, Danube, loess plateau) and artificial (diversion ditch, HVCS) biousdargt tomdtoundwater.

The outcome of processes characteristic of each case are described below.

In case of extremely low Danube water levels, taking into account the impact of the fish ponds and the divers
the Danube and the HVCS funstginks, while the ponds function as sources.

In case of extremely low Danube water levels, disregarding the impact of the fish ponds and the diversion
stronger flow develops towards the Danube and the HVCS. From a large part of they madbel aczayrdl
towards the HVCS, while the Danube only absorbs groundwater from the southern quarter of the area.

In case of extremely high Danube water levels, taking into account the impact of the fish ponds and the diversi
slowmoving velitg space is formed in the north, which speeds up when reaching the diversion ditch and in this
the latter represents the sink component on the westoingoxelocity space develops south of the HVCS, as
well. In the east, the Danube and b8 EBNh be defines as sources, and the fish ponds represent the sinl
components.

In case of an extremely high Danube water level, ignoring the impact of the fish ponds and the diversion ditch
flow backward to the loess plateau can be obsenthdrsiie no natural or artificial barrier or sink which would
absorb the flow of groundwater. In this case, the Danube and the HVCS are represented as source component

Vertical displacements are obtained in the unsaturated zone. The veloait@slare sEnegnitude smaller than
those in the saturated zone.
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Figurel3.4.315 Paths of particles located in a saturated/unsaturated zone
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Figurel3.4.316 Vertical image of an unsaturatedplta®e) zone in case of low Danube water level
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Figurel3.4.3L7 Vertical image of an unsaturatedftia®®) zone in case of medium Danube water level
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Figurel3.4.318 Vertical image of an unsaturatedftta®e) zone in case of high Danube water level

The curves take a value in the interval between 0.1 and 1. The value 1 represents the boundary of the s
unsaturated zones whereas saturation is loveesbfraca.1 value (the value 1 represents full saturation, i. e. the
pore volume is completely filled by water and a smaller value represents the extent of saturation). Consiste
earlier analyses, the results show wetyiimg in the unsatudatene.
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In line with fluctuations of the Danube water level, upward and downward flowing cycles alternate in the un:
zone. Consequently, the impact of a previous emission in the unsaturated zone can be detected in the fluctuat
of tritiumactivity concentrations measured in individual monitoring wells

The clearance of particles (tritium) exiting to the unsaturated zone can be characterized jointly by the mc
oscillating in the vertical direction as well as a downward andrécticmomedpdictively, on the basis of dynamic
calculations in line with the flood waves.

The process takes place according to the iatlitdidmgam.

1 Oscillating movement in the unsaturated zones.
1 Velocity increases in the lower layers and arauttlesvibwer layers takes place.

1 The developing concentration gradient drives tritium from the upper, less saturated layers to the lowe
saturated ones.

Fractures developing in the saturation curves in vicinity of the main building cntbe péribctation effects
of the relevant structure (main building), while the same fractures in the vicinity of the HVCS can be ascrib
drainage and backwater effects of the channel.

13.4.3.3Validation

We have verified the correctness of the relsw#nt \We have compared the calculated values with numerous
measured water levels measured in the tested period (31/10/2013).

In case of wells for which the input data were used as basis for creating the "constant head" levels, we have
total agreement of water levels. For example, there is full agreement in case of the PK2, PK3, PK4, PK5, T59,
KHO1, KH02, KHO04, O5, 06, O7, O8;wdtéBorks levels. As regards water levels calculated the results are
entirely convincing, thalhe model can be considered as validated.

Calculated vs. Observed Head : Time = 365 days
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Figurel3.4.319 Comparison of water levels measured and calculated by the model.

Based on calibration of the relevant levels, the velocitylafiace,ahisotropy, the relevant paths and the access
times can be considered realistic. The model is also validated as reliable in the long term by previous calculatic
give satisfactory results even under hydrological conditions of thehgpeact@®d6by extreme water level
dynamics.
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13.4.3.4Evaluation of transport processes between the groundwater and the confined groundwater

The question concerning the cause of the higher water level for the R63 well arose for the R63 and the R6:
wells.The R64 well communicates with the groundwater level, so it is in a hydraulic contact with the upper s
zone. The measured value of the water level is identical to those of the surrounding wells. The R63 well is cha
by higher pressures theasured water level is -Gam@ters higher than those of the surrounding wells. We have
analysed the layer structure and the grain size in the vicinity of the given wells. A possible explanation for tl
pressure is that above the screenedfldyerR63 well, a second layer of clay is situated in a wavy pattern and
behaves as a much more closed, contiguous and less permeable layer. The hydrostatic pressure of the give
characterized by hydraulic parameters of the loess plgtteaaltitutes. Thus, screening for the R63 well occurs
under the afore mentioned aquitard layer, while that of the R63 is located above. This may explain the differel
measured water levels of the two wells. We have used this solutioin iwhible pnogerly respects the temporal
changes of water levels in the two wells. As a consequence, we can speak of an upwelling (discharge) are
vicinity of the site, so no contamination from groundwater may enter the confined groundwater.

13.4.3.5Changesn tritium distribution in groundwater

Those places for which we have assumed tritium sources at a model level aré&gurdrads2a in
Under the main buildimit$, we have assumed places with activity comcehfir@@m/dri

We continued to take into account as a source {aderitamma assumed to be gradually cleared and formed due to
the previous failure of the TM55 line. Here, we reduced the activity concentratioBgalfadrb6{ER A A

We approximated certain sections of the wastewater line with places with activity concentraigfdigf 100 and 3
and assumed activity concentrations of 228a#utiPélong the infirmary building and the 1st auxiliary building.
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Figurel3.4.20 Summary of tritium sources assumed under the power plant building.
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Figurel3.4.21 Contour map of tritium lens distribution at theeemidabyfgis period.

We have connected the model velocity space with places for which we have assumed that the given location,
under ainitor a given section of a pipeline may function as a source of tritium. When calculating the tritium le
have assumed that at the selected locations, due to the tritium leak into the ground, a concentration higher
value characterizing the unladen area emerges. The model calculated the further spread of the tritium
introduced at these locatand introduced as an initial condition matched with the measured data. We have obte
the tritium lens given as an initial condition from-steist@aiyulation taking into account the conditions on 31
October 2012 solving equations correspmadingeonstant conditions. In case of calculations related to tritium, we
have primarily focused on the vicinity of the main building. The validating wells surround the main building.

Calculated va. Observed Concentration : Time = 355 days
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Figurel3.4.22 Comparison of the tritium activity concentration measured and calculated by the model.
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The load level was typically overestimated in some periods during previous modelling. This is less typical in t
calculation. Calculated trends aas afimagnitude correspond to measured values. In case of the O5 well, tl
program shows an overestimated value, while for the T17 well, it is underestimated when compared with n
values. Thanks to the repair of the TM55 line and the sewak plddethind@011), the measured values are at a
stable level below 300 Byamth due to this fact, they indicate a decreasing trend on the whole. The normalized |
value is under 25% both at the beginning and the end of the examined perioderidreo$tthre@stimate
remains below Bg/dri

13.4.40OPERATIONAL CONFINERDUNDWATER WORKGSN MP A

The waterworks wells of the Cs8mpa water woiSWs i ns
direction from the power plant.

13.4.4.1General hydrogdogical characterisation

In the Paks region, the porous levels of the Upper Pannonian layers store confined groundwater. The average
confined groundwater isLBlis/kra The depth of tapped Upper Pannonian aquifers ranged it#29raev 60

the time of their construction, the static water levels in the wells ended up above the given ground level, s
speak of positive wells. Pressure levels vary betweeh 7@l characterized by a positive pressure gradient
regardless of the ttepf the aquifers. Specific discharge rates rangeBifofmiirZm the temperature of .water
extracted varied betwee@ BBAC depending on the depth of the aqui

Based on the above, the shallow confined groundwater of the Upper Pamtsraam ldestyme form several
independent and separate hydraulic systems. Based on pressure conditions, communication is only possi
confined groundwater towards the groundwater.

The quality of confined groundwater is primarily dependemerigl tteanpasition of the aquifer. The usual type of
water is based on calcium magnesium bicarbonate, with an alkaline pH. The TDS concentration is usually
1000mg/l. Generally, water from deeper layers contains more dissolved saltiomheontdati¢d®0 mg/l)
increases as a function of depth. The water is practically free of sulphate. Due to the significant iron and me
content, the water must be treated.

13.4.4.2Basic data

Drinking water supply for the Paks Nuclear Power Plaat ibypamrifined groundwater wells installed on the
Pannoni an s and -plusaty veatersbase. mMhe twater ba€esiSvoimerable, diagnostic and safeguardi
analyses were performed betwee2 @Q0D6

13.4.4.3Quality status of the water body

Data from labavat studies performed on samples of detection and production wells from the peried between
2010 were available to a qualitative assessment of the water body.

During evaluation of individual measured parameters. the contamination limiteesetgdtthrid 2B of Joint
KWME ¢-MVM Decree 6/2009 (1 V. 14) were used. The b
waterworks belongs to the calcium magnesium hydrogen carbonate type.

Toxic metal analysis has also been performed indah® tast measured concentrations were below measurement
limits. Out of the components measured, only an ammonium ion concentration of layer origin was present in a
exceeding the relevant limit. As it is apparent from the above tablendhexireigslesl significantly. Generally
speaking, the quality of the water produced can be assessed as having a very low solute content.

Anaerobic conditions prevail within the body of water, which is derived from sedimentological conditions. The
produced during decomposition of organic material in the relevant layer is not broken down further to nitrite al
due to the lack of a proper amount of oxygen.
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13.4.4.4Quantitative status of the water body

Out of the producing wells, 2 each filterdhdgi@ilower) and better (deeper) aquifers, respectively.

According to measurements in 2011, the original positive static water level of the confined groundwater wells ¢
significantly as a result of several decades of production. Baseddwatethractignthe utilization level of
production wells is 83%, and other wells also pr¢
these facts, it is unlikely that too large reserves are present in the replenisbuntdeaténed g

13.4.4.5Hydrogeological model of the water body (impact of increasedewtadetionon the
pressure levels of confined groundwater).

The Cs8mpa puszta water base provides dr iextrdciiong wa
and monitoring system is composed of 4 producing wells and 3 reserve wells. The total yield of produci
fluctuates around 8C%day, which will increase to-1800 rfiday in the Paks Il construction phase according to
preliminary calculatiom® ihcrease amounts to 64@asn Over the past 10 years (period between 2004 and 2013),
the rate aéxtractioexhibited a decreasing tendency with the result that both the resting and operating water |
increased. Well data are includexdbiel 3.4.41, whereas the time series of water levels of operating and monitoring
wells are displayed inRigeirel 3.4.41 - Figurel 3.4.47 serief figures

Cs 8 mp a -Watewdks sit@
Nuvrcglcler of EQOV X EOVY Well depth | Water yield extractablg Filtering
I/1. 137785.44 632753.61 117 m 200 I/min 77.191.5; 98-807.4
1/3. 137840.97 632718.97 76 m 200 I/min 63.369.7
/7. 137825.3¢ 632722.29 117 m 500 I/min 58.069.0 78.693.0; 68:007.0
/2. 137201.25 632204.14 142 m 1200 I/min 76.191.6; 101:207.2; 117-8536.6
/6. 137227.84 632417.43 154 m 900 I/min 77.089.0; 92:403.5; 111-125.0; 129.G
8. 136511.53 632570.97% 129 m 870 I/min 6880.7; 85-03.7; 96-:318.8
9. 136293.03 632277.27 125 m 870 I/min 86.893; 98.4.08.6

Tablel3.4.4: Parametesf t he Cs8mpa wel |l s
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Figurel3.4.41: 10yeartimeseries of the water level ofthebkervation well on the 1st site.
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Figurel3.4.4: 8year time series of the water level-8f dbsdiation well on the 1st site.
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Figurel3.4.43: 10year time series of Wadetevebfthel-7 observation well on the 1st site.
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Figurel3.4.44: 10year time series of the water level 2 greducing well on the 2nd site.
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Figurel3.4.4: 10year time series of the water level 6 ireducing well on the 2nd site.
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Figurel3.4.45: 10year time series of the water level e8thmtLlicing well on the 3rd site.
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Figurel3.4.47: 10year time series of the water level a®theotlcing well on the 3rd site.
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A decrasing trend in the operating water level can be only observed in this single well, which is not prog
drastically, but rather gradually. In our opinion, this phenomenon can be caused by the clogging of filte
production is only done usingfiwioe four producing wells and even they belong to different waterworks site
moreover, they are constantly changed on a weekly basis.

The probability of groundwater with higher concentrations of tritium under the Paks Nuclear Power Plant en
Cs$ mppaszta aquiver or the confined groundwater layers is so small that its hydrogeological assessir
unwarranted. Namely, this is an upwelling area, so the pressure increases with depth and the Danube repre
base of upwelling of confineddywater. However, as the competent authority requested such assessment, we h:
created a hydrogeolalgitodel which was extended both vertically and horizontally, for which we have used ce
elements of models prepared for assessing the sitetemma angrbases. We have applied 5 layers to prepare the
relevant bases, the spatial geometry of which is diBlayed in.48.

Figurel3.4.49: Model grid
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The relevant zones and data of hydraulic infiltration parameters RBigusfi@xh4i0
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Figurel3.4.410 Hydraulic infiltration parameters of relevant layers

Sine the Danube pressure wave cannot be detected at a distance of 200 meters from the bank in case
conditions, we did not consider the simulation of high water events to be important, so we only took into ac
medium Danube water level (§&nmBthe average precipitation infiltration (85 mm/year). The model has been run
permanent conditions for -ed® period of construction of the new power plant. We have defined the yield
producing wells with the highest value of the paswitesesmthe water levels measured in the monitoring wells
were identified with the average of the static water levels of the past 10 years. In the vicinity of producing wells
taken into account the average operating water level of thedabt &Orgparison with the current conditions, we
have assessed the impact of increaseexivateioto the pressure levels of confined groundwater. We have taken
into account the extent of increasedcextedetiodue to construction with a valkd6ofiday. We have defined

the boundary conditions from the north, west and south by using general boundary Cayetigoalshgzid B
boundary") in the aquifers. From the east, the Danube has been considered as a constant boundary conditic
"constant head boundary"). Furthermore we have envisaged the application of a precipitation infiltration le
mm/year (recharge boundary). We have excluded the volume to the east of the Danube by using inactive c
results clearly show t@itaminants that may exit the power plant (e. g tritium and accordingly, any other mat
cannot reach the potential water base and the &deifesse also confirmed this by relevant measurements by
taking water samples from the R63 confined grouedr moni t ori ng wel | on site
and measured their tritium content with a high aceleangthidd. Practically, the results yielded "0" values, which
are included Trablel3.4.4.
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Name ofvell Sampling on TU Error
Cs8&8mpa 15/04/2014 -0.076 0.037
Cs8&mpa 15/04/2014 0.082 0.053
Cs8&8mpa 15/04/2014 -0.064 0.038
Cs8&mpa 15/04/2014 -0.105 0.037
Paks_R63 15/04/2014 -0.024 0.177
Tablel3.44. Tritium activity of the
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Figurel3.4.411 General map of the model area
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Figurel3.4.412 Flow directions in the vicinity of the wells, 50 years migration paths and depression cones.
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Figurel34.413 Flow directiatong a WE section.
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Calculated vs. Observed Head : Steady state
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Figurel3.4.414 Validation curve of the current status.

Note: effect of the 64flay increment compared to the current status.

Figurel3.4.415 Flow directions in the vicinity of the wells, 50 years migration paths and depression cones.
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Note: effect of the 64fday increment compared to the current status.

Figurel3.4.416 Flow direction along aB/gection.

Calculated vs. Observed Head : Steady state
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Figurel3.4.417 Validation curve of the 64@damincrement compared to the current status.

From the extent of suction (validation cdat®rmed m) and the spatial location of depression cones it can be
clearly seen that increasdrhctionannot elicit an effect of contaminants travelling from the groundwater down to
confined groundwater layer. The intactness of this tdirereid by the fact that the tritium concentration in the

relevant water amount is zero both under the pow

reaching the confined groundwater should only be performed with great caatowviamttyeafiahe power plant
in order to maintain the status quo.
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13.5IMPACT OF CONSTRUGTOBPAKSII ON THE GEOLOGICAIDME/ BENEATH THEESAB WELL
AS THE UNDERGROUMI BR

13.5.1IMPACT OF CONSTRUGTOD UNDERGROUND EYRABENEATH THE SITE

We have defithéhe boundary conditions (head boundaries) needed for demarcation of the impact area, as the
of dewatering resulting in the reduction of groundwater with the average values of annual water level fluc
detected in all monitoring wellsfdlfe3.12 m = 3 m).

13.5.1.1Direct effects
13.5.1.1.1 Effects of dewatering the working pit on groundwater

During construction of the new power plant, dewatering of the working pit created for foundation will im|
groundwater level and a high amount of grountatezmaved by dewatering which will end up in the Danube.
We have placed the planned deep foundation buildings of thdtsatmaa@ing to the technical layouts, which
were taken into account as inactive cells (cells eliminated fromrthmdeaterf) gn the status after construction.
Based on technical specifications, the foundation depth efdheeddnyidings can be assumed to be between 14
and 20 m. In our study, we assumed a depth of 20 m. Foundation worksifasthetikely to be performed
simultaneously, therefore, in the model, we have examined their impacts sepakaiilly (fitceRake).

We have surrounded the working pit, taken into account by the model as an inactive cell by a disisage netwo
due to technical reasons, because dewatering of the working pit can be simulated in this way. The drainage ne
removes water from the system (working pit) and helps to estimate the amount of water passing through the la
will ale be plotted in a graph. In practice, the placement of a kind of protective wall or a sheet pile will prob
necessary at the edge of the working pit, which will play a role in decelerating the backfilling effect and

stabilization of the slofn the model we have surrounded the excavation trench with a wall, the depth of w
exceeded the 20 meter depth of the excavation trench by a few meters. The analysis is based on hydrological |
prevailing during the period from 1 Novemiv@B32002tober 2013.
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Figurel3.5.11: Horizontal position of the working pit
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Figurel3.5.12: Vertical position of the working pit
The average value of annual water levegidlhgtmeasured in the observation wells in the entire area of the site is

little more than 3 meters. Moreover, the average value of annual water level fluctuations measured in the n
wells in the northern party of the site, the construetigrosany construction site is a little more than 4 meters.
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Figurel3.5.13: Annual water level fluctuations ok oronitoring wells.
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Figurel3.5.34: Annual ater level fluctuations of monitoring wells in the construction site and the mobilisation area.

In view of this, for demarcation of the impact area, we have taken the first value as a basis in order to
conservative. Thus, we have defined thefrdpagatering of foundation excavation trenches with the average valu
of annual water level fluctuations in all monitoring wells of the site (~3.12 m = 3 m). The impact area extends
of 3meter water level reduction (marked by red contour).
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Figurel3.5.15; Extent of the depression cone and the flow field at the beginning of the assessment period.
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Figurel3.5.17: Extent of the depression cone and the flow field on the 100th day of the assessment period.
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Figurel3.5.19: Extent of the depression andéehe flow field on the 365th day of the assessment period.

We have arranged the monitoring wells having suffered a water level decrease more than 3 meters in a tab
which the T38/A, T46/A, T48/A and the T49/A wells are closest tautleaup@mer plant. Based on these
wells, it is likely that suction value3.®ideters are observed in the immediate vicinity of the northern side of tf

current power plant. These values are not likely to cause static problems at the tioetmeain didddifig

because during the years, the soil has consolidated under the weight of the building during the years, and img

least this extent are still present as a consequence of fluctuations of the Danube water level.
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Name Measured Calculated | Calculated

of X-Model Y-Model X-Local Y-Local water level water level measured | Time

well [mBf] [mBf] [m]

C1.2/A| 2189.277| 2177.291| 1265.416| 11990.45 88.4 77 -11.4 365
C2.2/A| 2245.759| 2423.758| 1324.59 | 12236.29 87.95 81.97668 -5.973323| 365
R64/A | 2280675 | 2124.917| 1356.236| 11937.08 88.15 84.5181 -3.631903| 365
T38/A | 2058.694| 1960.146| 1132.466| 11774.75 89.09 85.83922 -3.250782| 365
T46/A | 2144.098| 1908.944| 1217.306| 11722.61 88.92 85.90364 -3.016359| 365
TA48/A | 2142.025| 1941.282| 1215.587| 11754.97 88.86 85.46479 -3.39521 | 365
T49/A| 2142.69| 1954.825| 1216.399| 11768.51 88.84 85.25167 -3.588329| 365

Tablel3.5.11: Effect of dewatering of the working pit in individual monitoring wells.

Total dewaterinfitbe working pit can be achieved over a period of 50 days at a water extraction3delg of 16930 n
In order for the working pit to remain dry during the relevant works, a thecfdtigava®taStraction yield is
necessary, which is highten@ent on the current water level of the Danube. The Danube flood waves may incree
the amount of water to be extracted as dhigwrei.5.110 On 11/06/2013, the Danube water level exceeded 94
mBf and at that time, thiemamount to be extracted increased to Ydé94 m
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Figurel3.5.110 Effluent water quantity needed for drainingittgepit@nd keeping it dry.

The deepening and dewatering of the working pit of tneitseitshdift in time, so we have assumed that the static
water level is restored after the foundation ofititesfosmpleted, which already includegptut of the ficstit
compared to the baseline condition.
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Figurel3.5.111 Horizontal position of the second working pit.
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Figurel3.5.112 Vertical image of the second working pit.
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Figurel3.5.113 Extent of the depression cone and the flow field at the beginning of the assessment period.
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Figurel3.5.114 Extent of the depression cone and the flow field on the 50th day of the assessment period.

File namé&?AKSII_KHT_13_Telepmodell_EN 57111



MVM Pakis. Zrt. Environmental Impact Stuc
Implementation of new nuclear planeunits at the Paks $iteological medium and underground water on the site and in the immediate

0300

I Drawdows [ry
.
-

’A'," /\
«J{

A

2820

100. nap 100" day
Figurel3.5.115 Extent of the depression cone and the flow fidl6Qih theyy of the assessment period.
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Figurel3.5.116 Extent of the depression cone and the flow field on the 200th day of the assessment period.
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Figurel3.5.117 Extent of the depression cone and the flow fielébtin dag 8f the assessment period.

During dewatering of the working pit of theusggcamdinor decrease of the water leved ohsdrved because
the floor areas of facilities belonging to thmt@mdsmaller. The impact area does not extend to the northern tip o
the curreninits so no effect whatsoever can be expected in the area whiexidtngver, when makirg th
foundation of the finsit the impact of dewatering of the sgtdondst be taken into account.

Name Measured Calculated watet Calculated _
of X-Model | Y-Model X-Local Y-Local water level level [mBf] measured | Time
well [mBf] [m]

C1.2/A| 2189.277| 2177.291| 1265.416| 11990.45 88.4 85.42711 -2.97289 | 365
C2.2/A| 2245.759| 2423.758 1324.59 | 12236.29 87.95 79.38374 -8.56626 | 365
R64/A | 2280.675| 2124.917| 1356.236| 11937.08 88.15 86.828 -1.32201 | 365
T38/A | 2058.694| 1960.146| 1132.466| 11774.75 89.09 87.8017 -1.2883 | 365
T46/A | 2144.098| 1908.944 1217.306| 11722.61 88.92 87.74595 -1.17405 | 365
TA8/A | 2142.025] 1941.282) 1215.587 | 11754.97 88.86 87.56118 -1.29882 | 365
T49/A | 2142.69 | 1954.825 1216.399| 11768.51 88.84 87.47144 -1.36856 | 365

Tablel3.5.12: Effect of dewatering of the working pit in individual monitoring wells.

Total dewatering of the second working pit can be achieved over a period of 50 days at a water extraction yielc
nme/day. In order for tharking pit to remain dry during the relevant works, a theoretitahy 28t6rmaxtraction

yield is necessary, which is highly dependent on the current water level of the Danube. The Danube flood w:
increase the amount of water to be exassteown iRigurel3.5.118 On 11/06/2013, the Danube water level
exceeded 94 mBf and at that time, the water amount to be extracted incred&a/to 16209 m
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Figurel3.5.118 Effluent water quantity needed for draining the second working pit and keeping it dry.
13.5.1.1.2 Estimate of the tritium quantity of water removed from the working pit

We have used two methods to estimate the amount of tritium. One method calculated with the product of t
guantity passing through the zone defined in the southern vicinity of the foundation working pit and the tritiul
concentration. To tthis, we have to place a zone for which the program calculates the amount of water pa:
through during the study period. Among the values, we will select the maximum and minimum amount of wat
associated with the value of the maximumdtilityrcancentration measurable in the vicinity of the zone, which
means approximately 80 Bayditne present case. The product of the two may yield an approximate value.
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Figurel3.5.119 A zone defined for estimating the amount of tritium.
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Figurel3.5.1220 Annual volume of water passing through the zone

Full volume rate of flow in the zone: Qv % 2701.3 Aday
Typical maximum activity concentration along the8foBg/din
Daily amount of tritium activity passing through the zone. QT = {338)l MB2lday
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For this second method, we have recorded a tritium activity concentration distrilvugsinsectonealsing the

give zone, on which a giid a surface of ~Bhas been placed. The average flow velocity along the zone was
found to be 3.BEm/s, which corresponds to ~0.28 m/day. We have multiplied the velocity with the ac
concentrations characteristic of the relevant surfaeesizandft elementary surfaces and then, we have summed
the values obtained.

Q= [(385x9x0.1+

289 x 9 x 0.5+

256 x 9 x 1+

224 X9 x 2+

185 x 9 x 5+

152 x 9 x 10+

117 x 9 x 20+

97 x 9 x 30+

80 x 9 x 40+

62 x 9 x 50+

45 x 9 x 60+

29 x9x 70+

17 x 9 x 80) x 1000](Bg/m) x 0.28 (m/day)
Qtotal = 52.9 MBg/day
The second method gives a much more realistic estimate of the tritium quantity than the first one because it
calculate with the extreme values of the tritium concentratjpassingdteough the zone, but it divides the latter
to smaller (9ncells and with the expected value of the tritium concentration there. At the same time, it is

sufficiently conservative, because we did not consider porosity, i. e. we i€ovatieleveas dowing through the
entire crossection of the given surface although only ca. 30% of the latter is "useful" in terms of water flow.

o

Figurel3.5.121 Distribution of tritium alongéasvest section.
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13.5.1.2Indirect effects
13.5.1.2.1Impact of draining into the Danube of water removed during dewatering
The depression cone caused by dewatering of working pits "attracts" water from its environment, and the mc

pollutant, notably tritium @mleees along. Normally, the tritium plume flows towards the cold water canal in a nc
northeast direction. As a result of dewatering, it will take a northerly direction.

WU P

205 008

lrn-vn
1000

Depresszi

ax 1308

De pr e s s zDepressioh coriec s ®r
Tr 2 ci dlmiunec@ume a
1. naglstday

Figurel3.5.123 Impact of the depression cone on the flow dirbetioitium plumgday)

File namé&?AKSII_KHT_13_Telepmodell_EN 63111



MVM Pakis. Zrt. Environmental Impact Stuc
Implementation of new nuclear planeunits at the Paks $iteological medium and underground water on the site and in the immediate

T 1303

De pr e s s zDepressioh oriec s ®r
Tr 2 ci dIntiunc@ume a
50. nagbOhday

Figurel3.5.124 Impact of the depression cone on the flow direction of ine¢righOthlay)
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Figurel3.5.1225 Impact of the depression cone on the flow direction of the tritium @yjne (100th d
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Figurel3.5.226 Impact of the depression cone on the flow direction of the tritium plume (200th day)
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Figurel3.5.127 Impact of the depression cone on the flow direction of the tritium plume (365th day)
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To monitor the chaa@s a function of depth, we have also depicted the tritium plume movemenisalathg the north
section.
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Figurel3.5.128 Vertical spread of the tritium plume (1st day).
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Figurel3.5.129 Vertical spread of the tritium plume (50th day).
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Figurel3.5.130Q Vertical spread of the tritium plume (100th day).
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Figurel3.5.131 Vertical spread of the tritium plume (200th day).
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Figurel3.5.132 Vertical spread of the tritium plume (365th day).

To simulate the impact of the second working pit dewatering step, the initieVidaiddxy dhe pesults of the last

days of the model run simulating the impact of the previous working pit dewatering step. Since we have |
information on the progress of foundation, we have not taken into account the backfilling effetthen the spre.
tritium plume. At the same time, tritium concentration values around the working pits are likely to decrease as
dilution and leaching, i. e. the present approach can be considered as a pessimistic estimate of the tritium qua
removed as a result of dewatering.
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Figurel3.5.133 Impact of the depression cone on the flow directidiuiof phete (1st day)
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Figurel3.5.134 Impact of the depression cone on the flow direction of the tritiund@jyme (50th
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Figurel3.5.135 Impact of the depression cone
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Figurel3.5.136 Impact of the depression cone on the flow direction of the tritium plume (200th day)

File namé&?AKSII_KHT_13_Telepmodell_EN 70111



MVM Pakis. Zrt. Environmental Impact Stuc
Implementation of new nuclear planeunits at the Paks $iteological medium and underground water on the site and in the immediate

lan
1.000

i ()

De pr e s sRezbepressioh coec s
Tr 2 ci dIntiunc@ume a
365 nap36%'day

Figurel3.5.137 Impact of the depression cone on the flow direction of the tritium plume (365th day)

To monitor the changes as #idaraf depth, we have also depicted the tritium plum movement alsagtihe north
section.
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Figurel3.5.138 Vertical spread of the tritium plume (1st day).
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Figurel3.5.139 Vertical spread of the tritium plume (50th day).
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Figurel3.5.34Q Vertical spread of the tritium plume (100th day).
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Figurel3.5.441 Vertical spread of the tritium plume (200th day).
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Figurel3.5.142 Vertical spread of the tritium plume (365th day).
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13.5.1.2.2Impact of construction on the geological medium

The investment project significantly affects gdofotatians in large areas with regard to landscaping and the
construction of working pits. Their dimensions are defined, in addition to those of the structures, by the stat
traffic and transports roads and the conditions of dewaterimyg.datelilaiimans show that the maximum quantity of
earth to be excavated is approXd@Di The estimated maximum foundation depth is 20 metres.

Terrain preparation, terrain correction, utility relocations

The investment area in the northern Vichmtyttunitof the operational power plant occupies approximately a 400
m x 700 m rectangular area. The area has been previously filled up to the design level of 97.15 mBf.

Currently there are no buildings in this part of the area, only thehesidnesetsf foundations have remained
here.The whole area is flat, with a part covered with large concrete slabs, the rest is covered with herb
vegetation (local seedlings), vegetation is mowed regularly. The underground services wisitesneraork]

are still existing.

The temporary construction site of the planned investment project (76.2 ha) is connected to the construction ar
to the north. This section has already been filled up to the design level. CuestuhgytHegbimgight halls of
companies serving the nuclear power plant and industrial railway tracks are situated in the western part. The e:
northern part of the future temporary construction site has a vacant, grassy, wooded pakkbamé tittaradte
battery of wells is located at the cold water canal.

No serious largeale works and thus, not even their impacts should be expected in the planning period. Only I
and minor earthworks related to the relocation of utilitiespeatetheSeveral groundwater monitoring wells are
located also in the investment and mobilisation area, their elimination/relocation must be provided.

Stripping of soil layers with humus content

Soils from the working pits to be used for the ricnindetiofacilities are regarded as wastes inlusmevat,

their deposition can be provided at the constructiohwsiteisTé@ntaining topsoil must be separately managed and
deposited for further uses in compliance with Act LIl of 1996rahrtiesgemncerning environmental protection
and Act CXXIX of 2007 on the protection of arable land, résgeetiaghlyary humus removal plan must be
prepared for handling humus layers, which should be compiled by consultation withofiee songbetetitapity
(Tolna County Government Office Plant and Soil Conservation Directorate)

The selectively depleted hdrasad topsoil may end up in a landfill in the investment area and can be used in
future for landscaping. Another optiohdftehaemoval from the construction site, it cardéutitickening
topsoil in an area with similar characteristics.

Humusontaining soils can be excavated when making working pits, thus at present, their quantities can
estimated

Soil dusng

By construction of working pits and temporary roads, the dust management of soils comes to the foreground
This effect applies only to a depth of 20 cm from the surface. The abersap mhatige size of soils explored by
working m@itvaries between 0.10.3 mm, so these soils tend to generate dust due to their grain composition. Soil
occurs especially in the dry, hot summer season. The phenomenon is not significant in the winter durir
temperatures and high relativeityumid

Watering the area is one possible mode of protection against dust generdorwdieerc@®nt is capable of
reducing the level of dust generation to a fraction of the original value. Another, cheaper option is spraying the
routes ith sandy gravel

Erosion of the slopes of working pits as a result of precipitation (shroud erosion).

The stability of working pits for foundatibose the groundwater takile mostly endangered by intense
precipitation. Sandy soil are very settsigrosion, so a proper state of working pits can be only ensured by prop
drainage of precipitation (trenches, pits, soil stabilization, sheet piling).

Effect of foundations on the subsoil:
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In the construction area, an increased layer load iglerpectied weight of facilities. Increased compaction of soils
is a consequence of the growing layer load.

Even after depositing, the volume of sandy sediments characterized by uniform particle size may even decreas
by a simple rearrangement ttlpar The largest extent of compression is exhibiteplanedingelitsmsed
sediments containing organic matter, whereas the smallest extegtrdipenbatastic sediments (sandy gravel).

All of these formations can be found in the inaesanént the load effect of facilities may primarily affect sandy
sediments.

With regard to the currently operating vedtst@xperience has shown that the majority compaction under the
foundations (thus, subsidence due to volume decrease)riativalycquickly, in a few years. Up to the end of the
1980s, the degree of subsidence was 55.5 mm under the isiitari Anochm under the @Bndand 72.6 mm

under the 4tmit The subsidence rate is greatly reduced after the inigafqreryear§), but total consolidation
only occurred a few decades later. The depth limit of tensions giving rise to subsidence and arising from the
the relevant facilities can be specified to be 47 m according to calculations.

13.5.2IMPACT AREAS OF GJRUCTION

The impact of preparatory works is neutral. During construction, the effect of extcaxttamoighsoiasoccurs
on a oneff basis, it can be properly demarcated in time. Thentaimuag soils currently in a buried state are
utilzed, so this can be regarded as an improving effect.

Dust generation of soils as an effect can be regarded as negative with regard to air quality, especially in th
vicinity of earthworks, the impact area determines on the size of workimgnpitseridreof dust generation is
periodic, only related to open working pits, the negative affect can be reduced by watering or spraying the
routes with gravel.

The impact of foundations on the subsoil can be regarded as neutral, mdrgsicat, moperjes of the soil (e.
g. compactness, water transport capacity) will be improved. However, uneven soil subsidence accom
compaction may have an adverse effect on the structure of buildings.

13.5.2.1Direct effects
We have defined the impacinaftdeng of working pits with the average value of annual water level fluctuations i

monitoring wells of the site (~3.12 m = 3 m). The impact area extends tondterlwatef Rvel reduction
(marked by red contour).
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13.5.2.2Indirect effects

In this chapter, we will assess the amount of radioactive activity concentration increase caused by the power p
pessimistic conditions (conservative estimate) in the Danube and thus, indirectly in a bdrdsdiltrsded water

conservative estimate, we have used the smallest discharge rate, not considering the fact that bank filtrated we
have only partially received water from the Da#d¥g. (@0 have assumed full mixing in the calculation because
watembases are located far from the estuarine zone, and we did not want to distinguish between the two bank st

FromTablel3.5.21 andTablel3.5.23 it is apparent that there is a single isotopacsbses in a meaningful way

the radionuclide concentration of the Danube, and this is tritium. Not only do the others involve no radiation h
but in most cases, their detection is not even possible even with the most sensitive migassrerhendtteshn
potentially detectable radionuclide cétdd lmat only if using a very special measurement technique. However, w
have to note that due to the characteristics of water treatment in the primary circuit (usually aoidie), it is unlik
regarded as a dominant radionuclide from the aspect of activity concentration of liquid discharg€. islowever, si
very easily integrated in certain elements of the living world and its dose contribution to atmospheric emit
dominant, weill approximate it by using an estimation.

PAKS
Nuclide [EBrg'/?sé'gg Nuclide [EBrg';Z'grr]‘ Nuclide [EBrg'/ise'grr]‘ Nuclide [EBrg';?g:]‘
H3 224E+13 | Fe59 | 2.71E+07 | Pu238 | 9.08E+05 | Agl10m| 2.97E+07
*G14 | 2.10E+09 | Co60 | 1.02E+08 | Pu2®/240| 6.84E+05| Cs134 | 1.14E+07
Cr51 | 7.50E+07 | Sk89 | 2.54E+06 | Am241 | 1.67E+05| Csi37 | 9.07E+07
Mn54 | 4.52E+07 | Y-90+S90| 5.79E+06 | Cm242 | 537E+03| K31 | 2.15E+07
Co58 | 1.63E+07 | Tc99 | 4.03E+07 | Cm244 | 8.92E+03

Note: *Value amended by a safety factor (10%)

Tablel3.5.21: Normal, operating and controlled liquid radioactive emissions of the Paks Nuclear Power Plant in 2013

Q[n¥s] | Q [n¥lyear] Q [lIlyear]
NV 5500 1.73E+11 1.73E+14
K¥V 2600 8.2E+10 8.20E+13
KV 600 1.89E+10 1.89E+13

Tablel3.5.2: Danube discharge rate at Paks as a function of characteristic water levels

Tablel3.5.23: Activity concentration values calculated with the characteristic discharge rates of the Danube in 2013

PAKS
Nuclide N[\éci/dni]K ¥ Nuclide N[\E/mi/dn?r]K ¥ Nuclide N[\éci/dn?r]K ¥ Nuclide N[\éci/dn?r]K ¥
1.298D1 1.56ED7 5.23E9 1.71E07
H3 2.7301 Fe59 3.31D7 Pu238 1.11E08 Agl110m 3.62E07
1.18E+00 1.43E06 4.80ED8 1.57ED6
1.22ED5 5.88ED7 3.94E09 6.57E08
Cl4 2.56ED5 Co60 1.2406 | Pu239/240 8.34ED9 Cs134 1.39ED7
1.11ED4 5.39E06 3.61E08 6.02E07
4.32E07 1.46ED8 9.63EL0 5.23E07
Cr51 9.15E07 Sr-89 3.10908 Am241 2.04E09 Cs137 1.11ED6
3.96H06 1.34ED7 8.83E9 4.79ED6
2.61E07 3.3408 3.10F11 1.24E07
Mn54 55107 | Y-90+S190| 7.06ED8 Cm242 6.55E11 131 2.62E07
2.39H06 3.06E07 2.84F10 1.14ED6
9.40ED8 2.32007 5.14F11
Co58 1.99ED7 Tc99 4.92E07 Cm244 1.09F10
8.61E07 2.13E06 4.71E10
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In ChaptefLl3.5.10f the KHV, we discussed the distrilmit tritium entering the groundwater from previous
malfunctions and its spread in the vicinity of the power plant. The amount of assumed daily output can be ¢
from the model. Even according to a pessimistic estimate, this may be maxidayn116D $iBce the
characteristic flow direction of groundwater points towards the cold water canal, the final receiving mediur
release wil/ al so be the Danube. As regamodifythé t s e
release within the margin of error. Its amount is further reduced by the factor that the access time (main
Danube) may even b&Q0/ears, which is comparable to tfiée haflftritium (B2 years). We could provide a
pessimistiestimate for the other radionuclides by considering them as spreading in the same way as tritium (no
in the soil) and the level of release would be taken into account to the same extent as measurable or calct
tritium. This is a very peissic estimate in itself, but nevertheless, it represents no excess burden for the Dar
(because even here, 2.6a is within the margin o
monitoring system surrounding the power plant il 20@3pjtarits nuclide specific detection lirti6 GfBE3

Bq/dr#y this groundwater monitoring system did not detect any clearly identifiable radionuclide from the pow
apart from tritium af@ we have not taken their effects into acalbunt at

During construction and operation of the new power plant named Paks I, tritium has two ways to enter the
Along with the natural groundwater flow and with water removed in the course of dewatering. In the case of gr
flow, the maximutaily amount of tritium is 160 MBq, and as a result of dewatering, it is 53 MBq. In the Danub
results in a maximum tritium activity concentration increase of Vad@BoBH AL Bgidm the case of low

water, which is negligible compdigaidaelease.

No measurement data are available concerning the amount of radiocarbon released in an organic form. The
reason for the latter's unavailability is that its quantity is likely to be much less compared to the carbonate for
water plant) and even the related measurement technique is complicated. The activity of radiocarbon pres
carbonate form is estimated from the activity concentrations of quarterly average samples of released waste\
this basis,, the releaskioan 2013 was 1.9E+09 Bq. This value was the highest in the past 10 years and th
increased by an additional 10% to take into account release in an organic phase. Thus, we can estimate the :
14C released by the Paks Nuclear Power PlahilE6+B8 Bq. Since ¥ activity is not specified for the planned
liquid release of the twisto be established, but tritium release for the unitssteows good agreement with the
current release levels of Paks, this is considered to BeBlgyQit-+hit. This value will be taken into consideration
in the impact of Paks Il

Government decree 201/2001 (X. 25.) restricts the radioactivity of drinking water as per two criteria. The
concentration oftiummust not be higher than 1368 and the tal indicative doskitium potassiu#0, radon

and radon without its decay pradagtaot be higher tBdmSw/ear o drinking water must be tested in terms of
titumor radioactivity in order to define the total indicativthdbsasé an other analysis shows that the tritium
level of the calculaiedcaive dose is far below the threshold waiuerder to meet this criterioWMH®
recommendation for drinking water quality may provide more[I#8insabenthe reference leieldso
01mSwear in their caskhey have calculated the possible radionuclide concentrations pertaining tp the said ©
and also declare that if the total alpha activity concebf&pidigndthe total beta one iohdl Bg/dfthen

the above mentioned condition can be met. When values are high@gotéhaaiptias total beta activity
concentratidit is practical to makeoigespeciti calculations and to clarify the dose accordingly.

Since in normal operatias a result of the dilutive effect of the Danteptieentration of the Danube does not
even approach the above mentioned limits (and those of the other radidiSotogessarkrbagnitude below the
latter), tritium remains the onlypésetith a measurable impact. The power plant is only capable of increasing t
tritium activity concentration of the Danube by 1318 BBeg/dase of law water when assuming uniform mixing. For
comparison, the tritium activity concentration arthpreaipitation is-B.Bg/dfand the drinking water limit is

100 Bg/d#nso it has no significant impact either on the Danube diftdredardter resources utilizing water from

the Danube, so the impact area cannot be properly interfimstedfsmtn

13.5.2.3Transboundary environmental impacts
The following two conclusions can be clearly drawn from the hydrological model of the site: dewatering has o

limited impact (an impact area encompassing some 10 meters in diameter), andntrgntecintartie
groundwatercannl y end up in neighbouring countries by &
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operation, no contaminant release to the groundwater whatsoever is allowed. It can be generally said that e\
event of malfunction, the amount of icantanentering the groundwater is only a fraction of the planned liqui
release,, so it does not have a transboundary impact, and it does not alter the effects arising from otherwise
atmospheric spread within a relevant margin of error.

13.6 IMPACT OPPERATION #AKSII ON THE GEOLOGICALDME/A AND UNDERGROWWIER OF
THE SITE

13.6.1NORMAL OPERATION

The operational periods followingtéidishment are showrainlel 3.6.11.

Activity Time interval
Simultaneous operatiddnits1-4 of the Paks Nuclear Power Plant and Buails I1. 20252030
Simultaneous operatiddrofsl-4 of the Paks Nuclear Power Plabniat2 of Paks |l 20362032

Final shut downlfits1-4 of the Paks Nuclear Power Plant, reaching thbeeegdtended

operating time of the Power Plant 20322037
F_oIIowing the shmwh_oUnitslA of the Paks Nuclear Power Plant, independent and 20372085
simultaneous operatiodnits1 and 2f Paks I

Expiy of the operating period of Unit 1 df.Paks 2085
Following the shut dowdrif 1 of Paksifidependent operatiobmif2 of Paks I 20852090
Expiry of the operating periddioR of Paks Il 2090

Tablel3.6.11: Operatingeriods of the Pakgnitsand their joint operation with the exrstsod the Paks Nuclear Power
Plant.

Impact of operation of newmits

During the operation of new raagterno significant additional effects are likely in comparisqoresiintthe
situation. During the operation of new wedétstavrhile the technological requirements are fully observed, no soll
contamination should be expected. Only failure events can cause soil contamination.

Loading impact of the facilities on the silbs

After completion of constructions, in the operating period, consolidatibeasinpesdilachder the foundation is
continued even if at an increasingly slower pace. Soil compaction as a result of load is an irreversible process.
of onsolidation processes is similar to those in the construction phase, but the duration of.the effect is longer

Turbine bases (machine bases) with a vibration effect on the sail

Soils are further compacted under the relevant bases, moreover, seexinernpheaomenon of earth flow may
occur, as well. Therefore, very thorough geotechnical investigations are needed before foundation works. In a
event, soil consolidation or soil stabilization must be done. Although vibration eféectstainyphmpeoties, but
potentially uneven soil subsidence may be harmful to the relevant facilities.
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13.6.1.1Impact areas of operation of Paks Il
13.6.1.1.1 Direct effects

Flow paths and access times derived from the modified hydrological model of the isive @fitheHecations

of newunits hot and cold water channel extensions and other buildings which may modify the current flow condi
aligned to the characteristic low, medium and high water levels of the Danube. The model runs show a pe
condition, which means that the Danube water level is constant throughout the period of operation. The inds
operation of Paks Il will extend from 2037 to 2090. There will probably be some overlap between individual
periods. The effect didt on the flow direction and velocity of the groundwater can be observed in the volume |
buildings with deep foundations or their direct vicinity. Flow is diverted along the sides of buildings, but even
the prevailing direction will alist fwward the cold water canal. The flow rate will increase in the volume under
relevant buildings because water can flow through the smaller volume between the clay layer and the foundatic
case of low and medium water levels, the délestionis do not deviate from the aforementioned direction, only the
velocities will change in such a way that the greatest velocities towards the cold water canal will be manifest at
levels. We wish to emphasize that the permanent madpErsimiatic estimates and they refer to 53 years. Such
low and high waters lasting even half a year longer can never develop along the Danube because the discharg
the water level of the river are constantly changing.

At the end of the operaiigripd of the Paks Nuclear Power Plant, tritium replenishment will be discontinued and
result, the tritium plume will gradually shrink, which effect is also reinforced by the tritium decay priécess. The t
life is 12.32 years, which is fak@account by the model with the decay constant of tritium. The decay constant i
follows:

a¢ ag .
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Note:
Deep foundation buildings extend down to a depthliod2@mniuildings to a depth of 5 m from the surface.

Paks IlI. 1.2. blokkPaks IUnits 2
Paks I. 1.4. blokkPaks Units #4
Hi de g v 2-@oldevata taoat n a
Me | e g v 2-Hot wagelacanalr n a

Figurel3.6.11: Site image modified with the new power plant and the hot water canal branch
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RESULTS OF THE MOBEIN UNDER LOW WATERIDITIONS

The cold water canal and the Danube level has been set to 85.14 mBf at the site. Applyiigjtatioannual pre
infiltration of 40 mm, the maximum velocities can be estimatedl to've 1.5E

3%

4 mBf)

19y 13

Note:

The flow rate will increase in the volume under the relevant buildings because water flows through the snther volume between
clay layer and the foundations.

¥ v ¢ s a Dieersianaitch
1-4. blokkUnitsl-4

1-2. blék- Unitsl-2

Pkk ¥ t-PK battery of wells

Figurel3.6.13: Vertical image of the groundwater table and the velocity spae€ alectgppa N
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Figurel3.6.14: Vertical image of the groundwater table and the velocity spake sdatigra
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Figurel3.6.15: Water article path located in the layer under the power plant for low Danube water level
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Figurel3.6.16: Image of the thiglease zone in case of constantly low Danube water level@isediarN
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Figurel3.6.17: Image of the thiglgase zone in case of constantly low Danube water level BleagtiiV
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Figure13.6.18: Distribution of the tritium plun@gear after shut down of UfiitdPlaks Nuclear Power Plant in cas
Danube water level
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Figurel3.6.19: Distribution of the tritium piuengdars after shut down of UitdPaks Nuclear Power Plant in case of low

Danube water level
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