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This Volume contains 14 monitoring reports and studies caied out by 45 of the 

most weli-reputed Slovak scientists and experts in the fields under consideration. A list of these 

authors is given below. These reports and shidies respond to the "Scientzc Evaluation" that k m  

Volume 2 ofHungary's Couriter-Mernorial and tu Hungaqts technical annexes in Volume 3 thereof 

and, more gerierdy, tu Hungary's whoIe "scieritZc" m. 

Each Chapter dealing with envirumeniai issues is based on the up-tedate and 

abundant data gathered under what is one of the most mphisticated monitorhg systems existing fur 

any barrage project today. Since the reports are based maidy on data fiom actuai monitoring the 

focus is necessariiy on the GabEikovo section of the Project. This also reflects the focus of 

Hungary's "Scientzc Evaluation", which is primarily an attempt to demonstrate that 

implementation of the W k o v o  section is damaging to water quality and to the ecosystems of 

Sziget koz. 

By cornparhg the data befure the W i k o v o  m i o n  of fhe G/N Project went into 

operation with the data fiom the two and one hdf years since implementatioq a reIiable and 

accurate picture is given of the Projectfs acaral impacts since the Wikovo section WB put into 

operation. For by far the larger part, these impacts are show to be either însign%cant, or beneficial. 
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CFiAPTER 1. CHARACtXRTSTiCS OF SURFACE AND GROUND WATER 
REG= IN THE IMPACï A W A  OF THE GABC~KOVO 
SECTION OF THE G/N PROJECT IMONlTORING REPORT) 

L Mucha, 
L. Banse 
D. Rodik 
2. Hlavatj 
M. Gedeoa 
K. MariavA 

1. Introduction 

This report provides comprehensive information on surface and ground water level 

changes basd on monitoring data. The ccillected data are expressai in figures, their interpretation 

is prsented on maps and the basic principles of reIationships between sutface and ground water are 

demonstrated in some examples. AI figures, mmaps and explmafions contain& in rhis report are 

bas& on dab rneasured and dected in the fiamewurk of monitoring which started many y m s  

ago. They illustrate both the long-tem predam conditions as weii as conditions existing during two 

years of operation of the Wikovo  hydropower Project. The data were provided by the Slovak 

Hydro-Meteorological Institute (s- which is c m n g  out extensive monitoring work largely 

exceeding, through its long-temi, wmprehensive and systematic nature, the usual standard of 

srrrface and gromd water monitoring undertaken for the purposes ofother simiIar projects. 

This report is the comprehensive review of data concerning the surface and 

ground water Ievels collected after putting the GaEikovo section of the GIN Project into operation. 

Tt should help to evaluate the impact of the Project on the environment and interpret the monitored 

ecological changes. 

The impact of the GaEikuvu hydropower scheme un the environment occurs 

mainiy through the intemiediay of changes in surface and ground water regime. Hence, the impact 

of the hydropower scheme on natural conditions is propagated directly ody in the places where 

changes in surface and ground water regime occur. In order to assist in an understanding of the 

meaning of these changes, the previous long-ter= pre-dam development is briefly surnmançed 

below. 



A cornplex and systematic investigation of tde geologid mnditiom of the Danube 
I 

Iowland, where one of the broadest quifers in Europe iia, has been perfomed by various 
I 

orgariisatioris before and during the enghering, geological and hydmgeological survey undertaken 
l 

in relation to the GabEikovoMagymaros Project - mainly by the Geological Survey Enterprise, the l 
Engineering Geologicai and Hydrological Suivey ~ n t c r ~ n s k ,  the Geological Institute of Dion* 

I 
Stiir and others in Bratislava and, haily, the basin has been uivestigated from the geoIogicaI point 

I 
of view again quite m t l y  in the fratnauork of the intmikonal p r o p m  DANREG (gmlogicat 

I 
survey ofthe Dandian LowIand with the participation of ~ukria, Hungary and Slovakia). 

I The uppermoçt elements in this basin creating the aqriifer are fiver deposited 

sedimeas consisting of gravel and sand of Quaternaiy and !Rumanian age. niin, non-cuntinuous 

layers of day, silt, Ienses of moor sedimaits and also the in!fill of dead river amis are p r m  in 

sorne places. The thicknesi of grave1 and sandy sedirnents &es h m  a few rnetres at Bratislava 

up to 462 m near GabCikovo and goes back to a few m e d  downstream of Sap in the direction 
I 

towards K o m h o .  Beneath this cornplex, syçtems of substantirtlly Ies permeable quifers and 
I 

aquitards exist, which may be considerd to furm a relatively imperneable bedrock for the hi@ 
I pemeabIe quifer consisting ofgrave1 and sandy river Danube sedirnents. 

The important factors in the creation of the aqhifer were the existence of the granite 

threshold connechg the Aips and the Carpathians in the oftoday's Bratislava (the upstream 

geologicai boundary of the aquifer) and the predominantiy andesit hard rocks dowflstrean, 

extending 6orn K o m h o  to Nagymaros [the downstream giological boundary). niese hvo hard 
I rock borrndaries and tectunic activities {uplift of these hard rocks) detemiin& the 
I 

sedimentationlerosion condirions, surface dope gradients and Danube water flow velucifies and 

l subsequently the development of the su-cdled Danube inland delta (aIIuMai fan below the granite 

l threzhold at Bratislava wlth its tjrpicd originai morphoiogy, i.e.. changing river meanders, couse 

sediment accumulations etc.). This alluvial fan represents a hiby permeable and extensive aquifer 

capable of canying high volumes of ground water. Water fioh the Danube infiltrates into the fan 

and ~ O W S  downwards through the Danubian lowland n d y  in barailel with the Danube river. III the 

lower pw, where the river has a small gradient, because of tbe andesit hard rock threshold, river 
I deposits are more fine grain4 and generally las penneable. H m  the gound water fiows back into 
I 

the Danube river via its own river m s  and the Danube tributaies. 



2. The Rwiew oTLon~-tem Man-made Im~act  on HydmIogicaI DeveIopmenf 

Long-term hydroiogical development of the region was, in addition to geological 

conditions, innuenceci by a number of man's activities, in particular by: 

- river regulations and mti-flood masures, straightening of the river bed, 
dosing or raishg art8cidiy the entrante thresholds of previoiis meanders 
and river branches, 

- narrowing the floodp1ain a m  and wnfinirig it between flood protection 
levees (dykes), 

- construction of additional anti-flood measures, such as impermeable 
subsurfhce walls and sealing affecting the flow of ground water, 

- fort5ation of river banks, excavation of fords and constmction of 
spurdykes (gropes) tu preserve navigation conditions during bw-flow 
dischargeI industriai dredging of sand and gravel, 

- cunstmction of fiver dams on the upper Danube which dtered the bai-Ioad 
balance, 

- cultivation of farmland, introduction of commercial foresuy, etc. 

Such activities resulted in: 

- concentration ofthe main Danube flow into one river chanriel, 

- higher depth of water in the narrower riverbsd and d y  in the ked 
navigation channe1 (thalweg), 

- higher flow velocities in the Danube, m d y  in the navigation channei, 

changes in the beddoad transport, decrease of river sedimentalion and 
u i c r a e  of rivehed erosioq 

- disonrieSion of river branches and meanders and the+ dryhg outlt, 

- changes in the use and cultivation of the Iand. 

The observations indicated the substantial deepening of the riverbed and the trend 

to further erosion of the river bottom. This caused a long-term lowenng of water level in the 

Danube and river branches and the reducrion of the surfice water a m .  The changes in the river 

murphoIugy an8 suface water regime were fulIowed by changes in p u n d  water regimc that ied to 



I changes in sod m o i a r e  regime artd changes of naturd (water related) conditions. This trend 

accelerated, in partimlar, in the two recent decade. 

The monitoring dunng two years of operatioh of the GaEikovo section of the G N  

Project shows that on the greater part of this region afFectJ by the recharge rneasures taken, the 

restoration of hydrologicai conditions hown in the region h' to three decades ago has oaurred. 
I 

3 The Dischawe Rwime and Water Levels in the Danube and MaIY Danube 

The discIrarge reme and water IweIs in the 

measured on a number of gauging stations. The location of 

Fig. 1.  Numbering of stations used in this report corresponds 

Consulting, Ltd. (GWC). 

I 
The m e  data on the Danube discharge at N-aros are 242 1, 590, 8 I 80 for 

I measured discharge and 8700, 1 0000, 1 1 IO0 for for-& ff oods. It should be neveriheIess no td  
I that the data concerning the m a s u r d  discharge in Nagymaros are influenced by the occurrence of 

two disastrous floods in 1 954 (Hungarian terrîtory) and 1 965 lllovak tenitory) during which large 

areas ofthe territory were floaded and the part of the dischar& was thus disperseci in the region. 

Danube and Md$ Danube have been 

~HhlIj gauging stations is shown on 

to the database of Ground Water 

I 
Fluctuation is one of the m i n  elements of the Danube's discharge reghe. The 

An important role for the retention of flood dtschargs is played by the iloodplain. 
I The retention fiinaion of the BoodpIain a m  between Bratislava and Karnho is clearly expressed 
I in the Iowerîng of the peak discharges at Nagymaros gauging station. Far example, the highest 
I mmured discharge at Bratislava, 10400 dts, wwaç reduced to ody 8 1 80 m3/s at Nagymaros. 

fiumation during the period 1953-1994 as obsewed at 

The wata level in the Danube is a result of tde discharge, depth and shape of the 

riverbed, includig the fioodplain area, which, since the century, is restrided to the ara 

gauging stations in Bratislava and 

K o m h o  is shown on Fig. 2. Simple linear regessiun Iines demonstrate that the long t m  changes 

in the discharge are, at least in Bratislava, negligible. Ann'I average discharge in Bratislava is 

2025 m3/s, minimal measured discharge is 570 m3/s, highesi measured discharge is 10400 rn3/s. 

Forecasted 100, Iûûû and 100ûû year floods are 10600, 1300b, 15000 m3/s, respectively. 
I 



between flood protection dykes. The Danube water IeveIs measured in Bratislava, Rusovce, 

Wikovo and K o M o  are presented on Fig. 3. At ht si& it is evident that the discharge 

fluctuation did not change, but the water level was mntinuously decreasing. To show better the 

Iong-terni development of water levelq a hear regession he is pIu#ed through the data. 

Cornputa! changes of discharge and water IeveIs at &au@ng stations for the Iast 30 years &fore 

putting the CiaEikovo Project into operation are given in Table 1. 

Table 1. Dwrease of discharge and water levels in the Danube 
esthated at gauging stations 

LocaIity Riverkm discharge water IeveI 
m3/s m 

Bratislava 1868.7 12.84 
Rusovce 1855.9 
&Eikovo t 819.6 
Medvedov 1805.4 
Kliiski Nemk 1792.4 
Zlatni na Ostrove 1779.2 
Korniimo 1767. I 74.63 

The discharge into the Mali Danube (one of two main branches of the Danube) is 

m a s u r d  at a gauging station at Mdé PiiIenisko. The long-tem development of the discharge in 

the Mal$ Danube and the changes in the discharge downstream can be seen at gauging stations 

at Nova Dedinka and Trstice (see Fig. 4). The locations of these stations are shown on Fig. 1. 

The long-term decrease of the water levd in the Danube was one of the factors 

Ieading fo the decrease of gruund water IeveIs and to changes in the ground water flow 

directions and velocities. This resulted, arnong other things, in changes in ground water flow 

quantities and in a generaI decrease of the utilisable ground water resources for example at 

Iocality P e n i a n s b  les and Rusovce-Ostrovné LuEky. Tn the upper part of &tny Ostrov there 

have also been some other factors influencing the ground water regime, for example, the 

realisation of the hydraulic blanket around the "SlovnaR" refinery, the development of 

Petrialka on the right side of the Danube and the construction of water works supplying the 

capitaI and srrrrounding villages with diriking water, municipal sewage etc. 



4. The Ground Water LeveI Reeirne 

There is a basic network of more than 600 

The irrigation canal network, drainage fklities and meliorstions have a 
l 

observation wells in the area where 

The ground water lerd fluctuation ir b&ically conditiuned by the mutual 
1 reiationship and hydraulic interconnection between the Danube river water and ground water 

and the relationship between the ground water and difberence between precipitation and 

stabilising effect on ground water levels. The linear regresiion line is drawn in the figures to 

the ground water levels are measured - rnainly by the Slovak Hydrometeorological Institute 
I (s-}. Measuremts are c&ed out m u a l l y ,  un a weekly basis, or continuousiy, with the 
I 

use of Wgraphs  or other aufumatic recorders. The map with locations of S H ~  
I observation weI1s is shown on Fig. 5 (numbering corresponds to GWC database system). 

Several rnethods are used to prescnt ground water icvel data. The most common is the well 

hygrograph which visualises the ground water level fluctdation in time, which is the first step 

t O characterise the ground water level developrnent. 

evapotranspiration. This ground water level fluctuation is 

factors such as, for example, drainage or irrigation of 

example of the ground water IeveI fluctuation is presented 

1 show the drop of average grouud water IeveIs in a long-term penod. The long-tem decrease 
I 

on buth sides of the Danube is evident on the large part of the territory. Such a development 
I 

further influenced by V ~ ~ O U S  other 

agiculfural soils, etc. The typical 

in profifes on Fig. 6a at Kalinkovo 

and on the nght side of the Danube, close to the SIovak-Hungarian boundary in Fig. 6b. It can 
l 

be seen that in the region close to the Danube (wells GWC No. 2046 and 2228) the shape of 

ground watcr level fluctuation corresponds closely to /he water level fluctuation in the 

Danube. At a larger distance (wells GWC No. 2162 and !2003), the flucmation is dependent 
I 

upon the çeason and the relationship be~ween precipitatiun, snow melting and 

evapotranspiration. 

is most visible at weIIs chosen in the middis part of fitnq 

Streda (Fig. 6c). 

Ostrov in the profile at Dunajska 

The average ground water Ievel represented 

precise date is called a reference ground water level. The 

by the linear regression Iine for a 

reference ground water IeveIs for 



the years 1962 and 1992 were used for drawing up the ground water level contour maps 

(ground water level equipotential lines) (Fig. 7). Ground water level change between 1962 and 

1992 as the diference between these two contour sets is shown in Fig. 8. From these figures 

a considerable decrease of gruund water IeveI, which occurred in the tas$ 30 y e m  (before 

putting the ûabEikovo part of the G/N Project into operation), is evident in the upper part of 

the Danubian lowland close to Bratislava. 

The changes in gruund water IeveIs occurred at vanous places and were of 

various origins. mile sume were caused by the rive&& sinking, others resulted fiam 

pumping of water related to the hydraulic blanket at SIovnaft refinery, development of the new 

borough PetrZalka, works at Gabsikovo, works in connecticin with construction of protection 

measnres related to the Nagyrnaros part of the G/N Projecf , agricuIturaI ameIiorations, 

changes in irrigation and drainage canal systems and irrigation patterns, exploitation of groünd 

water for municipal water supply, etc. The decrease of ground water IeveI in the major part of 

the area was irreversible and had, for a long time, already negatively infiuenced the natural 

conditions, maidy agriculture, forestry and ground water resources. 

5. The DeveIonment of Ground Water Level Repirne Affer the dam min^ of 
the Danube 

The impact of the darnming of the Danube (putting of the Gabcikovo part of 

the Project into operation by means of the femporq  solution known as Variant "C") cari be 

evaIuaied on the background of the long term development shown on Fig. 6 and in detail on 

Fig. 9. On the wells situated close to the reservoir, a, GWC well No. 1998, an increase of 

ground water level was observed, while on welis situated near the bypass canal, wells No. 

1983 and 1977, a temporary decrease of groiind water level was registered. This situation 

Iasted untiI May 1993 when the recharge system of water supply for the left side river 

branches was put into operation. 

The imrnediate impact of the water supply into the river arms on the floodplain 

area can be seen on the well GWC No. 1977 Fig. 9, which is situated between the Danube and 

the headwater canal. A sirnilar situation can be seen on the well GWC No. 1983 situated on 
t 
t I 

I 
the leR side of the bypass canal. 



l To show the general situation in gruund water levels, a rnap of average ground 
l 

water levels for the period between July 1993 and July 1994 with reference water level 

contours characterising pre-dam conditions has bcen blotted (Fip. 10). The ciifference 
I 

between these gruund water levets (shown on Fig. 1 1) represents the impact of the puîting of 

the GabCikovo part of the Prçiject into operation. 

The major impact is the general increase bf ground water levels in the upper 
l 

part of the &tny Ostrov area as weIl as on the right side ofthe Danube on the Slovak temtory. 
I 

Another impact is the decmse of gound  water Ievels cl& to the tailrace canal downstream 
I 

of the GabEi kovo site. The decreae of ground water Ievel ternains in the strip of the temt~ry 
1 

daseiy adjacent to the Danube old riverbed downstream of the Cunovo weir. This is a result 
I 

of the drainage effect of the old riverbed. No significant thanges were obseived in the lower 

pa* of &tni  Ostrov, downstrearn of Sap* except çome Leas near the Danube, where some 
I 

changes in ground water level, not resulting h m  the operation of the Gabfikovo Pruject, 

have occurred . 

A certain decrease in the ground water levél, which can be seen on the rnap in 
I the northern part of the monitored area, is due soleIy tu the dry years 1993 and 1994 and has 
I 

no relationship with the operation of the GabEikovo project. 

The measurements of the ground water ledels confirm that there is a general 

trend towards the re-establishment of the situation known 40-30 years ago on the greater part 

The changes in the ground water Ievels observed in the floodplain area and 

of the territory. 

generally in the whoIe region confim the positive impact of the Projeci, in particular on the 

tipper part of &te Ostrov, and the important positive rola of the water supply systern for the 
I leR side fIoadpIain area. The observations support the expectation that, after cornpietion of the 

water supply facilities for the rernaining part of the floodplsn area in the vicinity ofthe tailrace 

canal (dawnstream of the GabCikovo site) and for the n k o w  area between Dobroho3, the 

headwater canal and the old riverbed (the so-called dry tfialngle), a positive impact on ground 

water wil! occur here too. 



6. The Ground Water LeveI Fluctuation Reeime 

The water levei fluctuation in the Danube causes ground water level fluctuation 

in the river side zone. The width of the zone and magnitude of ground water b e l  fluctuation 

in the river side zone are important for determination of the area directly infIuenced by the 

Danube as well as for evaluation of su2 aeration, possibilities of vertical oxygen transport and 

transport of other chernicals in the zone of aeration (between the surface and the ground 

water) of this area. 

The water IeveI fluctuation is interpreted as an annual cumuIative fluctuation 

(the sum of absolute values of firrctrration per yar),  based an weekly measurernents. Fig. 12 

shows the water Ievel fluctuation in the Danube at chosen places. Figs. 13a, b, c show the 

ground water level fluctuation in profiles on the left and right sides of the Danube. The figures 

show the long term development of the water level fluctuation in the Danube and the long 

term trends of the gruund water IeveI fluctuation. 

The trend towards the increase of the warer IeveI fluctuation, registered in 

previous decades, was related to the closing of the river branches, river regulations and 

antiflood measures, fortification of river banks and the construction of spurdykes (groynes) to 

assure navigation depth during Iowflow discharge. The fluctuation of the Danube water level 

and the ground water IeveI fluctuation were much srnalier in the tirne when the Danube merely 

rneandered across the floadplain with its many river branches. In addition, the confining of the 

Danube to a single Channel in the upper reaches (Austria and Germany) resulted in an increase 

of the flood peak discharge. 

Baçed un the data rnentioned above, the zone of direct influence of the Danube 

can be determîned (Fig. 14). This zone is 4 tu 8 km wide. Behind this zone a seasonai ground 

water Ievei fluctuation prevaiIs. It is caused by seasonal changes in rain infiltration, snow 

melting and evapotranspiration and is infiuenced by irrigation and drainage canals and the 

discharge in the Maly Danube and, in the eastern part, also by the river Vah. 

The m a  between &ov and Komarno is not at al1 irifluerrcerl by the Danube 

water IeveI fluctuation, because of the change in the geological composition of the aquifer 

h m  fluvial to Iacustrine sediments. The permability of the Iacustrine sediments is much 



l 
srnaIIer and the thickness of the Danube grave1 sediment is too low. A similar situation exisis 

I on the right side of the upper reach of the Danube at the border between Austia and Slovakia, 
1 where the thickness of the Danube gravel sediments decreases rapidly. 

7. The Interaction between Ground Water land Soi1 

l 

The capillary rise is detemincd mainly by the charricter of sedirnents or the type 
I of soil, their thickness, the groünd water IeveI fdepth) and its fluctuation. The capilIary 

transport in gravel deposits is nearly equal to zero. The ,mu, capillary transport exists in 

loess (eolian sedirnents). Good capillq transport exists i i  finer sedirnents such as fine sand, 

silt, loarn and agricultural soils. 

It is evidem that as far as the impact uk the Projecl un nsoils, agriculture, 
I forestry and environment in generai is concemed, the central role belongs to the change in 

For agricuItura1 production i t is important îh which sediment and soi1 horizon 
1 the ground water Ievel fluctuates and what is the depth and course of the ground water leveI 

fluctuation (mainly whether the ground water level in course of its fluctuation touches 

sediments with good capillaiy transport ability or not). 

ground water Ievels and ground water level fluctuation 

In the area of Szigetkoz and l i t n i  Ostrov the most important feature of the 

interaction of the ground wata with fie soi1 is the depth O!! the boundary betwccn the grave1 

strata and overlying finer sedirnents or soils. If the gramd water level during the vegetation 

period is permanently in the finer sediments overlying the gravel, such depth is optimal frorn 

the agricultural production point of view. This optir& depth of ground water lwel 
I 

regime and to the changes in the 

ground water interaction with the soil. This impact is realised via the aeration zone through 
1 capillary transport up to the soil. The soi1 moisture is strongIy conditioned by the availability of 
I precipitation water (including rain, snow rnelting in sprîng and irrigation water) and wafer 
I 

transported from the ground water via capillary rise. This ifluences the plant transpiration, 
I the soi1 aeration and temperatures, the vertical transport of nutrients and pesticides and the 

pollution of the ground water resulting therefrorn and, aisb in the long-terni the development 

of soils and soil structures. 



sIightly less). Water Iogging of soils take place ody if the ground water level is fou shallow, 

mosrly in the depth close tu the surface as is usuaI in some zones in the floodplain area. 

Usually it occurs if the ground water level is in the depth from O to 0.5 m. In agzkultwaI 

areas with shallow ground water level the optimal depth of ground water level is ensured by 

drainage systems. This is the case for exarnple in the eastem (Iower) part of i i tn~i  Ostrov. 

To show the seasonal ground water levd fluctuation around the average and 

the timc of its occurrence, two profiles have been chosen; the first one in the uppw part of 

%tn$ Ustmv (Fig. I53), the second one in the Iower part of Ztny Ostrov (Fig. 1%). The fist 

diagram is typicai for areas iduenced directIy by the Danube, the second one for areas not 

influenced by the Danube. Tu compare these two diagrams with the Danube the long-term 

seasonal water levei fluctuation in the Danube is prezented on Fig. 16. The figure shows the 

average daily discharges in the Danube, the minimal and maximal measured discharges and the 

standard deviation characterising the distribution of discharges around the average. 

Tt can be seen that discharges in the Danube are highest in May, June and July, 

and Iowest in the period h m  October tu Januaty. In the upper part of iitnjr Ostrov (Fig. 

1 sa), there in a seasonal impact of the Danube on the ground waier Ievels with its Minimum in 

the winter and spring perÎod, ending in May. The fluctuation of gruund water IeveI is up tu 1 

rn near the Danube. On the contrary, in the Iower part of the area the ground water IeveI 

maximal values are in spring, which shows the large impact of rnelting of snow and 

distribution of evaporation throughout the year, factors independent of the Danube. The 

ground water Ievel fluctuation is smaller in cornparison with the upper part of the area, by up 

to approximately 0.6 m. 

Important information is gained fiom the cornparison of the position of the 

ground water Ievels in reIation tu the grave1 and finer-stnrctured sedirnents and soiis overlyirig 

the grave1 as they existed in 1962, 1992 and after the putting of the GabEikovo Prcijecî into 

operation in 1992. For this cornparison, a map of thickness of finer sedirnents with good 

capillary transport ability, based on WZH data, was prepared (Fig. 17). Shallow soils are 

prevailing in the upper part of the area whik for the Iower part of the area deep soi] horizons 

are typical. 



On the basis of the surface topographical diap and ground water I d  maps for 
I 

1962, 1992, 1393i94 (Fis. 7 and IO), the maps reveafing the depth of ground water IeveIs 
I 

under the terrain were produced (Figs. 18, 19,201, The areas with the depth of ground water 
I 

Ievels Icss fhan 0.5 m are the areas wiîh water Iogsing conditions. hother extreme is the 
I 

depth of ground water table more than 8 m under the terrain. As can be aeen on the map 
I (Figs. 18, 19, 201, the depth of ground water is ody exceptionally Iess than 0.5 rn and this 

occurs only in the floodplain area and in the lower part of bitni Ostrov, not directly intiuenced 

by the Gab5ikovo hydropower Project. 

From the cornparison of the threc maps h is obvious that the ground water 
I 

levels have in general increased after the damming of the Danube to nearIy the Ievel wfiich 
I existed in the 1960s. The situation has  parîicuIarIy improved, in cornparison with the pre-dam 
I 

situation, rnaidy in the area cluse tu the reservoir, downstream of Bratislava and its right bar& 

borough Petrzalka. 

To present the general situation as far as the relationship betwan the ground 

water levels and the possibilities of capillary transport is ebncerned, three maps reflecting the 

I 
green colour depicts areas where the ground water Ievel is rnostly in finer overlying sediments, 

I 
except for some penods during the seasonal grouad water Ievel fluctuation. Thus the soils are 

l 

situation as it existed in 1962, 1992 and 1993/1994 with 

permanently in the grave1 strata and where no possibilidy for capillaly transport from the 

for most of the tirne supplied with moisture fiorn the grouhd water, except during the winter 

season. Finally, the dark green colour indicates areas whe!e ground water is constantly in the 

overlying finer sediments and ground water can always suplly the soi1 with rnoisture. 

A comparison of the three maps reveaIs the long term development of the 
I 

ground water IeveIs and the possibiiities of the water suppIy of soifs via capillary rise. After 
I the putting of the GabEikovo Project in operation, there is an improvernent of the water sugply 
I 

tu suils via ~apiIlary transport in the upper part of the area in comparison wifh the pre-dam 
I conditions. The irnpravernent for deep rooting plants and trees has occurred also at the places 
1 

the following properties have been 

ground water into the soi1 exists. The yeIIow coIuur marks 

during fluctuation touches overtying finer sedirnents and 

(usually in ~pnng - sumer) fhe water supply of the suil 

produced (Figs. 21, 22, 23): the orange colour indicates areas where the ground water fevel is 
l 

areas where the ground water Iwel 

where thus for at least some period 

via capiliary rise exists. The Iight 



where the rising ground water level has not reached the overlying finer sediments, as it is just 

downstream of Bratislava. Figs. 17 to 23, showing the thickness of soils overlying the grave1 

and depth of ground water level bdow surface, also show that except in the inundation area 

there is no water Iogging, which means improvernent in the inundation area in cornparison 

with pre-dam conditions. There is dso no additional water l oang  of agriculturd soiIs 

resulting fiom the putting of the system into operation, contrary to the situation which existed 

in certain areas in the 1960s. 

8. Ground Water OuaIitv 

The ground water quaIity is characterised by the chernicd composition af the 

ground water. Apart from natural processes (being the basic factors detemining the ground 

water quality), the ground water quality is influenced also by the pollution by nitrates from 

fertilisers or sulphates h m  chernical industry. The cIassical way to get information 

concerning the ground water quality is in situ rneasurernent, sarnpling and water analyses. 

Ground water samples are taken regularly from two types of objects: fiom 

observation wells and from municipal water supply wells. Thcre are more than 900 wells 

instalIed in the area with more than 1500 screened parts of bore-holes. Observation wells 

sampIed during 1994 nurnber more than 1 #O objects {approxirnateIy 200 depth intervais cakd 

screens). In general, the confintiously expIuited, prutected and careffrliy sampled municipal 

water supply weIIs are considered as the sources of the most reliabIe information about grourid 

water quality. Approximately 110 of these wells are located at different distances from the 

reservoir and provide a source of reliable data. 

The ground water quality is usuaIIy expresseci in diagrams and maps. To 

evaIuate changes in gruund water quality resulting from human activities the mosi viable way 

is to plot long-term series of measured data. From a huge number of parameters regularly 

rneasured for this purpose, only a few - the most important - have been chosen to dernonstrate 

the general ground water quality of the region and its changes, if any, aRer two years of 

operation of the GabCikovo Project. 

Bccause of the specific situation consisting io the infrItratiori of the Danube 

water into the aquifer, which exists along the whole area of the GabCikovo section of the G/N 



Praject, the time series of the Danube water and gruund kater quality are dao presented. The 
I 

p u n d  water chemistq time series h m  been chosen tu &w the areas with typical conditions 
l 

of ground water quality. The obseivation points of th1 tirns series are located on the lefi 

Danube side at Rusovce, the right Danube sidc close to tke resewoir at Kalinkovo, at Samorin 
l 

and near GabEikovo. The location of dl water supply klls in opemion in 1994 and four 
I 
I 

typical water suppIy weUs used for this presentation are shown on Fig. 24. Selecîed time 
I 

series of parameters from the Danube and h m  these typical water supply weIIs are show (for 

the purpose of cornparison together) on Figs. 25-29. 

To demonstrate the ground water quality khe following parameters have been 
I 

chosen h m  among 333 meaçured parameters (for cornpletc Iist of parameters çee Tab. 2): 

- I ChIofide - originates h m  naturai sources, sewage, industrial effluent, 

and mainly urban mn-off containini de-icing salt. Sources can be also 

geologically based saline inlrusions combined with high 

evapotranspinition. Limit in SN 75 7 2 1 1 standard nom for drinking 

water is 100 r n g 1 - I  . 

- Sulphates - occur naturally in numerous minerals and are used 

principally in chernical industry. ?hey are discharged into water in 

industrial wastes and mainly through atmospheric deposition. Lirnit in 

SN standard is 250 m g r 1  . 

- Oxygen - the presence of axygen indicates good water quality. 

- COD(Mn) - Chernical Oxygen ~drnand represents the contents of 
1 organic carbon and other oxidable species in water. Limit in SN 

standard is 3 rng.rl . 

- Iron - one of the most abundant met& in the earth's cmst. It is found in 

surface waters st levels up to 50 mg./-' . SN standard for dnnking watcr 
I 

is 0.3 mg? Higher content is a sign of reduction conditions in the 
I 

ground water. Water containing higher amount of iron should be 



treated, a., by aeration, whi& is the typical method for remuving irun 

fiom water. 

- Ammonia ions - originate from metabolic, agrîcultural and industrial 

processes. Amrnonia in water is an indicator of possible bacterial, 

sewage, and animal waste pouution and anaerobic conditions of ground 

water. Lirnit in SN standard is 0.5 mg.fl . 

- pH according tu SN standard should be h m  6 tu 8. 

- Nitrates - are naturally occurring ions that are part of the nitrogen 

cycle. Naturally O C C U ~ ~ ~  nitrate levels in surface and ground water are 

generally a few milligrarns per litre. In general, the increase of nitrate 

Ievels, whenever observed, is due to the intensification of farming 

practices. SN standard recommends Iesç than 15 m g r 1  of nitrates and 

the Iimiting value is 50 mgTl". 

- Cadmium - a typical component of heavy metai polIution. It is used in 

the steel industry and in plastics. Cadmium is released t o  the 

environment in wastewater and regionally from fenilisers and local air 

pollution. Limit in SN standard is 0.005 rng.1.' . 

- Lead - is trsed principaIIy in the production of Iead batteries, solder in 

food processing, aIIoys and as Iead contairing additives in petrol, 

therefore typical poIIution occurs near the roads. Limit in SN standards 

for drinking water i s  0.05 mg.]-' . 

The Danube water quality is welI suited for ground water recharge. Dissolved 

oxygen is slightly increasing and COD decreasing, which means an improving tendency of 

Danube water quality. There are no significant concentrations of goIIutants which could 

prclpagate into ground water by ground water recharge fiom the Danube. 

The Rusovce village water supply, iocated in the area dose to the Hungarîan 

boundary, is typical for ground water quality on the right side of the Danube. This ground 



The Kalinkovo waterworks is the systern of water supply wellr clorest to the 
1 

water flows towards the Hungarian territory. Before the 

reservoir. Mer a cornpanson of the gound  water quaiity in the periods before and f ier  
I 

damming of the Danube the ground 

I damming of the Danube, we oan state that there arc ody  yeiy srna11 changes. There is a slight 

decrease in nitrate concentration to the value 7 mg. 1-' . 

water qudiy was characterised by hi& contents of sulphate, chIoride md nitrates. After the 
I 

damming there is continuous decrease of these three components, which indicates the more 
I 

intensive infiltration of the Danube water into the quifer. This signifies a generai 

improvement of ground water quality. The changes in the 

significant . 

I The GabEikovo watcr suppiy systern of wells represenfs the IocaIity in the 
I 

middle part of the territory influenced by the GabEikovo part of rhe Project. The 
I measurements indicate thai the groundwater quality was not changed aRer the damming of the 

Danube. 

heavy metals concentrations are not 

The Samorin water supply well field is in the impact area of the lower part of 

9. Concludinp Remarks 

the reservoir. The measurements show that the changes in 

significant . 

From the methodological point of view, the broper quantification of changer in 
I such a cornplex field of extensive data and grocesses as a ground water regime and quality can 
I be evaIuated only by means of interpretation of rnonitored data. This r e p m  descnbes the 
I reality of surface - ground water relations, as it exists two years aRer the putting of the 
I GabEikovo hydropower Project into operation. It is based exciusiveiy on rnonitored data, 

msny of thern being collected during a period of more than 30 yeers, and it uses the simplest 

means for their presentation. 

the ground water chemistry are not 

I The monitoring, study and interpretation of ground water regimt processes in 

the Danubian area have a weII esiabiished background. 

interpreting the processes in the ground water processes in 

Basic rnethods of srudying and 

the area of Danubian iowland were 



described already by Professor Duian Duba in the book "HydroIogy of Ground Water", 

published in 1968. This book provides evidertce of the range of the principal observation 

network of gruund water in Slovakia as it &sied (dready) in 1965. 

Simulation and the use of numerical models are part of the survey of 

quantitative and qualitative changes in graund water regirne. They hefp to reved and 

understand such changes. The models mrrst neverthdess be built on reaI data and a reaI 

understanding of the detetministic processes in g o u n d  water. Ground water flow, boundary 

conditions and hydrogeological conditions must be known to the researcher. The negiect of 

these basic requirements may Iead to speculative conclusions based only on assumptions. Key 

frndings are as follows: 

Based on ground water level fluctuation data, the zone of direct infiuence of 

the Danube has been determinecl - çee. Fig. 14. This zone is 4 to 8 km wide. Beyond this zone, 

çeaçonai ground water levd fluctuation prevails. By campahg the maps showing the l 
possibilities ofcapiIIaty transport between ground water and soiIs (Figs. 21, 22 and 23), the l 
improvement in cornparison to pre-dam conditions is visible. There is irnprovement of water 

supply to soils via capillary transport in the whole upper part of the area. Irnprovement for 

deep rooting pIants and trees is noted aIso at the places where the ground water IeveI has not 

reached the overIying finer sediments, as is the case just downstream of Bratislava. Changes of l 
ground water level in the lower part of the territory are not significant and on the whole 

territory there is no additional water logging of agricultural soils. 

The improvement of ground water quality and recovery (increase) of ground 

water leveb were rneasured on the right side of Danube, close tu the Hungarian boundav. On 

the left side area, titny Ostrov, there are no significant ground water quality changes and no 

indication of heavy metal or other types of pollution in ground water. 

Fig. I I  represents the impact of putting the Wikovo section af the Project 

into operation. The major impact is the general increase of ground water levels in the upper 

part of %tng Ostrov as well as on the right side of the Danube on Slovak territory. Another 

Iimited impact is the dccrease of gruund water Ievels close tu the W i k o v o  tailrace canai. A 

decrease of ground water IeveIs also occurs in the area dose tu the Danube, downstream of 



I 
northern part of area is due to the dry years 1993 and 1994. 

- 1 8 -  

l 
The Wrkovo bydropower structures, after two yem of operation, have ted 

I 

the Cunovo weîr. This is a result of the drainage effea 

on the prevailing pan of the territory tu the recovery df water-rdated conditions to those 
l 

known in the region a few decades ago. The measured changes in ground water levels in the 

floodplain area and in the whole region confinn the posilive impact on the upper part of the 
I 

area and the important positive roIe of water suppIy for the Danube Iefi side floodplain. It is 
I 

also confirmed that aRer complefion of the water supply of the floodplain area dose tu the 
I M i k o v o  tailrace canal and the small area at Dobrohoxt between the bypass canal and 
l 

of the old riverbed. Decrease in the 

Danube (the so-called dry triangle), there will be a positik change to the previous situation. 
I Downstream of Skp nu significant changes were rneasnred except in some areas near the 
I 

Danube. where there are some changer in ground wat& level but not resulting fmm the 

GaEikovo system. 
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THE DANUBE DISCHARGE AT BRATISLAVA 
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Fig. 2: The Danube discharge ai  BratisIava and K u ~ ~ Y ~ o  
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Fig. 4: The Little Danube discharge at Malé Phlenisko, Nov5 Dedinka and Trstice 
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Fig. 6a: Water and ground water IeveI fluctuation in the Danube and in We weIls 
acruss the area (upper part of &ifni ostrovf left side of the Danube) 
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Fig. 6b: Water and ground water level fluctuation in the Danube and in the wells 
across the area (right side of the Danube) 
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Fig-l3a: AnnuaI water and gruund water IeveI fluctuafion in the Danube and f n the weIls 
acruss the area (upper part of &UY ostruv) 

! 



1 Annuai watcr Icvcl fluctuafion in the Danubc a; Bratislava 

Fig 13b: AnnuaI water and ground water level fi uctuation in the Danube 
and in the weIIs across the area (right sIde of the Danube) 



AnnuaI watcr IevcI fluctuation in the Danube at Bratishva 
O 

Fig.13~: h n u a l  water and graund water leveI fluctuation in the Danube 
and the weIb across the area (middle part of Zitnf ostrov) 
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Fig. 15a: Seasonal ground water level fluctuation 

@efore dammfng the Danube, 1953 - 1992) 
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- Fig. 15b: Seasonal ground water level fluctuation 

mefore damming the Danube., 1953 - 1992) 
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Fig. 21: Position of ground water ' ~ ~ e l  
in relation k soil and grave1 
strata in 1962 
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CEWrER 2. WATER OUALZTY, EUTROPHICATION AND SEDMENTS 
$MONITORING REPORn 

J. Makovinski 
M. Holobrad& 
P. Hucko 

This report d d s  with water and d i m e n t  q d t y  in the Danube river, fhe remvoir, 

the headwater canal of the GaMikovo Section of the GfN Project and the branch qstem of the 

Danube floodplain. The monitoring profiles are indicated on Fig. 1 .O as fdlows: 

D I - the Danube at Bratislava (rkm 1869) 

D2 - the Danube at Raj ka (rkm 1842) 

D3 - the Danube at Medvdov (dm 1806) 

D4 - the Danube at K o m h o  (rkrn 1768) 

RI - the reservoir, the upper par= the right side 

RS - the reservoir, the upper part, the cunetre 

R3 - the resewoir, the upper part, the Ieft side 

R4 - the resemoir, the Iower part, the right side 

R5 - the resewoir, the Iower part, the cunette 

R6 - the reservoir, the lower part, the leR side 

C 1 - the headwater canal, the upper part (at the ferry) 

C2 - the headwater canal of, the lower part (at navigation locks) 

B 1 - the Vojka branch (rkm 2.9) 

B2 - the Baka branch (rkm 3.0) 

1. Water OuaIity 

1.1 Water quality in the Danube prior to the putfing of the GabEikouo section of 
f ke GIN Project in tu operaf ion 

The water quaiity in the Danube has been observed for more than forty years, the 

h t  joint extended Slovak-Hungarian program of water qudity monitoring in the Danube being 

realised Çom April 1989. The joint monitoring is realised in agreed sampling points and periods and 
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based on agreed parameters of the measurnent and methaddogis, with the mIts jointfy 

evatuated. 

For the evalrration of the Danube (surface) water quaIity, an agreed classification 

based on six water qd i ty  dasses has been appfied (ref. 13). The classi6catiun of respective 

parameters into the water q d t y  ciasses is realised on the bais of cornparison of their caiculated 

characteristic values with the scheme of limit values in each water quaiity class. The characteristic 

value of water quality parameters is calculated on the basis of al1 measured values and expressed by 

statistical value Cm and, with regard to dissolved oxygen, CIO. 

The studid reach of the Danube between Bratislava and Medvdov had, in the 

period h m  I January 1991 to 13 October 1992, prior fo the putting of the GaErkovo Project into 

operatio% favourabIe oxygen conditions. Charactenstic values of dissolvd oxygen concentration 

(CIO) were in the range frum 8.2 rng.1" at Bratislava to 8.4 mg.l-* at Medvdovf k., in the iïrst 

quality dass. The minimum oxygen &ricentration was rneasiird in a l  meauring profiles early in 

September 1992, at the value 7.4 mg. le' at both Bratislava and Medvedov profiles. 

The characteristic values (&) for BODs at Bratislava were between 3.2 mg. 1" and 

4.0 mg. lm', at Medvedov 3.7 mg. lm', i.e.. correspondeci to the second water quality class. 

The chemid oxysen demand vdues (Cso) (COD Mn) were in di profles in the 

range h m  5.1 mg. 1-' to 5.1 rng.1-' and characteriflic values (G) (COD Cr) were uver the whoIe 

reach in the range h m  13.7 mg.1-' to 21.1 mg.14, & both parmeters wraponded to the 

second quality cIass. 

From the hydrobiological point of view the Danube in the profiles Bratislava and 
! Medvdov had, pnor to the putting of the Wikovo  Project into operation, the betamesosaprobic 

character, shodng a trend towards aiphamesosaprobity during the winter scason. 

As far as the indicatws of organic industrial puIIution are concemed the 

concentrations of phenols, anionactive tensides and non-pdar extractable substances in this Danube 

reach corresponded tu the second quaIiîy clas. 



The vdues of the heavy rnds conceritrations were low. Cadmium, total 

chromium, arsenic, and nickel correspondal tu the 6rst quEJity class, I& and zinc tu the ht - 
second quality class, and mercury to the second - third class of water quaIity. 

From among the s p d c  organic micropolutants 13 selected indicators were 

monitored in groups of chiorinated pesticides, triazine pesticides, volatiie chlorinatecl hydrocarbons, 

and polychlurinated biphenyls. The vdues of these orgdc micropollutants were low, meeting dso 

the requiremenfs for drinking water qnaiity (refs. 1,Z). 

1.2 Wattr quality in the Danube afttr the puffing of the GabEikovo 
secf ion of fhe GIB Project into operation 

1.2.1 Oxygen regime 

During the period from 26 October 1992 to December 1994 the monitored reach of 

the Danube belonged to the first quality dass according to characteristic values parameters of the 

oxygen regime. The values (CIO) of the dissrilved oxygen were over the whoie reach in the range 

k m  8.0 mg. 1-' tu 8.7 mg. 1-*. The Iuwest uqgen content (7.1 mg 1-') was rneasured at Bratislava 

earfy in August 1994. 

The characteristic values (Cw) for BUD5 in the monitored reach were in the range 

fiom 2.8 to 3.8 mg. l", i.e.. correspondeci to the second class of water quality. 

The values (C90} for COD Mn were in the range 5.0 to 6.3 mg. lm', and values of 

(Cm) COD Cr were in the range fiom 13.5 to 16.0 mg. 1-l. On the basis of cornparison of 

characteristic and average values of these parameters of oxygen regime fiom the period p r i a  to the 

puttirig of the Project into operation and aflerwards a slight incrase of diswlved oxygen content 

within the range of the first class of water qudity, and smdt decrease of BODS, COD Mn, and 

COD Cr values in the range of the second class of water qurtiity has b e n  observai. 

1.2.2 General evaluation of the quality 

According to the oxygen regime parameters good oxygen conditions (first class) 

existed in the monitord Danube reach. 



The average and chmixeristic values (G or Cr*) of these parameters in profles 

Bratislava ( i i p s t rm of the GaMikovo Project) and Mdvedov fdowream of the Pruject) are 

shown on graphs Figs. 1.1 - I .4). 

Concentrations of physical and chernical parameters in the basic group 

corresponded to the second - third quality ctass, except for nitrogenous substances. 

In the group of supplementing chemicai parameters the content of phenols, 

tensides, and non-polar extractable substances conespond& tu f he second quaIity CI=. 

Frum the hydrobiologicd point of view the betamesosiprobic character of the 

Danube has been presewed men after the puîting of the GaI>Cikovo Pro ja  into operation. 

Concentrations of the majority of heavy metals were low. According to (Cw) vaiues 

cadmium, lead, arsenic, copper, total chromium and nickel met the criteria of the fist quality class. 

Zinc corresponded to the second quaiity cIass and mercury to the third q d i t y  class (ref 16). 

Concerning the group of orgruiic micropollutanrs the a n t e n t  of chIorinated 

pesticides, vulatiie chlorinatal hydrocartions, and poiycMorinatai bi phenyfs was predominantly 

below the detection limit of determination. Sporadic and Iow concentrations ofpolyqclic arornatic 

hydrocarbons and of chiomfom were identifid on the whoIe reach during the years 1993 - 1994. 

The tofal content of organic micropolutants mentiund above was generdly low and satiskctory 

al= with regard to drinking water requirernents (Standard nom 75 7 1 1 1). 

On the basis of the overall cornparison of monitoring results fiom the period prior 

to and f i e r  the putting of the W i k o v o  section into operation, it may be stated that no significant 

changes in water quality occurred. The recorded trend has shown a slight iniprovement in some 

parameters. 



1.2.3 Water quality in the reservoir 

The survey and evaluation of the water quality in the reservoù was carried out 

within the scope of the program of the monitoring of the reservoir's water quality (rd. 15). 

The monitoring of the water quality developrnent in the reservoir has revealed that 

with regard tu chernical composition the Danube water has not changed as a result of its passage 

thmugh the Projm structures. Not men indications offurmisted phenomenq characierid by the 

r e I w  of organic micropoHuimts and heavy metais h m  the reservoir sedients in the course of 

inWaîion, were recorded. 

The oxygen regime and the p n m q  phytoplantkon production in the reservoir had 

been surveyed over the summer season 1994 (July-November) (ref. 17). The monitoring was 

realised at a lower operation water Ievel in the reservoir and in very hot clirnatic conditions, 

representing rather extreme circumstances. The average oxygen content in both parts of the 

reseivoir during this period was in the range frum 8,O to S,5 mg.1-' (6rst class quality). No 

simcant diifferences in the values of dismlved uxygeri were identifid within the stratification 

(su&ce-centrebottorn). The average BOD 5 content in the reservoir and in the headwater canal 

was Eorn 2.0 to 2.3 rng1-I (second CI& and COD Mn was in the range 3.2 - 3.45 rng.l7' 

class). 

The cornparison of water temperature values within the respective mnes did not 

show any significant changes. This state was characteristic for discharges with short water 

retention, during which the thermal and chernical stratification in the direction fiom the water 

surface down to the botiom dues not occur. 

Eutrophication means an enrichment of a water qstem &th nutrients, especially 

with nitrogen and phosphorus, resulting in increased phytoplankton biomass production. 

The research and monitoring program of the phytoplankton development realised in 

the fiamework of the evaluation of impacts of the construction and operaiion of the W k o v o  

Project on the environment focused mainly on conditions for the pnmary phytoplankton production 



in the reservoir and in the inlet section of the headwater md. Both propusis and andysis of 
? 

adable data co& tht, at curent heigh~s of the water &mn and retention t h e  of water h the 

rese~oir, the increase of the aIgae biornass during the water Bow thuugh the resei-~oir will not 

exceed the toIerabIe I i t  (refs. 4 6, 7, 18, 17). h the evhation of the impacts of the GabCikovo 

Project attention was dso paid tu the changes in concentration of the dgae biomass in the 

headwater canal, and in the old Danube riverbed. 

This report contains the evaluation of monitoring results in the reservoir of the 

GabEikovo Project, in the Danube duhg the period prior to and after the completion of the 

GrtbCikovo Project as well as in the branch system near to M i k o v o .  

2.1 Eutrophication in the mervoir and in the headwater canal 

The phpopImkton biomass, nutrient content, and oxygen regime, especially at the 

r ~ w o i r ' s  bottom, can be considered as the main indicators and evidence of eutrophication. 

Eutrophication processes have been evaluated on the basis of the results of monitoring carried out 

in 1 993 and 1 994 (refs. 1,2, 5,  1 5, 1 8). 

Phytoplankton developrnent in the reservuir is maidy dependent upun the amount 

of phytopIankton in the water flowing into the resewoir at Bratislava @rufile D 1). The incrase of 

the phytoplankton biomass, express4 as chlorophyII a in the IorrgirudinaI profle of the W r k o ~ o  

Project is vaiabIe - usrrdly with a moderate chioruphyI1 a incrase in the diimtion Danube - 
reservoir - canal fig. 2.1). During the period of tisnai sprîng phytopIankton maximum in the 

Danube a decrease of biomass in the direction towards the canal was observed. Even under 

extreme conditions dunng the sumrner 1994 (lower water level and hi& temperatures) the trend 

towards the increase of phytoplankton was not obvious (Fig. 2.2). 

The phytoplankton biomass in the reservoir attained the maximum vdues of 74.1 

lig. 1-' of chlorophyll a earIy in Augud 1994. These valus an lower by half than the m h m  

biornass values in the Danube u p s t m  of Budapest registered in 1991 - 1993 (ref. 10). At 

Budapest, in 199 1, the spring and sumer  maximum was pater f han 160 pg. I -' chloruphyii a, in 

1992 the maximum was greater than 1 70 Iig 1 " chlorvphyll A and in 1993 i t was around 110 lig. 1.' 

chIorophyil a. The diRerems in Iiving organisms development in difrent parts of the reservoir 

were observed in this period. The arnounts of phytoplankton identified in the right-side profiles of 



the rese~oir ml and R4) were substantidy hightr tbm those in the stream-he (cunette) and in 

the left part o f  the reçeivou (near Kalinkovo and Samorin). in the nrst haif of August, similx 

merences in the areal distribution were obsewed only in the upper part of the reservoir pig . 2.3). 

The ciifferences were less evident in the lower part of the reservoir, the lowest phytoplankton 

biornass values being o b m e d  in the IeR part of the m o i r  and slightly increased concentrations 

ofchIoruphyIl g in the right part Pig. 2.4). During the Iast sampling in Octaber the a r d  deat8erences 

were simiIar tu those registered in August. 

The vert i d  stratification of phytoplankton showed some diierences; huwever, on 

the basis ofjust four measurements, these cannot be generdised. It may nevertheless be dehitely 

concluded that in ail monitored sampling profiles of the upper part (profiles RI, R3), and dso of the 

lower part of the reservoir IproBes R4, R6), the phytoplankton biomass decreases towards the 

bottom. The decrease of phytoplankton in relation to the Uicrease of water depth was most 

apparent in the deepest parts of the resewoir near to the "Bis idand" in the prude R4. The 

diferences between the maximum biom;tsss in the water column was 6-25 pg, I *' of chIorophylla. 

EarIy in August 6294, in October 59.5% of maximum values found in the water column occurfed at 

the buttom. Thus certain zonai stratification of phytoplankton in vertid direction occurs in the 

deepest parts of the reservoir, but for the general evaluation of production conditions this is 

practicall y without any simcance. 

The vertical phytoplankton stratification is dependent upon the intensity of the 

photosyrithesis relatai active radiation (PHAR)- At P M  values b&er than 800 @.~*'.rn-~ dgae 

show a tendenq tu move fiorn the surface into deeper horizons. During the period of our 

m e a m m a s  the PHAR value b e h  the water Iwel was ufien higher than 800 ~&.f'.rn-~. 

However, aiready in depths of 1.5-2.5 m ir dropped tu the value beIow 20 @.s** .m-', fbelow 1% of 

the surface activity) considered to be a utility limit for algae. The values of gross primary 

phytoplankton production correspond to the above light conditions in the reservoir. The highest 

values of gross phytoplankton production were identifid usudly in the horizons of 1-2 m. The 

goss prirnary phytoplankton production ranged between 0-1 1.8 mg. le' day -'o~, the higbest values 

being masurd in the profile R4 early in August, similarly as in the case of biornass production. 

On the basis of verticai rneasurements of changes of temperature, oxygen content, 

mnductiviiy and pH, the resewoir may be characterîsed as an quatic environment withorrt thermal 



stratifrcatian, with small differences in 01 concentrations on the water surface and at the bottom 

(max.2.4 mg. 1") and with minimum changes of conductivity and pH. The water temperatrire on the 

surface of differerit parts of the remvoir was more or Iess uniform. In m m r  month, in June - 
hgust,  a sIight incr- of water temperature was record4 in the Iongitud'rnaI profie of the 

reservoir, as well as in the direction towards the dykes. Although the vertical wnal water 

temperature stratitication was minimum, a trace of a temperature m e  typicd for stratged 

reservoirs was observed in the deeper parts of the reservoir. Sidarly, the horizontai and vertical 

oxygen stratzcation was minimum; however, a typical trend of oxygen drop in s u m e r  months in 

the direction towards the bottom was obswed (Fig. 2.5). 

Simultanmusly with the monitoring of phjrtoplanktun dweloprnent in the reservoir, 

rnacronutrients @hosphoms and nitrogen) which are Unportant substances stünulating or limiting 

the phytoplankton development, have also b a n  analysai. Total phosphorus content (total P) in the 

longitudinal profile ranged in respective months fiom 0.05 to 0.10 mg.r1 (Fig. 2.6), the highest 

concentrations being recorded in autumn, sirnilarly as in the Danube. Low concentrations occurred 

in August 1994 in the streamline in the lower part. A similar trend was obsewed in the case of tutai 

nitrogen content (total N), with highest concentrations o c c u ~ n g  in autumn (Fig. 2.7). With regard 

tu the Iarge a r a  of the resewuir the nutrient content in its different parts has been comparai. 

Higher total P concentrations were identifid in the lefi part of the resewoir. On the contrary the 

highest concentrations of totd N ocnirred in the rîght-side parts. 

The total phosphorus content, total P, in the longitudinal profle (in the streamline) 

was in JuIy - November in the range fiom 0.06 to 0.27 mg.lm', the highest values being observed in 

the profile Dl (Bratislava) in October (Fig. 2.6). As far as the total N is concerneci, values fiom 

1.76 mg. 1-' in the upstream part ( s t r d n e f  tu 3.68 mg. 1-' in the downstream part (sf reamline) 

were meamrai in the longitudinal profile of the resewoir between the profile D 1 and the headwater 

and. Gradrral increasing of total N content occrrrs fiorn August tu November. No sign3carit 

c h a g a  among respaive profiles were raurded during the year. In other parts of the reservoir 

total P concentrations oscillate around the value O. 1  mg.^'. Lowest vaiues in the streamline of aii 

profiles were measured in August 1994 (Fig. 2.7). 

Total P in respective parts of the reservoir has simiIar values as those measurd in 

the s r d i n e .  Highest v d ~ ~ e s  were mmured in July and Octuber. @g. 2.8). The Iowest 

determined wncent rations were in the nghi part of the resemoir. However, fluctuation of total P 



Aues  occur in respective marith. The content of total N in various parts of the r m o i r  

corresponds to the vaTues rneasured in the s t r d i n e .  The highest values were recordai in JuIy and 

November, a gradually total N increase occurs till November. There are no sigdicant variations in 

identified values b e t w m  respective sides of the rewoirs. 

Generaily the content of total P and total N in the reservoir may be summansed as 

follows: total P occurred in the range fiom 0.05 to 0.23 mg.] *' with average values about 

0.1 mg. 1 -', and total N occurred in the range Eom 1.73 tu 3.73 mg.r1, the prevailing values being 

in the range Eom 2 to 3 rng.1-'. 

Accurdimg tu obsewations r d i d  hitheriu the dietences in longitudinal and areal 

distribution of phytoplankton were not, in general, so important as to influence sigdlcantiy the 

increase of the phytoplankton biomass in the Danube downstrearn of the Galmkovo Project. The 

maximum difFerence was recorded early in August 1994, when cbiorophyli a concentration in the 

upstrearn right side was. 3.7 higher than in the streamline. S i l a r  differences were found in the 

downstream IeR part of the reservoir. Even in the matginal shallow zones of the reservoir an 

extensive development of water bloom forming cyanubactena was not obserred. DSerent 

biocenosis dweIopmenr with prevailing filamentous green dgae was recordai ody in the narrow 

marginal shdlow m e  (up tu 0.5 m) in the upstream part near KaIinkovo. Nutrient conterir, simiIar 

tu the Danube, is also hi& in the r e m u i r  - N and P vdues being suficient fur unIimited 

phytoplankton growth. Vertical stratification of nutrients, temperature, and oqgen was not 

apparent even in the deepest parts of the reservoir. Relatively hi& oxygen content was identzed 

even at the bottom, in the deepest parts of the reservoir (6.4 mg. 1" 02). 

The water in the reservoir (similarly as the Danube water at Bratislava), may be 

characterised on the bais of maximum chIorophyii a and toial P values as wtruphic water. 



2.2 Evaluation of the GabEikovo Project impact on the Danube euirophication 

The ~ i k o ~ o  Prujgct's impact on the Danube river have b m  shrdied in three 

representative profles 

- the Danube at Bratislava (comparative profle to evaluate water flowing 

into the reservoir) 

- the Danube at Rajka (profle where the direct impact of the upper part of 

the reservoir on water quality in the old riverbed is observed) 

- the Danube at Medvedov @rufile enabling evduation of the impact of the 

whoIe W i k u v o  Projeci on the Danube downstream). 

During the penod 1989 - 1994 variations in phytoplankton biomass (chIorophyU a), 
occurrence of dgae and content of rmpective nutrient components were evaiuated on the basis of 

average serisonal values (spring, sumer,  autumn, winter), percentage growth and growth analysis 

or analysiç of decreasing selected parameters, cornparing Bratislava-Hnibv and Hnibv- 

Medvedov profiles, the 6rst profle being relative, 

Duhg the years 1989 - 1992, prier tu the filjing of the reservoir and the putting of 

the P r o j e  into operation, the phytoplankton biomass growth between Bratislava and Hmkv was 

4.1 - 23.4%. In fhe first year of Pruject operation, in 1993, the biomass gruwth was 21.0%, in the 

second year of operation, in 1994 it was 22.1%. Average annual absolute biomass growth in the 

Hmhv profile in 1989-1992 ranged fiom 0.7 to 4.86 pg.1 " of chlorophyli g in 1993 and 1994 it 

was 2.87 and 2.24 pg. 1 " respectively. The average annual growth between the profiles HmSov 

and Medvdov prior to the operation was 9.0 - 16-1%, in the year 1993 it was 45.4% and in the 

year 1994 the biomass decreased by 0.49?/0. The relatively hi& percentage growth in 1993 

occurred in the period of Iow concentrations of chIorophylI 3; incrase of absolute vdues was, 

however, Iow in this period. The average absolute biomass growth prior tu the filling of the 

reservoir was 0.13 - 4.16 pg. 1 -', in the years &er the constmction it amounted to 0.56 - 4.6 pg. 1.' 



The phytopIankton of the Danube is characterisai by the seasonal dynamics of 

respective dgae groups. Chrysophyceae, Ctyplophycem, Wnephyceae, BaciZariophyceae and 

VohmZes occur in spîing. Chlorop&eae, Bacillawiophyceae, C~ycmop.ytn and Euglenopw are 

predominant in sumer. In autumn the same t y p ~  occur as in s p ~ g  and in winter only 

BaçiIIarioplyceae are present. The most fiequent phytoplankton are A p h m q s a ,  Micrqstrc, 

Osciiaforiia. III generaI it may be sfated îhat four groups are dominant, namely Baciifmiophycem~ 

Blue-- dgae and Cym~phyla. No apparent difference in qualitative occurrence of 

phytopiankton between the penods prbr to and der the Pruject operation has been d&d.  

On the basis of the comparison of absolute values of the difference in nutrients in 

the pair of profiles Bratislava - Hnibv, and Hnikv - Medvedov in years 1989-1994 it may be 

stated that in the pair of profiles Bratislava - HmSov (the upper part of the reservoir), the values of 

the total N changed fiorn positive vdues of diRerence in 1989 tu negative ones in the foiiowing 

years. In the years d e r  the fiIIhg of the reservoir the N-tutal values further gradudly d e c r d .  

The P-PO4 d u e s  gradudly decrase since 1390 (+354.3 1%)- similarly as P-PO4 values have 

changed from positive diferences to negative unes in yms  1992- 1994. 

In the second pair of profiles Hnibv- Medvedov the difierences in N-total are in 

the range 6om -54.41% (1989) to +46.75% (1992). A growth occurred in 1994 as compared with 

1993, when a drop was observed as cornpared with 1992. It is interesting to note that negative and 

positive values altemate in respective years. Conceniing the N-NO2 indicator, di vdues are Iower 

than in the relative profiIe Hruhv. In 1994 the defined values were Iower than in the years before 

putting the Project into operation. As far as N-NU3 is concerned the lowest values were rneasured 

in 1993 (-55.03%) and the highest in 1994 (+126.52%). Except for the year 1993, dl val~~es are 

higher than in the comparative profile. Mer the successive growth until 1991 a decrease occurred 

until 1993 and then again an increase in 1994. The N - W  indicator has undergone changes over 

the years 1989-1994 from negative (1989-1992) to positive vdues, from 1993 showing a 

successive decreasing trend. P-PO4 d e r  the increase in 1990, (+509.87%) gradudly decreased, 

reaching negative d u e s  in 1993 (- 1 50.74%), and f hen again increased tu positive values in 1994 

(+113.52%). 

The comparison of annuaI average d u e s  of P-PO4 in the profile Bratislava (profle 

D 1) during the period 1987 - 1 994 has shown, that on average a graduai decrease of vaiues occurs. 

The m e  trend of P-POs conwntrations decrease has been observed in the Hmhv profile. N-NOf, 



after the previous drop in this profie, has slightly k c r d  since 1993. The indiators N-Na and 

N-?W showed an incrase by 1991 - 1992, and then a decrease. 

The indiatm P-PO4 in the profle h k v  gradudy daeased until 1994. Total N 

was decreasing fiom 1991 to 1993, and then slightly increased in 1994. Inorganic forms of nitrogen 

(&Na, N-Na, and N-NH.,): N-Na were graduaiiy decreashg h m  1990 to 1993, a slight 

increase occurred in 1994. N-NU gradually decreased since t 990, similarly as N - m .  Inorganic 

nitrogen showed decreasing values till 1994. 

P-PU4 v d u s  in the profile Medvedov gradudIy d a 4  in 1989 - 1 993. A sLight 

increase has ben obsetved in 1994 back tu the level reached in 1392. Tûtal N, &er an Yicreax in 

1990, was p d u d y  decreasing by 1993 and in 1994 increased to the level of 1992. N-NO2 

concentrations, after an increase by 199 1,  decreased by 1994. N-NK, values increased by 1991 and 

then d e c r d  by 1994. 

Un the basis of the evduation of resriits of the andysis of rnonitorôd indicators, it 

may be sfated in generd that the bdancing out of values takes pIae  in the rnonitored profiles and 

that the generd decrease of values o m s  fier the putîing of the Projeci into operation, as 

compared with the period priur tto the operation. The fit two years of monitoring of the 

phytoplantkon in the reservoir and of the impact of the Project on the Danube water quality indicate 

that, accordance with the pmposis, wata impoundment in the reservoir does not result in 

sigdcant phytoplankton biomass increase in the Danube. 

PhppIankton biomass of two monitord branches in the floodpIain, i.e., Baka and 

Vojka branch, expressed in chlorophyll content, was in 1991 -1 993 in the range 0.79 -75.8 pg. 1 " in 

the Vojka branch (profde Bl), and 2.37 - 30.1 pg.1 -' in the Baka branch (profile B2). Maximum 

values were meaçured in the period of spring growth of Bacilloriophyceae at low water leveis. 

After the implementation of the water recharge for the branch system the dserences between two 

Iocalities were reducd. The net primary phytoplankton production in the Baka branch was in the 

range 0.74 -3.79 mg~.m2.dai1, in the Vojka branch 0.1 -5.94 rngc.m2.daY-'. Dinerences in net 

p h a r y  phytoplankton production in the branches and in the Danube (0.04 - 5.18 rngC.m2.daY-') 



are negligible (ref. 1 1). The diversity of phytoplankton genera (species) in the monitored branches 

is lower than the diversity in the Danubes four groups being dominant (Barillariophycea, 

Chfamy&mo&Ies, CIur~0~:cates mrd Cymop&ta)- 

Maximum biomass values (36.8 pg.1-1 of chiorophyll a and abundant 

phytoplankton occurrence (49040 ceUs in 1 ml) dehed within the scope of an experiment under 

extreme conditions (water temperature 30SaC, water stagnation in the branch dnring the 

experiment) did not show sigrii ficant phyiopIankton growth even under these extreme eonditioris. 

Generally it may be stated that diversity of phytoplankton in the branches in the 

Danube floodplain is rich, however lower than in the Danube. The defined values of net primary 

biotriass production and phytopImkton abundance are comparable with the Danube- Taking into 

account the discharge t h u g h  the intake stmchre tu the branch system (refs. 1, 2)- the impact of 

the water in the side arm system on the main channel of the Danube, with regard to eutrophication, 

is minimal. 

3.1 Quality of sediments in the resewoir 

The qudiîy of sedimerits in the rexwoir had been assessd within the =ope of the 

r e m c h  program undertaken in 1994 ( r d  4). 

Sdiment sarnpling was carried out in fwed monitoring profifes and in profles 

where an increased sedimentation was assumed (Fig. 1 .O). The ganulometric sediment composition 

and its orgmic proportion were determinal fiom simples. The sampling was reaIised in accordance 

Mth the methodic recammendations of the Worid MeteoroIugical Orgmbation (ref. 21). The 

sediment quali~y wduation was performed on the buis of criteria applied in thc Netherlands: the 

Generai environmental quaIity standards (GEQ -Standards) (quality objective 2000), test values and 

waniing values for fiesh, surface water, and sediment (ref. 20). They have b e n  recently proposed 

for application in ventures within the smpe of the Environment$ Program for the Danube River 

Bain. On the basis of this cnteria the sedirnents are classified, according to the content of 

respective substances, into three value groups indicating the basic, limiting and warning value. 



in the nutrients assessrnent we have focused on determination of total nitmgen, 

totai phosphorus, potassium, and of the organic share. 

The total nirrugen occuned in the range h m  170 to 779 m g k g  the average vdue 

being 486.7 m@g. The totaI phusphoms rang4 fiom 7.6 to 10 1.1 m& with the average value 

of 29.48 mgkg. Potassium was in the range fiom 84 18 to 13958 mgkg, the average vdue being 

1 1201 mgkg. The organic part in the sediment samples was determined in the range fiorn 2.7% tu 

4.0%. 

The resuits of heavy metals analyses revealed that values of cadmium, chrornium, 

mercury, and lead were lower than the basic values of the GEQ - Standards. Values of copper were 

higher than the basic values, nevertheless they did not e x 4  the limiting values. Zn view of the 

resuks of the geulogical suhoil research of the Danube river basin, it may be said that these 

elements are part of the rock-forming minerais. 

The deterrnined value of methoxychIor and fluoranthene were below the basic 

value. In m e  of PCB, lindane, heptacMur, DDT, hexachtorbenzene, b e m  (a) pyrene and 

phenantrene the detemiin& vdues were higker than basic d u e s  but the Iimiting vdnes were ncit 

exceedd, whiA illustrates the low loading with specific organic micropollutants. 

The cornparison of present results with the results fiom 199 1 (ref. 8) showed that in 

the group PAH (fluoranthene, phenantrene, benzo (a) pyrerre) the d e t e d d  average values were 

identicd. 'The m e  resrrlts were obtained dso in case of HCB, findane and methoxychlor. In the 

PCB group Iower vaiues were ascertained in average than in 199 1. Values of DDT were in average 

higher than in 199 I. The measurements showed residual presence of DDT. 

Radinchernicd analyses of sediment samples in the profiles in the reservoir f o c u d  

on the determination of the total spmific dpha activity and total specific beta activity (which are 

orientation indicators of the radioactivity) and on determination of some natural and artificial 

gamma emitters. The ascertainexi vaiues in the reservoir showed higher specific alpha activity, in 

cornparison with average values deferminecl in other SIovak watercourses. The specific beta activity 

was approxirnatdy identicai with v d u a  determined in other watercourses (ref 9). 



AIso some natural gamma emitters fiom the transformation series of uranium-238 

(Ra-226, Bp-2 14, Bi-214) and transformation series of thorium-232 {Ac-228, Pb-2 12, Bi-222, Ti- 

208) were rnonitored. Al these gamma emittets are iisual components of the enWument and the 

meastrred vdues did not e x a d  the natu& values of the background. 

The cornparisun with the results of works carried out in 1991 (ref. 8) for the 

purpuse ofanaljlsis of rock formation charsicteristics in the riverine mne af the Danube in the area 

of the GaEikuvo Project showai approxirnately the same values of Ao228, Bi-2 14, P b 2  12 and 

TI-208. 

The spwific activity of potassium-40, in the group of primordiai gamma emitters, 

wneaponded tu higher values determineci in 1991. The resuIts correspond ro the values determuid 

in other SIovak waterwum. 

Arnong the antropogenous radionuclides, important from the radiobiological point 

of view, cesium- 13 7 was monitored because of it s long half-Iife, as well as Cs- 134. The measured 

values of Cs-134 were very low. Highest values of Cs-137 were determined in one half of the 

sdiment samples. The determined d u e s  were higher than in 1991, probably due tu the raiduai 

activity causai by the coIIaps of the ChernobyI nucIear poww plant. 

The results of granulometric analyses revealed that more than 90% of particles 

ranged between clayey and silty particles of sediment. The rnajorib of d i m e n t  sampIes had a sdty 

character . 

An investigation of sdiments in the a m  of Wikovo was carried out in 1993 by 

Rodak & & (ref. 19). The sampling was realised 6 months d e r  the filling of the reservoir. The 

research resul f s show tbat the sedimenrs are not significmf Iy poIIuted and that they are not polIuted 

by orgariic contaminants. In spire of higher contents of- heavy metals in sedirnents, andysed by 

meam of the method of total disintegration, the authors do not Jassi@ the concemed territory as 

contaminated, because the major part of heavy metals forrns a part of stable rock-formation 

minerais. 



3.2 Qudity of Danube sediments 

The quality of sediments in the Danube has been monitored within the scope of the 

joint extended Hungarian-Slovak monitoring since 1993 in profdes Bratislava (M and bank)> 

K o m h o  (Iefi and right and Szob (Iefi and ri& bank). For the purpose of the ~ r k o v o  

Project impact -ment, two profdes are decisive and enable the estimation of d i e n t  q d t y ,  

n m d y  Bratislava and K o m h o  profiles. The profile Komho is, however, influenced by right-side 

tnbutaries fiom the Hungarian territory, mainiy by the Mosoni Danube carrying pollution 6om the 

Gyor. 

Reay metais have been monitured in the profile BratisIava and Kornha sin- 

1994. The estimation of resuIts based on the mentioned GEQ Standard (1 991) showed that al 

identifid heavy metals occurrence is below the basic value. Many of them are just one half of the 

basic vaIue. In the Bratislava profile the vaiues of deterrnined heavy metals are higher than those Hi 

the K o m h o  profle. 

As far as organic matters are concerned, the data Eom 1993 and 1994 are available 

for both profles. The majority of values of polychlorinated biphenyl's in both profiles was close to 

the detection limit (5.0 pg./kg). In four cases PCP (Delor- 106) the basic value of the GEQ 

Standard was exded .  However, the Iimit value was not exceeded. 

The group PAH, involving fluoranthene, phenantrene, and benzo (a) pyrene was 

established in 1993 and 1994. The cornparison of values measured in Bratislava and K o m h o  in 

1993 showed, that the values of respective PAH in K o m h o  are lower by one or two orders than 

in the Bratislava profde. AU determined vdues in the Komarrio profile are Iower than the basic 

values of the GEQ Standard (20). The basic vdues fur above mentionai parameters are excded 

in Bratislava, however the Simiting values are not excedeci. The basic values of phenantrene and 

fluoranthene were exceeded only in one sarnple in 1994. 

In addition tu the mention& organic matter, Iindane, heptachior, DDT, 

metaoxychlor, hexachIohemne were dso detmted in bolh profiles. Ln 1993 lindane, heptachior 

and hexachIorbenzene were determined in values bdow the detection limit, which is 2.5 pg./kg. In 

1993 lindane exceeded the basic value in Bratislava and K o m h o  in one sampling. In case of 

heptachior the basic value was exceedd in both profiles, but it was not significant. The basic value 



for DDT was exceeded three thes (but the limiting vdue was not wsurpassed). Hexachlorbenzene 

occurrôd in concentrations below the detection limit (2.5 pg.lkg). 

Radiological parameters - total specific aipha activity, total specific beta activity, 

and gamma-spectnim - have also been mntinuousiy monitored over the years 1 993 and 1994. 

SpecZc beta activitjr identifid in the Komho  profile in 1994 were bwer than in 1993. The 

parmeters Cs-134 and Cs-137 show s'unilar results In Bratislava profle the spec%c beta activity 

values in 1994 corresponded in average to those detemrined in 1993, the vdues of Cs-134 and Cs- 

137 were in average lower. Camparing Bratislava and Kornbo profiles, di parameters showed 

higher values in the Bratislava profile in both years. 

Average vdues of sele~ted heavy memis, organic MrcropaIIurmts, and radioactivity 

parameters determineci in the Danube sediments and in the reservoir are presented in respective 

dirtgrams (Figs. 3.1-3.8). In conclusion, it may be stated that the quality of sedimeints in the 

reservoir and in the Danube osciIIated within the range of concentrations which correspondeci tu or 

were lower than the basic values. The Iimiring values were attained oniy in exceptional sases. 
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CHAPTER 3. UNSATURATED ZONE. SOlL. AGRICULTURE AND FORESTS 

Section 1: Unsaturated zone by J. htor 

Section 2: Soil and agriculture by E. Fulajtir 

Section 3: Forests by K. CsiiHe, J. Osziinyi, L. Molnir and L MészBroH 

1. Unsaturated Zone 

1.1 Water in the Zone of Aeration - Water Source for the Biosphere 

The part of the li thusphere between the soi1 surface and the first ground water 

horizon has the features of a three phase system. It consists of a solid phase of various 

granular composition, which constitutes the structure of the porous media. In the pores, water 

in various phases occurs according to its state and its bond tu the solid phase. The gaseoiis 

phase filIs rrp the pores together with the water up to the full porosity, k., it fiils up that part 

of the pores which is not saturated by the water. For this reason this part of the Iithosphere is 

called the unsaturated zone, or the zone of aeration. It is a part of the hydrological cycle 

which connects the surface and subsurface waters. Its depth in the natural conditions of %tny 

Ostrov is 0.4 ru about 7 m and, according tu the definition of the zone of aeration, it vanes 

due tu gruund water levd movements. 

The water in the zone of aeration is a water source for the biasphere in the 

region. This volume of water is not of a fiee water character. Its energetic bond with the 

solid state is expressed by the rnoisture retention cuwe. Its characteristic points are the point 

of field water capacity WC), the puin1 of the decreaçed avaiIability PDA) and the wiIting 

point (WP). The root system of the plant cover respectively its suction force overcomes 

without any problem the energetic bond of the wnter in the zone of aeration between the W C  

and W. Water in the zone of awation as a water source for the biusphere can be defined as 

foIIows (htor, 199 1): 
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when the water supply system for the inundation zone is operatd and 

the dates of mificial flooding of the inundation zone are set up, and the 

water IeveI regirne for the oId riverbed simulating the ground water 

level variations known from the period before the start of the operation 

of the Project is established). This operation state has not yet been fuUy 

introduced. It depends on the optimalisation 4 t h  respect to the 

phenornena included. 

For the quantification of the ground water level changes and variability on the 

dynamics of the water storage in the zone of aeration three characteristics were selected: 

- the courses of the integral water content in the zone of aeration during 

1990 to 1994, 

- the mean values of the water content in the zone of aeration in 

individual seasons of the years 1990 to 1994, 

- the quantification of the participation of the individual soi1 horizons on 

the cumulative content of water in the zone of aeration in defined 

intersects of the t ime series. 

The complete matenal fiom al1 the monitoring sites and the years 

mentioned is very extensive and was published in detail by Sutor (1993,19941, Rehak (1991, 

1 992, I993), PetmviC- DLupov= (1 992, 1 993, I 994}, Pristachuvh ( I 4891, $01 tés2 ( 194 1,I 993). 

1.2 Course of the water content in the zone of aeration on monitoring 
sites in the years 1990 to 1994 

The courses of the integral water content in the zone of aeration in the years 

1990 to 1994 - with the exception of the KraTovskk Luka site where the monitored series 

cover 9 years (1986 - 1994) - indicate the influence of the grnund water Ievel changes and 

variability. These time series cover al1 three analysed time periods of &tny Ostrov's pre-dam 

environment state with respect to the impact of the Project structures: starting-point state, 

transition state and operation state, the optimalisation of which stiII continues. The graphical 



intwpretation of these courses together with the trend of development for individual sites is 

expressed as follows in Table 1 : 

The influence of the long-tenn trend of ground water leveIs decrease before the 

operation of the GbCikovo dam as noted by Mucha (1994) and the unfavonrable changes 

afier the operation of the structure prognosticated by some authors are not evidenced during 

the balanced monitoring penod (two years before the operation, one year of transition and two 

years aRer the damming). No negative changes of the water content in the zone of aeration 

occurred. On the contrary, the monitored courses of the water content in the zone of aeration 

in the üpper Zitn9 Ostruv sites, un the left-side area of the bypass canal and dowristrearn of 

GabCikovo are showing the increasing trend. 

Kalinkovski 

hoI%re?l 

Lehnice M7 

Lehnice M9 
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ZIatna na Oçtrove 

Kralovski Liika 
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In Krhlovskk thka (inundation zone) the Iast two years 1993 and 1994 are 

changing the decreasing trend before these two years tu one slightly increasing. The same can 

be expected in other two Iocalitieç in the inundation area, k., in Bodiky and in Dekan. The 

most important is the decreasing trend of water content in the zone of aeration in DobrohoSf 

where the decrease of the ground water levels is supported by the structure of the surface 

layer. The ground water Ievel felI tu the grave1 stratq and fhereby the hydraulic contact 

between the ground water IeveI and zone af aeration is disturbed, k., the capiIIary supply of 

the zone of aeration was interrupted. This phenomena was not caused by important decrease 
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of the ground water level but by the structure of the porous media. It is the only case fiom the 

whole territory infiuenced by the Gabcikovo Project. 

The munitorai courses of the water content in the zone of aeration depicted un 

Figs. 1.1-1.10 are sensitive to the change of the ground water levei which confirms their 

important role in the water baIance of the surface layer and also the possibility of its regulation 

by optimised operation of the Project. 

1.3 Mean values of the water content in the zone af aeration in 
individual seasons in the years 1990 to 1994 

The vegetation cover of the area is being supplied by water fiom the zone of 

aeration dunng the vegetation season (in respect of iitny Ostrov, in April-October). The 

water storage is Iirnited by its development during the winter season. At the beginning and 

during the whole vegetation period it is pwsible tu evaluate the storage? its use and formation 

using the courses of the integral water content in the zone of aeration during this penod. The 

autumn season illustrates the exhaustion of the water storage during the vegetation season and 

its renewal by the end of year due to precipitation. Therefore the evaluation of the monitored 

water storage in the zone of aeration is elaborated in individual seasons of the par,  &., 

January-March (first quarter of the year), April-June, JuIy-September, and Octuber-Decernber 

for the years 1990-1994, h., in a 5 year period. 

The results of such analysis, i.e., the mean values of the water content in the 

zone of aeration in individual seasons, are shuwn on Figs. 1. I 1- 1.14. The Y-axis represents 

the values of the water content in the zone of aeration and the X-axis the individual sites in 

which the evaluation was done. To the displayed mean values of the water content, in each 

locality there is joined the mean values for the season and the value of the water content 

corresponding to the wilting point (for the soi1 of the monitoring site). 

On the basis of these resuIts we can state that afier the putting of the 

GabEikovo Project into operation, the mean values of the water content in the zone of aeration 

did not fall down in any of the seasons permanently below the value correspanding to the 

wilting point. The monitored integral values of the water content in the uppet f itn9 Ostrov 



ara, in its centra! area and downstream of Gabëikovu are higher than the mean values; this 

statement is valid also for the Krdovska Luka site in the inundation area. 

i.4 Participation of the individual soi1 horizons on the cumulative water 
content 

The cumulative water content in the zone of aeration represents its totai 

storage. With respect to the vegetation cover it is important to know also the structure of its 

distribution with the depth of the zone of aeration. Besides this the distribution expresses the 

stability of the storage in individuai horizons and mutual relationship with the ground water 

levels. 

The non-unifom exhaustion of the individual horizons of the zone of aeration 

results fiom the different distribution in the root system of the vegetation cover, respectively 

reflecting the structure of its porous media. Therefure the analysis of the monitored vaIues of 

the water content in individual horizuns was dune to evaluate the dynamics of the water 

storage in the zone of aeration in the conditions of the individuai sites. ln this way, the 

participation of the individual horizons of the zone of aeration on its cumulative water content 

was elaborated. 

The method of r he water content monitoring in the zone of aeratiun is based on 

its evaluation in IO cm Iayers, i.e., from the suil surface tu the selected depth. h Gan be s e n  

from Figs. 1 . 1  1-1.14 the chosen depth was between 100 and 200 cm in the individual sites. 

The obtained data can be used for the analysis of the share of individual horizons on the 

cumulative water content in the whole monitored depth. 

This type of analpis for the KrSrlovska Luka site is shown on Figs. 1.15-1.19. 

The Y-axis represents the water content in the aeration zone and X-axis number of the 

monitoring day. The water content in individual layers is from the chosen depth (in Kralovska 

LGka conditions from 200 cm depth) is added step by step tu the previons value up tu the 

surface of the soi{. Adding the water content of the last Iayer we ubtain the integral water 

confent of the aeration zone of the whole monitored horizon. The depth of the added water 

content in individuai Iayers is expressed in mm of the water column. Therefore the individual 



contents directly characterise the retention properties of the individual layers in space and 

tirne. 

The andysis of the individual horÎzons of the aeration zone on the cumulative 

water content for the year 1990 (Fig. 1.15) in Kralovska Luka documents the whole year 

water supply from the ground water leveI. The same can be stated for 1991 (Fig. 1.16). The 

decrease of the integral water content tu alrnost 260 mm in 1992 was cauçed by low 

discharges in fhe Danube duhg the s u m e r  season, prior tu damming. The gradua1 water 

storage exhaustion of the aeration zone was andysed in 1993 @ig. 1.18) where the beginning 

of the water supply tbrough the intake structure at Dobrohoit to the inundation area can be 

seen. Year 1994 (Fig. 1.19) shows the highest values of water content in the spring and early 

s u m e r  seasons. The end of 1994 cIearIy indicates the IeveI regirne of the Danube river. 

The application of a similar analysis as for Krifovska Luka on other monitoring 

sites is of real meaning only for the year 1993. The analysis for Lehnice is shown on Fig. 1.20, 

for Hamuliakovo on Fig. 1.2 1 ,  for Cilistou on Fig. 1.22, for Baka on Fig, 1.23, for Dekan on 

Fig. 1 .24 and for Dobruho3 on Fig, 1 .25. 

These analyses illustrate the sensitivity of the reaction of the water storage in 

the zone of aeration to the ground water level change, the inertness at sudden changes, the 

possibility ofoptirnaIisation of the water regime of the surface Iayer in the inundation area by 

grorrnd water Ievel changes in the frame of the operation reginte being prepard. 

Three elaborated characteristics, i.e., the integral water content courses, the 

mean water content values and the quantification of the individual soi1 horizons participation 

on the cumulative water content in the zone of aeration of the surface Iayer in the naîurd 

environment of i i tnp Ostrov give us the objective basis for the evaluation of the GabCikovo 

Project's impact on the water content in the aeration zone as a water source for the biosphere 

in this region. 
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2. Soil Monitoring 

Soil monitoring constitutes the monitoring and evaluation of the selected set of 

soil properties and ground water characteristics in fitny Ostrov. These might change both 

qualitatively and quantitatively due to ground water table increase or decrease and can also 

influence the soi1 fertility. 

The soi1 monitoring reIates tu twu phases. The first one, prior tu 1392, 

characterises the su-caIIed starting point (or zero levei} soi1 properties and processes, i.e., the 

situation before the GabEikovo Project was put into operation. A Iarge set of basic, physical 

and chemical soil properties is evaluated, including recent pedogenetic processes and ground 

water chemical composition related to soi1 chemistry. 

The second phase, aRer 1992, characterises the situation aRer the putting of the 

Gabcikovo Project in operation. It moni tors the influences of the water construction, namely 

the change of ground water Ievels on soi1 properties. 

The suil monitoring starteci in 1989. A network of 20 stationary monitoring 

sites is being uperated for soi1 properties data coIlection. This inctudes pedologic, soi1 

moisture and hydrogeologic gauges as well as rain gauges. This equipment is used for soi1 and 

ground water sampling for chemical analyses, soi1 moisture, ground water levels, precipitation, 

and irrigation measurements. 

The seleaion and location of individual gauging sites was onented on areas 

with important forecasted ground water IeveI changes (GaioviE, 1988) and possible changes 

of sait concentration in ground water afier construction af the GabEikovo project. Other 

factors accounted by the monitoring sites seIectiun are as foIIows: morphogenetic-stratigraphie 

composition of the soi1 profile, texture, upper Iayer depth, grave1 strata depth, ground water 

level, ground water mineralisation, etc. 



The extensive dab'obtained during the rnoriitoring are summarised and 

evaIuated in a report characterishg the siarting-point soil properties and agriculture 

development Pulajf ir al,, 199 1) as weII as in furfher report which evaluates the situation 

aRer the putting of the Project in operation (Fulajtk gt al., 1995). 

In this report we present the recent resufts of the soil monitoring concerning 

those soil characteristics which are decisive for the soil fertility in the given area and which are 

the most correlated with the possibIe water structure influence un the foIIowing soi1 prupwties 

deyelopment. Tt concerns rnaidy the soi1 moistiire, humus content and quality, salfing 

processes and gruund water chernical composition. 

1 Soi1 moisture 

The soil moisture is being monitored as the most important soil parameter with 

respect to the GabEikovo Project's infuence upon the soils and agriculture. Long-terrn 

changes would consequently cause qualitative changes of the whole set of soil properties and 

processes, including soil fertility. Therefore, the soi! moistrire is being monitored very 

frequeritIy, i.e.. every IO  days (since 1994 every 15 days) in 10 cm Iayers up ru 3 m depth or to 

ground water IeveI. During the winter rnonths @ecember-February} the soi1 rnoisture is 

monitored once per monrh. SirnuItaneousIy with soi1 moistrire also the ground water IeveIs and 

precipit at ion dept hs are measured. 

From the point of view of the prognosticated and recent ground water 

Ievels the territory of &tny Ostrov is divided into 3 regions: 

- the region influenced by the reservoir (upper f i t ~  Ostrov}; 

- the region infiuenced by the bypass and tailrace canal3 (middle &tn j  

Osirov); 

- the region without significant influence of the Project structures (lower 

Ztny Ostrov). 



a) The region infiuenced by the reservoir (upper 2itnf Ostrov) 

The soil moisture and ground water regimes of this region are monitored on the 

sites Mp 1-3. The ground water levels in this area, before the filling of the reservoir with 

water, were in the depth of ahout 5-7 m . Mer filling of the reservoir (Octuber 1992) the 

ground water IeveIs increased tu 3-2 m and stayed on this level thraughout 1993. In 1994, due 

to Iower water IeveI in the reservoir, the gound water IeveIs decreasd tu 3-4 m below the 

surface of the terrain. 

The soil moisture and its dynamics in the decisive, 1 m deep surficiai soil layer 

did not change. The sandy-grave1 layers situated here in the depth of 2 and more metres do 

not allow the capillary rise from the relatively deep ground water level into the root zone. 

Therefure the original soi1 moisture conditions were presewed here. The dynamics of the 

water content osciIlate here between so-caIIed semiuvidic and semiand moisture intervals, h., 
between the hydrolirnits of field mpacity and wilting point (FC-WP). Within the topsoi1 Iayer 

(0-30 cm), the water content faIIs even sIightIy bdow the wiIting point during the sumer  

season. 

The results of the soil monitoring ailow us to conclude that the original soil 

moisture regime has beeen preserved in the region influenced by the reservoir. Neither the soil 

water mobility and its accesçibility for plants, nor the prognosticated suil water jogging in 

depressions have occurred. 

From the point of view of the global conditions for agricuIturaI production, the 

changed situation (the inctease of the ground water levels to 2-3 m beiow the surface) shodd 

be considered as positive. Tt has resulted in a significant increase in the high quality ground 

water storage available for irrigation and the recently increased ground water level (3-2 m) is 

already accessible for deep-root plants. This new situation in the soi1 water regime overall in 

this region creates more fawurable conditions fur harvest stabilisation. 



b) The region influenced by the bypass canal (middle %fng Osfrov) 

h the region adjarnt  tu the bpass  canal, the sigriificant decrease of the 

ground wâfer Ievds (3-4 m) was predicted in some studies for the period afier the completion 

of the GabCikovo Project. Due to the Project modifications (higher discharges in the old bed, 

water supply t.0 the river branches and irrigation canals), the original ground water levels 

situation was in general preserved. 

Soi1 water and ground water regimes in this region are being rnonitored on sites 

Mp 4- 1 3. It foIIows from the figures in these appendices that the predicted decrease in gmnd 

water IeveIs did not occur. Their original depth (1-3 rn) remairis, as does the original soiI 

moisture regime. In both topsoi] (0-30 cm) and srrbsoil(30-100 cm) horizons the soi1 moisture 

varies mostly within the optimum serniuvidic moistures interval, i.e. between the hydrolirnits of 

field capacity and the point of decreased availability (FC-PDA). From the point of view of 

fidd plant demands, this moisture interval secures their fluent supply by abundance of 

accessible water with sufficient aeration. During the dry summer season the soi1 moisture 

decreases to semiarid intervaI, k., under the hydroIirnit of the point of decreaçed availability. 

The prediction of adverse impacts, i.e., the substantiaI dying of the soi1, high 

mineraIiçafion of the organic matter, humus content decrease, nitrate formation and their wash 

out due to the ground water level decrease was proved inaccutate. 

c) The region without significant influence of the Project's structures 
(lower part of iitnf Ostrov) 

On the temtory of the Iower part of &rn$ Ostrov, whare the intemrpted 

underground diaphragrn waIIs have been built aIang the Danube river (as part of protective 

rneasures related tu the Nagymaros Project), the originaI regimes of both ground water Ievels 

and soi1 water were preserved. 

Both soil moisture regime and ground water levels regime are monitored on 

sites Mp 16, 18, 20. In these sites the ground water Ievels are in the depth of about 2 m. The 

soil moisture of the topsoil is mostly semiarid and soi1 rnoisture of subsoil is in optimum 



saniuvidic intenid, iI. between the hydrolimits of field îapacity and the point of decreased 

availability (FC-PDA). 

2.1.2 Humus content and quaIity 

Humus content and quality are important soJ properties influencing soi1 

fertility. They are monitored because the permanent change of the soil moisture regirne would 

cause also the change in humus content and quality. 

These changes were expected maidy in the area infiuenced by the headwater 

and taiIrace sections of the bypass canal, due tu important ground water levels and soil 

moistnre decrease. 

As the originaI grurtnd water IeveIs and soi1 moistlrre regime did not 

çubstantialIy change after the cornpletion af the Pruject, the conditions for the p~ugnosticated 

humus decrease did not occur and it is not redistic tu expect thern in the future. 

Recent results of the humus monitoring in the area of the bypass canal are in 

Table 2.1. It follows fiorn the table that both the content and quality of the humus have been 

preserved. 

2.1.3 Soi1 salting processes 

The soi1 sdting processes have taken place on &triy Ostmv fur many years. 

They are known fium Kyntera (1 932), Cervenka (1960), and RraSku (1969,197 1). These 

processes do not have any relation to the GabEikovo Project. The resul ts of the muni toring of 

these phenornena confIrm that t h q  are still taking place on the impact area today. They occnr 

under the form of saIinisation, h., increase of the content of free watw soluble saIts in the soi1 

water, or alkalinisation, h., a sodium bonding tu colloid cornplex: 

The process of salinisation is very weak as confIrmed by low electric 

conductivity (ECe) in range of 2-4 mS cm-'. 



The process of alkalinisation is more distinct. The content of the sodium 

bonded to  soil colloid complex (ESP), in the range of 5-IO%, indicates the low salthg ofthe 

soil, but it occurs in mosi of the moriitored suils bath before and after Projecf complefion. 

The main reason for these phenamena are the mineralid ground waters. They 

transport soIubIe salts into the soi1 profile where they accumulate and bond tu the suil 

cornplex. The cuncrete data on the salting of the manitored suils are ~ummansed in Table 2.2. 

2.1.4 Groundwater chernical composition 

Within the monitoring of the ground water chernical composition as related to 

the soi1 chemistry, stress is given to soluble salts content, the so-called mineralisation, which is 

the main reason of the soi1 salting. 

The results of the monitoring confirm that the litnp Ostrov grotlnd water is 

mostly medium rnineralised, &., one litre of water wntains 500-1000 mg of salts. From the 

course of the ground water rnineralisation in individual sites, a slight increasing trend in 

mineralisation can be obsewed since 1991-1992. This frend continues even after the putting 

of the Project into operation. The increasing mineralisaion of the ground water is rinderstood 

as the consequence of extrerne clirnatic influences of the 1st 5 years (very hot and dty 

summers, miId winters, hi& evapofranspiration} and aIso as a consequence of the gradua1 

techrmgenic metamophisation of the water with increasing constituents of anthropogenic 

origin. 

2.2 Conclusions 

The results of the ground water and soil monitoring of ii tny Ostrov confirrned 

that, after putting the GabEikovo Project into operation, no changes ofthe grnund water Ie~eIs 

which would cause the negative changes of the soi1 warer regime did occur. 

At al1 monitoring sites the original siil moisfure regmie was presewed. Due tu 

this the original state of other soi1 properties and processes is being presemed, too, including 

their evoIution trends. It is confirmed also by the reçults of the monitoring of sui1 saIting and 

ground water rnineralisation. 



The overaII conditions for agricultural production on fitri9 Ostrov have bsen 

preserved and in the area of the reservoir's influence they are even slightly improved. 
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conlinuation of Table 2.1 

Notes : x* - SIartirig point state - maan vaiues for 7 989- 1992 

xi - Adual values in 1993 

Xi - Actual vaLues in 1994 





0.50-0.80 3.4 5.0 
' 

5.0 

f .IO-t.20 5.4 6.0 4.1 
v 

Mp 18 0.111-0.20 3.4 3.j t.? 

0.40-015 7.0 / 7.8 3.8 

Notes : x* - Slarting point state - rnean values for 1989-1992 

XI - Actual values in 1993 

x2 - Actuaf values in 1994 



3.1, The situation before 199t and in 1993-1984 

The forests in the Danube inundation area had been strongly infiuenced by man 

in the years pior to the date when the GabEikovo hydropower plant was put into operation. 

Growing conditions had been determined by existence of the system of flood protection levees 

completed on both sides of the Danube in the last century. Originally, the floods used to cover 

larger tenitories, but the floodwater was shallow. At that time, excellent conditions existed 

fur tree species of hardwood floodplain forests (snch as Quercrrs robur L., Fraxinus excelsior 

L. and Umus sp.). Mer completion of the dyke system the floods became more fiequent md 

intensive and the growing conditions for the hardwaad tree species deteriorated to such an 

extent that hardwood tree species disappeared from thîs area. On the other hand, very guod 

growing conditions were created for the fast-growing poplar clones (demanding good nutrient 

and moisture conditions). 

The change of the tree species composition occured mainly afier 1939. The 

silviculture becarne concentrated on monocultures of poplar clones with high wood production 

(the highest wood production in Slovakia) and short crttting cycle. The poplar Jones 

monocultures now cuver 80 % (in certain IocaIities even more) of the stand area; their 

existence depends on the permanent intervention af the forester - no naturd afforestation or 

regeneration is possible. From the ecoIogïcaI point of view, the s h b  storey is the ody stable 

cornpunent of rhese forest ecosystems; the shrub storey composition is usually natural and 

autochtonous species prevail. 

The forest ecosystems of the original tree species composition (Populus alba 

L., P.  nigra L., Salix sp. etc.) now occur rarely in the area. These tree species are also 

sensitive to growing condition changes (less sensitive is P. aiba L.). 

Monitoring parameters commented on in the following fext are b a s 4  on direct 

meawrements of tree species on the permanent monitoring plants of the forest and biofa 

pariid monitoring systems. Monitoring was performed in the vegetation periods in 1990, 

1991, 1992, 1993 and 1994 (Oszlhyi; Piiut; Csolle et 4.). The forest stands structure has 



been evaluated in Septernber and Ocfober, the Ieaf area index in the time of its maximum 

(June, July) and the loss of leaves by August 15 (the date of the forest hedth monitoring 

accepted by al1 European countriés). 

According to the results of the tree species monitoring (both tree and s h b  

storeys), the area within the impact area of the W i k o v o  hydropower Pruject (on the Slovak 

territury) can be divided into two parts: 

1. Upper part, k., the territory iduenced  by the reservuir where the 

ground water level was raised. Before the putting of the GabCikovo hydropower Project into 

operation, the forest stands here depended only on precipitations. The ground water level was 

situated in the grave1 layer and therefore not accessible for vegetation. Mer 1992, because of 

the return to the more natural state of the hydrologica1 soi1 conditions in the area, the growing 

conditions for tree species became much better, Tree species have reacted tu better conditions 

by revival, there have been obvious positive changes in the vifality of both tree and shnrb 

storeys in cornpanson with the situation in the years before the fi1Iing of the reservoir. The 

prugnosis is optimistic (sec, permanent monitoring plots MB02b, MB03, L 19). 

2. Lower part, i. the territory between the old riverbed and the bypass 

canal. The ground water level here is in contact with the root production space of forest 

stands even now, during the operation of the GabEikovo hydropower plant. On the greatest 

part of this territory rro obvious changes on tree and shmb layers couId be obsemed afker the 

putting of the hydropower plant into operation. The greatest part of permanent monitoring 

plots and of the forest stands in generaI is stable from the production - ecologicaI point of 

view; no significant changes have occured in a single one of the monitored parameters. 

(Permanent monitoring plots MB 10, L06, Ml3 14, MB 15). 

In the so-called dry triangle (territory between the old riverbed, the headwater 

canal and the lefl side branch system supplied with water from the by-pass canal by means of 

the intake structure near Dobrohogf), on the 50-100 m wide beit dong the old riverbed but 

seldom eIsewhere, there have been indications which point as a possibIe resdt tu the partial 

destruction of the forest (based on resuIts of 1993, 1994 at permanent monitoring plars LI 1, 

~ 1 2 ,  mm, mm). 



3.2 Monif ored production - ecoIogita1 parameters and their evaluation 

3.2.1 Stritdurt! of tree and shrub Iayer 

On the absolute majority of permanent monitoring plots no significant changes 

in tree and s h b  storey stmcture could be observed in the years 1993 and 1994. Species 

composition, biosociological, thickness and height structure have changed ody very slightly in 

harmony with the growîh laws of the respective forest ecosystem. In the tree stock, dying off 

of a tree with Iess guod or bad biosociologicril position could be observed ody very rarely; this 

phenornenon is h1Iy in hamony with the naturaI selection of tree inyentory (Oszlanyi, 1993, 

1994; CsüIle gt aI. 1993, 1994; Rovny, B. gj al., 1993; MateEr$, 1. (ed.), 1393). 

On the permanent monitoring plot L19 (upper part), there was a more intensive 

pressure mainly in the canopy space, but also in the total production space of tree and shmb 

storeys as a result of the ecosystem revival. These changes have a positive character. Oniy in 

the case of the permanent monitoring pIot MB06 (in fhe dry tirangle) was there a negative 

quantifiable shifi in the ecosystern structure. This indicates the tendency tu partial desfruction 

of tree and shmb çtoreys as a resuIt of the worse hydrological conditions (sinking of ground 

water leve!). In 1994, in cornparison with the state in 1992, changes in biosociolugical, height 

and thichess structure of tree stock were observed as a result of the extinction of some 

Populus alba L. trees with the worst position in the ecosystem. The partial drying-up of the 

crowns, to changes in their architecture and in the canopy closure have occured. In the shmb 

storey the stock reduction of the dominant tree species Swida sanguines (L.) Opiz and 

Wiburnum opulus L. has occured. This reduction affected the Iowest individuals with the 

worst biosocioIogica1 position in the shnib storey. 

3.2.2 Leaf area index (LAI) 

Leaf area index (surface area of leaves in hectare per 1 hectare stand area) is a 

very good and significant indicator of forest stand production capacity, its vitality and its state 

of health. The leaf ara index of the absolute majority of the permanent monitoring plots is 

acceptable (4.12-5.75 ha.hil in one-layer willow ecosysterns and 5.96 -7.73 ha.ha" in one- and 

two-layer poplar and oak monocuItures and in forest stands of autochtonous poplars as main 



standsformbg tree species). mese d u e s  of Ieaf ara indices document the apropnate h d t h  

state of the forests and the high production capacity and vitdity of the monitored forest 

ecosvsterns (Tab. 3.1 ). 

Tab. 3.1 Leaf area indices of tree species lboth tree and shrub layersl a t  some permanent 
monitoring phts {Oaf surfacs area in ha par 1 ho of forctst stand areab (7993, q994 - vegetation 
period aftar fiIting the dam) 

, > .. . . . - 
' $ 2  a ,  ; , . . d- ?.,< . A: :.Y.. . , ,- . . +. .. -2 . : .- ,,. .. +. ]$$flfr;i-- [*;Mt (HkaP") :! 
X (close to MElO) Mature poplar monoculture Ath shmb undergrowfh 1980 ?.éf 
L06 Close-to-mature poplar monoculture 1991 6.96 

1994 6.07 
MB10 Mature wlllow l a n d  with poplars 1 O91 4.1 2 
ME14 Mature willow stand 1991 4.95 
t01 Close-to-mature oak monocullure with shrub layer 1982 7.73 
MBO6 Close-to-malure domestic poplar sland with shrwb layer IN THE DRY TRIANGEL 1992 6.2 

1994 4.74 
ME09 Young wIIIow mon~cuIture {paie Sage dand) ON THE RIVEREANK f Q82 4.73 

1994 4.12 
ME15 Mature wiItowsIand a 1393 . 5-66 
103 Mature wiIIcwstand 1893 8-08 

1994 6.22 
LI2 Mature papfar monoculture with shrub Iayer IN THE DRY TRIANGEL 1994 2.72 

The greatest part of the area is represented by the permanent monitoring plots, 

where no significant changes in the leaf area index have occured (re-measurements taken after 

the hydropower plant was put into operation). This i s  the case for permanent monitoring plots 

L06, L03. Approximately the same values of leaf area indices equal to those evaluated before 

the putthg of the Pruject into operation can be predined on the greatest pm of other 

localities in the fower part of the tmiiory ( M B I O ,  MB14, MB15) after the the hydropoww 

plant has been put intu operation 

On the other hand, the leaf area index has grown very sîgnificantly at the 

permanent monitoring plot L19 (upper part within the impact a r a  of the reservoir - here the 



underground water IeveI is now higher than before the fiIIing up of the resentoir). Here the Ieaf 

area index in 1994 is 185 % of Ieaf area index registered in 1991. Hi@ vaInes of f he Id area 

indices in the upper part of the temtory are represented by the permanent monitoring plots 

MBO2b and MB03 (1 993, 1994). The prognosis here is optimd. 

3.2.3 Loss of leaves 

As a result of bad or worse gruwing conditions (and of other facts) the Ioss of 

Ieaves is observed in Europe by Aupst 15, each year. The h s s  of Ieaves is evaIuated in % 

ranging between O % loss of Ieaves (a perfectl y Ieaved and absolutely healthy f ree) and 100 % 

Ioss of Ieaves (a ecornpletely dry, dead f ree). 

The following results in the Project impact area are based on unintempted 

observations in 1991, 1992, 1993 and 1994: 

On permanent monitoring plots which represent the rnajorîty of the territory 

m10, MB14, MB15, MB18, MB2i - ~ i ~ .  3. 1, PiEht 1994, 1994 and L02, L05, L06, L03 - 
Fig. 3.2, CSülIe et al., 1993, 1994, the loss of leaves is relatively small and fhe differences 

between the respective years are not significant. The Ioss ofleaves here is 10 - 15 % and only 

very seldom is higher than 20 % (Lll,  L12). This parameter documents also the stable, 

unchanged healthy state of trees on the majority of the permanent monitoring plots, as well as 

the stable state of trees, physiological activities. 

Despite the snlaII number of observations (4 vegetation perîods), the positive 

trend in Ioss of Ieaves cm be ducumented on permanent monitoring plots MBDlb and MB03 

in the years 1993 and 1394. This is without a n j ~  daubt the result of the better growing 

conditions in the area caused by the increase of the ground water IeveI in the locality (Piiut, 

1994). 

Decrease of the loss of leaves, which is, however, still relatively high, can be 

observed on other permanent monitoring plots in the upper part (wfrere there bas been the 

raising up of the gronnd water level); especialiy on MB04 and MB05. Here the vdues in 1993 

and 1994 document the sigrirficant irnproverrtent of the heaIth state of trees (Fig. 3.3). 



Positive changes, i.., ubvioris tendency towards the decrease of Ieaf Ioss have 

been registered on the following permanent monitoring plots in the upper part: L 14, L 15, Li 6, 

L18, L19, L20, L21, L23, Fig. 3.4. An exception are lots L24 and L13, where the loss of 

leaves is still getting bigher. Tendency towards the leaves loss increase has been recorded also 

on MB09 (willow) which lies directly in the neighbourhood of the old riverbank. 

3.2.4 Biomass production 

Changes in the biomass production today, twu years after the putting into 

operation of the GabEikovo Project, can not yet be exactly assessed and evaiiiated. Height 

thickness and volume incrernent, resp. biomass incrernent can be recorded with sufficient 

accuracy only after longer period of rneasurements (at least 4 - 5 years). 

3.2.5 Transpiration of water through the forest ecosystems 

Direct measurernent of transpiration by floodplain forest was needed for 

monitoring of the water requiremenfs of vegetation wver under nafural and Iater alço the 

human hydrulogical regimes of the inundation area. The importance of direct and continuous 

measurernents of transpiration depends upon the immediate assessrnent of water consurnption 

by vegetation and un the evatuation of disposable sui1 water resoiirces. 

Testing of the equipment started during the second half of the vegetation 

season in 1990 on two representative plots in Gabcikovo (LOI) and Kralovska luka (L06). 

Measurements of the selected trees (oak-Quercus robur L. in Gabzikovo and poplar-Populus 

in Kralovska luka) continued till Auguçt 1991, when a flood damaged most of the equipment 

insta1led. The resuIts obtained so far are contained in the report (Molnir ef al., 199 1 ) .  

The monitoring of the transpiration continued during the vegetation season in 

1992 on the same sites and selected trees. ResuIts have been published in the report (MoInir, 

MészaroS, 1392). In 1993, afier the reservuir was fiIIed and the hydropower pIant was put 

into operation, the monitoring of the transpiration continued in Kralovska liika (L06) and was 

furthemore located next to the reservoir in Podunajské Biskupice (L19). The location of the 

station in GabCikovo (LOI), just below the hydraulic structure, did not reflect impacts of the 



hydropower plant operation, as was already indicated by measurernents during the dry season 

in 1992 (e Figures 3.5 and 3.6). ResrrIts obtained in 1993 were published in the report 

(MoIniir, Mészho$ 1993). 

3.3 Mefhod of measurements and equipmenf 

The continuous measurement of transpiration within the stem of the selected 

tree is based on the heat balance method by Cern*, Dernl and PenIca (1973). This non- 

destructive method depends on accurate measurements of the heat conductivity in the active 

xylem of a plant. For constant heating 5 electrodes are used. The electrodes are placed into the 

measured segment of a stem, so tbat the wfrole cambial profile is heated. Temperature of the 

hydroac~ive xyIem is rneasured by 8 thermomaters arranged in two rows jus1 bdow and over 

the electrodes. Recorded digerence in temperature (rip tu 3 degrees of Celsius) or su caled 

couring eEect is related tu the speed of fIow in the hydroactive xylem, which aIIows to accuunt 

the amount of water consurnpted for transpiration. 

The described method of transpiration rneasurement has been tested, calibrated 

and used on different tree species and under different hydrological andor morphological 

conditions. The flatland features of the Danubian floodplain forest are favourable for the use of 

this method, The special comparative calibration is required ody by the poplar tree. 

3.4 Interprefaiion of monitored data 

Transpiration thruugh the forest is the end prodnct of the interrelation of 

different phenornena. The dominant diurnal course of transpiration with daily maxima between 

12.00 and 15.00 hrs., is mainly detennined by physiological processes of vegetation and 

considerably reduced by occasional rainfall. The transpiration intensity within a day also 

depends on solar radiation, air temperature, humidity and wind speed. Al1 these meteorological 

characteristics have not been measured on al1 the sites selected for monitoring of transpiration, 

and therefore, one of the most related and easy masurable, the air temperature over the 

canopy was recorded. The close relationship between the diirrnal course of transpiration and 

air temperature over the canopy pruved by Molnar and MésziroS (1990) is aTso document4 

on data from Podunajské Biskupice &19), see Fig. 3.9. 





The values presented in figures andlor the tabIe confirm rather stabk moisture 

conditions on permanent monitoring plot in GabEikovo (LU 1) and improved conditions in the 

middIe of inundation area in KraIovsk& Iuka (LW) due to the water supply into the river 

branch system. The selected oak in Podunajské Biskupice (L19) which i s  close to the 

reservoir, despite rising ground water levels in 1993 ( 1.95 - 2. IO m from the ground surface), 

has not indicated a considerable irnprovement of its vitality so far. Further improvernent of the 

situation in the area of Podunajske Biskupice is expected. Additional data fiom 1994 are being 

processed. 
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CHAPTER 4. FUIRA AND VEGETATION OF TKE DANUBE LOWLAND 
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1. Introduction 

This study deds with the 0ora and vegetation of the Danube lowland in relation to 

the ~ i k o v o ~ ~ a r o s  barrage systern indudimg Variant "C". Because fi oodpIain forests cover 

a significant area of the region influenced by the GabCikovo Project, the main attention wilI be paid 

to their development and future. 

Fioodplain forests of the Danube Iowland have been the object of a number of 

botanicai studies. A priviiegd pIace in this respect belongs to Jurko who g r d y  contibuted to our 

knowledge in this area (1958). He studied (in 1954-1957) in a most detaiIed rnanner the mil- 

mlogicai conditions of floodplain foreçts and the water regirne of the Danube in relation to 

vegetation and their qntaxonomic value. Thus he depicted their more or less original state, 

correspondhg to the fomer hydro-pedologid regime of the Danube. 

Part of these forests under Bratislava (VI& hrdlo-Kalinkovo) was depictd on a 

detailed phytocoenological map in scale 1: 10,000 (Jurko et Som% 1959). This map provides 

even today valuable basic materiai for cornparison of ail changes. The authoritative work of Jurko 

(1958) was foiîowed by a number of studies concerning other SIovak floodplain forests, mainly 

alortg the Morava river (Som- 19591, in the Ti= river Iowiand (Berta, 19701, În the downstream 

part of the Hron river (Som~ak, 1976}, in the mjddle part of the Vih river (Kontrig, 1981) and 

attention was simultaneously paid to submountain floodplain forests (Jurko et Majovsw, 1956; 

Jurko, 1 96 1 ; surni?&, 196 1 and athers). 

A detail study of floodplain forests in the northern part of the Danube IowIand, in 

relation to soi1 conditions, was producd by Diatko ( 1 972). The vegetat ion of stagnant waters and 

dead arms of the Danube was depicted in detail by Otihelova (1977, 1978). The phytocoenoses of 

bank ecotopes of the floodplains of Slovak Fivers were in depth studied by gomm (1972), 

Smihulov~ (1967) and others. Kubifek and SomGk (1985), and KubiCek et d (1989) devoted 



great attention tu synemlogicai conditions and primary productivity of floodplain forests. Also the 

reaction off r& m m  posing floodplain ecusysterns to changes in groundwater Ievels by variation of 

Ieaf area and Ieaf litter (Oszlhyi, 1 994) was carefully saidied and is very weii known. 

somsak (1964) and Iurko (1976) ht trial tu predict changes in the floodplain 

ecosystems in mnnection with the planning for the GaMikovoMagmaros Project. Cornpiete 

documentation and inventory of 0ora in the Danube Iowland on the Slovak side was cornpletad in 

1986 by Bertovi gt al., (1  986). AI chmges of the floodplain ecosystemts biota in the SIovak side of 

the Danube IowIand have been carefiiiy rnonitored since 1991 (Lisiclj aJ., 1991,1993, Mateëny 

id., 1994). 

Thus the 0ora of the Slovak floodpIain ecosystems, including the Danube 

inundation a r q  can be considered as one of the best defined and best known of Europe. The 

SIovak scientists have therefore dways had and now have a potential to evduate mrrectly and 

objectively the innuence of the GabEikovo/Nagymaros Project, including its Variant "C", on 0ora 

and forests in particular. 

2. Floodplain Forests Prior ta Construction of the GabEikovaRYaevmaros 

The period prior to construction of the WikovoMagymaros Projet cm be 

divided into three stages: 

- (i) the period pior to the construction of protection dykes dong the Danube 

- (i) the period since compIetion of the major. regulation works in 1 890-1 900 

until 1960, and 

- (iii) the pend of the decrease of the water IeveI in the Danube since 1960 untd 

the damming of the Danube in 1992. 

(i) The frrst period is hum h m  maps, the first of them dating Eom the 4th 

Century B.C. (Jakubec, 1993). It was characteriseci by the flow of the main m a s  of waters in the 

lines of today's Maiy Danube (Little Danube) and Cierna voda (the Black water river) with smdler 



current tuming to the rîght 66m the river, approxhately dong the line of today's Rusovecké 

hanch, conhuing hrther to Komimo. The northm stream represented the main navigation route 

and was reguIarIy adapted for this purpose. 

Only &er floods in the 18th Century and after long lasting drying up at the 

beginning of the 19th Centriry were the waters divefied to the present main riverbed. A number of 

arms on the maps fium tbat period (Jakubec, 1993) Iead us tu suppose that a corniderable part of 

ztrijr Ostrov was regularly flooded. But thwe were severd elevated areas which were not fioded 

even during catastrophic floods. It is supposed that the wiliow-poplar floodplain forests, best 

adapted to repeated floods, prevailed. 

The cornpietion of construction of anti-ffood dykes on both sides of the Danube, 

some 100 years ago, represented the first serious interference into the original floodplain 

I ecosystems. The creation of the inter-dyke area provoked substantial change in the hydrological 

I and hydropedologid r-t of the temtory. Floods, which pior to the erection of dykes 

irreguIarIy extended tu the whole Danube lowland, b m e  strictly Iimited tu the inter-dyke area. 

1 They became more severe and more fiequent with occurrence even seved times per year. 

ci) This 14 to the change of the original conditions, to whch biota on both 

çides of dykes had to adapt (adaptive succession). The major chmges were as follows: 

- loss of communication of surface water in the side a m  in the protected 

area with water in main channel 

I - disappearance ofdirect flooding of the inland part of Ztny Ostrov 

- the conversion of reophile types of arrns into dead arms with stagnant water 

l - destruction of litoral mmmunities of reophile a m  on the inland side and a 

rise of stagnant water phytocoenoses wmnetea, Potarnetea, PhragMito- 

Magnocaricetea and others) 



changes & odatian of gound wher levels in the hiand part of fit@ 
I 

Ostrov in relation to the rhythm of l e r  fluctuation in the Danube, or in 

the interdyke area 

I - auristic, pttytomnologicd and synecoiogicai rebddmg of amrd 

fioodplaùi forarts in the ùiland part df the lowland into climamrd forests 

IVimo-Quer-) 

- inmease of numbn (ara) of reuphile dms in inter-dyke ara 
I 

- a r d  rebuilding of the Boodplaiti &rem 

poplar cornmunities 

- i increase of erosion-agpdation activity of the Danube and its a m  in inter- 

in the inter-dylce area into d o w -  

dyke area and multiplication of succession (repeated settlement of 

new deposits). 

One hundrd yars (since the erecîion ofpro!ectiun dykes) is a very short &od 

for the deyelopment of vegetation. Nevertheless, this was suddent for the floodplain eçosystem to 

create an equilibriurn in change! conditions. However, nmdplL forests which adaptai in this area 
I 

do nat represent the type of original furest. They represent 'succasive adaptations of nature tu 

important changes of condifions causai dready mice by man. 
I 
I 

The class8cation of these forests correspondhg to their state at the end of the 

1950s (Jurko, 1958; Jurko et Sornsak, 1959) was as foUows: 

These occupied al1 low plots with the Position closer to the ground water 

Ievel (funher fiom the rîver), but also hjgher aggregated rampms wÏt h light 
I 

d s .  Fioods o w r r d  at these places &raI rimes per y=, m a d y  in June- 
1 



- ~sh-po~lar floodplain forests (Fraxino angustifoliae-Popdetume albae) as a 

transitionai t y p  betweên wilIow-poplar and a h - e h  floodpIain forests: 

FIoods infiuenced IocaIities of this ecosystem at Ieast once a year. These 

communities are dependent on ground water 1 4 .  

These forests are cornmon on higher, rarely flooded terraces. in addition to 

the ground water levels the rainfall water has a function here. 

This is the driest type of forests, developed on grave1 or sandy terraces of 

the Danube. Ground water Ievel enfers into play here ody at times 'of 

catastrophic floods; they are othekse î d I u e n d  by mdensated moisture 

and precipitations. 

- XerophiIIous Danubian forest-steppes (Crataegetum danubide): 

These comrnunities are represented by shrub habitats of hawthoms and low 

oaks with xero-thermophillous vegetation. Their occurrence is bound on 

grave[ benches with partid #ver of sand. Be~ause of the &sence of 

apiiiary rise they are clearfy a climazund type of vegetation. 

At the end of the 1950s the following from among secondary forests could be 

found here: 

- Poptar monocultures - at the end of fifities these were planted ody on clear- 

cuttings, without surface preparation of soil. These were planted almost on 

dl localities of naturd floodpIain forests, but mostly to places of eariier 

dow-poplar stands. Their extent was in that t h e  about 1,200 ha (8.5 % 

of the total extent of floodplain forests). 



- Black loakt stands (Chelidonio-Robinietum, Bromo-Robuiietum). These 

habitais were rnostly scattered as small woods out of the interdyke area. In 

the inundation area îhey appeared ody as associated trw- 

- Plantations of Junglans regia, rareIy Jungfans nigra, cultivakd for 

commercial puposes, mainly in the upper part of atnj Ostrov. 

- Stands of Manthus altissimq unimportant as to their extent, scatterd on 

the whole terrîtory, rnainly outside the inundation area. 

The major part of the floodplain furets, by the end of the 19505 did not y& 

rnanifst signs of stmcturd &anges in cumection with the decrease of ground water levels (which 

had atready started at that time, mainly in the upper stretch of the Danube). Nevertheless the whole 

region was marked by the sudden drying of elm (Ulrnus minor), which was affected by an 

expansion of graphiosis. 

The characteristics of such state of floodplain ksysterns, even if created during 

less than 100 years, can be accepted as a starting poht in evaluating al1 fiirther changes. 

fi{) The decrase of the Danube water level and subseguent d ~ r e a s e  of ground 

water Ievels characterises the period between the end of the 1950s and the darnming of the Danube 

at the end of 1992. This was a result of the lowering of the riverbed caused by a number of factors 

swing with replation worlrs, anti-flood merrsures, excavation of gravel and the construction of 

dams on the Arrstrian arid German sfretch of the Danube @ & M E ,  1993). 

The decrease of water level in the Danube by about 1.5 to 2 rn during the last 30 

years resulted in a corresponding decrease of gound water leveb (Mucha gj A., 1993). Such a 

decrease led in many places tu the Ioss of a n t a c t  between the ground water and the mil profle. 

The root system of trees and herbs in some types of floodplain forest (Fmho angustifoliae- 

Populeturn albae, Umo-Fraxinetum, the direst types of Salici-PopuIetum) became exclusively 

dependent on rainfall wafer. 

The characteristics of the evolution during the last 30 y ears can be surnmed up as 

follows: 



- Loss of communication between the side arms and the Danube in the 

uppper part offitnq Ostrov (metch between ~r~rtis~ava-~unovo). 

- Seasonal reduction of flow through the side am system in the Uiterdyke 

area in the siretch Hruhv-PdkoviEov (Sap). 

- Drying off of dead a m  bed and thek graduai senlement by s h b ,  o h  

even by xero-thermophilious vegetation (Cornus sanguin3 Crataegus 

oxya~~niha, Salix pnrpurea, Salix alba). Typical examples were mainly in 

the stretch Bratislava - Hmkv. 

- Areal destruction of water and marsh vegetation in favour of a littoral one 

due to lass of communication between the water in the side a m  and in the 

main channel, in particular in the second half of the vegetation sason. This 

was t yp id  for the side a m  system in the inter-dyke area. 

- Re-building of S.& floodplain forests by means of regressive succession 

fiom the most humid and humid types (Salicipopuleturn myosotidetosurn 

and typicum) towards more xerophyIIoiis types (Salici-Populetum variant 

with Cornus sanguine# in the upper pari of the territory. 

- Rebuilding of eIm-ash (Uho-Fraxinetum} and ah-poplar ( F d o  

mgust ZoIia~PopuIetum dbae) phjrtocoenoses into dimax qpes of eh-oak 

forests Vmo-Querceturn}, çomdimes even into foresr steppe shrub 

cornmuriities (Crataegetum danubide) on the whole territory but mainly in 

the upper part of&@ Ostrov- 

- Drying off of upper part of crums of PopuIus dsbq Fraxinus angustifoIia, 

Quercus robur on elevated places of soft but even hard floodplain forest, 

gradua1 destruction of the tree layer and rise of shmb blocking çtadia with 

Cornus mguinea and Cornus mas. between HnrSov end Bratislava. 



- D m  of ciraunference incrwnent of timber, rnainly of Populua Nga, 

Populus alba, Salix alba in the uppw part of &tr@ Ostrov. 

- b s s  of Ieaves ofwiIJows on aggregated grave1 and sandy ramparts dong 

the whole Danube, ending wiîh dying offof trw, 

The decrease of increment and loss of Ieaves oRen e n d 4  in the destniction of 

willow-poplar furest, for& forest mamgment tu expand pIantation of wltivar poplar 

monocultures. In addition tu the onginally planted ara-american clones (Popillus robusta, Populus 

mondifera), the plantation on places of the inter-dyke area @ h b v  - K o m h o )  of clone "1 214", 

which showed to be more resistant to the changes in groundwater levels, starteci. The extent of 

these plantai ligniculmres wa about 8,000 ha by the end of 1992, which was &out 80% of the 

t o ~  extent off~oodp~ain forets in the inundation area (Som~ak a a, I 393). 

The huge extent of cultivar poplar monocultures in the lower part of the floodplain, 

but also below Bratislava msed an eriomous spread of nmphyie species, r n d y  populations of 

Mer novi-beIgii Solifdago giganfea and Ki recent years dso Impatiens gIariduIifera. Moreover, 

areas of Iignicultrrres were affectai by expansion of numerous qnanthropic species (Ciium 

arvense, Arctium Iappa, Arctium nemorosus, Cdamagroçtis epigeios etc.). 

The decrease of ground water Iwels since the end of mies rqu i rd  the plantation 

of monoculûires of other trees as Acer pseudopIatanus, Fraxinus exdsior, Tilia cordata, Robinia 

pseudoacacia, Pinus sylvestris, Pinus nigra and othws. Similarly, as poplar plantations, they are 

alien elernents in floodplain areas and have considerably changed the naturai potential of 

ecosysrems and species biodiversity- 

Similar consequerices a p p d  also in the right-side, Hungarian part of fioodplain 

forests near to Cunovo, Dunakiliti and on the whole Szigetkoz. 



3. Forest Ecosvstems after the dam min^ of the Danube (1992) 

The damhg of the Danube r iva  generated basic ch;tnges in hydrolu@cai and 

hydropedologid regime as fhr as the area between Bratislava and Palkovihvo (Sap) is concernecl. 

From the point of view of hydrologicai changes, but mainly its impact on vegetation, the whole 

territory can be dividd as foilows: 

- floodplaùi forests south of the d a g e  Hrt~hv 

- the drauied part of tIaodpIain forests 

- the inundation area (Dobrohoa PaikoviEovo) 

- littord zone of the reservoit 

3.1 Floodplain ecosystems bdow Bratislava 

This area hcIudes vegetation of the island KopE and remnants of forets between 

PetrZalka and Rusovce. Ground water IeveIs in this a m  were raised, as a consequence of the 

damming, back to the values h m  the end of the 1950s (Mucha g$ al., 1993, Chdupka, 1993). The 

side m s ,  having no direct cornecfion with the Danube, were fiiied up with the rising groundwater. 

The increaçe ofgound water Ievels infIutnced îhe vegetation ofthis area as fuiiows: 

- The shmb formations (mainly Cornus sanguines) on the dead a m  bottom, 

which ~ l e d  there during previous years when the groundwater level was 

Iow, have been submerged and are dying, for this vegetation does not b m  

fhe whole-year flooding. A similar situation exists in the anns between 

village Rusovce and Cunovo. 

- The renovation of stagnant water vegetation (Lemnereq Potametea, 

Phragmitti-Magnocaricetea) has begua in the refled side amis 

(Biskupické rameno, Homé Rusovské rameno, Rusovské rameno). 



- The renovation of the most humid type of wiltow-poplar forests (Salici- 

Populetum phragmiti-caricetosum) has begun by snatching of d o w s  in 

h o &  --phase (the Biskupické rameno). 

- .  Abundant natural rdorestation of poplar (Populus alba) fiom seeds now 

occurs (previoiisly rare in this area). 

- The Ieafioss d m d  by about 4% in some floodplain t r w  in cornpaison 

with 1991, in shmb species Cornus sanguines by up to 50% and in 

neophyte species Negundo aceroides by up to 85% (Oszlhyi, 1994). 

- SIight inmase of the thichesç incrernent at poplar (Pupulus dba) was 

ascetained, by 3 mm in 1994 in cornparison with previous years (hrGhk,  

mscr.). 

3.2 FIoodplain forets south of the village HmSov 

This area includes a poIder; the proximity of the reservoir causes certain fluctuation 

of the ground water levels. 

In this area the return of original vegetation conditions existing same 40 years ago 

is most easily visible. Continuous biomonitoring (UheZikovh, 1 994, Oszldnyi, 1994, Pihit, 1994) 

confirms the revitalisation mainiy of ash-poplar (Fraxino-Populetum), but also eh-ash (Ulm* 

Fmxketurn) wes of floodplain fûrest. 

3.3 The drained part of the foodplain forest 

The area of fioodplain ecoqstems with the moçt significant decrase of ground 

water IeveIs occurs in a tnangIe between the reservuir, head water canai and Uitake structure near 

Dorbroho3 (the w-cailed dry triangle). The decrease of ground water levels, which is now almost 

4 m under the surface, made the floodplain forest dependent on precipitation. 



A simiIar s i d o n  exists on the aggregateâ rampart dong the riverbed of the 

Danube fiom the reservoir up tu the confluence of the tailmce canal with the old Danube. This 

qmmIogical situation exchdes the g ossibity of naîural reforestation of originai BoodpIain trees. It 

could Apt only to dtivated popfars plant4 by "deep drought" method. This territory has been 

monitored since 1 99 1. From the obtained results a course of regressive succession can be seen 

(UherEko* 1994, Oszlhyi, 1994, Pi%t, 1994). This succession tends t o w d s  the disintegration 

of the fores ecoqstern and tu its replacement with shnrb fumions. It iis evidenced by such 

processes as: 

- inEr- of number ofindiYIduaIs fiom synanthropie species and decrease of 

number of those h m  hydr+hygrophiiious species 

- loss of laves of wiilow species up to 80% and, on the contrary, an ideai 

date ofleaves at shrub species Cornus a g r r i n e a  

- dying off trees, which were earlier damageci by an extreme defoliation, in 

particular Salix alba and Salk hgïhs. 

At present, this area is dso the objet of a dendrochronoIogicrJ ==ch. 

Preliminary results fiom balance of thickness increments show that the process of increment 

decrease began long ago, approximately siince the begnning of the 1970s, and was the result of the 

sS&g ofthe Danube's water Id ( b G k  et Gazdik mscr.). 

3.4 Inundation area (Dobrohol - PaIkoviEovo) 

The of the discharges and the drop of -und water I&s in the 

inundation ara  (lefi side of the Danube) have b e n  remedied by means of a man@ water suppIy 

through the intake structure near Dobrohoit. A system of weirs and permanent water supply from 

the by-pass canal provid~ sufficient water level and ffow in the branches. It was ascertained 

(Sumbd and Sikora, 1993) that the IeveI of gruund water extrapolated from branches is on the 

major part of the terrifory Iess thm 1.5 rn under terrain, and thus within the reach of tree roofs. This 

water supply covers about 75% of the inundation area. The increase of the discharge through the 

hîake structure up to 234 m3/s would enable fiooding of the whole inundation ara (Surnbal et 

Sikora, 1993). 



A more or tess constant discharge (28 m3/s) could have a negative impact on the 

vitality of trees ( m d y  that of origuid trees), which are adapîtd tu fiequent fluctuation of ground 

water levels. But this problern is t6chnidy easy to =Ive. 

In spite of the fact that there are seven monitoring sites in the inundation area 

&isick$, 199 1 ), O& one is suirable for the ~ b ~ ~ a f  ion of impacts of the water uppl y Ui the branch 

system (mo~torhg site No. 10 - W o v s k i  luka), The other rnonitorÎng sites are d b d k d  in the 

&ed part dong the old riverbed, or in the ara affected by backwater, upstream fiom the 

confluence of the tailrace canal with the Danube. This is due to the fact that the monitoring areas 

were sel&ed for the whole üaEikovoINagyrnaros Project and not for Variant "C". 

The Iarger part of the inundation a r a  was in the past reversed into lignicultures of 

cultivar poplars, which have relatively wide valency to hydropedological conditions. 

The resulis of monitoring of readons of aura tu existing situation indicate the 

- excellent h d t h y  m e  of tres in the tree Iayer, without traces of deche 

- occurrence of natural reforestation of tree species Fraxinus angustifolia 

fiom seed, which was not earlier observed 

.- increase of population of protected humid species h c o j u m  sativrirn due tu 

ground water IeveIs increase 

- hast no changes in the thickriess increment of poplar cIone "1 214" (the 

mu* prevdenf tree of the inundation are . .  

Due to the insufiicient number of monitoring sites in the area of simulatexi 

discharge, supplementarjr masurements, including dendro-ecologicai measurements by the Pressler 

borer, were rdised in 1994. Preiiminq results are for the presettt of a limited si@cance, 

however they do not indicate any apparent changes since the darnming. Undoubtedly, longer term 

observations are needd. 



The qualitative composition of bidiversity in the Danube's floodplain between 

Dabroho3 and Palkovikvo (Sap), especidly vascular pJmis, d e m e  speciai attention. There are 

s p k e s  of the foUowing em-Phases~@ejnyy 1 960): 

- hydro-phase (plants of stagnant or slowly ilowing waters -Lemnete% 

- littord phase (plants of shallow waters wiih d a t i n g  water IeveI - part of 

the class Phragmite-Magnocaricetea) 

- h o B c  -phase (mil su* is saturatai by water, ofien drying off - drier 

part of the cl= Phragmite-Magriocaricetm, commünities of shore Iawns 

and m n a i  phytocoenmses-Bidentetq Plantaghetea rnajori, Littoreleka, 

isoeto-Nanojuncetea) 

- terrestnc --phase (water as the main factor retreats and appear as soii 

humidity - Sdicetea purpureae, üimenioq dluviai rneadows etc.). 

These four eco-phases represent in the Dobrohog-PalkoviEovo (Sap) area about 

32% (321 taxons) of the total numbw of 1000 vascuIar plants in the concerned temtory 

(GabEikovo-Nagyrnaros) - Bertovi g d., 1986. From the above-mentioned taxons about 200 are 

terrestric* I 1 growing in Iittorai --phase, 55 in fimoPc ex-phase and 52 species in tiydro-phase. 

It means that shiftindre-colonisation induced by appearance or disappearance of stands in 

comection with fûnction of simulated water discharge in the branches will affect approxirnately 1 18 

taxons of vascular plants. This nümber includes plants, whch very rapidly settle substrates created 

by water, as genus PuIygonum, Bidenq Phalaris, Phragmites,Cdt ha, Cyperus, tirnoselTa, Agrostis 

and others. 

Two years of observation (1 993-1 994) of the water supply into the branch system 

show edargernent of the area of Iirnozic and littord au-phase. New biotopes arose dso for plants 

requiring relatively cdm waters as Nymphaq Nuphar, Sagitatia, Butomus, CertophylIum, 

Potemogeton and others, m d j r  in the side branches of m s  with flowing water, where 

sedimentation of flooded matenal prevails. 



Accordhg ta observations no single species of vascular plants disappwed; on the 

contrary an increase of population of protected species Leucojum aestivum resulting fiom the raise 

of ground water leds has ben d e d .  

Aisa in the reservoir an incrase of limozic and littord --phase biodiversity is 

taking place. The northern shdow- part of the reservoir constitutes a huge are.  of shallow watw 

and semi-temeçtric conditions. 

3,s Littoral zone of the mernoir 

There is a several tens of metres wide belt of shallow water on the northern rnargin 

of the reservoir. This belt is, foiiowing d i f f m t  water levels in the reservoir, for distinct periods 

only submoistened (Iimoic --phase), or covered with shdlow layer of water (Iittorai eco-phase). 

On nurnerous places the bottom can emerge on tu the sufice for longer time fterrestric m-phase) 

These habitat conditions representing periodical waters are an ideal biotope for the spread of such 

species as are Persicarla amphibian, Equisetum fluviatile, Ranunculus lungua, Ranunculus 

sceleratus, Ranunculus sardous, species of genus Batichium, Persim-ia lapathifoh, s p e k . ~  of 

genus Myriophyilrrm, Hipuris vulgaris, Nymphoides peftaw Hottunia palustris, Butumus 

urnbellatrrs, Najas maina, speciez of genus Potmogeton, species of genus EIeochorîs and 

nurnerous others. Some of the above-mentioned species were already oscertained in 1994. 

Detritus h m  these tiighly productive eeoqems will enrich water in the resentoir 

with organic rnaterials, which, under mitable management, can be transported to the floodplain area 

-the branch system between DobruhoSf and PdkoviEovo. 



4. Conclusions 

'I?iis shrdy is aime5 at an assessrnent of the long term deveIopment ofthe flora and 

vegetaîion of the floodplain ecosysterns in the Danube lowland. It fowses on the actuai conditions 

both pior to and aRer construction and implementation of the W i k o v o  section of the GIN Project 

through Variant "C" and the d o n  ofvegetatiun tu the chan@ hydropedologid conditions. 

The given data &e related to the Slovak side ofthe msystems, but in the case of the rdsation of 

the proposed measures in Hungary (direct recharge into the Hungarian side arms, construction of 

underwater weirs in the old Danube riverbed, etc.), the conclusions would be vdid (der certain 

corrections) dm for the ri& bank of the Danube river. 

The authors of this study do not deny the negative conquences of the W i k o v *  

Nagymaros Project, such as the rernoval of floodpIain and other forest to the extent of 3,267 

hectares on the SIovak side, the synecuiogicaI changes in the draining section under the Hnikv 

resewoir and in the m o w  sretch dongside the Danube rîverbed. But these may be wlved by 

suitable management by plantation of cultivar poplars by depth planting). 

As to plant biodiverçity, there is no proof as to the lowering of the phytogenofund 

frum the experience of two or more years since the damming. Tu the c0n t rq f  new biotopes may 

appear as a result of the water recharge into the side arm system in the inundation area ('Dobroho3f 

- PalkoviEovo) and in the huge limozic and littoral zone around the h h v  reservoir, leadiig to a 

presumption in the favour o f i n c r d  biodiversity. 

In connection with the prediction of expected changes, it is possible to tum to the 

past 100 y w s  of the Danube river. For, during this period of construction of the protection dykeq 

all ecusjrstems became adapted to the chan@ conditions. It is therefore possible tu predict a 

simiIar adaptation tu fhese new mnditions. 

Our experience since the end of the 1950s leads us to conclude that due to the 

decrease ofwater flows in the side arm system following the regulation of the Danube rivertid, the 

retention of sediments in the Austrian and Cetman suetch of the Danube and the contiuing trend 

of the Danube riverbeci towards erosion, the floodplain forests would eventually have disappeared 

on the Slovak side cf the Danube river. The GabEkovo Project and Variant "CM have prevented this 

regessiun. 
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5 
SURVEY OF RESULTS OF MONITORING DURING 1990-1994 

The development of the fauna of the Danubian lowland lasted several d o n  years and 

was Suenced by gdogical and climatic changes which had deteminai the overd character of the 

region (with the Danube river as a dsisive factor in the furmation of the geomurphologicaI profile of 

the territory as we know it today). The river had deveIoped an extensive systern of side arms 

surrounded wit h abundant floodplain forests and with water relate! animal cornmunities. Annuai 

floods, caused by the position of the river meandering on the top of the duvia1 cone above the 

çuroundhg terrain, suppIi~I these ecosystems with moisturg and nufrients, chmghg at the same time 

the fiver Aow and f he whoIe pattern of the branch systern. 

The surroundig landscape, however, gradually obtained a different, more xerophiUous 

character. The extensive f e g ,  for which the fede suil and d d  climate pruvided good conditions, 

steadily I d  tu the redudion of forests, tu adaptations of the river flow and aridation of moistenexi 

areas. Both the 2tny Ostrov on the north @etween the Danube and Mal9 Danube) and the Szigetküz 

on the south (between the Danube and Mosoni Danube) became economically extensively uti l id.  An 

extensive system of canals, weirs and dykes was built for water supply and drainage. 

The main ber c h m d  was created by mm, enc1os.d by dykes and regrrhed for the 

purpose of navigation, thus separating the original inland delta into two parts. The concentration of the 

main flow into a single riverbed led to the graduai drying of the branches and their disappmance. Thus 

the floodplain becme narrower and branches together with their typical habitat became resûicted to 

the inter-dykes area. 



The change in the flow velocities of the rivet! towards relatively fast flowing water led l 
to the appearance of animal communities bringing the fana nearer to that of submountain character. 

The original h n a  was prmmai only in the brmch system. 

1 I 
The erosion of the Danube Rverbed duhg the Iast decades and Ioss of the 

interconnation between the river and the branches led to tl!eir M e r  degrdation, and the drap of 

ground water levels caused the aridisation of the region, whid together with poliution of waters had as 

a umsequence the dm- of the original fauna during d n t  decades. The change ofcomunitiies 
i 

occurrd in dierent parts of the Danube river as weII as in the branch system. 

These changes are weii documented in s w e ! !  studies devoted to the fauna on the 

Slovak side of the Danube river: Brtek (19531, Brtek, Rokchein (1964), Erll (1970, 1974, 1976, 
I 

1985)- ErtIovk (1963, 1968,1970), HoICik et al. (1981}, OnderIikovf (1958) and VranovsZj (1974, 

1 975, 1 995) and others. I 1 

nie  plankton in different biotopes of the Dandbe has been docurnented by Ertl (1962, 

1966, 1970, 1974, 1976, 1985). He reports relative scarcid of plankton in the Danube. Plankton 

production is positively iduencal espsidly by the branci system. The organirms are washed 

therefrom ir*o the fiver (-e. dm, Vranovd& 1974% 1974b, 1 h ) .  
I 

The basic work deaiing with the fauna of the 

The benthos of the branch system was studied by Ertlova (1963, 1970, 1973). Her 

works mention a high biornass of benthic organisrnî in the brkch systern and th& relative -City in 

the main c b e I  fErtIovA, 1968). 

~lovak stretch of the Danube is that of 

Brtek and Rutschein ( t 964) mnfaining the inventory establikhd by the time of its publication. The 
I authors mention espe~iaIIy the invasion of pont ocaspian elements. 

l 



The work of HolEik, Bastl, ErtI and Vranovw (1981) contains a survey of possibIe 

ecoI13gical impact of the GabEgkvo - Nagymms Froja. It takes fur iîs basis a technid soiution 

which was fater dtered and therefore the r d t s  of thia work are not relevant for the actüal s ' i i o n ,  

2. C h a n ~ a  of Fauna after the putt in^ of the GabEikovo Proiect into Operation 

Various types of water biotopes can be found on the concemeci territory: those typical 

for flowing Hrstter as well ss those %cal for different typa of branches. The aquatic fauna of this 

reach of the Danube is unique 5om the Eurupean point of view. Udike other nvers in Central and 

western Europe, the fauna of this reach of the Danube is chmcterised by the occurence of aimai 

species orighating fiom the Parathetis Sea (Neogene). Due to immigration of Pont-Caspic species, 

unique communities with a specific biodiversity have developed (An der Lan, 1967). 

Plankton represmts a mixture of organisms passively h e d  by water flow, or floating 

in stationary water. These organisms are of different origin, they may Iive pemanently in a water 

mlum and reproduce in it, or they originate h m  a abstrate as, for exampIe, Imae of 

Chyronomihe, Diatomam and others do. Optimal conditions for development of plankton exist in 

stagnant waters; in flowing waters, plankton is &ed and washed away. 

In the main chmel pIankton represents a relative@ smdl part of organism production. 

Usudy the targest share of zoopiankton biomass represent protozoanç (40-80 O/o), tthen rotifers (1 I - 16 
%) and crustaceans (2-6 %) (Vranovsi@, 1974, 1985). Arnong phytoplankton, algae prevd. 

According tu recent rn-rements, no significant changes in the composition of plankton occurred 

durîng the construction and after putting into operation of the GabEkovo section of the GiN Projet. 

The analyses of phytoplankton (biornass, nirmber, primary produdion) wn6m that a disfinct 

horizontal zonation can be observed in the reservoir and in the headwnter canal. 



An important part of zooplankiton is npr&edby water fleas ( C W m ) .  The 

number of determined species of this group derreased in the hain channel d e r  the Danubets damming 
I 

at the end of 1992 and increased again in 1993 and 1994 whm fhe situation bsame stebised. hie to 
1 

the decrase ofwater I d  in rhe old r i v e M  an increase ofbenthic spe5es fiving at the bottom) and 

decrase of pIanktuIiic species took place. 

AL-the me. t h e  the m b î r  of water fleas (Chkem) decreased dmod by a hdfh 

the branches with flowing water, and this sinidon lasted \hou& 1993. Some sp&ies wen even 
I 

absent. As in the main channeI, an incrase of benthic and lithral s p i e s  has also been observai here. 
1 

No apparent changes in the nurnber of determineci species Jere r w r d e d  in branches with stationary 
l 

water, which corresponds to the monitoring results concerning uther animal groups living in water. 
! 

This Qe of side am, except fhe lodity Wovski  Irika, hG not b ~ r i  more substantidy affecfed by 

the consîmction of the Pruject. 

2.1.2 Ben thos l 
I - The monitoring dso cuverd fauna Iiving on the bottom @enthos). Specid attention I 

was paid to microzoobendios groups, in particuiar io ciliaied protoma and quantitatively also to 

flagellates, rhim pods and schmaii metazoans. 

During the years 1989 - 1994, 256 species of ciliated protuma were determin4 in the 
I monitored Iocalities. The number of sp ies  for dtEerent years are presented on Fig. 1. From the point 

of view of the whole sp-m of species, the Danube syste!n in this part is most abundant (Matis, 

1961, Tijakovi, 1992, Szentivhy, Ti rjakovi, 1994). In prdous  y-, attention was paid mahly to 

the dead branch Lyon near &tw, where 158 species havi b e n  ascertained di together (Matis, 

Tiijakova 1992). Thus this branîh m e s  ar, a main bas% for e1duation of dianges in the Damibe river 
1 systern. The analyçis of omnivor&acteriovordpredator communities is shown on Fig. 2. 



2.1.2.1 The Danube 

Changes ofbenthic-fauna in the Danube riverbai have b e n  munitord in four proBa 

siice 1989. Three of them (DobrohoH - rkm 184 1, Bod'iky - rkm 1830 and W k o w  - rrkm 181 7) are 

in the sector of the river where, since November 2992 (after darnming of the Danube), a decrease of 

water level occurred. Urie profile (KMEovec - r h  1804) is downstream of the confluence of the 

tailrace canai and the Danube, where hydmlogicd anditions are simiIar to those befare puttkg of the 

GaSikovu Project intu operation. 

Micromo benthos 

Microzoobenthos fmcluding periphyton) consist h m  several groups of 

rnicroorganisms (Flagellai4 R h i z o m ,  Ciliophoru and microscupic metazoans such as rotifers, 

nematods, gastrotrichs, tardigrads and turbellarians flashwoms). Ciliated protozoa are dominant. 

Sudden changes in these commtinities in the main fiverbed occurrd &&y in 1993 (see Fig. 3 and 4) 

without, however affecting the total number of species. PreIiminary resuIts of monitoring in 1994 

confirm this conclusion. Significant changes towards stabilisation and enrichment ofthe main channe£ 

fauna are taking place. 

Our r m c h  Ieads tu the conclusion, that dunng the wmtnrction of the W L O Y O  

Project a number of suibble refuges of aquatic fauna were preserved, later providing the basis for 

regeneration of aquatic communities. 

Thtir abundance has i n c d  2-70 times on most of the rnonitored locdities in the 

main rivehed. The IricaIity Istragov (Fig. 4) is a typicaI example. It is presumably c a u d  dso by an 

increase of algae growth (gporka, Krno, 1994). 

Graduai establishment of naturd food relations I d s  tu an increase of the spectmm of 

species and ratio of omnivores in the main channe1 (stretch h m  Dobroho3 tu Istragov). There is 

significant decrease of bacteriovores (for the water purity is  tiigher). This is most evident in the Iocdity 



I 
Istra.gov @ig- 6). The ratio of bacteriovares spies  ut the m&n channel hcr- agaùi downstream of 

the coduence with the tailrace canal (Klihvec) (Fig. 5).  

26 species of benthos (not includiig inseîts) permanently living in water have bgn 

registreci on four s&npling points in the main channe1 in 1989 1 1994. Rior to the putthg of the Project 

into operation there were 23 species and after (1993 and 1994) thwe were 26 species. Two new i 
species were fiom the group M o I I m  and one fCom the gbnp  Cntstacea - ho@. No sinde one 

front among species ocnimng in this area before the d b g  disappeared. Newly identifid species 
\ 

occurred in the stretch with the d d  water level @obiohoit - Wikovo). Thus it can be said 
I 

that the diversity of species, as far as permanent hydrobioites are oonçerned, remained unchanged 
I 

downstream of the eodunice with the &race canai, and s$ghtly increased in the sretch where the 

discharge decrasexi (th= new species). 

The situation is different as far as water in&§ are conCernad. There were 10 spsies 

of Ephemeropter~ and 9 sp&es of Tkichopfeem hown bef0I.e 1992. In 1993- 1994 only 5 spkies of 
I 

Ephemeropfcra wen ascenainal, fiom which 4 beliongai to '&lier detemllned species while one was 
l 

new. In the same period 8 species of Trjchtopleiul were ascekained; four h m  previously d e t d e d  
I 

species disappeared whiie three new species appeared (Fig. 14 1 3 .). 

G~OUP 1989-1992 1993-1994 



Bryozoa 2 2 
Ephemeroptera 10 5 
Plecoptera - 1 
Trichoptera 9 8 

Changes in quantity of zoobenthos were more important. They are iiiustrated on three 

profles: two of thern - Dobrohoa and W I k o v o  - are situated on the Danube's stretch where the 

discharge d e c r d  since November 1992. The third pruEic (Kiribvec) is downstream of the 

confluence with the tailrace canal where the hydrological conditions are sUnilar to those befbre the 

darnming of the Danube. Quantitative conditions of benthic fauna have been ascertain4 separetely on 

naturd bottom of the Danube river and on bank stones. The abundance of benthic fauna is expressed in 

number ofindividuds per i m20fthe abstnite. Dynamics of changes in these profiles durYi8 the penod 

1991 - 1994 are shown on Fig.7. 

The abundance of permanent zoobenthos in al1 profdes, in 1991 and 1992 (in pre-dam 

conditions}, was in toial Iower, but with considerable oscillation. Sirice 1993 the abundance of 

zoobenthos med tu increase considerably on the river bank stoneg but ody in the Danube metch 

Dobroho3- GabEikwo (the old rivetbed). In 1994 these values were even higher (Fig. 7). MoIIusca 

showed the largest increase. A similar increase of abundance did not occur in the profle HUbvec 

dowllstream of the confluerice with the &Irace canal where the values correspondeci to those from 

previous years. The abundance of insects decreased in the est half of 1993, but then gradudy 

increased, and in 1994 reachd higher values thm prior io the putting off he Pruject into operation. The 

quantity of larvae of parasitic black flies (Simuliihe, Diptera) considerably decreased in the stretch 

DobrohoSI- GabEikovo. 



Microzoo ben thos 

The c h m e r  of changes is iîiustrated on the example of the Iocatity KAovska Iirka 

(Fig. 8). The graph shows a diid situation in 1991 and 1992. The change came in 1993 when a 

decrease of species numbers occud .  The gradua1 restoration of the community took place in 1994. 

The changes in abundance undenvent similar development. While in 1991 and 1992 this branch was 

receiving water ody sporadidy h m  fhe main c h e l ,  where the discharge d e c r u  A r  the 

d&g, or corn the d a U ,  in 1993 and 1 994 spnngs of ground water o c c u d  as a result u f ~ g  

of neighbouring branches with water. Thus relatively stable abiotic conditions for formation of 

cornmunities have been created. This Id to an increase of nurnber of species and their abundance. 

W e  in 1993 the abundance decreased 2-10 %$ depending on seasonal dynamics, in 1994 it becme 

stabilisai and approaches the originai state (Fig. 9). 

The microzoobenthos situation in other branches did not change, the branches Opatske 

rarneno, S t e  les and Lyon had stabilised comrnunities of microzoobenthos during the whole obselved 

perd.  

The impact of the Project on the branch system depends on their focality. There are 

t h e  types of change: 

- the increase of water level and permanent presence of water in branches, 

- the increase of water level and permanent water flow through branches, 

- drying off in some parts of bmches 

a) The increase of water IeveI and permanent presence of water o c c u d  in arms on 

both sides of the Danube below Bratislava, between rkm 1850 and 1865. After an increase of water 

level in the rnonitored branch (iocality Biskupické rameno), earlier periodically drying off, the renewal 



of fauna of hydrobiontes, mai& MoIIusca (8 species) has been obseived. Positive changes ommed 

alço in the settlement af these waters by insects, A number of species previousIy not present in this 

Iorality, d y  rna$es fi@herneropfer~~), dragodiies and damsefies {Odonafa) appeared. Some of 

these species are classified as rare or thratend (Caenis &ce4 Cmmgrim merntriaIeI SonmtacI~irn 

meiaIZica). Development of fama in this I d i t y  probably tends towards the i n m a s  of specits 

diversity . 

b) In the Iargest temtoqI in the Iength of 20 km b w e n  Dobruho3 and GaEikovo, 

the am~s mai tu recieve permanent discharge fconfinuo~~s Bow of water). Zmmediately der  the 

darnmuig of the Danube in October 1992, there was no discharge and the water Jevd dropped in these 

branches. This situation lasted until March 1993, when the intake stmcture near Dobrohoiif w u  put in 

operation. 

The monitoring revded 27 species of pemanent hydrobiontes (Thle 22) on m p h g  

area at Sodicke rarneno between 1989 and 1992. ShortS d e r  beginning the water supply into 

branches (1993), a certain retreat of species in dl groups was obmed. In 1994 the number of species 

staned slowly to increase. In the first period the fauna &e h m  refuges or it was transportai by 

vater fiam upstream miors. E& the quantity of Lymnaea s t a g d s  at B o d h  was tiigher than 

I befort the putting of the Project into operation. 

Accordmg to observations, the majority of species in this area has been preservd. 

Some of them were not ascertined because of the method used (infiuencsd by rise of water fevel). 

From among the water irisects (Odom&), several rarer species appeared. No essentid changes in 

species composition, in cornparison with the pre-dam situation, are expected in the near future. 

On the quantitative level some important changes have occurred. They were most 

evident in 1993 as far as Ieeches (Himdinae), snails and slugs (Gm~?op&) are concerned. A dear 

d a m e  of HiMnea and Cmsfacea-Amphi@ was recorda?. The abundance of t species of 
1 

Gmfruph decreased, but the abundance of 5 species of this p u p  was already in the m n d  haif of t ! 

1993 higher than before the beginning of water suppiy. Further growth of abundanse in 1994 was 
1 

recorded only in the case of two species. The quantity of troublesome mosquitos such as Aedes v e m  



and A. sficticus umsiderably d d  in this ara. It can be supposed that the quantitative situation 

wiü be stabiIj& during 1-2 y m .  

Table 2. Number of species at the branch locality Bodicke rameno priur tu and &a the 
beghhg of w a r  wpply 

sponges purifem) - 
turbeiIarian 
flatwonns (Turbeilaria) 
leeches (EGmdinea) 
snails (Gastropoda) 
dams @ivalvia) 
mstaceans (Crustac#) 
- amphipods (Amphipoda) 
- mysids (Mysidacea) 

Total 

l 
e) In the remnants of a m  upstream of Dobrohog ci the tnangk between the bypm 

d, old rivehed and water supply canai) ruid downstream of the W i k o v o  step between the tailrace 

canal and the old riverbed (iocality Istragov) a long lasting loss of water and drying of marsh 

communities occurred. It is due to the fict that - in the fht case - the water supply fiom Dobrohog 
i 

can not r d  the Iocdiîy sitriafd upstreaq and - in the second case - the Iocality (Istngov) is beyond 

the reach of water frum the tairace canal. An altemative recharge program has not yet been 

implemented. These wetlands used to dry off sporadicdy even before the putting of the Project into 

operation, nevertheless relative1 y rich f'auna of MoIZusca existed here (DobrohoZ, 1 2 species). 

A signifiant change of fauna in the branches m o t  be expected due to the existence 

of variable flowing conditions. There is an ongoing progressive regmeration of origiriai spmies. 

Different species can, howwer have another quantitative occurrence as wmpared to the predam 

situation. 



Within the framewurk of the monitoring of biota on the territory d u e n d  by the 

GabEikovo project several selected groups of terrestric animals were obseived, such as M u l m  - 
Chtropth, Isopoda - Oniscidea, C h i l m  Colernbolla, Heteropleru - Pentalomotphq Coleop fera 

Cuabihe, S&p&linb, CurmIioni&e, buttedies @kpidopfera), birds (Awd, Mmmalia and 

othen hown & sensitive ta any-change of the aivirwunent, eg, change in soiI humidity or in plant 

cover. Prior to the damming of the Danube these studies had a chmcter ofh-imventory coliectiori. 

They had as a goal the establishment of the quantitative and qualitative representation of species of the 

above-mentioned groups. 

Despite the f .  that the period aftw the putt@ of the Gatiifkovo m i o n  of the GIN 

Project into operation (1993-1994) is too short for a more detadexi evaluation of ongoing changes, the 

results of monitoring cm reveal some changes. 

2.2.1 Monitoring areas between Bratislava and the reseryoir 

Monitoring areas on both sides of the Danube between Bratislava and the beginning of 

the headwater canai - the island KopiE, the Iocdity Ostrovské IfiEky and islands Rusovské tistrovy - 
have not undergone major changes. The increase of gound water ievels in this area is most simcant 

on the island KopE and in the locality Ostrovne IuEky, where the ground water IeveI rose in the lowest 

places by 40 cm. The branch Biskupické rameno was in the past nearly dry, whereas now it is 6led up 

with water. 

Monitoring sites in this a r a ,  despite the ùiçrease of gound water IeveI since 1 993, 

rehned their drier, forest-steppe character with a rare dry-therrnophilous fauna. 

The islarids Rusovske ostruvy resemtile filoodp1ain forests h u m  from other 

monitoring sites. They represent well-presemed reIics of transitional BoodpIain forests as the mdy of 

their Mollzcsca communities codïrm. 



Dry arid wamr areas have preserved their character Çom the past, they did not undergo 

major changes in cornparison with previous years. This is confumexi by monitoring based studies of 

terrestrial Oniscidea, ChiIo& epigeic Heteroptera and buttefies (2ephpfera), whîch were not 

influerrd by an hcrease of humidity on the isIand KopZ, nor in the Iodity Ostrovné I b E b  

From among the monitored groups, only CurcuIioniCiae reacted more sensitivefy to the 

incrcase of humiàity. me origimîiy umtaînec~ spedr~m of tfis s p g j g  ciwres~ed by one t h d  in 

1993. The xerophiIous species (those adapted tu dty conditions) starîed gradudy to disappear. 

Also hydrophilous species (species adapted to moist conditions) of Gasfro- 

concentrated up ta now in some humid rehges in this lodity, started to react to the change of 

humidity conditions. Theu gradud spreading cm be expected. 

The ascertaineci presence of several other species, çuch as CmhZicopa Izibricella, 

Henia illirzm, i%yre~~orisfuI~ipnnis, ViYilpimnrs gullii, which are indicators of dry and w m  biotopes 

and deserve strict protection CU- that boih localities - the island Ku@, as weU as Ostrumé LirCIy 

constitrrte vduable resemes of rare MoIIusm, Heferapfem and bufferfIies (Lepidoptera). 

2.2-2 Monitoring site in the area of the diversion (between localities Dunajské 
Kriviny and istragov) 

The changes on monitoring sites in the area of the Danube diversion have b e n  more 

apparent than in the upstream areas or in the area downstream of the tailrace canai. The evaluation of 

these changes, based on the results of studies of different groups of animais, is not without ambiguities. 

The observed changes in cornmunities of selected groups are linked, in the majoriq of cases, with the 

process of aidisafion at the monitoring sites. This process is most advanced on monitoring sites in the 

localities Dunajské Kriviny and Kralovska {rika. As codimed by results of shidies of Colembolh, there 

is a retreat of hydrophilous species and penetration of more tolerant, rather thermo - and xerophiilious 

species. 

Uri the contrary, a certain incrase of humidiq was recurdd an monitofing site 

Bodicka b r h q  as manifested by increased occurrence of ecomorphoses of Hpgastmra 



engadlnensis. It is confumed also by the occurrence of two species of hydrophilous buttedies A-a 

3i.a and L . . m   par, riever seen here More 1943. 

The difference in qualitative and quantitative occurrence of Hereroperra - 
Pe~itatomwpk was recorded on monitoring sites Dunajské Kriviny and I ~ o v .  On the fist site there 

is a visible decrease of quality md quantity of species charaderistic for Id-litter of sofl floodplain 

forest, in cornparison with the years 1991 and 1992. This is reIated to aridisation on both sites. From 

among these species, on h th  Iocalities, orily one - Drymus hrz(mew - oxurred in 1393, other 

hydrophilous species were not ascertained. 

The monitoring site Tstragov was not suifabIe for epigeic hydrophilous Heferopfera in 

previoui yars  (1991, 1993 because of the high d e g r e  of humidity exceeding the optimal limit for 

their existence. In 1993 the humidity in this area d e c r W  as a wnsequence of water level drops in the 

Danube and due to selective nitting of the poplar monoculture. The degree of humidity dropped to a 

Ievd suitable for the occtimnce of epigeic hydrophiIous Ifeferopfera, which show&, in 1993, the 

higtiest qualitative and quantitative prance .  The sftrdy of buttefies (hpi&pfera) c a h  the 

decrease of humidity in the three above-mentioned areas. 

Aiso the results of a study of Cnrabih on above-mentioned monitoring sites show 

the retreat of species rquuing humidity and an invease of abundance of humidity Iess rquiring 

eurytopic species. Species SrpicaI for the su-calid cuItural steppe stand to penetrate this area, wen if 

for the moment in s m d  numbers. 

These chmges cari be considerd as the beginnirig of a phase Ieading tu drier types of 

floodplain msystems. 

l The decrease of hurnidity at the locality khlovska lhka is conjïrmed by the absence of 

humid-soit-philous CurmIioniire, wwhich were ascertainai here in 1990-1392. In 1993 more tolerant 

species h m  the gerrus Doyfomw ~ e d  to appear here. 



Changes have o&rrcd alm in the composition of ChiIo*. A retreat of hydro- 

philous species ascertainecl here during previous years, started to occur in 1993. The most visible 

changes in the species spectmm of this group occurred on the monitoring site hnajské Kiivhy- On 

the other han& the mmber of eurytopic +e t itho6im fo$ca~trs in& considerab1 y (8 timas). 

The shidy of terrestic W o p o d n  in the area of diversion confirmexi the supposexi 

retreai of forest species (Semi lha  ~~ernilimm, Trichia slriohia and others) mainiy at the Bo* site, 

where the number ofspecies requiring floodplain forest conditions d e c r d  by about 400/0 in 1993 h 

cornparison with previous years- On the monitoring site Isfra.gov bere is a visible incrase of spies  

more or Iess dien to fioodplain forest as Pt~nctum pigmaeum, Trichia hi@& and others. On the 

monitoring site Dunajské Kriviny, the number of forest hydrophiIous and shoresettied species slightly 

decreased. No changes were ascertain& in the locality Krduvskh Irika. 

Studies of srnaII mammaIs reveal that no changes occurred on the monitohg sites in 

1993 and that the species composition is the m e  as in previous years. 

2.2.3 Monitoring sites downsfream of the taiIra~e cana1 confluence with the Danube 

From among monitoring sites in the ara  downstream of the conûuence of the tajlrace 

canal with the Danube, ody the locaiity Sporna Sihot allows different interpretations. The cummunity 

of Colembolla in this area is variable and changes of dominant species are taking place. It can be 

explainal by an excessive lightening of the vegetation #ver (cutting of poplars), simtIar tu that in the 

Iocafion Isîragov. 

Also the studies of buttedies (Lephpfftira) indicate the ongoing pmcess of aridisation. 

This is c u h d  by occrrrrence ofsome xero- and themuphibus spmies not ascerîained here during 

previous years. Mefifmapkmbe, w W  did not occur here earlier, was for the 6rst f itne notai in 1993. 

It is a species indicating dry and warm biotopes. Probably due to cutting of poplars at Spornh Sihot, an 

increase in abundance of more xerophilous GLXJ*O+ was observed. By now a reIativeIy weii 

p'eserved bodplati forest exists on the monituring sites C i h  - Sw Ies (OId forest), with rich 

communities uiobsewed animai grciups, beionging, within the strrdied aras7 among the most valuable 

ones. 



Thme is no indication that fhe operation of the W i k o v o  d o n  of the G#N Project 

could harm this unique area which deserves most vigorous proteztiori. me h b e r  harvesting as wdi as 

aii other dvities in this area should be wefuiiy regulatd. 
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Fig. 1: General number of Ciliophora species in different 
years 
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Fig. 2: General percentages of Ciliophora trophf c groups 
in different years 
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Fig. 3: Mean number of Ciliophora species indifferent 
years (Istragov-Dunaj) 

Fig, 4: Mean Ciliophora abundance in different years 
(Istragov-DunaJ] 



Fig. 5: Percentages of Ciliophora trophic groups in 
different years (Spom& Sihof) 
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Fig. 6: Percentages of CiIiophora trophic groups in 
different yeara (Istragov-Dunaj] 
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Fig. 8: Mean number of CiIiophora species in different 
years [KrSovsk& I&a) 

Fig. 0: Wean Cillophora abundance in different yeara 
(Kriïovskh liika) 
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Fig. 13. Changes in relative composition of trophic guiIds of macrozoobenthoq 
based on some water insect gruups - mayflies (Epherneroptera and caddisflies 

(Trichoptera) of the Danube (Dunajské kriviny - Bodiiq) 
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ICHTRYOFAUNA AND FISHEIUES 

1. The Pre-Dam Situation on the Danube 

The reguiation of the Danube for navigation purposes had already taken place by 

the end of the 1 s t  cenhiry. The fluw of water fiom the main channef into the branches was forcib1y 

iritemrpted. 

The changes in hydrological reghe had an adverse impact on the Danube fishery, 

as registered aiready by Heckel (1 85 1) and Kornhuber (1 863). 

The construction of the barrages on the subrnounbn part of the Dmube and the 

deepening of the Danube rivehed for navigation purposes ihanged considerably the hydrulogicd 

regime of the SIovak section of the river. The substantial changes in transport of bedload and its 

deposition occurred over a major part of the river causing the progressive s i i g  of the riverbed. 

In the section between Bratislava and Hnrhv, duhg periods of luw discharges, the 

branches used to drain t o b  and dry up. In the middle and Iower part, branches got srnder during 

the periods of drought. Only at discharges of 2 300 m3/s and higher, did water fiow into branches. 

At discharges 5000 - 6000 m3/s, the branches were fdled up to the banks (3 - 5 daydyear) and only 

at discharges over 6000 m31s was the whoIe inundation area between the dykes flooded (2 days in 

average). 

This had a negative impact on the water IeveI in the branch systern and 

subsequently on fisheries, whose output decreased progressively. Later a si@cant deterioration 

of water quality resulting fiom extensive industrialisation occurred as well. In 1973, the water 

quality at the river inlet on the Slovak tenitory reached 4th degree in quality (alfamezosaprobia). 

Beades the &ovementioned factors, there was an excessive catch of some fish spxies. 



Accordbg to fiterature (Balon, 1967), the ichthyofauna of the Danube in general 

and especidy in the Slovak section was dready considerably affected in the 1960s. The decrease of 

rheophilous, litophilous and economidy preferred species was registerd. The species Huso huso, 

Acipenser stellatus, -A nudiveritris progressively disappeared fiom the ichthyofauna of the Slovak- 

Hungarian Sector of the Danube, the species Acipemr nithenus and Aatdenstadti, Sgrifius 

carpio, Siums @anis, Esox lucius, Stizostedion lucioperca, Aspius aspius, Barbus barbus, Hucho 

hucho and SaImo tmtta m. fario occurred more rarely. This was a consequene of man's activities 

manifested by pemanently high catch, river regulation and poiiution. 

On the other hand, intentiondjy or accidentdiy new s p ~ i e s ,  previously unknuwn, 

were introduced or appeared in the Danube, such as Onmrhynchus mykiss, Coregonus lavaretus, 

Ctenopharyngodon idella, Aristichtys nobiiis, Hypophtalmichthys molitrix, Ictdums nebulosus, 

Gasterosteus aculeatus, Micropterus salmoides, Lepomis gibbosus. Thus in the 1970s there were 

61 species belonging to 15 families in the Slovak-Hungarian -or of the Danube (HuIEiik 1 

al. 1973, Kirka, 1994). 

On the basis of studies perfomed during a p e k d  of 30 years by the former 

Institute of Fishery R m c h  and Hydrobiologjf in Bratislava, reIiabIe data on the number and 

biomass and partid data on 6sh production in fhis section of the Danube have b e n  c0IIected. In 

stationary, periodic waters, the ichthyumass reached an average of 260 kg per hectareI in the 

branches of the parapotamal type, it reached 400 kg per hectare and in the branches of 

plesiopotomal type, foiiowing a reduction in water areq up to 1200 kg. Zn similar branches near 

the source of poiiution, there were only 60 kg and in the main channel only 35 kg of ichthyomass 

per hectare. The Iow ichthyomass of the main channe1 was causai by hi@ flow velocity, sWig 

bottom, high turbidity and low demi3 of food organisms. 

The annual fish production could be characterised similarly. In the main channei, its 

average value was 18 kg.haF1. In the branches it was about 200 kg. The tbree mon numerous 

species were Alburnus alburnus (bleak), Rutilus rutilus (roaeh) and Gymnocephdus cernrins. Their 

ratio was 89.10 % of the total abundance and 80.66% of the total ichthyumass, respectively. The 



ratio of econornically preferred species was 0.49 - 0.55% of the total number and 3.1 5 up to 3.3W 

of the mass of the whote i c h t h y ~ o s i s .  The secondary s e e s  repremited 0.8% - 5-27?! of the 

total r i d e r  and 6.89 - I f -54% ofthe whoIe ichthyumass. The accornpanyhg species represented 

98.63 - 93.18% of the number and 89.96 - 85.16% of the mass. The number of species varied 

between 19 and 29. 

The ichthyocenoses were in an unbaIanced &te with a predomiriance of non- 

predator species over pdator species in a very unfavoutable ratio. This hstd negative 

consequences such as the decrease in production, progressive decrease of valuable species, and 

decreaçes in mnomic value of ichthyocenosis and tutai atch @astI, HoIEik, 1972). 

2. Situation After Darnmin~ of the Danube Wariant "C") 

The Wikovo part of the GIN Project, as 'mplemented under Vanant "C", 

consists ofthe reservoir which was created b e h d  the weir bu% np near Crinwu, the headwater 

canai l d m g  to the hydroelectric power plant in Wikovo,  seepage canals, the tdwater canal, the 

oId rivehed of the Danube between the viilages cunovo and 'Palkoviëovo and the branch systems. 

The resewoir which has been created behind the cunovo weir is, in cornparison 

with the orignal Project, shorter and, in the lower part, narrower, The daily fluctuation of water 

level is minimal with the water level at 130 m a.s.1. The hydroelectrical power plant is being 

operated in constant mode. This meam that there is reIativeIy short retention time ofwater and fast 

exchge of its volume. The resewoir represents, in essence, a severai times edarged rivertid of 

the Danube. Due to the lower velocity of flow, some sedimentation of suspended load and bedload 

occurs in certain parts of the reservoir. The water temperature shows some differenq but in 

principle, it corresponds tu original values. No temperature sfrati fication occnrs. 

The species composition and biomass of zooplankton are sirnilar in most parts of 

the reservoir, and higher than in the main channe1 of the Danube. The biomass of phytoplankton 

increases especidy in lenitic places. 



As far as the quantitative composition of macrozoobenthos is concerned, the 

r-h c o h  the r&m of prognoses made by =me ~ I o ~ s t s  (Rotkheiii, 1976) in the 

period before the construction of the system of water works on the bais of experience h m  

reservoirs on the German and Austnan sectors of the Danube. The abundance of rnacromobenthos 

have reached in average 22,563 specimen on II? in the upper part of the mevoir and even 76,368 

specUnen on m2 in the lower part of the ramoir. The biomass reached in the uppa part of the 

resewoirin average 167.9~.dand 335.1 g.d in the luwer part oftheresemok. These values of 

biomass confirm high productivity of the Danube in the area of the m o i r  (Nagy, SiPo& 1994). 

No great changes have occurred in the species of ichthyofauna of the resemoir as 

compared tu the main river flow (Tab.1). It is supposed that the ocrnirence of s p i d  rhmpMous 

species, a., Rutilus pigus virgo, Pelecus culturatus, Zingel ingel, Zingel streber and Cottus gobio 

d l  darease. Populations of such species as Barbus barbus, V i b a  vimba, Chondorostoma nasus, 

Stizostedim luciuperca and others wiü appear. In parts of the resewoir where the fluw is Iower, 

increase in population of phytolitophilus species, a., Perca Buviatilis, Alburnus aibumus, Rutilus 

rutilus, Abramis bjoerkna, Abramis brama, Gymnocephalus cmiuus can be expected. 

The occurrence of economicdy prefemd species mch as Stizostdion luciopera 

and Silurus giariis wiiI incrase. The s p d s  Esox lucius, Cyprinus q i o  and Tinca tinta wdl be 

dependent on water purity and the stability of the water level, especially during the spawning, m i y  

development and growing periods. An increase in the number of Acipenser nithenus can be 

expected, too. Most likely, the predominmt fishes w i B  be the species Leuciscus cephdus, Abramis 

brama, Vimba vimba and Chondrostoma nasus (Kirka, 1494). 

Due to the constmction of the weir and bypass canal, the reservoir becornes 

practicdly an isutated soystem h m  beIow, with ichfhyocenoses dependerit on their own 

reproduction, on the system of their control and m n d  migration h m  the iipper ssituated secfions 

of the Danube and the Iower part of the river Morava. 

It is not expected that large amounts of important sustainable ichthyocenoses will 

be formed in the headwater canal. The bottom and banks of the canal are smoot)5 and do not 



provide necessary hiding for fish. On the other side, there are some places where, in 

partialar, drnonids and other rheuphilous species are concentrated. The negative impact of the 

headwater cand on the ichthy~hria of the reçervoir m%ists of the h e  mentioned features. 

2.13 Seepage Canais 

The thermd regime of the w&r of sepage cands is diiererit h m  the themai 

regime of the Danube and it is diainguished by greater uniformiîy of temperame, which does not 

fall below 4 OC in winter, and does not rise abwe 15 'C in sumer. The water quality is classiiicd 

in the IA and II3 classes. Both canals were relatively quickly grown over with submersed 

vegetation. Good living conditions led to the creation of a rich benthic zoocenosis and, 

mb~quently~ an ichthyocenosis m p o d  of about 25 species, incIuding Amonids as predicted in 

wlier srudies (Kirka, 1988). 

2.1.4 Tailrace Canal 

A s t d y  hydrocenosis is formed ~ ~ 1 c w s i d y  with the predominan~e of species 

56eking for a Iotic environment as the Bow speed and water voIume is greater here than in the oid 

riverbed. After putting the GabiZikwo waterwork into operation, conditions sirnilar to those in the 

main channel were created here. Aiready during the winter months of 1994, species like Abramis 

sapa, Abmis bdIenrs, AbfaMis bjoerknq Abramis brama, trimba vimba, Chondrustoma nasus, but 

also Stizestedion lucioperca, S. volgense and Esox Iucius were caught here, together with such 

species as Acipenser nithenus and Pelecus cultratus. 

The tailrace canal provides acceptable conditions for spawning of majonty of 

litophi1 potamophils. This ichthyofmna is in confinmus formation. The number of fiçh ç p ~ i e s  

confinned tu date is 24 (Tb. I ), (Kirka, 1394). 



2 1.5 01d Riverbed of the Danube 

AAn the damrning of the Danube, the old riverbed between h o v o  and 

PalkoviEovo has mder discharge, lower dow velocity, and bgher water purie as a conquence 

of partid d i e n t a t i o n  in the remoir. Its bottom has b m m e  more stable during the season and 

conseqnently the fauna of mac~ozootrenthos is now richer. The food base for fish is also richer, 

aithough the structure of benthos is being graduaiiy rebuiit. 

An intensive dimentation of driftai components occurs in certain areas in the 

Iower part of the old charnel due to the bruad and shaIIow rivehed and slower flow. Due tu this 

fàct, the ratio of oligochets increased, and the number of amphipods and trichoptas decreased. 

During monitoring in 1993, the p m n c e  of 35 5sh species in the oId rivded was 

conhned, includiig rheophiIous species: Oncurhyrichus mykiss, Salmo tnrtta m.hrio, Curegonus 

lavaretus, Abramis sapa, Aballerus, Chondrostoma nasus, Leuciscus cephdus, L. idus, Vmba 

vimba, Silurus glanis, Lota iota, Gymnocephaius baloni, Gymnocephalus schraetser, Stizostedion 

lucioperca, S. volgense. ZingeI streber, 2. zingel, proterorhinus marrnorahis, Cottus gobio and 

other species F r k a ,  1 9941, (Table 1). 

Changw in the ichthyofauna concern only some habitats of the littoral zone of the 

Under original conditions, the branch systerns fulfdled very important functions. 
1 

! During long lasting and high discharges, the area of fish production increased. Nutrients found in 

! soils were transferred into the water and contributed tu the dynamic deveIoprnent of phyto-and 

mopIankton. 

This cmmplicated, but effective, mechanism began to be affectai in the 1950s and 

was later disrupted. Since the end of the 1950s, fish eggs deposited on submersed plants at the 

bank he have often drid  up because of sudden water fils. Moreovw, dthough inundation 

occurred and continued tu occrrr periodically, the periods of inundation did not correspond to 



spawning periods h m  a thermd point of visw. This means that the spawning of the fish did not 

occur during optimal mnditions of inundation. 

Despite the fact that it is not yet possible tu zmre the intercorndon between the 

old riverbed and the branch systems on both sides of the Danube (which could paftialiy contn'bute 

to the restoration of conditions similar to natural conditions), the hplementation of measures 

aùned at the w& s~pply  ofthe bmch system on the Slovak side has made it possible to eliminatt 

severai negative factors frum the p s t  by enabhg: 

a) tkee entry of migrating fishes into the branch system fiom the downstream 

&or, 

b) realiçation of at lead 2 Boodings of inundation area around the branch 

sy stem : 

- in the frst period, at water temperature of 5-7OCS the water level 

should be increased for the period of 4 weks* tu e n d e  

reproduction and br&g of main predatory phytophiIous species, 

- in the second period, at the temperature of 14-1 7" C, water level 

should be increased also for the period of 4 weeks, to enable 

reproduction and breeding of carp and other phytophilous species. 

Recurrence of fiesh fluodings wiil prevent excessive oxido- 

reduction processes in the branches and destmction offish species. 

c) maintenance of optimum water level in the winter period: this wiU 

garante minimai mortality during f içh hibernation, 

d) temporary decrease of water levels in auturnn period: this wi1l rnake 

possible radiation of intensive catch of economically preferred species 

(with large eye nets), 

e) eIimiriation of rescue catch of young fi& duting the periods of drorrght. 



Moreover, ttie 3ow in the main branches wiII improve the composition of 

ichthyocenoses to the benelït of potamophiis belonging to secondary and economicaüy preferred 

species. 

Due tu certain sedientation in the ramoir, the transparency of water flowing 

hi0 the bmch system has i n 4  modemteiy. Tuhidity caused by anorganic particles 

(suspended load) decreased subsbntidy. Waîer has some vegetation turbidity due to müd 

phytoplankton. The growth of higher water plants wîü be prevented by higher vegetation turbidity 

and by depening of the bmch system. The number of predatory phitophiious fishes di in-. 

The danger of eutrophication, anaerobic conditions and fish destruction is lower, the water flow 

being guannteed. 

Monitoring in 1993 has mdmied the presence of 29 fish species occurring in the 

system, despite the short period of monitoring and limitd number of munitord lodties. The 

regular occurrence of55 fish species is supposai (Table 1). 

Tfie prognosis of the ddopmen t  ofichthyocenoses &er the comhxction oisvater 

wurks on the Danube was prepared in the framework of the "Research of composition and catch of 

fishes in reseivoirs and rivers (flowing waters)". It was stated that : 

"by raiking the by-pass variant, instead of one systern of biotopes (river, system of 
branches, inundation new biotopes will originate (rese~oir, by-pass canai, 
old riverbd and systern of branches). Frum fhern ody systern of branches and 
reservoir are of importance for 6shery. But ody under condition that the system of 
branches would be supplied with seepage or gravitation water, (. . .). If' the existence 
of branches is preserved, then their importance from the point of view of fisheries 
wdi substantially rise. Instead of today's total ichthyomass of 291 tonnes, available 
production of 146 tomes and possible catch of 49 tonnes, due to constant 
hydroIogical regime and impruvd temperature mditions the ichthyomass could 
reach 485-679 tomes, avaiIabIe production wuld be 243-320 tom- and ra i  
mud catch 78-107 tomes. AII this requires to pass since the beginning on the 
half-intensive fish production" (HolEik, gj 4. 1973) 

The conclusions of this rwearch report, it is tme, undereçtirnated the importance of 

resemoir, and in particular of the alirig wifh water of already dned branches near Fodunajské 

Biskupice and Rusovce as weII as the creation of extensive spawning and feed'lng areas in the upper 



part of the reservoir. Nevertheless - and this is ddsive - it did not focus solely on the conservation 

of & d y  substantidy c h g a i  conditions of the river in the whok area of inland delta but 

recommended a half-intensive sjistem offishery production in the branches. 

The recent results of the direct water recbarge in the left side inundation ara 

ccirdkm the view that existing technical equiprnent makes possible the solution of ai i  problems 

mmected with the derivation ofthe river. The water discharge into the branch system has enableci 

the revitalisation of dead brancha of the parapotamal and pIesiopotamEtI type and maintains thse  

aled up with water, according ta needs and their charader, during the whole year. 

The intake structure of the tiranch system makes it possible to controI water IeveIs 

in the branches, i.c., to control the flow and iength of t h e  (accordhg tu water temperature), 

during which the spawning and early developrnent of young specimens and their nutrition can take 

place. This is important 6om the point of view of the phylogenetic adaptation of fishes, in that it 

develops their food bais d reduces mortaIity ofyoung specimens especiaIIy in the winter period. 

Thus the conditions of fishery wiI1 be irnprovd in this section of the fiver. 

The new solution of the system of branches thus offers the possibdity of effective 

investment into fishery and fish production through the controlled application of appropriate fish 

fies and catch at the end ofthe season. The value of production and possibIe catch wiIf increase at 

lmt thtee times due tu the change of spxies composition of ichthyofauna in fâvour of 

economically preferred species and they will becorne comparable with the fish production in ponds 

of second class. 

3. Comments on Fishew Lasses in the Szi~etkiz Area 

3.1 General Comments 

As foIIows h m  the above rnentioned data concerning ichthyucenosis of the joint 

Slovak-Hungarian section of the Danube, there has been a substantid predominmce of non- 

predatory species over predatory species in an unfavourable ratio. It resulted in a more intense 

food cornpetition among non-predatory species due to their overpopulation, decrease of growth 

and producfion, progressive rduction of precious species and fhus decrase ofeconomic vdue of 

ichthyocenosis and catch. 



These t*acts inspied the Danube countries in 1958 in creating the Mixai 

Commission for application of the Convention conceming fishing in the waters of the Danube. The 

countties wmmittd ail parties to respect the mIes oftishhg and maintenance uffish bais as weli 

as tu i n c r w  intensive production of fiçh of economic h p o ~ c e .  There is a nite ttiat for each t 

tonne of economically preferred species caught there must be the stocking of 1000 small fish of a 

mass less than 250; per individuai. 

No exact rnmrements were made by Hungary in the concerned a m  of the 

Danube during the Iast years that would ailow an acceptance the relative vaiues of losçes of 

avaiIable production of fish, claimed by Hungary. The decrease of density of ichthyocenosis 

occured in autumn 1 992 at low water IweL when a subatantial part of t he icht hyucenosis emigrated 

h m  the branch estem. The washing out of the mbstanfiai remaining part of ichthyocerrosis gorn 

the branch system occurred during the diversion of the Darmbe. Parts of the ichthyocenosis were 

partiaiiy w g h t  and partiaiiy kept in tertain depressions. 

The r d  causes of the worseni~ig of fish production began much d i e r  and were 

more cornpiicatd than menfiorid in the Hungarian Counter-Mernoriai. 

As stated in para. 3 of the protocol of 29th session of the Mixed Commission for 

application of the Convention concerning fishing in the waters of the Danube (3- 10.4.1989): 

"The hydro-rneteoroIogicai canditioos were generdy unfavourable in the 
mentioned period (1 987 and 1988). They were characterized by a strong and long 
winter 1987, short period of inundation with maximum in the last part of Aprii 
1 988. These unfavourable conditions together with higher pollution idluencd 
negatively reproduction and gmwth of fish, especidfy wriomidiy important çorts 
of fishes, 

The Mxed Commission stated that less fish was caught in the Fanonian basin, 
especidy in the joint Czechoslovak-Hungarian section of the river due to worsened 
ecological conditions. " 

The protucol of the 30th session of the Mixed Commission for application of the 

Convention concehg fishing in the waters of the Danube (2.-6.4.1991), para. 3 states: 

"The hydrological conditions were especially unfavourable in the mentioned period 
(1 989 and 1990). They were characterized by low water level and higher poiIution, 



what inûuenced reproduction and growth of p r t f d  6sh species. The Mixed 
Commission stated that due to tmlogical situation, the catch subçtantially 
d a &  for moçt state patial'. 

"The Mixed Commission listend to the reports of the Hungarian, CzechosIovak 
and ~ugoslav sides on results of fisheries in the Panonian basin and stated that the 
catch of majority Eshes in 1989 and 1990 d e c r d  due tu the low water fevel in 
the Danube which caused the isolation of branches." ... 

"The Hungarian side infomed the Mx& Commission fhat the worsening of 
conditions for fishes in the Danube was not connecteci only with worsening of 
hydrological conditions, but also with the construction of river projects on the 
Danube in Germany and Austria what limited the migration and development of 
higher number ofeconomicaIIy preferred species." 

In paras 2 of bath prutoGolq it is siami that: 

"lt foüows fiom the reports of state parties that the total catch was in 1987 12 
849,s tonnes and in 1988 13 406,l tonnes. In cornparison with the average catch in 
the years 1985 - 1 986, i.e. 14 2 19,0 tonnes, the catch in 1987 and 1988 was Iower 
of 1 370,2 tonnes, respectively 8 I3,6 turnes". .. . 

"It ensues fiom the reports of state parties that the t& catch of5sh in 1989 was 
9 983,8 tonnes and in 1990 8 850,l tonnes. It is 3 134,6 tonnes, respectively 4 
268,4 tonnes less than in 1988. This decrease was caused by unfavourable 
hydrological conditions". 

On the basis of the officia1 data of the Mixed Commission for appIication of the 

Convention concemuig fishing in the waters of the Danube, the cdculatiors presented by Wungary 

at pp. 189 - 192 of vol. 2 of its Counter-Mernorial cannot be considered as correct: 

a) The tod catch of fish in the Danube representd in 1987 90% of the 

average catch in the years 1985 - 1986, 94% in 1988, 70% in 1989 and 

only 62% in 199 1 .  

This important decrease of the fish catch was widently caused by bad 

crimatic and hydroIogicd conditions together and not by Iocd changes of 

topography of the river in the a r a  of the Projecf. 



bf ntesitua&~theyun1989-1990wasthebasisofthedecreaseoffish 

catch in the years 1991 - 1992 and it also influenced foUowing years. This 

fact must be taken into consideration. 

c) The esrimations of abundance, ichthyornass and avaiI&Ie production do not 

take this fan into oowideration for the p&od after damrning of the Danube 

and therefore they would have to be Iowered by 3 0-50%. 

d) No account is taken of the mtemertt of Hurtgarian experts in the Murd 

Commission for application of c o n h g  frçhing in the waters of the 

Danube concerning the negative impact of the barrages in Germany and 

Austria on fishery in the Hungarian-Slovak section of the river. 

4. The A l r d  Fish Dpstmction on 30 Juk 1994 

At the end of July 1994, the foiiowing values, characterising -al conditions, were 

registered in the lower part of the reservoir: 

Water tmperakrre: 

The Danube in Devin (25.7.1994): 21 .OQC. 

The Danube in GaMikovo 1 8. 8°C. 

By-pass canai in Dobroho3: 22.5"C. 

Branch system in Vojka: 22 .X .  

The Danube in Devin (1.8.1994): 22.4"C. 

The Danube in W i k o v o  19.4"C. 

By-pass canal in Dobrohu3: 225°C. 

Branch qstm in Vojka: 24.6"C. 



TheDanube in DeWi (29.7.1994): 1381 m3/s. 

The old riverbd of the Danube: 2 1 O m31s. 

htake in10 the Mosorir Danube: 19 m31s 

Intake into the left-side system: 1 8 m3/s. 

The content of dissolved oxy~;en: (Makovinski, J., Luther, S., 1994: The oxygen 

regime and p h a r y  production of phytoplankton of the Hnihv rwwoir. F i  report, MhH, 

Bratislava.) 

Reservoir at hinovo 

Date Time Depth 02 Temperature Sat . 
ChOur) fin) f m d )  {OC) (Yi) 

Water leveI in the reservoir: in metres above sa Ievel 

29.7.1994: 129.171~ 30.7.1994: 129.15 m, 

31.7.1994: 129.1 1 rn, 1.8.1994: 129.03 rn 



a) The water levèl in the reservoir on 30 July 1994, as well as before and afkr 

this date, waA stabiilised on the quota 129.03 - 129.17 m as.1. 

b) The water discharge irito the old rivched was stabised at 210 m3/s 

c) The water temperature corresponded to temperature determined in the 

main water 3uw at Devin md it was stiü nomial. 

d) The quantity o fd iwIvd  oxygen was higher than 8 mg4 which responded 

to 90 - 94% of saturation at actual water temperature. 

On 4 Jariuary 1995 Ing. AKirka and hg. Jin Vmcent detemiriai in the main 

riverbed, in the section of DunakiIiti weir groups of thousands of W and I+ young 6sh. The 

detemination - + of species is being done today. 
i 

These facts evidently contradict the so-dl& corniderable fish destruction of 

t With regard to these values and to the fact that the Slovak side did not register any 

fish mortality and the Hungarian side did not report any fish mortality to the Slovak speciaiised 

institutions, the alleged "serious 6sh destructionu e m s  unlikely to have taken place. If no method 
1 

of estimation of dead fish is indicatd, the said ichhyomass is not reliable. Thus the whole daim 

cannot be acceptai. There is no justification for attributing the dlegd fish destruction to Variant 

"CM in any event. 
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Adual stnte of ichthyofauna on the teetory affefted by the consimetion of 
Variant Y" (SIsvak side), 

(+) probable occurrence, (tt) m h e d  occurrence, 
(-) the occurrence is  not supposed, (?) uncertain occurrence 
-*- -- 
Species &semoir Tailrace Orig. Branch 

3. Oncorhynchus mykiss 
(Wdbaum, 1972) + ++ +b -e 

6.  Coregonus Lavaretus 
(Limaeus, 175 8) + 

IV. ESOCIDAE 

9. Umb ra krameri 
(Walbaum, 1792) 



13. Abramis brama 
(Linnaeus, 175 8) 

15. Albumoides bipunctatus 
(Bloch, 1782) 

17. Arïstichthys nobiis 
(Richardson, 1844) 

22. Chondrostoma nasus 
(Linnaeus, 1758) 

23. Ctenopharyngodon idella 
(Vdencien. 1 844 

25. Gobio albipinnatus 
(Vladykovi Fang, 1 943) 



Leucaspius delineatus 
(Heckel, 1843) + 

Rhodeus sericeus 
palas, 1776) + 

Ruf ilus nrtilris 
&irinaeus3 1758) 

Scardius erythrop. 
(Liaeus, 1 758) + 

- 
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++ 
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+ 

-t 
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44. Misgurnus fossilis 
(Linnaeus, 1758) - - - -t+ 

47. Ictdum nebulosus 
(Le Sueur, 1819) ? 

49. h t a  Iota 
&haeus, 1758) 

XIL GASTEROSTEIDAE 

5 3. Gymnocephalus cernsius 
(Limaeus, 1758) 4- 



6 1. Cottus gobio 
&maeus, 1758) 

+ t t  tt * 

i u- ft tt 

? 4-k ti- t-t 

- +k ft + 

- + tt - 



PART 1 CRANGES OF SPACIAL RELATIONS OF SELECI'ED BIRD 
SPECIES IN THIE BYPASS CANAL AND IN THE DANUBE'S - 
INUNDATION AREA AFTER THE PUTIWG OF THE GA~~CIKOVO 
PROJECï INTO OPERATION EXCERIT) 

Peter LE & Mirko Bohuli 

(Pubfished in: ~s~cholo~ical  and biological mnsequences of radical Bviiization changes in Europe, 
Bratislava, Septemlier 1994) 

1. Introduction and Aim 

Downstream of the Devin gate, the Danube river created in the past on the top of its 

d i e n t s  a dynamic systern of side arms undergoing permanent changes. Due to its sedimentation and 

erosion a&ties, the river u s d  to crwe new active branches, whde in the old mes, without 

dischargq the graduai process of their fillirig up was taking place. (...) In the seemingly monotonous 

plain a varid mosaic of quatic, terrestic and transitional types of biotopes existai. Theu diversity and 

food-capacity found their expression also in a diversity of f o m  of organisrns occurring in this 

ecosystem and in its own productivity. At the same time this ecosystem served as an important 

migration corridor and gathering ara of migraring animals, among which birds have a primordial place. 

For its urique character and lasting Unportance this territory was includd among important bid areas 

of the Slovak Republic and siince 1993 has beeri on the Iist ofwethds under the Ramsar Convention. 

Birds represent one of the important parts of the ecosystem. Thanks to their mobity 

enabling them to r a d  immediately to current changes, relatively easy identification in the termin and 

other properties, birds ~ e p r e x n t  an important hdicator of the state and changes of the environment. 

(...> 

From the chronological point of view the last immense anthropogenous interference 

into the territory concerned was the construction of the Wikovo Project, damming of the original 

main channel of the Danube followed by the diversion of its flow and the operation of the Wikovo  



Project with related activiries. This has h n  the most si@cant intwvention hto the concernai 

tenitory since the very begîmîng of& exploitation by man. There are avdabis data on previous staie 

of biota and ûrst of al on its most apparent representatives h m  the period before the constmction of 

the GabEikovo Project. Tt is possible then to compare the new state with the past one, even if the 

existing data base does not allow us to include in such an andysis the population trends of the majority 

of species. The aim of this work is to d and to evrJuate changes of the enWumerit as 

manifest4 through seIecred groups of Kir& dependent on fhe quatic environment. As indiaiors, there 

wwe select& representants of orders Pelecc~iformes, Cim'Ifmes, Lari$!iomies, RaIZiformes, 

Accipiinj'ormes and Ansen$mnes, taking hto account mostly long observation distances on open 

areas. The obsewations focused on spatial relations and habitat preferences with respect to the newly 

created technial landscape. In paraIIel wiîh these observations an inventory remch of avihna has 

been implernented.( ...) 

n e  selection of localities had as an aim to include sectors of biotopes that most closely 

represent the onginai landscape as weli as the newly created technical landscape. In this case the 

sectors of the main Danube channel, branch system and the bypass canal of the W i k o v o  Proje~t have 

been seIeed.  (...) 

The observai stretch of the main channe1 was Limited to rkm 182 1 - 183 5,  where there 

occurs parts of river banks adapted with quany stone as weii as grave1 benches. Observations in the 

branch system were carried out 6om newly built cross-dyka n a d  in technical t e m  lines A to G. 

(...) Obmt ions  on the bypass canai were taking place fiom the right-side dyke of the bypass d 

dong its &hole length. 

During 17 observation days in the months January - August 1994 a total number of 52 

&id species dependent on water were observa£. 



1. Gavia slellafla (Pontopp.) 
One exmplar was obmed on &riI 1 5,1994 at the beginning of the bypass d. 

2. Pdceps nigrrkoIIis Brehm 
This species was observeà isolately duhg spring passage in March - 6 exemplars. 

3. Podiceps crislalus (L.) 
This species is an abundant hibernant in the bypass canal, in the main Danube river it 
wintered ody hdividudly. Nidification in the branch system was proved by &dimg the 
nest. 

4. Pdceps mficoIIis (Pall.) 
This species was regularly observed on ail studied localities, where it is regularly 
wintering. The highest number (32) was observed on April8, 1994 in the bypass canal. 
Nesting was asserbined by obsemafion ofjust hatching fl edglings in the branch system. 

5 .  Phalacrocorrmc carbu (L.) 
Cormorants regularly occurred in the main Danube channel and in the branch system 
during the whole year, but were not observed in the bypass canal. Estimation of the 
total number of night-passiig wrrnorants on the newly created night-ground in the 
branch systern was estimated to be 1,500-2,000 exemplars. 

6. Ar& c i ~ r e a  &.) 
Grey herons regularly o c c u ~ ~ d  in di observeci localities. The occurrence in the bypass 
canal was limited only to single sattered individuals. In the branch system gathering of 
grey herons ocnird on suitable fishing places at suitable water table. For example in 
August 8, 1994 a flock of 72 individuals was observed. 

7. Artfeaptptrrea L. 
PurpIe heron is reguIarfy obsewed since the beginning of water supply into the SIovak 
branch system in May 1 993. The fust observation was on Apd 22, 1 994. The number 
increased &er bringing off fledgiings îrom nesting-ground in Hungary; in one locality 
in the branch system system 6 exemplars were observed at once and the füght of a 
flock of 15-20 individuds in Augusî. This species was ody %equentIy observed in the 
main Danube chanriel arid not at d in the bypass canai. 

S. Egrerra a h  (L.) 
This species occurred regularly and during the whole year in the branch system and in 
the Danube channel, but was not observed in the bypass canal. Maximal numbers occur 
in August (lad years during the whole autumn). Flocks gather in suitable places with 
suitabIe food offer. In August 10,1994 a ff ock of 142 exernplars was observd. 

9. Egrefta grnetta (L.) 
This species occurred rareIy? except during sumer period when it omurred regularly, 
separately or several individuds, on shallow places of the Danube channel and in the 



branch system. Un August IO, 1994, 3 exemplan together with Egrem a b  were 
obsemd 

1 O. Nycticormc nytic&ax p.) 
This speci*i -rred in the main  an& c b e I  and dso h the branch syskm, 
separateIy or in groups of several individuais, but does not n a  on the Slovak side of 
the Boodplain; it was not obsewed in the bypass canal. 

1 1 . . j x ~ b ~ ~ n r r  mimipus (L.) 
A young bud flying out was observed in reeds of the branch system during the fkst ten 
days of Augus& where nesting can be supposed due to suitahle topic conditions. This 
species was not observôd in the b p m  canal. 

12. Plaralea leucorda &.) 
Two exemplars were observed ilying over in the second ten days of August 1994. This 
species was not obsewed in the bypass canal. 

1 3. Ciconia cicunia (L.) 
White storks reguIarly occur in the side a m  systern and dso in the main Danube 
channeI, the bypass canal does not provide trophial possibities. 

14. Ciconin nrgm p.) 
This species occurs in the branch system as weU as in the main Danube channet, where 
durhg post-riidscation moves the gathekg of large numbers of individuds take place 
on rroptiidy attractive 1ocaIities. In the branch system a flock of68 individu& was 
oixerved. This species is nesting in the inundafion area. 

15. Cygrms olor (Cm.) 
This species regularly occurred on al three locaiities during the whole observed period. 
The largest gathering in a single flock was observed in the main Damrbe channel on 
August 10, 1994. NestUig was not obsewed. 

16. Amer sp. Bris. 
Three species of goose Amer m e r ,  Amr fabalis and Anser al6~fi.om were replarly 
observed during the &ter period in the main Danube charnel. 

17. Anasplutyr+chos L. 
This species occurred during the whoIc year in di three locdities. It ne& ody in the 
main Danube chanriel and in the branch system, where a concentratal occurrence was 
obsewed even dukg nesting period. As a wintering ground it uses mauily the bypass 
canal, where a considerable number of dilcks are gathering. & about 1,500 ducks 
gathered in the stretch about 600 m h m  the hydropower plant on Febniary 3, 1994. 
Srnaller numbers (about hundreds) are staying mainly in the part of the branch systern 
under the Srne G uritiI fiezing of the branches and bmods ofducks oftens or hundrds 
individuds stay in the main Danube chamel. 



18. A m  penelup (Z.) 
This species occucs weIy in the branch system during migration and nesting was not 
ubserved. 

1 9. Arras sfrepera L. 
Rare, probable nester in the branch system. 

20. Anns mtla fi.) 
Occurrence was ~ ~ e d  in the main Danube chmel during sprîng paswe (two 
pairs during the Iast ten days of March 1994). 

2 1. Arias guerqueriirla (L.) 
This species was obsewed together with the foUowing one in the main riverbed and in 
the by-pass canal, tens of individuals were wintering there together with wild ducks. 

23. Aythp ferim &.) 
This species is a hibernator in the branch systern and also in the upper stretch of the 
bypass canal neighbouring with the reservoir. 

24. Ayrhia ETJTDCC~ (Güld.) 
A pair was observed in the branch system at the end of August 1994. 

25. AyihiafiZigula (L.) 
This species is a cornmon hibernator (hundreds of exemplars) clearly preferring the 
bypass canal, mainly its part bordering with the resewoir. In the main Danube channe! 
it w s  occunkg ody in a srnaII number during winter rnonths. 

26. Bucephab ciangrtJa &.) 
Regularly wintering species during observed period, clearly preferring the main Danube 
channel to the bypass canal. On the main river it occurred in flocks, most often 
counting tens of individuals. 

27. Clarrigwla hyemtrIis a.) 
The occurrenr;e of 22 individtials was recordai on Apd 15, 1994 at the be-g of 
the bypass canal. 

28. Mergus albellus L. 
This species occurred in pairs or in ffocb of several individuals in the main Danube 
charnel, occasiondly dso in the branch system, d u ~ g  winkr months ta F&mary 26, 
I994. 

29. Mergus mergmer (L.) 
7 exemplars were observed on the main river in February 19, 1994. It was not 
observe. in the branch system, nor in the bypass canal. 



30. Somateria molIisima &.) 
One exemplar was observed in the bypass canal during the second decade of March 
1994. 

3 1. Cirais uemginoms (L-) 
One exemplar ffying h m  Hungary was obsewed during rirditication p&od. 

32. Milvus migrans (Bodd.) 
T'hi; species regularly ocuirrs in the main Danube channel and in the branch system, 
where it neas- Ori the bypass canal ody fights over were observed. 

33. HaIiaeetus dbicifla (L.) 
This species wintered in the main Danube channel and in the branch system (12 
exemplars). The most concentrated occurrence of 7 individuds was obsewed in the 
branch systern on Febniary 26, 1994. Tt was not observed in the bypass c d .  In 
addition to &ter occurrence also summw occurrence of h o  adult exemplars and one 
juvede was obsemed. 

34. P&on I#ilaefus (L.) 
This species was sporadicaily present and individually in the branch system and in the 
main Danube fiow during the whole observed period. 

3 5. FuIica a ~ r a  (L.) 
This specis was obsefved as a reIativeIy c o r n u n  hibernator in the b y g w  canai; in the 
branch system and in the main flow its abundance was srnder. During the nesting 
period and afterwards the situation changed. This species nested in the branch system 
(observation of non-fl ying fledgliigs in August 1994). 

36. GalIimla cloropus &-) 
This species was present and nested in the branch syçtem, but was not present in the 
main river or in the bpass canai. 

37. C k & m  hbius (Scop.) 
A cornmon nester on grave1 benches in the main Danube channel, it was present in the 
branches only at low water table (August 1994). It was not observed in the bpass 
canal. 

3 8. Numenim mq~~ata G.) 
OnIy one hibeming exemplar was observed in the main Danube channei. 

3 9. Actitis hypoIeucm (L.) 
This species was present on the main river (confrrmd nesfuig) and in the branch 
*stem during the whole nidification period; it was not o b w d  in the bypass canal. 



40. Tringa &opus (L.) 
'Iliis species mrred in the main river and in the branch system during move @ f m h  
24, 1994) and during pod-nestirig moves (August 1994). It was not absemeci in the 
bypw mat. 

4 1 .  Tringa ne6ularia (Gunn,) 
A flock of about 20 individuals was observed in the branch system in August 1994. 

42. Tn'nga tu- (L.) 
This species was obsewed duhg the spring passage move. 

43. Phi2omachwpugna (L.) 
Four hdividuals of this species were observed in the main channel on April4, 1994. 

44. franelh~ vmeIIus &.) 
A nester of grave1 benches of the main Danube chanriel, it did not occur in the branch 
W e r q  nor in the bypass canal. 

45. RecüwiroSaa avuseticr &.) 
Four exemplars were observed in the Danube's main channel during May 1994. In 
previous years some pairs of this species were nesting in the non-operational bypass 
canal. 

4 6  h c m ? M L .  
This species and the foliowing two ones were present during the observation period on 
al1 three localities. 

49 Larus mimhts (Pall.) 
A transmigrant species, observed in the Danube's main channel in three exemplars in 
Apd, 29,1994. 

50. S m  hinindo 6.) 
A Iikely nester on grave1 benches in the Danube's channel, obse~ed aIso in the branch 
system. 

5 1. Chiidonjas nigra (L.) 
A transmigrant in the Danube's chme!. Thre  exemphrs were observed in the main 
river in ApriI - May 

52. AIceab atthis p.} 
This species occurred in the main channel and in the branch systern during the whole 
observation period; it did not occur in the bypass canal. 



For the purpose mentionned above we have select4 eight fiom arnong the above- 

mentioned speciq considerd as typicaI ones fbr the original Danubian avifhuna. These species are 

easily r e c o ~ ~ ~ e  in the terrain. Theu miriimal and maximai absoiute numbers in the Danube's mairi 

chamel in the h c h  system and in the bypass canal are on Table 1.1. 

TabIe 1.1. Occurrence of selected bud species in the Danube's main channel @) and branches and 
in the bypass canai (C): 

Phalacrocorm D 
carbo C 

Ar& D 
cinerea C 

Egretta D 
aiba C 

Anas D 
pla&rhynhos C 

cygnm D 
0Ior C 

Lam sp. D 
C 

Fulica D 
am C 

Haliaeehrs D 
albicilla C 

minimal and maximai number o fb is  in month 

The occurrence of species Phalacrocorax cmBo (L.) Egreîtu alba (i,.) Haliaeehrs 

albiciita (L.) was exciusiveiy bound to the Danube's channel and branch system. A clear preference for 
i 

the bypass cand, its urifrozerr water arface and aphdt  bankg was manifested by genus A m  md 

i species FriIica ab.a fi-} during the winter season. Thse  species graduaIIy rnoved tu the branch systern 

for neshg p e r d  uritii bhging ~Efiedgiings. An increased number of ducks were aiready observeci in 

the bypass canal in August. As can be seen fiom the results, the bypass canal is chosen by bids mainly 

during the winter season as a rest area, while during the nesiing period hast the whole bid 

population conceritrates in the bmch qstern and in the Danube's main charinel, where posibities for 

nestirrg exist. The absence or rarer occurrence of surne species (P~lacrocorax cmbo &).), 
I 
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representants of M y  Arak ih  in the bypass canal is due to unsuitable food and rest conditions. 

Species Cygnus utor (Gm.) prefened, even if not excitisivefy, the environmerit of the Danube's main 

channeI. Repremntants ofgenus Larus except species Lmus mi~ftrffls Pd. were occurring on all three 

loçalities without any distinct differentiation. 

Signifiant ciifferences resultd 6om observation of escape-distances in W t  

IocaIities as fàr as species Anasphfvr@nctchos L., CWS olor (Gm.), FuIim afra L. and genus Larus 

are concenied (TabIc 1 -2). 

Table 1.2. Average escapedistances of select4 species in various types of environment 

Species Danube's chme1 and brarrch system Bypass cand 

Obtained data show considadde adaptation of b i s  tu the environment typicd for 

water areas of urban agglornerations. 

2. Discussion and SeIected Ecosozolo~icaI Aspecîs 

The change in water regime and construction of communirafion net with reirzforced 

surface appears to be the most important factor of the environment as far as biids dependent on water 

habitats are concerned. 

The shaIlow parts of the branch system (mainly dong the Danube river in the 

downstream diiection), fiom which the most important was the locaiity Istragov, tiad a function of 

trophical bases for ichtyophagous bird species. They had a function of gathering grounds of bids 

during pst-nesting flights and migration, rnainly for species Ardu cinerea L., Egretra alba(L.) and 

Cico~iia H@Q (L.) and dso for Wintenrig <fi& two species)  CA^^ 1990 BohuS, unpubIished data). 



The water supply m g h e  into the bran~h system fiorn the intake structure at 

Dobroho$ which followed the earlier drying of the center of this locality, did not provide conditions 

for this important function of the lodty.  Ody afler the drop of water suppfy r a l t h g  from the 

extremely Iow discharge Hi the Danube during the sumer of 1994 were mitable -trophic çonditions 

creatd in this Iess fiequently visitai part of the branch system. This resulted in an inma& 

concentration of the above mentioned species, reaching earlier known values fiom these locaüti~. In 

the second ten days of Aupsi, 1994 a gatherhg was obsewed in which there were 142 individu& of 

Egrerfa a& a.) 72 individuais of Ar& cinereu a.) and 68 of Cicmia nigra 6.). For assuring this 

important firnction of the bmch ?stem it is desirable to regdate water mpply in the branch system 

wMe respecting, at the same time other requirements of the ecosystem. 

Durhg our observations we have r w d d  a si@cant incr- of aquatic &id species 

in the branch sjrstem, the causes ofwhich vary for diermt species. During the summer perid 1994, but 

dso 1993, aduk individuds of Ar& p p r e a  L. (6 of hem) Iater job& by some young bis, were 

regularly observed in the Slovak branch systern. During the last decade this species o m e d  in our part 

of the branch system only in individuai nuinbers and rather rareli (h, BohuS, unpubüshed data). In the 

not s u  distant past, this species nested on the SIovak side of the D m b e  @al&, 1963, Rac, in verb.) but 

original nesting IocaIities either Iost their original charmer, or were dstruyed. Accordmg to avaiI&fe 

data (Rat, in vefb.) from the whoIe area concerned, this specim nests at present ody in Hungary and 

afker the extreme decrease of water levels in the Hungarian part of the branch system it uses our side 

only as trophicai base. Due to absence of suitable sites and its high trophical requuements tbis swes 

does not nest h m .  Zn cornparison Wlth our own unpubfishd data h m  the, 1st decade before the 

puffins of the W i k o v o  Project into operation, there is an increase* in the branch systerq of numbers 

and nesting of species Fulica atra L., including branches origindy with the flowing water. This 

phenornenon can result 6om population trends of this species, but the more probable cause seems to be 

the stabilised water level enabling s u ~ f i . 1 1  nesting and developmerit of submersed rnacrophytes 

thanks tu nearfy stationary water. A simila situation was obsewed a i s  in the case ofspecies Galimrb 

chforopus (L.) and Pdceps  ntjcoflis (Pd.). 



The construction of crossing wWS wnnected by wmmunications with reinforced 

mrface opend the whole inundation ara to cars, which has a negative efect on species sensitive tu 

any disturbance. GeneraI coverage of the area with communications reduced the pasibilities of escape 

h m  thÎs intekence. In Inthe case of s p i e s  Haiiueeerur aIbiciIi;ia (L.) nearly exclusive preference for 

localities in the stretch of the Danube's main channel was observed. At present there is no 

communication with the reuiforced surface dong the Danube which would enable increase of visits in 

this tenitu?. Afkr the opering ofa Iarge part of the area tu m s s  by carsf the attempts ofthis species 

to nest here were orient& towards other I d t i e s ,  situad in a reIativeIy quiet area. This species is 

in the centre of the conservation efforts, and in order to provide conditions for the creation of a nesting 

population we consider it necessary to assure sufficient isolation of at least some parts of the inundation 

area and theu protection against visits relating to different human dvities. 

In the Iower part of the branch system, in the gretch correspondmg tu rkm 1821 - 1825 

of the river, a number of winter gathering places was ~eated (rnaidy by al Anas platyrhyimchos L., 

Ayhia feriina 6.1 Fulica atra L., Ardea cinerea L., and Egreita albu p.)). In this area the villages 

Trsteni na Ostrove and Baka had b e n  separatexi fium the inundation a r a  by the bypass a d ,  which 

Id tu a conçiderabIe decrease in visits. The &ect was visibIe dready during the Iast years of the 

construction of the W i k o v o  Project @ohus' M., unpublished data). 

During the observaiion period an unusual increase of number of species Cygms alor 

(GR$, in cornparison with the 1980s and the begining ofthe 1990s- was observai. In earIier years this 

species was observai in the branch system and in the Danube's chmeI ody rady and hdividudy, 

possibly in small flocks. It is possible to ascertain the gradua1 increasing of occurence and abundance of 

this species (AE, BohuÇ. unpublished data). In earlier years (the 1950s) this species was not even 

considerd to be a part of the evifauna of &tny Ostrov (Balet, 1963, Bali% 19521, whose southern part 

is the monitored territory. The increase in the number of swans is reiated tu general expansion of this 

species, ifs synanthropisation and population trends. The fact that &r the purting of the GdZikovo 

Project into operation a sudden increase in Swan number occured indicates such plausible dependence. 

We have observexi apparent changes in spatial reIafions in the case of the çpecies 

Phcrfamocorc~y m h o  (L.). Mer the fundamantâl change in the hydrologid regime of the branch 



systern and the main riwrt>ed, rklt ing frum the hnming of the Danube, this sp* di+ 

dependent on aquatic environment, concentrated itself during the winter 1992 - 1993 in the Danube's 

channel. With di probability it was due to easier access to food in the d e c r d  water lwel in the 

Danube's main chmel. A çimilar concentration was not obsewed in the k i t  rnonfhs of 1994. We have 

recordai the transfer of riight-gound fium the Hungarian side (at approxirnateIy r h  1821 - Bohuq 

unpubliçhd data) to ow side, to the places h o m  as being ni@-grounds in earlier periods (h, 
1983). Up t o  the present tirne the exact causa of this event are not known and its expianation rernains 

an open question for a further stage of research. 

When evduatirrg the findion of the bypass canal we consider it ~~sary to draw 

attention to a mass wînter occurrence of bids, maidy h m  order Amen~onnes. The birds use the 

asphalt banks of the bypass canal for rest. Accordmg to our working hypothesis there is a local increase 

of temperature due to the absorption of the sun sEne enerm in the dark apbalt layer, which provides a 

warm cornfort tu the resting b i s  in winter rnonths. This hypothesis, wiII be vefied in a firther stage 

of the research. 

An apparent shortening of escape-distances of indicative species occurring in the 

bypass canal has been ascertained. O ~ o r i a i  traffic, usuaIIy without stopping on the top of the dyke 

of this m5Md water course, as wed as absence of hunfing in fhis lodity, aIlowai the habituation 

mainfy of ail representants of order Amen~mes (in particular A n m p h @ l y ~ ~ h m  L.), in lesser degree 

dm of representants of other observeci orders. In the ara of the Danube's main channel, and in the 

branch system, birds, up to present, stand by escape distances known 6om the period before the 

putting of the GaMikovo Project into operation. This phenornenon is known fiom uhan 

aggIomerations. Its entire significance for organic functions and relations which devdoped together 

wîth individual species during their evolution, can not y& be unequivocally stated. We suppose, that 

fûrther stages of reasearch will bring answers to at Ieast part of the questions in relation to the 

preservation of the whole d e  of etoIogid manifestations of organisms exisfing in systems 

finctioning according tu the n a m d  scheme undisturbed by man. (. . .) 



1. AC* P., 1983 : Omf~ence of cornorant an the Danube river (in Siovak). &va, 3, p. 109. 

2. AC, P., 1990: Wmtering of spwies Egrolta a h  in the Danubian lowland [in Siovak). ).vq 
4. p. 185. 

3. BALAT- F,, 1963:  vifa au na ufiifn9 0-v (in Czech). Biol. pr&, 9,84 pp. 

4. BAL& M., 2952: Quantitative research o fb i s  in floodplain forests of the Danubian lowland 
(in Slovak). Dissert. work, UK Bratislava, 1 1 7 pp. 

5 .  BO-, M. 1992: State of IB A Podunajsko: its main problems and factors involved in 
their ~lutiurt.  Proc. ofworkshop Czsh section of ICBP, Treboq p. 1 15-1 19. 

6.  LISICKY, M. 1., 1 992: Management and monitoring of the Danubian floodplain in 
Czechoslovakia. Proc. IWRB workshop, Trebon, p. 23-26. 



PART 11. OUTLINE OF CHANGES IN COMPOSlTiON OF AWFAUNA RESULTING 
FROM THE CONSTRUClïON OF GABCIKOVO BARRAGE 
JExCERFq 

Pave3 KovaZovsl@ & Ivo Rychlk 

(Pubiished in: P~~hological and biological consequerices of radical tivîhtion changes in 

Europe3 Bratislava, Septernbw 1994) 

Because this work contains only results of field observations for months March - 
August 1994, its findigs should be understood as king p r e l i a r y  in character. A more refiabIe 

picture of changes in composition of the avXmna can be submitted ody der  completion of the 

whoIe-year cycle ofobservations. In spite of this it may be stated, that even the resuIts obtained up to 

now provide a nurnber of valuable information about the impact of the construction of the Gab6kovo 
' 

water Project on the composition of the aviCauna in the &ected m c h  of the Danube river. 

Diirkg observations in the terrain we have recordai on the monitored territory the 

occurrence of 52 aquatic species of birds, birds depending by their way of We on water and predaîors. 

The survey ofd&mWid species is as follows: 

Guvia siellafa, GGavia mcljm, Pdceps  cisfahcs, Pdceps  nigricollis, Porh'ceps 
griseigena, Tachy6a;phr.s mficoIIis, Phalacroçorm cmbI Ar& cinerea, Araka 
plpurea, Egre fia alha, Ciconin cico~ia, Ciconiu nigra, Cygrms oZor, Cygnts Danlus, 
A m  &Mis, A m  p l~~&ehosI  A m  sfrepera, A m ,  perquedtrfrf, Spatuh 
cipata, Netta nrfina, Aythia firina, Ayrhia &fipiq Ayfhia m e ,  Buceph& 
cfanpfns Ckngufa &&s, Mergus aibeiI~~s~ Mergus serraor, M i I w  migram, 
Hafiaetus afbiciila, Bue10 buelo, C i r m  aemgimus, Falco subbu~eo~ Falco 
timnculus, Pandion hliaetus, GaIlimla chloropus, Fulica atm, Vanellus vmreilus, 
C h d i u s  dubius, PhiIomuchs pugnm, Tr~nga nebuIrni4 Tringa foianus, Tringa 
~ I e t l c e s ,  Nlmenius mpafrtSI CcrpeIfa gaIIinagul Reç~tmYoaa nvosefiq h 
mgenfahrs/cacim, Lanrs ri6b11dis~ Chiidonas nigra, Stmm hirumb, Rp'a 
r i v a ,  M~fuciIla a&a, MofaciI&@a. 
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The minimum assertallied numbers vaned between 1,400 - 1,8W ind~duals  in March, 

the maximum state having been a s c e h e d  in August, when total numbers reached approximately 

17,000 iridividuds. 

The impact of the construction of the water project can be waluated on the bais of 

cornparison of total numbers of bids on the moriitored territory prior and &er the darnming of the 

Danube. We have recorded a distinct increase of the total number of individuah and at the same time 

their decrease on the old Danube. ThÏs a n  be demonstrated by the example of changes in numbers of 

wiId duck (Anas p I ~ f v r h p ~ h ~ ~ )  determirid during reguiar (3zmm-y) international counting of quatic 

b i s  on the Danube river (Table 2.1). It confims that the creation of a huge water a m  in the intimate 

proxhity of the old Danube's flow caused a shiR of a part of birds fiom the old channel to the 

remoir- The high number of birds settiiig in the reservoir indicates that this newly created water area 

is very amactive for quatic bÎs, which find here mitable conditions for wiritehg, for food kding 

and, m e r d  species also for nesting. 

Table 2.1. R d t s  of January counting of wild duck 
(A= P W ~ C ~ )  

Year 1991 1992 1993 
Number of ducks in the 
Danube stretch h m  rkm 
1842 to 1851.75 653 539 168 

Untii now the rai ts-  of observations show& that the water level ha a considerable - 

-duence on the number of individuais and their distribution in the observed territory This impact is 

most distinctly manifeste3 in the h S o v  resewoir, r n d y  in its upper part (approximately Eum the 

place corresponding to rkm 1 846 of the former Danube bed). A decrease of water level (for example in 

3uly and August) causes the etnerang of a number of small isIands of different iize and even rise of a 

Iarge dry ara,  ofien with isoiated water patches. A retreat of conthuous water area fiom the dykes 

reaches, in such a case> in the mrvu i r  near to the village Kdinkovo, 10û-300 m. L q e  numbers of 

ducks ( A m  pfafvrhynchm), gulIs (Lmris ririrbundr~ and Larrrs mgenfaiudmchinmm) and 

cornorants (Ptfalacrocormc carbo) gathered on such emerged areas The numbers of species, which 



are lookhg for food on the banksf 'wentudy in rathm shdlow water (for ample Chadnius riübius, 

Enga nebuian'a, PhiIomnck pugrta and oîhers) increases. On the contrary, at considerably 

increased water level (for example in the fmt halfof April 1994, when the water level in the Danube 

river culrninated in Bratislava at about 700 cm ) the above-mention& spies  pra&dy disappred. 

At the same t h e  major part of nests of td (FftIica acra) and diver (Podceps crisfatus), and to a 

smder exîent aIso neas ofwiid dug @rtasptatyhpchos) were destroyed by the flood. NevertheIess, 

we have rmrded a substitute nesting of the above-mention4 species, fiom where the fldgiings were 

brought off approximately 2-3 weeks later. 

In addition tu the abovwnentioned species we have record& nesting (in m e  mm 

onfy by observing young b i s  tugether with adtrlt individuds) of ather species as folIows: Aythia 

Sftfiguta: h s  r i d i b d ,  Larus argentatud~~~chininlmm~s, S t e m  hirumb, Tuchybqtus ruficoIIis, 

Gullintlln chlwopus, Remrvirostra m e &  and Ripmin n p i a .  

h o n g  the most abundant species in the monitored territory are Phhcrocmay cmha, 

Cygmrs oIorI Anarpfafy'&chos, AyfhiuP~iigtrla, FuIiw a&a, Larus mgenfatus and Ripmia riparia. 

Jt is possible to observe a cIear preference of some species for a certain type of biotope. 

The most obvious examples are species Podiceps cri~tatm and Fulica atra, which cleariy prefer the 

huge waer area of the resewoir. Sasund dpamics of seIected species based on cornparison of 

numbers assertaind un the oId riverbed and on the resemir are show on TabIe 2.2. 



Table 2.2. Numbws of selected species determin4 on the old Danube and on the h h v  
reservoir in 1994 (R) 

Pediceps 
cnstatus 

Phaiacrocorax 
carbo 

C w u s  
0Ior 

Anas 
pIatyhynchos 

Aythia 
fuligula 

Fulica 
atra 

Larus 
ridibundus 

determinal numbers (min-max) 

March Md m5r 3une Jdy August 

Rare and faunisticaIly important species are m d y :  Gavia sfeflafaI Gavia 

PaJiceps griseigem, Ardu puprea,  Netfa rufina, Aythia mmila; Clmgula hyemalis, Mergus 

serrutur, Haliaetus albicilh, P d o n  haZiaeirrs, Falco subbuteo, Numenius arquatus and 

Recurvirosfio avoseta. The occurrence of the species Cygmrs afrotus can be explain only by its escape 

h m  some zooIogicaI gardeq because this spsies has its origim in AusfraIia. 

Discussion and conclusion 

The total number of birds on the monitored territory is infiuenced m d y  by whtering 

species (e.g. Bucephafa cImgufa), by r k n g  the fledglings of nesting species & Anas 

piaphyl~chos, Lmus ri.tfbtl&* Riparia ripnria), eventualiy by an apparent Ulcrease of number of 

individuals at the end of sumer ,  resulting Eum birds gathering on the large water surface of the 

HruSov reservoir where they wme fiom srnalier water areas in the neighbourhood aRer they have 

reared their oEspring (eg, A m  pla~hynchos, Fulica atm). 



W e  oonUder as k P o m  observations mdrmhg the g a d d  adaptation of speàes 

lants argen~fw'ccrchinans in ortr territoy. b l ~ m a n n  (1970) mentiuns this p i e s  as occurring on 

our temtory mainly in the sumrner a d  autumn months. At present its occurrence on our territory is 

over the whole year and for the 6rst time durhg our obswvations we have recordai its nesting on the 

W v  resewoir. 

SimiIariy, we dso have dso recorda£ the nestirig of several pairs of the J@S 

Renm>r~frci avosefla in the proximity of the 01d Danube channel. Our observations conhn earlier 

published data concehg the occurrence and nesting of this species on the monitored area @arolovb, 

1992). 

R e n i  results of our work corifim that in the a r a  of the Wrkovo Project new 

ecoIogical conditions are being fomed, which are manifestai d s  ttirough changes in qualitative and 

quantitative composition o f  avifauna on the monitored area. The total number of individuais as weii as 

a number of determined species has increased, together with the occurrence and even nesting of some 

rare species. Due to the fact that the Mikovo  Project has been put into operation ody q~~ i t e  recently, 

it has been possibIe to use it as a mode1 tenitory fur the rwarch of furmation of new animai 

commuriities resulting h m  the radiai interference of man into the environment. 
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CEAITER 8. -TE M TEE IMPACT AREA OF TXE GAB&KOVO 
SECIlON OF TAE Grn PROJEcr 

1. Introduction 

The climatic conditions of the region where the hydroelectric power project 

W i o v o  is situated had air* been studied within the mpe of the research undertaken in 

connection with the preparation of the GM Project. This region was characterised in severai 

ciimatologic studies as being on the boundary between the maritime and continental climate (refs. 

1-4), in the moderate zone on the transition fiom the Atlantic-continental to the European- 

continental u>ne (rd. 51, with miId winterJ increased precipitaiion late in the spring and earfy in the 

wmmer, the secand part of the sumer being drjfer. W e  in the warmest month the average 

temperature does not reach 22'~,  3t lm 4 months have the average air temperature higher than 

1o"c (ref. 6). 

Under such conditions, evaporation fiom the water surface and potential 

evapotranspiration are higher than the total precipitation. This determines also the stmcture of 

vegetation cuver arrd crops (together with actual hydrologie conditions - ground water level and 

capiliary rise). 

When the monitoring ofthe hydroelectnc power project W i k o v o  was suggested, 

potential microclimatic phenornena and impacts of the prujat on the adjacent territory had been 

analy sed (refs. 7-81, various possibilities of evaluation of the evapotranspiration fiom plant growth 

in the cuncerned territory were promsed including mathematic modelling (ref 9) and evaiuation of 

the observations used by Dr. Lapin ( r d  1 0). 

lhis study focuses on three mu& si&cmt elements with respect to aulogid 

conditions of the region determineci by the hydrologicd cycle: the air temperature, precipirations 

and potentid evapotranspiration. Futther it dais with the potentid miuocIimatic phenornena of 

the hydropower project, above al1 under verticaily stable meteorological situations. 



The nearest metmrologicaI station which has carried out the Iong-term 

observations of the mncerned region is locatd at the airport Bratislava-IV& (48' lOW, 1 12E 

h= 1 3 3m). It is about 1 1 lan h m  the Cunovo reservok & Fig. 7). The d'ierence between the 

altitudes of the station and the reservoir's water level is about 5 m. The chatic characteristics of 

the region have b& established on- the basis of data available in the Slovak Hydrorneteorological 

Institute (SHMI). 

The mual course ofthe air temperature in Bratislava is presented on Fig. 1 

where MAXMAX and MïNMiN mean the momentaneous extreme temperatures over the whole 

corniderd period 1961-1990, the values ranging between -24.6'~ and 36.5'~. The maximum 

registered during this period was exceeded on August 19, 1992 when the value 37 .9 '~  was 

registered. Thus, the absolute amplitude of temperatures is 6 2 . 5 ' ~ .  The d d y  average 

temperatures in respective months range between -AN and MAXMEAN. The o b w d  

extremes of rhe daily average temperaaires in the concemed penod were -19.& and 29.2'~.  

However, this extreme temperature has dready been e x d e d  twice, in August 1992, by the value 

29.7% The yearly course ofthe average air temperature is expred by the cum MEAN, in fie 

range frum -1.4v tu 20. IV. The mean temperatrire above IU'C omned in 6 months. This 

d e t e d e s  the growing season. On the basis of the yearly air temperature course the region can be 

class5ed as a region with a w m  climate. 

The yearly precipitation course (Fig. 2) shows that the average montMy MEAN 

tutais are in the range fiom the minimum of 34.0 mm to the maximum of 65.6 mm. The average 

ymfy tod is 575.8 mm. The montMy precipitation tutais are in the range fium the minimum MIN 

{the Iowest vdue being 1.7 mm) tu the maximum MAX (the highest d u e  being 197.4 mm). 

The y e d y  evapotranspiration course is illustrateci on Fig . 3.  The average MEANs 

are in the range h m  9.5 mm in January to 131.6 mm in July. The highest potential 

evapotranspiration (1 58 mm) duhg the considered period was registered in July 1983. Tt was 

exceeded in Aupst 1992 (164 mm). 



I It is obvious fiom the cornparison of yearly evapotranspuation totals ranging from 

654 mm tu 895 mm (938 mm in 1%) that the region surers from moisture deficiencjr. 

1 

l 

of the constnrdun site and local changes, limitai in t h e  and space, muTd be obsetved. This 

pruvisory period endai in October 1992 with the dmmhg of the Danube without feaving beiind it 

any visible signs. 

3. The Possibilities of Influencin~ the Microdimate of the A m  

l 

The new reservoir created upstream of the briovo weir has at the maximum water 

IeveI the surface of 2,5 1 8 hectares and, at the considerd evaporation values of about 800 mm per 

year, the evaporation fiom the reservoir amounts to about 20 mil. m3. This represents an average 

water transfer into the atmosphere of about 0.6 m3/s (in July 1 -25 m3/s). During the three summer 

monf hs, 45% of the annud volume of the eraporation occurs. This water evapocatiun h m  the 

remvoir in JuIy is comparable with the water evaporation fium the cooIing tower of the nrrclear 

power plant Bohunice. The arnount of the water evaporated during the sumer  month, as in the 

case of the nuclear power plant Bohunice, cannot cause detectable microclimatic changes, even if 

during hot summer days the increase of the humidity would be desirable. 

Mer the beginning of Project construction, the vegetation was removed fiom part 

Another discussed probIem of possible microclimatic change resulting eom the 

construction of the Project is its impact on the temperature r a m e  of the lower layer of the 

atmosphere. On the bais of the original concept of the monitoring (ref. 7) and its modzcation (ref. 
1 IO) a new rneteciruIogicaI station has been established in the Wikovo  m. Tfie observations are 

recorda! and a continuous series of values have b e n  started. However, at present, the evduaiion 

of the possible thermal impact cm be done (due to the short time of observations) ody through 

qualified assumption. 

Due tu the gerrerd lay-out of the Project structures, the body of the d m  as wel as 

the body of the hydropower plant are exposed to the sunsbe mostly during the rnoming hours. 

Later the Sun shines either in line with the body of the dam and hydropower plant, or Eom the 
I water side. f i u s  the thermal accumulation on the dam body is not very signjficant. If'there is any 

infiuence at dI, then it is Iimited tu the closest neighbourhaod of the dm. The l&-side dyke ofthe 



headwater canai is exposai during &ost the whok day to the mmhine. Part of its insulation is 

covered with reflexiveprotective coating, and it is mled by the flowing water. 

A part ofthe Boodplain forests was repIacad by the raewoir water surface. There 

is a Iow probabiity ofand untiI now na evidenced microdimatic impact. 

Specific short-term microclimatic variations could ocair at stable situations and at a 

weak w h d  activity, or everiftrdy under windless conditions. At longer-l&g &Ie situations, the 

effect of the Iarge water surface- cauld remIl in a reIative increase of the air humidity, in the 

occurrence of fug or other phenomena such as dew and hoar h s t .  

4. Cornriarison of the Foe Occiinence and Air Hurniditv in Bratislava and 
2ihirec 

Due to the fluctuating character of the climatic phenomena in the long-term view it 

is necessary, in identGng locd changes, to compare the measurements fiom the station iocated in 

the impact area with the measurements from the station autside ofthis am. In mother s r ~ d y  (rd. 

I I )  we have dernomrated that the VUtrH expeirnental mion at ztihirec (48' 04% lT54~, 

h=I I lm) can be m i d e r d  as adequateiy rdiabie and not influenced by the construction of the 

G/N Project and thus suitable for such cornparison. We have been comparing situations of fog 

occurrence and situations when relative air hurnidity exceeded 90%. When the changes record4 in 

both stations were approxhately equ& we did not consider them as Iodly conditionai. 

Because fog occurrençe is recorded at the % h h  station only since 1965, we have 

considerd the sarne penod (1965 - 1993) in both stations. The number of foggy days in respective 

years ai both stations cm be seen on Fig. 4. The nurnber ofdays with fog occurrence variesr but in 

general decrases at t i h k  and increaws in Bratislava. W e  m e  change had alresdy occumd 

in Bratislava in 1989, the i n c w  in iihirec whidi ouurred in 1993 was higher than in Bratislava. 

Obviously this change has no relation to the damming of the Danube and may be explaineci as a 

result of industriai air pollution in Bratislava. 

More detaiIed analysis of the occurrence (in %O) of wind, fog and high relative air 

humidity 0 has been worked out on the basis of wind directions and velocities, separately for 

Bratislava (BA) and ahirec (Zn. It covers the penod 1965 - 1993 (black lines), as weii as the 



period fiom October 1992 to ~e~tember 1994 (red lines), & the period after the damming of the 

Danube (Fig. 5). The occurrence ofa cairn (windless) simation atid foglhumidity conditions reIated 

to this situation is explairied in the Iegend ( C m .  

The cornparison of results shows that at aharec wind h m  the NE o m e d  less 

5equently in the last two years and whd fiom E tu S o c c u d  more ofien. No changes in wind 

disiribution be&een the two periods has b e n  ncorded in Bratislava. Since the pattern at higher 

wind velocities is similar, the causes of the rmrded changes cannot be of a I o d  character and 

interpreted as the impact of the reservoir. 

The occurrence offug and high relative air humidity during to periods regiçterd at 

both stations is presented on Table 1. 

Tab. 1. y a  

at stations Bratislava 
f% relative humidity 

peri~d 65-93 92-94 65-93 92-94 

station 
Bratislava 
&arec 

The table shows that the 5% increase of the fog occurrence took place in Bratislava 

in the last period, mainly at wind directions fiom the NE and SE. However, it can be seen from Fig. 

4 that these changes had dready appeared in 1989. The increase takes place particularfy in 

November. The cornparison of the fig occurrence under d m  conditions and at wind velocities up 

to 2 ms- 1 for Bratislava and iihh appears on Fig. 6.  

The fog occurrence at Ahka dightly increased, but only at wind direction fiom 

the SE and W. The fog occurrence in Bratislava h a  increased in the whole hdf-circle from NE tu 

SW. It follows h m  the geographid situation that the air is moving towards the meteoroIogical 

station in Bratislava - Ivinka h m  the çunovo reçervoir area under the wind fiom the SE to SSW 

directions. 



SirrtiIarfy, the Eequenq of occurrence of other phenornena, such as hoa&ost, soft 

rime and supertooled fag has been studied. The yearly course of frequency of occurrence of these 

phenornena showed the 1û% i n c r k  in Bratislava d u ~ g  the period 1992 - 94 as mmpred with 

the long-terrn average. This increase has o c c u d  maidy in the *ter perid. If may be expIairied 

by the same reasons as the increased fog ocarrrence. No change has beeri recordai at aim. 

~ h e  increawi fog occurrence and reiated phenorna in Bratish m o t  be 

attribut& tu the effecis of the I)unovo reservoir. The highest numbm ofdays with fug owrred in 

1990, i.e. prior tu the damming of the Danube. Taking into account that the f i q u e n q  of the 

occurrence of high relative air hurnidity did not change, it is probabIe that the increased fog 

development in Bratislava is due mainly to increasing air pollution by aerosoIs. 

5. Conclusions 

The analysis of existing rnonitored data of the concemed territory d u e n d  by the 

construction of the ûal2ikovo Project did not reveal any ascertainable microchatic variations 

amibutable to the No-year operation of the û&ikovo pro&. The general development of 

chat ic  characteristics and poteritid microclimatic phenornena have been and continue to be 

monitored and a data basis which wdi enable the andysis of these probterns on the background of a 

longer period is being developed. By means of cornparison with the measurements at the station 

&bec it will be possible to shrdy in a more detaiIed way the manifestations of microchtic 

changes which could result k m  the influence of the Mi kovo Proja .  
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Fig. 1. Yeariy course of air tempentum in Brstislava (1961 - 90) 
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Pig. 3 Yarly course uf potentinl evapof ranspiration in BrstisTava 
(1961 - 1990). 
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fulding of the sdmentary expanse of the Tethys, which folIowd the couision of the North 

European and the Carpathian Orogeriies. The Western Carpathians belung tu the northm branch 

of the Alpine Urugeny, wIiich stretches tiom the Fyrenecq and mm thruugh the Wetem and 

Eastern Alpq Western, Eastern and Southern Carpathiaq tu Balanides, Taurides and M e r  

eastward tu the M a y a s .  

The geographic baundary of the Western Carpathim is placed: in the west, in the 

Danube River v d y ;  in the east, in the tRi River vdey; in the norih, the erosiond margin of the 

FIysch nappes of the Outer Carpathians, in the south, by the Great Hungarian Plain. 

3. Geoloviwl Division of the Western Camathians 

The Western Carpathim are a mountaineous range with a nappe structure and a 

distinctive polarity of orugenetic procases, migrating ttirough fime 5orn wuth tu norîh. In te= of 

the rock fiIlin& the age of sf nrcturing of units and fheir mutual relations, we divide the Western 

Carpathians intu two basic uniîs: the Externides and the Intemides jh.ligk, al., 1985). Stmcturing 

(folding) of the Internides was compIeted prior to the Upper ~retamus, during the Meditemean 

phase (=me 65 million years wu); the Externides were fdded during the Tertiasf frmes (30 - 12 
million years ago). 

Thle 1. Division of West Cqathians (Mi&, d., 1985, modifiai) 

Externides 

Internides 

Outer 
Western 
Carpathians 

Centrd 
Western 
Carpathians 

h e r  
Western 
Carpathians 

1. Foredeep 
2. FIysche zone 

- outer Krosno zone 
- inner Magura zone 

3. KIippen-zone 

4. Core mountain zone 
(Tatricum+subtatric 
nappes) 

5. Veporicum Unit 
(Veporicum+ Ch& + 
Murfi nappes) 

6. Gwmericum Unit 
(Gemericum + SiIica 
nappe) 
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It was formai in the fore-land of the Ffysch belt. It is made of the Neogme 

sedsedrnerirs, overtying parily its genuine basernent - the European Platform, represented by the 

Bvhemian Massif, comIidated during the Hercynian stage (Mahd and Buday 1968). 

3.2 Flysch belt 

It f u m  an enormous accretional wedge of the Rysh  belt wiîh a nappe structure, 

composai of Cretaceous and m d y  PaJeogene formations in a FIych-ty-pe developmerit 

(alternations of clam shales and sandstones). Two zones are distinguished in the Flysch belt: the 

Outer Krusno zone and the h e r  Maguw zone. The more imer (muthm) units were thrusted over 

the more extemal unes, which agrees with oved  structural pattern of the Western Carpathians. 

3.3 Klippen-beIt and SubkIippen uine 

It represents a narrow zone (max. 30 km wide) dextreme spatid shortening with 

an extraordiidy cornpIicatd structure. It stretches h m  Viema and mns via the CeritraI V6h 

River Basin and Oravq hrther to Eastern SIovakia, Carpathian Ukraine, ending in Rumania 

Inf ernides 

3.4 Centrai Wsterrr Carpathians 

Thse  are made of a belt of Core mountàrns (eg. Malé Karpaty Mts., and the 

Trib& Mts.) arid of the Vqoric bdt (e-g. the eastern part of the Nuke Tatry Mts. and the Veporské 

nchy MIS), which diEer frum each other by the presmce and development of the Memzoic units. 

As far as the sînrcftrd-tectonic position is concernai, the Tatricum and the treporicum Unib can 

be correked to the Luweer and Middle Austrodpinicurn of the Eastern AI ps (Mhel 1986). 



3.4.1 The beft of Cure rnountains is reprmted by the Tatrimm Unit, the W l a  nappe 

and the o v ~ g  C h d  nappe- 

- The Tatrinim Units are made of cïystahe rocks ( c o n h g  &toi&, 

and lmer aystdke schists) and sub-authocbthonuus Mesozoic m k  

cuver. 

- The Krif[a nappe, like the Ch& nappe, is underlain almost excIusively by 

Mesomic formations. 

3-42 The Veporic Unit is made predoniinantIy ofgranitoids and crystaliiie schists, the 

Upper Pdeuzoic, the Mesomic cuver (Veporicum) and the Cho5 and M u f i  nappes. The 

Veporicum Unit is thnrsted wbhorizontaIIy upon the Tatricum Unit. The projection of this thnrst at 

the sufice is d e d  the certovica he. 

The tectonic boundary between the Centrai and Inner Western Carpathians f o m  a 

subhorizontal t h s t  - the Margecany - L'ubenik Iine, wtrich separates, at the same t h e ,  the 

Veporicum h m  the Gernericum Uni&. 

3.5.1 The Grnerimm Unit is floored by low meîmorphosed Pdeuzoic of the 

Gernericum, overiain by the Mefiata Unit and by the Sibcimrn nappe, both bbeing of Mesozoic age. 

The Gemeric Unit iç a stnrctud-tectoric quivalent ofthe Oberaustroalpin Unit. 

The Meditemean (Re-Upper Cretaceous) was the mairi orugerirc phase w i t b  

the Centrd Western Carpathianr; and the post-tectonic bains contain the 

relics of the Upper Cretaceous sedimerrts, but rnainiy the dirnents of Pdeogene and Neugene age. 

The Paleogtne diments are divided into two basic IithoIogicd mes - the Budin sequene and the 

Subtatric group (Gruss, g al., 1984). The Neogenc bains are locatd within the tectonic 

depressions, forniai due to the developrnent of t he Western Carpaf hian arc. The Dmuk Basin dso 

belonas here. 



These are found rnainly within the Intemides and represent the products of 

Naogene @Gocene) back-arc volcanism (Lexa, d., 1993) and Pb-Pleistocene basic mantle 

vtiIcanism, predominanting h the region of southern Slovdia. They are found in two extensive 

regions: cen t r i  and easfem Slovakia. in the central Slovakian region the oentrd Slovakian 

neovolcanics ocmpy the KremRrcké and the Stiavnicke wchy Mis, the VEnik Mts., the 

Pohronsh Inovec Mts., the Javorie Mts. and the Krrtpina plain. The eastcrn SIovakian region is 

represented by the Slanské vrchy hills and the Vihorlat Mts. Products of the Upper Miocene 

Pleistowne basic mantle volcanism are found also in southern Slovakia and northern Hungary. 

4. GmloeifaI Sfmcture of the Danube Basin 

The W r k o v o  Pro ja  is situatai in the centrd part of an infra-mountain 

depression, d e d  in SIovakia the Podunajski nifia @anubiarr lowIand) and in Hungary the S m d  

Hungarian Lowland. It is bordered: in the north, by the foIlowing core rnountains: Malé Karpaty, 

Povaisw Inovec and Tri%&; in the east, by the Central Slovakian nwivolcanics and southeastern 

complexes of the Hungarian Mdmountains; in by the Eastern Alps and 

Litava Mts. (Vass, et al., 1988, 1990). In geologid terms, the Danube Basin is 6lled by Late 

Tertiary and Quatemary diments,  reaching the thickness in its central part of up to 8 000 rn 

(Sene5 1950,1962, Kilényi and Sefara 1989). 

The SIovak pari of the Danube Basin has been divided into the fdlowing partial 

depressions: the Blatné de~ressioq between the Male Karpaty Mts. and Povaislj Inovec Mts., the 

RiEfiovce depression, between the PovaZsky Inovec and Trib& Mts., the Komiatice depression, 

between the TI%& and the Levice horst and the fe~iezovce devression between the Levice horst 

and northern siopes of the Transdanubian Range (Vass, gt d., 1988, 1990). The deepest central 

part is dIed the GaEikovo deoression. 

The basement of the Danube Basin is fumed m d y  by the Tatrimm and 

Veporicum tectonic units, the latter being t h s t e d  suhhurizontally over the fumer, dong the 

Certovica line. In the nonh there o w r  Mesozoic nappe units; in the southeastern part, the 

basement is made of the Budin Paleogene sediments. The contact between the Tatricurn and the 



! 
i Veporiaun Unita cm ba debed k the northeasfern  ion of the T M  Mts.,@Ok d.. 1994); 

howeverf toward the ceritrd part of the basin, it is overlain by Nwgene sed'menfs and it nins 

roughly through the central part of thé Kumjatice depression, toward the mthwest (Fm et d., 
1987). The course of the Certovica line in the Central part of the Danube Basin and toward the 

S m d  Hungarian Lowland is uncertain. 

nie wels àrina~ in the areas o f ~ o ~ a r o ~  6 - 2 ,  K- 3, K ~ I ,  ~dniic (DI), S m Y  
(5-1) and Podhajska (P-2) intersectecl the Vqmrimtn Unit in this part of the Basin's basemeni 

@ieIa, I978a). The wds drilled in the area of Iviuika (I-1,I-2) and Mojmirovce @f-1, M-7, M-8, 

M-29, M-30) i n t e r d  the Tatricm rocks. Withiri the centrai part of the Basin no wel! reached 

the basernent of the sedimtary m g .  However, the position of rocks, beIonging to the 

T d a n u b i a n  Range, south of the Hurbanov*DiOsjeno fauft, intersected in a number of wels 

(Biela, 1978% Fülop and Dank, 1987, Dmk and Fülop, 1990). 

The most remt hdigs (Homath, 1993) indicate a flat thnrstuzg of the 

Transdmubian Rmge uni& over its basement, which is, in the area north of the 

Hufbnovo-Diosj& farrh, made of the Veporicurn rocks. This would indic& a simiIar 

structural-taoriic position of the Trmsdmubian Range as is the case of the Gemkcurn Unit 

venus the Veporicum Unit. Ttie W a  and Huhmovo-Diosjenu Iine represents a structural-tectonic 

quivalent of the ~argecan~-aube& line, or, ac~orrdiing to Balla (1994), of the Ro2iiava line. 

These lines were reactivated during the Tertiary tirnes as fhults with normal slip (Hon6th, 1993, 

Tari, al., 199 I,  Hok, al., 1993) or strike slip component of the movements, whereas the 

youngest movements had but extensionai character (Fodor, l992,Vass, a'., 1993). 

In the southeastern part of the basin - in the fe~iezovce depression, there are 

Pdeugene sediments of the Budin development cropping out at the surface, which are 

howe~er~ in t e m  of tectonic development, of no prime importance. 



l 5. Geotectonic Deveio~ment of the Danube Basin and its Sedimentam Filling 

The Danube Bain is campo& of =veral structud-tatunie horizuns, d'iering in 

duration and machanisrn of formafion (Cepek, 1938, Adam and DI&G 1961, J d e k ,  1971, 

The oldest, prwifliig deveIuprnent m e  (Bergerat, 1989) is characterkd by 

l structures that fomd under t ~ e m i o n ~ t r ~ p r e s s i o n a l  m d i f  ions prevdhg during the wliision 

of the Carpathian orogeny with fhe E u r o p a  PIatform 24-16 f i o n  years agu (JiriEek 1979, 

Royden, 1988, Kovz d., 1993% NemCok 1993, N m b k  d., 1993). Structural-tecto~c 

l activity of the pre-rift hg stage i d u e n m  pr imdy  the structure of marginal parts of the 

Danube Bain. 

The following stnrckrrd elemenfs of the Lower Mocene (Egerian to Ottnangian) 

age may be corniderai exceptional: dextrd shear zones striking ENE - WSW, situated in the no& 

1 in the regions of Mdé and Cachtické Karpaty, h d i e  PovaiFsl$ Inovec, Binovski kuflina basin, 

up tu the Upper Nitra area (KovZ d., 1993, KovE, al., 1994, H6k A., in press). 'Ihe shear 

zones in the wuth display mariy features in wmmon with thog in the Budin wchy Ms, in the area 

of the Transdanubian Range pudor, 1992, Fodor, gf d., 1992). 

At the close of this t h e  (Karpatian) the activity of sinisiral faults strking NE-SW 

predomiriatd, accornpanying an a a p e  of the Western Carpathian crustd fragment in a 

northeastem direction (Ratschbacher 1991, Nernëok, 1993). The mus1 apparent faüks that had 

formed during rhis peFrod are the Litava faults at the NW mugiri of the Md6 Karpaty Mts. 

(Lankreijer d., in press, KovZ et al., 1993). A similar rule of a sinisral fmlt may however be 

assurned dong the W a  fauii, which deIineates the Transdanubian Range tu the nurtheast (BdIa, 

1990). 

The pmrifting stage represents reIativeIy Iitt Ie distributai sediments of the Luwer 

Miocene (Eggenburgian-Karpatim) age. They occur as relatively thin Iayers (50-300 m) at the 

rnargim of the recent Danube Bain (Biela, 1 978). At the western rnargh, t here are predomhmtly 

occurrences in the area ofSoprofi and in the BIatn6 depression (Kov2 g A, 1986, 1989, 1 993). In 

the east, they filIow the slopes of the Transdanubian Range {Tari, gt d., 1992). 



The oldest m h e d  Mddb Mmcwie sedimen& of the Danube Basin are ofhwer 

Badenian age and ocnir in the feliezovce depression. Distribution of t h e  sedments, drtntrnented 

in the drill bols @da, I978a) deIinmks the axis of the &mentation space of the hwer  

Badenim, d f i g  WNW-ESE to NW-SE. This orientation of the b a h  is in good agreement with 

the results of measurernents of the pdwstress field (NemEok al., 19931, with the orientation of 

extension striking genedy NW-SE during îhe b w e r  Badenian time- At the same t h e  it 

dernonstrates the extensionai activity of the NW-SE striking hlb, that deIimit the dmeritary 

space of the Lower Badenian within the fe~iezuce depression, as welI as within uther regions of 

the Western Carpathiaris (Homonitrianska kotlina basin). It wbstantiates the transtemiond activity 

ofthe MiddIe SIovakian h l t  mne, which rnediated a mmrnunication wiîh the Lower Badenian sa 

during this period through a system of graberis and horstsf orientai obIique (NW-SE) tu the 

north-souhem course of the Middle SIovakjan h I t  zone @-lu, d., in press). The faults, siriking 

NW-SE, did not take part in the later developrnent ofthe Danube Basin. 

The rifti- çtaee in the SIovak part ofthe Danube Basin is represented fkst o f d  by 

sedhents of the Middle Badenian and Sarmatiq which attalli si@eant thicloiesres mostly within 

the depressions in the northern part of the Danube Basin @Iatné, Komjatice and Ri3iavce 

depressiom). 

During the Middle Miocme times a structural recontnrction of the Basin and 

changts in regmes £iom tramtemional. tu extensionai had taken place due b the roII-back effe~t of 

the fading Karpatian subduction, which gerierated an opening of the Danube Basin as a whoIe 

during the t h e  span rmging fium 16 to 22 mifiun years ago (KovZJ gf d., 1989, Hurvath, f 993). 

The exterisiund regime of the rifthg stage xtivated decoilemenîs at the boundary between the 

plastic and brittle zones of the upper crust worviith 1993, Tari 1992, 1993) accornpanied by a 

distinctive mbsidence, especially dong Iistric slip faults, predominmtly in the centrai part of the 

Danube Basin, where the upper crushi extemion was a~companid by an ascension ofrnantle 

materials. At the northm margin uf the Danube Basin there were dso activated Iefi harid side 

f ~ l t ~ ,  striking ENE-WSW &UV% et d., I993b). 

Corniderable thicknesses ofthe MiddIt Bdenian sedirnents are accumulated within 

the BIatna depressio~ where t h y  reach up tu 2200 rn (weIIs 5p-5, Sp3 - Biela, 1978). The 



sediientation w i t h  this spa& was controiied by a mechanism of rapidly subsidiig basin of the 

pull-aparf type (Kea, &., 1W3), limitd by faults striking NE-SW. 

A crucial role in the development of the basin, since the Middle Badenian, was 

played by the extensional movements oriented NE-SW, whose activity reflected itseif in the 

geomorphoIogy of the area. The fault systems such as the V A 6  Zii J e I  Mojmirovce and gumy 

faults, shiking %SW, wntruled the sedientation in the area of the Rilfiovce and Kumjatice 

depressions, The direction of the extension of paleostress field rotates into the NW-SE direction 

(Nemëok and Lexa 1991, KovE and Hoiq 1993, NemEok, al., 1993). 

The period of post-riftinn stage is chmer imi  by an extension with but local 

compressional event during which, apart fiom normal slip listric faults oriented NE-SW 

(Mojmirovce fault), dso the N-S striking dextral strike-slip faults were activate- at the eastern 

limits of the Danube Basin @OVE and Hbk, 1993). Subsidene of the a r a  in the Iast stage was 

due tu the coIIapse of a thermic diapir and it manifists itself rnostly in the centrai part of the basin 

(Tari, al., 1992, al., 1993). 

The post *hg stage is represented by the Pannonian and Pontian and partialIy dso 

PIiocene sediments, deposited predominantty within fhe centrai and southeasten parts of the basin. 

The youngest Plio-Quaternary sdments reach in the a r a  af the ~ i k o v o  depression the 

maximum thickness of 400 m (Pristd, gt al., 1993). 

Bas& on avaiIabIe data, the activation of Qriaternary fauIts may characterÎze the 

stress field, whose extensional component is oriented in agreement with the course of the orogeny 
1 (Gerner, 1992, K o v E  and KoviE, in press). In the morphology of the area (drainage courses, 

orientation of vdIeys) accessible to direct study (KovZ, gt al., I994), apart Eom the above 

menbioned, the E-W and N-S extensional fauits play an important rule (Priechodska and Han%, 

1988). 

6. Courss of fhe Main FauIt L ins  in the Danube Basin 

To evduate the activities and fùnctions of hlts  in the area under study we have 

us& the Structura!-Geologic Map of Czechoslovakia (ifs construction was based on satellite 

photograph interpretation) at a d e  1:500 000 (Reichwdder 1984), the GeaIogic Map of 



Czechoslo~a at a scaIe of I:5@ 000 (Fusan, al., 1967) and the Tectonic Map of the Basement 

of Tertiaq of the Inner Western Carpathians (Fusan, al., 1 987). We have also taken into m u n t  

the courses of h l t s  shown in the pubrished maps ofthe A-ustrian and Hungarian ttmtoRes @ank 

and Fülop, 1990). The more detailai dm we bave gieaned Born the papers of Mark0 <1986), 

MaheT (1986), Eldko . ,  (1993) and Maglay, al., (1993). 

The Danubian fault ?stem @outek and Zoubek 1936, 1938) mm in a 

NW-SE diraion and Limits the m u t h e n d  end of the Mdé Karpaty Mts. (Matula, 1957). 

The Male Karpaw Mts h l t  limits the Malé Karpaty Mts. horst fiom the southeast. 

It was formed during the Badetitan time and Iater accentuated and renewd @kgdoten, et al., 
1979). At present it is seismidy active (bpek, 193%). The majority of authors hdd  ihat the Malé 

Karpaty Mts. fault is a normal slip fault dipping to the southeast and separating the Malé Karpaty 

Mts. fiom the Danubian Basin Neogene (Cambel, Vaiach, 1956, JanEek, 1971, Fusan, al., 
1971). 

nie Ludince fault (or 01ved-~obra Voda fault senw, EleEko, A., '1993) mm 

through the Brezovo depression and continues dong the southern slopes of Povaisw Inovec and 

Tribei: Mts. The Povai:skj Inovec horst progrmively subsides toward the muth dong this h l t  

and ptunges beIow the Neogene ofthe D d i a n  IowIand @an, A., 1971). Mm$estatioris of 

this NW-SE oriented fauIt may be observed during the Lower Miocene times to extend up to the 

Sturovo area. 

The Vah River fairlt ystern @Iynief 1927, Mahds 1950, 195 1, PutiS 198 1) mm 

dong the western side of the Povaisw Inovec Mts. and idluences morphologically the Vah valley. 

Along this system the western margin of the Povdskjr lnovec Mts. subsides in a stepwise fashion. 

The Tn%& Mts. are Iimited on their wutheaçtem side by the Mojmiruvce fmk. 

Geophysical research and exploration drilling indicate its continuation towards the SW, to the 

Danube Basin (Fusan, gt al., 1987, Eleçko, a al., 1993). h t i n g  the Middle and Ugper Miocene 

f i e s  the fiults d k i n g  NE-SW provokai a subsidene of the Danube Basin and deepening of the 

basin in a SE direction nie %tava and the ~ u m y  Faultr display fatUres similar to the Mojmirovce 

huit -* 



The Middle Slovakian fault zone (Kea, Hbk, 1993) is another important fa& 

systern in this area. It f o m  a EIuIt qstm strhg N-S, whose width is approximateiy 20 tu 25 km. 

The western parf runs dong the contact of the MaIa F m  Mts, with the TurEiart~ka kotluia basin 

and the margin of the rarska kotiina basin Mer south. The eastem mgin mns in the ara of 

Hronska Brenica, through the Banski gtiavnica as far as the Hurbanovo-Diosjeno fault. It is 

partiaiiy represented by the Hont fauit system. An analysis of i n f d  gravimetric maps and the 

results ofseisrnic meimrements dong regional sections have show that the western mugin of the 

fauit zone between the TurEianska and aarska kotha basins dom tu the Huhanovo fauIt r d e s  

down to the Moho-discontinuity, w h e m  the other fauIts reach even the Iower parts of the trust 

(KvitkoviE, Plan& 1977). 

Within the area of the soilthern SIovakian bas& an important regional fault belt, cdled the 

Ple%ivec-Rapovce fmlt system (PI&&, g d., 1977, Vass, A., I993), had b e n  revitaIized d u h g  

the Neogene times. In the area of Balasa8ymat this system splits o E  fiom the 

Hurbanovo-Diosjeno fault and, passing the Bdasawarmat and Rapovce area, it continues to 

~oltovo, south of PleSivec. It manifests itseif in the gravimetric maps as a distinctive gravity 

gradient, refIecting the density diifferences of the rock cornpIexes a# greater depihs. Southward of 

the fauh bdt there are dispersai intense rnagrietic anorndies (Pl&&, aJ., 1977). 

Parallel and northward from the above, there runs the SahY-~~sec fault system. 

According to Vass, et al., (1993) it is a volcani-tectonic zone, reactivated durhg the Luwer 

Radenian. At sites of its intersection with the fauIts of the NNW systern it mediated the dilation of 

ascending conduits for the andesite volcanism. 

7. Geoloeic - Seismic Featum of  the Danube Basin 

On the basis of the structural - gwlogic and geophysical properties, it is possible tu 

draw within the discrete regions of the Western Carpathians severai geoIogic - seismic domains 

(shown on Fin. 1.11, with an approximately identicai degree of potenfiai seiçmic h z m d  (&r 

Kovz,  al., 1994): 



In gmlogicai terms it 'represents an immense cornplex of folded sediments of the 

Tertiary ametional wedge. A geophysidy characteristic feature of this dumain is a bek of 

magnefie anomalies. The depth of their emplacement ranges fiom 4 to 20 km. hother feature is 

the Karpatian gravity minimum, bound tu the change in the cornposition and thicknm of the Earth 

cmçt in the frontal part of the Western Carpathians. 

7.2 Eastern Alpine and Centrai Western Carpathian bdt 

In t e m  of seismoactivity this is reIativeIy consolidatai. From the sfructurd- 

gdogic as weU as geophysical point of view, this domain may be divided into several regions: 

a) Regjon of the Danube Basin, represented by a young basinal structure, that had 

f m e d  under conditions of extensional regme. From a gophjisicist's point ofview, 

the whoIe region is characterized by the decrease, fiom West to wt, of the 

thickness of Iithosphere fiom 90 to 60 km. The thickness of the crust in the Danube 

Basin is 28 km. 

b) The Core mouritain belt was segmentad during the Tertiq fimes into blocks, 

separated by nomal slip faults, lisfric fauIts and strike slip fiults. The banstemion 

was succeedd by an extension during the Miocene, which has been well 

documented by both the geologic data W k o ,  al., 1990,1991, KovZ, al., 
1993, KovE and Hok, 1993, Hbk, d., in press, NernZok and Lexa 2991) and 

gaophysid data. Temnic disfortiori of the cure rnountain belt dong fault zones 

reaches generaily d o m  tu the ripper - or even to mid - cmstd levels. The thichess 

ofthe Iithosphere is in this area 28-33 km. 

The divide between the Outer Carpathian belt and the Centrd Eastern AIps beIt is 

reprmted at the surface by the Klippen-belt. It is characterid hy 

shear-thst-like reworking, effected under cornpressiond conditions. The Iower 

part is marked by the course of the Peripieniny lineament. Southem continuation of 

the Peripieniny linearnent at the surface is represented by the Vienna thermal line 



(Mur Leitha), which continues down to the lower crust. It is represented at the 

s u b  by the Litava fautts. 

c) The Reaion of Middle SIovakiari neavolcanics is floored predominantly by the 

Upper Badenian - Lower Sannatian volcanic rocks. The latest manifestations of 

volcanic activity are v 6 c  and volcani-SedUnantary complexes of Pliocene age 

eetweeti 0.53 and 0.16 d o n  years agu, Burian, A., 1 985). Volcanic activity is 

bound to the &e h l t  belts, which exterid d o m  to middIe - or Iowa - mstd 

levefs. Recent postvolcanic acfivity tstablishes i n c r d  values of geothermic 

gradient (35 - 70 O C )  in this area (Biela, 1978qb). The thickness of the lithosphere is 

hm 70 80 km. The thickness of the cmçt ranges between 28 and 33 km. 

7.3 The Transdanubian Range Region 

In geologid ternis, there are cnistai hgments here that have in respect of their 

development much in cornmon with the southernmost units of the Northern Kalk Alps and 

Southem Alps. The thichess of the mst  decreases toward the Danube Bash tu 26 h. in the 

region of the Ttansdanubian Rmge it attaim 32 km. The earthquake epicentres are concentraid 

mody at the narthern margin of the Transdanubian Range, as welI as dortg north-southeni zones 

in central and eastern parts of the Central Range. 

8. Upner Miocme - Ouaternarv DeveIo~rnent in Aras Ciose to the GribEikovo 
Proiect 

The GaEikovo Project is situated in the central part of the W i k o v o  depression, 

where the depth of the basement reaches some 8 000 m (Uényi and Sehra, 1989). The & 

Neoaene basernent is made of the Lower and Middle Austrdpinicurn units and their quivaIents - 
the Western Carpathian basement, repremted by the Tatricm and the Veporicum Units (Fu- 

al., 1971, Fusan, d., 1987, Va&, e f  al., 1994, BdIa 1394) that contact the rocks of the - 

Transdanubian Range dong flat lying thrusts (Tari, et al., 1992, Horvhth, 1993). In the northwest, 

they are represented by the Wa line; in the north, by the Hurbanovo-Diosjeno h e .  

Sediment-f filling, of the basin, in its centrd part, is probably formed at its base by 

pre-rifting and rifiing Karpatian and Badenian sediments (not certzed by driiiing). The fllirtg 



proper is &y made of Upper Mwne s d i i e n t s  (S&an to Pontian Pliame) and 

Quaternary diments. 

The onset of distinctive subsidence in the centrd part of the Danube Basin took 

pIace M the Upper Miocene. Pannoniari sediments stratigraphidy ovedie the Samzatian 

sdmentq hhowever, in the vicinity of K o m h o ,  they transgess the Mesowic basement of the 

Transdanubian Range, and in the a r a  of Tmava they sediment duectly on the Lower Paleozoic 

rocks (Buday and Spizka, 1967). The maximum thickness of the Pannonian sedirnents was 

intemcted in the drill hoIe K-2 at KoI&ovo (1355 m), wMe the mkimurn in the d d  hoIe Sb1 

near Patince (93.8 m) piela, 1978a). B& on the exîrapdation of driiiing data and interpretation 

of seismic sections, the thicknesses of Pannonian sediment s in the centre of the W i k o v o  ba.siin 

depression reach the depth of 2 200 m (Nagy and TkEovi, 1992, 1994). The iithological &g of 

the Pannonian is cornposed of the two basic developments: rnargud development with 

predomiriating coarse clastic sediments of c o ~ g r a i i n e d  congiomerate type graveIs and 

çandstones. In the bainai development fhere predominate pelitic d i m e n t s  of silty* clayey or 

co&cIay types. Tbis deveIopment is typical for the Gab6ikovo depression and extends up to the 

Komjatice depression (the Ivanka formation, Priechodski and HarCir, 1988). 

The sedimertts of Pontian through PIiocerie age were deposited in an duvid and 

lacustrine environment and their Iitholugic character is much more vatiabIe comparai tu those of 

the Pannonian age. The fine-grained sediments predominate in Pontian (clays, codclays and silts), 

whereas the couse clastic (gravels ,sands) predominate in Pliocene. The distribution of Pontian 

through Pliocene sed'1ments (VoIkovce formation - Prechodski and HarE:ir, 1988) coincides roughIy 

witk the distribution ofPannonian diments. Their thickriess in the GabEikovo depression 

attauis 2 800 m ('Nagy and Tk%ovi, 1994). 

Quateniary subsidence represents a 500 m thick group of sedimentaq beds, which 

may be divided into two mrnpIex~ (RistaS, et a., 1994). The Iower, conçidered tu be of Lower 

Pleistocene age, consisis of he-graind m d y  grayel, with %quent bds of sandy and dayey 

sediments. It is a rmIt of dirnentation in a discharging lake environment. The bottom of the 

lower group of beds lies in the middle of the depression, at a depth of some 500 m and i ts thickness 

reaches 330 m. 



The Middle ~listocene is represented by medium to co-grahed sandy graveis 

with scarce intercalations of finer @ed sedhents. In the centre of the depression, which remains 

identical tu the centre during the Plhcene and bwer PIeitocene periods, the thicknw of this group 

of bals attains 170 m. However, it d e r m e s  at the margUis to 50 - 30 m. 

As regards the younPrest tectonic activity, which Muenced vertical movernents in 

this region and controiied the suhiden= and the deposition of sediments, several stages can be 

disthguished: 

- Pannonian - in which, besides of the Wikovo  depressioq the Komjatice 

depression had formed under conditions of NW-SE striking extension (KovE, g d., 1994). Apart 

fium NE-SW m a i  slip faults (Mujmiruvce and ~umY faults), which coc~troIleci the Pannonian 

sdimentafion within the Komjatice depression, the faulfs striking N-S were activated, displaykg 

dextrd transtençional movement - the MddIe Slovakirin faiilt zone ('KovE and Hu& 1993). 

- Pontian-Pliocene - the regions of the Gab6iovo and Komjatice depressions 

were controIled by faults st*g NE-SW, which were graduaIIy su-& by E-W stribg h l t  

structures, fomiing under extensional conditions These h l t s  faciltated an accumuiation of dlrivid 

fans of the Volkovce group of beds, a material transported from the NE part of the basin towards 

the SW (Han5 and Priechodski, 1988). 

- Quatemm tectonics exhibit a stress field, with the main camptessian 

duected within the area of Danubian IowIand NW-SE (Gemer, 1994). The activiiy of vertid 

movements (Joci, gt d., 1989, Sefarq 1993, Magiay, @ d., 1993) indicates the sustained subsidence 

of the centrai part of the Danube Basin. Under these extensional conditions mainly the W-E to NE- 

SW stnking fiults have fimai, thus causing a tilting of Plio-Quatemary blocks at the rnargh of 

subsidmg regioq whereby the base of movemerit may be assigned tu Pontian and Pannonan pelitic 

complexes (KovZ, al., 1 994). 



9. Geo~hvsical Evaluation of Tectonic Activitv in the Central Part of the 
Danube Bwsin 

Tu-appraise the hitherto active faults in the a m  of Bratislava (Hricko, al., 1994), 

the following geophysical methods were used: seismics, gravimetry, geoelectric methods, 

atmogeochemistry, radon emanations and gamma spectrometry. Application of these methods was 

a fuIiow up tu consfruction of g d o g i d  maps, measurements of markers of stress conditions, 

inclrrding the DPZ andysis and seismology (earthquakes). FmIts and fmIt zones with potmtid tu 

su& the direrential processes, many of them with probable discontinuous movement and 

dependent upon inevitable accumulation and ensuing release of strain in the form of earthquakes, 

were delineatd. The zone of inversios in which the change of geotectonic conditions takes place 

(MaIé Karpaty horst versris the GaMikovo depression) has b e n  dehed. 

The detailed pvimetnc profile with the p a q  of measurement 50 rn (Fig.1.2) 

intersects the two presumed neotectonic fault fines: the $amorin and the DobrohoEf fauIts. The 

gravimetric m i o n  pruper f o m  a curve with a very transifional wntinuous field with s m d  

undulatiuns. homaIous fatures in the curve indicate in summarjt ail the inhomogeneities at depth 

(relief of the basement, sfmcture of deep wted and abyssal features). The smooth course of the 

curve indicates the dects of these deep seated and abyssal structures. 

Theoreticai efects of the fault structures were calculated for h l t  throws of A-50 

rn and B-100 m. The rnodeIs are inferred k m  Iocai density relations, measured in a number of 

weIIs w i t h  the Danube Basin. 

Appraisal of the measured curve at the site of the courses of infened faults remlts 

in findimg that its course difers h m  the modelled effects. An addifion ofcertain regionai Uifluences 

(infuence of deep se&& sfmctures) wiII not dlow tu juxtapose {tu overlap) these two gravitaf iond 

eEcts at any site. This shouid mean that the location of faults at the mentioned sites must be placed 

in serious doubt and that the differences at the geologically confirmecl deep Ievels would then be 

explained by a rnechanism other than fault-forming (different campaction of underi* rocks due 

to sorting of the materid during the sedimentafion, wandering of sedimentation depocentres etc.). 



Tbis kind of mechanism of geologicai motion does not imply a potential shearing deformation of 

any part of the W h v o  Project. 

The recent rule play4 by the faults has b e n  determina! in the sur round i  of 

Bratislava, ushg the results ofradon enmations (Hrjcko, et d., 1984). Pruvisiomi outcorne of the 

radon survey (radon map of Slovakia - Daniel - pers. comm) resulted in hding the radon 

emanations in the area of K o m h o  township, which agrees with the assumed relation of tectonics 

and seismicity. No other sites o f i r i c r d  radon ernmtions were fumd within the Danube Basin. 

The interpretation of seismic profiles (appearing as Figs. 2-9 hereto) in this study is 

an addition and the coroilary tu the report "Geodynamic mode! of Daube Basin in the area of the 

W k o v o  Project", which in tuni is part and parce1 ofthe report "Cornpaison of older and secent 

aspects of geoIagic-~onk stnicture of the Danube Basin in relation to the seismicity of the 

Wikovo  Project" (MaheT, gt al., 1995). Tbis comprised Annex 26 to the SIovak Counter- 

Mernorial. 

Some 700 sq. km. of seismic profiles have b e n  made using the SRB rnethod, in the 

broder srrrroundings ofthe ~ i k o v o  Project Fig. 1.3). The rneasurements in profles were made 

during 1973, 1977, 198 1, 1882, 1983 and 1992. As the measurents made in 1973, 1977, 198 1, 

1982 and 1983 were of lower quaiity and numeric processing of the field seismic data experienced 

since then distinct qualitative progtess, the seismic profles made during the above years were 

submitted to reprocessing in 1991. Thus, a relativefy satisfactorjl set of seismic yifomation has 

been gat hered to d o w  for provisionai evduation of geologictectonic f e r e s  of the central part of 

the Danube Basin, in which the W i k o v o  Project is located. 

The foIIowing factors iduence the chmcter and the qudity of the wave image in 

the seiçmic profles: 

- Unfavourable influences of geomorphologic nature interfere and distort the 

useful information on the seisrnic signai values. There are marshy grounds 

and bogs as well as a dense network of channels in the ara under study, 

which hmper pr imq field measurernents. 



- The majority of geophysid methods or seisrnic surveys, respdveiy, 

su& h m  unfsivorable influences of 100s beds, or Iess consolidated cover 

units, cotnposed &y of the Quatemq sedrments. Such bais &e di&, 

ushg a seismic wwey vocabulary, the beds of low ~eI06ty of propagation 

of elastic waves, and they negativdy affect the quaIity of measurements 

(they distinctly weaken the signal). Such beds attain in this area thicknesses 

of up to several tens of metres and add si@cantIy to iiiegibility of the 

record, especidy at fiequencies of approx. 0.2 to 0.4 sec. 

- Formation of distinct reflexive waves takes place when there are relativeif 

Bat and straight bedding planes. Undulations of bedding planes and fiequent 

facial changes cause the energy dispersion and inhibit the formation of a 

continuous rdex. In geophysical ternis the thin and the thick beds can be 

recogmd. The thin b d  is the one whoe rhickness is Iess than two t h e s  

the Iengfh of the seismic wave through which it passes. In such case the 

interkence of waves, reflected from both the hanging walI and the foot 

wall ofa thin bed takes place, which compIicates again the interpretation of 

the wave image. It is the Upper Pannodan through Quaternq ( s e  Tab. 1, 

above), k., the deltaic or Iacustririe - fluviatile sedimerits, that exhibit in the 

region under study the above menfiund properties, in seismics ternis 

unfavourable. 

- FauIt planes cause fading and dispersion of relevant energy, formation of 

d i B a d  waves, dissipaf ion and defornation of refl exes, interruption of 

continuous correIation, différent dips of physical boundaries d h i n  discrete 

slabs, occurrence of the so called pre-thrusted antiche etc. This should 

mean that the indication of faults in the time-bound sections relies on a 

series of signs wbose interpretation cannot be arrived ai separately but ody 

in corre!ation. 

The structure of the Danube Basin is characted by quick subsidenw duhg the 

Lower and Middle Miocene (16 to 12 million years ago) and much slower subsidence during 

subsequent times. 



- D u h g  the first stage a part of îhe Iithosphere becornes &id, proporthndiy 

thmed and, at the same fime, hot asthenosphere upbulges. DiIation of the Iithosphere on the 

continents almost always necessitates crusta1 subsidence (Roberts-Yielding, 1994). During such 

processes the upper part of the lithosphme breaks due to normal downslip, ofken synsedimentary 

and d e r  horizontal dhneritary bôds dip opposite to the strike of dowrisIip in hults. @gs- 6 

and 7). 

Lithospheric diidon is genedy associated with the formation of trou&-fie riR, 

reaching severai IO tu 100 m dong the strike of farts. Depending on the strike of IateraI 

displacement and on spatial emplacement of discrete faults there form sometimes didational and 

folded structures. At sel& sections of seismic profiles is this stage associated with tectonic lines, 

which fade in a vertid sense in time spans 2 tu 1.5 second, k., at the boundary between the 

Middle and Upper Macene. 

During the second stage the initial subsidence (rifting stage) is foiiowed by a 

slower, passive @est-Hi, the so calld t h d c  subside&. in this case the deposited sodiments 

are les dismpted a d  are more widespread. Gradud cooling causes the asthenosphere tu change 

inta heavier Iithosphere - dilation or horizontal tensional stress is gradually smoothed and is 

followed by the contraction. As the heat transfer slowly decreases, the thermic subsidence becomes 

too sluggish. 

At this stage there predominate the compensational (contractional) hlts, which 

display in part listric features, small vertical throw (of an order of metres to tens of metres), whilst 

the horizontal componenf is negIigibIe. At select& secfions of seismic profiles is this stage 

associated with tectonic lines, which fade in verticai sense in time spws 2 to 1.5 secund, b., they 

reach the boundary betwm the Middle and Upper Miocene. However, a majority of them are the 

compensating downdip fauIts, which srnoothed the drain; their repeatd activity is not plausible, 

provîded the conditions did not change. Manifestation of these fauks during the Quatemq is 

dficult to be identzed, because the upper part of the seismic record (0.2 to 0.4 second) fias, in a 

number of sections, poor legibility. 

In conclusiun, it can bc çtated that, fiom the geodyriamic point of view, the 

formation of the Danube Basin evolved during two stages of tectonic activity. 
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The fint stage (riftmg stage) took place during the Lower to Middle M i m e ,  

whereas the second stage @est-riftmg stage) during the Upper Miowne, Phorne and Quatmary. 

The rifthg stage is chamteriai by distinct fauifirig activity throughorit the Danube Basin, whiie 

the faulting activity associated with the post-riftmg stage is bound predominantly ta margid 

portions of the basin. The tecent times are dominated by thermîc stabition of the basin, 

aswciated wîth Iow activity dong hlts,  which is concentrad within the maginai parts of the 

Danube Basin. 

Table 2 Lithological - stratigraphie section through central part of the Dmubian Basin (Nagy and 
TkZovh, 1994) 

10. Condusions 

The W i k o v o  Project is situ&& within the central part of the Danube lowland. In 

geological terms this structure is represented by the Danube Basin, frlled in by the Late Tertiary and 

1 

Stage 

Quatemary 

Rumanian 

Dakian 

Pontian 

Panrionian 

Sarmatian 

Badeniari 

1 Quaternary sediments, reaching the thickness in the ceritrd part of up to 8 000 rn (SeneE, 1960, 
1 

1 952, Kilenyi and Seha, 1989). 

Lithology 

predorninantly gravels, warse grained 
mds, scarce cIays 

fine potynicfic grave[ wif h Iayers of 
sandy variegated cIays 

variegated clay Stones with beds of 
sandstones 

limy claystones with beds of 
sandstones 

limy claystonea with beds of 
sandstones 

h y  claystones with beds of 
sandstones locally with tuffs 

iimy claystones sandy Iimy sil~ones 
beds ofsandstunes, IocaIIy tuffite 

The basement of the Danube Basin is formed by the Tatricurn and Veporicum 

tectonic units, the latter thnrsted over the former dong the Certovice iine and by compIexes of the 

Sedimentary 
environment 

fluviatile 

fluviatile-lacustrine 

. fluviatilelacustrine 

lastrine 

IacrtsfrÎne-very fiesh 
brackish 

brackish-shdow water 
marine 

shdlow water marine, 
I od Iy  deeper water 

m 

500 

500 

1000 

1300 

2200 

500 

1500 



- 175- 

Hungarian Midmountains, in nappe position. 

During the h w e r  Mocene the tectonic &vie of the prerifting stage of the 

Danube Basin innuencd rnainly the structure of its marginal portions. 

During the Middfe Miocene the central part of the Danube Bask became a subject 

of transformation due to tectonic.activity that taok place under conditions of extensionai r+e of 

the rifthg stage. Downthrow and Iistric fauIts, bound to deco~ements at the boundq betweeri 

plastic and brittle ctust, were activated (Horvath 1993, Tari 1992, I993), accompanied by distinct 

absidence, predominant in the marginal parts of the basin. 

During the Upper Miocene, in the course ofthe post-rifting stage, the development 

of the basin was charactenzed by an extension with limited activity dong h l t s  and local 

compressional events, which provoked both downthrow and listric faults striking NE-SW and N-S 

strikuig dextrd strike slips at the easfern Sirnits of the Danube Basin (the Middle Slov&an faut 

zone). 

In the field rnorphology there distinctly appear Quaternary tetonics (courses of 

streams, orientation of vdeys), accessibie to naked eye observation (KovZf d., 1994). 

MaSestations of the Quittematy taonics indiate that continuous subsideme in the central part of 

the Danube Basin have taken place (Joo, a[., 1989, Sefara, 1993, Maglay, a d., 1993). Wthh 

the fiame of this extensional regime, predorninantly the W-E to NESW striking listric downthrow 

faults take place, w k h  cause fiiting of the Plio-Quatemary blocks in the centrai pari of the Danube 

Basin whereby the base of the rnovement may be assignai tu the Pontian and Pannonian clayey 

complexes (KovZ, et al., 1 994). By no means, howwer, are the earthquake centres bound to these 

fauIt disniptions. 

The fullowing important fauh systems mn within the broder ara of the Danube 

Basin: ihe Danubian fauIt system, the Md& K q a t y  Gult, the Ludince fd t ,  the PovZie fmlt 

system, the Mojmirovce and the Surany faults, the Middle Slovakian fault zone and the Ple5ivec - 
b p o v c e  fault system. None of thern nins in proximity of the Project. Out of the above important 

fault iines, the MiddIe SIovalUan fmIt qstem ordy rearhes the Muho-discontinuity level. We have 



no evidence that these fautts wouId dismpt the uppermost porlions of the sedimentary tilling in the 

area immediately surroundmg the Project. 

Based on struckrd - geoIogic and geophysical properties it is possible to deheate 

within the region of the Western Carpathians ttie geoIogicaI domains with a roughly sgirmiIar degree 

of seismic hazard (KoviE al., 1 994). 

We rank the Danube Basin region in the galagic - seismic dumain of the Eastern 

Aips and Central Carpathim, which are in te- of seismic activity comlidated. From the 

geophysical point of view the whole region is characterized by diminishing thickness of the 

Iithosphere 6om West to east, 6om 90 to 60 km. The thickness of the cmst within the Danube basin 

region reaches 28 km. No distinct earthquake centres are fmnd there. Disfina earthquake cemes 

are situated in the geologic-seismic domain of the Hungarian Midmountain and in the wutheni 

branch ofthe Perîpieniny linment,  dong the western rnargins of the Leitha and the Malé Karpaty 

Mts. (KovS, a a'., 1994). 
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CfLAPTER 10. SEISMICITY AND SEISMIC HAZARD 

PART L AN APPRAISAL OF SEISMICITY OF THE AREA OF THE GIN 
PRUJECT 

As a bais for designing the GN Project, the Czechoslovak and Hunifgrian experts 

agreed in 1965 on so-cdled Udïed regulations which were compatible with or even stricter than 

both Czechoslovak arid Hungarian &te noms for designing dams. This was dso the case in 

calcdating the seismic Ioad. Czechoslovak designers applied the nom ON 73 6503 entitiai the 

Load of water management constructions by water pressure (1  9631, CSN 73 6503 h a d  of water 

management constructions by water pressure (19721, ON 73 6503 Load of constructions of 

hydrutefhnical buildingss CSN 73 6850 (1975) Emh dams, P= 12-526-266 (19821, and 

lnstmctions fur designhg hydrotechnid constructions in seismic regions (Klapatek, Bratislava, 

1982). 

In 1980 a seismic microzoning of the ara  of the G N  Project structures on the 

Slovak territory was carried out by the authors of this mdy arid their institution @ept. of Applied 

and Environmental Geophysics, FacuIty of Naturd Sciences, Comenius University) and in 1982 it 

was followed by an independent expertise for the Wikovo part of the Project made by experts 

korn the then Soviet Union. 

In di stages of designing and prepitration of the Project di questions were the 

subject of continuous consultation between Slovak and Hungarian specialists. Thus, for instance, 

the calmlation of seismic load was discussed between Ing. Polka and hg. Mistéthy. It should be 

noted that untiI June 1989 the Hungaian side did nul have any objections as tu the cdculation of 

seismic Ioad and the enthes used for caIculation. The objections were rais& for the fist t h e  by 

Academician Varga in 1989 at a cornmon meeting of Slovak and Hungarian speciaiists. At this 

meeting the Hungarian side expressed objections that in calculating the seismic load for the G/N 



Project the seismotectonic situation in the Hungarian tenitory was not taken ddy into 

consideration. 

2. CakuIation of Seismic Luad 

The calculation of seismic Ioad was based on the seismicity data of the ara in 

which the G/N Project was tu be situatd. The p r m  of its messment was carriai out in 

accordance with existing methodoIogicai reguIations usai  iri Çzechoslovalaa as weii as in fhe 

USSR. These methodological regulations were updated to match the a m a i  level of know-how in 

Czechoslovakia, Hungary and USSR. They relied on dculation of the seismic coefficient fiom the 

rnacrmeismic earthquake intensity and then on the use of fhis parameter as one of the entries tu 

caIcuIate the seismic Ioad. This seismic weficient sensu stricto in the vdue of maximum expected 

acceleration, divided by gravitational ac~eleration. Later on, a direct assessrnent of the accelwation 

vaiue was carried out 6om the earthquake intensity and this vaiue was used to cdculate the seisrnic 

load. 

3. Seismic Microzoning 

The results cf obse~vatiorrs of e a r t h q d e  efect in this region have shown that the 

macroseismic eEects of an earthquake are d w  d u e n c d  by I o d  chmges in the geoIo@c situation. 

These intensity changes, resulti 6om the local geologic situation, can be assessed with the use of 

the seismic microzoning method. This method was applied in the area of the G/N Project in 1977. 

Since no suficierit practice in appIying this method was availatile in C~choslovakia at that fime, the 

methodologid procdure u d  in the then USSR (SNP - II - A 12-69 - Gomruy, MOSCOW~ 

1977) was applied. 

The resuhs of seismic micrumning indicated that the ~ i m e n t s ,  which possess low 

vebcity to propagate seismic vibration (in., Holucerie saiimenfs fiIIing the oxbow Iakes of the 

Danube), couId increase the intensity of the earthquake. On the bais of this information the 

decision was taken to remove such low velocity sediments. 



Tu assess the stab'ity of the W i o v o  part of the Project the most recent 

knowledge on the geologic-structure of the area is available. This knowledge was gathered fiom 

the results of the reflexjve seismic exploration, realized dong the seismic profile 55 1/82 55 1183 

du* 1982-1983. The resdts of reflexive seismie measurernents have been reprocessPd by the 

American company Maxus and reinterpreted in cooperation with the VVNP (Di and Gas R m c h  

and Exploration State Enterprise) Bratislava (Hrukcw, 1 al., 1994). The depth extent of this 

exploration reached some 1 5 km. 

The latest rnethodologic t~hniques  u s d  in the USA and Japan to asms the 

acceleration and seismic load are also at our disposal, and both the software and hardware 

quipment is available. Seismic caiculations, until then carried out using "hall fashion" cornputers, 

cm now be made using PCs, which facilitate computations on site and the application of various 

models. Thus it is Iogical rhat some of the methods u d  30 years ago can be considerd obsolete 

now and the results achieved at that tirne should be regarded with caution. 

DeveIopment m o t  be stopped however. Thus, conside~g the dynamics in the 

developrnent of new technologies and know-how, it may weII be anticipateci that within a few years 

new evidence wiil corne to tght. These will add to accuracy and to the state of knowledge. 

5. Mamitude and Intensitis of Earîhrrua k a  

In order to facüitate the understandimg of this study, we shall explain shortly the 

categories of earthquake magnitude and intensities. 

The magnitude of an earthquake is a parameter, refend to (amon& the fi&) when 

the character of the earthquake is to be described. This parameter is associated with the energy 

released during an earthquake, and instrumental measurements are used to determine it. Its value is 

rated using the Richter d e .  Thus, if the magnitude of a given earthquake was ratd at 5.7 on the 

d e ,  we refer to an earthquake magnitude of 5.7 degrees on the Richfer =de. The d u e  is 

reported with precision to one decimal. If the instmmental measurements are not available, 

earthquake magnitude is determined by calculating it from its intensity, which is the second 

earthquake parameter. This method is rrmdly applid tu estimate the magnitude of historic 



earthquakes where no instrumentai measurements were carried out. Since regular measwements 

did not commence in our territory earlier than after Worid War II, this situation applied to the 

K o m h o  earthquake. However, the dculation of magnitude £iom intensity is not reliaHe and can 

be, tu some degree* abject tu mistakes. 

Macroseisrnic intensity of an earthquake (called simply intensity) can dm be 

express4 in degrees. It is establishai using ma~oçeismic obs-ewations, k., the observations of 

eye-witnems, the manifestations inniad on buildimgs and on the Earth's surface- B d  on the 

degree of disruption, or observeci effects, the appropriate degree of intensity scale wi be 

established and is given as a full, or a half of a degree. 

Tu understand the importance of the acceleration parameter (which is the third 

earttiquake parameter) in seismo~ogical practice and its relation to macroseismic intensity, we 

present here a concise review of the most utilised macroseismic scales. 

Various intensity =des have b e n  in use a11 over the world. Huwever, the 12 

degree scaie is the most preferred. In Slovakia, the CSN 73 0036 Seismic load of buildings fiom 

1973 and the MCS (Mercafi Cancani Sieberg) scde, is applied. This d e  has dm been used by 

seismic enginers and construction designers in designing the Gm Projeci. 

Siovak seismologists as well as the seismologists fiom other Eastern European 

States use the MSK scale medvedev-Sponhayer-KMk). This sale has various mod8cations 

(MX-64, MSS-73, MSK-78, MMSK-84). The one mosi Equently u d  is the MSK-64. The 

European Commision iwd in 1993 the MSK-92 d e ,  wtrich bears the same designatiun. h the 

US the MM d e  (Mercaii Modified) is in use. Al1 the three scales are 12 degree scales, and any 

macroseismic effects corresponding to a given degree are, regardless of which one of the above 

scales has b ~ n  used, roughiy idenfical. Therefure an earthquake whose macroseismic eRects woirld 

correspond ro 8.0 MSK-64 shorrld match 8.0 MCS as weII as 8.0 MM. 

Each degree of intensity in the MCS, MSK-64 and MM scale is given a certain 

value of amleration. Zt is important ta mention that the acceieration value differs considerably for 

=ch de- as between the three above mentioned d e s .  Tfrus, the rnacruseismic eEea r&gs 

using the three scdes are similar on one hand, but on the other, the acceferation value, which is 

used for practical calculations, differs for each d e .  



We note witk regret that this fact has b e n  exploitai by Hungary in its dctlIatiom, 

it having appIied whichever of the mu d e s  best Ets the purposes of its argumentation. for 

instance, in the nom used in designing the û/N Project, the MCS scale has been used, the same 

nom should then be used to assess the auxleration fiom the intensity - one cannot then switch to 

the MSK-64 d e ,  As the relation between intensity and acceieration is not s t r a igh t fod ,  it is 

not refend tu in the newfy proposal version of the MSK-92 d e ,  and the acceieration value 

must be detcrmined using another operation, h., basing on the caiculation of accelerograms of 

expecîed earihquakes. 

Hungary aIso supports its assertions as tu the seiçmic risk of the area by ushg 

magnitude values published by various authors. fiom ~hese, Hungary derives theu rnaaoseismic 

intensities on the MSK scale and ultirnately the accelerations too. These are then used as essential 

arguments to support its arguments. Ail these procedures, apart from the above mention4 serious 

ambiguity between the intemiq and accderatioq fail to provide anjr infurnation on the accumcy of 

eribsf parameters, wkch served as entires for calculations. The seismologic mdysis presented in the 

Hungarian Counter-Mernorial (HC-M) also includes the ancient earthquakes (Vol. 2, page 210, 

Chapter 6,  HC-M), in which case the accuracy of the entry data can be doubted. The degree of 

accriraq is decisive, regardless of the versatility and bnIIiance of any given interpreting method. 

Other ternis which will be explained below are the maximum expected 

macroseismic intensity (Imax) and the maximum magnitude w a x ) .  

In seismologic tems, the lmax and Mmax can be determîned usîng various 

techniques - h m  the frequenq diagram, from the oxiIlations in BenioE diagram, from the 

correlation of Imax and Mmax with the seismic activity using the Rinitchenko method, or ushg 

the theory of extrerne values, or the correlation of the length of active fault with magnitude. 

The majoriq of the above mention& methods do not take into consideration 

possible oscillation of tremor activity in the future, or possible manifestations of new epicentres. 



6. Tectonics and Calculation of Mapnitudes in Relation to the G/N Pro id  

The geologic structure of the region, in this a m  of the Danube bain, is part and 

parcel of any seismologic andysis. Frorn this, it is maidy the tectonics that are determinant for both 

the accumulation and the reIease of energy. Sudden release of energy is very often accompanied by 

earthquake dects. It is generalfy accepted (and in fact incorrectly used in the HC-M as will be 

shown later) that any point of an active f d t ,  any part of wbich became an epicentre of an 

earthquake in the past, may becorne the epimtre ofa would-be earthquake in the future. n e  most 

probabIe sites are considerd to be rhase (ifsuch sita exist) at the intedons offauks. 

The empirical relation between the length of an active h l t  line (km) and maximum 

magnitude Mmax is reportai by various authon, and the rmge is large. This is why the use ofany 

one of the relations without prior correlafion with known data h m  the area under study may I d  

tu considerable deviations fiom reality. If is evident that in' regions for which such an anaiysis 

cannot be carried out due to lack of information it is necessary to apply a generaiised relation. The 

K o m h o  earthquake shuuld be taken as such, as nu rneasured *mtrumental data exist tu ùidicate 

the strengih of motions within this region. 

For the above reamn we present here (Table 1) the relations given by several 

authors to calculate the maximum magnitude ofthe K o m h o  earthquake. An 80 km length of the 

h l t  has been assumd in making the dctllation, as in I-IC-M, Vol. 2, Fig. -6.2. 

Table 1 . Calculation of Mrnax based on the lengt h of fiult (80 km) according to different authors. 

It is obvious that the Hurigxîan side could produce higher magnitude values based 

on calculations by other authors. We nevertheles wish to emphasise4that the reIation given by 

Drimmel was obtained fkom 40 caiculations of fault fines in the Alps and Western Carpathians and 



was accepted at the 16th AssembIy of the European Seismological Commision in Sttasbourg in 

1978 as appIicabIe fur shdow deprh epimtres. 

Even if the magnitude value were derived from the maximum observed intensity 

values and assuming an epicentral intensity 10=8.5O, then, using relations of different authors, the 

results of the magnitude of the K o m h o  &quake dculatôd fiom the intensity would be as 

fu~uws: 

m. Calculation of Mmax based on maximum obmed intensities 

On the basis of the &ove, we cm coriciude that it is suEcient tu consider the 

maximum magnitude of an earthquake in the region as Mmax = 5.7, and the maximum epicentd 

intensity as Io = 88.5 MSK-54. These values also correspond tu the newest puMished data @une, 

Szeidowitq Brou5ek, 199 1) describing the Kornho  earthquake. 

Author 

Czomor and Kiss (1959) 

Karnik (1 966) 

K M  (1 968) h+km 

K M k  (1968) h=8km 

Furthemore, Hungary's earthquake analysis misinterprets certain fach and is 

misleading. This is the case, for instance, as tu the assertion on pages 78 and 79 of Vol. 1 of the 

HC-M, which refers to a paper written by K M k  in 1971 and states that the magnitude value of 6.0 

was assigned to tbis area in 1978. In the next sentence there is a statement saying that an 

earthqtrake of Richter magnitude ranging fiom 6 to 6.5 can be expected, wMst on the foIIowing 

page t h e  is yet another note stating that the intenity of the K o m h o  earthquake mged Eum 8.5 

to 9.5 degrees and that its Richter magnitude was 6.2. 

One m o t  amid the impression that decimais have no essentid rneaning. In 

reality, however, this is not so, because the relation between the acceleration and mafitude fulows 

a logarithmic course, and in this case the decimais are of great importance. 

: M m  

5.4 

5 -72 

5.539 

5.655 

I 



The following should also be noted: in the publication of K M  (1971), referred to 

ai page 78 WC-M, Vol. l), the intemity of the Kornbo  earthquake, which took place on 28 June 

1763, ç0nfomrBd tu the 9% degree; however, neither the d e  med w a  spx%& (page 186) nor its 

magnitude. This magnitude can however be immdiately calcuiated h m  the reiation, given on page 

69 of Karnik (1971) for the area 21 (Carpathian region): the resulting value is M = 5.73 and not 

6.2. If the relation u d  to cdculate the magnitude were aiso to include the thickness of the 

epicentre, givm on the page 65 of Kamüc, thm M = 5.87; and if the relation given by Csornor and 

Kiss on page @ were applied, then M = 5.7; and if the thickrress of the epicentre were a h  taken 

into dculation, then M = 5.62. 

Nevertheles, Hungary cornes funvard wifh the value 6.5, which has been derival 

h m  the intemitjr of the gfi degree of the K m h o  earthquake, and it proposes ta appIy the same 

vatue for Gyor and finally for Wikovo ,  too. 

Furtheme, at note 3 16 to page 78 of Vol. If HC-M, if is stated that K h i k  

assignai to this seisrnogenic zone in 1978 the rnagnihrdo M = 5.0, and the map shown as Fig. 6.3 in 

HC-h4, Vol. 2, dso uses the same value. Zn the papa of Kiitnik, Schedc and Schenkova entitld: 

"Seismologic assessrnent of epicentre areas" (in Czech), there also appears a scheme of earthquake 

provinces, which in the area of W i k o v o  takes a substantidly dSerent course. W i k o v o  is 

sihrated at the baundq of the hvo seiçmotectonic units, namely the PB1 tectonic unit, with a 

maximum magnitude M = 6.0 and the CW? tstunic unit, with a maximum magnitude ofM = 4.5. 

The latest assesment of the Komkno earthquake of 28 June 1763, published in 

199 1 by Bune @ussia), BouCek (Slovakia) and Szeidowitz (Htrngary) unquivocally contradicts 

the Htrngarian asserf ion in its Couriter-Mernoriai that the values of rnagnibde of 6.0 tu 6.5 should 

be considerd for the Komho earthquake. We can refer here to the foiiowing data associate. 

with the K o m h o  earthquake given in this 1991 paper: Magnitude M = 5.7, epicentral intensity Io 

= 8S0, the depth of epicentre 8 km and 6 km, (depending on parameters us& in caIcuIation). This 

publication alsu mentions estimates on the depth of t he epicentre of this earthquake aven by other 

mthors wfüch vary wideIy depending on the entry parametres used and the method of calculation. 

This parameter, moreover, refers tu the Komha earhquake dune and absolutely 

does not mean that the magnitude and the intensity of this earthquakc can be expectâd at any point 



dong a line such as the supposed Gy& - Becske fault line that Hungary has postulateci (which is 

examined bdow in Part Ti of this Chapter). 

Once the earthquake takes pIace at the intersection of the two earthquake zones, in 

calculating the seismic hazard the epicentd area cannot be included into each zone. Were this to 

happen, then in analyshg the hazards it would be considerai twicef which would resuIt in 

overestimating of the e f k f s .  The experiments conducted abruad (Prof. Keilis-Bomka, Momw) 

have shown that at the intersection of two seismogenic zones there can develop tremors, whose 

energy is up to 30 % higher, cornparal to what is expectd to happen in but one such zone. 

We reiterate that the magnitude value, which the Hungarian çide proposes to use in 

calcuIations (6.0, and even 6.5) is not tmstworthy. 

7, AcceIerafion in Relation to Intensifv and Mamitude 

To calculate seismic load it is important to know the peak value acceleration. 

We consider it misleading tu infer this value fiom the intemie, as it lads tu a 

dispraportiunate increase in the acceieration value, which enters into dculations of luad. Presented 

mmseismic intensities are but supporting values, with but an empirid relation to acceleration. 

Furthemore, they differ according to the author relied on and the macroseismic sales used. This is 

1 why the acceleration value must be hm. The acceIeration d u e  wi be deteminal exactly ushg 

acceIerogram cdcuIations for a given magnitude, depth of epicentre, d d o p r n e n t  mechanism of an 

earthquake, epicentral distance and environmental parameters. 

The HC-M relies maidy on the ICOLD nom and the calculaiion of maximum 

aedible earthquake (MCE), which according to the author of Chapter 6 of Vol. 2 of the HC-M has 

not been done by Slovakia in spite of the fact that the International norm, he says, recomrnends 

such a calculation be made in connection wi th large water works. The seismic hazard is deduced by 

Hungary Eum M vdue support4 by empiric relations (I acceleration in g. and historicd data on 

earthquakes in this region) as w d  as from the newest gmiogical, geophysical and seismologid 

investigations. The degree of hazard is purposetiilly supplemented by alleged1 y unsatisfac-tory 

geotechnical and mechanic properties of materials used in construction of the barrages of the G/N 

Project. The author presurnes their possible Iiquefaction and ~Iidication under duence of 



tremors during the earthquake. He also pays attention to the high degree of tactonisation of 

andesitic rocks, which participate in the geologid structures in the surroundings of Wikovo ,  as 

they were iritemted by the Hungarian side in the construction pit dug at the Nagqmms barrage 

site. This author declares that this tectoriisation is due tu strong tectoriic activity, dthough he does 

not explah the role they played at different stages of formation of the basin, and no detded 

neotectonic anaiysis of the area mostly duhg Post-Pannonian period is given. 

The amieration values d v e d  at in the HC-M are bas& un the rmlts  of Bondar's 

caiculations for which a 400 m thick model of gravely sands, with properties i i a r  to the 

Danunbian gravels, was used. This modeuing, according to the HC-M, resulted in a hdmg that the . 
peak acderation d u e  of 0.25g gradually increases tu reach at W i k o v o  up tu 0.3g. Hungary 

a s M s  tbat si& calculations have not bwn underiaken by the SIovak side even though the 

ICOLD nom 1989 says that they should have been calculated. The HC-M states (on page 80 of 

Vol. 1) that eventual application of the MCE muld resutt in a "worst case scenario", with an 

esîimated vdue of peak acceleration approaching 0.3g. 

It is surprising to note that tbis peak acceleration value, presented as a mrollary to 

the concept derive. 6om Kzlrnik's published magnitude value of 6.0 to 6.5, and conquently 

inferrd rnacroseismic intensity 90 MSK, awees exactlv with that subsquently cdcrrlated by 

Bondir using the rnentioned model. EmpiricaIIy obtained peak amleration vdue does not differ in 

the slightest ffom the one calculated by Bondir using up-to-date methods and software. 

Hungq's objections fo the absence of an MCE by SIovakia of the Danube Basin 

are groundles. Such modeIIing &KEA for G N  1994) has b e n  carried out by authors of tfiis 

study on hundreds of reai models, using various marginal values of entry parameters. The results of 

this modeliing, presented in the fom of Maximum Credible Earthquake Accelerograms, absulutely 

contradict Hungq's assertions in the HC-M. A more detailed andysis of thew resuIfs is pruvidd 

below in this stridy. 



8. Accelero~rams and Anahsis of Calculated Acceterations 

Essentid variables infiuencing the magnitude of manifestation of an earthquake are 

the acceleration value @eak acceleration value is used occasionaiiy, somethes the tm 

acceleration is interpreted generaüy, as an "effective value"), the duration of vibration, and 

predominant period of ibration. To dalate the seismic Ioad we are u d y  sati&d with the peak 

accderation vdue wirhiiin certain fiequentionai range ( w i t b  certain period araIf and this is used 

directly to cornpute the seisrnic coefficients. 

The peak acceleration value, the prdominating period of vibration and the duration 

of vibrations are determined by means of the cdcu!ation of accelerogams of expected earthquakes. 

On the buis of these accelerograms the other parameters, too, can be determined, such as vibration 

spectra (Fourier's spectra), amplification, seismic response spectra, etc. 

The earthquake acceierograms are calculatd for dl three wmponerits, the two 

horizontal and mutually perpendicular, Iabelied NS (North - South) and EW (East - West), and one 

vertical component, labeiied UD (Up Down), so as to arrive at a caiculation of the absolute 

magnitude of the amleration vectur or the deviation. Because the horizontai cornpunent is the 

most important, the pater  of the two is umdly refend to. The HC-M's assessrnmt, which uses 

acceleration values, gives one vaiue only, but without specifyng which of the two components is 

being dealt with. 

The above mentioned MCE acceIerograms of expected earthquakes were 

caiculated for the W i k o v o  xea using the K o m h o ,  Dobra Voda seismogenic zones and the 

local epicentre. Earthquake accelerograms were calculated to constnict approxirnately 500 different 

models for dixrete, prevîously seIected sites of the barrage as welI as for the W i k u v o  Iocality. 

The earthquake accelerograms could be calculated very wurately in the caçe of the Wikovo  

step are% as there is situated a 2582 m deep geothemal well FGGAI. Thus, the geologjcal section 

and the thickness of beds and soils are known. 

The deeper portions of the environment were rnodelled on the bais of the resrrlts of 

reflexive - seisrnic depth measurements, reprocessed by the US company M m s  for the sake of 

better IegibiIity of interpreted geoIogic environrnents in both the basin filling and Pre-Nwigene 

basement (1, HnrSeck$I 994). 



9. Results of Maximum Credible Earthsuake lMCEl Intemretation 

The fulowing table shows the maximum peak axeleration vdues (ii gravitational 

acceleration values) for discrete sites of the barrage, as well as for the weU FGGA applying various 

seismological models, seismogenic zones and finally for dimete components, as a resuIt of 

extensive above rnentioned modeIling irs the area ofthe Wrkovo Projea. 

Site 

km 09275 

VK 47 

lm 15100 

VK 82 

lan 15250 

VK 79 

M&I 

VSM 

SM 

DM 

SM 

DM 

SM 

Seimiogenic mne 

K o h o  

K o m h o  
Kormimo 

Karpaly 
Kw@ 

LocaI 
Local 

Komimo 
Kondmo 

Midé -9 
K ~ l y  

Local 
Local 

K o h o  
Ko- 

Md&kPtY 
Mc-@ 

W 
Local 

Kornkno 
K o h o  

Malé -@ 
Male Wty 

Local 
Local 

K o h o  
K a h o  

Malé KwQ 
Malé mtY 

Component 

h2 

hl 
h2 

h1 
h2 

hl 
h2 

hl 
h2 

h1 
h2 

hl 
h2 

hl 
h2 

hI 
h2 

hl 
h2 

h1 
h2 

hl 
h2 

h l  
h2 

III 
h2 

hl 
h2 

0.0792g 

0.0665g 
0.û656g 

0.05 18g 
0.05 17g 

0.0285g 
0.02458 

0.0543g 
0.0477g 

0-0 1 93g 
0.03 1 1g 

0.0257g 
0.0 199g 

0.M58g 
0.MlZg 

0.0SWg 
0.0519g 

0.0289g 
0.0247g 

0.037Zg 
0.035Og 

0.0 I68g 
0.0238g 

0.0220g 
0.0 149g 

0.M2g 
0.0602g 

0.046 1g 
0.0545g 

- 
I 



km 15750 

VOK 88 

weii FGGA 

The above Table shows that the maximum peak meleration value for the 

GaEikovo locaiity reaches 0.07968 at the km 15.750 of the barrage, computed from the VSM 

(very shallow model - 200 m thickness of sediments) for the epicentre in K o m h o  and its EW 

cornpanent. 

Malé mtY 
wk-!Y 

Local 
Local 

The "most dangerous" factors are in tbis respect the tremors Eom the epicentral 

K o m h o  area. However, the value of peak acceleration, modelled this way, represents ody one 

third ofthe acceleration obtained by Bondir and adoptai by Hungary in Vol. 2, HC-M. 

DM 

VSM 

SM 

DM 

. 
: 

SM 

As far as a cornparison of the two models is  concerned in relation tu calculated 

acceleration d u e ,  these are highest in the case of the VSM model and lowest in the case of the 

DM ueep model). In Table 2 there are the EW cornponents of al1 the the testai models for two 

h l  
h? 

h l  
h2 

Local 
W 

Komho 
K o h o  

Malt Karpaty 
K m  

M 
Lmd 

K o h o  

K o h  
K o h  

N é  Karpaty 
MaIé h p t y  

LocaI 
Local 

K o h o  
Komho 

N é K a ~ w  
méwW 

Lmd 
Local 

KomfÜno 
Komho 

0.029 1 g 
#.%80g 

0.07 10g 
0.0248g 

hl 
h2 

hl  

hl 
h2 

h1 
h2 

h2 

hl 
h2 

h1 
# 

h1 
h2 

hl 
h2 

hl 
h2 

hl 
h2 

hl 
h2 

0.0277g 
0.0255g 

O.#34g 
0.0351g 

0.0 160g 
0.0229g 

0.02 I6g 
0.01 38g 

807%g 

0.0672g 
0.0602g 

0.0474g 
0.0520g 

0-0282g 
0.0236% 

0.0436g 
0.0369g 

0.0 169g 
0.0235g 

0.0219g 
0.0153g 

O.OS33g 
0.05 19g 



testing sites, namely the km 9.275 and the km 15.750 of the intake channel barrage. The Table 

shows that the lowest accelerating values were calcuIated using DM, where the srnothering 

pruperti~ of the environment of thick diments take place, whereas in applying the shdower 

modeIs (e., in Bondifs 400 rn thick model) no such eiTects can be exp&ed. In xientific tans ,  

we are certain that in Hungaq's anaiysis such a fact should have been at least mentionad. As is weil 

known scientificaily, considering the depths of epicentres, a thick sedirnentary formation such as the 

one present here (the thicknss of d i m e n t s  reaches dtogether some 8 - 8.5 km) must possw 

distinct abwhing atiiiries. 

Table 4 contains a review of differences in acceleration (in percent) in using various 

models. 

1 

Table 4 

When considering the absorption of a thick sedimentary formation, k., the DM 

model, in which a 12 km thick formation is used as an entry parameter for modekg, the least 

favourable appeared in the barrage at km 9.275, with the acceleration vaiue for NS (north-south) 

component of 0.0543g. 

Mode1 

km 9.275 

km 15.750 

Spectral andysis of ,outcorne seismic signal, shaped as Fourier spectra shows 

several distinct maxima in each curve. These maxima range generally from 0.5 to 8 Hq whereby the 

envelope of these curves has in the case of shdlow modds 2 maxima, the first at 1 .O Hz mi the 

second at 8 Hz. Owhg tu greater abmrption in higher muencies of the signai, the maximum in 

the deep mode! 0 is shiRed towards Iower frequencies and several partial maxima are present at 

0.5,2.4 and 7 Hz. The environment influences the preceding signal as a differentiated iïiter. 

The shifi of sp&ral maxima is iduenced not ody by stnrmres, but dm by the 

spectrai composition of entering accderograms. However, the influence of the environment with 

various thicknesses is evident too. The spectra obtained from the VSM and DM look more 

VSM-SM 

21% 

32% 

VSM-DM 

66% 

116% 

SM-DM 

38% 

63% 



compact and the+ spectral composition is more cont~asting. From this point of view the SM seems 

tu & a transitional environment, where the spectta decampose, shiffing b e w n  the VSM and DM. 

In the case of SM the domains of low fiequency spectra are characteriid by several partid p& 

and the spectral representation of VSM and DM is compact. Among discrete components of the 

same wave 5um v d u s  epicentd regions there is no shiff of s p e r a l  chara~teristics, or it is but 

negiigible. 

Amplification of seismic signal within fiequentional domain k., relation between 

the exit amplitudes and entry ampIitudes) is an important parmeter in the relation t o  modelling 

abilities of a r d  envirument, and it is logically dependent on the mode1 for which it was 

calculated. In the case of the shallowest model (VSM) some of the frequencies are arnpaed 

approximately 1.5 times, in case of the shallow rnodel, 3 times, and in case of the deepest model, up 

to 20 times. The higher fiequencies are more abwfbed and the amplification of higher Eqnencies 

is weaker compared tu the Iower unes. 

To compare the empincal method (used in the HC-M) with the exact method, 

which lead to MCAA calculations, we have ccirnputed accelerations e x p d l e  at GabEikuvoI 

uskg the caIcuIation based un magnitude and distance parameters. Tu accornp1ish this, we have 

used the relations given by various seismologists and ascertained fiom empiricai data. This 

procedure has been explained in detail at the beginning of this study. It was useci by Bondk in 

modeIling MCE and is the oniy produre used by the Hungarian side, resulting in a caIcuIation of 

the accderation as 0.3g. We have made the calculafion fur the epicentral area of K o m h o ,  nsing 

entries from the K o h o  earthquake of 1763, the way they were published by Bune, BrouEek 

Szeidowitz, A., ( 1  99 1). The resuIts are presented in Table S. 



Table 5 .  Acceleration values, caIculated from the magnitude and the distance, accordmg to relations 
of varjous authors. 

We wish to point out that the above relations are not specifiied for dicrete seismic 

regions. For this rason, it is more appropriate to enter the values attained fiom the earthquake ac- 

Author 

Papazochos (1993) 
Chianittiti (198 1) 
Tcheoduiides (1 988) 
&berg (1882) 
Davenport (1 972) 
Bufaliza (1986) 
Joyner and Boore (1 98 1) 
Facioli and Agalbato (1976) 
Thid (1986) 
Okamoto ( 1980) 

celerogams, through m o d e h g  and calculation of the MCE. 

Amleration 

0.024 g 
0.045 g 
0.047 g 
0.050 g 
0.052 g 
0.053 g 
0.054 g 
0.063 g 
0.058 g 
0.074 g 

Accordingly, it foUows t hat the calcuIation of aseIerograms shouId be prideged 

among al1 the other produres and, keeping this assumption in rnind, we realized the above 

extensive modelling, which analyses ai1 the least favourable effects of various seismogenic zones at 

various sites of the GabEikovo project. In spite of this h, a review of the variabIes set out in Table 

5 results in a ikding that these acceleration vdua correspond tu those vdues attained by 

caTcu Iatiun of accelerogm. 

Determin4 meleration values, calcuiated h m  relations given by varîoris authors, 

serve tu support the results of exact caIcuTations. Tke relations of FacEioIi and Adbat  (1976) and 

Chianrttini (1981) in Table 5 are derived from the data obtained during the earthquake in Fnuii 

(1976), whose mode1 was used by Bondk in his modelling. 

Extensive modelling and MCA calculations are the result of long term research of 

the seismic vibration parameters, redised within the fiamework of seismic zoning and the mdy of 



the latest procedures applied to solve seisrnic hazards. It represents a multidisciplinary approach in 

which the gmte~hnicaI entries, the geological and stnrcturai information as weli as the resutts of 

geophysid synthesis and new seisrnologic r e m c h  pfay, in relation tu accuracy of obtained rwlrs, 

the most important role. Use of professional software, purchased for this reason to pmcess the- 

multiplies the accuracy and credibility of obtained results. 

This study was not a u d  routine work, it rather had the character of a t m  

researck and the contribution o fd  fm rnembers, be it direct or indirect, shauId be appreciated. 

This research resulted in calculating the MCEA for various modeUed environments, 

various epicentrd areas and two horizontai components of vibrations. The resu1t.s are summarised 

in the written text and in appendica, which represent a mmpIete catdogue of accelerogmq their 

spectra and spectral responses of the W i k o v o  Project structures, for which they were calculated. 

These results clearly refute the HC-M's "worst case scenario", based on acceleration values ranging 

h m  0.25 tu 0.3g. 

Graphic representations show the whok range of parameter changes, including the 

interval of extreme acceleration changes. This set of accelerations (Table 3) enables to reject any 

assertion supporzing most unfavourable acceleration values (in g). We present herewitb the results 

ofa cornplex analysis of accelerations and spectd parameters of wave motion, m+ed out within 

the whoie area of the GaEikovo Pruject, using in the CaIculations a variety of parameters, 

epicentral areas and r d  geologic environments. 

These results have shown that the maximum cdculated aderation applicable for 

the W k o v o  Proje  and obtaind by m m s  of 4cuIation of the MCE q u a i s  the value 0.0795g 

and not 0.3g, as asserted in the HC-M. 



PART IL SEISMK HAZARD IN TEE AREA OF TFIE G/N PROJECT W ï ï E  
SPEC~AL REGARD TO 71i~ P O S ~ T E D  GYOR-BECSKE 
SEISMOGENIC ZONE 

May, 1995 

1. Introduction 

This m d y  is a q u e I  to Part 1 ofthiirs Chapter. It consists ofan d y s i s  ofthe most 

recent results of investigation of the geologicd-tectonic structure of the area of the W i k o v o  

section of the G N  Project as related spdcally to the newly "discovered" Gyor-Becske fault line, 

which is first mention& by Bda (1994) in a paper fhat fums part of Hiingary's "Scientifrc 

Evaluationss summarised in VoI. 2 of the HC-M. This study is based on the results of deep 

reflection-seisnirc research, magnetotelluric sounding measurements and gravimetric modehg. 

The seismologicai research has used new methods to re-eduate the intensity 1 and the magnitude 

M parameters. 

The remrch based on the above methods, together with seisrnic engineering 

methods and amleration calculations, enables us to evaluate objectively and with the utmost 

accuracy, in accordance with the most up to date scientzc achievements in this field, the following: 

(a) The "Gy&-Becske" hypo~hesis in relation tu the geornorphology 

and tectonics of the area concerned; ' 

(b) The susceptibiiity of any mch fault he to accumulate and transfer 

seismic wave encra (with quantification of these pruperties); 

(c) The possible interaction of the zone hypothesised on the basis of 

the postulateci "Gyor-Becske" fault with neighbouring or cross- 

curting zones in order to quanti& their cumbined effixt; and 

(d) The stability of the structures of the GabEikovo Project both 

individudly and as a whole in the Iight of this evaluation. 



l The results of comprehensive modelling and aderation calculations k e d  out by 

I Slovak experts offer an exact and ve*abIe bais for assessing the speculative values pmnted  by 

Hungary (in its Counter-Mernorial). 

2. G e  
Lieh t of M e n t  Geoloeical-Tectonic, Seismolopic and G e o ~  hvsical 
Knowied~e 

Apart k m  the h m  and reriably ascertain& earthquake zone iTi the area of fhe 

Danubian Iowland, namely the zone based on the Kombo-Berhida fault, Hungary has now 

proposed another fault he, the "Gy6r-Becske" line and its resulting zone. Such a fault Iine or zone 

has not been dommenteci outside of Hungaq. 

The "Gy#r-Bsske" fault Iine makes its fi rst appwance in Fig. 6.2, in Vol. 2 of the 

H-CM (at page 2271, the authority cited for this Figure being "after BdIa and Go$ (1 994)", a 

paper annexed to the HC-M and forming part of its "Scientific Evaluation". Fig. 6.2 does not 

indicate that the EW lie identifid as the "Gyor-Becske" l i e  is considered the earthquake zone. 

While K o m h u  - Berhida c l d y  appears on Fig. 6.2 as a seisrnogerirc zone, the "Gyur-Bmkel' 

Iine is ident8ed in the l e p d  as a "large topographic step". 

In spite of this, on the basis of this topographic feature shown on Fig. 6.2, 

Hungary's Counter-Memonal hypothesises an earthquake zone capable of transfering distinct 

tremors reachg a magnitude of 6.5, with an mIeration exceeding 0.3 g. Should mch an 

euduation be acceptai, such zone wudd fa ex& the seismic risk of the clarfy debed, 

scientificalIy accepted Kornho  - Berhida zone. 

1 It should be notd that the prominent Hungarian seismologist, Zsiros, who has 

proposed the fiamework of 14 zaries of earthquake hazard in the Hungarian territoq, refers tu fhe 

Komirum-Berhida zune but not to any IIGyor-Becske" m e  (Zsirus, 1391). 

Such a zone does not appear on the map of relief of the brittle stmctures of the Pre- 

Tertiary basement (KovaE, ef A., 1994). 





these methods are very expensive. Instead of relying on these, Hungary relies on a hypothesis which 

has nut taken into wnsiderafion the devant raits ofdeep seismic r w c h ,  or the M'ïS. 

Thus, the assertion (at page 207, Vol. 2) of the HC-M, that the existence of the 

"Gyor - Becske" zone has been substantiated by macroseismic, topographie and geophysical data 

mus1 be rejmed. The ody relevant data is topographie data because d i s  line is, in f@ nothhg 

more than a topographical or geomorphologic tenace, as Fig. 6.2 indiates. The macroseismic data 

(Seidovi~ 1986, Zsiros, 1991) and the results of geuphysid htetpretation (Varga, gt d., 1993, 

KiIényi, gt d., 199 1) do not substantiate the existence of any such zone. 

UntiI the assertions conmming the existerice of this m e  are mpporîed by resuIts of 

stress measnremerits made in the bore hdes drillai in this ara,  the asseriions are nothing more than 

an hypothesis. As demonstratecl above, it is an hypothesis that is not substantiated by the 

macroseismic data or b y geophysical interpretation. 

Even more suqxising than Hungary's cuncIusions as tu the existence of a "Gyor- 

Becske" fault Iine and zone are the alleged macroseismic effects attribut4 to it in the HC-M. As 

mentioned above. Hungary tries to attnbute to this zone the properties of an earthquake zone 

capable of transfering distinct tremors reactring a magnitude of 6.5 with an acceleration e x d i  

0.3 g. 

3. The Present Seismolopical Capacities for Calculatinp the Mamitude 
Intensitv and Acceleration for the Area of the so-called "Gy&- 
Becske" Line 

In order to analyse the present posibiIities and mthods of dcnlation of rhe 

seismological parmeters of the postulated "Gyor-Becske" line, the existence of such a fault h e  

and earthquake zone is assumed regardless of the fact that the scientific data fails to support any 

such assiimption. 

Arnong the tenns frequently used for this kind of discussion of earthquakes, the 

most important are the magnitude "MN, the intensity "1" and the acceleration "a". 



3.1 Magnitude 

The earthquake magnitude is the parameter 5rst referred tu when an mhquake is 

tu be characteris&. It is a parameter assessed by instrumental meamrements and depends on the 

. energy rd& dukg the earthquake. Its value is rad according to the Richter scaie, for 

example, an earthquake measuring 5.7 on the Richter scale. This value is usudy given with 

accuracy to one decimal. Ifinstrumental measurements are not available, then the magnitude can be 

assessed Eom the calculatd earthquake htemitj.. This produre  is usai m d y  in a s e s  ofhistoric 

earthquakes, where no such mmrements could be carried out 

3.1.1 Probabüity appraisai of magnitude 

This asessement is b d  on a Eequenq diagram for occurence of an earthquake 

log N o .  Several distributions, for instance the Gutenberg-Richter's, paraboiic, exponential, 

logarithmic, Gumbel's and others are used. The selection of a certain distribution wiii depend on 

fiequency occurrence. On the basis of this relatioq assisted by Schenk we have determined the 

magnitude of an expecfed mhquake orîginating h m  the postulated "Gyar-Becsken m e  tu 3.6 2 

0.2" on the Richter d e .  

3.1.2 Deterministic assessrnent of magnitude 

In fhis casef the maximum magnitude is determin4 on the basis of ernpirical 

relations between the magnitude and physid variables characteristic for an earthquake focus. The 

Drimmel's relation is the one most used for the Central European region. The foflowing table shows 

the vaines cdcuIated using rhis relation. As the Iength of the postuIated "Gy#r-Be~ske" Iine has not 

beei  indicated in the hypothesis, the following tabIe gives the mge of magnitudes, appIic&le for 

various lengths of the fmlt line: 

Table l 

Length of the 
fault Xne (in 

km) 
Magnitude 
(in O )  

40 

4.9 

45 

5.0 

60 

5.26 

50 

5.1 

I 

55  

5.18 



3.1.3 Expert estimations 

This method involves the assessrnent of magnitude for a given area by several 

experts and the results are then p r o c e d  statistically. We do not know of the application of such a 

procedure either in the case of the Komarrio earthquake or in the case of other seismogerric mns 

in the area surroundmg ~ O V O .  

The macroseismic earthquake intensity (&en referred tu simply a intensiîy) is 

usualb expressed in degres. It is deteminal on the bais of macroseiamic meastirernertts, i.e., 

according ta the effects felt by people, manifestations on buldigs and the earth's surface. The 

appropriate degree of the intensity d e  is to be determined according to the degree of damage or 

observai eff- and is usuaiIy given in whole, or hdves of a degree- 

The earthquake intensity can be assessed as follows: 

- On the bais of historie observations of earthquakes, ushg a fiequency 

method. However, this method fds where there are ody a srnall number of 

observeci earthquakes, which was the case with the W i k o v o  Project 

area, where only 5 observations were available. 

- On the bais of geoIogicaI structure. In fhis the iritensity CI) cm be 
cdculated h m  the Ierrgth of a fauit Iine. Several relations exist within quite 

a wide range, some of them aiso taking into account geoIogica1 features of 

a given fault line. 

- On the ba is  of macroseismic relations between the magnitude and the 

intensity. These scales have been discussed in Part 1 of this Chapter. Each 

degree of intensity is given a certain value of acceleration. This value 

diEers considerably fur each d e g e  a berneen the meritioned scaIea 



Table 2: Acderations, given in gravitational acceleration values g for discrete macroseismic d e s  
utilised in Europe. 

4. Svnthesis of Accelemtion Values, Assessed bv Various Methods for 
the Sa-called "Gvor-Becske" Zone 

6" 
7" 
8" 
9" 

A pnrnary parameter which should be accuratefy assesmi? is the amIeration valrie, 

usai in dculations of the seismic load. AIthough direrent authors use diferent dassifications, the 

acceleration vdue used for the calculation of the seisrnic Ioad can essentially be assessed on the 

basis of two methodological produres: 

(1) hsessment of the acceltration b& on expmed earthquake parameters - 
magnitude, depth of seismic focus, mechanism of earthquake generation, epicentral distance. The 

following calculations can be made: 

MCS 
0.005-0.01 
0.01-0.025 
0.025-0.05 
0.054.1 

(a) CaIcuIation on the bais  of macroseismic relations, which determine the 

relation b e e n  the acceleration with uther puameters Wre magnitude, 

depth of seismic focus, mechanism of seismic focus, epicentral distance and, 

occasionally, with the local geological situation. 

(b) CaIcuIatiun bas& un açcelerograms, dculated for fhe area under study. 

The calculation can be made in ID, ZD or 3D modification, respatively 

(2D and 3D modifications enable to the taking into account of laterai 

changes in the calculations) tu fit the specific geological situation in a given 

area. This procedure is mure exact and reIiabIe rhan the one described în 

(a), dthough it takes longer and is  more expensive. It also cals for good 

quality entry data, i.e., no accelerograms cm be caiculated unless the 

geologic background and tectonia are well known. 

MSK44 
0.025-0.05 - 

0.05-0.1 
O. 110.2 
0.24.4 

MSSS73 
0.03 1-0.06 
0.061-0.12 
0.12 14.24 
0.241-0.48 

MMSK-84 
0.05f500/0 
O. 1150% 
O.Z+Soo/, 
0.4?5o"/o 



(2) Merence ofthe acceleration h m  the earthquake mmseismic intensity. In this 

case there exist several relations, which were statistidy analysed by Schenk and Schenkovi 

(198 1). Ifwe were to use the intensity as Schenk has advised the authors of this paper, referring to 

the enty parameter d u e s  tu d a l a t e  acceIerornt then the arceleration values givm in 

gravitational acceIeration a (g), a (cm.§-3, the s p d  ufdeviation v (cm.$') and deviation d (cm) are 

as shown in the following table. The maximum acceteration, obtained by this statisticai method is 

smder, relative to d u e s  calculatd fiom the MCEA, namely O. 1 12g versus 0.123 8g. 

Table 3: The a, v and d values, derival from 1 according tu Schenk 

K o m h o  earthquake zone without Kornimo earthquake 

(3) The acceleration value can be deterrnined exact@ using acceierogram 

cdculations for a aven magnitude, depth of epicentre, development mechanisrn of an earthquake, 

epicentrd distance and rock environment parameters. Far this reason we have carried out these 

caIcuIations for the so-cdld "Gyür-Becske" Iine, applying an earthquake magnitude ofM=5.7 and 

epicentrai distance of 25 km. We made these calculations in spite of our conviction that this zone 

does not represent an earthquake source area (Zsiros, 199 1). 



Anabsis of Results of Modellin~ and MCEA CaicuIations 

Section 7 and 8 of Part 1 of this Chapter have described how acceleration is 

caIculatd and have pointed out the defects in the HC-Ms dculations. 

The results of extensive mdelling of the GaMkovo Project fium the so-called 

"Gjrür-Bsske" seismogenic zones, botfi with and without the K o m b  earthquake seismic focai 

zone, are shom in the following table. 

Table 4: Acceleration values Born MCEA 



The rmlts of fhe modeIIing the MCE cdcuIations and the "peak aderation 

values" obtauied for fhree Iwel modeIs and the d l e d  "Gy&-Bake" seisrnogenic m e s ,  both 

with and without the influence of the K o m h o  earthquake seismic focal zone, represent, dong with 

the previous research which has taken account of the seismogenic zones located on the Slovak side, 

a minute verification of the GabEikovo Project and unique information on the environment where 

the Project is situated. This information dIows the most accurate evduation of the region so far as 

the seismic hazard is concernai, modeiled by means of scieriti fic cdcuIations. It tutdry refutez the 

catatrophic scenario presented in the HC-M. 

The results are based on the consideration of al potential hazardous seismogenic 

zones surruunding the Project on both the Slovak and the Hungarian side. The corresponding 

accelerograms for both hvrizontd componerits, the NS and the EW, provide a re&w of potentiai 

MCE and, d y s i n g  their values, fhey demonstrate the stability of the Pruject. 



The resuhs of the MCEA rnodeEng which take into account the seisrnogdc 

zones on f he SIovak side ( K u h o ,  Dobra Voda and a local focus) in relation to the stability of the 

Project, are contained in Part 1 of this Chapter. This report supplements them by the MCEA 

modelling for the above mentioned so-ded seismogenic zones. 

In spite of the fact that in the Iight ofthe results of various scientzc disciphes the 

existence of an earthquake source area b d  on the d e d  "Gyür-Becske" Iine m o t  be 

sustallied, we have gone on to prove that the attributes that Hungary assigns to this a r a  in t e m  of 

acceleration values are incompatible with the best scientific research. 

Our decision to cany out the MCEA modelling was prompted by the existence of 

an intri- associated with the occurrence of earthqüakes on account of the su-called "Gyor- 

Becske" zone, wtiich cannot be overlooked in caIcuIating the earthquake hazard for the W i k o v o  

Project. The point of this intncacy rests in the way the data pertaining to the intersection of the 

Komho-Berhida zone with the d e d  "Gyor-Becske" zone are visualised. An inclusion of the 

area of the K o m h o  earthquake into each of the source zones would reçult in cornidering its 

eflecfs d mdysing the earthqrrake hazard twice. 'This is why we have considerai, in rnodeIling the 

hazard in respect of the M i k o v o  Prujecî, two variants of hazard caIcuIatiun conceming the w- 

cailed "Gyor-Becske" zone. The first variant includes the influence of the Komho  seismic focus; 

the second does not. 

Althou& in seisrnologid terms (and dso as recommendd to the authors by V. 

Schenk), it is suEcient tu use the parameten of the so-dled "Gyür-Becske" zune done & 
without the influence of the K o m h  xismic focus) in caiculating the degree of hamd to the 

GabEikovo Project, we decided to mode1 both cases and also to calculate the MCEA for both 

vatiants. This decision ensud h m  our wish to analyse this hazard in the most comprehensive 

marner, thus eliminating any further speculation as to the possible inffuence of oiher foci within any 

postulat& '%gror-Becske" zone wifh the potentid tu increase the acceleration values. 

The accelemtion values obtained through both modelling and MCEA caiculations 

represent even in the leaçt favourable cases roughly one third of the values presented in the 

Hungarian Counter-Mernoriai . The highest is the acceleration value at km 1 5.250 (di11 hole 79) for 

the h2 cornpanent of the s-called "ûyür-Becsken zone with the Komho earthquake in£luenrice 



included. It is characteri& by a variable 0.1238g. The rest of the values are shown in Table 4 

above to permit them tu be curnpared. 

The dculated acceteration values, including the zone characterised by the 

combîinatiun of the Ieast fhvourable effects in reIation tu the Project (fie wuded "Gyor-Becske" 

with the *duence of the K o m k  arthquake) are beIow those used in tests by 1. Poko (O. I25g) 

as well as below to those used to construct both the main Project stnichires and dykes (Poko and 

Varga 1995). 

Wtth the HC-M, Hungary has advanced the brand-new hypothesis of a "Gyor- 

Becske" fauIt h e  and very hazardous earthquake murce zone which, it clairns, represents, due to 

its epicentrd distance (20 - 25 km), a r d  h w d  to the ~ i k o v o  Project. Hungq asserts this in 

spite of the fact that this thesis contradicts the research results of Hungary's own seismologists. 

Hungaq's hypothesis and assertions must be rejected : 

- On the basis of the Iat& results of seisrnologic interpretations (Zsirus 1991, 1995, 

Szeidovitz 1986, Broutek 1988); 

- On the bais of the latest, newest geologic - tsîonic and necitectonic research 

(KovZ P. al., 1995, XovE M. gt d., 1994); and 

- On the bais of the resnlts of geophysicd kterpretation, supporkd mauily by 

seismic, rnagnetotelluric and gravimetric mmrements  @iIknyi 199 1, Varga gt al., 1493, AruiuaI 

rep. I987). 

On the bais of the MCE calcuiations carrial out as part of this study (made for 

environmentai modeIs typicaI for the Cab5ikovo Proj~t )  we demonstrate that in my event the 

catastrophic scenarios presented in the HC-M are groundless. None of the acceieration parameters 

shown in Table 4 reach the values presented by Hungary, even though we have modelled and 

cdculated not ody the acceleratiuns for the so-dIed "Gyür-Bake" m e ,  but dm for the I& 

favourable me in the "Gy&-Becskd' earthquake source wne, induding the K o m b o  seismic 

focus. All tt'Us is in spite of the remmendation of V. Schenk, the eminent Czech specidst in 
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seismology, who suggested that, in dculating seismic hazards for the W i o v o  Iocaüty, the 

parameters for the ûybr - Becske zone without the influence of the K o h o  seismic focus shoutd 

be u d .  



BdIa 2.: Basement tectonics of the Danube - Raba basin Alkapa, GeoIogical evolutian of the 
internai Eastern AIpq Carpattiians and of the Pannonian basiri, Graz, 1992. 

Balla 2.: Kinematics of the Alpine-Carpathian junction area Alkapa, Geologicd evolution of the 
interna1 Eastern Alps, Carpathians and of the Pannonian basin, G c q  1992. 

Bimrîcsiny E., Steidovifz ûy." P r d i n g s  of îhe Seventeenth AssembIy of the Eurupas 
SeismoIogical Commission. AKADEMIAI NU, Budapest, 1983,689 s. 

Bojadziev hl, Paskaiav T.: Analpicai and experimental investigation behaviour of rock-a dam 
mode]. Proceedings of the 10th World Conference, 3 565 - 3 570. 

Bune V.I., BrouZek I., Szeidovitz G., Medvedwa N. S., PoIjakova T.P. : Katalog zedet jasenij s 
M3 4.8 Zapadnych Karpat i soprdeInych territorij. In: Voproq 2enernoj sejsmologii, Vyp.32, 
Nauka, Moskva, 1991, s.87 - 100. 

Bune V.I., Broucek L, Szeidovitz G., Medvedwa N.S., Poljakova T.P.: Karta sejsmizeskoj 
aktimosti Zapadnych Karpat i supredernych territorij. In: Voprosy infenernoj sejsrnologii, Vyp.32, 
Naukq Mosh- 1991, S. 100 - la. 

Chianithi C., Siro L.: The corelation of peak ground horizontal acceleration with magnitude, 
distance and seismic intensity for FriuIi and Ancona, Italy and the Alpine Belt. (BSSA), 71, 1981, 
1993 - 2009. 

Couriter Memurid of the RepubIic of Hungary VoI 1, \foI.2,1994. 

CSN 73 0036: Seismic load of constructions. (in Czech)  rad pro normalizaci a mêreni, Pr* 
1 973,45s. 

FaccioIi E., Agdbato D.: Attermation of strong-motion parameters in the 1976 Friuli, Idyf 
Earfhquakes. 5.233 - 242. 

Grünthai G.: European Macroseismic Scale MSK-92. Centre Européen de Geodynamique et de 
Séismologie, European Seismological Comission, Luxembourg, 1993,79s. 

Hdu& R., Hornig J., Pris@ J., TkiiEovB H.: A brief amment tu " Nwtectonic rnap ofSW part 
of the Danube Region - Dmeg (an area affected by constntctiun of the W k o v o  WW) (iri 
SIovak), Bratislava 1 994. 

U e c k y  I., Trgina P.: Analysis of development of interval velocities in the tefiexion s e h i c  
section 55 1/82,83, (in Slovak) VVNP Bratislava, 1994. 

Joyner W.B. and Boure D.M.: Peak horizontal acceIeration and velocity h m  strung-motion 
records incIuding records from the 1979 Imperid Vdley, Califunia. @SA) Vo1.71, 198 1, 
20 1 1-2038. 

1 Kilényi É. g d.: Pre-tertiary basement contour map of the Carpathian basin beneath Austria, 
CzxhosIovakia and Hungary, Geophyçical Transactions, Vol. 36, N" 1-2. 



I Klapetek F. : Instructions for projecting hydrotechnical constructions in areas of seismic hazard (in 
Slovak) W ~ S ,  Bratislava, MafiusMipt 174,55 S. 

KuvE M. a kol.: Mochovce. GeoIogic d u a t i o n  of the Iodity (in Slovak) EMO, Bratislava, 
1994. 

KovaE P. gt al: Geotectonic investigation of central part of the Danube Bain, GUDC Bratislava, 
1995. 

Mahd M. gt al: Cornpaison of older and present-day views on the gâologic structure of the 
Danube Bain in relation tu the seisrnologic situation of the Water work GdSikovo, (in Slovak) 
VVNP Bratislava , 1994. 

The Effects of Surface Geology on Seismic Motion. Proceedings of the International Syyrnposium. 
March 25 - 27, 1 992, Odawara, Japan IASPEI-IAEE , ESG, Vol.I.355 S., Vo1.2.5 17 S. 

Polko I., Varga L.: The d l i t y  mdy report, Bratislava, 1995. 

Proceedings of the l ûth World Conference on Earthquake Enginee- 19-24 July 1992, Madrid, 
Spain, Bakema, Rotterdam, 1992, Vol-VI, Chapt.9. Experimental rnethods of stmchire and 
elements, benchmarks and databanks.9.12. Dams and nuclear power plants. 

S k o  e Pinto P.S., Bdé Serra J.P., Camara RJ.C., OIiviera S.B.M.: Dynamic hdysis of Las 
Cuevas dam. 3585-3530 Procdiings ofthe IOth Worfd Conference 3585-3590. 

Szeidovitz G.: Earthquakes in the region of Komirom, Mor and Vkpalota. Geoph. Transaction 32, 
N" 3,255-274. 

Schenk V. gt A: Relation Betveen Macroseismic Intensity and Instrumental Parameters of Sfrong 
Motion - A Statistical Appmach. Naturd Hamds. Vo1.3, No.2, 1990, I l  1 - 124. 

Stejnberg V.V.: Parametiy kolebanij gruntov pri sirnych zemletjasenijach. Voprosy Uitenemoj 
1 

I 
sejsmologii, Vyp.27, Naukq Moskva, 1986,7 - 22. 

i Varga G., NemeSi L., Dhpa P. : GeophiceI prospecfing of Podnnajsko - Danreg Region, 
I Correlation Scherna of Magnetotelluric Measuremenf s, Scde 1 : 200 OflO,BrafisIava, 1993. 

Yegian M.K., Marciano E.A., Ghahraman V.G.: Seismic Risk Analysis for Earth Dams. Journal of 
Earthquake Engineering, Vol. 1 17, No.3, January, 199 1, pp. 1 8 - 3.  

1986. Évi jelentese. h u a l  repon of the Eoîviw Lurand geophysical instihite of Hungary, 1987. 



CHAITER 11. TRE SAFETY OF THE G/N PROJECï STRUCTURES 

PART 1 THE RELIABIX,ITY OF THE GEOLOGICAL SURVEYS 

L. Varga 

January 1995 

1. Introduction 

A very substantid amount of geologid engineering and hydroge0Iogicai survey 

work was wried out at the sites of both sections of the M k o v o  - Nagymaros Project, both prior 

to as well as during the construction period. 

The Treaty parties a g r d  to the scope of the surveys, the survey methods and 

evaIuation techniques in the Joint Contractual Plan. The results of surveys carried out for the 

purpose of the M i k o v o  and Nagmaros sections were exchangecl at joint meetings ofthe experts. 

WhiIe for the Wikovo section of the Project, wrveys have continual accordiig to the Joint 

Contractual Plan requirements, the surveying of the Nagyrnaros section, carrieci out under the 

responsibility of the Hungarian party, was gradually reduced and ultimately tenninated in 1989. 

A wide range of sumey met hods were us&: geophysical, bore hole rneasuremerits, 

radionuclide measurements and others. In situ investigations were carried out an the location of the 

hy dropower plant and its cumection with the headwater canal. 

For the drilling of geoIogicaI sampIes in the W i k o v o  secfion., two rnethods were 

employed: pounding-rotation ddiing in grave1 and core sample drilling in peat. 

A wide range oflaboratory techniques were used for the sampIes' evduation: grain 

size andysis, tangentid stress andpis and cornpound permeabilie anatysis. The fciIIowing is a 

review of the survey methods for the individual structures. 



2. The GaMikovo Section of the Proiect 

2.1 The Hru5ov-Dunamit i mernoir 

The surveys focumi on: 

(a) Review of the subsoil of the dyke h e  

) Review of the subsoil of adjacent dyke fields 

(c) Review of the pre-existing Ievees and dykes 

(d) Review of the qudity of dyke construction materid. 

Reviews consisted of: d d h g  mple coiiaion and laboratory evduation. 

Suppkmeritarjr assessrnents were b d  on: geophysicd (seismic} measurements, bore hoIe 

measurements, water Ievel measurements, water qudity and water flow measurements in drills, etc. 

Various geologid zones were specifid as a result of these measurernents and 

reviews. On the basis ofrnutually agreed criteria for &soi1 evduation, diferent s u b d  zones in the 

Project are3 including al1 dyke locations, were estabhshed. For this purpose different types of 

sediment development, sediment depth, mil mechanics, and hydrodynamic parameters were taken 

into account. 

2.2 The Headwater canal 

(Similx tu a Iinear hydrotechnid stmctrrre, with diRerem parameters and stncter 

citeria for depth of rn-rements, dnlling requirements etc.). 



The surveys included: 

fa) Weli investigation (network 50 x 100 m) 

) Researcfi of sealing characteristics of the subsoil and sediments 

(c) A search for suitable soil types for &g of the canal bottom 

(d) Investigations aimd to determine the best method fur compound d o n  

e Watw pressure tests tu detamine the b a t  wa~tproofing. 

On the basis of these surveys and tests, maps were drawn up depicting the sites, the 

development and the depth of sediments dong the whoIe length and width of the canal. 

The suwey conclusions: 

fa) The pre-existing presence of considerde dmenfs was not 

suitable for the foundations of the canal dykes. Organic sedirnents, siIt and peat existed up 

to a depth of nine meters. On the basis of a very comprehensive study of seismic zones in 

the Project area, it was decided to remove these sediments and replace them with a 

sand-gravel compound materid. The qudi!iy of the compound was check4 by rigoroua 

tests. 

1 (b) A shortage of natural sealing materials required the use of PVC 

sheets k e ,  fi. 2 tu Part 4 beluw). 

2.3 The GabEikovo step 

frhe weir, hydropuwer plant and navigation Iocks) 

In this location intense surveys were carried out incfuding dense drilling, detailed 

study of the sand-gave1 sedient and assessrnent of the deep-pit foundation of the GabEikovo weir. 

In situ investigations were canied out at the bottom of the construction pit. 

The d f i n g  at various depths was canied out for the purpose of the measurernent of 

mechanical, geotechnicai and hydraulic parameters of sediments across the whole a r a  



At a large network of measuring points, siIt sarnples were coiiected up to a depth of 

110 m for the diiation of the setrlement of the subsoiI below the weir. The rietwork of 

observation drill sites enablai measurernenfs tu be made ofthe changes in the chenid content of 

the gound watw in the pit area resulting 6om the seaihg technology used or fiom poliution by 

petrochemical products in the area of the construction pit. 

The mrcrey resuttôd in: 

(a) The detemination of the best materids for construction of 

purnping-welis 

@) The detemination ofhydrauIic parmeters of ad-grave1 sed'ments 

(c) The recommendation to equip the construction pit with 

underground sealing walIs and an injecteci bottom 

(d) The specification of defomafron modules at greater depths 

(to 30 m). 

2.4 The Taiirace canal 

The surveys focused on: 

(a) Water I d  fluctuation in the tailrace canal and sufosis susceptibility. 

(b) Sufosis stabili ty (hydraulic model) 

(c) Sediment formation (and underwater dredging n d s )  

(Ci) Stability of the propoçed l& dyke 

(e) Construction of a release-weII systern. 

The study of sufosis stability was venfied through an in situ, large scale experiment 

at Mdvedov f 1 970-72). 



3. The Namarus  Section of the P r o i d  

The survey (of structures on the Slovak temtory) induded: 

(a) Elaboration of a new geology-engineering and hydro-geology zuning on the 

area of the backwater stretch of the Nagymaros section ofthe Project (circa 100 Iûn). 

(b) Evaluation of components of flood control such as dykes, underground 

wdls, drainage welIs and mals, purnping stations and related replacernent of bridges, roads etc. I t  

included survey of flood controI on the Ipd River and Hron River (in the reachcs affect& by the 

backwater of the Nagymaros reservoir), as weiI as the flood control of K o m h o  City. 

4. Joint Assssmenfs: Inderiendent Expert A ~ ~ m i s a I  

The joint Czechoslovak and Hungarian geological discussions (1972 - 1978) 

focused on the scope of drilling and survey methodology. Agreed results of these discussions are 

contained in a Summuig-up Report on results of gmlogical engineering surveys, M k o v o  - 
Nagymaros ( 1978) which b m e  a part of the Joint Contractual Plan. 

In 1990 the Hydro-Quebec International concluded, on the basis of an ovedi 

reMew of rhe geci1ogic-d engineering researcfi undertaken in wnna=tion with the G/N Project, that 

the scupe of geological engineering information çurpassed information for similx projets n d  in 

the world. These findings are also confirmed by more than two years of successful functioning of 

the Project. 



PART II DYKE STABILITY 

1. The Seismic Safefv of the Headwater Canal and the Variant "CH Dvkes jwith 
PVC se al in^ sheets) 

The dyke subsoil was carefuiiy investigated as a part of vast gsological and soii 

rnechariiw sunteys using deep drilling, suppIemented by earth drilling in order tu wduate accurately 

holucene sediment confent and its characteristics. Because the investigation revded very diverse 

content and characteristics of d i e n t s  (mostly consisting of silt, sand and mud deposited in dead 

river arms), inappropriate sediments were carefully rernoved and replaced by gravel compounded 

with heavy slabs usirig the Menard Co. "heavy tamping" method. 

Material was removed to a d q t h  of 0.5 m below the bottom level of inappropriate 

sediments. Thus the gravel filled dykes are directly connected with the grave1 subsoil as cm be seen 

in the Iongitudind profles ofthe dyke axis depicted on design documentation wgs- 1 - 4)' . 

The adequate removal of inappropriate subsoil has b e n  verified and c o d h e d  by 

the supenising body of Vodohospodarski estavba (Bratislava) and the oficid reports are kept in 

the archives. 

The sarne technology was followed during the construction of the dykes of Variant 

"C". Wherever the survey reveded the premce of subsoil materials susceptibb to fiquefaction, 

these materials were wmpIeteIy rernoved. Conceming fhe 10.7 km long dyke of Variant "C", the 

amplete removal of inappropriate subsoil materiais was carried out in the stretch fiom km O 

(Cunovo cornplex) to km 4.7 and in the stretch between km 5.2 and km 9.2 of the dyke. The subsoil 

removed was replaced by gravei compoundtxi by vibrafing rollers. The use of this technolog was 

possibIe due tu the reIativeIy Iow IeveI of the ground water table. 

I Because of the extensive volume of these drmimenîs it ms not possible to annex them to this Repiy. 
Nwertheiess, twa copies of each enclosure have been submittd io the R e m  of the Cwrt ai the date of 
fiIing of this Re&. 



In the remaining parts, fiom km 4.7 to km 5.2 and from km 9.2 to km 10.3 a deep 

rod vibration method was applid for compounding in a driIling network 2.5 x 2.5 rn (the Keiier 

vibro-replacement technique). This compoundmg was carried out on the basis of previoua aweys 

aimed to specify the necessary depth and area of compoundment. The level of compression of the 

grave1 was measured before and d e r  compounding and checked by a heavy dynamîc penetration 

set as weI1 as by digging sampIs. 

The bodies of the dykes were built of compoundd grave1 (ushg the vibrating roller 

technique) to the volume weight of dry sample 21 00 kg m3. This means a porosity of n=2 1.3%. The 

volume weight was systematically controlled and statistidly evaluated. There is no real likelihood 

that the dykes couId MIe more significantly in the event of an earthquake. 

Because the entire headwater canal is p e r f d y  d e d  the water bas not risen in the 

dyke body. This is continuously proved by measurements (hydropedologic control points) at the 

dyke heads and dyke feet since the beginning of operation two years ago. There is no water in the 

dyke body of the headwater carial dong its whoIe length. 

2. Seismic Stability 

The dykes seisrnic stability was assesseci by the then most up-todate mutuaiiy 

agreed pserrdostatic mefhods but dx, dynamic methods recommeridd by intemationai experts 

(Hydroproject Experts Reports, Moscow 1981, 1982) induding the use of the finite element 

method (FEN - advancd counting method recommended by eg., ICOLD (Bulletin 30 "Finite 

Element Method in Analysis and Design of Dams"). 

The pseudastatic technique took into account dyke vibration (dynamic aspects) 

baçed dso on foreign noms. A review of basic cdcrrIation schemes and seismic acceIeration is 

depicted on Fig. 5 .  

It should aiso be noted, that despi te the recommertdation contained in the Report of 

the CzechosIovak and Hungxkn experts (relating to seismic mning specifications and rnapping of 

the area of the joint CzechosIovak-Hungarian project on the Danube, meeting of 23-25 November 

1965) to calculate, for magnitude of 6 and 7 degrees MCS, horizontal seismic acceleration 0.01g 



(M=6 MCS) and 0.025g (M=7 MCS) we had d c u l a t d  with values of8 and 9 degrees MCS and 

acwrdingiy with horizontal seismic accelemtion 0.05g (M=8 MCS) and 0.1 (Me9 MCS), the 

second value being applied for the a r a  of K o h o .  

These CalcuIated mierations s u r p d  the or@nd d u e s  recommended in 1965 

by nearly four tùries. These dculations are graphidy dilsplayed on Fig. 5 .  

(a) The horizontal seismic acceleration profle is constant in both the 

subsoil and dyke body based on the foIlowkg dculations: 

which, at the time, corresponded to the nom CSN -736503 and which are 

higher than those recommended in the 1965 joint Report for the headwater canal (0.01 g - 
0.025 g). 

@) The horizontal seismic acceleration profile: 

a = 0.05 g 

is constant in the entire subsoil and inmeases lhearly' by 2.5 times to the 

value 

These cdculations are based on the methodology recommended by 

Napetravidze (Georgian Academy of Science), which follows a theory of earthdyke 

vibration. 

(cl The horizontai seismic acceleratiun profile is constant in the subsoiI 

and increases in the dyke crown by 2.0 times. This calculation was based on the following 

acceleration values: 



r 

In Subsoil In Dvke Crown MCS Scale 

a = 0.075g O. 1 5g 7 

a=O.IOg 0.20g - 
a - 0.125g 0.25g 8 

These calculations are basai on the methodobgy recommended by the 

Research Institute for Engineering Constructions (VUIS), Bratislava (1982) - "Grride for 

Hydrotechnical Design in Seismic Regions". The use of this guide is envisagecl also in the 

dr& revision of seismic noms (1 989) still waiting for approval. 

(d) The horizontai seiçmic acceIeration profile accarding tu the Russian 

nom S N i P  -&A 12-69 (1977) "Constniction in Seismic Regions", recommends a 

rnethodology based on "Spectral Dynamic Anaiysis", which takes into account the 

formation characteristics of the dyke body and the snbsoil. In conditions of a compressible 

subsuil rhe method is basai on the first t& types of vibration of a trapezoidal d yke, taking 

into account different deformation characteristics of the subsoil and the dyke, by using a co- 

efficient according to Fogt : 

Calculations were carried out for basic horizontal acceleration in the subsoil: 

a = 0.05g and for the Fogt ceeficients: 

The graphic presentation of accelerationç is on Fig. 5. 

According to the cdculations based on the above methods (a) - (d) the dykes are 

stable and the safety factor is greater than or qua1 to F. S = 1. 

Furthmore, independent assessrnents were made by Hydropruject Mamw in 

1 982. This review of dykes sthiliry in operation as weII as in seismic conditions, based on the rnost 



recent Russian nom SNiP-II-7-81, confirrned the satisfactory results. This assessment was 

supplemented by another assessment of seismic sbbility - earthquake accelerogram loading - 
according to mi accelerogram of the Friuli (1976) earthquake, using the fide element methoù 

m. 

The assessment of the state of pressure of the dyke according to this acceleropm 

was wnducted by adjusting the scale. The maximum acceleration magnitude was estabfished at 

0.2g. The EaIculafions took into consideration a time intemai of20 seconds. 

In advance of these caiculations there had been discussions about the necessary level 

of removal of subsuil which concIusively confimied the necessity of the removal of inappropriate 

subsoii and its replacement by grave1 (see above). The ~mlting graphie display ofthe stress proEles 

6, 0 ,  & for rhis situation, with a seismic lud, are dispIayed in Figs. 6 - 12. 

On the bais of this assessment based on the FEM, Hydroproject Mos~ow 

conhned the suitability of the design and support4 construction of the headwater canal on the 

assumption of the totd remuval of inappropriate subsoiI. 

The hadwater canal dykes were evaluateâ even for such an extraordiiary event as 

an earthquake which would damage the asphalt-concrete sealing cover and aiiow water to percolate 

through the grad  body of the dykes. Such a situation worild be stable oniy for a lllnited the. That 

is why d e r  the waniing signal fiom the monitoring systern the d m e m  of water IeveI though a 

rapid release of the water from the reservoir would follow. 

For the ment of water perwlation, different situafions were assessed for the spread 

of water IeveI decrease, assuming the non-stationq flow of 0.3 ml sec in the terni Ti = 17 hours 

and T 2 = 24 hours. The water side sIope of the dyke would remain stable du ring this tirne, save for 

some limited percolation failures (erosion of a part of sand content). 

Cdculations of a maximum credible earthquake, givm the exiçting ge0Iogic;il. and 

tectonic conditions h the Projm ara, based on recommendations of Bullefiri 72 ICOLD-89, 

realised by the Faculty of Natural Sciences, Comenius University in Bratislava, (Janotka-Viskup, 

1994-951, focused on selected locaiities of the headwater canai. Accelerograrns have been 

cdcuIated for stretches of the headwater mai at km 9.275 and km 15.75 where accelerographs at 
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l 
the foot and crown of the dyke are envisaged and in part already instdled as a part of a monitoring 

From among 500  models used for calculation, 1 I structurai models, representing 

the complete range of geolagical variation in the region, are presented in the final report. These are 

refend to as: 

DM (deep mode], 6 t h  a depth of 12 km) 

SM (shallow model, with a depth of 400 m) 

VSM (very shaiiow model with a depth of 200 m) 

The maximum CalcuIated acceIeratiom at the above mention& km points of the 

headwater canal for different models are as follows: 

Mode1 VSN SM DM 

km 9.275 O. 0792 O. 0656 0.0477 

km 15.750 0.0796 0.0602 0.0369 

l 
According tu these calmIat ions, the dissipation efect of the gmIo@caI environmerit 

rduces the maximum acceleration to a value of 0.0796g. The dyke safety is adquate even for this 

Ievel of maximum horizontal acceleration. Pseudostatic assessrnents were carried out for even 

higher vdues of pseudostatic design accelerafion co-eficients, i.e., fur 0.125g lineariy i n c r d  tu 

the dyke crown tu a value of0.25g. The pseudoçtatic co-efficient of about 0.025g ~ o m p o n d i n g  to 

the onginally recomrnended 1965 values for the region, i.e.. M=7 MCS, wouId be adequate to the 

maximum caicutated value of acceleration which is 0.0796. 

For the event of seismic movements, the stability of the covering Iayer of gravel, 1.5 

m thick overlaying the PCV sheets on the dyke slopes on the water side was dso carehiiy 



assessed2 . The risk of its sliding was duated on the basis of so dld "wedge rnethod" (see Fig. 

1 3). Taking into account the current data on maximum acceleration (Janotka-Viskup, 1994-95) in 

the event of an earthquake in the area of Komho,  which would result in the Iocality of the 

headwater canal on the tenain surface h o  maximum acceleration a = 0.0796% this maximum 

acceleration h a  been used also to assess the dope stabiiity by pseudostatic methods. The 

acceleration would increase linearly h m  O.08g at the surface level to the value 0.16g at the dyke 

crum. The d e @  facfw a g d  the slidmg of the grave! Iayer is 1.036. 

Ln view of the accomplished engineering geology survey, quality of design works, 

stability evaluations and the high standard of construction works wnfimed by rigorous cuntroî, it 

cm be conduded that the d e 3  of the Pmject's sfmchrres is guaranted. ï h i s  conclusion ia 

supported by the remlrs of safety monitoring during two years of operation of the Prcject. 

2 The thichess of ihc PVC shetç uçeb Ming 1.5 mm, hris a proven niechanid raistance to the 
compounding of grave1 above. PVC she& of 0.6 mm were used only for supplemeniary sealing of horizontal 
pre-laid mpts and were protected on both sides by silt iayers. 
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CHAPTER 12. RIVER MORPFIOLOGY AND FiYDRAULICS, FLOOD 
CONTRUL AND ICE REGIME 

1. River Moiaholoev and HvdratiIim 

1.1 The situation prior to the Danube damming 

1.2.1 Riverbed development pmc:essw and their impacts on the Slovak- 
Austrian, Slovak, and Slovak-Hungarian r a s h  of the Danube (rkm 
1 880-1708) 

The characteristic traditional training works perfonned in the reachcs of the 

German and Austrian Danube, redsed in the last century and in the first thirty years of the 20th 

cenhiy, were intended tu ensure flood contrul especidly in pIaces where the river Ieft narrow 

valleys (Eferdinger Becken, Limer FeId, Machland, YbbstdI, TuIlner FeId, Marchfeld). 

Subsequent training works aimed at concentrating low and mean discharges into a 

suitably shaped and adquate river channd, a i m d  ais at the elimination of ice pack fornation and 

the creation of ice hariers. However, their main objective was the improvernent of river 

navigability, since navigation had been deveioping significantly since the second hdf  of the l a  

centuiy. 

The training works r a i &  both positive and negative impacts. Duc to the 

incrasîng erosion of the fiverbed, the water IeveI decreased and bottom grade fine degradation 

occurred (Fig. 1.1). Alterations in the regime of surface waters resulted in alterations to the ground 

water regime within the riparian floodplain areas. 

Tfis process was taking place mntiriuously on drnost the whde Austrian r ach  of 

the river until the start of the construction of the hydro power project Ybbs-Persenbeurg and step- 

wise construction of the cascade of water engineering works. At present, the Danube bed 

degradation occurs in the reach between the river projeci Greifenstein (rkm 1949) and the mouth of 

the river Morava (rkm 1880). 



Training works on the Austrian reach caused moderate instabiity of the 

longitudinal profle (river power projects create d c i a l  erosion bases). Intensive erosion processes 

may be expected after completion of the Freudenau project (Viema, rkm 1920), in the reach 

domtream of the project tu the river Morava confluence with the Danube. 

1.1.2 Riverbed deveiopment processes in the Danube reach between its 
confluence with rivers Morava (rkm 1880) and I p d  (rkm 1708) 
affecteci by the traditional training works 

The aims of waer management and training worh in this reach of the river were 

practically identical with the airns of Austrian training works. However they were realised in 

different physicd-geographid conditions, detemillied mainly by the foilowing natural phenornena: 

- The geoIogical stmcture of the Dmubian IowIand (the Little Carpalhians 

foothills to the Kravany fauIt) has a character of a very deep young tectonic 

depressioq filled with strata of young tertiary marine, lake-riverine, and 

river sediments. Eastward from the said huIî, h m  below relatively shdow 

quartenq sediments, older marine sediments of Pdaeacene and Mocene 

rise up and dmost reach the sufice, 

The Danube's longitudinal profde is charactefiseci by a proIonged gradient 

of the mountainous type 0.045% and 0.03% from the Austnan reach to Sip 

(rh 2810), and further downçtream by slope conditions typicai for 

lowland rivers 0.010% to 0.006%. Due to the fact that between Rajka and 

the mouth of the Mosoni Danube the river flows on the top of the alluvial 

cone, there is a risk of Boods at high water Ievels and floods by intemai 

(seepage) waters. There is an intensive interaction between ground and 

surface waters. 

- The river meanders on the top of the alluvial cone (ttris phenurnenon is 

ofien cd& an idand ddfa), deIimited by the m s  of Md$ Dmube and 

Mosoni Danube, 

- There are changes in cuIrnination of hi& discharges and duration of flood 

waves. 



- a r e  has been an unsteady discharge and bedload regLme especially in the 

area of brmch systems @m=n Bratislava and the Mosoni Danube), and 

the deformation of the longitudinal profle resulting fiom the d a m  of 

bedload and suspended load sedimentation. 

Training works had been executd in extraordinarily complicated 

hydromorpMogical conditions and did not bring exp-4 resuIts. This is eviderimi by: 

- the repeated, sigmlïcant increase of the grade line and transverse 

dimensions of flood protective dykes, and 

- continuous recomtruction and completin of the system of training 

structures for low water,. to provide conditions for navigation. 

There wwe serious proMems in particular in the reach between Rajka (rkm 1848) 

and Gfinyu (km 1790) for which the Belgde Convention envisaged the estabIishment of the 

"River AdministraSion" with the aim tu ensure the maintenance of the navigable w&r way, ha* 

parameters recornmended by the Danube Commission. 

Due to the fact that CzechusIovakia and Hungary had dready pIanned in the 1950s 

the constnrnion of the c d e s  on this reach of the river, the traditional training of this reach was 

realised oniy to a limite! extent. On the b a i s  of the decision of the CzechosIovak-Hungarian "Joint 

Technical Cornmission" for boundary waters, the possibility of constructing the so-cailed "uniform 

riverbed" had dso been investigated. The idea of the unifom riverbed had been partly realised: 

- by means of training for improvernent of navigation conditions and 

limitation of the interconnection between the main river channel and 

the branch systems, 

- by dredging for river training, and dso 

- by industriai dredging (Fig . 1 2). 



Industrial dredging, performed in a relatively Iarge extent, fiirther disturbed the 

already unsteady bedload regime, and iduenced the bedload balance of the river. T h m  changes 

resdted in a quickty advaricing riverbed degradation extmding alsu tu the adjacent river sections 

(see Fig. 1.3 for the drop of the water lever>. 

It is to tie emphasised that the industrial dredging was not performed for ody one 

purpose, the production of highquality buiIdig materid, but dso for the flood protection of 

Bratislava. It occurred in the reaches of intensive sedientation and praious disastrous 3orida at 

Medvedovo, Kornho, a d  Storuvu. The localities of dredguig as we11 as amounts of exploited 

gravel-sand were aiso selected always with the aim of contributhg to the improvement of 

navigation conditions and were annuaiiy discussed between experts of t he Czechodovak-Hungarian 

and Czechoslovak- Auçtrian Commission fur Boundary Waters. 

The impacts ofthe "traditional" training works on the rivehed morphoiogy had the 

following consequences: 

(a) The drop of the water Ievels at the Iow regulation and navigation water in the area 

of Bratislava and in the d o n  Na&a,cs (rkm 1804) - Zlatna na Ostrove (rkm 1780). Relatively 

baland were the changes downstream of K o m h o  (rkm 1767) to the river Iper mouth (rkm 

1708). The riverbed degradation as well as water level drop resulted in the appearance of rociq siils 

in the reach of rkm 1 734 - Nyergesiij falu and rkm 1 7 1 1 - Chraba (see Fig. 1 3). 

(b} The increase of the bank-&II discharge capacity of the main channel, which was 

origînally diensioned for a discharge of 2886 m3/s at the water level in Bratislava 500 cm (at 

present + 330 cm). Changes of the channel capacity were different in the respective sections and 

corresponded to the locdities where more profuund riverbed defunnations had occurred. 

(c) The water IeveI drup Id to a considerabIe reduction of the interaction of waters of 

the main river channel and river branches. Longitudinal weirs were constructed to enable, at certain 

discharges, the more intense interaction of surface waters and the supply of respective branch 

systerns with water (autoregulation ystem). 



(d) The construction of the system of groynes changed the flow conditions in the 

Danube main channel. The widtti of the train& charnel for bank-hI1 discharge capacity was 

redrrcd by 50 tu 80 rn on the average, thus contributhg to the impruvement of navigation 

conditions. In spite of that, the low regulation and navigation water fevels determin4 by the 

Danube Commission were not met. Neither was it possible to remedy by means of those measures 

problems in furci sections and navigation straits. Neither training measures nor the excesive 

dredging were ~ E c i e n t  for development of a leveIled, Iongitudind profle* without fhe 

characteristic abrupt slope drop in the murse of water Ievels in the area of SM. The iongitudind 

profile slope was not sufficient in this area to provide the force ensuring continual bedload 

transport. 

The examinafion of the above mentiund probiems revded that due to 

continuously acting phenornena ensuing from the geologicai-tectonic, geomorphologic and 

potamologic processes, and in spite of long-terni (more than one century) efforts it was not possible 

to maintain a baiance: due to increasing demands for utili~tion off he Danube river potentid on one 

hand, and its envirumental protection on the other hand, it was necessary tu envisage a 

comprehensive solution to th= problems. 

1.2 River-morphalogic processes during the operation of the GaEikovo Projeet 
(19931994) 

1 2  Water lwei regime at the Cunovo weir with regard to  rive^ 
morp hologic processes 

Under the current state of construction @hase 2 of consh-uction of Variant "C) the 

determin& maximum water Ievels at the cunovo weir are as follows: 

- up to the discharge of 10 600 m3/s (the discharge with 1% probability of 

occurrence)- 131.5 rnasI., 

- at a discharge higher than e l %  - up to the efevation 132.00 m asl. (the 

structures of the Project wili convq the discharge safetly), 

- at a discharge of 13 000 m31s (the discharge wifh 0 1% probability of 

occurrence) the foremted water IeveI is 13 1.66 m wl. In rkm 185 1.75 - 



13 1 .O6 rn ad. In the event of this extreme discharge the bypass weir should 

wnvey a discharge of 1400 m3/s, the weir in inundation 6 280 m3/s, the 

hydropower plant 3 160 &, the navigation locks 1 840 m3/s and the 

discharge of320 m3h should be shard by uiher withdrawdç and losses. 

Under the winter regime ( i  the event of ice occurrence) the operation levels are 

defined as foflows: 

- maximum operation backwater level 

inrkm 1851.75: 

- minimum operation level 

in "exceptional situations" 

131.10 m asl. 

For international navigation, water Ievel courses at minimum backwater level are 

relevant at the discharge Q 94%, and at minimum backwater level in c a k  of "exceptiod 

situations". n e  evaiuation of the riverbed dwelopment Carneil out on the basis of rnmrernents 

fiom February 1992 (section of rkm 1851.75 tu rkm 1860), and Octuber 1994 (mion of rkm 

1860 tu 1880), reveaIed that these backwater water Ievels coincide with the course of low 

regulation and navigation water levels recornmended by the Danube Commission: 

- at the backwater devation 13 1. IO in in profile rkm 1880 

- at the backwater elevation 130.10 m in profile rkm 1878 

- at the backwater elevation 128.20 m in profile rkm 1874 

At higher discharges Q > Q 94% the mincidence sites are shified in the 
\ 

downstream direction. 

Mer the damming of the Danube the proportion of duration of different water 

stages changed. The change in percentage values of exceeding different water stages, b d  on 

measurements at the gaugîng station Rttsovce (rkm 1 855,90, i.e. 4.1 5 km upstream of the eunovu 



weir), is presented on Fig. 1.4, in relative and absolute altitudes above sea level. The study of the 

penod 1989 - 1994 revds that &r the damming water Ievels in this p r d e  r a i d  up by about 4.6 

rn at 50% e x d i n g  average M y  warer stages. The change in the regime of water 1 4 s  arid 

discharges resulted in a new hydromorphological regime of the Danube upstream as weU as 

downstream ofthe cunovo weir. 

1.2.2 MorphoIogit changts in the Danube riverbd in the reach upstream 
of the (runovo weir after putting into operation 

Mer the d d n g  of the Danube in rkm I 85 1.75 and mng of the resemoir the 

changes in the channe1 canlïguration occurred acccrrding tu expectatiuns. 

The available data concerning cross-sections between rkm 185 1,75 and rkm 1860 

reflect first of dl changes mnnected with eariier construcfion activities, which are not due to 

morphologicd processes. (In this profile the navigation route has been transiend and a new 

cunette has been dredged to ensure navigable route through the reservoir and other terrain 

adaptations were realised in the former inundation area to assure higher discharge capacity.) 

After a WC-year operation of the Mikovo  Project no si@cant changes, which 

would be due to bedload sedimentation, occurred in the reservoir. Accordhg to the prognostic 

mathematical modei, the bedload retained in the reservoir will not reach the damming profile even 

&r long-tem operation of the Project (this condusion was reached on the bais  of mode1 

shulation of 50-year operation ( rd  1)). 

Sirnilarly, in the section between rkm 1860 -1880 no bedload sedimentation has 

riccurred. The controI monitoring of the navigable route showed that transverse material shifting on 

the riverbed took pIace and some change in the profile's mnfïguration occurd, as a result of 

changed flow conditions alter the damming of the Danube. 

A~cord'mg tu this prognosis the crucial points of bedload seciirnentation shotlld be 

the reach between rkrn 1868.5 - 1864.5 fier 10 and 20-year operation and rkm 1862.5 &er 30- 

year operation (if no dredging occurs). Nevertheless, as a matter of example, it may be considered 

that, even after a 20-year operation of the Project, sediment bars may cause the increase of the 



water levei in the profile of the water gauge station Bratislava (rkm 1 868.75) oniy by + 0.3 8 m (at 

average long-tenn annual discharge of about 2000 m3/s). 

It cari be howwer stated with certain& that such a situation wili not omr,  since 

the operator has at his disposal large-capacity dredges for the maintenance of the riverbed. 

W~thin the area ofBratislava city the &&ve channet widtk at the high and means 

water Ievels is in some pIaw dmost the m e  (about 340 rn as mmpared with 300 nt). For this 

reason, in the interest of the flood protection of the low-lying quarters of the city, the predicted 

sedimentation must not lie aiiowed in these places. 

On the bais of cornparison of courses at low regulation and navigation water IeveIs 

in the section Bratislava-Devin, a water level decrease has occurred between rkm 1880 and 1878, 

while in the following section, down to rkm 1873.50 an increase of water level has been recorded 

as comparai &th the state in 1985 (rd. 18). In the section between rkm 1873.5 and rkm 1871.0 

again a decrease has omrred, being aftenvards foIIowed by a slight increase of the course of the 

prescribed water level (Fig. 1.5). 

It mus be mted that these changes* wirh regard to Danube conditions, are not 

signifiant (being in the mge max. -18 cm to +10 cm). These d u s  correspond tu umd changes 

of water levels at low discharges (see Tab. 1). 
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Tab. 1. 

m asl. m asl. 

1 2 3 4 

1 879.760 

1879.250 

1879.000 

1878.000 

1877.000 

1 876.850 

I876.000 

1875.000 

1874.840 

1874.000 

1873.500 

1873.000 

7 872.000 

1871.000 

1870.000 

1869 O00 

1 868.750 

134.19 

134.07 

133.95 

133.47 

132.89 

132.80 

132.45 

132.13 

132.1 1 

13 1.74 

13 1.55 

131.40- 

130.84 

130.37 

129.86 

129.40 

129.25 

134.07 

133.91 

133.83 

133.46 

132.92 

132.85 

132.5 1 

132.23 

132.16 

13 1.75 

13 1.60 

131.35 

130.69 

130.33 

129.91 

129.43 

129. J ?  

-0.12 

-0.16 

-0.1 2 

-0.01 

0.03 

0.05 

0.06 

0.10 

O. 05 

0.0 1 

0.05 

-0.05 

-0.1 5 

-0.04 

0.05 

O. 03 

-0.08 

Devin port 

T hebnerstrasse 

Devin quarry 

Wolfsthal 

Berg 

B rat isIava 

t 



1.2.3 Alterations within the area of the mervoir 

The main phenornenon deteminhg the character and extent of resemoir 

Aimentation iq besides the character of the flow in the resemoir, the amount and granuIometric 

carnposition of transported suspend& load. The concentration and mnoE amounts of suspended 

load in the Danube during last decades has relatively decreased as a result of hydr-technid 

measures, and of the construction of waste water trmtment pIants on the Gemian, Austitan and 

SIovak territory. 

Measurements performed by the Water Management Research Institute in 

Bratislava (WVH) in the 1950s showed an annual average suspended load runoff near Bratislava 

frkm 1868.715) to be 6.9 miLtlyear. Austrîan data fiom Bad Deutsch PLttenburg (rkm 1886.240) 

h m  1 979 tu 1989 showed y a k s  muunring to ody 2.87 mi1.tlyar3 and the recent rnmurernents 

in Bratislava show only 2.17 d.t/year (16). 

The relationslip betwcen concentration and discharge of suspended Ioad in the 

cross-section Bratislava (rkm 1868.7 15) are as fuliows: 

In the section downstream of the confluence of the taiirace canal with the Danube 

(Medvdov, rkm 1805) this relationship correspond to the formula: 

The difference between the runoff' balances of the suspended load at stations 

Bratislava and Medvdov (2.1 mi1.t - 1.5 mil. t = 0.5 mi1.t) does not provide suEcient iIifomat ion 

on amounts of sdimentd suspendai Ioad in the resewoir. Evduation of sedimenfation b d  on 

mathematical models ID and 2D indicates that from the infiow amount of suspended load about 

60% to 40% was sedimented (1.38 to 0.84 mi1.t = I .  1 to 0.67 rnil.m3) (ref 8). Assuming linear 

distribution of sedimentation in the whole area of the resewoir, cuvering 2518 ha (at max. 

operating Ievel), the average thickness of the sd ien ted  Iayer amounts to 0-04 m, or 0.025 d y m .  



The dimentation process in the reservuk, as far as the areaI distribution is 

concerned, does not evoIve unifomdjr. Huwwev, despite varid bdIoad sôdimentation in the 

reservoir, f i e r  a tw+year opmation of the P r o j a  with non-stationary, flowing conditions in the 

resemoir, the dmentation is not sci apparent as to enable the detennination of changes by m a t u  

of modem elmtroacousiic quipment. That is why the mefhod of defornations balancing with use 

of cross-sections in time intewds was nof applid. The use of the areal-volume or spatial evduafron 

of changes in the codgudon of the bottom of the reservoir cm be considered ody der several 

y- of operation. On the bais of the arperience gained during studies of sedimentation processes 

in 23 Slovak river power projects and their reservoirs we suppose that it wiü be possible tu 

estabIish such balance f i er  5 - 7 years. 

Amounts of suspended load in Medvedov, which are relatively higher then 

expected, have been caused by the fact that the taiI race canai is si11 being dredged. Thus espôcidy 

at Iow dischxges, higher suspend4 Ioad mnmfrations occur in average in the t ahce  canal thm 

in Bratislava, especiaily when disturbance of fine bottom sediments happens ( r d  16). The 

concentration of suspended load at Medvedov incrases dso with the occasional increase of the 

discharge Uito the old rivertid, due tu the existence ofthe dimentation cure in the Bagorner bend 

(rkm 1 8 12). 

The reservoir is at present in equdjsation stage and the deformation processes 

occuning thwe are not signrfrcarit. Thus the dirnentation processes du not idluence the course of 

water kvels in the reservoir. 

1.2.4 Changes in the Danube channel downstresm of the confluence of the 
tailrase anal  with the Danube 

The section of the Danube between Sap (rkm 181 1) and KIifska Nema (rkm 1794) 

has been for many years at the centre of different efforts aimed at its regulation. The Joint 

Contraduai Plan envisaged the soIution by means of extensive deepening of the riverbai, for 

achieving: 

- communication of the water levels of the Nagymaros Project and 

W i o v o  Pruject without gradient lusses, and 



- decrease of water levels at extreme discharges, and increase of reliability of 

dykes in longitrrduid dimion. 

For this reason the standard systematic river training for low water was not 

realised, neither was the reduction of the bank line width and stabilisation of conditions of flow by 

means of constnrdion of onesidai, and in some places al= both-sidd, qstems of goyries 

(solution usai on the river Rhine and on the A d a n  Danube). 

This section was always a trouble spot as far as its navigability is concerneci, and 

systernatic interventions were n d e d  (mwtly dredgkg, see Fig. 1.2). Spec8c cost for training 

works in fhis mion exceeded by several orders the budgets for other sections. 

Mer completion of the W i k o v o  part of the Project and without the Nagymaros 

Project fhis reach, h m  the morphologicd point of view, remained henceforth burdensome with 

regard tu navig&iî ty (ref. 17), and even critical with respect to flood contrul (ref 13). The causes 

lay in the fact that the training for low water had not b e n  realised, neither was the genwd solution 

of the longitudinal channel profile designed within the scope of the Wikovo-Nagyrnaros Project. 

Forecasting analyses assumed significant morphoIogicaI changes in the given reach 

(ref. 2) and therefore new measurements were perfomed in this area. The reach is at present 

without any training and problems of navigability are solved by means of local intetventions, namely 

by drdging of the navigation cunerte or fords. 

The balance of changes of cross-sections fiom the years 1992/93 and 1994 (Fig. 

1.6) in the reach GabEikovo (rkrn 1 820) to Klifska Nema (rkm 1 794) showed that : 

- in the rach  off he old channd fiom GaEikovo to Sap (rkm 1 8 1 1 ), 

i.e., to the confluence of the tailrace canal with the Danube, transfer 

of sedirnents occurred; they settled again in the Bagomer bend (rkm 

1814 tu 181 1); 

- immediately below the tailrace canai confluence with the Danube, 

significant nverbed deepening occurred (the transport of the 



material mounted to more than 550 000 m3 on a several kiiometres 

long reach); 

- downstram of r h  1806 the s t r m  transporthg apacity, i.e., 

conditions ensuring continual mn of bedload are sigdcantly 

reduced (abrupt dope dmease, wide, unstable channel, etc.); this 

causes reiativdy intmive dimentation, resuiting in unfavourable 

changes in the rivehed morphology with regard tu navigation 

(changes in profles in transvetse direction, concaves are changed 

into convexes, ford profile is  changed into idex profile, etc.); 

- as a result of training dredging the degradation of the channe1 in the 

3ow direction prevds d o m  to rkm 1 80 1, wfiiIe 6om rkm 1798 the 

aggradation and degradation occur approximately to the sarne 

extent . 

Changes and especidly trends of îîverbed developrnent had b e n  obsewed not ody 

in this reach, but a f s ~  in the reach from Sap (rkm 181 1) dom to the river Ipel muuîh (rkm 1708). 

They were based on cornparison of the low regulation and navigation water recommended by the 

Danube Commission and focused on: 

- global changes over the period from 1957 tu 1994 (- Fig. 1.3, 

where the water Ievet in 1957 represents a cornparison basis and is 

represented by the horizontal line and water level decline by 1992 

w 1994 is expressed in relation to it); 

- the short period of the GdZikouo Pruject operation (1992-1994) 

(see Fig. 1.7, where the graphic expression is similar to that in the 

first case). The graph depicts only those sections which are not 

inffuenced by the irnpounded water - the short unirnpounded reach 

upsiream ofBratislava and the reach downstream of Sip. 

Fig. 1.7 reveals that the generally prevailing sinking of the levels of low regulation 

and navigation water in the period 1957-1994 had not substantiaiiy changed even after suspension 



of industrial drdging. The development in the last two years (1992-1994) indicates local increasing 

of the low regulation water levels and navigation water level, the grade line of the water Ievel h m  

1957 not being reached in any locaiity. 

Water IeveI courses and new riverbed wulution anditions were encuu~1tered with 

navigation conditions recomended by the Danube Commission (ref 17). The Averbed wldths in 

the gabarit depth + marge (2.5 m + 0.2 m), i.e.. in the depth of 2.7 rn below the low regulation and 

navigation water are presented in Fig. 1.8, together with gabarit widths mmmended by the 

Danube Commission, i.e.. 180 m 5om Chraba to the mouth of the Mowni Danube, and 150 m in 

the reach upstream of the trîbutary rnauth. Thug it can be seen, that the river reach dowmtream of 

the taiirace canai wnfiuence with the Danube down to the Mosoni Danube mouth does not meet 

prescribed gabarit conditions. 

Conditions Iimiting navigation dso occur on other reaches, such as fur instance 

roc& protuberances in the rivehed at rkm 1734 (Nyegesijfalu) and, at rkm 171 1, dangerous fords 

or straits in several localities. 

Traditional training ofthe r d  between the rkrn 181 1 and rkm 1794, as weli as its 

maintenance, would be very demandimg with respect tu investment and uperatici~ and h m  the 

point of view of flood -roi very probiemaiic. 

Within the scope of the Wikovo-Nagymaros Project the flood protection ori this 

r& consisted in the rive&& deepening and fortification of dykes. Since the Nagjrrnaros Project 

has nat b e n  reaIised, the flood protection in this r a c h  has becorne oftopmost important. 

In any case, the reach downstream of the tailrace canal mouth requires a complex 

solution, the most suitabIe one being the deeperiing of the rivehed and the impaundment of îhis 

reach, as ennvisagd by the Joint Contractuai Plan. 

1.2.5 Morphologie changes in the old Danube channel downstream of the 
~ u n o v o  weir (rkm 1851,75 - 1810) 

The passage of the flood wave through the - cçunovo weir in November 1392, 

short@ d e r  the damming of the Danube, caused defornations in the ara downstream af the wekr 



in the right-side inundation and in the cut-off into the old Danube channel. This was due to the fact 

that the stmchires of the h n o v o  cornplex were still under constmction in part. The term of 

completion of these structures and their putting hto operation was determirrd on the bais of the 

icing-tenn hydrological regime of the Danube, basai on the andysis of hydrological data for the 

penod 190 1 - 1985, with the aim to put the structures in to fbU operation in January 1 993. 

Accord'ig to provisional operathg regulations {elabornted within the scope of 

Project preparation in 198'3, and rrpdatd at present), the montMy discharge Q 1% in Odober was 

determined to be 4 100 m3h, in Novernber and December 4300 rn3,'s, and ody in Jmvary 6000 m3/s 
Beginning on November 22, an unusual discharge wave was recorded (see Fig. 1.10) exceeding the 

mentioned values ta a great extent, and culminating on November 25, 1992 at Bratislava at a water 

stage of 548 cm and discharge of 6078 &. The prubability of the flood of this dimension in 

November - December, in the light of bng term measurements (1301 - 1985) must be considerd 

as extremely low. 

The immdiate consequerices of the discharge wave were recorded in the 

inundation weir bain and the cutsff: iUso a Iod  outbreak into the Mosoni Danube accurrôd. 

These local deformations, nevertheless, had a temporary charader and were remedied in the phase 

of completion of the inundation weir basin. The realised adaptations were properly ensured on the 

basis of hydraulic studies on physical models ( rd .  7, 9). 

During the operation of the Cunovo weir, sevm discharge waves occurred with 

culmination discharges ranging between 6097 m3/s (2.7 - year water) and 46 1 6 mf is  (on the limit of 

I-year discharge). Under these conditions the discharge into the old riverbed was increased. The 

water flow at the bank-ftU discharge capacity was usually unsteady, unbaland, according to the 

character of respective waves, the cuImination IeveI did not reach the height of the thresholds of 

Iuwered river bank sections aimed at assuring the d i r a  watcr fiow h m  the river tu the branches. 

These weirs had been constnrcted as a part of the training of the uniform channel and they exist 

only on the nght (Hungarian) river bank. 

On the SIovak side in the reach HnrEuv - M i k o v o ,  the mouth of Baka branch 

(rkm 1840 - 2821), the interaction possibiIities were eIiminated up tu the bank Iwel. Branches in 

the Slovak floodplain are supplieci by means of an operable stmcture, built in the dyke of the 



hdwater wid. Ihe regime of the branch systern is manageable, and up tu the water Ievel in the 

old channel corresponding to about Q = 3500 m3/s, independent from the discharge in the Danube. 

On the Hungarian side, as a substituk solution for supplying the Hungkan branch 

qstems with water, openings in the right river bank were at rkm 1845.9 (40 m d e ,  

overfluw eIevahn 121.4 m asI.), and at rkm 1845.4 (30 m wide, o v d o w  elevation 121.4 m). 

Later however, these openings were partly cioseci, beause during water pumping into the branches 

at rkrn 1 845 (supply of 4.5 m3/s) the water was returning though these operings back into the main 

channel. Further pumpuig of water into Hungarian branches h m  the Danube was reaIisd at rkm 

1832 (5.5 m3is). The branch qstem at Dunaremde (rb 1826) was similarly suppliai. 

The discharges released through the Cunovo weir structures into the old channel 

meander on the bottom of the everbed. Udlooded grave1 bars are at present caverd &th fk t  

spreadirig abundarit plant growih. PIants incrase chmd resistance, and represent a stabisation 

factor during the inevifable discharges ofhigh water waves- 

Evolution trends of morphological changes in the reach of the old channel between 

the Cunovo cornplex and M i k w o  wuld not have been quant itatively est imated yet, bsause the 

Hungaîan par& did not make avaiIabIe the remIf s of masurement ç of the r ivded co&guration in 

1993-1 994. The Hungairan Party had tu sübmit these data to the Slovak party on the b a i s  of the 

Protocol of the SIovak-Hungarian Commission for B o u n d q  Waters. Exchange of materials had 

been taking place for years under mutual agreement, on the basis of annual rotation of monitoring 

works between SIovakia and Hungary. 

On the bais of a visuai evaluation of the configuration of the bare parts of the 

channel it may be stated that the matend, washed ofï from the a m  of the inundation weir basin of 

the Cunovo weir during the flood in November 1992, sedimentai on various places of the main 

channeI, accurdirig tu conditions of non-stationary regime of flow. 

It can be expected that, in the event of larger discharge waves, fùrther transport and 

re-deposition of a part of the sedimented material wiii take place. Mer completion of adjustment 

works in the area of the inundation weir basin and training ofthe fiver reach juçt beIow the Cunovo 

weir, the degradation of the rivehd in the flow direction will be limitai. The water, rid of 

sediments during its passage through the resentoir, wiII be saturating itself with bedload fiom the 



alluvial riverbed subsoii, once the corresponding hydraulic-morphologie conditions are created. 

This process, accordiig to the analysis of long-terni discharge series (1900-1985), wiii be rather 

limited in time {ref. 15). Longer-Iasting stationary conditions for con thus  bedload transit h the 

old charme1 do not appear due to the division of disharges between the headwater canai arid the 

oId channel. However, the mixing of the bottom material and washing out of ftne sedimerris di 

occur, which can be considered as a positive phenomenon. 

Slightly different morphologie conditions will dwelap in the reach ChbEikovo - S i p  

(rkm 1820 - 1% I I), because this reach is already aE&ed by the backwater and regime conditions 

of water IeveIs determincd by the tailrace canai in its mouth section. Morphologie changes in this 

reach have been evaluated by means of the bdance of volume changes of the channe1 and are 

presented above. 

It may be stated thac except for the exceptionai situation which occumd in 

November 1992 when the Cunuvo weir was stiil under constmctioq regme conditions, which 

wouId change si@canrly morphoIogic conditions in the oId channel, have not developed. At 

most, a certain local sediment transport may have occurred during higher discharges. 

Different morphol~gic conditions as well as water management and ecolagical 

conditions would occur, if the training of the oId chanriel and branch s)lstem was resolved in a 

conceptual rnanrier through the consfmcfion of underwater weirs (silIs) (ref 19) proposed in rh 

1814.2, f 818.6, 1821.3, 1824.4, 1828.3, 183 1.7 and 1834.9, or evtnhrdly at rkm 1843 tu 1843 

(underwater weir planned by Hungary for enabling water supply in the branches through the 

Dunakiliti weir). 

These structures would divide the section ofrhe oId channd into smdi retention 

areas, by means of which the FoIlowing conditions would be achieved: 

- more favourable conditions in the old charnel for infiltration and re- 

infiltration (reduction of the ground water level drop in the riverine 

a-), 

- manageable interaction of the waters in the oId c h m d  and in the 

branches, 



- coriseniation or, eventually, improvement of soil moisture 

conditions in the zone of capillary rise of the mil cover in the 

aEorested floodplain, 

- creation of mure mitable conditions for inundation of the flood 

plain eirher by means of naturd Bodmg, or mntroUabIe floudimg 

by an increase of discharge through the intake structure, 

- maintenance of conditions of dissipation (lowering) of hi& 

discharge waves, a basic condition for ensuring the &cienq of 

flood contro1 frrnction ofdykes on the reach duwrrsfream of S e .  

The system of underwater weirs in the Danube's old channel would create different 

conditions, as fiu as channel deformations are concernai, than the existing ones. Tbese weirs would 

fiindon as thresholds and have stabilisirig eHects. Any increased dimenration of f i e  sediments 

cou Id be remedied by occasionai flushing of the channel by hi&er discharge discharging through 

the Cunovo.(reF. 19) 

As an alternative to the training by means of underwater weirs, solutions consisting 

in constructions of low barriers with controllable sluice gates (7m x 30m) located in rkm 1817.9 

and 1 828 have been worked out. 



1.2.6 Marphologic changes in the branrh sysfem on the Slovak territory 
(rkm 1840 - rkm 1821) 

The branch system on the Slovak side of the fioodplain has been adapted in such a 

way that untii the eventual occurrence of the discharge in the old riverbed e x d i g  the b& 

discharge capacity of the channel, iit can be srrpplied with watw independenfly, up tu the discharge 

of 230 rn31s, by means of a c0ntrohbIe htake structure near Dobrohoz. 

This capacity of the intake structure provides not ody adequate maintenance supply 

(at the discharge of29 m3is), but mables ampletc filling of branches *th water (at the discharge 

50 m31s), and even fiooding ofthe whok floodplain area (at the difdiarge 140 - 230 m3/s). 

Up to the present time the k t  two alternatives were employed in management of 

the discharge regime. Fiood simulation is under preparation. 

Despite the fact that the original branch sub-systerns on the SIovak side have been 

intermnnected (former systems: HniSov, Vojkq Suram/, Bodidiky, Baka) and their only connedion 

with the Danube is n a r  Wikovo (rkm 1820 - 1821), their regime and the rich ramÎfication of the 

branches and cascade trainhg of water IeveIs on the edge of respective branch sections, may be 

controll& j l O). 

Operation regimes employed up to the present have not caused special 

rnarphologic changes an the bed ofbranches for the fuIIowing reasons: 

- Discharges up to 50 m3/s do not cause transpDrt of alluvial materiai 

on the branch bottom; moreover, the infiow discharges in 

respective sections gradually decrease with each section due to 

lusses (ref 4). Thus hydrologie and hydraulic conditions for 

deformation processes do not exist. 

- Withdrawn water volumes frm the canal are rid of a considerable 

part of wspended load; their concentration is decisively Iower than 

at Bratislava, since waters have passai the upper and Iower part of 



the Hn&v reservoir, where favourable hydraulic conditions for 

d i e n t a t i o n  exist. 

Drre to these cirwrmstanm crihatation has nut occurred. This has been mnhned 

aiso by the amounts of water losses (itration hto the quifer) in the respective sections, which 

are signifiant. They were quantitatively determined within the sape of the research works of the 

PHARE Project (refs. 1 O, 1 1). 

It is assumai that, during the s'mulated flooding of the terrifory, or its 3 0 d q  

from the old riverbed under the discharge conditions exceediig bank-fùii discharge capacity of the 

old channel, a partial washing out of h e  çediments and local deformation in some branches muld 

occrrr. However, &r completion of the laterd anal the probabdity of the occurrence of such 

regirne conditions is reiatively s m d .  

2. Flood Control 

2.1 Flood cuntrol under the mIes of opersition of the GabEikuvo Projeci 

The provisional niles of operation (ref 5 )  and the whoIe water-management regime 

based thereon are detemllned by the technical solution of Project structures, and the actual state of 

putting of different structures into operation. To the maximum possible extent, they utilise the 

characteristic paramef ers determinai for the original variant of the Project . These were b d  on 

data h m  the Iast 5Q-year period. It is assumai that the d e s  of operation in their final fom Wtll be 

based on statistic data 6om the 90-year period. 

The flood discharges were quantifid as foIIows: 

Table 2. 



In addition tu these paraMetersr the probabilities of occurrence and exceeding of 

discharges in respective months are also important, namely when certain construction phases are 

conditioned by the occurrence of discharges of a given probabiity. This was, for example, the case 

of timing for the Danube's d d g  and scheduling construction of the inundation wier of the 

b n o v o  cornplex. 

Flood handiing under the conditions of the current stage of construction (2nd phase 

of the constniction of Variant "C" is stiii under way) is r d d  accord'ing tu the "Gerieral Fiood 

ControI Plan for the concernd territov of the W i k o v o - N a p s u o s  Projm - Up-dating LI" 

(November 1994, No. 27216). 

Flood water handiing depends on the water Ievel regirne in the reservuir md on the 

number of uperating turbine-generator sets (TGS) of the hydropower plant. At Q = 1 (1 0 600 m3/s) 

the discharges distribution is realised in accordance with Table 3. 

water levelç - 
reservoir 130,50 130,50 130,50 131,lO 131,lO 131,lO 

No of TG§* 4 5 6 4 5 6 

1x31s 
1 

withdrawals 320 3 20 320 320 320 320 
and losses 

bypass weir 1 200 1 200 1 200 1 200 1 200 1 200 

inundation 5 830 5 830 5 780 5 830 5 830 5 750 ' 

weir 

hydro-power 2 260 2 830 3 300 2 260 2 800 3 330 
plant 
navigation Iock 

* Legend: TGS - Turbine-Generator Set 



Occurrence of a discharge higher than Q = 1% leads to water level increase 

e x d g  13 1.50 m above sea level. The prescribed safety of structures is assured up to the 

devation of 132.0 rn asl. 

For handling the discharge Q = 0.1% (thousand year flood), the respective 

structures of the Project are to be utilisai as follows: 

Structures 

by-pass weir 

weir in irinundation 

hydro power plant 

navigation Iock 

withdrawals, losses 

total 

The provisional mles of operation are not confined to the above mentioned critical 

stages and dixharges. They regulate the regime of the Project operation within the whole range of 

discharges, taking into consideration the fundiuns of aII Projest stnrctures. 

location 

rkm 1851,75 

hydro-power plant GabEi kovo 
(head water) 

hydro power plant GabEikovo 
(tailrace water) 

The protective structures (dykes and associated structures) in the impounded 

section upstream of Eunovu are adapted to new conditions resulting irom the pemanently 

iricreased - water levels. At the same t h e  (with prescrîbd fieboard allowance) they ob y the 

demands for protection against extreme discharges determineci in the provisional niles of operation. 

The existence of the Project as such influences the course of extreme discharge levels only in the 

m3/s 

1 400 

6 280 

3 160 

I 840 

320 

13 000 

water IeveIs (m asI.) 

13 1,66 

131,06 

1 18,OO 

I 

'. 



closest proximity of the structures. Otherwise, during handling of high discharges, almost original 

water IeveI regime conditions omr,  since the capacity of the Pruject sfnrcturs has b e n  desiged 

with this in mind. 

Flood control in the reach of rkm 185 1 -75 to 1 8 1 1 .O0 has, due to the abity to 

divide extreme discbarges between the tieadwater canal and the old chamel, inmeasai. h a nitical 

case of the discharge Q = 0,1% the discharge in the dd channe! wuuId be vdy 7 580 &, and at 

the discharge Q = 1 % even Iower, & 6 950 m3/s. These arnaunts muid not cause prablems in the 

old channel as fiu as the water course is concerned, since the flood capacity of the channel is 

dimension& for Q = I %. 

The method of discharge release in the provisionai mies of operation is s0Ived in a 

manner which excludes sudden water release from the reservoir and abrupt increase of water stages 

downstrearn of the Project and in the old channel which might result h m  the ill-timed manipulation 

of discharges. 

III the reach downstrearn of the tailrace canal mouth, up to the confluence of the 

River Ipd with the Danube, the protective lines on the Slovak tenitory were reconstnicteâ so as to 

meet the conditions eming h m  the operation of the plmed project at Nagparos. In the reach 

between K l i k i  Nemi and the Danube coduence wiih the tailrace canal, the plairneci Danube 

riverbed deepening was not realised. This was one of the pre-conditions for the increase of flood 

controI of the adjacent territory. Thus, it is necessary to strengthen the protective measures in this 

reach. 

Mer the completion of the 2nd stage of construction of Variant "C", the canditions 

for management of flood events will substantially improve, since highw ff exibility will be introducsd 

in discharge distribution and, at the same tirne, the specific Ioading of the respective structures of 

the Projeci 4 1  be lower, as wi1I be the Ioading on the a m  close w the inundation weir basin and 

the folIowîng river reach. 



2.1.2 Evaiuation of the occurrence of higher discharge waves recorded 
during the Gabëikovo Project operation 

The Danube was damm4 at the end of Octuber 1992. The course of discharge 

hydrographs &r ttiis date is depicfd on Fig. 1.1 1. 

Over the period October 1992 to December 1994, the discharges exceeding at their 

culmination the discharge of the one-yar flood were the fdowing: 

dates max. Q [m3s-11 

24.1 1.1992 6097 (2,7 year water) 
18. 3.1993 4626 (near tu I year water) 
22. 7.1993 5228 (I,45 year water) 
30. 7.1993 46 16 (near to 1 year water) 
27.12.1993 4674 (near to 1 year water) 
15. 4.1994 5082 (1,2 1 year water) 
19. 4.1994 5990 (2,55 year water) 

According to the statistical criteria of culminations of flood discharges over the 

period of years 1876 - 1965, in absolute terms, these waves have been in general of little 

significance. 

The situation was however different in the case of the flood wave, which 

culrninated on 24 November 1992, due to the fact that some structures of the cunovo cornplex 

were under construction. The inundation weir was not yet completed and neither was the rock 

chute in the Iower profile of the bypass weu. This chute assures trouble-free discharge ofwater at a 

reIativeIy great difference behveen water Ievels in the cut-off arid in the oId Danube chmel. Works 

on both structures were scheduled to be completed by the end of 1992. It was assumed that 

increased discharge wave might occur ody afler December. This assumption was supported by 

statisticai data. 

According to the provisional rules of operation prepared in the fiarnework 

documentation from 1989, the Q = 1% for wncerned months was determined as foiiows: 



The discharge wave, which began to develop from 22 November 1992, 

considerably exceeded these values. ûver the period 1901 - 1985 the discharge in the class interval 

5400-5500 m3is occumd in Nuvember ody once and lasted only one day. The probability of 

excding this discharge was O.Ci3Ph- Similady, on unIy one day in December, over this period, did 

the discharge in the intelval 66006800 m3/s omr ,  with the probability of exceediig bWng 0.038%. 

Thus it is obvious that occurrence of the above mentioned wave in November was an extraordmary 

phenamenon. 

October 

November 

Decernber 

Under the given conditions, the substantid part of the discharge (more than 3000 

m3/s) had to be conveyed through the uncompleted inundation weir. The mnsequences were as 

follows: 

I 

4100 1x31s 

4300 11131s 

4300 m3/s 

- severaI segments prepared for mounting were movd by water, 

since the ropes holding them on the stocking place were severd, 

Januaty 1 6000 m3/s 
J 

- an erosion took place befind the cut-off, since the works on the 

rack-fiIl chute af the outlet into the Danube were in the %fiai stage. 

In connection with the bottom erosion downstream of the 

inundation weir, a fiirther decrease of an already low water level 

occtlred downs~rmn of the weir. Finally, the breach of the right 

side of the cut-off into t he Mosoni Danube occurred. 

These facts lead to a partial re-design of the cut-off, its connection with the 

Danube, and the area close to the inundation weir basin of the cunovo weir. New measures were 

studied on a phpicd mode1 in the hydraulic laboratorif of the Water Management Research 

Instifute (refs. 7,9). 



Other discharge waves bave now passed through the completed structures and no 

problems rquiring s p i a l  measures occurred. 

The forecasting of water stages on the upper Danube and resulting training 

measures should reduce the unfavourable dects of wave discharging. However there is a problem 

in that due to the construction of several river projects on the Austrian Danube, the gauging 

stations, wliich in the past provided the bais for prognostic models, were @&y rernovd Gîrq 
Struden, Bbs, Krems and p d y  dm Wien-ReicMmcke). 

Furthmore, the canalisation of the watercourse and other anthropogenous 

aaivities within the fiver brisin ademted  the r a d o n  of the Bow rate process on the stonn 

d l s  rush and on waters originating fiam snow melting. f i e r  the Iast decade the discharge- 

travel tirnes in the reach Linz-Bratislava were reduced by 25% to 40%. One of the best examples 

was the wave of August 1991, which passed the reach between Linz and Vienna in 20 hours, as 

compared with 40 hours in the past. In addition, dso the speed of the wave limb ise was mdfiplied 

(ref 12). 

These circumstances complicate to a certain extent the discharge distribution at the 

Cunovo cornplex. Sometimes, also, the unreportcd dishxging frum the retentiun resewoirs of 

Austrian river projecfs contributs to these problems. 

The new regime conditions in the section of the old channel are not oniy the result 

of the Cunovo weir operation. They are also due ta other anthropogenous interventions, includig 

those taking place outside rhe SIovak territory. 

3. Evaluation of Ice Phenornena dunnp the Operation of the GabEikovo 
Proiect 

3.1 Conditions of ice phenomena occurrence 

Problems caused by ice phenomena occurrence on the Danube during the winter 

period may be divided into two groups: 



- Occurrence of the ice cover in the reservoir of the Project . Experience h m  

Ausfrian and Geman barmges on the Danube revealed that this 

phenornenon may be expected alrnost anndjr. The ice develops at the 

diore on the so callai Iake paris of the rexmoirs and may quickly cover the 

whole reservoir. The velocity of f i m u p  may be estimated by cornparison 

with velocity of ice development on a îree watercourse. Freeze-up on the 

Danube between $turuvu and Dunaremete (about 100 km) during the 

extreme d e r  1946-1 947 ocrx~rred on one &y Uver rhe &ter periods 

1900 to 1965 the velocity of ice cover spread ranged between the nver 

Morava mouth and river IpeP mouth fiom 48 to 7 rkm per day. The 

occurrence of this phenornenon in the reservoir in itseif does not create any 

hazafd. It causes suspension of navigation; however it dues not n e c e s d y  

cause intemrption of the hydropower plant operation and realisation of 

agreed water withdrawals. 

- Occurrence of internai ice in form of fraP1 (drift-ice, pack-ice) and pans of 

fiazil, which under favoudle conditions developed in the fie flowing 

water: flowing fraziI or floes rrp tu a certain de- do not n a ç s a d y  

present a hazard for navigation, hydropower production and water 

withdrawing. The frazil mn cm be, at the end of the &ter period, 

accornpaniâd by the mn of ice r e l d  nahraily or ariificially h m  the 

upper reachs. It is weU hown that over some winter petiods, due to 

climatic conditions, reiease and run of ice occurs on the Austrian reach of 

Danube sooner than on the Slovak reach, over winters 1955-1956, 

1 962- 1 963, 1963 - 1 964, etc. 

PrabIems occur when at the end of winter the sIush ice mn approaches the 

up water level in the reservoir, and fi oes and slush balls driR under the ice cover, thus creating ice 

jamrning and provoking the increase of water level up to flood stages. The risk of fiazil 

development on the Danube is abviuus h m  the amount of ice which cm be created over the 

wiriter p&d in the river channel. Over the extreme winters 1949, 1956 and 1993,3.6,3.8 and 1.5 

- 2.3 millions m' respectively of f i a i l  hsving the intensity of O. 2 - 0.3 pasred h u g h  the Bratislava 

cross-section. 



However, occurrence of ice phenomena in the free, unimpounded reach of the 

Danube considerably decreased in the Iast years due to chmatic and anthropogenous mors. This is 

evident from fhe statistiai survey pmritai in Tab. 6, where variations in the ice phenorneria 

occurrence over the period 1901-1990 are evaIuated on gaugirig stations Viema, Bratiçlavq and 

K o m h o  (ref 74). It reflects changes der 30-year periods. The evaluation based on 15 and 10- 

year periods shows even more clearly the decrease of ice phenomena occurrence in the concerned 

reach. Thus also, the probability of hazardous ice jams occurrence> caused by slusti ice nimiing into 

the fiozen watw of the cunovo resewoir and the potential risk of wiriter floods jeopardising 

Bratislava h a  d d e c r d .  

The solution of critical situations consists in providing successive ice run through 

the Cunovo cornplex of stmcaires down tu lower river &ions while maintaining contimuous ire 

cuver in the reservoir and in the headwater canal. Ice breakers create an ice fiee trench, thuugh 

which ice floes and bdIs of f ia i1  are shified, by mms of rnanipuIation of the Project stnictures, 

into the old Danube channel through the bypass weir and the inundation weir. Rdisation of these 

operations is possible when adequate water velocities exist to ensure the ice transport into the 

headwater m i o n  close to the weirs, when optimum amounts ofwater nec- for mnveying the 

accumulated ice are avaiIable and when tbere is suficient water in the inundation weir basin. 

Equdly important is the fil1 esciency of Project stnictures. The Provisional Rules 

of Operatioq Up-dating IIï dehe the operation controf in winter period for the current state of 

completion of the Project. This is show in TabIe 6. 





Y - years 
ice - number of winters, during the period, when any fom of ice 

phmornena occurred 
?'O - percentage of ice occurrence during the period 
fieeze-up - number of winters, during the period, when ice phenornena 

accompanied with freeze-up occurred 
- number of dams in operation in Austria 

3.2 PrincipIes of manipulation under winter regime 

The rules of operation (ref. 5 )  envisage four possible scenarios for the winter 

operat ion of the Project. 

The fbst scenario envisages manipulation in the situation where the reservoir and 

headwater canal are fke of ice cover, but an ice mn fiom the upper reach is expected. By means of 

manipulation of the stnictureq the water Ievd is set up tu the elevation 13 1 .O m asl. The infIow into 

the reservoir is confinuously distitbrited between the bypass weir and the hydroelectric power plant 

GaEikovo. At the dircharges in Bratislava Q > 15ûû m% also the weir in inundation is put into 

operation. When the ice enters the headwater canal and a continuous ice cover develops the 

navigation is suspended. M o w  discharges up to Q < 4000 m3/s are u t i l i d  to the maximum exient 

in the hydroeiectric power plant and discharged through the bypass weu; at higher Q, dso througti 

the weir in inundation. Mer ice run temination the navigable route is cleard in the reservoir and 

headwater canal, and then the navigation is restored. 

The second scenario envisages the occurrence of frai1 in the reservoir and 

h d w a t e r  cand, and ~~~bsequerit deve~oprnent of ice #ver. The navigation is mainfainai by means 

of ice breakers or is eventually suspended. The distribution of the infiow discharge into the 

reservoir is si i lar  as in the foregoing scenario. The navigation is restored aRer natural or artifïcial 

(by ice breakers) breaking of ice #ver and ice cI6ng. 

The third scenaio assumes compIete fieeze-up in the reservoir and headwater 

canal, accompanied by the continuous transport of ice from the upper reach. Navigation is stopped. 

The ice float is directed by the ice wver towards the bypass weir and weir in inundaiion. The a m  

upstream of the weus is deared by means of ice breakers and the ice floes are Boated with 



interruptions. The d o w  discharge up to 1500 d s  is divided between the hydroelectric power 

plant and the bypw weir, or, eventuaily, the weir in inundation. Mer the end of ice run atid the ice 

cuver breakhg and ice cbing, the navigation is restured. 

The fourth scenario assumes the most unfiavourable situation, when an ice barrier 

develups at the end ofbackwater, downstrm of Bratislava, as a resuIt of ice j d g .  Water level 

at the bpass weir is i n c r d  to maximum operation Iewi and is maintained un12 the disirtegration 

and releasing of the barrier. The water idow into the reservoir is continuously distributed between 

the hydroelectric power plant and the bypass weir. At the discharge Q > 1500 m3/s the weir in 

inundation is dso put in operation. The release of water through the navigation locks is  not 

envisagd. The navigation is restored alter ice cuver disintegration and ice clearing. 

From the more than 50-year experience gained in operation of the Danube river 

projects in Austria and Germany, it follows that, if conditions allow, development of a continuous 

ice cuver is accepted. As a principle, it is not braken by ice breakers, in order tu prevent further ice 

formation. It is true that rhis Ieads to suspension of navigation; however ir enables almost trouble 

free operation of hydroelectnc power plants and simultaneously reduces the risk of ice jam 

formation. Since on the whole German and Austrian stretch of the Danube this manner of operation 

is preferrd tu the artzcial maintaining of navigat ioc there is no r m n  no1 tu accept this principie 

dso for the GaEikovo Project. That is why the Provisional Rules of Operation do envisage dso the 

suspension of navigation as a normal part of a mode of winter operation. 

3.3 Estimation of the winter operation over the period 1992-1 994 

Oniy two months &er the putting of the GaEikovo Project into operation by 

mems of the provisional solution, it was necessary to apply the manipulation mode under the 

winter regirne. The winter season 1992/93 rnay be characteriseci as rnild, with ice occurrence close 

to the banks and £iazil mn of Iow intensiy during the first half of January 1993. This situation 

occurred again in the first half of Februay 1993, carrsing no problems on the fiee stretch of the 

river. Total duration of those phenornena was 13 and 17 days respectively. Situation on the Vhh 

river (tributary) was sirnilar. Continuous ice cover developed only far downstreaq on the river 

Hron mouth, md un the river Morava, 30 rkm upstream of ifs cclduence with the Danube. 

Breaking and drifting of the ice cover of r he mon and Morava rivers did not cause any difficulties 

in the Danube. 



The situation on the W i k o v o  Project developed as foliows: 

- The i d o w  discharge into the resewoir Eom the 1st to 7th January 1993 

was in the range 958.0 tu 1225 m3!s . From 7th to 8th January it increased by 500 m3/s, to 1627 

m3/s (+64 cm on the gauge station Bratislava-Dnin). On the foiiowing day it had risen by 1Oûû 

m3/s, to 2673 m3/s (+12 1.0m). The wave culminated on 9th January at 337 cm at the gauge 

station BratisIavq which corresponds to the discharge of3029 m3h. M e r  two days duration of a 

discharge exoeeding ZSW m3is a drop by MX) m31s ocwmd and in the ensuing ten days the 

discharges remained in the range 1770 to 1397 m3/s. On the last two days in January the discharge 

increased again by 600 m3/s, and in the ht 6 days in Febmary, when ice phenornena occurred, the 

discharges were 1749 tu 1407 m3h. The cours of diçcharges and ice phenornena occurrence are 

presented in Fig. 1. IO. 

- Due to climatic and flow velocity conditions, ice began to develop in the 

resewoir and headwater canal on January 3rd, and successively continuous ice cuver was fumai. 

The ice occurred dso on the IeA bank of the navigation cunette. The navigable route was 

maintainai with an ice breaker tiII Jmary 7th when the ice continuously floating in created a 

barrîer in the 13th rkrn of the navigation cunette. The navigation was interrupted. 

The situation co~~esponded more or Iess tu that envisaged in the rules of operation 

under the third senario. The operation of the hydrupower plant continu&, as well as ice floes 

discharghg through the bypass weir, up to the vaiué 610 m3/s. When the discharge througti the 

Bratislava cross-section exceeded 2500 m3/s, 1 0 weir sluices of the weir in inundation were put  in^ 

operation. The 6 1  ice 3oat through the Bratislava cross-section w a  intempted on January 9th 

but on 1 1 th Januar, the barrier was broken. Seven days later on 14 th January the navigation was 

restored. 

No ice phenurnena occurred in the foliowing enter  1993194 in the fiee water 

course and the Projet operation was trouble Eee. This has been the case dso during the winter 

seaçon 1994195. 

For the Project operation d e r  the completion of the 2nd stage of construction of 

Variant "C", an up-dating of manipulation mode for the wînter period is assurned on the basis of 



experience achieved hitherto and additional mode1 studies (refs. 3, 6). Changes should deal with 

intensive h z d  nrn requiring mntinuow discharge of h z d  through the cunavo cornpIex of 

structures. in contrast with presentfy appIied phciples it has been recomended tu provide EaPI 

discharge through a trench, almast as wide as the onginai Danube channel at a wntinuous cover 

havhg a thickness not more than 15 cm. For this mode of hd discharging, it would be evmtualiy 

wuid to open the weir gaies during the whole period of ice and fi.aP1 run with correspondhg 

reduction ofthe electrid production in Wikovo power plant. The use of ice breakers is assumed 

for âssuring the transport (shifi) of brukm ice from critical places (where low velocifies exist). Mer 

successfui completion of this operation the normai operation wiii be restored. The ice in the 

headwater canal, in the lower part of the reservoir, and in remaining parts of the resewoir upstream 

o f ~ u n u v o  wiII gradaalIy melt açcording to dimatic conditions. 

REFERENCES: 

 BAC^, M. KALIS, J., KLU~OVSG J., KVETON, R, T O P O L S ~  J.:G/N Project - 
i provisional solution: Reservoir sedimentafion &th bedload and suspend& Iuad. Fhd Report 
i Wh'H, Bratislava, 149 1. 

BAC@ M., KALIS, J., LAHODA, R, SZOLGAY, J. : Impact of the Danube riverbed dredgirtg in 
the area of PalkoviCovo on the morphological developrnent and on water level regime. Final Report 
VfJVH, Bratislava, 1988. 

C S I B O V ~  A., GRUND, L, KALIS, J.: Mudel study of the Cunovo ürrnpla on a spatid madel. 
Final Report WhH, Bratislava, lune 1994. 

HOLUBOV~ K., C A P E K O V ~  Z.,  LU^, M., MIS* M.: Discharge regime of the system of 
Danube branches. PHAREECAVATI 1, WkH, Bratislava, 1994. 

HYDROCONSULT Bratislava: Provisionai Rules of Operation for putting into operation the 
GaEikovu project by mearis of temgorary solution on the SIovak territoiy, Up-dating III. 
Bratislava, Nuvember 1994. 

! KALIS, J., HRAZD~EK, In, OLMER, P.: Speîiai mode1 study of the Cunovo cornplex 
(supplement). Final Report W h  Bratislava, 1 994. 

KALIS, I., RMZD~LEK, I., OLMER, P.: Present solution of the Gabakovo projst on the 
SIuvak territory. Model stirdy of the ara close to the stiIIing basin in the right side inundation. Final 
Report bdVH Bratislavq 1993. 

KALIS, J., KLUCOVSKA, J., KVETON, R: Prognosis of the sedimentation of suspended load in 
the GabCikovo reservoir for the ecological variant of training. Final Report Bratislava, 
1991. 



KALI$, J., OLhER, P., TUPULSKY, O: Hydmlic study of the maintenance of the a m  close to 
the'stilling basin in the right-side inundation &er the flood event in November 1992. Final Report 
W h H  Bratislava, 1993. 

KLUCOVSK& 1., TOPOLSKA, I.: Smlation of the flow and qrrdity of surface waters in the 
Danube Island A m .  P-CIWATII , V b H ,  Bratislavq 1994. 

I K L U ~ O V S ~  J., T O P O L S ~  J., MADSEN, M.: Danubian Lowland-Gmundwater ModeI. 
River Branches Modehg. Technical, Report No.2, PHARE/EC/WAT/l, W h l ,  Bratislava, 
Sept., 1993 

K?JNSCH, L, MASO* K.: Evu~utiun of hydroI:ogicaI forecasts accuracy on the Sluvak 
reach of the Danube river. In.: Pruceedii, XVIIth Coderence of the Dmube Countiles on 
HydroIogical Forecasting and Hydrofogid Bases of Water Management. Budapest, Sept. i 994, 
Volume I pp.25 1-256. 

MISk, M., SZOLGAY, J., CAPEKOVA, Z., K L U ~ O V S ~  J., HOLUBOV& K.: 
Estimation of the flood discharge capacity of the Danube in the reach beMeen the tailrace canai 
mouth and the Tpei river mouth. Final Report, Bratislava, 1994. 

STANC~UV& A., BEZNOV& E., BRACHTL, 1.: Winter regime of the HnGov-Dunakiliti 
reservoir and of the navigation lock at continuous operation of the hydroelectnc power plant 
GaMikovo Final Report WhH, Bratislava, 1 99 1. 

SZOLGAY, J. : Effect of the umteady regirne on the development of the old Danube channei 
longitudinal profile: Study of morpholo~c parmeters of the Danube channel. Final Report of the 
part ofthe task. V h M ,  Bratislava, 1987. 

SZOLGAY, 1.: Suspended Sediment Regime on the Danube River. Technicd Report, 
PHAREECNATIl, W h ,  Bratislava, 1993. 

SZOLGAY, I., CAPEKUV~ Z., MIgk, M.: GIN Project. Final solution of the Danube river 
navigabiiity dumstream of PaIkovitovo (rkm 1 8 1 1 to 1 708). Final Report V h X ,  Bratislava 
1993. 

SZOLGAY, J., C A P E K O V ~  Z., MI$& M., HOLUBOV~ K: Proposal of water levels of the 
low regulation and navigation water for the Danube reach rkm 1880 - 1708. Final Report W?VH, 
Bratislavq 1994. 

! 
i SZOLGAY, J., HOLUBUVA K., CAPEKOV& 2.: Watemanagement- euilogid a n c e p a i  
\ dution of the old Danube channe1 training as well as of the branch systems. Final Report WVH, 
i Bratislava, 1994. 

HYDROCONSULT: The p r o j ~  "Provisionai sulution of piiffing the GabZrkovo projact intu 
operation on the tenitory of the &FR." Bratishva 199 1 . 





19% > 

OId Danube 

Cunovb - Sap 



( m k w a t a i m l  ofdm Daaube Commission) 



4.1.7 Change of lm-fiw (WX 1OOO m3h) aate~ lmi in tfis Danube between Devin and CU& 
d e  tbe pid lm-1994 

Fig. 1.8 Wldth of the riva bcd 2 7  m unda the level of the Danube Commission (WVH, 1993) 
55 0 3so 

riva km 









CEAITER 13. ELFX3TRIm PRODUCïIUN : EVALUATIUN OF TEiE 
RESULTS OF THE OPERATION OF THE GABCIKOVO 
EWDROPOWER PLANT (1 993 - 1994) 

July 1990 was the date qgd by Czechoslovakia and Hungary for the 

commencement of the exploitation of the eriergy capacities of the G/N Project. Due tu the 

suspension and foIIowing abandonment ofworks on the Project by Hungary, the ikt q p g a t e  of 

the hydroelectric poww plant in GaEikovo was put into test operation ody in Iate October 1992. 

Thus a considerable 10% ofenergy production pIanned for the electrid systems of both muritries 

bas uccrrrred. 

Due to the non-realisation of the Nagymaros step, 1 58 MW of instaIIed output and 

delivery of 1025-1040 GWfi has been Io3 from the energy balance. A firther important impact 

wnsists in the fact that, due tu the non-existence of the Nagymaros reservoirI the hydroelectric 

power pIant W i k o v o  cannot be operaid in the peak mode. Thus around 1525 GWhlyear of 

peak energy, and 8 10 GWyear  of semi-peak energy are Iust, being repIaced by the production of 

the base-energy. 

The non-realisation of the Nagymaros part of the Project and the non-execution of 

the deepening of the Danube's river bed downstream of SaprPaIkoYrCovo resdt in a higher water 

Ievel beluw the GaEikovo hydropower pImt and, accordingiy, in the decrase of the head {the 

distance by which the water fdk) by about I m. Each metre of h a d  Iost (at an mual  average 

discharge througfr the GaMikovo power pIant equd tu 1 824 m3/s) represerits an m u a l  production 

loss of around 140 G q  which compares appruxhatefy with rhe producrion of an average 

hydropower plant on the river Vah a., KraTovmy hydrupower pIant has an m u d  production of 

a m n d  1 1 5 GWIi). 

The proIongatiun of the headwater canai, or rather the mod5catiun of the rexrvoir 

(under Variant "Cu), causes furîher hydrodpamic lusses in the headwater canal as wrnpared tu the 

agreed Projeci. There is a decrme of water dupe in the headwater canai and dm a limitation of 

manipulation possibiIifies of the hydropower pIant. 



n e  inmase of the water discharge into the oId Danube river bed Eum the 

resemoir as w m p d  tu the values a g r d  in the JCP represents, fur every 100 m3h, the rsduetion 

of decfricity production of about 1 50 GWyear. 

The actrrsiI mode of operation of the hydrmlectric power plant Wikovo,  s 

&Id " i m p o d  operation" in the regimt of the water IeveI regulation, has dm necessimal the 

alteration of the concept of the wntrol room system of the pawer plant. The operation in the so- 

d e d  "impod regime" means that at every moment the whole flow of water must be u d  for 

energj. generation, which compbcates the functions of the controI room of the electricity *stem. 

Unexpected changes in ~omrnptiun (el~ctncity demand) can coincide with sudden changes in 

discharge (the discharge in the Danube in Bratislava is dso by the operation mode ofthe 

hydrupower plant in Greifemtein - Austria). ?he safe operation of the eIectricity system r e q u k ,  

nevertheles, permaneritly baland sources and consumption. 

The change of operation mode of W k o v o  power pIant resulting h m  the non- 

rd sa t i on  of the Nagymaros part of the Pruject r a i d  several problems which rquired 

consideration, m g  them the question of utilisation of al1 8 generating sets of the Wrkovo 

hydropower plant. The experience gathered fim operatiori, the mal stage of the gmerating 

equipment assembIy~~rnpletion and the naed ufcapacity for the evacuation of flood water through 

the GaEikuvo step w h d  c l d y  the need fur cornpIetion of al1 tu6rnegenerator sets (TG- 

se&). 

The test operation of sets TG8 - TG3 commenced on the foIIowing dates: 

- TG 7 - 27. IO. 1992 

- TG4- 6.1 1.1992 

- TG8-30.11.1992 

- TG 5 - 11.01.1993 

- TG 6 - 21 .01.1993 

- TG 3 - 13.01.1394 

These TG-sets were put into "imposed operation" under the d i ra ion  of the controI 

ruvm S E P - W .  Thus the instalIed capacity of the hydropower plant GMikovo has reached 6 x 

90 = 540 MW. 



Dukg the year 1994, foIIowing the dezision to amplete dso ~rnainjng sets TG 1 

and TG 2 whme membty was eariier intermpted, the contract wiîh CKD BImko was amended 

and the foliowing dats for the temhation ofcomprehensive operatiori tests are envisaged: 

- TG 2 - 06/95 

- TG 1 - 10195 

In 1394 the operation of the hydrrielectric power plant has b m  unfavuu~ly 

influenced by low water Iwels in the headwater canal (causing Iower M), which adversely affect& 

the produdion of eldrical energy (reduction. of about 1 O- 1 5%). The wrvey of production of the 

electrid energy in the jrears 1992- 1994 is shown on Fig. 4. 

The "imposed operation" of the W i k o v o  plant done c m o t  rerndy severid 

inconveniences raulting h m  the exidhg control roum situation for the dectrkai energy system of 

Sluvakia: 

The G/N Project was pIanned to be an important sclurce of capacity reserve fur the 

operation of the energetic systems of both States - Cmhoslovalàa and Hungary, the source of 

readiiy avdabIe output in event of sudden failures in electricity systems, the source of regulation 

outpur. This finctiun is even more important today b m s e  the electricity qstems ofboth couniries 

have been integrated in the Central Electriuty System of Middle Europe (which iricludes the Czech 

Repubiic, Hungay, Poland and SIovakia) and intend to juin the (European} Union for Coordination 

of Production and Transmission of EIeztriciry (UCPTE), one of the pre-conditions fur which is the 

attainment of the capabitty fur nationai e I s A c i ~  systems to react promptly to breakdoms in the 

system. 

The generating sets of the W i k o v o  puwer pIant are conceivd in such a way 

wtiich enabIes their rapid putting in or out of operation. The activation of a TG-set takes 50 

seconds and der the next 20 s o n d s  the set cm reach fuII capaci~. De-activation fiom firD 

output takes IO seconds. It was p l m d  that the capacity of 180 MW wouId be availhle for the 

purpose of covering sudden demands in the system. The hydroelectric power pIant W i k o v o  is 

able tu fuifil the functions of primary and secondary regulation required fur connection with the 

UCPTE. 



Th& tu their qab'ility of flexibIe operation, the SIovak hydroelectric power 

plants, includig the W k o v o  power plant, have provd, during f a  in September 1393, their 

abity tu fiilEl the r q u a  firnctions. The comection of SIovakia wiîh the UCPTE is expeEted to 

be r ea l id  by 1397. 

Cunmtty, SIovakia is connecte3 with the C z h  RepubIic through three 400 kW 

power lines and two 220 kW power hes, wifh Hungary thruugh two power Iiries, and with 

Ukraine through one circuit. Connections with Puland and Austria are beirig prepared. The o v d  

survey oftransmissions of the electric mer@ in 1994 is shown on Figs. I and 2, and transmissions 

through the 4001 100 kW Würovo  transformation room are show on Fig. 3. 

The output of the W i k o v o  hydrupower plant is reaIisd in two tension Ievels: 

through the 400 kW switchcontruI-room (fiom 6 generating sets) into twu power Imes of 

Podunajské Biskupice (Sluvakia) and Gyür (Hungasr) and fiom mu generating sets thruugh 

extemai Z IO kW switchcontru1-room into two power Iines of Dunajski Streda. Both temion 

syçterns are inkrconnected with auto-transfomation r o m  of 400/100 kW 250 kVA, situatd in 

the a m  of the 1 IO kV distribution room. The 400 kV distribution room fulfils the function of the 

Eontier distribution room. 

The 3uws of eIectricaI energy shom on Fig. 3 wnfim the important funclion that 

the power plant Wikovo  firKIs in supplying the region of Southern SIovakia with electricity, but 

dso ifs important roIe in the international transfer of electric energy. 
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CEIAPTER 14. NAViGATION : TRANSPORT ON THE DANUBE AFTER THE 
PUTTïNG OF TKE GAB~KUVO SEWON OF THE GfN 
PROJET INTU OPERATION 

At the time when the navigation loch of the W i u v u  barrage were put into 

operation, SIovakia's State cornpany for watm transport, "Sluvak Danube navigation", iike mmy 

other Danube navigation companies, found itself in a serious situation resultirig fiom the 

transformation of the economic sjrstem in the rnajurity of the Danubian criuntries, which threatened 

its very exisience. A nurnber of nationai and international impacts, wrningJy of a semndsrJ 

charticter, have pruvd tu be signifiant factors detemiining further dedopment untd the principal 

changes ofthe aows of wmmodity transport on the Danube îake place. 

It is dear h m  a brief inspection of the hidury of navigation conditions on the 

SIovak reach of the Danube that the date of the putting of the Mi kovo navigation loch into 

operation represents the date of compIetion of the essentiai scilution (optimisation) of navigation 

conditions in the dica l  sections between Bratislava and GaEikovo (Thle 1) 

The statistical data on the development of Ford -ions on the Sluvak reach of the 

Danube in the yem 1 99 1 - 1994, released by the Ministry of Agriculture of the SIovak Repubfic 

(Table 2)  convincingfy demonstrates the fact that the probIem of seasonal navigation depth 

limitations in the section Bratislava-Wikovo have been solved, whiIe the udavourable depth 

conditions in the section WikovuNagymaros, which were fo be wlvd under the GaEiiove 

Nagymaros Project as origindly plarrned, remain. 

In order fo explain the reasons why, immediatdy fier the putting of the GaEikovo 

navigation Iocks into operation, the volume of commodities transport in the said reach did not 

symmetridiy increase, it is nKessaq tu r d 1  several important factors the resuIt of which is the 

existing situation characteri& by reduced Ioad transport. 

The folowing estimates are b d  on statisticd data releaçd by the Danube 

Commission and concern voIumes ofcommodities reloaded in the SIovak and Hungarian ports on 

shipti of the Danube navigation wmpanias. JXs data illustrates the commodity flows Eom the 
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ports through the Wikovo locks, as wdi as the export and import of commodities through the 

Sluvak and Hungarian ports h m  or 10 the ports on the Iower Danube* or contrariIy, from or tu the 

upper Danube ports (Table 1 

The giobd Egures of the voIum~s of commodities reloaded in the ports betww 

1987 - 1993 display the critical moments and events which have substantidy infiuenced the 

development of commodities t m p o r t  flab1e.s 3,4 and 5). 

Among the factors which have iduenced the transport dwelopment in a negative 

sense the foIIowing mua be mentiund: 

- the coIIapse of the market of the fumer East-European organisation of 

economic integratbn - CMEA (COMECON), wsch dras t idy  iriffuenced 

the development of the commadities exchange &r I989; 

- the worldwide r m i o n  which rnanifested itself in its most apparent f m  in 

the former socidist countries, including Czechoslovakia, in the fum of a 

crinsideralde dsrease uf industrial production and subsequent d ~ r e a s e  of 

transport demands; 

the miIitary codict in the Balkan region accompanied with the sanctions of 

the United Nations Security Council against Sedia and Montenegro 

(remlutions No.7131991, 75711992 and 78711992 and, in particular, the 

resolution No. 820 of ApriI 1393) and retaliation masures  #y Sehia 

(introduction of fees on the navigation dong the Sefian reach of the 

Danube}, the r w l t  of which w a  a drastic decrease of the vulume of 

commodities transport in direction tuwards the middle and Iower Danube in 

the years 1992- 1 393. 

These fadurs remIted, amung other things, in a con1 inuous decrase of volumes of 

reloaded commodities registtred in the years 1990-1993, apparent in particuIar in the SIovak ports. 

By contrat, the opering of the Rhine-Main-Danube canai, at the end of 1992, 

represented a positive idlueme on the developrnent of the volume of reIuadd commodities. The 



connection of the Danube with the system of West-European water ways helped tu stop, in the 

yeptrs 1993-1994, the decrase ofcommodities fmport  on the Danube. Due to the geographid 

position of the SIovak ports and tu the composition of commodities paççing through theq a 

gradud impruvernent ofcomodities transport was registered, in particular in the Bratislava port, 

and nanely concerning the cornmodifies tramportal k m  the upper Danube (without the use of 

GMikovo Iocks) (Table 6). 

The continuexi ddciency of commodities transport fiorn the Iower Danube 

and resulting low demand for navigation t h u g h  the Gabëikovo locks is best demonstrated by the 

volume of commodities reloaded in the K o m h o  port (Table 7). At the present time, the lasting 

crisis in the former Yugoslavia may be recognised as the most important cause of reduced volumes 

of the wrnmodities transport through the GabEikovo locks9 its distuhing impact does not &w an 

optimum utilisation of the W k o v o  navigation fdities which are, since the partid completion of 

the Project, at the disposai of navigation mmpanies of di European States. 
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