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Bection 1

IRTEQDUCTICOR

1.1  PURPOSE

_Bechtel has Independently reviewed the Gabelkove (BSs)-Nagymaros Barrage {CNB)
Froject In terms of potentlal envirommental {mpacts, operaticnal
conglderations, and currently planned mitigation measures. ¥e have examined
the preject from the standpoint of its stated gosls of Iintegrating and
optimizing multiwater rescurces for the purposes of povwer productien,
navigation, flood control, reglomal development, watér supply and wager
quelity, agriculture and forestry, natural bicleglcal values {including
fishery and wildlife}, recreation, visuasl enhantement, and preservation of
archaeclogicel values.

Cur approach to the enrviroumental review was a multidisciplinary effort, which

focused on:

! Defining'significant impacts assoclated with the project
that warrant evaluation and mitigation

o Determining additional baselime datz needed for Impact
definition

¢ Reviewing planned mitigations to reduce impacts to
Insignificant levels or to enhance preject benefits

o Identifying additional investigetion mezsures that could
reduce {mpacts further

¢  Assessing effectiveness of the monitoring pregram by
defining preoperational envirommental conditions and
operational condliticns

Where possible, the significance of potentia]l project-related impacts were
gualitatively defined Iin the context of const}uction and operation sctivities,
and the expected durationm of the impacts. Impact discussions in this
evaluation reflect the amount of date and anzlyses available feor the

environmental review, Tor example, the hydrelogic regime of the project area

1147x 1-1
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has been thoroughly studied and potentially significant Impacts have been
idgntified by VIZITERV and asscclated experts and Bechtel concurs with this
assessment. More limited data and snalyses are avallable regarding
preject-related impacts on blological resources, Therefore, a more detailed
impact analysis was made for bloleogy than that provided by VIZITEEV. OQur
impact analysis considered the potential effects the project could have on the
environment®s soclsl beneflits to man, such as agriculture and reglonal
development, and the impact of the project on the intrinsic values of
environmental resources such &8 blclogy. Additional data cellection and
modeling is recommended where needed for either additional Impact definition
or determination of the adeguacy of the proposed mitigatlon and monitoring

program.

We have approached the enviremmental evealuation with the philosophy that
impacts must be ldentified, appropriste mitigations must be in place prior to
project coperation, and the project meonitoring preogrem will be used to ensure

the effectiveness of these mitigations.

1.2 BACKGROUND INFORMATION

Information used In the review of environmental effects related to the GNB

preject are based upon:
¢ & 3-day site visit to the project ares

¢  Summary documents provided by VIZITERV {see Appendix 1 for
detailed list)

¢ Selected publications and

¢ Interviews with VIZITERY professionals and cther experts

The site visit included a review of constructisn sites at Dunakilitl welr,
Gabc%kovo power plant and navigation canal, Nagymaros barrage site, and
selected Iintercept ch&nnelé sod sidearms in the Szigetk3;. In additlen, 2
general recomnalssance was conducted along accesalble areas on the vight side
of the Danube River from Visegrad to SHttS and on the left side of the Danube

River from Nagymaros to Szob. All Impact evaluations in Section 2 sre based
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upon data and analyses provided by VIZITERV and interviews with VIZITERY
preofessionals and other experts., This information and a list of experts

interviewed are summarized in Appendix 1.

1.3 PROJECT DESCRIPIION

The physical structures, plamned water releases, and flow regimes of the GNB
project used as the basls for evaluating environmental Impacts assoclated with
the project are described below. In this report, we have evaluated the
complete GHB preject, including the Gabelkevo and Nagymaros barrage systems
and assoclated structures. The peak operating dats used as design criteria
for the original conception of the project and structures is used Iin this
evzluation. However, It should be noted that studles are currently under way

to revise those operational criterias,

1.3.1 Physical Structures

The GNB prelect will regulate Denube River flows over an approximate 160 km
reach of the river from Bratislava to Visegréd, Principal components of the
project in both the Hungariano and Czechosiovaklan territories are;

¢ The upstream Hrusov-Dunakilitl reservelr formed by the
Dunakilitl barresge and Gabcikovo power station

¢ The power navigation canal that transports water from the
upstream reservelr to the Gabelkevo {BSs) power station

¢ The Gabcikovo (BSs) power stationm and shiplock

g The Nagymaros barrage, power staticn and shipleck which
regulates releases from the lower reservolr

The Hrusov-Dunaklilitl reservoir and Gabclkove (BBs) power station, barrage,
and shiplock are scheduled for completion and o¢perationm by 1990. Gompletion
of the Nagymares barrage, power plant, and shiplock has been delayed
indefinitely.

The envirenmental evalustion presented in Section 2 i1s limited to Impacts

affecting Hungarian territories {right side of the Danube River), slthough we
recognize that both sides of the Danube w;ll be affected by the GNB project.

1147%x 1-3
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Barrages at Dunakiliti and Gabcikove have created the Hrusov-Dunakilit{
reservelr, which will provide an elevatlon drop needed for power generation
at Gabecikovo. The reserveir will also provide sufficlent depth for river
navigation, and sufficient capaclity for storing dally Inflows for 15 to

19 hours and releasing the stored water over s 9-te S-hour peried for peak
power preduction, Water diverted for power preoduction and navigation purpeses
wlll reenter the Danube River downstream of the Szigetkdz area. The power
canal has a design capacity to continuously pass 4,000 m3/s. Therefore, the
peak flood flows in the SzigetkSz can be reduced by 4,000 m3/s. Srtudies are

under way i¢ reevaluate these design critercia.

1.3.2 Planned Water Releases angd Flow Rezimes

During normal daily operstions, most of the stored water will be diverted
through the Gabelkove powerhouse, However, continuous flows will be released
vver the Dunakiliti welr intec the cold Danube River chamnel te reduce
environmental {mpacts to the old Danube River channmel area. The amount of
river malntenence release is still belng evaluasted; however, the currently
planned relezse is 190 m3/s. The histerical average annusl river flow in

the old Danube River channel 1s about 2,000 m3/s. : .

The upper reservolr water level will range between elevations 129 and 13l m
sbove sea level (asl). This i{mpoundment level wlll raise the normal water
surfacé elevation at Dunakilitl by 8 m. Further,.the Impoundment level will
be between 2 to 6 m ebove the right bank ground level along 10 km of the
reservoir right bank dike. To minimize seepage from the reservoir to the
adjacent low land area, & tlay blanket extends from under the dike 1530 m Into
the reserveir., To contrel the reservolr seepage that passes under the dike,
an interceptor/collection channel is constructed parallel to the dike. The
estimated seepage water, of sbout 50 m3fs, will be routed to the Danube side
arE channel at the upstream end of the Szigetkfz. These collected seepage
flows together with supplementsl releases from Dunakiliti welr/shiplock will
be used to help maintalin desired ground water and surface levels In the

Szigetkiz.

11l47x . 1-&
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With the plamned 100 m3/s continuously released at the Dunakiliti welr, the
average depth of flow io the upstream reach of, the old Danube River channel
will be reduced from 6 te 2 m. The water Jevel at the confluence with the
power tallrace canal and the old Danube River channel will be controlled by
the Nagymaros Teservoir impoundment and will be near the prier GNB prolect
average water surface level, However, In the old Danube River channel
downstream water level will fluctuate dally according to the power releases at
the Gabclikove powerhouse. These dally fluctuations can be 3 2.5 m, at the
tailrace confluence and # 1.0 m, 10 km upstream of the tailrace confluence
according te the orlginal Jeint Convention {KET)} cperation plan {the
operational criterla that would produce these fluctuations are under study and
revision to minimize daily fluctuations}. These dally water level changes
will require riverbank stabllization to control erosion. Such s-esion control

measures are plamned for the GHNB preoject.

The water level in the side atms of the Szigetk¥z is currently influenced by
daily water level changes in the old Banubde River chamnel. The southern
border of the Szigetktz Is delineated by the Mosoni Danube. This arm will
alsc receive releases from the Hrusov-Dunakilitl reserveir. The forecasted
release to the Mesoni is zZ0 m3/s, which is grester than the previcus average
flow in the upstream reach, The previcus Z0-year aversge has been 5-15 m3/3

depending on the stage of the Danube Eiver at Rajks.

The Hagymaros barrage will develop &2 120 km long reserveir with & normal water
surface elevation near 199 m/esl. This lopoundment will provide a S m
elevation drop for power generation, and sufficlent depth to allow mavigation
up to the Gabelkove shiplock. The reservelr will alsec act &s an- egqualization
pond by recelving the generaticon flows from Gabelkove {aboutr 4,000 m3/3 for

5 hours) and releasing these flows at zn uniform rate to the natural flowing
tiver downstream., Further, the Nagymaros welr and shiplock, with the gates

fully open, will safely pass the 1,000-year flood avent.
For the 40 ko segment upstream of Negymarcs barrage, the new normal water

level will be above the right bank ground elevatien. Lowland areas will be
either filled with local sandy seoils, or diked. Drainage/seepage interception
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chammels will be excavated parallel to the landward side of the dikes, in
order to ensure that the surface waters are properly drained. [n some cases,
pumping statioms will be added to the dralnsge channels to lift the collzcted

landward water inte the Danube.

Peak hydroelectric generation at the Sabelkove powerhouse will significantly
affect the flow reglime in the Hagymarces reservelr., According te the KET
gperatlion plan for the design low-flow case, power releases will change from
zero to 4,500 m3/s and continue at $ 4,309 m3/3 for the 3-hour peaking
duration and then reduce to a zerc release. This changing Inflow pattern can
cause the water level upstream ¢f the reservolr %o rise and fall up to 4 =
during dailly operaticns. " These operating criteria are also belng revised, A&t
the downstream end of the reservelr, the water level change will be attenuated
to about 1 m. Riverbanks and levees are to be protected by geomembranes

overlalin with riprap to control potential erosion.

1.4 SUMMARY AND CONCLUSIONS

1.4.1 Summary

Bechtel has reviewed the GNB project to independently identify potential
envircnmental lmpacts and benefits related to the project and mssess the
effectiveness of planned mitigation measures and the project monitsoring
system. This review is based upon datz and analyses provided by VIZITERY,
Interviews with VIZITERY experts as well as other experts, and a site visit of
the project area. A wide range of environmental issusas have been examined by
the Bechtel team, Including potential iImpacts on surface and ground water
hydrology, geology, &rchaeology, land use, blology, recreatlon. visual

rescurces, and sociceconomies.

The GHNB system Is zn smbiticus project, combining water management goals of
power production, navigation, and weter supply with savironmental protection
measures, From an environmental viewpcint, the project is Important because.
of the planmed diversion of 30 km of the Danube River and the peaking wmede of
the Gabcikove power plant.

1147 1-6
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The project has used & sound technical and sclentific basis to identify
impacts and appropriate mitigations. However, several areas should be
considered for additional studles or mitigatioms. These include ensuring that
(1) water guality is maintained along the Danube by completion of wastewater
treatment plants; {2} archaeclogical rescurces that zre affected by the
project are thersughly Investigated; (3) additional studies are conducted to
define biclogical baseline conditions and appropriate mitigations; and

{4} sufficlent flow releases into the old Danube River chamel in the

Szigetktz will maintaln planned ground water levels.

Several benefits will come from the project, including increased
archeeclogical research, creastion of = mew riverbank park, Improved water
quality in the Mosonl Danube; better flood protection, improved navigation,

and the generation of electric power.

1.4,2 Conclusions

Our review has shown that potentially adverse impacts in hydrolegy, land use,
visual resources, and recreation have recelved close attention by VIZITERY.
Based on the data avallable, these {mpacts will be mitigated toc minimize them
sufficlently. However, potentizl Impacts to biclogical and archaeclogical
rescurces may be slgnificant, and plamned mitigatioms may not be sufficlent to
reduce Impacts to an insignificant level. While the artificial recharge plan
in the Szigetk¥z is well concelved and will be effective in protecting and
enhancing forestry and agriculture inm the $zigetkfz, conflicts may be present
with pretecting biclogical resources. Additional baseline data and biolegic
medeling are needed to better define impacts to bilolegical resvurces and plan
effective mitigatioms., &Addirional data needed include informsetion on the
seasonal occurrence and habitvat use of important wildlife species such as
waterfowl and protected species in the Szigetkoz area. Modeling of dissolved
oxygen {D0) levels In the reserveirs is alsc recommended to quantify potential
impatts to surface water quality and fisheries. Additlonal flows to the old
Danube Eiver channel and side arms may be necessary, to sugment the bepefits
of the artificial recharge system and mitigate impacts teo biological
Tescurces, but until more biological baseline conditions are established, this

cannot be clearly determined.
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The recommendéd studles for water quality and biology mey result ino
identification of the need to modify the project’™s operational strategles. In
additicen to mitigaticn measures outlined by VIZITERY, alternate cperaticnal
modes for the Gabelikovo power plant should be clesely revlewed. Presently,
glternate operational wodes {(including seasonal variations) are being studied
to revise the original XET coperaticn plan. Modified peaking schedules could
help reduce potential significant Impacts to bislogical and recreation
resources caused by downstream fluctuationms. Increased flow releases from the
Hrusov-Dunakiliti reserveir to the main channsl should be consldered as a way

of reducing signficant Impacts expected downstream.

In comparisen with U.S. hydropower monltoring systems, the proposed GNBE
monlitoring system Is unigue beceuse It monitors more parameters than the
Columblia River Basin, Chic River Basin, or Tennessee Valley Authority {(TVa).
Hﬁd:opower facilities on these rivers monitor water guality and/or minimum
gtreamflows for fish and recreation, but do not monitor the array of
environmental parameters sampled in the GNB monitering system, With a few
additions, thls system will represent a state-of-the-art menitering program

for integrating environmental considerationg with operatlions.

The monitoring program developed for the GNE project will assess changes In
envireonmental rescurces affected by prolect coperations and the effectiveness
of project mitigation measures, Our review has identified aspects of the
planned monitoring preogram that can be reduced, and recommended additional
monitoring that would enhance the overall effectiveness of the program.
However, mitigation measures should be in place {or clearly established; Iin
the cage of operational rules) prior to startups at elther the Gabecikove or

Nagymaros power statioms.
Benefits of the project as well as ippacts and mitigatlions proposed by the

preject, or recommended by Bechtel are summarized below. Detalled discussions

regarding impacts and mitigations measures are contzlined In Sections 2 and 3.
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Hydreologlec Regime. GNB surface snd ground water conditions have been
theroughly studied by VIZITBRV and other experts., The project's planned
releases to the Mosonl Dgnube and the Szigetktz slde arms will improve water
quality in these surface waters. Project mitigations to minimize adverse
impacts on the hydreleglc regime have been incorporated Inte prejlect deslgn,
including the artificial recharge system in the Szigetkéz; and interceptor
channel system at Dunakiliti reservoir, Esztergom, and Pilismarct. Potential
preblems that we belleve require additional studies to quantify Iimpacts and
effectively develep mitigations are the water quality and water level
fluctuaticns downstream of the Gabeikove barrage. Revisions to the XET
operation criveria are currently being studied, Reduction Im water level
fluctuatlons downstream of the Gabolkovoe barrage wi;l mitigate many of the
Impacts discussed below, Specifically:

©  ¥Water guallty in both reservoirs could be possibly reduced
below historical levels (DU below 6.0 mg/l} during summer
menths due to detention times, Increased temperature,
nutrlent leads, znd assuciasted algal blooms

¢ Water quality during the summer months should be estimated
using avallable computer models which simulate reservelir/
powerhouse coperatlons and changes In DO and water temperature

e If undesirable water quality Is i{dentifled, slternstive
mitigation measures should be evaluated to determine the
most cost-effectlve means to maintain the water quslity at
or above histeric levels. Possible mitigation measures
include contimuocus release through the Gabcikove power plant
to reduce detentlon time and releases over the Dunakiliti
weir to promeote more aeration '

! Concern has been expressed by cothers that heavy metals
azcumulated In depogited sediments might be remobilized
under &naercbilc conditions and migrate Into the ground
water. The circumstances required teo zlter the bottom
sediments are highly unlikely to occur, especially since the
D0 level will be tracked in the reserveirs and operatiomal
measures will be Initiated to keep DU above minimum levels.
However, It Is recommended that sediment bulildup be
monltored, especlally over ground water recharge aress, and
heavy metal concentrations in these sediments be regularly
measured., Should undesirable amounts of heavy metals
accumulate over sensitive areas, this material can be
removed. Alternatively, methods for comtrolling the
reservelr bed DU levels should be lnvestigated and
implemented if found cost effective

11la7x 1-9
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o The orlginal XET plan anticipated peaking operations at
Gabelkove for & minimum of 5 hours per day. The KET preodect
operation would produce significant water level fluctuations
at the upstream end of the Nagymaros reservolr. For example
during summer monthe, peak power operaticnrs would produce
1.3 to &.7 m3/min rate of rise in water level and 2 2.5 to
3.5 m change in water level over 24 hours. This {s greater
than current practices on the Columbia River In the U.S.,
where similar hydreoelectric/mavigation leck projects are
operated. During the summer, the allowed water level
changes on the Columbia River are 0.75 cm/min und 1.5 m over
24 hours. It is recommended that evaluation of modified
Gabclkove peakling coperaticns be continued te assess possible
reductiens to projlect lmpacts assocliated with the large
water level changes

Ground Water. The extensive mitigation measures planned by the project to
control the impacts on ground water conditions appear adequate. To verify
whether or not the mitigations are effective, the network of monitoring wells
will provide a good measure, and allow medificatioms to be made to torrect any
deficiencies. To aveid the situation where unexpected conditlons occur in
sensitive areas, and because of the time required to mgke necessary
corrections, vegetation and wildlife may be adversely affected and may not be

able to recover, the fellowlng recommendations are suggested.

1. Detailed studies of critical areass In the SzigetkSz should
be conducted to determine 1f additional control measures are
needed to mitlgsate impacts oo the recharge of ground water.
For example, the heron habitat ares near £svanyraro may
require close control of ground water fluctuationms teo
mwaintain the proper envircnment for the breeding apnd fesding
habitat. The hydregeologlc characteristics of a specific
area will most llkely differ from the homegeneous, isotroplc
conditions assigned in the analeg medeling studies of the
total area. Detalled studies of the critical areas can
determine if the variations are significant, and the need
for modifications in the general mitigation measures can be
anticipated.

2., Mitigetion measures to prevent waterlogging in the three
malor lowland sreass adjacent to the Nagymarcs reserveir have
been provided. Within the iIntervening hill areas, vwhere
high natural banks &re present; the ralsed ground water
levels zre expected te rvemain well below the ground
surface, However, with the rise in base level, some seepage
mey occur in low areas mot preseatly consldered to be
wetlands. Although such occurrences may not be widespread
in the highlands, they could cause undesirable wet ground in

1147x . 1-10
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local areas, It is recommended that the hills be examined
to ldentify potential areas where unwented seepige may
occur, Exploration and installation of menitering wells
should be carrlied out in those areas where seepage is
pessible, and where previcus studies have not been adeguate.

Biclogy. Blclogical rescurces In the project area are not entirely well
defined and the amounﬁ of informatien varies., Speclfic blological information
has been collected at the 12 bioclogical monitoring stations, 9 of which are
concentrated In the Szigetkdz-Gonyl reach, 2 in the G¥nyli-Kyergestjfalu reach

at Tat and Almasneszmély, and 1 at Szentendre Island.

The floodplaln vegetation mlong the Danube has experlenced strong
anthropogenic effects related te flood menagement, sllviculture, and wild game
management. Limited natural vegstation cccurring in the project area includes
a willow-popler gellery forest, willow thicket, and ash-csk-elm gallery
forest, These vegetatlve assocliations alse provide diverse habitats for
wildlife, especlally in the Szlgetkiz portion of the project area. Important
waterfowl specles Including grey herons, black storks, cormorants, night
herons, snd mute swansg are known to utilize habitats near Asvanyrard inm the
Szlgetktz. Four protected bird specles, the willow tit, treecresper, little

s

ringed plover, and penduline tit occur in habitets provided by matural

vegetation along the Danube channel and side arms.

Construction of project facilities {imcluding tﬁe Dunakiliti reserveir}, and
flood protecticn and bank stablilization structures will remove natursl
vegetation aleong the Danube. In additienm, a zone spproximately 250-300 m wide
and reaching approximately 25 km slong the Damube will be subject to
aridification when flows are diverted from the Danube to the Gabclkove
navigation canal. Revegetatlon programs with native species In other aress
and along dikes sre recommended to mitigate loss of natural vegetation,
wildlife, and associated wildlife habitats Iin these aress. Reestablishment_of
native forest zlong the Mosoni Danube, an objective of the SzigetkBz Landscape
Protection Area pelicy should be considered as a component of these

revegetation programs.

1147x 1-11



20

Chenges In ground water and surface water levels could slsc potentially lmpact
the gensitive wildlife area near Asvanyraro, the habitat of the four protected
birds discussed above, Bs well as other wildlire resources. The most
effective approach to mitigating Ilmpacts Is to first determine occurrence and
use of the area by these pensitive species and better assess impacts to these
speclies and their hablirats. If adverse effects are anticipated, it is
recommended that water levels and water quality be closely monlitored for at
least 1 year in these areas té establish preproject conditions, Based on this
information, water levels and water quazlity needed durlng operation te
minimize Impacts on the birds can then be determined and Integrated imte
project operationms. Alsac, establishment of a protected ares near Asvanyrarso

to protect these species could be considered. R

Addirionzl datz are slso‘needed for other wildlife specles occurring io the
Szigetk¥z and cother portioms of the project area before impacts can be
determined or mitigations developed. A literature. survey should be conducted
to determine the potrentisl cccurrence of impertant specles and then seasonal
surveys could be done to determine the actusl ¢ccurrence, abundance, and
seasonal use In the project area,

3

Additional data ars needed on fish specles distributiea, abundance,

-spawning locatiens, and spaewning peribds te enable accurate predictien of
project-related impacts on fish resources.,  Seasconal baseline fish surveys
over & l-year perlod using multiple sampling techniques should be designed and
conducted prisr to project operstions and used to better assess and mitigate
potential impacts.

Changes In fiow rates In the Dunakilitl reservolr and the meln channel of the
Danube River in the Szigetk®z ares are expegted to result in fish stranding
mortalities and changes in species composition {i.e., decreased numbers of

those specles zdapted to fast-moving water conditions).
Operation of the berrage systems and power stations may result in decreased

toncentrations of DU and adverse effects o fish. The potentisl for oxvyen

deficiency effects should be evaluated by use of & system—-wlde DO meodeling
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program and, if werranted, operatiomal controls to mitigate DO decreases
should be evaluated {e.g., a&lternating modes, gpill flows, mechanicsal

aeration).

Loss of migratory fish access to spawning grounds In the side channel system

- willl result from blocking the cutlets to the Danube and Installating the welr
at Asvényrard to maintain the water levels in the side arms. This Is expected
to result In & reglonally significant, long-term ilmpact on scme fish specles
inhablting the Danube. The abllity to operate the Gabclkovo facillties while
maintaining adequate flow to the maln channel above GSnyl should be

evaluated. Use of & control gate to allow fish passage at Asvanyraro also
should be considered in conjunction with baseline information on fish spawning
migrations.

Entrainment znd turbine-induced mortality of fish and lower order grganisms
will ¢ccur at the Gabcikoﬁe znd Nagymarcs power stations. The significance of
these effects should De assessed once baseline fish surveys have been
conducted and, 1f warranted, an appropriate fish protection system should be

developed,

The preject has incerporated fish locks at Dunakiliti and Nagymercs to
mitigate impacts on spawning fish due te blocked fish wmigrationm.

Land Use. The project Iimpacts on land use In the project areas were evaluated
based upon anticipated changes In ¢rop and forestry production and

recompensation of losses of land or bulldings.

The project will provide several benefirs to agriculture and forestry
production in the Szigetktz with installstion of the artificial recharge
system. These benefits include Increases in arable land with more control of
ground water levels and floods, as well &s a more stabillzed water supply for

irrigation,

1147z 1-13



22

Changes In land use due to the project will not be slgnificant. Reduction im
agriculture and forestry production were recognlized and compensation was
made. Compensation has alsc been wmade for loss of residences amd public
buildings due to the reservoir or related projected facilities.

Some loss of forestry production will result from reduced flows alomg the
Banube, even with the artificlal recharge system, but thls amounts te about

3 percent of the present forest and about one;third of the value of forest

- preduction in thils area. This loss has alsc been compensated. Increased
costs for transportation of forest products will sceur, The artificisl
recharge system plans call for dikes across side arms of the Danube, further
reducing water transpeortation. Compensation has been made through funding for

new road construction t¢ provide alternete transportation means.

Archaeclogy. - The archaeclogiczl, histeorical, and monument rescurces within
the study area represent relics both of Hungerian and Eurcpean human
clvilization. The preject has funded excavation ¢of & number of Important
gites, end mitigation measures have been developed In conjunction with the
Monument Plan Council of the Hational Committee for Technical Development to
protect scme ¢f the most significant resources. However, significant impacts
to éfchaeological and monument assets could potentially occcur due to

il

construction and operation of the proposed project.

Construction could damage or bury a number of known archaecloglcal sites
precluding future sclentific study and excavation, Apreement was rsached with
archaeolegists as to which archasclogical sites were to be preserved by
modification of project design, and what construction methods were to be
utilized for specific sites.

Project operations will inundate the archaecleogicsl site on Helemba
Szigetkdéz. The site on Helemba Szigetkfz has been partially excavated. 4
possible mitigation for this could be that the entire site be excavated and
slgnificant artifacts and relics removed to the museum for preservation and
public display.
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GControlling the ground water levels at 103.5 m above sea level will reduce the
accesslbility of deep-lying archaecloglical artifacts In the Esztergom Royal
Town area, but will also enhance sccessibility to those artifacts presently
buried above the mesn ground wéter Tevel, Current sccess to these artifacts
is limited due to extensive surface development (bulldings, roads, etc.}. In
the future, 1f and when excavation i{s desired, this Impact could be mitigated
by installaticn of a loccal dewatering system. Because.of the limited surface
access to these sites and the uncertainty of future excavationm, it is not
recompended that funding for a dewatering system be included as part of the
project. It Is recommended that ground water levels be monitored during
project operations, to ensure that the ground water level does not rise about
the predicted level of 103.5 m/ssl. Future funding for excavation should
Include z dewatering system.

Visual Resources. The Danube River is the dominant visual feature withino the

project area. Construction and operation of the project will change the
visual appearance cof the Danube River and its riverbank throughout the project
area. The significance of these changes 1s based on: the scenic quality of
the landscape; the degree of viagibility the project would have in the
landscape; the ability of the project features tc blend in or be visually
gbsorbed by the surreunding landscape; and the petential pepulation viewing
these changes and the relstlve value they place on maintaining the present
landscape charscter. _

The fellowing visual lmpacts &re anticipated with project Implementation:

¢ The substantial decrease Iin the flow Iin the old Danube
channel will slter the existing eppearance of the river.
Additlenally, riverside vegetatlion along the ¢ld riverbank
will die or be removed, adding tc the dry abandeoned
appearance of the channel, This iImpact could be mitigated
by implementing a revegetation plan In the riverbed
chammel., However, the significance of thls impact I= not
high due to low populatlon exposure

o TIntroduction of mnew protective embenkments along matural
riverbanks will alter their appearance. This Impact could
be mitigated to an insignificant level by planting grass or
lawn on the slopes of the embenkments and vegetation at the
foot of the embankment
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G Clearance of forest and riverbank vegeration during
construction reduces the natural appearance cof the
riverbanks, reducing their visual gquality. Revegetation
plans should be developed and Implemented for sll cleared
areag along the river., This weuld reduce the adverse visual
impact to a level of Insignificance

o Construction of the barrage and auxiliary structures at
Nazgymares would introduce new structures Into a primarily
natural and very scenic landscape. Extensive architectural
design modifications {including underground structures and
transmission lines) which have been incorporated inte
project design will substantially reduce the adverse visual
impacts asscclated with the new structures

e’ Development of the proposed riverbank recreation arez will
provide new viewing opportunities to the population and
propesed development of an attractive recreation area
sdjacent tc the barrage site would substantially reduce the
adverse visual Impact asscclated with the project

Recreaticn. The project will create a mew linesr riverside recreation
cpportunity {& park} from Nagymaros to Gy%r, and possibly beyond. The park
will provide new recreatlion oppertunities for biking, hiking, sightseelng, and
picnicking., & biking/hiking trall created slong the protective embankments
will slso interlink the numerous small settlements along the river, dispersing
some ¢f the recreation/tourism away from the heavily concentrated recreation
centers im the Danube bend to the less concentrated areas between Gooyd and

Nyergesulfalu. The proposed riverside park will be & beneficial impact.

Water sperts and riverside recreation (bathing) are two existing attractions
of the study region. However, bathing conditions in the study area have
deteriorated due to crowding and the Danube’s poor water guallity (downstream
of GySr). TFleasure boating 1s also fairly limited along most of the Danube in
the preject area due to border protection restrictions. In general, the
project would not improve or degrade th?se existing conditions. Specific

impacte, beth adverse and beneflicial, sre summarized delow.

o Incressed flows inte the Mosonl Danube and Danube side arms
In the Szigetki¥z area will improve and emhance recreation
oppertunities (bathing and boating} In this srea dus to
controlled year-round flows-and consequently Improved water
guality
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¢ Decreased flows In the old Danube will adversely affect
fishing and beating copportunities, but increased
oppertunities in the Mosonl Danube wilil help mitigate
this impact

e’ Between Dunszremets and Ryergesﬁjfalu, high fluctuations in
water levels in the Danube resulting from peak power
cperaticns could adversely Impact small boating and bathing
opportunities. The impact on boating is not expected to be -
slgnificant due to existing border restrictioms. Bathing
opportunitlies will be most adversely affected upstream from
Gonyl, where water conditicns are not degraded. HModified
peak power operations which will reduce water level
fluctuations are currently being evaluated by VIZITERY

o Teurism In the SzigetkBz area is expected to Increase due to
improved recreation opportunities and the installationm of =&
new sewage treatment facllity. This could be either
beneficlal or adverse, depending on how well planners
prepare for this growth

& Protective dikes and embankments bullt along the riverbank
will eliminate existing boat landing sites, camp sites,
picnlc areas, and bathing places. These impacts will be
offset in sreas with concentrated recreation use
{V¥isegrad-Dimds, Esztergom, and Pilismarot) by the
development ¢f niew recreation areas

v Tourlsm in the Danube bend area is expected to Increase due
to construction of the new sewage treatment facility and the
new bridge across the Danube. This could benefit local
economies but could a2lsc have adverse effects 1f local
plamners do wot carefully control future growth patterns

Sociveconomics. Construction and operation of the project will affect lecal,
regional, national, and international social and economic conditions. Local
effects In the Szigetkdz arez will include Improved sgricultursl and forestry
productivity due to water mamagement {flood protectiom, controlled water
supply, and & reduction In waterlegging), This will benefit the employment
and Income levels of the local population. The project will also improve
recrgation in the area and provide & new sewage treatment facllity. These two
factors are likely tg contribute to an increased rate of commmity growth.
Growth in this area will be beneficial to the local population if it is

planned for and carefully regulated.
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Development in the Danube bend area is currently limited by the lack of
zdequate gewage treatment and floodplaln restrdctions. The prbject_will
provide new sewage capaclty and eliminate the need to restrict construction im
the flocodplain. This, coupled with planned improved roadway access, will
foster reglonal growth. &Growth in this arez could be beneficlsl to local

economies, but adverse impacts could occur If nmot properly regulated.

The need for electrical power in Hungary is increasing due to economic
development, The possibilitles of expleitating fossil fuels zre limited and
imperted electrical energy is expensive and undependable. The project
provides @ c¢lean, non-exhsustible scurce of energy, and does not rely eon

Imported energy resources.

The implemsntation of the project {s of intermational lmportance for Danube
navigation. Anticipated Improvement resulting from the project Include:
exteﬁded navigation time from 230 to 33¢ days annually; permanent nighttime
navigation; increased frelghter fleet carge capacity of at least 20 percent;
and decreassd probabllity of navigatrion accidents. These beneflits will be
shared by the Danube countries, as well as other ¢oumtries invelved in
navigation aleong this international waterway. It is anticipated that due to
project conmstruction, the tonnage of carge shipped in the Danube will double

In 10 ye=ars.

The preoject will provide protection egainst the 10,000-year flcod in the
region upstream of Palkovicovo/Szap. Along the downstream reaches; levees
will provide protection sgainst the 1,000-year flood, Over the life of the
project, this should result in z significant protection to Dapnube River
landowners and residents, who ctould experlence agricultural and sylvicultural
loss, structursl damage to bulldings, and even less of life durlng large
floods, '

1.5 SUMMARY OF RECOMMENDATIONS

Detalled discussions of recommended mitigations and additions and changes to
the monltoring program are included in Sectioms 2 and 3. ERecommended

mitigations are summerized below.
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1.5.1 Witieaticon Recommendsations

1.

VIZITERV should continue evaluating the peek operations {Including
gseasonagl changes) of the Gabolkovo plants with gradual Icad bulldup.
varlations In river levels due to peaking modes can significantly impact

dewnstream rescurces including recreation and natural habitats.

_Additional preoperational data are needed to define impacts to biclogical
resources, especlally fisheries, and develop effective mitigations.
Additional data sheould include seasonal surveys for waterfowl, fish, other
wildlife specles, and four protected birds to determine distribution,
gbundance, and seasconal habitat use. Surveys should focus on the old
Danube channel and side arm/oxbows in the Szigetkdz. Consideration should
be given to Increasing the flow rates to the maln channel. 4 system-wide
D0 modeling program sheould be conducted. Based on the medeling results,
appropriate mitigaticn {e.g., splll flows, mechanical aeration, alternating
operational modes)} sghould be developed 1f warranted. The effectiveness of
2 control gate to allow fish passage at Asvanyrarc, to allow spawning fish
access to the side channel system, should be evaluated. If warranted by a
preproject fish survey, sppropriate fish protection and guldance systems

at the barrages should be developed.

Revegetation programs using nmetive specles should be considered for zreas
along the Danube. Restoration of srez adjacent to existing remnant
forests along the Mosonl Danube should alsc be comsidered. This would

zlsc meet goals of the Szigetktz Landscape Protection Ares policy.

Modeling is needed to assess the possibllity <f reduced DO Im the two

reserveirs, and tc develop any necessary water quality mitigation measures,

One of the most effective weys of lmproving the gquality of both surface
and ground water and its attendant effects on ecological conditions Is teo
clean up the sources of the pollution. It 1s not the intent of this
report to discuss such concerns, but seme of the more critical sresas of
concern are the sewage discharge into the Mosonl at Gyor; the leaching of

bauxite red muds, and the asbestos cement plant, near Komarom; and the
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excezsive ampounts of farm fertilizers seeping into the ground water in the
Szigetkdz and along the lower reaches of the preject. We understand that
construction of sewage treatment faclilities at GySr has started and
evgluation of industrial effluent treatment is under way, These and

other effluent treatment plans should be pursued.

It is strongly recommended that sewage treatment facilitles at'Gy6r be

operatiocnal before the Nagymarcs reserveir is fllled.

Logcal authorities should develop recreation and land use plans to enhance
benefits of new tourism opportunities while limiting sdverse impacts to

existing land use and sensitive biclogical areas.

1.5.2 Menitoring Recommendations

Recommendations regarding the GNBE project monitoring preogram are summerized as

1.

follows. Detziled discussions are presented in Section 3.

The project has expended substantial efferts to develop dats te be used to
impiement mitigation of prolect-related environmental impacts. A program
to educate the publie about these efforts would do much to develop support

for the project and to answer criticism developed by the coppositicm.

After preject startup, the approximately 50 stream flow measturing stations
{existing or planned} can be reduced for project e¢peration purpvses to
about 10 stations, located at all project inputr scurces. All measuring
stations should be monitored until preject operating rules feor all ranges
of input comditions {streamflow, sedimentload, and pollutant load)} have

been verified.

After surface water levels versus ground water level correlations have
been verified, the'surface water level measuring stations can be reduced
to those at hesdworks and tailraces of project structures, twe locatlons
along the ¢ld Danube River channel, and contrel structures for the seepage

interception channels.
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Cress section suiveys should be conducted at 1 ko intervals along the
Hrusov-Dunaklliti reservelr to establish aress of major sediment
deposition for the flrst 2 to & years of prbject cperation, After major
gites of sediment deposliticn are identified, the number ¢f annual surveys
can be reduced to four cross sections — one cross section should be
located at the upstream end of the reservolr to check clearance in the

navigation channel.

During the first 2 tc & years, annual cross section surveys should be
conducted In Negymarcs reservolr at 3 km intervals and at reaches where
btank filter wells are located. After areas of depesition are identifled

the annual surveys can be reduced to about five lccations.

Annual analyses of bettom sediments should be conducted in beth reserveirs
to determine heavy metal content and to check that the bottom enviromment

is conducive for keeping the metals In the stable adsorbed state.

During the first year of project coperations, water gquality sampling and
znalyses should alsc be conducted for the two reserveirs, Mesoni Danute,
¢ld Danube channel, end the Szigetkdz side arm channel to check that the
water quality model is properly czlibrated and project operations are

malntaining the required weter quality level.

Sampling and enslysis should be increased during summer months when algal
blooms are occurring. During the sample day, DO measurements should be

taken twice (morning znd evenlmg) to record the diurnal Do changes. &after

‘the first year, sampling freguency can be reduced tc monthly and the

number of measuring stations may be reduced to selected key locations.,

For project operations monitoring in the SzigetkSz area, ground water
level measurements sheould be reduced to three lines between the Mosoni
Danube &nd the old Danube channel to track the ground water profile, and
at greas of speclal concern. Continvous menitering in these wells is
recommended. Another 10-15 sites should be selected for long-term

megsurenents and measured twice a year.
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For project operatlon monitoring along the reach between Ginyl and
Visegrad, monitoring should be conducted at potential areas of seepage
from higher reservoir levels, critical biolcglcal and archeclogical sites,
and between the river and the bank filter wells. The frequency of
measurement should be based on the expected rate of change in water
levels. Some sites may warrant continucus monitoring; others might bhe

measured four times a year.

Ground water quality sampling and gquality snalysils should be conducted
monthly for Z Years to esteblish baseline conditlons. Vertical sampling
of a few deep wells should alse be conducted. During project operations,
ground water guallity testing should be cronducted at critical sites and
over & widely spaced grid along the right bank reach at 3-mouth Intervals.

Ground water level dsata should be collected at a8ll biclogical menitering
statlons to menitor habltat changes., Stream gauging end water guality
datz should be collected st sensitive waterfowl locatlions such as

Asvanyrarc.

Annmual waterfowl surveys on the main Danube channel and side arms along
the length of Szigetkdéz should be conducted. Dats can be compared with

precperational survey results to determine changes in populations.

Seasonsl surveys should be conducted for the four protected birds in the

SzigetkSz teo detect changes In habitat use and asbundance,

If protected mammal species are ldentifled during precoperational surveyvs,

seasonal surveys should be continued during menitoring.
3nnual_fish surveys Including migration and spawning conditions should de
conducted In the main channel and side arms of the Szigetkd¥z and Mosonl to

determine cumuletive impacts.

DO levels should be monitored In both reserveirs.
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15, Monitoring for forestry should only be censidered If ground water levels
cannot be malptained by the artificizl]l recharge system as planned. HNo

monitoring for agricultural crops or livestock Is recommended.
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Séction 2

IMPACT EVALUATION ARD MITIGATIOR MEASURES

To provide anm independent review of the environmental consgeguences of the
Gabclkovo {BUs)-Nagymarvs Barrage {GNB) Project, the lmpact evaluation
presented below focuses on ldentifying Impacts that arve beneficlal or that are
significantly adverse and warrant mitigsation. We have followed the philesophy
that significant impacts nmust be Identifled pricr to project construction and
operation, and guallified - or, where posslble - quantified. Clear iﬁpact
definition 1s needed toc determine the extent to which adverse changes can be
successfully mitigated, &nd to determine the effectiveness of planned and

recommended mitigations.

To d§fine Impacts, a detalled precperational {(basellne} database must be
available. Data collected during a precoperstional monitoring program 1s used
to assess the effectiveness of Iinstalled mitigations or planned operaticnal
rules for flow regimes, and to adjust mitigations es necessary during
operation, The project precperatlional monltoring system is very detailed in
many rescurce areas, particularly hydrelogy and archaeclogy, and mere general
in other areas, particularly blclogy. We recognize that that variations in
the preoperaticonal moniteoring system database is due to the evolutlonary
circumstances {soclal and political)} surrounding the project since its
inception. The delay in completing the Nagymaros barrage pertion of the
preject affords an opportunity to further define the blelogical preoperational
menitoring system, resulting in s better assessment ¢f Impacts and effective

mitigations,

The impact evaiuation and discussion of plamned and proposed mitigatlions
rresented below begins with = discussion of the criteris considered In
defining impact significance. These criteriz are generally based on accepted
U.5. standards and practices. Due to the va;iable database, quantification
of significant lmpacts to high, medium, and low Is not possible. Impacts
have been defined qualitatively as belng potentially significant {er not},
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beneficial, or adverse. Planned or recommended mitigation measures are
discussed and the Impacts evaluated, Table 2-2 In Section 2.8 summarizes the
impact evaluatjon, planned project mitigations, and Bechtel's recommended

mitigations.

2,1 HYDROLOGIC REGIME .
2.1.1 Surface Water

The GNB preject will regulate the dailly Danube River flows over an approximate
160 km reach of the river. The potential slgnificant preoject-related Ilmpacts
to the area’'s hydrelogic reglme have been Identified by VIZITERV In the
summary documents outlined in Appendix 1. The significant project-related
impacts are discussed In sufficlent detail here to allow evaluation of plamned
znd proposed mitigation messurez and evaluation of the project monitoring

system.

Significant Impacts assoclated with the GNB projJect on the exlsting surface
water distribution, sedimentation, and surface water quality throughout the
Danube River reach of the project {from 1,606 to 1,860 river km) are evaluated
according to the changes from historic averages and patterns described below,
The historic average annual river flow through the Danube River project resch
range from 2,000 — 2,400 m3/s. The average streamflow veloclity for this

flow ranges from 0.9 to 1.1 m/s. The river depths for the average flows have
been 5 to & m. The average annual suspended sediment Inflow at Bratislava is
estimated to be 7 milllon tons., The amount of this material annuzlly
deposited along the project river reach under preproject conditions has not
been estimated. However, due to upstream barrage constructioem, the sedimgnt

inflow has shown & decreasing trend over the last 10 years.

Because of its Importance to asguatic life and its role in the breakdown of
poellutants, dissolved oxygen (D0} Is a key water quality parameter considered
in this evaluation. From 1984 to 1988, the DO content recorded at the
Dunakilitl barrage site averaged 10.3 g/l with minimum and maximum levels of
5.7 and 13.6 wp/l, respectively. The minimum DO level for Class I water
{highest quality) in Bungary is 5.0 mg/l.
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‘ Hrusov-Dunakilitl Reservoir. Barrages at Dunekiliti and Gabclkovo will create
the Hrusov-Dunakilitl reservelr. Surfece water flowing intce the reserveir
will be stored and released through the Cabelkovo power plant for 5 nours per
day. These power releases will be diverted from 30 km of the Danube River
{from river station 1,800 km to 1,840 km). Average dally Inflows, up to
4,000 m?/s, will be diverted through the Gabrlikove power .plant. However,
project mitigation measures include centinucus relessss to the old Danube
River channel, the adjacent side arms, and the Mosonl Dgpube to mest the
Szligetkiz's water demands for envirommental preservatioﬁ and agriculture, The
current planned average diversions are 180 m3/s to the old Danube River

3/3

channel, 50 m3/s each to the left and right side arm channels, and 20 =
to the Mosonl Danube. The impacts te the old Danube River channel and
Szigetkdz ares due to surface water redistribution will be discussed in the

subseguent sectiom.

The reservelr water level wlll range between elevations 129 end 131 m zbove
sea level (asl). This impoundment level will ralse the normal water surface
elevation at Dunskiliti by 8 m. Further, the impoundment level will be
between Z to & m above the ground level along 10 km of the reserveir right
bank dike. To minimize seepape from the reservolr to the adjacent low land
ares, & clay blanket will be installed under the dike, extending 1530 m inte
the reserveir. To contrel the reservelr seepage that passes under this
blanket, sn Interceptor/cellection channel will be constructed parallel to the
dlke. The primary purpose of this channel is to drain the éeepage water,
thereby maintaining the locel ground water level near the historic levels.
Thug, the impact of saturating adjacent lands will be mitigated. This seepage
water, estimated o be sbout 50 m3fs, willl be routed to the Danube side arm

channel at the upstream end of the Szigetkdz,

Sedimentation. The flow velocity in the Hru;ov—Dunakiliti reservelr will
range from slmest zerc to abeut 0.5 m/s during peak power production. The
gversge flow velocity In this reach of the Danube without the GHB project is
about 1.1 m/s. This reduced velocity in the new reserveir will induce
settlement of suspended solids., According to VIZITERY studles, approximstely
70 to 80 percent of the suspended sediment Inflow will be deposited, primarily

Y
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in the upstream portion of the reserveir where the Inflows first encounter the
reduced velocity regime. Deposition will alseo,occur slong the areas adjacent
to the reservelr dikes., Sediment accumulaticon could £111 the dead storazge
volume in the reservelr In about 60 years. However, during major fleods, the
gates at Dunakilitl weir will be lovered to zllow safe passage ¢f the flood
flows. At these times some flushing of deposited sediments can be expected
and therefore filling of thevdead storage ares will take more than &0 years.

Sedlment accumulation in the upstream portion of the reserveir will have to be
monitored to ensure that safe navigation depths are mzintained. Terledic
dredging of this areaz may be reguired. Sediment accumulation in the
downstream portion of the reservoir wlll bulld up 2 less permeable bottom

layer which will help reduce reservelr seepage.

Surface Water Quality. The impoundment of Danube River flows in the

Hrusov-Dunakilitl reservoir will affect the guality of surface waters.
Settlement of 70 percent of the suspended solids will clarify the water. The
water surface area will be Increassed aboutr four times. This larger surface
area will increase oxygen gas absorption, and thereby improve the DU content
of the water. The longer detention tlime will sllow the natural blolegicsl
process to reduce the corganic lcad under favorable DO and temperature
conditions. These three factors will lmprove the water quality. However,
during the summer months, the clarified water depth will increase, allowing
deeper light penetration, This, together with the already high nutrient load,
will promote Incressed zlgze productlion. When the extra organic load from
algae growth i= mixed.with the incoming organic leoad, a.reduction in DO supply
will occur. ¥When DO Is significantly reduced, the bleloglical breskdown of the
organic load will alsc be reduced. Reduction ¢f the DG level below & mg/L,
the limit for Class I water, would constitute an adverse Impact, With a DO
level &t or above & mg/L, the Danube waters would malntain the project szerobice
envirenment. Thus, there should be no ;ignificant impact to aquatic life or

to downstream potable water works due to the GNB project.

To determine 1f there {3 a water gquality impﬁpt due to the GNB project,; a

gquantitative evaluation is recommended. This evaluation should first
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establish whet conditions — c¢rganic load, water temperature, nutrient lcad,
gete. — might produce undesirable water quality{ If such conditions rcan be
expected — even If they have a low probabllity of occurrence - then possible
mitigation measures should be quantitatively assessed to determine the most
likely cost-effective mitigation. BSuch analysls could be accomplished using
existing water quality computer programs and the exXisting project database.
The U.5. Envirommental Protection Agency {(EPA} computer program QUALZE {see
Appendix Z) can be used for this analysis.

1f IO levels fall below acceptable levels, a proposed preoject mitigation
measure is to temporarily pass flows over the Dunakiliti weir to reduce the
detention period and thereby minimize oxygen depletion. This action would be
initiated based on reduced DU levels detected bylthe project monitering
program, Other possible mitigation measures which could be consldered would
be to temporarlly change the Gabecikove power plant operation to & run~cf-river
plant, thereby reduclng detention time and mechanical szeration {(example is

shown in Appendix 3). N

& second potentiel water guality problem hes been Identified concerning heavy
metals, Heavy metals tend to be adscerbed on suspended sediments. while
Danube sediment sampling for heavy metals {s limited, varying concentrations
of Hg, 43, Cd, Te, Zn, and Mn have sll been measured. Under GEB project
conditions, the suspended sediments will be deposited Iin the reserveir as
previcusly described. Deposited sediments with adsorbed heavy metals can
remain in a stable state indefinitely. However, If the reservoir bed
environment were to become anaeroblc, elther due to stratifjed conditions in
the reservelr (which is unlikely), or depesition of organic material with the
sediments, the heavy metals can be dissoclved, TFor example, the inscluable
ferric and manganic salts will be transformed to soluable ferrous and
manganeus ferm under anaercblic conditiens. In the scluasble state, the metals
could pass Inte the underlying ground water regime adding an unwanted

pollution loasd to the ground water,

There are measures which can be {mplemented to comtrel this problem. The most

positive measure is treatment of Iindustrial effluent for remeval of heavy
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metals., Industrial effluent ls the major source of heavy metal load In the
Danube. The second measure is to monltor reservoir depesition and to sample
the sediments. Should sediments with undesira%le metal concentratlons be
detected neaf ground water recharge areas, these sediments can be removed by
dredging. The bulldup of sediments is a slow process and remedial dredging
could probably be accomplished at 3- to S5-year intervals., A& third measure
would be to moniter the reserveir bed envircoment t¢ check that the adsorbed
heavy metal state has not been altered. This will require testing
representative sediment samples to determine what conditlons will cause the
metals to disselve. Should an undesirsble reservoir bed envirc..ent be
detected,; sediment removal by dredging c¢an be Initiated, ¢r the znaerobic '
condition can be alleviated by forced vertical mixing using pumps or

mechanical aerators.

Szigetkdz. Reducing the flow in the old Danube River channel reach {about
30 km long) from the historic 2,000 m3/s average to 100 m3/s will
significantly impact the adjacent enviromment. ¥Ith the planned 100 m3/s
centinucusly released at Dunakilivl weir, the average depth of flow In the

upstream reach of the ¢ld Danube River chaﬂnel will be reduced from 6 to 2 m.

The water level st the canff;ence with the power tallrace cenal and the old
Danube Elver chamnmel will be controlled by Ragymarcs reservelr impeundwment and
will be near the prior GNB project average water surface level. However, the
downstream portion of the sld Danube River channel water levels will fluctuate
daily accerding to the power releases at the Gabelkove powerhouse., TFor the
Joint Convention (KET) operation cese with a 1,500 m3/s average Inflow Inte
the upper reservolr and 700 MW peak power, the dally fluctuations will be

+ 2.0 m, at the tailrace confluence and + 1.0 m 10 km upstream of the tallrace
confluence. These dally water level changes will require riverbank
stabilizaticn to control eresion. Such erosion control measures are plamned
for the GNB preoject. The operation of Gabeclkove powerhouse and the resulting
downstreazm water level fluctuations are being evaluated., We upderstand that
¥IZITERY Is evaluating alternate operation modes and that & modified operaticn
plan will eventually be adopted which will yleld smaller water level changes.
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The water level in the side arms of the Szigetkz Is currently controlled

by the water level In the old Danube River chapnel up te 2,500 m3/3 as
vackwater effects. Beyond this flow rate the side arm dikes are govertopped
end water flows directly inte the rlde chennels, Therefore, without
gdditionel water level controls, the water level depth in these side arms
would be reduced up to 4 m, with flow diverted from the old Danube River
channel. However, mitigation measures tec control surface waters Ino the right
bank side arms are planned teo malntaln the historical water levels Iin the
Szigetktz sres. Mitigation measures include improving the existing system of
dikes -which channelize the side srms waters and planned flow releases of
approximately 50 m3/s {more 1f needed) at the side arm headwaters. 4
rockfilled drop structure wlll be placed near the downstresm end of the zide
arm chamnels. The purpose of this structure will be to maintazin the desired
upstream backwater level in the side arms and, mest imporrantly, to keep this
backwater level above the dally water level changes In the old Danube River

channel induced by the Gaboclkove powerhouse operation.

The southern border of the Szigetkfz 1s dellneated by the Mosonl Danube. This
arm will alac recelve releases from the Hrusov-Dunekiliti reservoir. The
forecasted relegse te the Mosonl Is 20 m3/s which will be & benefit of the
project. This release Is greater than the previcus average flow Iin the
upstream reach of the Mosonl, The previcus 20-year average has been 5 to

13 m3/s depending on the stage of the Danube River at Rajka.

Sedimentation. The sediment load in the releaseg to the old Danube River
channel and the side amms will be reduced due to sediment depesition in the
upstream reservoir, Further, the flow velocities will generally be equal to
or greater than the pricor GNB project flow velocities In the same channels,
Therefore, sediment deposition in the ¢ld Danube River channel and the
Szigetktz area will be significantly reduced from historic levels, The amount
of sediment depositien in the areas with the GKB project has mot been
estimated but is not anticipated to be & problem,

Yater Quality, The old Danube Eiver channel and the side arms will

receive flows from the upstream reservolr., As previously discussed, the water
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quality in the Hrusov-Dunakilitl reserveir will be improved, except for
possible seazcnal degradation preblems. Concerning flows released over the
Dunakilitl weir, the water guality willl be Improved because ¢f the aeration

inducéd when the flow tumbles over the concrete energy dissipation blocks.

Water quality in the slde arms will be Improved. The currently stagnated side
arms waters will be repleced by the steady 30 m3/s or mere flow released

from the upstream reserveoir.

The water quality In the Mosonl will be equal to or better than the past water
quality, except for the downstream reach Just above the confiuence with the
Danube, Here the daily water levéls will fluctuate by + 1.5 m, according to
the XET operation plan. These fluctuatlons will alter backwater up to the
city of Gydér. At present there are z number of raw sewage water discharges
intc the Mosconl Danube at Gy%r. Except when major flows {(greater than

3,000 m;/s} occur Iin the Danube once or twice a year, the sewage effluent Is
passed Iote the Mosonl Danube and diluted. However, under GNB project
conditions, the fluctuating backwater at Gyor will hinder mixing of the raw,
sewage. We understand that a sewage collection and treatment plant for Gydr
is under constructlon and will be operational in 1983. It 1s strongly
recommended that this treatment plant he In operation prior to lmpounding
water in Nagymaros reservelr. This would eliminate what otherwise would
become & health hazard if the current once— or twice-year sewsge mixing

problem were to be transfermed inteo & dally problem.

Nagvmarps Reservelr, The NHagymarcs barrage will develop s 120 km long

reservoir with a normal water surface elevation of 108 m. This Iimpoundment
wlll provide g ¢ m elevaticon drop for power gensration, and sufficient depth
tc pass navigatrlon up to the Gabeikeve shipleck., The reservelr will also act
as &n equalization pond by recelving the generatlion flows from Gabrikove
{about 4,000 m3/s for 5 hours) and releasing these flows at an uniform rate
toc the natural {lowing river downstream. TFurther, the Ragymaros welr, with

the radial gates lowered, will safely pass the 1,000-year floocd event.
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Along segments of the right bank, some dikes will be raised and the impounded
water level will be raised sbove the right bank ground elevation. This will
impact surface drainage from the right bank area, blocking normal drainage
paths info the Danube River. To mitigate this impact, seepage/drainage
interceptlion channels will be constructed parsllel to dikes where thé
reservelr water level will be above the adjacent greund level. The
seebage/drainage fiows collected In these chamnels will be lifted into the
reservoir at & number of pump stations at the downstream reach of each
interception channel. The water level 1in these channels will be maintained
below the surrounding ground surface level, thereby mitigating the drainage

problem. ‘

Peak hydroelectric generation at the Gabelkove powerhouse will significantly
affect the flow regime in the Nagymaros reservelr, According to the KET
gperatlion plan for the design low flow case with 90¢ m3/s inflow and 700 MW
peak power production, dally peak power releases will change from zero to
4,300 m3/s within cne hour and continue &t + 4,500 m3/s for 5 hours, then
reduce to & zero releasse, This repldly changing Inflow pattern will ¢muse the
water level at the upstream of the reservelr to rise 4 to 5 m over a 5-hour
period. At the downstream end of the reservolr this water lsvel will be
attenuated to & 1 m rise. This dally wave action will erode all exposed river
banks and levels without mitigation. To comtrsl erosion, riverbanks and

levees are to be fortified with riprap placed on geocmembranes,

Current practice for the Columbis River in the U.S., where similar
hydroelect;ic and sbipleck facilities are In 6peration, Tequire water level
¢hanges to be restricted to €¢.5 m/hour and 1.1 m/24 hours durlng the months of
Aprll through September, and to 1 m/hour and 2 m/24.hours during the monuths of
Gctober through March. This practice has been established to sccommodate the
fish emvironment, recreational boating needs, and commercial navigation

requirements.
As an example of actual river operation results, the recorded {olumbla River

water level changes for the reach of river downstream from the Bonneville Dam

and Power Plant during & normal yeasr {1980) were:
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o Maximum for 1 day - 1.%m
o Meximum for 1 month - 3.7 =z
e Meximwm for 1 year - 53.4m

Sedimentation. Except for shert pericds dur?ng major fleods, the sediment
lead intc Nagymaros reserveoir will be reduced because of the retentlon of ever
70 percent of the sediment losd in the upstream reservelr. However, sedlments
will be.received from runoff aleng the 120 km river reach of the Nagymaros
reservoir and from the tributary rivers. In the upstream end of Nagymaros
reservoir, little or no sediment deposition is expecteﬁ zlong thls reach
because of anticipated velocity changes. Sediment deposition is expeqted in
the 5¢ km downstresm end of the reserveir, primerily azlong the shallow
riverbanks where flow velocitles are lowest. VIZITERV has estimated that
sediment deposition im the lower reach river bank areas will be 4 to % cm
annually, However, during majer fleoed events, the radlal gates st the
FRagymarcs welr will be lowered to the riverbed level and some flushing of

bottom sediments Is to be expected.

Sceme concern has been expressed regarding the potentisl for sediment
deposition over the river gravel areas which link the Danube water tec the
filter bank water wells, primarily located along the river reach from Komarom
to Nagyvmares. Such depesition could form & more impermeable layer above the
gravels and reduce seepage Inte the gravels and inte the ground water wells.
However,; the deposlition Is expected only along the side banks, leaving the
center channel section clear of sediments. Spould thils occur, the flow path
to the water wells will be increased and the flov rate will be proportionately
decreased, Because permeability of the river gravels iIs high, the Increased
flow path length is not expected to significantly reduce the flow t¢ the
ground water wells. However, it is recommended that the water level of these
wells be monitored together with adjacent river water levels, Should s trend
of reduced well water levels be seen together with relatively steady river
water levels, blanketing of the river gravels with sediments mey be
occurring. This preoblem might be controlled by perlcdically lowering the

welr gates at Nagymarcs to flush deposited sediments or by selectively
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dredging the sediment depoesits. Such dredging would be contrellied to remove
only the top sediment layer while lesving the underlyling gravels largely

intact,

Surface Water Quality. The guality of water In the Nagymarcs reservelr

will depend on the quality of the inflowing waters from:

Hrusov-Dunakiliti reservelr

Mosoni Banube tributary

Right bank communities snd Industries
Vag tributary, left bank

Garam tributary, left bank

Ipely, left bank

Eighty-five percent ¢f the infiow iz from the upper Hrusev-Dunaskiliti
regervolr; therefore, the quality of these waters will contrel the water

guality in Nagymaros ressrveoir.

The next largest peliution load is from the left bank triburary rivers Vag,
Garam, and Ipoly. These combined inflows represent 1§ percent of the inflow
inte Nagymaros reserveir. These tributaries exhiblt water guality Indices

worge than those of the Danube.

The posslible change In Danube River water guality due to lmpoundment in
Nagymaros reserveir has not beenr evaluated, Water guality durlne some months
of the year will likely Improve due to settlement of suspended sediment and
more blolegical breakdewn In the upper reservelr, when the DU contemt is
sufflecient to continue this process, During summer months water quality is
characteristically lower tham average levels. Within the Nagymarés reserveir,
water quality could decrease further than histeric Ievels because of the
combination of higher reserveolr water temperature and Ionger detentlion time
for a&lgaer production. The possibllity of this impsct needs to be studled &nd
quantified to determine:
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1

c Combination of parasmeters, if any, that would cause water
guality degradstion over historic levels (i.e., flow rate,
crganic load, mutrient load, water temperature, and DO
content)

o Probabllity of critical combipation of parameters cccurring

¢ Apprupriate water quallity control measures {l.e., treatment
of scurce pollutant loads, reducing reservoir detention
times during critical periods, passing more flows over the
Dupekiliti Weir and energy dlssipation blecks te aerate the
water, etc.) !

Such quantitative evaluaticns can be performed using the QUALZE computer
program which would model the two reservelirs together with the water quality

processes (see Appendix 2}.

The possibility that heavy metals may concentrate in settled sediments and
later dissclve into waters drawn Into the river bank water supply wells alsc
exists for the Nagymarcs reservolir. This is particularly likely because the
Vag inflows have higher concentrations of heavy metals. A&Agsin, an analysis of
representative sediments should be conducted to determine if there Is any
likely combination ¢f events which could dissclve the adserbed metals. If
unacceptable conditions are determined tc be possible, appropriate mitigation
measures should be identiflied, tested guantitatively, and selected for later
miti;aticn wnen required. Poseglible mitigation measures include temporarily
stoppine Industrial discharges {the main scurce of metzl contaminants),
impreoving industrial effliuent treatment, temporarlily cpening the gates at
Hagymares, flushing flows from the reservoir, selective dredging, or

mechanical zeratien.

2.1.2 Ground Water

Hr-__ov-Dunsakiliti Reserveoir. The Hrusov-Dunakilitl reserveir and the Danube

River down to the clity of GBnyl overlsy & large ground water basin which alse
exc.nds under most of the Small Hungarian Plain (Kiszlf¥ld}. The Danube is
the predominant source of recharge to this dasin (reported estimate is

80 percent of total recharge}. Downstreasm of the Small Hungarian Plein basin,

below GBnyi, the Danube traverses a serles of small ground water subbasins
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centaining discontinucus aquifers extending to as much as 70 w depth. The

uppetmost agquifers in these subbasins are in direct contact with the

Danube Kiver,

Downstrean from the Nagymaros barrage site, the very permeable and shallow
gravels of the Danube River channel sre the source of bank-filter water supply
wells providing a majer part of the supply to Budapest. Similar well fields
provide water supply te communitlies upstream of Nagymares. Concern has been

expressed that coperation of the project may Impact those wells,

YIZITERV and its experts have conducted extensive and detailed subsurface
investigatrions of these ground water basins and have established relatlonships
between the aquifers and the Danube River. Based on the results of those
studles, the Impacts that GNB preject facllities and operations will have on

these rescurces i3 evaluated below.

Impacts the preject mey Impose on the ground weater hydrology are of four
general categories:

] Changes Iin the ground water recharge characteristics of the
Danube River

¢  Changes In the fluctuation and level of the water table
< Changes in the quality of ground water

o Changes In the filtering characteristics of the riverbanks

The signlficance of each Iimpact is evalusted primarily with respect te ground
water as & tesource. Other impacts of immedlate conseguence, such as
waterlogging of lowland areas, are also discussed, It should be recognized
that some potentisl Impacts assoclated with ground water changes described In
this sectlon may have significant consequences for cother rescurce areas. Such
effectg will be discussed In specific sections addressing those rescurce
areas, Potentlal project impects on ground water hydrolegy are discussed by

three subarsas:
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¢ Dunakllitl reservelr to Gonyi
o Gonyi to Nagymaros

o Downgtream cof Nagymaros

Dunakiliti to GSnyli Subarea, From Bratislava/Pozsony to Veének/Ginyd, the
Danube cresses a deep structural basin filled with very permeable sand and
gravel layers of Quaternary or recent geologic age. Thicknesses of those
deposits range from 10 to 12 m at the edges of the basin to more than 300 m In
the central area near Asvanyrarc. Fine—grained, low-permesble layers are
present, but are discontinucus. The full thickness of the deposits responds

zs one aquifer, which Is referred to as the “gravel aguifer” of the §Szigetkiz.

From where the Danube first flows onte the basin, it Is a source of recharge -
that is, ground water flows away from the Danube River channel, scutheastward
beneath the Szigetkdz to the Mosoni Danube. Ground water discharges to the
Mosoni Danube and Raba-Hansag water system, which in turn flows back toc the
zmain Danube channel near Gydr. The Mosonl is & drainage boundary within the
basin. Ground water to the scuth migrates nertheastward and alse discharges

te the Mosonl Danube.

The water table beneath the Szigetkoz fluctuates In response to the rise and
fall of the Danube stage. The response is progressively less with distance
from the Danube River chamnel. Seasonal fluctuations, based on the 35 years
of water level records In observetion wells, range from 4.5 m near the Danube
to 0.7 @ &t some distance from the river.

Impoundment of Danube River water in Hrusov-Dunakllitil reserveir and diversion
of around 30 km of the Danube River channel will alter the recharge regime to
the gravel aquifer. Recharge from the reservelr ares wlll be lncreased
because large portions of the reserveir are unlined and exposed to the gravel
aguifer. The reserveir ares open to the aquifer is over twice that of the
bypassed vld Danube channel. ZRecharge will alsc Increase because the rteservolr
water level will be raised 4 to 8 m above the average river level, thus
increasing the driving force for recharge. On the other hand, recharge f{rom

the old Danube channel will be reduced beczuse the historic sverage annual
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flow of 2,000 m3/s in this channel reach will be reduced to 100 ma/s. The
net change t¢ the aguifer ground water supply due to the sltered recharge

regime will be minimal - possibly increasing or decreasing slightly.

Measurable impects will sccur, however, to the ground water levels adlacent to
the reservoir and the old Danube River channel. Where land surface areas
adJacent teo the reserveolr are below the noermal reservoir impoundment level,
seepage from the reservelr will raise the water table - possibly inundating
local depressions. To mansge this problem, seepage interception channels have
been constructed parallel to the reserveolir dikes as part of the project.

These Interception channels will transport the reservolr seepage to the
Szlgetkdz side amm channels and will maintain the local ground water level

near historic levels. Neo additional mitigation is reccmmendegd.

The planned project release to the ©ld Danube Rlver channel is significantly
less than the h;steric average river flow. This reduced flow rate will lower
the water level In the old Danube River channel by 5 m at the Dunakilitl weir
and to no chenge st the old Danube River chammel/power tallrace cansl
cenfluence. The ground water table in the sdjacent Szigetkdz area will be

lowered because the Danube 1s the major recharge source.

To keep Szlgetkdez ground water levels near historic levels, an artificial
ground water recharge plan has been adopted for the CNB preject. The plan is
to release water frow the seepage Interception channels and the reservelr into
headwaters of the selected side srm channels snd the Mosonl Danube. The extra
fiows In the side arm channels will provide 2 new ground water recharge
source. Analog model studies of the Szigetkiz ground water basin were
conducted te help design the new side channel recharge system. These studles
have indicated that the average water table level can be meintsined within

50 cm ¢f the preproject level of 80 to 90 percent of the Szigetkiz, and the
histeoric level fluctuations wiil be reduced. However, the analog model study
included the assumption of a homogenous but unisotropic gravel aquifer is
homogeneous and isotreplc. For the srea-wide plan, this sssumpticn is
Justified and supportable. However, the SzigetkSz subsurface does vary from

place to place in composition and characteristics. Therefore, we suggest
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evaluation of specific areas where careful management of the ground water
level is Important, such as the heron habltat area near Asvanyraré, to

determine if additional ground water control measures are NECcess5arY.

Should a site-specific evaluation identify variable subsurface conditions,

additionel ground water contrel messures can b -veloped, such as

constructing small water supply ditches and/or dralnage ditches. These

evaluations should be conducted before the project {s operational.

Below GoUnyd, the Danube leaves the broad, open Small

. Gonyli-Nagvymaros Subares.

Hungarisan Plain and enters &n area of moderate to Ligh relief, flanked by

hills and intervening Iowlhnd areas. ¥ithin the hlll areas the river is

confined by high banks above the maximum flcod level, asnd there Is Iittle to
no width of flood lowland. Materlals underlying the hills are elther

consclidated bedrock, or relatively low-permeable materials,

There are three lowland reaches in this subarea; Komirom tc Dunaalmas, Tat to

Esztergom, and Pilismarct, These subareas are underlain by multilayered

alluvial deposits to varying depths with the sand and gravel layers comprising
aquifers. The water teble in these areas 1s commonly near, or at, ground
surface, Extensive drainage networks have been established for agricultural

development.

¥Yater supply In this region has been primarily oriented to surface water as &
gource. The ground water rescurce has not Deen developed in the vicinity of
the Danube River, A major reason, it appears, is that impairment of the of

shallow ground water quality Is pervasive, The use of “bank-filtered” wells
" in the last 2 or,3 decades has alliowed effective "natural” filtration of

Danube water, These filter wells are located to minimize interception of

ground water from the sdjacent areas., Several flelds of bank-filter wells are

pregsent salong the Danube River in thls subares.

-

With the construction of the Nagymarcs barrage, the mean level of the
river will be raised from 1 to 6 meters Iin the subzrez. To adiust to this

new Danube water level, the water table away from the rlver will rise

correspondingly unless secme remedisticn measures are imposed. ’
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{Page retyped)

Alonyg reaches of Nagymares where the mean project water lesvel would be
above the land side ground level, seepage interception channels will be
construcﬁed parallel to the reserveir dike. &s previously discussed,
these interception channels will contrel seepage from the reservoir and
maintain the local ground water level near the historic average level.
This measure is appropriate and workable and ne further mitigatiomns are

recomnended.,

In the hill areas, where natural high banks exceed the highest flocod
levels, the raised ground water will generally remain deep and have
insignificant impact on the area. Protective measures are planned for
some industrial plants and community facilities near the river. However,
seepage may occur in areas not previously expected. It is doubtful that
such occurrences would cause seriously detrimental effects, but it could
result in undesirable developments, such as marshy, wt ground. It is
recommended that the occurrence of ground water in those areas be
reviewed to identify potential areas where unwanted seepage might occur.
Ground water level measuring stations should ke added to the monitoring
system as necessary {o allow surveillance of these local seepage zreas

during preoject opezation.

The Nagymarcs reservoir will impact the bank filter walls by affecting
the capacities of the wells and the quality of the extracted water. With
regard to the capacity of the wells, the increaszed river level and the
reducticen of seasonal fluctuation will provide a higher, and moze
constant driving force, or head, to induce infiltration. This will
increase the potential capacity and dependability of the wells., On the
other hand, sediment deposited on the reserveoir bank will tend to reduce
the capacity-of the wells because it will develop a low- permeability
layer that could restrict infiltration.

To menitor inflow to the bank filter wells, wany of the wells are
provided with observation wells between the river and the extraction
well. The purpose has been to detect reduction in well efficiency.
Monitering these wells in conjunction with the reservoir level will alsec
provide an indication of whether or not sediment deposition in the
reservoir is affecting well capacity. Should it be proven that inflow
into some wells is significantly reduce due to reservoir side sediment

deposition, the sediments should be removed by dredging.

1l4gx 2-17




30

Quality of the water extracted by the bank-filtered wells wlll depend

primarily on the quality of ‘the river water. JThe filtering characteristlcs of

the sand and gravel materisls will not be affected by the reserveir. Because

the water level of the reserveir will be higher than the existing water level,
the wells wlll draw & lower pertentage of ground water from adjacent aress,
which are the present sources of poor quaslity water.  Should ar undesirable

dissolved constituent be introduced into the Danube River, the filter
characteristics will not prevent that constituent from eventually reaching the

filter wells except to the extent of the adscrption capaclty of the fillter

materizal.

The same concern for heavy metzl accumulation exists for the Nagymaros

reservoir as for the Hrusov-Dunskiliti reservolr. As previously discussed,

representative sediment samples should be tested to determine the particular
circumstances necessary to turn the stable adsorbed metals teo the soluble

The monltoring of bettom sediments should then track the local

state.
corrective measures

environment and if unfavorable conditions are observed,

already ldentified can be initiated.

Dowvnstream of MNagymeros. The planned operation of the project will not

significantly alter the flow characteristics or hydrology of the river

downstream of Nagywaros. Some dredging has been done to improve the channel

for navigation; Concern has been expressed that these efforts, or operation
of the project, c¢ould disturb'or zffect the bank-filter wells present in the
grea.

‘The dredging work has been terminated, so thsat ls no longer a factor. DBecause

the project wiil not alter the flow of the river in this aresa, the project can

not have a measurable impact on the performance of the wells, From 8 vater

quality standpoint, as discussed in the section on surface water, the project
operetion might result in an improved water guality except for s few months

The gquestion of lower guality water occurring during the

during the summer.
The bank filter

summeT months should be evaluated as previocusly recommended.
wells located downstream from Nagymaros will yleld water with the same water

guality ss found in Nagymeres reservelr. The coccurrence amd movement of

ground water downstream of Nagymaros wlll met be affected by project coperatiom.
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{Page retypedj

2.2 BIOLOGY

2.2.1 Impact Methodology

The impact analysis for kiological resources is based on information
documents listed in Bppendix 1, discussions with the Institute of Ecology
and Taxenomy {ELTE) and VIZITERV experts, and general biological
observations made during a field reconmnaissance ¢f the project acrea. The
reconnaissance included the Dunakiliti reservoir, Gabclkovo barrage and
power station, Nagymaros barrage coustruction sites, biclogical
menitoring station no. 1 at Dunakiliti, a side channel/oxbow in the
Szigetkdz, and a fringe forest at Pilismarét. Information’ regarding
bioleogical resources in the project area varies greatly. Specific
biclegical information is limited to 12 biclegical wmonitoring statioms.
Nine in Gonyid-Nyergesujfalu {T&t and Alm&sneszmély}, and one at

Szentendre Island.

The impact analysis provided by VIZITERV was limited as impacts as
agriculture, sylviculture, and fishing. Therefore, based upon the data
provided, an impact analysis was done to determine potential impacts on
biological rescources, and develop mitigatious and recommendation for the

meonitoring program.

Significance Criteria. Several factors were used in evaluating impact

significance, these factors are the: importance {e.g., ecological, legal,
scientific} of the rescurce; total size or areal eatent of the populaticn
ox habitat within the ecologically equivalent area; aﬁount of the
populaticon or habitat expected to be affected; ecological ramificatiens

*resulting from the effect; and anticipated duration of effects.

An impertant is considered “locally significant® if it is expected to
directly as indirectly cause measﬁrable change within the localised area
in either (1)} species’ composition or sbundance beyond f£hat of natural
varlability, e¢r {2) ececleogical function. Teo be locally significant, the
size of the affected area would be relatively small compared to that of

an ecoleglically equivalent area within the regien.
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An impact is considered “regionally slgnificant™ If it is expected to directly
or indirectly cause measursble change within mpultiple localized areas or a

single large area. In other words, it is considered regionally signiflicant if

the affected arez is a relatively large pertion of the ecologically equivalent

-

area within the reglon.

in iwpact is comsidered “lopg-term” If the change iIn specles coaposition or

"abundance or ecological function is expected to continue for 5 years or

.longer. Measurable changes expected to last less than 5 years are considered

“short-term.”

The threshold for significance Is determined by scientific judgment and
conslders the relative importance of the specles end/or habitat affected.

Where there 1Is uncertzinty about the deternination of =z impact due to the

limited databese, judgments vere conservatlve. 1In such cases, vncertainties

‘gre ldentified and the rationale for the conclusion is expleinec. In selected
instznces, a most likely case and a less likely, Dut more severe, case arce

both identified - particularly where impacis are gemzrally expacried to be
insignificant, but could becoue significant given certein conditions. The
probabllity of a significant impact In these cases is indicated te the maximum

extent feasible. Identifying more than one possible level of sigrificance nay

3
slse cccur where baseline information on blologicsl resources is inedequate to

support & sclentific judgment.

Although the same criteris 2re gppllied to protected species {e.g.,
threatened, endangered, or rare}, effects on only e smell gres of their
habitat or & few individuals could result in & determinecion of significance.
Due to factors such as limited distributlon, low population numbers, or
Iimived. &ability to recover from Impacts, a& lover 1evé1 of potentiesl impact
{than for non-endangered biota} would generaily result in & detercination of

g2 significant impact on rare, threatened, or endangered-species.

Biclegical resources for which édditional baselline {(e.g., preoroject) data are
needed to enable prediction of Ilmpacts also 2re identified, and general

guldance on the types of additional data needed is given.
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2.2.2 Impact Discussion

The constructicn and operation of the GNBE project has the potential to affect

blelegical rescurces inhabiting the Danube River and adjacent floodplain aress.

Significant Impacts expected to result from the construction and operation of
the project are ldentifled, thelr eilgnificance is assessed, project-planned
mitigaticon messures are described, and additional mitigation mezsures zre
reccmmended below., In some cases, avallsable informatién does net allow &
determination of the likelihood or significance of an impsct. In these cases,
potentlal impects are Ildentified and the additional data needed to adequately
ugsegs and mitigate such Impects are described briefly. Blological impacts
are identified for each of four reaches, SzigetkBz-GSnyl, GOnyli-Nyergesujfalu,

Ryergesﬁjfalu—ﬂagymaros, and Nagymaros-Budapest,

SzlgetkSz G8nyli - Vegetation. Discussion of impacts on vegstation in this

section focuses on effects on natural vegetation., Effects on agricultural
crops and managed {l.e., harvested) forests are discussed in Land Use

{Section Z.3).

Construction of the Hrusov-Dunakiliti reserveir, the diversion canal; the
Gabelkeve (Bds) Barrage System, and ancillary support facilities (e.g.,
access roads) included clearing of forest and riparian vegetation which is
permanently lost. Although the vegetation of thls area was not specifically
charscterized pricr to clearing activities, some general conclusions can be

made regarding less of the natural vegetation.

' General Impacts. Generally, the flocdplain vegetation of this reach of

_ the Danube has experienced strong anthropogenic effects from flood management,
'éilvicultural practices, and management of wild game species. An estimated
70-80 percent of the floodplain vegetation consists of artificial (i.e.,
menaged) stands of poplar. These poplar plantations deo not support the
natural understory vegetstion, but instead develop an herbacecus layer
following flooding. This isyer consists primerily of 3 = tall stands of
impatiens glandulifera, {an introduced species), Urtica dlolcs, and
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Aster spp.. An estimated 1,100 hs of managed poplar ferest were cut and

cleared for coenstructlon of the Dunakilitl resgrvolr.

Areas that are not ezsily accessible to equipment and narrow visual buffer
strips have remained unmanaged, Areas that sre not planted in poplars
{20-30 percent) censist of naturel, but altered vegetation Iincluding the

following associations: willow thicket (Salicetum purpureae, Salicetum

triandrae); willow-popler gallery forest {Salicetum zlbze—fragilis); and

ash-ca¥-elm gallery forest {Fraxinc pannonigae-ulmetum panmomicum}. It can be

extrapolated from the sbove Information that 200-300 ha of naturzl vegetation
were ¢leared for the Dunekiliti reservoir and are permanently lost as
habitat., HMitigation for thls Impact Is discussed below in conjunction with

the loss of vegetatlion due teo aridification.

Aridification. Once the project is operationsl, diversion of
approximately 95 percent of the aversge flow of the Danube Inte the navigation
canal will lower the ground water table between the mein chamnel of the Danube
and the diked-off side channel system, which will concommitantly result In
alteration of floodplain vegetation. As described In mere defail in

Section 1.3, the plamned operstional dlscharge’sf 100 m3/s {continucus}

inte the main channel which has an average natural flow of 2,000 m3/5 is
expected to lower the ground water table approximately 1-3 m. It has been
estimated that a 250-300 m wide zone of vegetation will be affected by this
aridification. This drier zone will extend approximately Z% ko downstream
slong the main channel of the Danube to Just upstream of where the tallrace
canal rejoins the Danube {l.e., the backwater confluence)., Approximately

20 percent of the vegetation im this zone is natural vegetation with most of

the area consisting of planted poplar.

Based on the correlation between vegetative associations and annual mean water
levels in the soil, it 1s expected thet the natural vegetation within this
zone will change over time. Areas of willow {Salix purpurea, S. triandra)} and
willow-poplar gallery forest (Salix alba, S, fragilis) are expected to be
replaced by vegetation adapted teo dryer solls, such as cak-steppe and dry

grassiands.
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Loss of willow thicket and willow-poplar gallery forest vegetation due to
clearing for the Dunskiliti reserveir and lowerlng of the ground water table
in the zone along 2% km of the Danube will measurably reduce the number of
thege natural habltats In the Szigel.Sz area. This loss of vegetation will be
8 long-term impact of the project. Vegetation cleared for the Dunakilitl
reservolr Is permanently lost, and slternation of willow thicketr and
willow-poplar forest vegetation to asseciations requiring less water Is alse

expected toc be permanent.

These habltats already have been reduced In the Szigetkdz, and the additienzal
reductlions resulting from the proJect will include a ceonsidersble portion of
the remaining natural vegetation, Additiconally, these natural vegetation
types are ecologically important because they support & greater diversity and
sbundancte of bird species than de the planted poplar stands in the flcedplain
of the Danube. Because of the Importance of this natural vegetation; the
extent of the ares to be affected, and the long-term nzture of the effect,

this is considered to be a long-term, reglonally significant impact.

Mitigation Messures, Three types of mitigation are possible for this

impact on natural vegetation., First and preferably, the impact could be
reduced by increasing the flow released continucusly to the main channel of
the Danube, The degree of mitigation would depend on the Incresse i{n flow and

associated ground water levels,

Second, this impact could be reduced scomewhat by developing and ilmplementing =
revegetation plan to reestablish natural vegetation in the Szigetkdz. To
facilitate reestablishment of naturel vegstation, riparian areas sround the
Dunakiliti reservoelr could be planted with suitabie native species, For
example, the possibility of sprigeging with unrecoted 5alix species should de
considered. ERiparian vegetation, however, s expected to establish naturally
arcvund the reservolr, This mitlgation measure would expedite replacing lost
habitat, but would not fully offset ;he acreage lost permanently to the
project.
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Third, a revegetatlion plan alse could be developed te begln implementation of
the planned, but currentl& unfunded, expansion,of the remmants of native
forest aleng the Mosonl Danube, which Is one of the sbjectives of the
Szigetkdz Landscape Protection Ares policy. TFor exasmple, acreage Immediately
adjacent te¢ the remnant cak hardwood forest at the Hédervar forest monitoering
station could be obtained, cleared, and planted with appropriste specles.
Reestablishment of thls type of natural, high-diversity vegetation which
supports a more diverse fauna could offset the adverse lmpact of the loss of
natural vegetation in the floodplain., The minimum mitigation recommended for
the preoject includes Increasing the flow releases to the main channel.nnd
reestablishment of expanded acreage of the remmant hardwoeod forests along the
Moson! Danube. Facilitating reestablishment of riparian vegetetion at the
Dunakiliti-reservoir alse should be included but Is net considered as

important =8 the other two mitigations.

Other Impects. Other potential lmpacts on vegetation identified in the
Szigetk¥z-Gonyl reach were evaluated and considered to be insignificant. No
significant Impacts are expected on the old feorest vegetation {e.g., Hédervar,
Feketeerdd) and asscoclated protected plant species {e.g., Lilium buldbiferum,
Ophrys spp, and Irls sibirics) along the Mosonl Danube because the flow of
the Mosenl will be maintained {l.e., 8lightly increased) during project
operations, and ground water levels in the adjacent sreas are not expected to
change {Section 2.2}. Additionally, the preolect will not elter any lend
within these “strictly protected areas™ of the Szigetkdz.

Naturel vegetetlen occurring in the vicinity of the Danube side

channel/oxbows is not expected tv experience significant adverse impacts.
Reeds, willow-poplar gallery, willow thicket, and other natural vegetsation
comprise approximately 20 percent of the total vegetation and exist in areas
not sultable for silviculture {e.g., sbandened berrow plts). This type of
vegetation will be supported by maintaining the water level in the slde
channels, &Alithough some localized changes In specles composition are expected
In response to alteration of ground water levels (e.g., decreased ground water
levels toward the center of larger islands in side arms)}, these changes are
not expected to result in significant Impacts on the naturai wetland and

riparian vegetation.
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The effectiveness of the system to maintain water in the side channels wiil
need to be monitered., If the ground water level drops, significant impacts on

natural vegetation could occur.

Areas of water-1ily mats {e.g., Nymphaes zlba, Nuphar lutea)} are considered

rare in the area (Simon and Lang, 1989}, cccurring in an estimated 20
locations smong the side chanmels in shallow water depths {2 m or less).
Yater 1ily mats mey be expected to be lost In localized areas where water
depths increase beyond Z m, but te develop in areas where Qater depths
decrease to sultable depths {2 m or less}. Overall, this iz not expected to

be a significasnt impact.

SzigetkBz-GBnyl - Wildlife, & limited amcunt of speclflc Informstion onm birds

in the Szigetktz is aveilable and was used In assessing impacfs. Due to lack
of data, i{dentification of Impacts on ether wildlife species and habitats is
limited toc a generel discussion of potentiasl impacts. )

Construction Activities. Generally, exposing birds and mammals to
construction neise disturbs them temporarily. It canm alse result In the
zbandonment of breeding sites or habltat, which could result in & significant
adverse impact on specles which have very limited sbundance or specialized
breeding habitats, However, no such specles are known to occur, or expected
to have been affected, In the vicinity of the Dunakilitil reserveoir site.
Because similar habltats exist {n the area, and no known speclies of
particularly semsitive bird and mamma]l occurs, the temporary censtruction
oolse disturbance is expected to have no slignificant impact. However, &
'definitive {mpact determination cannct be made because the fauna of the area
waz not surveyed and ldentifled pricr to constructisn,

i

Conatruction activities at the Dunskiliti reservoir will result in some bird
and mammal mortallity and displacement of additional individusls due to loss of
habitat., A4s with comstruction oolse impacts, this Is not known to have
affected any bird or mammal speclies of limited numbers or restricted habitat.
Such Impacts are not expected to be significant. Agsain, however, thiz is not
g definitive determination becsuse precomstruction, species-specific

Information for the reservelr site is not available.
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Operating Activities, Operation of the project will result in additionel
displacement impacts on birds and mammals. 7This will be due to the loss of,
or changes to, habltat along the old channel of the Danube resulting frem
lo;ering of the ground water level in the 250-300 m zone between the old
channel and the diked off side arms {(as described under vegetatlon). BRecause
. habitats and assoclated wildlife of this area have not been characterlzed and

mapped, this impact cannot be quantified or assessed by speciles.

Danube Floodplain. It is generally known, however, that the Danube

flor” ;lain area to be affected by the project supperts a wide diversity of
bird specles, including significant numbers of waterfowl, scme of which are
residents of the area during the breeding sezson {ss observed zat monitoring

stetion ne. 4) including: little grebe {Podiceps ruficollis), garganey (Anas

gquerquedula), teal {inas crecca), green sandpiper (Tringa ochrepolus}, and

common sandpliper (Trimgs hypoleucos), It 1s considered likely that the

95 percent reduction of flow to the old channel and resultant loss of agquatic
and riparian vegetaticon (within the zone between the maln chammel and the side
arm system} will affect & wide diversity of specles and substantial numbers
along the 25 km resch. This-is expected to be a regionally significant
long-term {mpact. Some utilizatien ¢f aquatic and ripsrian habitat may be
shifted to gimllar habitats Iin the adlacent side erm system., This will depend
upen the comparable quality of the hablitat and exlsting faunal populations.
This possibility needs further study.

Increasing the operational flow te the old Danube River chamnel could alse
reduce this impact. The resultant impact on aquatic and riparian hablitat and

waterfowl would be smaller as the continucus minimum releases Increase,

To better determine the potentlal Impect and evaluate the need for this
mitigaticn and altermate flow relesses, gquarterly seascnal surveys of
waterfowl species, habitat usage, and habitat type are strongly reqommended.
These surveys should be conducted for a l-year perled within the area that may
be affected by project operatlen. {Once these data have been collected, the °
waterfowl usage and wetlands habltat of the area can be mapped. The

information could then be compared to an estimation of the expected changes in
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habitat {based on the expected increase In depth to ground water znd water
requirements of dominant plant specles). This would allow more definitive
predlicticon of the expected impact and could be used for determining the mode

of operation and flow release tov the old Danube Elver channel.

Four protected bird speclies which utilize habitat potentially affected by
rroject operation were ldentified, The little ringed plover {Charadrius
dubius) 1Is known to nest and breed between stones in the sandy arezs of the
floodplain along the maln channel of the Danube, This species could be
adversely affected by the alteration of hablitat slong the main channel during
project operations., The llkelihood of this Impact camnot be assessed due to
lack of infeormation on its distribution and habitat usze In the vicinity of the

project.

In the SzigetkUz, the protected willow tit (Perus montanus) 1s only known to

oceur and breed im the hardwood forest at Dunasziget {(biclogical monitoring
'station no., 23. The cak galliery forest which it inhabits is on an elevated
flgodplaln circumscribed by twe branches of the side chamnels and the main
channel of the Danube.. Any change In habitat would adversely affect this
species. While no change in the water regime 1s expected, additional
information regarding its distribution and babitat use ia needed to determine

the likellheood of adverse impacts to thls species.

The treecreeper {Certhla familiaris} is known to breed in the Dumasziget
forest (biclogical monitoring station no. 2} and alsc has been observed at
Asvanyraro {blological monitering statiom no. 7Y, but not during the breeding

gseason. Conditions similar to those described for Parus montanus apply te

this species.

The feourth protected bird specles which could be affected by the project is
the penduline tit {Remlz pendulinus) which nests and breeds in the willows at

Dunaremete {(bloclogical moniteoring station ne. 5. While the ground water
table maintained by the release inte the side arm system 1s not anticipated to
affect the willow habitat which this species inhabits, the likelihoed of

adverse impacts to this species camnnot be determined at this time.
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Prolect-related impacts on any of these four protected bird speciea could be
long-term and’regionally significant due to their limited distribution and '
abundance and specific breeding habitat reguirementz. Special attentiem

should be directed toward preventing changes to the hydrologlic regime which

could adversely affect hablitats of these species.

Mitigations teo maintain adeguate water levels and flow should Include
glternatives to the operation mode and flow releases. Ancther mitigation
would be planned monltoring of changes In vegetation at these sltes during

project operstions, and adjustments in the flow in the side channels and/or

main channel should the vegetstion begin to be affected adversely. 4 baseline

survey of the four protected blrd specles to characterize the distributioen,
abundance, and seasonzl habitat use of this ares of the Szlgetkbz is
recommended, Data from the surveys could be used to map seazsonal habltat use
s¢ that specific areas could be monitored for adverse changes during preject
operations. HMonitoring results could then direct asny adjustments necessary in
flow rates and timing in the side channels system and/cr main channel to

maintain these breeding habltats for these sensitive species.

Yetlands gnd Riparisy Aregs, Project ¢perations also present the
potential to affect wildlife inhaditing the wetlands and riparlan areas in
the floodplains of the side arm/oxbow system of the Danube, Most of the
inlets of this side aIm system have been diked off from the main channel and
intermediate dikes have been constructed, so that the surface wster in the
side arm system is only recharged by seascnal flooding (i.e., "white flood®
from January to March and “gresn flood™ in May-June). Currently, the ground
water gradient iz such that &t low river stages It slopes towards the Danube,
whereas &t high stages the Danube recharges the ground water in this ares.
Once the project is operational, arcund 100 m3/s of flow are released to
the main channel at Dunakilitl {compared t¢ &n average prepreject flow of
2,000 m3/8). The ground water table in the area adjacent t¢ the old channel
is expected to drop by 5 m at the Dunakiliti welr decreasing to 0 m at the
confluence with the tailracé channel. This is expected to result In potengial
loss of water frem the side arme vhich could result In loss of wetland or

riparian habitat importaant to waterfowl.
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Plans have been developed to malntain the pfeproject ground water levels in
the SzigetkSz area by releasing water from the, Hrusov-Dunakiliti reservelr
intc the side arm channel system and fortifying the dikes which slready
geparate the side arm channels from the main channel, Together with the
intermedliate closures In the side arms, ten smell pools will be formed. Water
overteopping these riprap dikes will feed successive poels. The slde chamnel
flow will recharge the ground water. The excess f{low willl pass over a
rockflll drip structure at the downstream end of the side channel system and
return to the main channel. To control varisble seepage Into the ground

water, flow levels In the side channel system can be regulated.

Te minimize the risk of an unwanted drop In the SzigetkBz area ground water
level and assocliated adverse Impacts to Important hablitats when the flow is
initially diverted from the main Danube channel, it is recommended that the
flow at the Dunakilitl weir be reduced in incremental steps. At each step,.
the reduced flow In the main channel Is held constant until the new flow inte
the side channel system has sufficlently stabllized the local ground water
level., This procedure should continue untll the Danube flow 1s reduced to
100 m3/sec or the selected minimum old channel flow. This procedure should
be followed when flow Is diverted from the Danube channel for the first time.

Due t¢ the uniqueness of this system and the lack of baseline data, impacts on
wildlife, particularly waterbirds using the side arm system, cannot be
asseased accurately. In the event that the surface water levels dropped
significantly in the side arms, important breeding and feeding habitat could
be lost and adverse impacts on waterbirds could result, which should be

avoided by all means,

&svanyrars Area, It is evident from the limited data that one ares
in which the hydrolic regime requires special attention 1Is located near
Asvanyrarc. This srea is known to suppert significant numbers of waterfowl,
inciuding nesting gray herone, night herons, cormorants, mute swans, mallards,

coots, and a palir of black sterks.

1la8x 2-2%




62

Partlcularly senslitive sre the heronry and a black stork nest at Asvanyraro,
The heroury has been estimated tc have 100-120 nests regularly used by gray
hercns (Ardes cinerea) on & single island 1-2 %a in size. The island is .
vegetated with Populus tanadensis and Salvix slbs estimated to be 40-50 yénrs
old. Additicnally, a tree was cbserved to have spproximately 20 nests. One
lake In this area 1s of particular importance &3 feeding habitat for adult and
young herouns, due to Iits high density of crustaceans. The lake has been
connected to a side arm/oxbow by a shallow, narrow channel which allows it :3
e flocded occasleonally. The locaticon cé\the black sterk nest is known only

to local foresters.

Thiz ares currently has many side channels sessonally comnected to and
exchanging water with the maln channel. These inlets would be diked off prior
to project operation In order to confine water to the side channels, The
oxbow system st Asvanyraré would then recelve flow from one upstreaw channel.
The flow rate should be regulated during operaticns so that changes in water
levels and water quallty will not affect the heron feeding lake or nesting
trees, otherwlse changes could result Iin s long-term regionally significant

impact on the species,

additionally, it is recommended that the area mear Asvanyrarc which is
iomportant to hercns and cother waterbirds be established as a permanent
preserve protected from human activities, Human use {e.g., timber manzgement,
development, recreaticnal facilities) should be svoided to prevent additional

gtresses on this biolegically important area.

The potential for impacts on other wildlife {e.g., protected mammals) could
not be assessed because no basgeline mammal surveys have been conducted., 4
literature search on mammals. {particularly protected species) should be
conducted to ldentify possible occurrence in the Szigetkdz area that may be
affected by project operations. Bassd on the literature search, seascnal
surveys should be implemented to characterize occurrence and habitat use over

8 l-year perioed prior to project svperstions,
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Szigetkdz_Ginvi — Fish. Thils reach is recognized as important to the fish
ecelogy and iz known to suppert 55 fish specles. Although no fish surveys
were conducted for the project, generalizations can be made regarding the
abundance and distribution of some specles based on fisheries production and
harvest data, The carp famlly (Cyprinidse).is domlnant both in terms ef
specries richness znd abundance. Some species have been introduced into this
reach by direct stocking {e.g., grass carp, sllver carp) or by escaping from

other stocked areas (e.g., €el)}.

Significent Habitats. The reach from Dunakiliti as far downstream as
Komarem is particularly I{mportant due to its varied hydrelogical conditionms,
which support many dlfferent fish species and 1ife steges. The avallabllity
of heterogeneocus habitat in this reach of the Danube and {ts laterals is
advantageous to the fish populations as 1t provides diverse conditions to
support different species, spawning and rearing habitat, and abundsnt food
organisme. This reach is & complex system consisting of three distinct, but
interrelated, water bodlies: the maln channel of the Danube, the side \
channel/oxbow system, and the Mosoni Danube.

The main chamnel of the Danube includes a diversity of water and substrate
conditions. This reach of the Danube includes rapldly moving water masses and
cther conditlons important to some species {e.g., barbel, pike perch, asp}
wiich live I{n the main channel. Hany ¢f these Qpecies inkabit the Danube
throughout most of the year, migrating upstream 50-150 km iIn the spring to
spawn in the side channels. Currently, there 1s little remaining natural
spawning hablitat in the main channel except for five lecations io pretected
backwater channels behind islands. '

The slide channel/oxbow system Iin the Szigetktiz alse provides Important habitat
for fish species. Currently, these laterals are closed to the Danube at thelr
upsteam ends, copen to the main channel at thelr downstream end, and
predeminantly recharged by seasconel flooding over the dikes from the Danube.
Some specles inhebit the #ide channels, dead arms, and ponds year—-round {e.g.,
tench and cruclan carp). Other species, artifically populated through
stocking efforts, are common in the side arms and uncommon in the main channel

{e,g., gress carp, blghead carp).
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A& number ¢f specles migrate inte the side channel system to spéwn (e.g., white
fish, sterlet) and then return to the msin channel. The side arm system Is
extremely important habitat for spawning, due to the loss of most spawning
habltat in the maln channel; and supporting fry, which drift through the side
channels feeding on abundant plankten for several weeks before belng swept
downstream snd eventually Into the main channel. Spawning In the side arm
system supports fish stock that inhablt the main chamnel of the Danube beldy
Komarom, Seasonsl floeding of the side arm system includes censiderable
sedimentation which provides organics to support food organisms.
Approximately 30 spawning locatlions zre identified on a map of the SzigetkSz

side arm system.

The Moscnl Danube alse provides loportant fish habitat. Masses of adult fish
mlgrate upstream from the Danube Iinte the Mcosoni to spawning grounds, The
water quality i the Mosonil varies consi{derably by arez and over time
depending on waste water loads discharged from GySr and other locations.

gccasional fish kills have been observed in the Mosonl Danube,

General Trends. The fish fauna of the Danube River has been zltered

considerably over time due to several activitlies. The most signlficant
changes were dug to river control activitles Including diking, dredging, and-
channellzing — which eliminated natural habitat {(Iincluding important spawning
beds}), The fish fauna als¢c has been affected by stocking with artificially
hatched fish Including gress and bighead carp, sterlet, pike, eel, and pike
perch to support commerclal fishing and angling. Alsc, several specles have
been affected by detericrated water gquality and eutrophlication resulting from
waste water discharges Intc the Mosonl and the Danube. Other specles have

been overfished (e.g., sterlet),

Several trends sre notable as indicative of the current conditlion of the fish
stocks and their habitat in this reach, First, the annual total catch has
decreased by 11 percent from 1968 to 1986 despite stocking efforts., The
amount of fish In the Mesoni Danube haz declined more significantly thar the
oversll catch of the Szigetkdz atez. The propertlion of carp, pike, and plke

perch decreased over this time.
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Second, several pollution-sensitive specles (e.g., barbel, sturgecn, silure)
which had Leen cobserved tc have decreased In fish catches (believed to have
been due tv detericrated water qguality and/or polluticn of bottom sediments),
appear in recent years to be increasing in the area. The observed Increase
in nmumbers of non—étocked specles Is attributed to s recent trend toward
{mprovement In water quality ip the main chamnel of the Danube., Increasing
numbers of other specles {e.g., sterlet, carp) are due to stocking efforts in

the ares.

& third trend noted from fish catch data is the increasing proportion of young
fish caught which, considered with the steady restocking rate, indicates that
the natural proliferetion rate is decreasing. 4s an example, the pike, which
hes a relstively low oxXygen demend and high-vitality young which begin
predator feeding early, Is declining. This decline Is believed attributable

to 2 decreasing proliferation rate comblined with intensive fishing.

Potential Impacts., Although the fish stocks of the Szigetkdz region
are generally known, ne speclific information on specles® abundance,
distributien, seasonal hsbitat use, spawning times, or spawning sreas was
available. Due to the lack of specific dats, Impacts on fish species cannot
be accurately {dentified. The following discussion Identifies potential
impacts expected to ccour, but cannot defensibly quantify the impacts or
predict differential impacts by specles. Seascnsl fish surveys are strongly
recommenided to provide s preproject database, The database can be used to
better assess the impacts expected to occur, develop appréopriate mitigation

and/er monitering programs, and monltor impacts during project operstions,

The fish surveys should be designed to identify =ll specles present, thelir
abundance, seasonal habitat use, migration patterms, spewning locations, and
spawning schedule. The surveys should be conducted over z pericd of 1 year
prior to project cperation {l.e,, diversion of the water from the main
channel}. These surveys should include standard sampling technigues {e.z.,
electroshocking, gill nets, and long lines) selected to charscterize different
species and life stages in appropriate locations in the mair channel, the side

arm system, and the Mosoni Danube.
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A number of sffects of the construction and coperation of the project may
impact fish in this reach, Including fish strapding, DO effects, changes in
specles composition due to alteration of water flow, lesa of flsh spawning,
and entrainment/turbine-~i{nduced mertality. Due to the lack of dats on fish,
only potential impacts can be identified at this time; Gnce baseline fish

surveys are completed, these impacts should be reevaluated more accurately,

Due t¢ the reductlon of surface water flows in the main channel, some fish may
be stranded in pools Isclated from the channel by the dreop In water levels.
Mortality may result. This is expected to cccur immediately after diversion
of most of the flow from the main channel to the diverslom canal. It may alse
gceur occasionally following temporary dischargé of high flood flows which are
discharged to the maln channel. Beceuse fish populations are generally
tesllient to limited numbers of mertalitlies, thls Is not expected to result in
& significant, long-term Ilmpact on fish specles, and Is not expected to

warrant mitigation.

Alteration of water flows resulting from the use of reserveirs and diversion
canals ls expected 1o lead to changes in the specles composition of the fish
stocka, Specles that inhabit rapldly flowing water (e.g., sturgeon, barbel,
pike perch) are expected to decrease in numbers in this reach due to decreased
flow rates resulting from the creatien of the reserveir and the diversion of
‘fléw from the main chamnel of the Danube. This effect has been cbserved as a
regsult of the hydroelectric plant &t the Iron Gate where sturgeon moved
upstream t¢ areas with greater water velocities, Other species adapted to
slov-moving waters or lake environments (e.g., Centrarchidae} are expected to
increase in numbers, Baseline data on the fish species® distribution and
sbundance would enable & better assessmeunt to be made of the expected
changes. Some significent, Ilong-term changes In specles composition and
nunbers, however, are likely to occur in the Dunakiliti reserveir and in the
main channel once the flow rate is reduced by nearly 95 percent of the flow.
This impact could be reduced by increasing the rate of flow discharged to the

main channel.
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Another potentis]l impact of the project iz a reduction in DU concentraticns,
as explained in Section 2.1.10, and msscociated effects on fish., Low DO
concentrations can affect fish zdversely by decreasing their growth rate
(and consequently their reproductlve potential) which may cccur at BO
concentrations of approximately 6.5 mg/1; snd by causing filsh mertality,
which may occur at 3-46 mg/l (but varies greatly by species).

Qualitatively predicting changes In D0 concentrations is difficult due to

the complexity of facters Influencing such comcentrations. Under natural
coenditions, DO In & waterbody comes from disselution at the water/air
interface and &s a byproduct of photesynthetic activity by algze. Dams may
zerate water., Oxygen In water ls reduced by respliration of aguatic organisms
or bigleoglical decompoéition. Further complicating the predlictability, DO

concentrations are relsted to temperature.

The potentisl for DO reductlon and effects on fish Is known to be associated
with changes that can result from creatlion of reserveirs., Once the Dunakiliti
reservelr hias been filled, residence time of the water is expected to Increase
from about 1 day to 2 to 3 days. This, in turn, is expected to result in
increased sedimentation and an asscciated increase in light penetration inmte
the reservelr. Increased light 1s expected to stimulate additional s&lgal
production In the reservoir., Bacterial decomposition will consume oxygen and

result in lower DG concentrations.

Algal numbers In the Hunga:ian reach ¢of the Danube are believed to be limited
primarily by light which is related in part to seasonal changes. Under
existing conditions, sessonal trends in algal preduction have been observed.
Increases In algsl densities correlate with perlieds when the Danube is
characterlized by low turbidity and high iight conditions. Butrient supply In

the Rajka reach of the Banube does not limlt algsl preoductien.

Based on a review of the nutrient supply in the Danube and observed baseline
algal production, it ls epparent that algal blooms may potentially result from
the Dunakilitl reservelir., Since the early 1960s, 2 five- to tenfold Increase

in algal production has been documented in the Denube and attributed to
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increased water residence time, sedimentation, and light resulting from
impoundments constructed during this perloed aleng the upper reaches of the
Danube. Based on observed trends and data, it has been estlimated that the

Dunzkilitl reservoir will at least double algal productlon In the Danube.

Ty date, however, DU concentrations at Rajka ﬁave been measured at 6.7 -

18.2 mg/1 which does not indicate current oxygen deficiency effects on fish.
It cannct be determined at this time how much Increased algal productioen,
bacterial decomposition, and oxygen consumptlon will result from the reservelr

or whether these changes will produce adverse DO effects on fish,

Lo Hodeliﬁg Program. It 1s therefore recommended that the project
conduct a DU modeling program pricr to cperaticn. ‘This is a technique that
has been appllied to other river systems with proposed multiple barrages {e.g.,
the Ghic River). ¥odelling would enable better determination of the potential
development of DO deficiencles, provide a realistic basls for any necessary
mitigation, and could be developed Into an operational monitoring preogram to

avold adverse DU effects on fish.

A DO modeling effort Is based on measured concentrations of DG and temperature
data ¢ollected above and below each barrage. The data zre used to calculate
the expected change In DU downstream. Such a model should be run for seversl
conditions {e.g., low flows, moderate summer flow, and aversge flow}. It is
used to predict how much the DU concentration will decrease and over vh;t
distanée the decrease will extend. Beczuse the cupulative decreases in DO
resulting from a multiple-barrage system can be greater than the decrease for
either system operating independently, & cumulative, system-wide model sheuld

be run.

Once the model has been run, the projected DO concentrations can be compared
to DO criteria developed to minimize or aveld Impacts on fish:; There asre three
wmethods which can be used. The first is to compare the DO concentrations to
the water quality criterion of & mg/t which iIs used in the U.§. where rivers
run through multiple states. This criteriom, however, is not recommended for

this project becmuse more recently developed criteris are more useful.
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The second method Iz t¢ compare the DO concentrations to the EPA criteris
which have been developed feor various types of:effects on different life
stages., These criteria take intoc sccount complex interactions between fiszh
size, temperature, and cother water quality features, These criteria are sas

follows:

o Early life stages:

No production Iimpairment = 6.5 mg/l+-
Stight producticen impesirment = 5,5 mg/l
Moderste production Impairmsnt = 5.0 mg/l
Severe production lmpairment = 4.5 mg/l
Linit to avold acute mortality = 4.0 mg/l
e’ Other life stages:
Ho production impairment = 6.0 mg/ls
51ight production impairment = 5.0 mg/l
Moderate production Impalrment = 4.0 mg/l
Severe production ilmpelrment = 3.5 me/l
Limit to aveld acute mortality = 3.0 mg/l

& thlrd method which could be used is bicenergetics medeling, which develops
quantitstive estimates of production impairment over an annual growing season
under different scensrlics. These models consider the interaction of Juvenile
fish growth with oxygen concentration, temperature, fish size, and other water
quality factors such as dissolved emmonia concentration. Bicenergetics models
have attained widespread use in the U.5. for assessing potential impacts on
fish.

Based on the results of the DO modeling program, & determination can be mede
regarding the petential for dissolved oxygen deficiency. If the modeling
reveals & potentisl for adverse effects on fish, mitigation can be developed

t¢ cperate the project while maintaining adeguate DO concentrations.

Mitigation Messures — Uxvgen. If deemed necessary, mitigation

neasures that could be considered include:
o Spilliing flows
o Mechanical seration techniques such as pumping air through

nozzles Into the turbine draft tubes or some type of
diffuser in the tallrsce
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o Gpersting the Gabcikovo power statien in contlnucus mode,
or zlternating between peak and continucus operation (to
reduce algal production)

o Drawing down the reservolr during certain conditiona {slgal
blooms)

D0 deficiency associated with the Hrusov-Dunakllitl reserveir could affect not
only fish in the reserveir but glsc fish in the Mosoni Danube, the side arm
system, and the main channel of the Danube, all of which will recelve flow
from the reservoir. If DO levels in the reservoir are adequate to maintaln
fish productien, n; significant-impacts would be expected on fish In these
downstream systems. If & DO deficiency developed In the reservolr, however,
it could adversely affect fish in the Mosonl, the side channels, and/or the

main channel. .

A definitive determination of the potential for b0 deficlency could not be
made based on available data. For example, the current DO levels in the side
channels are not documented. During operation of the project, the DO
concentratioq of the water In the side channel system may increase due to
increased flow at the reservelr end. Alternatively, increesed light
conditions due to sedimentation In the reservolr could result in Incressed
algal preduction and decreased DO concentrations in the slde arm system. In
addition, nutrient exchange, currently occurring from seascnzl flooding over
the dikes along the reach downstream of Dunakiliti te Asvanyrars, will be
altered {l.e., managed annual flooding will be discharged at one peint, from
the side wall of the ship lock at Dunakiliti). This In turn mey affect algal
production and decompesition rates and DO coﬁcentrations in the operational
clused side arm system. The net effect o% the changes In this system could

net be predicted at this time,

Changes In water gquality due to operation of the project alse may affect flsh
in the Mosonl, side arm system, and the main channel, If no DO deficiency
develops at the reservelr, water gquality In the Mosonl may be expecrted to
improve relative to fish needs, due to the increased rate of flow which will

allow for increased dilution of waste waters. Temperature effects cannot be
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-projected based on availzble Information. As discussed previeusly, DU,

temperature, &nd nutrients may change In the s}de are system which may lead to

changes in fish productivity, species compositicn, and distributien.

Fof example, plke perch &re sensitive to DO concentratlons, and additicnalily,
pike perch populatlicons are dependent on the fry {present in April and Hay)
cbtaining sufficient numbers of planktonic crustacean prey which in turn is
related to inundatlion of the side arms. If fry of this species do not obtaln
this specilalized prey, large numbers of mortallities occur., If this affected
multiple-year classes of plke perch due to changes in the side srm habitat, it
could result in & glgnificant long-term Impact on this specles. These types
of potential changes could not be addressed in the scope of this study.

Mitigation Measures - Spawning. Operation of the preolect as planned

1s expected to adversely affect the natural spawning of some fish species (n
the side arm system.' The species that will be zffected are those that live In
the main channel as sdults, but migrate into the side arms to spawn, A4s
described previously, some species migrate 50-130 km upstream in the main
channel and then Inte the side arms (which currently have their ocutlet ends
open to the maln channel}. Once they have spawvned, the'adults return to the
main channel while the fry drift in the side arm channels and feed for 2
pericd of time before jolning the adults in the main channel.

During operation of the project, all of the remaining side arm cutlets to the
main channel will be diked, Additionally, & rockfilled drop structure will be
installed near Asvanyrar¢ in order maintain the water level In the side
channel system. Although this is advantageous from the standpeint of
malntaining water in the slde arms needed to support resident fish,
tiparlan/wetland vegetation, and waterbird habitar, it will result in the
permanent blockage of migratory fish access to spawning habitat in the side
arm/oxbow system, which currently provides much of the remaining natural
spawning habitat tc support fish stocks in the Hungarian reach of the Denube.
Natural stocks of some species are expected to¢ be reduced over time with
conitinued low recruitment, This loss of access to spawning habitat is
expected to result in regionmally significant, long-term Impacts on some fish

specles (e.g., plke perch, sturgeon).
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. Other specles which Inhabit the side arm system year-round or these which are
artificielly stocked and raised In dead side arms or abandoned borrow plts
will not be adversely affected In this manner. From a managed flsherles
atandpoint, this may not be considered adverse, because stocking efforts may
‘be used to maintaln fisheries production., From an ecclogical viewpeint,
however, this is expected tc be a significant adverse Ilmpact on the al;eady
reduced natural fish stocks ¢f the Denube, -

The most effective mitigation would be to maintain sufficient flow in the main
chennel, but this apparently I= nct compatible with operatiom of the Gabrlkove
power station as planned. It is recommended, nonetheless, that an evaluation
of alternative means of cperating the Gabceclkovo barrage/power station systeé
{including seascnal changes)} be conducted to¢ assess the feasibility of

maintaining the natursl fish stocks which spewn in this area.

At z minimum, conslderation should be glven to z means of maintaining
migratory fish access to the side arms during spawning times. Baseline
surveys recommended previcusly should be conducted to identify the lccations
and timing of spawning in the side channel. Once this information is

avallable It should be assessed to determine how spawning can be malintained.

One poasibility is the Installation of a gate {rather than the rockfilled drop
structure} &t the location near Asvanyrars to hold water in the side arms,
which could be ¢pened toc &llow fish passage upstresnm into the side srms system
during the spawning migratiens. This could be disadvantagevcus to other
aguatic-dependent biota {e.g., waterfowl, wetland vegetation), however, unless
adequate water levels can be maintalned during the periocd the gate was

opened. This mitigaticn would e2llow some fish passage to spawnlug areas In

the side arms,.

Mitigation Measures — Mortzlity, Entrainment and turbine-induced

mortality alsc will result from the preject. Organisms that mzy be entrained
inciude phytoplanktion, zooplankton, fish eggs and larvae, and Juvenlles or
smaller (¢ 5 cm) of certaln fish specles. Passing through the hydroelectric
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turbines at Gabelkove presents three potential means of injury or mortality to
fish. First, fish or other organisms can be p?ysically struck by the rotating
turbine blades which can result in fish belng cut apart or sther severe
trauma, Secondly, flsh can be Injured by rapid changes in weter presaure
{sssoclated with the hydraulic system). Such pressure changes may result in
rupture of thelr alr bladders. The third type of injury may result from shear
gssociated with differential water velocities gccurring near solid wszlls or
turbine blades, Thls tearing action can result io {mmedlate death or delayzd
mortality. Damage from entrainment Inte turbines is generally more severe on

larger fish.

Studies of turbine-Induced meortalitlies have shown varied results. For
example, large numbers of mortalities {Amerlcan shad, striped bass) were
recorded in the Bay of Fundy, while low mumbers of mortalities of salmon were

recorded In the Columbia and Merrimack Rivers. ’ \

Entralnment and mortallty studies are complex and expensive. In lleu of
performing mortelity studles, some projecés have quantified entralnment rates
and developed appropriste compensstion for assumed losses, Quantification of
entrainment, however, alse Is difficult using current techniques, Hetting s
logigtically preblematic in turbine wells and discharges and acoustic sampling
does net provide reliable specles Identification.

ilternatlively, scme projects Iostall flsh protection devices rather than
performing difficult and expensive entrainmen£ and mortality studies. This
would be the preliminary recommendatien for this project, but this
recommendation should be reviewed in conjunction with turbine desizn once

the one-year baseline studies have been completed establishing the specles
distributien, abundance, and migration patterns. Data could reveal that fish
use of this upper reach does not warrant Iinstallation of a fish protectien

system.

Fish protection and guidance devices include lights, neise, electric fields,

physical barriers, screens, and bar racks, Often a louver system or angled

1148x _  2-41




74

N
bar rack system ls selected, consisting of a rack of vertical steel bars or
louvers spaced 5-10 cm apart placed at the intake and angled te the directien

of water flow znd fish movement,

However, the appropriateness ¢f such & system must be reviewed, taking Inte
account the physical configuratien of the barrage/powerhouse system and the
river, ,and the fish specles present. For example, conslderations must
include: whether the protection system Iz exXpected to be effective for the
fish species; the physical potential for orlenting such & system appropriately
to the flow of water and fish relative to the Jocatiom of the powerhouse; the
size of fish to be protected and compatibiliiy of sappropriate bar spacing with
the operating head of the facility; and potential incompatibility with ice
floes and large debris,

An Innovative fish protection device has recently been probosed for one
project which consistes of a 490 m long porous rock dike upstream of the
powerhouse intake. Prototype evaluation studles were performed for such a
structure in nassacnusetta which concluded that it was nearly 160 percent
effective for screening juvenile and adult fish, butr resulted in the loss of
zooplankton, fish sggse, and larvae presumably eaten by filter-feeders living
in the dike. The structure alsc had a reduced velume of flow {(slthough head
was unaffected)} due to clogging which had to be backflushed.

Barrage systems alsc present the potential feor blecking fish passzge of
ﬁigra;ory species. The project has Incorporated a fish lock Into the
Dunakiliti barrage system to accomedate fish passage, Tt is an automatic
system coperating on & 2-4 hour cycle. TFish are attracted to the entrance by
means of flowlng water (simulating the natural flow in the channel) and a
light duct, After approximately Z hours, the lower gate ls closed, the upper
gate Is opened, and the slulce is filled from the hizadwaters during which time
the flsh migrate upstream and exit the fish lock, The fish lock design is
based on a gsystem currently in use In Austrisz which Is demonstrating good
results, and Is reportedly preferred over a fish ladder. It is assumed that

this system will mitigate impacts on migrating fish,
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GBnyl-Nyergesuifalu — Vegetation. The vegetation sleng this reach was only

generally characterized In the project’s summary documents, and consequently
the impact analysis is limited to general concluslons. Natural riparian
vegetatlion along thils reach of thé Danube floodplain is generslly poor end
limited to a zone of willow-poplar fringe forest with willow shrub
undergrowth., Oak-elm-ash fringe forest occurs along higher streambanks in
areas around Gdnyili, 4cs, Komérom, and Nyergesujfalu. Large settlements and
industrial areas have developed zlong the Danube, with a resultant reductionm
of fringe forest, and agricultural and silvicultural use have contributed to

the degradation of the remaining stands of natural vegetation.

Argas of natural] riperisn and vegetatlion wetlands will be lost due to armoring
streambanks with riprap t¢ minimize bank eroslionm due to water level
fluctuations. The acreage of natural vegetation to be lost (i.e., cleared

and filled or excavated) due to dike reinforcement or strengthening, channels,
or placement of riprap for slope stabilizstion could not be estimated becsuse
the-fringe forest vegetstion along this reach has not been inventoried, The
river tenk slope fluctuation will occur along dike exposed to dally water
level fluctuations and will generslly be protected from ereslon thrsugh
placement of riprap. It 1s expected that & significant portion of the
existing fringe forest will be permanently lost ts flood protection.

Due to the rise in water depth In the Danube (estimated at 2 m at Komaromw and
3.5 m at Nyergesﬁjfalu relative to mean water level) and dally fluctustions in
water level, the ground water level will change In some areas adjacent to the
Danube River. This will result In changes Io vegetation. In low-lying areas,
"ground water levels will be maintained to approximate current conditlons
through the use of dikes, seepage Iintercepter channels, snd pumping stations.
Thus,. the potential for effects on adlacent vegetation wlll be reduced to some
extent. Areas of higher streambanks are expected to experience greater
increases in ground water levels, and the composition of the vegetation in
such streambank aress may tend to change toward more hydrophilic plant species

and communities,
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Effects on fringe forest and other riparlan vegetation are expected to be long
term or permanent, This reach appears to have{proportionally less natural
vegetation remaining alonmg the Danube, due to more settlements and Industrial
development. A substantlal pertion {approximiately 300 ha} of the natursal
fringe forest along this re#ch is sxpected to be lost or altersd. This is

considered to be & significant impact.

The most effective mitigation for these Impacts on vegetatlion would be to
operate the Gabclkove (BGs) power staticom in the continuous mode. This would
eliminate the pericdic Increase in the water depth, the dally water level
fluctuations and &ssoclated glope stabllization measures {i.e., riprap}, and

the resultant lmpacts on natural vegetatlom.

Alternatively, & revegetation program could be developed to replace the
natural vegetation lost to project development. A revegetatlom program plan
could be developed by & multidisciplinary team including preject engineers and
blological expertes — such as the ELTE staff who are performing the biclegical
monitoring end are famillar with the natural vegetation of the Danube
floodplain. Such a program should consider slope stabllity, erosion control,

appropriate vegetation, and visual consziderations.

First, to maintain the structural integrity of the dlke system, arsas where it
is undesirable to reestsblish trees or understery vegetation, such as tops of
dikes or steep banks, should be identified, For revegetation, consideration
should be given to using native species of grassez or non-native specles that
provide both sultzble erosion control {e.g,, rapid establishment of adequate
cover) and habitat value to wildlife. Using native grasses adapted te the
local area and site-specific conditions {s advantagecus because native sgpecles
will establish permanent cover that does not require periedic maintenance

treatments {such as reseeding), and provide better wildlife habltat.
Rezestablishment of native shrubs or forest to replace & portlon of th;t lost

to project development should be considered, Where possible, topseil sheuld

be spread over f111 materisl to provide & substrate conducive to supporting
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vegetation, and then the areas sheould be planted or seeded with natlve plant
species. Several different revegetation treatments could be used for
different conditions., For example, some riparian areas {with high scoil
moisture content), could be planted with shrubby vegetation (e.g., Salix
purpures}, Other areas could be planted or seeded with tree specles {e.g.,
Quercus rcbur, {, pubescens, Acer campestre, Sambucus nigra}, and pessibly

understory species {e.g., Cornus mas, Sangulnea lipustrum vulgare) as
appropriate,

The blologists at ELTE have collected and developed information that would be
very useful in deslgning a cost—effective revegetation program. Revegetation
recommendations could be méde based on established revegetation technlgues,
the experts® knowledge of the existing natural vegetation in currently
undeveloped areas, species water requirements (based on Zolyoml's water
regquirement categéries), and Simon*s nature conservation ranking system. The
development and implementation of a revegetatlion plan could mitigate a portion

of the loss of natural vegetatiom that will result from the preject.

GBnyii-Nyergesuifaluy — Wildlife. The wildlife inkabiting this reach;

including protected birds or mammals, wes not characterized prior to project
development. Consequently, lmpacts cannct be accurately assessed. Generally,
corstruction impacts would Include temporary nclse disturbance, mortalitles,
irjuries to individuals, and displacement resulting from loss of habltat due
*o dike and seepage Interceptor channel constructien and riprap placement {as
described previously). The fringe forest along this reach does not suppert
the diversity or abundance of bird specles found In the Szigetkdz.

Impacts could be mitigated by replacing habitat lust to flood protection and
riverbank stebilization through the development and implementation of a
revegetation program {as previously described).

§Bayi-Nyergesuifaly - Fish. The only potential impact on fish identified for

this reach would be effects of DU deficlency on fish in the main channel
should this condition develop in the Hrusov-Dunakiliti reservoir (as described
rrevicusly). HMitigation would be the same &5 that described for the previous
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reach {i.e., system-wide DU modeling and mitigation as required). Impacts on
migratory fish inhabitating thls reach, but spawning In the Szigetkiz side arm

system, were discussed previously.

. Eyergesuifalu-—Nagymarcs — Vegetation. Generally, iImpacts on natural fringe
forest along this reach of the Danube would be similar te those described for
the previous reach. This area, hoewever, appears to have more natural
vegetation left undisturbed along the Danube (i.e., less industrial

development and fewer settlements).

Much of the reach from Nyergesﬁjfalu te Esztergom is bordered by low stream
banks., Consegquently, much of the remalning fringe forest Is expected to be
lost to dikes constructed for flood protectien. From Esztergom to Nagymaros,
much of the reach is bordered by high stream banks, which will require less
clearing and diking. These atess, howaver, may experience an increase in the
ground water table associated with the rise In mean water level from elevation
102 to approximately 108 w/asl once the Nagymaros barrage system is

operational.

is a result of censtructlon and operation of the project, some stream bank

vegetation will be inundated, some will be lost to slope protection {e.g.,

armering with riprap), some will be lost to fill in the vicinity of project
structures, and some will change toward more hydrophlllc assoclations. The
acreage of natural vegetation to be affected by the preoject could not be

estimated.

Overall, loass of and changes to the natural vegetatlon along the Nyergesujfalu
to Nagymaros reach are sxpected to affect a substantlasl pertlicon of the
resalining fringe forest and other riparian vegetatien. Such chatiges are
expected t¢ be permanent. This is considered to be & long—term signlficant

impact.
The project has identified £ potential technlique proposed to reduce loss of

the fringe forest in some areas between Negymeros and Dombs where fill will Dbe

requlired to ralse the streambank. In aress along the river where 1-3 m depth
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of fi1l is needed, the project plans to spread the fill material throughout
existing fringe forest rather then first-cuttipg and clearing such areas.
Filling and grading would be conducted In phases {(d.e., fill would be placed
in the same areaz &t two different times}, In an attempt to avold killing

the trees,

This method was used by the project-cn the island of Bergman Sziget near
Ragymaros, where the local residents were concerned over the potentlal loss of
& 40-30 year o¢ld stand of peoplar {Populus capadensis) trees., ©On this island,
a total depth of 1-1/2 m of sandy/gravel f£ill material was applled In two
phases, In an sttempt to reduce the Impact of resultant changes in ground

- water levels on the poplars.

The effectiveness of this technique over time is currently being studied, and
to date shows variable results, The trees have died in some areas, but not in
others, It was suggested that this technique could be improved by placing an

apron of rocks 4-3 m high around the trees as a sort of fllter.

This mitigation is not believed to be an effective and <ost-efficient
mitigation In the long term. A phased approach to f£illing and grading will be
co3tly because It requlires mobllization of construction crews and activities
at twe different times. Use of the proposed rock aprons placed arocund
individual trees would be very laber intensive, time consuming, and costly.
Furthermore, the propesed phased filling methed Is unproven zud not considered

likely to be very successful for maintaining the fringe forest over time,

A more effective mitigation mezsure would be the development and
implementation of a revegetation program siong the Danube as described
earlier. This program could apply seversl different treatments designed to
facilitate reestzblishment of natural vegetation and would be & more effective

means of maintaining riparian vegetation in the proJect area,

Nyergesuifalu-Nagymsros - Wildlife. Project-related impacts on wildlife along

the Nyergesujfalu-Nagymaros reach cannot be accurately assessed beczuse no

baseline surveys were conducted to characterize specles® occcurrence and
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habitat use. Simllarly to the previous discussion of the upstream reach,
construction activities related to flood protectlionm and bank stabllization are
expected to result in temporary nclse disturbance, mortality and injury of
individuals, and wildlife displacement due to loss of habitat. Impacts
resulting from hsbitat losses could be mitigated to some extent by a

revegetation program as described previcusly.

The Nature Conservatlon District of BSrezstny (bordering on the left bank of
the Danube Bend from Zebegeny to Nagymaros) ls known to support protected
birds, reptiles, and amphiblans. & pumber of endangered birds of prey may be
found Iincluding the imperial eagle (Aqulla hellaca}, the lesser spotted eagle
{aguils pomarina}, the saker falcon (Falco cherrug), the short-tced eagle
{Gircaetus galllcus), the red kite {Milvus milvus}, and the black kite (Milvus
migrans), and rare specles may alse be present Including the eagle owl {Bubo

bubo) and black sterk {Giconia nigra). Several protected mammals slsc inhabit

the closed forests of thls conservation area: {Martes martes), {Martes

folna), {Mustels ermines} and (Mustelz nivalis).

¥o specific information could be obtained on the cccurrence of these species
in the vicinity of ongoing project-related constructicon activitles near
Nagymarcs, Discussion with blologlsts at ELTE and otherz suggest that these
speclies tend to vcour toward the interior of the area, away from affected
riparian areas. whether any avian nesting trees would be affecred along this
reach of the Danube could not be determined. The prelect has reduced impacts
on rapters amd migrating waterfowl from transmission lines {i.,e.,

electrocution, collision injury) by using underground cable mains.

Nyerpesuifalu-Nagymaros — Fish. A potential impact onm fish identified for
this reach would be DO deficlency effects should this condition develop in

the Hrusov-Dunakilitl reserveir (as described previcusly). Mitigation would
be the same &8 that described for the previous reach {l.e., system-wide DO
wodeling and mitigation as reguired}, Fish entrainment and turbine-induced
moTtalities similar to thése described for the Gaboclkove power station

are expected to ocgur &t the Nagymaros power statlon., Baselinme survey
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recommendations and mitigatfon develeoped were described under the
Szlgetkdz-Conyl reach. Potentlal disruptiocn of fish migration due to the
barrage has been mitigated by the use of & fish lock as described for the
Gabclkove barrzge/power station, {Impacts on migratory fish inhabitxﬁing this
reach, but spawraing in the Szigetkdz side arm system were discussed under the

Szlgetkdz-Ginyl reach.)}

Nagymaros-Budepest — Vegetatlion. Natural vegetation along the Teach from

Nagymaros to Budapest, downstream of the project facilitles associsted with
the Rzgymarcs barrage system, 1z not expected to be affected by the prolect.
Becauge the system will be operated in the continuéus, run-of-the-river mode,
o changes In water levels and asscclated bank or flood protectlion measures

are planned. <{onseguently, nc vegetation wlll be cleared.

Hagymaros-Budapest — Wildlife. ¥o baseline surveys were conducted to
characterize wildlife use of this reach. Limited data on birds observed st
Szentendre Island {bicloglcal monitoring station) were avalilable. Because the
Regymarcs barrzge 1z a& run-of-the-river system, it will not significantly
alter the downstream flow of. the Danube or the recharge of Szentendre Island.

Ro significant impacts on wildlife are expected.

Hagymarog—Budapest - Fish. The only impact oo fish identified for this reach

is potential for DU deficlency effects downstream of the Nagymaros barrage and
power station. Reductien in DO concentration below this power statlion would
be cumulative from the two barrage systems. Mitigsation for such impacts could
Le developed (as described for the SzlgetkBz-Dunakiliti reach) if werranted by
the systewm-wide DU modeling effort. {Impacts on migratory fish speciles
inhabitating this reach as adults, but spawning in the Szigetkdz side

arm/oXbow system were discussed in the section on the SzlgetkBz-Gonyl reach.)}
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2.3 LAND USE

2.3.1 Description of Significance CGriteria

Jdentification of land use Impacts related to the project Is based upon
significance criterle, which determines the importance ¢f a land use change,
gither beneficis]l or sdverse. Assessment of impacts on land use considers the
effects of the project on existing and proposed agricultural, industrial,
sylviculturzl, residential, and special land uses, Reereatlon impacts and
fishery impacts are discussed in Sections 2.6 and 2.z, respectively. In
addition to land use changes brought about by the preject, impacts created by

induced population growth and future develcpment should alsc be considered.

Significent impacts to land use Include conflicts with adopted environmental
plans snd goals of sffécted communities, substantial Increases In population
concentration, disruption or diversion of an established community, loss of
sgricultural land, or redﬁced productiviry. &riteria used to determine
significance of impacts Include loss or gain Iin agricultural preoduction caused
by the project, including construction activities, access to markets, and
traffic. Impacts to sgricultural land uses should be assessed by Identifying
the areal extent in hectares that would be affected, crops affected, and value
of resource lost or galned, The greater the value of the resource loss or
gain, the more significant the impact. Any long-term loss of high-value
agricultural land is a significent impact.

Slgnificance of impacts en industrial enterprises would include considerations
of whether the project would interfere with or displace Industrial operations,
or interfere with access t¢ Industrial facilities. The extent of the
disruption would reflect the level of significance ¢f the Ilmpact.

.
Impacts teo resldential land use are significant if ﬁew land use is
Incompatible with proposed development and existing residential land use.
Improvements for residential land uses, such 83 Increased sccess, or Improved
water supply or sewage disposszl, would constitute a bemeficial Impact, but It
could alsc result In adverse impacts If it induces population growth. The

slgnificance of impacts on residences is gauged sccording to the number of
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residential properties affected, and the number of project-related conflicts
and incompatiblilities with affected settlement pattemns.

Special land use econflicts resulting from the project; {(e.g., encroachments on
nature conservation areas), and the significance of the conflicts is &
function of the extent of the aresz affected, and the regulatory protection
afforded the speclal use.  Impacts on speclal land use are significant if the
speclal land use ares is decreased or objectives of the special land use ares
cannot be met as a Tresult ¢f the project., Beneficlal impacts would be

realized 1f speclal land use sreas were increased or cbiectives exceeded.

Growth-inducing impacts asseclated with the project reflect the abllity of a
comnmunity to absorb effects such as Increased traffic or potential conflicts

with loca]l pelicies designed to schleve physical, sccial, and sconomic goals.

An impact is considered significant if it causes a2 change In exlsting land use
patterns, and/or growth or development trends. The change must be an
identifiadle trend. Land use trends may be affected elither directly eor
Indirectly by constructlon or project operations. TFor example, constructing
new Infrastructure to support project activities, such as sewage treatment
facilities and roadways, tan alsc enable new industrial, commercisl, and
residential land uges to develop that could conflict with existing land uses.
An lmpact may be significant If it affectg other existing ¢r proposed land
uses or conflicts with land use plans and pelicies., For example, a reduction
in agriculturzl -land use may affect agriculture-related industrial or

residentigl patterns.

2,3.2 Discussiopn of Impects

The principel land use in the SzigetkSz area {composed of 40,140 ha) of the
preject area, between the Mcsonl Daoube and main arm of the Danube from Ralks
to Gonyd, 1s sgricultural and forestry {84 percent of land use). Below &fnyd
to Visegrad and Nagymeres, agricultural, recreational, residential, and

industrial land uses sre intermixed mear settlements such as Komarom and SHttd.
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Without mitigation measures, potentlal impacts asscciated with the project in
the Szigetkdz ares would have included reduced productivity of crops and
forests due toe changes In ground water levels. However, this potential impact

will be mitigated by the implementation of the artificlal recharge system.

The recharge system is designed to maintaln existing ground water levels and
. flooding reglmes In the slide channels during operation of the project. FPlans
call for the system to be sugmented by & moenltering preogram to determine
changes needed during operatlcns to maintain ground water levels. Without the
artificial recharge system, timber productivity would be reduced by one-third,

and one-fourth of the current velue would be lost.

with the srtificisl recharge system in place, approximarely 300 of 7,803 ha of
forest land will be adversely affected by changes in the ground water levels
slong a 250-300 m strip adjacent to the Danube River. This ares represents
approximately 3 percent of total forest area. Mitigation te reduce this
impact focuses on substituting more xeric tree species'for more water
intensive poplars. Shift to the mere xeric specles would constitute & loss in
timber value of approximately one-third of present productien, along this
stretch of the Danube. This future loss In timber value was compensated. No

significant impact on forest preduction is anticipated.

The transportation cests of timber harvested In the Szigetktz aresa would
increzse due to the diking of the side arms of the Danube. Haervested timber
is ¢urrently transported by barge along those slde arms., The dikes which are
part of the artificial recharge system will make barge traffic lmpossiblie and
aslternate means ¢f transportatlion ere necessary. Compensation has been made
through funding for mew read constructien; to provide sltermate trgnsportation
means, ¥While this will likely increase transportation costs, the increase

cannot be guantified.

Approximately 1,100 ha of forest stands in the Dunakilitl reservolr ares have
been cleared, VWhile the ares was previously forest Intermixed with
meadow/pasture, ne net loss In production has eccurred since the Rajka farm

cooperative was compensated for the loss with other land.
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Implementation of the planned artificlal recharge systém integrating
agricultural and forestry comncerns will alse produce several beneficisal
impacts. Agricultural and forestry losses due te floods will be reduced {mot
yet quantified). Wwith more controlled ground water levels, hectares of arable
land cao be iﬁcreased by reducing areas gubject to waterlogging, especially in
the northern part of the Szlgetkdz, Szény-Komarom, and Feketeerdd at
Almaspuszta, and in the vicinity of Szentlélek and Kenyérmezo {reeks. Gross
revenues anticipated from Increasing arsble land are estimated at about

9.1 x'lO6 Ft/ha/yr. Controlled water sources for irrigation and crop
selection/rotation will reduce the uncertainties and risk of agriculture
production dependent on water zvallabllity, since the amount of water
avallable for irrigation would be known. 7This benefit has been estimated at

en additional gross income of 104.0 % 106 mglyear.

Agricultural activiries downstream of &8nyl Include approximately 25,249 ha or
69 percent of the 41,440 ha Xomarom County area. &gricultural preduction on

677 ha wlll be lost due to the project {approximately 14.76 x 103 Ft/ha or

9.%99 x 106 Ft). This Ioss in agricultural production is less 2 percent of
totzl production for the ceunty. Changes In production velue on 639 ha are
also projected at 1,132 x 106 Ft/ha, <{Compensation for these losses has been

made and no significant Impact on agriculrural production 1s anticipated.

Project plans cail for c¢ertain Improvements t¢ be made near gettlements {i.e.,
sewage and waterwerks system) and new roadways t¢ be bullt from Sydr o
Nagymaros to replace theose sffected by reservelr and protective dike
censtruction. This new infrestructure could promote growth in areas where
present growth is restricted dus to limlted sewage, water supply, or road
capaclty. Anticipated growth is discussed in Section 2.8, Losses of 100
residences and 20 public bulldings have been compensated through the court
system. Given these cowpensations, no significant impact is anticipated on

-

land use.
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2.4 ARCHAECLOGY ARND HISTURIC MORUMENTS

2.4.1 Description of Slgnificance Criteria

Methods for identifying impacts to archaeclegical and historical resources
are based on criteria used in determining the significance and importance of
the rescurces and Impacts on the resources.
In general, an archaeologlical or historical artifact, object, or site should
be evaluated on the basils of its integrity and gquality, ressarch potentiszl,
ethnic and historical value, and potentlal for public apprecistien. TFer
purpeses of this evaluation, the determination of significant project-related
impacts Is based on the following criteria:

v Significant impacts are those that result in the loss oz

overall reduction in the iotegrity or research potential of
important archaeclogical or historicsl resources

¢ Beneficial impacts are these which would lmprove comnditions
relative to preproject conditions., With regard o
archaeclogical and histerical monuments, this would apply
to project-related effects which could improve future
accessibility to sites {for scientific research and public
shservation), or which would improve or enhance the guelity
of the archaecloeglcal or historical monument

The archaeslogical- and monument values in the project area have been described
in the infermatory document prepared for the GNB projfect. Bechtel has not
guestioned or disputed the technical expertise and judgments regarding the
value of the archaeclogical and monument assets evalusated in this dorument.

If previously unknown archaeological and histerical monument sites ghould be
uncovered during preoject comstructlion, coenstruction must be halted and a

quaiified archzeclogist comsulted to determine the significance of the site
and the need to excavate, This general rtule is designed to minimize adverse
impacts, Construction workers will not be allowed to collect or damage any

archaeclogical resource.
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2.4.2 Discussion of Impacts

Szigetkfz-GEnyl. Both construction and operation impacts could potentlally.

secur within this segment of the project area. Construction Impacts resulting
from propused bed cuts for the recharge systeh and the water gutlet canals
could potentially affect currently unknown archaeological relics in the areas
of Derndzseli, Piskil, and Dunaremete. The significance of any potential
impact would be besed on the preségce of archaeclogical rescurces, the
importance of thess resources, and the overall damage to these rescurces
resulting from construction activities., The bed dredging of the cold Danube
River channel could also potentislly impsct currently unknown archaeclogical

rescurceg in the Kisbajcs, Nagybalcs, and Vének areas.

Construction of the originally proposed flood protection system in G¥dr could
have Impacted a IX-Xth-century settlement contalining the first semifinished
raw lron rod find in Hungary (slte no:. 24.1.11), The water engineering
director of Northern Transdanubla, in agreement with the museum, modified the
deslgn of the proposed system to protect two-thirds of the archaeclogical
slte., This will reduce the overall lmpact to this site.

During the bed regulation and the resulting drop Iin surface water level of the
old Danube, ethnographically significant relics may come to the surface in
the Lipot and Asvanyraré aresas. This will be = beneficial impact, if
archaeclogical relics are present within areas of the riverbed,
EBnyli-Nvergesuifalu. Future constructlon activities slong thils stretch of the
Danube could potentially Impact archaeclogical sites. Construction impacts
generally result from earthmoving activities {such as tlasting, cutting,
grading, and earthfilling) and from heavy construction eguipment, such as

bulldezers, which can easily crush archaeclogical artifacts.

Construction activities near the mouth of the Bakony could impact Roman Age
relics which have not been excavated {site ne. 25.2.3). In the vicinity of
Sz8ny, construction of the proposed sewage treatment facllity and disposal

canel could potentially affect three archaeclogical sites. These Include site
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ne. 2%.1.1, where élay pits and waste pits belonging to & potters® settlement
were found; site no. 29.1.2, Romsan fortress foundatlons; end site ne, 29.1.3,
a Roman settlement {Canabae, Castrum, municipium}. The slgnificance of this
potential impact would be determined by the overall damage to currently
unexcavated archaeclogical rescurces resulting from construction activitles.
In the Almasneszmély area a number of archaeclogical relics have begp
discovered. However,'a relatively smell percentage of the area ﬁas been
surveyed. It ig anticipated that.during construction a number of additiecnal
relics could be encountered and potentially damaged by earth recovery and
the creation of a new bed In the Altalér. Archaeclogical sites {sites

no. 31.1.1-6) on the Danube bank of Labatlan could alsc potentizlly be damaged

during construction of the embankment.

On the bank of the Altalér there 1s a Turkish watermill which would have been
destroved during construction of the barrage project {site no. 30.2.3). By
medifying the flood pr%tecticn dike, thls Irreplaceable X¥IIth-century

moﬁument will be preserved. This can be considered a beneflt of the project.

Project operations could alsc Impact archaecloglical rescurces sleng this
stretch of the Danube. A& cemetery on the Lovad meadow could be affected due
to its locatlion on lowlands along the Danube. A section of the Koman road In
Komarom running along the bank of the Danube, and the foundations of a Roman
watchtower {site po. 26.1.1.) could be inundsted.

Projéct operations would produce a beneflclal Impact on the Csillag fortress
in Xomarom, The seepage system has been designated so that there would be
water in the presently dry mesat. This would enﬁance the aesthetic gquality of

the fortress,

Nvergesuifslu-Nagymaros. This stretch of the Danube has the greatest
concentration of archaeclogical and monument resources. A number of sites
have been successfully excavated due to project funding {a project benefit).
Mitigation measures have been developed in cenjunctien with the Monument Plan
Coun;il of the National Committee for Technical Development tg protect some
of the most significant resources. In spite of this effort, Impacts to

archaeclogica}l and monument assets could potentially occur in this area.
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gonstruction Impacts, resulting from earthmeving activities and the use of
hé&vy construction equipment, could impact s number of archaeclogical sites,
Additionally, construction of protection levels and embankments would bury a
nuzber of Roman wetchtower foundatiens, eliminating future access for
sclentific research ¢r public observation., Table 2-1 lists potential

archaecloglcal sites which could be damaged._

The originsl project design would have resulted In significant adverse lmpacts
to the very Important monasteries of Szentkirzly (site no. 35.1.5) and Sziget
'(site no, 35.1.7), and the wzall of Vizivarcs {site me. 35.1.11). Fellowing
coordination with project engineers, these three sites will be protected and
the possibllity of future display ensured. Construction of the orliginally
proposed project would slso have damaged site no. 36.1.2, the remalns of a
Roman stone fortress of 30-38 w in size. is = mitigatiod measure, this site
will be rescued =nd future display made possible by the redesign of the
project.

Agreement was reached with archaeclogists ss to which archaeol&gical sites
were to be preserved by modification of project design., The significance of
impacts to these erchaeclegiczl rescurces not preserved camnct be made by
Bechiel.

A construction plan was slsc developed with the archaesologists to mitigate
impacts to specific archaeclogical sites. To further mitigate potentisl
lmpacts, the construction plan should be expanded to Inciude sites listed on
Table 2-1, The plan should clearly identify sites which are considered to be
of outstandlng significance and thersfore warrant further excavation,

Excavation should be completed prior t¢ comstructien.
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Site Ho,

35.1.1¢

35.1.18

33.1l.21

36.1.1
36.1.3
36.1.4

36.1.5

36.1.6
36.1.7

36.1.10

36.1.11

36.1.13
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Table 2-1

ARCHAEQOLOGICAL EESOURCES AFFEGTED BY, GONSTRUCTION ACTIVITIES

Aresn

-Ezztergon
Esztergom
Esztergom

Pillsmarct
Pilismardt
Pilismarct

Pilismarct

Pilismarct
Filismarot

Pilismarst

Pilismarot

Pilismarot

Descriprion

Eoman watchtewer foundations (half soured by Danube)
would be burled by slope protection eliminating the
possibllity of future display or research.

Roman waichtower foundations would be buried in the
embankment eliminating the possibility ¢f future
display or research.

Roman watcthtower foundations would be burled in the
embankment eliminating the possibllity of future
display or research.

Roman watchtewer foundations. Would be burled in the
embankment or Inundated.
Roman watchtower foundations. W¥Would be burled in the
embankment ¢r inundated.
Roman watchtower foundatlions. Would be buried iIn the
embankment or inundated.

Settlements of the Reolithic, Iron, Celtiec, and Roman
Ages, prehistoric and medieval graves, About

30 percent of the site has been excavated. Site
wolld be dredged during constructlion activities.
Roman watchiewer foundatlons. Would be burled In the
embankment or Inundeted.
Roman watchtover foundatiens, Would be buried in the
embankment or loundeted,

Settlements of the Neolithie, Bronze, Irom, Celtie,
and REoman Ages. Xo excavation has been done, Site
would be burled during construction activities,
Traces of a Bromze Age settlement. Not uncovered
vet., Site would be buried.

Remains of settlements of the Bronze and Late Bronze

Age. Not excavated. Site would be dredged during
construction activities.
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Site Ko,

37.1.1

37.1.2

37.1.3

37.1.5

37.1.%

40.1.1

40.1.2

41,%.3

41.1.4
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Domés

Domds

DomSs

DdmBsa

DomSs

Zebegeny

Zebegény

Zebegsény

Szob

Szob
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Table 2-1 {Cont’d}

Descriptien

Roman watchtower foundations would be burled during

construction of the dike.

Roman watchtower foundations and settlement of the
Bronze Age, would be under fill.

Roman watchtower foundatlons would be buried.

Censtruction of a new roadway would traverse s
settiement and cemetery of Arpadian Age. Rorthern
pertion of this site would be dredged or lnundated.
The greatest part of the site has not been excavated.

Traces of prehistoric and medieval settlements not
yet excavated, Site would be traversed by the new
roadway, and the northern perticn would be dredged or
inundsted.

Prehisteoric pottery bas been found-at this site.
Future road constructlon would make future excavation
difficulr.

Sporadic Scythlan arrow heads found at this site.
Future road construction would make future excavation
difficult.

A slite approximately 500 X 50 m In size Immedliately
cn the Danube bank where settlement traces of the
Ceopper, Bronze, Celtic, Quad, and iate Avar Ages are
present. Bank Tegulation and comstruction of the
roadway would make future excavation Slfficult.

On the Danube'bank there iz & site of cutstanding
significance with the remains of a gettlement of the
Copper, early Irom, Celtic, and late Avar Ages which
would be difficult to excavate due to embankment
fill. Swmall amcunt of excavatlon has been done.

Relics of the medleval village. Very small amount of

excavation has been dene. Would be difficult to
excavate due t¢ embankment fill,
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Eite No, Area
31.1.6 Szob
42.1.1 Ipclydamasd
42.1.3 Ipolydamasd
43.1.1 Letkés
43.1.2 Letkés
43.1.3 Letkés
43.1.4 Letkés
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Table 2-1 {Cont’d}

Description

Another site ¢of outstanding significance
approximately 550 x 200 m in size with finds of
Neollthic, Copper, Bromze, early Iron Ages, Quad, and
Arpadizn settlements presently under railroad tracks,
additional riprap would be placed on riverside slope
of railroad track.

Prehistoric settlement of 100 X 50 m could be damaged
during construction of the roadway.

A site with a few pleces of prehistoric pettery would
be, or has been, partially or totally destroyed by
construction of the road,

A site of ocutstanding significance (800 x 100 m) with

a settlement of the Neclithilc, Copper, Celtic, Quad, .

late Avar, and Arpadizn Ages and a cemetery of the
early migration period. About 5 percent of the site
has been excavated. Construction of the dike did
damage to the site.

One of the most important sites eslong the Ipoly.
About 50-60 percent excavatlon has been completed on
a 153G x 100 m site with graves of the late Bronze
Age. Dlke constructien did damage to this site.

The villsge of Davidrév of the XIV-XVth centurles.
Was impacted by dike censtructioen.

On the site of 700 x 100 m there were settlements of

the Copper, late Bronze, Celtic, and early Arpadian
Ages. VWas damaged by dike construction,
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A gualified archaeclogist should be present during construction activities
that could potentlially affect archaeclogical iites. Constructicn activiti?s
should be scheduled well in advance, both with the museum and with
archaeologistrs, to ensure that there Is sufficlent time to meke appropriate
arrangements. This would help ensure that speclal censtruction methods are
followed, and it would reduce the llkellhood of false sccusstions about

impacts resulting from construction.

Project operations could also result in significant adverse impacts to
srchaeologlicsl and menument sites io this area. Helemba sziget will be
inundated {site no. 35.1.2%}. ©On this site, thers are remnants of settlements
of the KNeolithic, Bronze, and Celtic Ages {pits In the earth, houses,
furneces, etc.}, remnants of egn Arpadian Age Church and the graves oé its
cemetery, as well as the walls of the archiepiscopal holiday palece. Only

10 percent of the settlement and medieval cemetery have been excavated. To
mitigate this impact, the entire site should be excavated and significant
artifacts and relics remeved to the museum. A small fortress In Visegrad
built in the IVth century {site nc, 38.1.1} is of cutstanding significance for
its archaecicgical and monument value, It has been excavated and further
project plans have been prepared for its protection. Watchtower foundations
¢f the Roman &ge {41.1.1) would be Inundsated; however, they are currently
belng excavsted which will mitigate this impsct. & settlement of the Copper
and (eltic Ages would alsc be Inundated during preoject sperations

{site no. 41.1.2},

Oneé monument (no; 37.2.%3) would be Inundated. The monument 1s the boat
station at Dombs, bullr in 1810. This cast concrete station bullding is
characteristic of the first decades of the century and is the only remaining
example of station-bullding in the Hungarian section of the Danube. Project

plans have been prepared for its protection.

Changes in the ground water level could also potentially affect the
eccessibility of archaeclogical artifacts in the Esztergem Royel Town sres
{site noc, 35.1.10). This ares has settlements from the Copper, Bronze,

Celtic, and Rowan Ages, and has been & flourishing settlement from the time of
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the Bungarian conquest. This Is a historical-archaesologicel monument sf
cutstanding significance. fhe rellcas of early;Hungarian town history can be
found here, in scme places at a depth ¢of 4-5 m beneath the surface {lp2 m
gbove gea level}, The ground water level In the area will be contrelled by
the Kis-Duna pumping statlion faecilitles st the mean ground water level of
103.5 w/asl. OUccasionally, the ground water could possibly rise teo

104.28 m/asl during flood conditions.

Contrelling the ground water level st 1803.5 m/asl will reduce the
accessibllity of deep-lying rescurces In this aresa, but it will also lmprove
the accessibility of those rescurces burled abeve the mean ground water
level, Currently, sccess to these artifsc;s is limited due to extensive

surface development (buildings, roads, ete.}.

Accessibility to these areas in the future could be ensured by construction of
& loval dewatering system. The system could be operated during those times in
the future when archaeclogists require access to these resources. Because of
the limited surface access te these sites and the uncertalnty of future
excavation, It is not recommended that funding for a dewatering system be
included as part of the project. TFuture funding of excavation activities

should include dewatering system.

During preject cperations, this sres asg well as the new town centre arsa
should be monitored to ensure that the ground water level does not rise

. above the mean ground water level {except for short durations durlng flood
cenditions). If monitering indicates thgt the ground water level is
increasing, then Iincreased pumping zlong the seepage cenal or Kis-Duna

should be implemented by the project.

Becsuse the GNB project may involve river dredging, additional archaeclegical
rellcs {artifacts, arms, ship remsains, ornamentsal rleces, etc.) may be
tecovered. All archaeological relice found should be collected and deliversd

to an appropriste museum,
k]

~

Nagymarog-Budapest. No asdditional impacts are anticlpated.
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2.3 VISUAL EESCURCES

Visual resources are the physicsl characteristics of a landscape that
determine its scenic quality and relevant value to the viewing public. These
characteristice are both natursl and manmpade features that make up a gpecific
landscape scene, Natural features include water, landform, vegetation, and
scils., Manmade features include physical structures, reads, and so on. Since
scenlc quality 1is a measure of human sensory experience, the visual rescurces
most Important are those within the “seen area™ of areas sccessible to people

{road and rallways, waterways, trails, recreation sites, residential areas,

atc. ),

z2.5,1 Description of Significance Criteria

¥isual impacts are determined by simultanecus consideration of four aesthetic

factors., The four factors . are defined as follows:

¢ Scenic Quality: Scenic quality 1s directly related to the
distingulshable features In the landscape, such as vegetation,
water, landfeorm, and soil; human meodification (e.g.,
buildings, fences, roads, etc.); and thelr contribution to the
line, form, color, and texture of the landscape compesiticom.
A key determinant of high scenic quality is the visual
dominance of some element {form, line, color, texture} of at
least one landscape feature {land or watsr surface,
vegetation, physical structure) that makes that particulsr
landscape stand out among surrounding landscape.

¢ Landscape Ceondition: The landscape condition zddresses the
degree te which the landscape has been sltered from its
natural state and the Inherent capacity of the landscape to
abzoTh visual changes resulting from the project.

o Predicted ¥isgibility: The predicted visibility addresses the
degree of visibility that prolect facllities would have in the
landscape. This is based on the position of facilities
relative to significant topographical or physicgraphic
features, ss viewed from those areas where the proposed
facilities could be seen by an observer standing at ground
level.

o Potential Populstion Exposure: Fotential population exposure
takes inte account the number of people and the lecatlons from
which pecple could potentially view proposed facilities,

Three aspects of public visual exposure are incorporated inte
this facter: 1) the distance between the landscape being
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observed and the viewing peint, with specific reference to the
amount of scenic detall that 1s apparent from these polnts; 2}
the relative value the public places on maintaining the
existing landscape charscteristics;'and 3} the visual
donipance cof the facllity from key viewing lccations such as
roadways, trecreation areas, and residential areas.

The facters above are snalyzed end synthesized in an oversll evaluation of
landscape visuasl sensitivity to & proposed project. The determination of
"gignificance” is based on:
¢ The extent to which the petentlial facllities would alter, eor
contrast with, the existing dominant landscape features

(landform, vegetation, water, and structures), and visual
elements {color, form, line, and texture)}

< How sensitive these changes could be to the viewing public

in impsact {s normally considered significant 1f the proJect component
contrasts with an existing landscape of high scenic guality, the existing

" landscape {s unable to absorb the resulting visual changes, and the project
feature Is perceived by the public as cobtrusive., Visual lmpacts are
considered insignificant 1f they do not change the overall visual copdition of
an area; they temporarily change the visual condltion of an ares for 2 yesrs
or less; {e.g., revegetatlon would take place}; and they change the visusal
condition of an area of low or medium scenic quality with low population
exposure, Visual imparts are considered beneficial If they Improve the visual
condition of the landscape. For example, returning previously disturbed
landscapes to¢ & wore natural conditien.

¥

2.5.2 Discussion of Impacts

¥here possible the landscape features for the profect area were evaluated
accerding to the four facters that affect visual sensitivity: scenlc gquality,
landécape coundition, predicted visibility, and potential population expesure.
It should be noted that most of the project ares was not seen by the Bechtel
team, and that visual characterizations are based primarily on avallable dats

SLUrCces.
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Szigetkdz-Gonvii. The Szigetkdz reglom Is visually characterized by its .
lowland floodplain terrain, with demse forest vegetation along the Danube and
its side arms in the floodbed ares, and agricultural fields snd small
settlements between the Danube and its floodbed and the Mosoni Danube., The
natural besuty of the smosth backwater and floodplain forest coupled with the
numercus waterweys {Danube RBRiver, the slde arms and backwaters, and the Moseni
PDanube), and the regions generally undisturbed nature cobtribute to the area’s
high scenic guality. The most dominant fezture in this landscspe is the
Danube and it*s side arms. UOverall, the landscape condlition of the area has
not been drastically altered from its natural state of appearance, with the
exception of the introducticon of poplars in the floodbed and agricultural
flelds,

Uperation of the preject would result In & significant drop in the water

level in the old Danube River chamnel, from the reservelr to approximately
Dunaremete, The drop in the river would significantly alter the appearance of
the existing river bed channpel from one which zlternates from belng covered
with water during high flow exposing dry rviverbanks during low flows; to one
of a dry “empty” riverbed with a puch smaller water surface. Perhaps the most
glgnificant visusl change would not come from the dry “empty” riverbed, but
instead from the modifications to the riverbank vegetatlon. The river would
no longer provide the necessary ground water to suppert the riverbank forests
and vegetation. Consequently, the forestg and natural riverbank vegetation
slong the existing floodbed would die or be harvested (refer to Section 2.2
for a complete description). However, eventuslly new riverbank vegetation

willl re-establish along the new riverbank ¢ver a perled of several years.

The Danube banks are currently In & somewhat netursl state with only slight
modifications In & few areas. The lower portions of the Danube bank (below
Hagybalcs) would be modified with protective embankments which would change
the visual appesrance of the Danube. Other project induced visual changes
would result from the Hrusov-Dunakiliti reserveir and structures, The
structure of the welr from the old Danube will be very visible and intrusive.
After z few years, the reservolr itself would be a water surfzce which would

eventually look natural for the area. . ‘
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These changes would only be visible in the Immediste Danube riverbank. Beyond
the immediate riverbank, forested areas slong the side arms and the topegraphic
terrain {lower elevatlon of the riverbked) would reduce the degree of visiblllirty
considerably. Consequently, most of these visual impacts would be absorbed by

the landscape condition within ¢.53 m from the Danube.

The potential population exposure te these changes 1s .relatively lew. The old
Danube is currently visible from the exlsting riverbank and a few Szigetkdz
spbankments, and from the gettlements of Nagybalcs and Vének. The ¢ld Danube
1s'not.visib1e from Tosds, railways, or looiouts. This area is used for
recreation to some degree, and visual changes Qould consequently be visible to
pecple using it for this purpose. 0Overszll, the population exposed would be

limited, except for the settlements of Hagybajcs and Vének.

The drop in the flow of the old Danube and the presence of the Dunakilitl weir
would substantially alter the natural condition 6f the riverbank, degrading
the scenic quality of the area. However, due to low population exposure and
the abllity of adjacent Iandsc?pes to iimit views of the changes, these
impacts are considered to be insignificent. However, it should be noted that

revegetation of the oldé Danube would preserve its natural sppeatrance.

The construction of protective embenkments would alsc alter the natural
appearance of the old Danube riverbanks. %his could significantly impact the
scenic guality In the area of Nagybajcs te Vének. Te mitigate this impact the
embankment slepes will be covered with grass, or lawn, Natural vegetation l
should be planted at the foot of the land side of the embankment {(refer teo
Section 2.2 for recommended vegetation)., This would reduce this impact to an
Insignificant level.

- J »
gonyli-Nvergesuifalu. The Danube River section between GinylU and Nyergesulfalu
is primarily of lowland terrein becoming more mountainous towards
Hyergesﬁjfslu. The Danube River 1s the dominant visual feature. The Danube
riverbank between GinyHd and Komarom is high. Agricultural and farestry
activities cover & significant srea, recreational activities occcur at

Keppanymonester, and Acs woods 1s an envirommental protection area. The
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natural riverbank along this stretch has been slightly moedified 1n certain
areas &nd scenic guality is cotisidered to be high. Between Komarom and -
Hyergesﬁjfaln the Danube riverbank 1s flat. This sectien of the Danube i=
deminated by bulltup aress with Industrial plants, facterles, slurry pumps,
and settlements., Most of the riverbank along this stretch has been modified,
only & small portion is left in natural condition. There are fewer strips of
gallery forest and willows along thls reach, with more planted trees and
scattered vegetation, fhe scenle guality along the Danube riverbank is
congldered to be medium in areas not dominated by ;ndustriai facliitles.
Where industrizl plants and factories are located along the riverbank, the
scenic quality is low, Public views of the Banube from Gonyl to Komarom are
limited t¢ the settlements G¥nyl, Koppanymonostor, and Komarom and small
zegments of local roadways. The number ¢of people exposed to these views s
unknown. From Komarom to Hyergesﬁjfalu, visibility of the Danube is much
- greater, with views avallsable from major segments of the rallwey and roadwsy,
four lecksut polnts, and & number of small settlements, It is assumed that

there are more mewbers ¢f the viewlng public aleng this reach.

A3 & result of construction and operation of the project; the riverbank
character_and Danube scenery weuld not change significantly along the resch
from GSnyl to Komarom. Visual impacts from dlsturbance related to
relnforcement of some embankments would be short term and would be reduced to
insignificance after the embankments are revegetated. In addition, the
proposed riverbauk recreation ares, with & blke and pedestrian path along the
top of the embankments, will provide new viewing opportunities of the Danube
to the public using the park. This will be a benefitr.

The visusl changes te the riverbank would be more visible along the lowland
stretch from Komarom to Hyergesﬁjfslu. ﬁowever, mest of the riverbank has
already been modified and the scenlc guality Is medium to low aleng this
reach. The industrisl areas along the Danube would sbsord and bleck a major
~portion of these visuzl changes. ﬁo visual impacts would be expected In the
industrial porticns of the landscape. Those zrees which offer open views of
the Danube to the public {from road and rallways) would experlence significant
‘visus]l Impacts., Views of the Danube will be ﬁlocked by the elevated
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{Page. retyped}
embankments. These visual impacts would be reduced to insignificance when
the slopes of the embankments are covered by grass or lawn, natural

vegetation reintroduced at the foot, and the new riverbank recreation

park is created.

Nyérgesﬁjfalu—ngy@aros. This reach of the Danube 1s characterised by a

relatively narrow strip of riverbank. This landscape is dominated not
only by the Danube, but also by the foethills of the Pilis, Bérzsdny, "and
Gerscse mountains which provide a scenic variation to the terrain. This

reach of the project area provides high scenic gqualirty.

Roughly half of the riverbank im this portion of the project area has
been slightly modlfied or not medified at all. From Esztergom upstream to
Hagymares there are sections of gallery forests, willows, and thick
riverside vegetation. Vvigibility of the Danube and the potential
population exposed to project impacts are high along this reach. Views of
the Danube can be seen from numercus hillsides and mountain ridges, 12
lockouts, and seqments of the read and railways, as well as form the *
popular settlements. Approximately 300,000 pecople visit this region
annually and enjoy these views, not teo mention residents who live in the

area.

Any adverse visual change in this area would represent a significant
impact, especially along those portions of the riverbank which have only
been slightly modified and were gallery forests and riverbank wegetation
are thick. Because of the sensitivity of these visual impacts, it is
important that all embankments be covered with lawn, and revegetation
started immediately following construction. Once revegetation has been
estabklished the visual impacts would not be obtrusive in the surrounding
landscape. In addition, the proposed riverbank recreation park will
increase the visibility of the Danube to the viewing public using the

park.

\
Nagymarcs-Visegr&d, The natural beauty of the Danube at Visegrad is

sutstanding. This is one of the mest - if not the most - scenic areas
aleng the Danube. The intensively eroded velcanic hills of the Visegréd
mountains are scattered around the Danube bend in an uneven pattern. The

rocky peaks
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and foothills of the Pllis mountalns are situated somewhat at & distance from
the river while the foothillls and ridges of the Gerecse mountains reach azlmost

all the way to the riverbank.

The landscape is further shaped by & number of different land uses including
national parks, environmental protection &reas, holiday resorts, small
settlements, vacatlion homes, and industrial and mining_activ;ties. Visivilliy
along this reach ls good. Views are provided from the hillsides, rall- and
roadways, and slx lookouts., The potential populatlon exposed to project

visual changes Include a number of tourists, weekend recreationists, and

residents.

Expected changes in landscape charecter, riverbank formation, snd scenlc views

caused by construction and cperstion of the Nagymarcs River barrage system

-will alter the area’s existing appearance. The barrage structure would

represent & new large structure Iin the predominantly netural viewshed. On the
Nagymaros bank there are existing industrial facilitlies and Introducing an
additional structure would therefore not be as severe, This would not be true
for the nonlndustrisl Visegrad-DSmds. The view of the river from both banks
would ne louger be open and unobstructed. The immediate landscape would be

dominated by the barrage structure.

The zesthetic sspects were 2 major consideratlon in the design of the front
view of the MNagymarcs barrage structures te be built in the bed of the Danube
River and slong the riverbank. The barrage would have & new road across the
top. The roedway appreoach to the barrsge would be curved so @s not to creste
the vigval Image of & long straight line across the horizon. The new roadway
would be built on elevated/filled land, which would alsc help the read and the
barrage blend inte the surrounding hilly terrain.

The riverbank structures would be partly hidden underground {panel-beam
storege and utility transmission lines) or designed te flt into the landscape
by up-to-date architectural means {service bulldings, reslideatial buildings,
heating plant, boat 1ift), The control tower has alsc been constructed as &n

observation tover,'open to the public.
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Along the Visegrad-DomYs bank, where the Danube River has currently been
diverted due to construction of the Nagymaros barrage fecility, the area would
be elevated and fllled and & chaln of bays would be created. Three of the
bays would be upstream of the Nagymarcs barrage and one downstream. The.
aurface va}ers would provide over 30 ha ¢f water surfece with a natural
shereline of roughly 5,000 m. Thils mew recreatien area would be landscaped
with ornamentsl trees. It would substantially reduce the overall impact
associated with the new barrage, especlally if it is well landsceped with .
large attractive trees and green lawns., Creating a visually attractive ares
adjacent to the barrage would help bresk up the view of the barrage structure

and alsg help direct the viewer’s eye away from the structure.

Thé niew barrage and its suxiliery structures would significantly change the
visual appearsnce of this scenic landscape. The impact would, however, be
substantially reduced by the architectural design of the structures and
creation of the new recreatlion area. The short-term visual lmpscts would be
‘considered significant, In the long term, after landscaping hes been
completed and the viewer*s expectations of what the scenery should logk like
have changed, the barrage facility would not represent s significant visual

impact. In fact, to some It will become a point of Interest.

The prelect would alsc Introduce new linear structures, such as bank

protection structures and reads. New road constructisn Includes service roads
built on bank protection structures, old roads diverted to nmew locations, and
- elevating ¢ld roads. It iIs not anticipated that the Impact from construction
of these roads would be as significant as construction of the bank protection

structures.,

Due to the permanent high water level upstream of the barrage, and the
necessary bank protectiosn structures, shingle beaches and sandy riverbanks
would disappear and forest and riverbank vegetation would be cleared.
¥isually this would significantly reduce the riverbsnk’s scenic quality., To
mitigate this iwmpact all areas disturbed will be Immedlstely revegetated.
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2.6 RECREATION AND TOURISM

"Recreational rescurces are defined as geographical areas which provide
enjoyment and relaxation to the public (local, regiomal, national, or
international). Recreational resources include developed and formally
deslgnated recrestion areas {such as parks, campgrounds, beatlng facilitles,
natiocnal menuments, etc.) &3 well as undeveloped areas where public
opportunities feor selitude or unconfined recreation exist, such as the

SzigetkBz ares.

Fishing rescources within the project area provide recreatlonal opportunities
for sports fishing, but alsc represent an Important commercisl resource. For
this reason, petentlal effects on the area’s fishing resource is discussed in

Section 2.7 — Socloeconcmics.

Teurism plays an important role in the local econcmics along the Danube
River. Tourlism refers to the stock of lodging facllities, measured in terms
of nugber of'rooms,'lodgins Toom revenues, and expenditures made by visiters

for ledging and overnlght expenses.

2.6.1 Description of Significance Criteris

Impacts on recreational resources atve considered significant If they threaten
L)
the physical viability sf & rescurce or its recreational quality, or If they
prohibit access te a rescurce. Impacts zre considered significant If they
meet the following criteris:
o  Permanently s=lterating & recreational rescurce, e.g., uslng
recreation lands or waters; destroying & recreaticonal ares’s
unique vegetatisn, habitar, or osutstanding landscape

characteristics; or eliminating the pessidllity feor specific
recreational activities

o keduclng the guality of the recreatiomal experience, such as
reduced visual quallity due to landscape modification,
reduced water gquality, reduced sport fishering, etc.

¢ ERestricting access to recrestion areas and to riverside
areas uged for recreaticn
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Significant fecreqtional impacts are determined according to the nature of the
impact, the magnitude of change, and the duration of change. Temporary
impacts lasting less than 2 years or two visitcor seasomns, are generally

considered Insignificant. :

Beneficial impacts on recreatlional rescurcesg Iinclude the following:

¢ Creating new recreation areas, faclilitles or opportunities,
such as parks, campgrounds, weter lmpoundments, bosat camps,
ports, hiking trails, etc. ’

c Improving the quality of the recreational rescurce, such as
better water quality, Improved landscaping, and upgraded
recreational facilities

Any reduction in tourist expenditures due to the project could result in a
reduction of Income and employment. Impacts on tourism are directly related
to project effects on visugl respcurces, recreation, community infrastructure,
cuitural rescurces, and transportation. Significant adverse impacts on ome or
moTe ¢f these rescurces, all of which contribute to the quality of & region
traditionally known for tourism, ¢ould create significant decreases in
tourist-related revenues, Ceonversely, 1mprc§ement or enhancement of these

resources could beneficlally affect tourism.

2.8.2 Discussicon of Impacta

Szigetk6z-Convii. The natural beauty of the smooth backwater and floodplain

forest coupled with the numerous waterways {(Danube River, the side arms and
backwaters, and the Mosonl Danube) provide an outstanding recreation
experience in the Szigetk¥z. Becsuse the ares is quiet and uncrowded,
riverside recreation is popular. During construction of the project, the
drainage and zrtificlal recharge system and dikes will be constructed in this
aresa. Constructlon activities should be of & short duration lasting less than

2 years and should not Impact the recreatlion rescurces of the Szigetkdz.
ProJect operation lmpacts on recrestional rescurces in this segment of the

project zrea would be related to the creation of the Hrusov-Dunakiliti

reservolr, increased and controlled flows to the Mosonl Danube and the side
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arms, decreased flows in the old Danube channel, and fluctuations in the
surface water level in the Danube. The impacts asscciated with project
operation, which will be beth adverse and beneficial, are summarized
below,

Though the reserveoir at Dunakiliti would have & large surface area,
pleasure boating in the reserveoir will be restricted due to reasons of
border protection { though this may change in future}. The steep slope of
the reserveoir bank and areas generally windy conditions will not be
attractive for bathing. Ne project-related recreational facilities are
planned for this area. Previous recreaticnal activities along the Danube
in the vicinity of the reservoir were not characterized. The significance
of the- impacts on recreaticnal rescurce in the area of the reservoir
caunot be determined. However, without bhoating and bathing opportunities,
it is not anticipated that the reserveir will produce beneficial impacts.

It is anticipated that the planned release of controlled flows into the
side arms and the Mosonri Danube on a year-round basis will improve water
quality and enhance the recreational opportunities in the Szigetkdz
inland " from the old Danube channel. In addition, water guality should
improve in the Mosoni due to installation of the proposed sewage
treatment facility at Dunakiliti. Hence, bathing and boating
opportunities are expected to improve. Speort fishing in this area could
alsc improve if proposed fish stocking is successful,

Tourism in the Szigetkdz can be expected to increase due to two factors -
improved recreational opportunities, and installation of a new sewage
treatment facility which will increase the number of vacationm homes. Due
to the fragile bielogical conditions in this area, specific protective
measures are necessary to preserve its natural state. a recreational plan
for the area should be developed by 1local authorities. Specific
recreation areas and facilities <c¢ould be developed outside the
biologically sensitive areas to help reduce the Impact of increased
tourism. Recreation areas should be set aside for public use and could
provide such facilities as parking lots, picnic¢ benches, restrooms, and
trash containers. Recreation sites should be identified after
consultation with biclegists to reduce potential conflicts
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with senslitive blological rescurces, Coustruction of new vacatlon homes
should be limited by lecal authorities to asress around existing setrtlements,
cutside of agricultural snd sensitive bicloglical areas. Local contrel of
tourism by directing and diverting recreational activities to certain )
locatiens, and by restricting vacation home development should ensure that
increased recreaticnal cpportunities and tourism do not adversely impact this
gensitive area. If properly ceontrolled, increased recreation-tourlsm will be
beneficial to both the general public and to local ecenomles, while remaining
compatible with the natural values of the Szigetkdz ares.

Qperation of the project willl adversely affect pleasure boating opportunities
‘in the Danube chamnel from the Dunakiliti weir to the confluence with the
tailrace. The reservelr will Impair river boat ;raffit {small pleasure boats)}
from upper to lower stretches of the Danube, Recreatlionsl boating may be
further restricte& from Dunaremete downstream to Gonyl due to high surface
water fluctuations which could be g3 grest agg 5 m dally {over & 5-hour
perlied). The high fluctuation will create safety hazards for small pleasure
boats. Conseguently, due to safety considerations, centinucus river traffic
for small- and medium-size pleasure boats may uneed to be restricted.
Alternately, modification of the power statlon peaking operations could be

considered.

It is anticipated that the fishing resource along the Danube channel (below
Erusov-Dunakiliti reservoir) will be significsntly reduced, adversely
impacting fishing opportunities in this stretch of the Danube. Bathing
opportunities aleong this stretch will also decresse, especlally below
Dunaremete, due te high water fluctustions. The reduction in recrestional
fishing and bathing opportunities could be mitigated with Increased
recreational fishing and bathing coppertunities in the zide arms due to

centinucus fresh water Inflow from the ressrveoir.
Fluctuations in Danube surface water during the pesk operating mode will slsc

cause fluctustions up to Gy%r on the Moscunl Danube, High fluctuatious along v

this stretch could decrease ;he naturel flushing of the Mosoni In this reach,
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where raw sewage 1is currently discharged. potentially decreasing water
quality. The poor water quality problem will be mitigated by installing a
waglewater treatment facility and with the increased flow in the Mosoni
Danube .

Both Vvének, located at the confluence of the Mosoni Danube, and
Nagybajcs, on the bank of the Danube, are popular river side recreational
resorts with beaches. These beaches will be replaced with slope-
stabilizing riprap and water gport will be eliminated due to hlgh
fluctuation during the peak operating mode,

To mitigate the adverse impacts created by fluctuations during the peak
operating mode, the project could be operated so that the rate of change
in the water level would be less than 1 cwm/min. This would substantially
reduce the safety concerns feor bathing and pleasure boating, and would
reduce the level erosion along the reach - possibly eliminating the need
to preserve the beaches with riprap.

Gényidl - NyeirgesGijfalu. This reach of the Danube has fewer recreational
oppertunities and lower visiter use. Komdrom, Koppdnymonostor and
Almdsneszmély offer the best tourist attractions along this portion of
the river. Opportunities provided include riverside recreation, thermal
baths and cultural tourism. A few of the smaller settlements have bathing
opportunities at the riverside. No constructien impacts are anticipated
along this reach. :

Bathing opportunities will ke eliminated beczuge of restricted access due
to riprap and protective dikes, and high surface water fluctuations
during peak operating modes. However, riverside bathing is currently
limited along this reach due to pellution. Conseguently, the project
impact is considered te be insignificant.

Small pleasure boating along this reach will also be a safety concern.
However, due te border protecticon, pleasure boating copportunitiss along
this reach of the Danube are limited and contreolled by permits. The
number ©f annual pleasure boaters along this reach is not known and,
consequently, the impact of reduced pleasure boating in this area <annct
be determined.
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is previocusly stated, tourism along this reach of the Danube 1s relatively ’
low, and recreational opportunlties are few. As part of the pfoject, a new
iinear riverside recreaticn patk will be developed from Nagymaros up to GySr.
By uslng the dikes and protective embankments, a paved blking/hiking trail

will be created along the river., This will introduce new recreational
opportunities (biking, hiking, sightseeing, etc.) to the reglon. The trall
will &lae interlink the numercus settlements along the river and help disperse
tourisme away from heavily concentrated recreation centers inm the Danube bend

atrea. This could beneflit tourism aleong thls reach cof the Danube.

errgesﬁjfalu—ﬁagxmaro . The Danube bend (which extends to Visegrad) is one

" of the most significant recreational resorts of Hungary. It accommedates

about 1¢ percent of the total matiomal tourlsm demand and ranks fourth {after
Budapest, Lake Balaton and Matre-Bikk) among the recreational reglons. The
tourist attractions include the Danube, with its water sports and riverside
recreational facllities; the forested Pllls snd BUrzsdny mountalns; the

natural bLeauty of the narrow gorge of the Danube at Visegréd; the thermzl

water resources; and the historic settlements rich in cultural values.

Landing and camping sites for water tourism are avaiiable in the region and f
during recent years, pleasure craf; touriszm and plessure ¢raft landing ports
have started to develop {e.g., Esztergom-Primas Island and Nagymarcs motorboat
tivb}. Less than ope-fourth of the 40-km-long shoreline is sultable for
i1iverside recreation and water sports, VPublic bathing areas {with & total
capacity of 10,0G00) may be found at sll of the settlements and thelr receiving

capacity is well belew the reglonal demand.

Construction and operatien of the preject willl significently change the
recreational resources at the riverside. Protective dikes and embankments
will be bullt along the riverbank and on the islands, and certain areas will
be filled, eliminating the exist{ng boat landing sites, campsites, picnic

areas, and 10 km of bathing arez.

The existing benk protection will be reinforced and land cuts and fills made

in Esztergom slong the low banks. The fivod levee to be constructed at Primas

1148x 2-76




(09

t

Island will eliminate ports and camping sites at the maln Danube branch site.
The existing pleasure ctraft landing in the Kls-Duna branch willl bhe moved to
the main Danube branch sioce access by ship or pleasure craft to the Kis-Duna
branch will be restricted. Project plans include buiiding ports for boats and
sporte beats at the Primes Island flood levee; & landing plece for boats at
Csenke Creek; and a planned 10-ha bay downstream of the existing ship pert to
accommodate tourist pleasure craft. These plans provide mitigation measures
for existing ports and boat landings that wlil be eliminated by project

censtruction and operation {estimated at five in total}.

s with the GBnyld to Nyergesujfalu reach, plessure boating along most of this
reach {up to Zebegény) 1s limited by permit. The number of pleasure boats
uzing the river in this stretch is not knowm.

An open water surface of 180 ha, used as g borrow area during construction,
will be used as g water sports center follewing project construction. To
further enhance the recreational opportunities, a sandy bathing beach could be

created and the area around the water surface could be landscaped.

Ry preotecting the Islands and contreolling the water levels im the Kis-Duma,
jleasure boating and other recreational oppertunities in this area will not be
jmpacted.

4 .
Ti.e Pillsmarét ares is m recreatiom area. Waterfront bathing, camping, and
picnicking opportunities exist and approximately 500 vacation homes have been
constructed, This area was in dapnger of being inyﬁdated by the eriginal
project design, Tt Is now proposed that s protection 4ike be constructed to
protect the vacation homes {19 will be lest); a small lake of 40 ha created;
and & bay established, To echance the recreational value of this area, the
lake should be flushed frequently so It can be used for bathing and water
sports, and a sandy beach or lawn area provided., & bike/walking trall on the
top of the dike around the bay could provide additional recreation. The srea
iemediately around the bay should be landscaped and camping sites and picnlc

areas could also be provided.
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In summary, it 1s anticipated that comnstruction and operatiom of the project
will eliminate 3 10 km of riverside recreation area. This will reduce the
present and future ogportunities for bathing, boating, and camping: Some of
this impact will be offset by the 180 ha water ares adjacent tev the Kis-Duns
and the new lzke ;nd recreation area at Pilismarot. Additionally, due to
water pellution and border pretection, bething and beating 1s rather limired
glong this reach, Conseguently, lmpacts to the existing .recreational

oppertunities are not considered to be significant.

The proposed riverside recreation park will alsc provide new recreational
spportunities for biking, hiking, sightseelng, and picnicking. This will te &
beneficial impact.

Tourism In this ares could be expected to Increase primarily due to the new
sewage treatment facility znd the new rcadway over the dam. Construction of
vacation homes in this ares is somewhat restricted because of Iinadequate
sewage treatment., ¥With improved gewage treatmént and the new readway, this
area could experience mew growth. Growth could be beneficial to locsl
economies, but adverse if not properly planned. It could place heavy demands
on other infrnstrﬁctures {roads, water supply, etc,} and public services
{scheols, hospitals, police, grocery stores, etc.)., If local authorities
coﬁtrol the amount and speed of growth, and appropriate infrastructure and

public mervices &re enhanced, these Impacts will not eccur.

Nagvmaros-Visegrad. The discussion of the types of recreational ilmpacts for
the previous reach of the Danube Bend apply te this reach of the study ares

and therefore are not repeated In this subsection.

Impacts tc the natural beauty of the narrow gorge of the Danube are described
in the visuzl resources section ¢f this report. The following describes the

nitigation measures proposed to reduce the recreation ilmpacts along this reach.
The Visegrad-Dombe bay, where the Danube River has currently been diverted for

construction of the Fagymaros barrage facllltlies, will be filled up and a

chaln of bays at the riverside will be crested. Three of them upstresm of the
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Hagymaros barrage and one downstrezam. This new recresation ares would provide
30 ha of water surface which could potentially, provide bathing oppertunities
{1f the water guality of the Intercomnecting Danube lmproves), smell beating,
and poasibly fishing cppertunitles (if stocked fish can survive in this

manmade eovironment).

Most importantly, the area would be nicely landscaped and visually pleasing.
In addition, observation towers along both sldes of the river have been
constructed., This would be a mew tourist attraction offering scientific

information and sighteeeing opportunities.

Conatruction of the new roadway over the river barrage would enable a larger
number of tourists to visit the Nagymaros-Visegrad aress. In addition, the
new sewage collection network could promote the growth of vacation honmes,
This incresse in recreation and tourism could adversely impact the local
settlenents if not properly plamned and controlled, Vagation homes are
already Iotruding uﬁon the nature preservation area in the hills surrcunding

Nagymares. This should be strictly ceontrolled by the local authorities.

Tc promote the desired appearance of a Hagymaros~¥isegréd recreational town,
an architectural review committes ¢ould be created to oversee the permitting
¢f mew structures te¢ ensure that they are visually compatible with the
existing and desired town atructures, Any censtruction of small structures

currestly net subject te the permit process ghould be regulsted in the future.
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2.7 SOCIOECOROHICS

Construction and operation of the prolect could affect the study area’s socisl
and economic conditions. For purposes of this eveluatlion, the following
social and economic conditions were gualitatively evaluated by reach:

employment, income, growth, and develepment,

Regicnal, nationsl, and Internationsal scclal and eceonomic conditions could
alsc be affected by the project., These have been discussed under the

following headings:
o Generation of Electric Power
2 International Xavigation

o Flcood Protection

2.7.1 Bilgnificance Criteria

Soclal and economic Impacts are conslidered adverse if they bring about the

fellowing changes:
o Annual decrease in empleyment or Income

o Increased demand for community services and infrastructure
which exceed operating capacities

o Eapid Increase in popula;ion
o Increased traffic on currently congested roadways, or on

roadways coperating at or nesr capacity

Soclal and econemic impacts are considered beneficial 1f they bring about the
following changes:
o Improvement Iin community sez?ices and infrastructure {water,
wastewater treatment, electricity, schools, medical
services, grocery stores, etc.) allewing communities to meet
the exlisting and future demands
¢ Improvement to existing navigational capecity

¢  Annugl increase In employment and income

¢ TImprovemeuts in flood protection reducing structural,
agricultural, and silvicultural damsage
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0 National decrease Iin the international dependency on energy
supplies and sources

2.7.2 Impact Discussion - Emplovment, Income, Growth, and Development

The following sociceconomic evaluation does not guantify Impacts on social and
economic conditions. Consequently, the significance of adverse or beneficial
impacts is not indicated.

Szigetkaz—GEnxﬁ. In the Szigetkiz area, between the main Danube and the
Mosoni Danube arm, down to the villages of Vének and Gdnyii, agriculture and
sllviculture represent approximately 84 percent of the land use. In this
area, the majority of the population works in agriculture and silviculture.
It is anticipated that the project will resunlt in an increase in agricultural
and foreatry productivity due to three fastors: sagricultural and forestry
Iosses due to floods will be reduced; controlled ground water levels wiil
reduce the amount of hectares subjegt to waterlogging; and a controlled water
source for irrigation will reduce risks to agricultural production dependent
on water avallability.

i

This will benefit the employment and income levels of the local population,

The diverse and extensive side arm system, and the permanent inundation in
many locations, provide favorable spawning grounds for mature fish populations
and suitable habitats for offspring., There are 35 different species of fish
living in this area., The most éemmercially important include the following:

carp, plke, pike perch, wtone perch, catfish, barbel, sterlet, amur, and eel.

Hauling data for the last 19 years indicate a decrease of 11 percent between
1968-1986. The hauled stock 1s also getting ycunger, which is a possible
indication that natural reproduction ig becoming imparied in the Szigetkiz
area., The annual average of 5 years of fishing preduction of 260 tons, valued
a4t 11 million florints.

The project will eliminate the natural water flow from the main branch through

the Szigetkéz area back to the maln chamnel, The area will become a closed
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system. Natural reproducticn for some species will be completely eliminated,

while stocked species, able to sdapt to the new environment, will do well.

Consequently, the fishihg hauls of some specles are anticipated to decrease.
The fishing hauls for other species will increase with increased stocking
efforts. In 1986, restocking included 8,000 specimens each of pike and pike
perch, 35,171 kg of carp, and 200 kg of other species. Future stocking
efforts should be focused on specific species able to survive and reproduce

under the new environmental conditions.

In this portioen of the project area, Industrisl development is only located in
Gyor and Mosonmagyarovar. 1t 1s estimated that approximately 45,000 persons
are employed in Gydr in industf#ial jobs. & benefit to industrisl development
in Gybr, and even Mosonmagyarovar, will be the improved navigation along the
Mosoni Danube and Danube Eiver. However, Industrial development is primarily
dependent on the national economy and national pelicies, and will therefore
not be expected to surge immediately following-project construction.
Conseqﬁently, industrial employment is not expected to incfease in -the short
term due to preject construction, but lmproved navigation, a relatively
inexpensive nmeans of transport, will be advantagecus to industrizl growth in

. the long term.

The artificlal water recharge system of the Szigetkdz will net only have a
beneficial effect on agriculture and forestry, it will alsc improve the
existing recreational opportunities in the area, Both the quantity and
quality of the water In the Mosoni Duna and the side arms will increase.

There will be year-roiund flows in the area providing boating, fishing, and
bathing opportunitiea., As recreation improves, vigsitors to this area would
increase s will the demand for.vacation homes, Aﬁditionally, the project
will provide a new sewage treatment facllity which will be advantagecus to new.
growth in the area., These two factors are likely to contribute to an
increased rate of growth in both permanent residencts and seascnal tourists

{with and without vacation homes).
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As discussed in previous sections {Section 2z.3 - Land Use and Secticn 2.6 -
Recreation and Tourism}, community growth cen pe both beneflicial and adverse
to local settlements and thelr existing community services and infrastructure.
If well planned and Implemented apprapr}ately, growth cen iocrease the
affected settlements’ employment opportﬁnitiea and Income levels. If not
well planned, raplid growth can excesed the capacity of existing Infrastructure
end services,

In addition, growth in the Szigetkdz ares could adversely affect the exlsting
land use patterns of agriculture and silviculture i1f vacation homes or new
infrastructure begins to Infringe upon, or replace, these land use areas.
This area is also blologlcelly sensitive and plamners must' be extremely

careful to regulate recreation use in criticsl hatitat sreas (see Section 2.2

- Biology).

Oversll, growth in this ares will benefit the local population if it is
planned for and strictly regulated. If the ares begins to experience strain
on éxisting infrastructure, planners ¢ould enforce temporary growth contreols
(limited bullding permits) until Infrastructure has been lmproved to meet the
new demands. Anticipated future infrastructure improvements can also be

partially financed through additionsl fees Incorporated Into bullding permits.

Gonyii-Nyergesuifalu., Between Komerom and Fyergesijfalu there are numerous
industrial plants located azlong the PBanube. Tﬂese Industries dominate the
region, as they provide employment and sre an integral part of the industrisl
structure ¢f the country. Most of these Industries use reoad and rall
transport while some also use water transport. &s Is the case with Gyor and
Hosonmagyarovar, Industrial growth Is dependent on the natlonsal economy sand
national pelicies. However, enhancing navigation along the Danube River will
allow existing industry t¢ incresse i1ts annusl cargs shipments and #ill make

future Industrial growth advantageous,.

It is anticipated that fishing productivity along this reach will be affected
by the project, The waters downstrean of G¥nyl do nmot provide the necessary

natural conditions for fish proliferation. Virtually no natural spawning
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grounds exist within this reach of the Danube due to bottom disturbance from
-commercial dredging. ‘However, this reach of the river does have a variety of
fish species and & relatively abundant fish stock., This Is due to the fact
that during spawvning season, large populations of fish migrate imte the
Szigetkdz side arms and successfully spawn. In additien, this portion of the

river is stocked with carp, northern plke, plke perch, sllure, and asplus.

Fishing data ctollected for this reach indicate that the fishing yield has beerw
declining for commercial specles, such as carp, northern plke, and asplus. Up
o the early 1370s the share of carp in the totel catch was around 3 percent
but had dropped te around 3 percent by the early 1980s., The catches of
northern pike have remained relatively constant over the past 1l years. The
steady population downstream of Komaror is sttributable to continuous
restocking. Pike perch are sensitive to oxygen levels In the river, and the
YOURE requife gufficlent amounts of planktenic crustaﬁeans. Of the young
introduced, lese than 10 percent are likely to survive, regardless of

continuecus restocking efforts.

The silure population declined In the late‘19603, but have begun to recover in
recent years. Being respoensive to water pollution, the growing population may
imply improving water quality in the Danube. For example sturgeon, which
require very clean water, were rare in the late 19603 but have been increasing
in the 1980s. The Aspius 1s less responsive to water guality changes, becsuse
its proliferation rate depends primarily on the food chaln (the presence of
Albuinus sp.}. Large numbers were caught in the earl§ 70s, but less in the

mid-80s.

Barbel {Barbus ba;busj is typical in the main stream of the Danube. Barbel

feed on organlisms living in the vicinity of the bottom and, therefore, are

sensitive to Incresses or decreases In bottom pellutien.

¥hite amur and grazing carp utilize the Danube lateral arms and oxXbows. The
ecological conditions prevailing slong this reach of the Danube have been
favorable to these grazing fish and the stocked young develop to commercisl
size within brief periods of time,
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The Szigetkdz side arms will be diked, eliminating access from the_nnnube.-
Fish populations which currently migrate to the area tc spawn will nmo longer
be able to do so. A decrease In these populstisns is anticipated. Stocked
fish which do not rely on the Szigetkdz side armas for reproductien are not
expected to decresse or Incresse due to project implementation. The success

of fishing hauls will become more dependent on restocking efforts.

The project is not expected to significantly increase other employment and
income opportunities along this stretch, Tourlsts could increage due to the
development of the new riverside linear park. Howe%er, because other popular
tourist areas (such as Esztergom) are also nearby, tourism 1s not expected to
increase signlficantly unless local planners establish sdditionel recreationsal

facilities - such as ramp and picmlc sites adjacent to the proposed park.

Hyergesﬁjfalu—ﬂagzmaros. Land use between Nyergestijfalu and Hagymaros is
varled and inclundes sgricultural, recreational, residential, and some
industrial uses, Industrial plants of medium éize are found only in
Esztergom, and smaller plants can be found in Szob and Nagymaros. It is not
antlclpated that the project will produce significant increases in employment
and income from increased agricultural and industrial productivity along this
reach, Project effects on fishing productivity are similar to those discussed

previously under Gonyi-Byergesujfalu.

Reglopal growth is anticipated for this portion of the project area due to
project implementation., The project will significantly improve sewage
treatwent and collection, flced centrel, and roadways., In cenJunction with
censtruction of the river barrage project, new roadways will be built between
Nagymarca and Szeb on the left bank and between Visegrad and DémBs on the
right bank. The new bridge across the barrage structure will become an
important iﬁterconnecting roadway between left and right banks. These road
improvements will increase accessibility to settlements in the Danube bend

area.

Development in the Danube bend &rea is currently limited by the lack of
zdeguate sewage treatment and floodplaln restrictions. The project will
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provide nev sewage capacity and eliminate the neeé t¢ restriet constructien in
the floodplains. Increased sewage capacity, cpupled with improved roadway
access;'will foster regional growth, This growth could be beneficial to local
econoﬁigs, but adverse impacts could occur if not'properly rlanned. If local
authorities contrel the amount and .rate of growth, adverse impacts to local
infrastructure and public services will not occur. In additien, vacation
homes are already infringing upon the nature preservation area in the hills
surrounding Nagymaros. This should be gtrietly controlled by local

authorities.

Hspgymaros-Budapest. Soclceconomlc conditions for the settlements potentially
affected by the project are deseribed In the previous discussion for the

Byergesulfalu-Nagymaros reach,

2,7.3 Impact Discussion — Regional, National, ahd International Conditions

Generation of Electric Power. The need for electrical energy is increasing

in both Hungary and Czechoslovakia due to rapid eéonomic development.
Ristorically, electrical power demands were met primarily by using oil or
relatively poor quality brown toals Iin power planta. In recent decades, there
hag been Incressed public pressure to shift the eﬁphasis away from brown

coals, which have a high sulphur and ash content,'to eclesner sources of

energy. Under international sgreements, Fungary must comply with a commitment .

to reduce 50, and NOx emissions by 30 percent. These environmental

2
measures represent significant additional costs for power plant production.
The project’s total annual power output of 3,775 GWh would be equivalent to

the combustion of 3.8 million tons of brown ceal or 1 million tons of oil.

The possibilities of exploiting fossil fuels &re limited and, realistically,
Imported electrical energy can be Increased only to & limited extent. Rising
fuel pricea in the world m#rket put the Hungarian power industry &t 2
dissdvantage and jeopardize the country’s foreign currency holdings.
Consequently, developing inexhgustible Hungarian sources of energy is one of

the primary econcmic interests of the nation.
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The GNB project provides an Iinexhaustible, clean scurce of energy, does not
require lmported goods, and reli?s on & new and as yet unused resource,
Although the power to be generatsd by the river barrage stem will provide
only & small portion of the nation’s total power production, {t could play a
slgnificant role due to the peak-energy generatlon possiblliries of the daily

hydraulic storege scheme.

Internaticenal Navigation. Maintaining and Jeveloping the Danube River ss an
fnternational waterway are the tasks of the riparian countries, as formulated
by the proposals of the Danube Commisslion. One of the main objectives of the
GNB prelect 1s improved mavigatlion. The Bratlslava/Pozsony-Nagymaros river
reach is the narrowest part of the Danube, In terms of navigatiensl
requirements, and Is & significant obstacle to the develepment of
international shipping transportation. This reach is impeded by 20-25
shallow crossings to such an extent that the averzge annual navigation time
13 restricted to 250 days. HNavigation obstacles have been graduslly
eliminated In both the upper and lower Danube reaches. Ceonsequently, the
reach between Bratislava and, Budapest hes now become & bottlensck to

Internationzl navigation.

Understandably, the implementation of the river barrage project is of
international Importance, Anticipated Improvements resulting from

censtructlien of the river barrage system are &3 follows:
o] Navigation time would be increased to 330 days annually
¢  Highttime navigation would become permanent

¢ The efficlent use of frelghter fleet carge capacity would be
incregsed by at least 20 percent

¢  The probabillty navigatlon asccldents would decrease

These benefits would be shared by the Danube countries, as well as other
countries involved in'nevigation &long the waterway. It is anticipated that
project coustruction will double the tonnage of carge shipped on the Banube in

10 years,
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Although the project would -double cargo transport!it would not be expected
to double the Hungarian sfare of cargo shipments (which Is less than
10 percent}. Hungarian iriustrial growth {aod resulting cargoe} 1s dependent
on national growth and nationsl policies. The rafe of industrial growth is
not related to navigational shipping oppertunities, However, improvement of
this relastively inexpensive means of.transportation, coupled with national
industrial growth, cculd eventually lead to an increased percentage of
Bungarian carge ships and fleets on the Danube. This could be very veluable

ss international markets open up to Hungary.

YWater Management, Ancother primary obJective of the project 1s water

management. Water management includes flood protection, river training,

riverbank regulation, and water supply. |

Fleod levees have been constructed along the Danube and its tributaries
requiring substantial investment and high maintenance expenditures., 4&lthough
the dikes were constructed to offer a relatively high level of safety, they
cannct provide full preotection agalinst the floods that endanger large areas
aleng both. sides of the river. Alluvizl deposits of greatly varying
geclogical character form the layers underlyinmg thé flood levees., During |
flocds or leng-lasting high water levels, finer particles may be leacyed Sut
of the levees, a gituaticn that might cause dlke ruptures. In 1%54, there
were three dike fallures on the Hungarlan side, while In 1965, the dlkes of
the Czechoslovak side failed at twe locations. With the construction of the
river barrages, the total discherge capacity of the old Danube channel In the
Szigetk¥z and the new diversion canal will provide protection against the
19,000-year floed in the region upstream of Palkovicove/Szap. ﬁloﬁg the
downstream reaches, levees would provide protection against the 1,000-year
flood. Over the 1ife of the prolect, this should -Tesult Iin significant
protecticon to Danube River landowners and residents, who could experlence
ggricultural and silvicultural less, structursl damage to bulldings, and esven

loss of 1ife during large floods,

The cost of wmaintaining and repaliring flood protection dikes over the life
©f the preject should alsc be reduced, ultimately resulting in savings te
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Hungary. Unfortunately, neither lecal mer naticnal savings have been
quantified, Hence, the true value of this beqefit will require further
research, The supplementary water recharge system of the SzigetkSz area will
alsc have a beneficisal effect on agriculture and forestry. Irrigation water
wlll become readily available for agricultural preduction st any time, while
the dralnage of excess water will be quicker than is currently pessible. is &
result, the morthern part of the Szigetkfz, where waterlogging damsge occcurs
frequently, should no longer experience this effect (Szbny-Komarom ares,
Feketeerdd at Almaspuszta, and in the vicinity of Szentlélek and Kenyérmezo
Creeks). Consequently, there Is petential for these lands to be reclassified
as agricultural {e.g., from grass t¢ arable land, or even meadow or ploughlang
Instead of forest}. On the section downstream from Gonyl, the possibility of
extracting surface water for irrigation will improve as & consequence of

controlled water management.

‘Recommendationg. The true cost and benefits of the project have net been
quantified and therefore canmnot be determined. If possible, a project .
cost/benefit analysis should be conducted. The guantification of public
benefits could help increase public support for the project.

The cost/benefit enalysis should quantify all costs associated with the

project over its estimated life. These costs include:
¢ Coumstruction tosts .
—  Purchased or leased wmaterial and equipment
- Lab&r cost broken down by Hungarian labor snd other labor
o Operational c¢osts
- Repalring and maeintzining the system

- Labor costs

Energy costs {If any) to operate

-  Genersl operational costs

o] Nitigation costs .

~ Gosts of mitigation measures {biclogy, fisheries
stocking, archaeclogy, etc.)
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|
¢ Compensaticn for loss of lands, Income, bulldings, ete.

¢ Monitoering program costs (labor, computer, etc,)

Benefits associsted with the project {over the [ife of the project} should
also be quantified. Benefits include:

o Employment and Income

—  Kumber of construction and operatioﬁs employees and
estimated Income

- Number of hectares of new farm land resulting from the
preject and resulting income

— Incressed productivity on farm and forestry lands
resulting from water supply

- Estimate of amnual increase in tonnage {and revenue}
sssociated with Improved navigation

~  Estimated income tex revenue generated for the government
— Estimated local spending by constructlon werkers
¢ Floed protecticon

- Gost of maintaining and repaliring existing flood
protection system :

— Loss of crops and llvestock revenues resulting from
floods without the prejerct -

- Loss of human life without the preject

- Cost te¢ repalr structural damage caused by floods
{infrastructure, buildings, homes, etc.}

o Generatlion of electricity

—  Hupber of residences and businesses which will use the
electricity

c Sewage treatment

- Capacity in terms ¢f number of peopie to be served
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2.8 SUMMARY OF POTENTIAL IMPACTS ARD MITIGATION MEASURES

Table 2-2 summarlzes the potentlal project related Impacts and mitigatien
measures propesed by the preject and additienal messures recommended by
Bechtel.
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Issue Area Praject Area
Surface Hrusov~
witter Ounakiliti
qualtty reservoir

[ ]

1

L

L
Sediments, Heusav-
heawy metals Dunakiliti

resarvair

1152x/2

Impa [TLLLEY

Surface water quality could
improve dye to ¢larification
with sediment deposition and
langer detention time for
biological breakdown of
arganies providing suffigient
0 is present. Duridg summer
monthy, water quality may be
significantly reduced due to
temperatures, nutrient loads
and longer detention times,
Inereases in algal blooms may
aceur,

Haavy metals may combine with
fine sediments. These
sediments will be deposited
tn the reservoir. When the
{0 content above the deposited
tediments 15 depleted, the
heavy metals in solution
could be passed intg the
ground water and thereby
reduce vts quality far
drinking water standards,

Table 2-2 {Cont'd)

Praposed GNB Project Mitiqatigns

Lower gates at Dumakiliti weir
and flush water downstream,
temporarily reducing reservair
detentian time.

Additional &
Re¢ommended
Mitigatigns

" Ho quantitative evalustion

has been made ta determine
if water quality degradation
will gccyr. Water under
project conditions shoyld
be madeled using svailable
computer programs to
quantitatively determing
¢hanges ta water quality
indices. Such evaluationsg
should establish what
combination of parameters
river flood, argani¢ load,
00, etc. would yield
reduced water quality.

When critical conditions
are identified, proposed
mitigations ¢an be modeled
ty determing the mast
cost-effective mitigation
measures.

The amount of ground water
cantaminatian due to inflow
of heavy metal from the
depasited sediments have
not been quantified. If
the resulting ground water
quality proves to he
undesirable, alternative
mitigation measures should
be avaluated, i.e., dredging,
reduce heavy metal inflow
by treatment at industrial

Residual Impact

plants, and sediment flushing.
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56-C

Lisue Ares

Surface
water
quality

Sedimpat
deposits

Surface
water
quality

1152x/4

Pr Ar

Nagymaros

Nagymaros
reservair

Impact Summa

Flow in the Mosoni Danybe
betwaen Gydr and the Danube
main channel will be reversed
daily dus to gpeak power aper-
ations, Raw sewage discharged
inka the Mosoni Danybe at Gydr
will be restricted from flow
inty the lanube due to the
reversed flow.

Sediment deposition over
riverbed gravels will
docrease Flow into the
riverbank filtration wells,

the upstredam reservoir
provides 85% of the inflow
into Nagymaras resersgir,
Paor quality wate:” might be
passed From the upstream
reservoir during the symmer

jmonths,  Thiy poor quality

water could pass iato the
riverbed gravels and flow into
the riverbank water wells.

Table 2-2 (Cont'd)

Proposed GNB Project Mitigationg

Construction of sewage
¢colTection and treatment
facilities will be completed
by 1993 befare Magymaros
barrage is operational.

Construct channel side bank
walls upstream of water wells,
Constricted channels will
accelerate river flow and
pass suspended sediments
downstream of witer wells,

Additional &
Racormended

Mitigakiang Residugl Impack
Ngne. Benefit,

Lower gates abt Nagymaros
weir and flysh sediments,
Remave sediments with
special dredger.

The degree of water quality
degradation in the upper
reservoir should he
quantified using the

QUALZE and QUALZE-LINCAS
computer program, Should
the upper reservoir waker
become degradated, the
water quality changes
accurring in the lower
reservoir should alsp be
quantified. Finglly, the
¢hanges to the well water
quality should be quantified.
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[ague Arpa Project Area

Wildlife

86-7

V182x/7

SeigetkdxGionyl

Impact Symmary

Potential loss of hreeding
and feeding habitat at
Asvanyrird and other areas
in side arms of Danube,
particularly habitat of
gray herons, night herons,
and black storks as well as
cormorants, mute swans, and
other waterfowl.

Potential Toss of habitat of
four protected birds: little
ringed plover, willow tit,
-teeecreeper, penduline tit.
Baseling data needed to
determine impacts.

Takle 2-2 (Cont'd)

Pr Jd GHB Pr itigats

Recharge plan for side am
system,

Some utilization of ¢imilar
squatic and riparian habitat
in adjacest side arm $ystem,

Additional &

Recommended
Mitigations Regidual Impact

Cannot be determinad,

For initial Danube
diversions reduce flow

in incremental steps to
assure stable ground water
level -in ¢ide arm system.

Estabiish a permanent
preserve for protection of
herens and water birds

from a1l human activities
at the area near Asvanyrard,
Conduct baseline seasonal Larnot be determined.
surveys to determine

distribution, abundance

and seasonal habitat use

in area of Szigetkbz

potentially affected by

lower ground water table

including side arms.

Monitor areas where

habitat use occurs and

adjust flow rates inside

channels or main channel to

maintain breeding habitat.

gl
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Lssye Arey  Project Area

Visual
resourees

Ganyli-
Komdrom

Kamarom
Nyergesujfalu

Nyergesujfatu
Nagymaros

Nagymaros—
Visegrid

1152k /15

Impa Limm,

Clearance of forests and
riverside vegetation reduging
the area's scenic quality.

Scenic quality improved with
new park offering new viewing
opportunities.

Elevated protection embank~
ments vegetation clearance,
in areas {not industrial in
nature) where views of Qanube
are provided, would impact
visual quatity.

Clearance of forest and
riverbank vegetation and
construction of new protective
embankments would impact
visual quality.

Construction of barrage
facilities would introduce
new structures in a natural
and scenic landscape,

Intraoduction of bank protec—
tion structures and c¢learance
of forests and vegetation,
resulting in a disappearance
of natural beaches and
impacting the natural scenic
quality of the riverbank.

Table 2-2 (Cont'd)

Proppged GNB Project Mitigationg

Cover embankment slopes with
grass or lawn, revegetate
at foot of embankment.

Cover embankment slopes with
grass or lawn, revegetate
at foot of embankment,

Cover embankment slepes with
grass or Tawn, revegetate
at foot of embankment.

Extensive architectura) design
modi fications. Development of
an attractive recreation area
addacent to barrage site.

Cover embankment $Yopes with
grass or lawn, revegetate
at foot of embankment.

Additional &
Recommended

None.

Besidug) Impact

Hone.

Beneficial,

None,

None,

Short-term cignificant
visual impacts wntil
Tandscaping s estab~
lighed, and visuil
expectations are
modified,

Mene.

8¢l
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Issue Ares Pr Ar
$ocio~ Matign
gronomicy

Entire ares

N52x/18

1mpa. Wu o)

Utitization of ¥ ¢lean
inexhaustible source of
energy For the generation
of electric pawer, reducing
reliance on internatignal
sources of energy,

toprovement of international
navigation, enhaacing
future oppartunities for
intgraational trade and
industrial development.

Impravement of Flood protec—
tion, reducing property

and structural damage over
the life of the project.

Table 2-2 (Cont'd)

Additional &
Recommended
Propased GNB Prgjeqt Mitigatigng Mitigationyg

None.,

Resi Im

fHeneficial impact.

Beneficial impact,

Beneficial impact.

Iyl
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Section 3

MORITORIRG PRUGEAM EVALUATION

3.1 MONITORING PROGRAM EVALUATICN

The Gabcikove {(Bos)-Nagymaros Barrage (GNB) environmental monitering program
was reviewed for overall adequacy of the program to define potential
project-related Impacts as discussed In Section 2; assess effectiveness of
planned mitigations and additional proposed mitigations; identify changes and
trends in the environment resulting from project operations; and zssess
effectiveness of mitigations and operational rules designed to reduce adverse

impacts or enhance beneficial effects.

Recommendations for the monitoring program focus on the adequacy of the
precperatlional database to define preproject conditions and guantify impacts,
and additional data needed to define eovironmentzl conditions during
operation, Monitering stations established for structural engineering
purpeses were not consldered. In our experience, preoperaticnal environmental
measurements are normally taken &t more freguent Intervals than operational
messurements {until baseline conditions are establlished), Generally,
precperational data collection over a I-year period is Judged adsgquate. The
frequency of measurements usually are reduced to & level appropriate to

evaluate changes or trends in & particular resource area during operatiom.

The GNB project has cellected & substantizl amount of data over a number of
years, which has established an extenslve base for zll aspects of engineering,
hydroleogy, ang hydraulie data required for the project. These data include
streamflow, surface water guality, chamnel cross sections, ground water
levels, sedimentation and ice conditions, as well as =soils, land use,
metecorciogy, archaeclogy, agriculture, and forestry. Addi;ional data

collectlon is recommended for biologlical rescurces.

1150x 3-1




144 |

Since August 1989, VIZITERV has started operating an integrated computer
database for all Information cellected. This,computerized database presents
data in a wide varlety of formats, including statistical, graphical summaries
and Ing two-dimensional plans and maps. These formats are sufficient for data
presentation necessary te evaluate changes In environmental resvurces. Once
all environmentzl data are entered inte the system, rapid review and analysis
of datas will be possible. Comparison of twe or more Interrelated aspects are
2lsc possible with the system, which can facilitate Interdisciplinary resource
evaluations. Oversll monitoring will be an efficient, effective tool for

analyzing project-relsated Impacts and mitipation effectiveness.

Substantial cost savings will be reslized by talleriog the monltoring system
and sampling program to the operational requirements for tracking
environmental changes over time., Once the baseline conditions are
established, the number of lccations and sampling freguencles can be reduced.
The reduced program must be established by = detsiled review of the key areas
which signal changes im existing conditions. This entails selecting specific
sampling staticons which provide overall representative data throughout the
project area. Additionel sampling locations must be designated in specific

areas which are more sensitive to changed envirommentzl conditions.

The following discussion presents a general evaluation of the existing
monltoring systems along with recommendations for future monitering in
specific resource aress, Table 3-1 summarizes monitoring program

recompendstions.

3.1.1 Surface Water Monitoring '

& netyork of measurling stations for river flows, sediment transport, and water
guality has been implemented. Data obtained from these stations have
established the beseline ceondition for the project area surface water regime.
Data will continue to be collected to expand this database up te completion of
the GNB project. At the time of project commissioning, the network will be

medified to monltor only the:key surface water veriables.

1150x . 3-2
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The purpose of the operaticnal monitoring metwork will be to provide
.sufficient information to verify that envirommental requirements are being
met. At the same time, It willl alseo allow project operators to maximize the
availgble water resource in terms of hydrvelectric generatlon, navigation, and

municipal, sgricultural, industrial, and envirommental water supplies.

In general, the surface water rescurce csn be successfully managed by Rnowing
&ll current project inflows (streamflow, sediment lead, and water pollution
ioads), Knowing the current Input values and verified interrelationships
between these variables and other environmental facters, afpropriate water

releasgses through the power plants, shiplocks, and weirs can be selected.

The followlng evaluation of the GNB project surface water monltoring netwerk
is based on the above general data collection and processing sappreach, It is
understeod that VIZITERV is in the process of evaluating surface water
variable interrelationships and developing system models, Howsever, our review
schedule did not sllow us to examine the intended data processing work;
therefore, some of the following recommendations may have already been

implemented.

Streamflow. The current number of streamflow measuring statioms is 14, all
operated in Hungary. Another 15 statlens, located both in Hungary and
Czechoslovakia, are planned for project operaticon. This streamflow database
will allow development of streamflow correlations with sediment lcad and
possibly pollutant lcad. These correlations are important input teo system
models which will simulate preject operation scenariecs with resulting changes
t¢ the sediment transport and water quality indices, The key stations for

stream flow menitoring will be:
¢  Bratislava
¢ Dunekiiliti, Gabeclikove, and Hsgyma;os
¢ At all tributaries — located upstream away from backwater

©. At 81l project water-regulsting gates and pump statioms
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Both the sventual set of preject operating rules or, altermatively, & computer
medel for selecting optimum operating rules, will require current and historic

streanflow data from these stations.,

Stresm Water Level {Gauge). Monltoring water levels will be an Iimportant

function because many project Impacts are related to water levels {e.g., water
level relationships between reservelr levels and ground water levels; surface
water level in Szigetk3z side arm channels; relatliooships with lecal ground
water; and reservolr level changes during operatlon of the Gabelkeve
powerhiouse}, To establish these relatlionships, over 150 streanm gsuges &re
belng measured. Ancther 150 gauges are planmed feor the operating project to
confirm the relationships for the new surface water regime. The number of
stream gauges can be significantly reduced aefter the correlatlions and models
are verified or revised. The oinimum reguired number of stream gauges will

net be estimated; however, some key locatlioms will be:
o  Headworks and tallraces of each project structure
o Twe locations along the old Danube channel
o GContrel structures for the Szigetkdz side arm channels

¢  Controel structures for the seepage/drainage Interception
channels

¢ Near the Asvanyraro heronry

Meteorelogical Stations. About Z8 metsorelogicsl stations which record

precipitation, air temperature, wind, and evaporation have been used to
establish the environmental baseline conditions and to evaluate basin water
balance. The amcunt of datz avallable is extenmsive and sufficlent for

understanding baseline conditicns.
For the ¢perational GNB project, of the Z8 stations, two is the minimum number

of mpeteorsclogical statlons required - one at each of the twe reserveir sites.

These stations should record precipitation, sir temperature, and evaporation.
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About 85 percent ¢f the project inflew is from the upper Danube basin ahove
Bratislava. Therefore, local precipitation over the 160 km reach of the
project ares will not centribute such large amounts of runoff t¢ warrant

development of a2 precipitation runcoff simulation model.

Bed Deformations and Sediment Transport. There are two impacts Identified for
sediment depesition In the reservoirs which will require menitoring:

o Sediment buildup in the navigation channel st the upstream
end of the Brusov-Dunaklliti reserveir

g Sediment depesits blanketing riverbed gravels in the
Hagymaroes reservoeir which could reduce Danube River flow
inte the riverbank filrer wells

At the Hrusov-Dunakilitl reservoir, benchmarks are being set every 500 m along
the dike crest from which sediment deposition surveys can be conducted. Over
the first few years of reservelr operation, surveys from a number of the 36
cross sectlon locations should be conducted to establish the areas of

concern., Later the number of survey sectlons should be reduced te four, with

ene gurvey slways conducted at the upstresm end of the reservelr.

& number of cross section surveys should alse be conducted along the long,
narrow Negymares reservolr — particularly along reaches with adjscent bank
filter wells., &After & few years, the surveyed cross sections could be reduced

to about six, lecated at sites of noticeable sediment bulldup.

The future monitering program includes suspended sediment surveys along four
crogs sections of each reserveir., These surveys would be-of interest to
establishing sediment settling rates and flow veloclty relationships. But

after these relatlonships are verified these surveys should be discontinued.

Sediment measurements should be made at each river and tributary Iinflow
location where streamflow meesurements are alsg conducted, and downstream of
the Nagyuaros barrsge. Such sediment surveys should be made once monthly and

before and after flood events,
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¥ater Quality. Seventeen surface water sampling stations, located along the
Danube and Danube trlbutarles, have recorded water quality indices for a
number of years. Thils datasbase 1s sufficlent te establish current baseline

conditions. Cdrrently 28 water components are evaluated for each water sample.

As previously discussed, historic combinations of principal water guality
indices, together with corresponding streamflows, should be combined with a
computer model of the GNB reservelr system to evaluate probable water guality
levels under project conditions. Such evaluations are required to determine
whether special mitigation measures are reguired to keep the project surface
water gquality equal to or better than historic levels. 1t would be desirable
for such evaluations to also Identlfy what tremds In streamflow, water
temperature, and disselved oxygen (D0} levels at Bratislava would likely yield
critlcal water quality conditions in the project reservoirs., By recognizing
hydrologle trends which might lead to critical conditions, project operators
would have lead times to initlate operation mitigation measures, such as
releasing more flow over the barrage welrs t¢ aerate the water, or changing
the power plant coperations to constant baseload mode to reduge reservelr
detention times. Such measures could be temporary, for a week or a weekend,
and might aveld critical conditions which would affect municipal water

supplies and aquatic life.

During the first year of preoject operation, close monitoring of water quality
in the reserveirs will be Important. This dats will be needed to check and
revise the results from the water quality computer model. Approximately three
cross sections across each reservelr should be sampled, Sampling lccations
and frequency will depend on parameters being monitored. Samples should be
taken from about 1-m depths and enelyzed for the 28 water components. At one
sampling location In each reservolr, measuremsnts for temperature,
conductivity, and DO should be made at two additional levels to establish
depth varlaticens. &lse, during the sample day, the DU mezsurements should be
raken twice {(morning &nd night) to record the diurmal DO changes.

ibout 21 new water quality measuring stations are planned for the operating

monitering system., After the first year of measurements have been evaluated

and the preliminsary correlations and water gquallty model have been verified,
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the number of monitoring locations can be reduced. At a8 minimum, measurements
should be continued at Bratislava, &1l tributﬁries, and in the two

reservoirs. Messurement freguency can be reduced to menthly.

3.1.2 Ground VWater Monitorine

The following recommendations for the monltering program will address that
portion of the project area between Dunakilitil and Gonyl, and the area from
Gonyd to Nagymarcs. Because there s no Iimpact associated with the project
downstream of Nagymarcs, ground water monitoring is neot needed for this
reach. In general, the monitering for water level data is more comprehensive
than for water guality monitoring., The data and momitering program in the

Szigetk¥z is more comprehensive than it is for the area downstream of Ginyd.

Dunekiiiti to GSnyl. The network of over 200 monitoring wells and several
vears of water level measurements have produced a sufficlent database to
establish ground wster level responses to cheanges in Danube surface water

levels, and develop the SzigetkSz ground water recharge plan.

During project operation, the momitering well system should be modified to
check that the water table adjacent to the Hrusov-Dunakilitl reservoir is
being malintzined near historic levels and that the Szigetkdz ground water
recharge plan is Qorking. The seepage rate and water table responses have
been predicted for the area adjacent to the reservelr. Nevertheless, actuzl
response data for the filled reserveir is neesded, both for verification of
predictions and for safety of the étructure. An array of wells 1s selected
for that purpese. Once the Initial verification of seepage rates is
established and deviations from predicted conditions are explained and
rectified as needed, the number of monitoring wells can be reduced to those
wsed for monitering seepage under the reservolr dike. The number of dike
geepage monitoring wells will not be reduced because they sre required for

gtructural stebility and safety.
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It appears that the Szigetkdz ground water can be properly observed by
monitering three general areas and other aresg of specific concern. The
general areas can be menitored with lines of wells already Iin place between
the ¢ld Banube and the Mesoni Danube. These lines will provide information on
the.actual ground water profiles wiiich can be checked against the planned
ground water profiles. {ne or two lines are recommended for each generzl
area, with six or more wells per line, The actual number of lines and wells
per line should be based on & more detalled evaluation of the area subsurface

characteristics.

The three genersl aress to be monitored ares;

v Bezenye-Dunakiliti area — which has shown slow respenses of
the water table 1o river fluctustions

o Asvanyraro ares — which hes shown rapid responses to the
Tiver fluctuations

¢ Lower end of the Szigetkdz - the srea of ground water basin
discharge

During preject startup and the initial year of preject operation, the
monitering wells In the Szigetkdz and the surface water levels in the side arm
channels should be measured weekly to allow adjustment of discharge intec side
arm channels to maintain the required ground water levels., QOnce the side erm
discharge and ground water level relsationship is properly calibrated, the
monitoring can be reduced to continuous staff readings in key side armm
locations and measurements three or four times per year at the monitering

wells.

There are some specifically sengitive areas In thé Szigetkfz which will
require additionel ground water monitoring because the local environments are

‘less tolerant to water level fluctuatioms. These loczl eovironments include:
o Blological menitering stations

o Bird habitat areas {such a&s Asvanyrarc)

¢  Fish spawning areas
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The number of monitoring wells and frequency of measurements must be
established after more detailed evaluations of the lecal emvironments and

potential preject impacts.

Ground water quality monltering Is much less extensive than the water level
measurements, both in number of wells sampled, and in length of time that
menitoring has been conducted. The number of wells sampled Is less than one
third of the total monitoring wells and, according teo the data provided, ne
regular sampling of wells open to deeper intervals In the basin has been
conducted. Regular sampling of wells open to the shallowest zone, less than

30 m deep, commenced in 1983.

Once drilling and well construction effects are accounted for, 2 years of
regular sampling on & monthly basis should be sufficient to establish the
water quality character {including sampling varizbilities} for s baselline
reference. Once that baseline Is established, freguency of monitering is
usually reduced to 3-month Intervals., Recegnlzing that ground water migration
is unusually rapld in this basin of extremely high permeability, it would seem
that guarterly freguency is sufficlent. In additicn, the number of wells
being sampled should be reviewed for possible reductlon. Several wells may be
found to be In an areas of similar hydrologic characteristics and similar

quality; thus, the number tc be sampled may be reduced,

Impertant characteristic areas in which guality sampling should be performed
are the recharge ereas, particularly Iz the vicinity of Dunakilitl reservoir.
In addition to shallow monitoring, st lezst one deep zeone well should be
menitored down gradient of Dunekiliti. OJOther well sites should be selected In
reference 1o specific concerns, such as fish spawnping areas Iin the basin
discharge region in the vicinity of Vének, and the blcleogical conditions of

the heronry at Asvanyriare,
The ground water guality parameters to be measured should continue to be those

included in the current testing procedures. Additlonal testing parameters can

be added to the present progranm should it become desirghle to apply more
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stringent quality standards 1o specific areas. The current testing parameters
are sufficient to cover the purpose for which the water quality is being

monitored.

Gonyli to Wagymares. The subsurface conditioﬁs in this subreglion are more

cemplex than In the Szigetkdz, The ground water occurs in & series of small
subbaeing which in turn are comprised of multiple aguifers. Sufficlent data
have heen collected from the nesrly 200 observatlon wells In the srea {at
least one well 1s reportedly Installed In each aguifer) to establish the
hydraulle Interrelationships between the ground water regime and the Danube.
flost lmportant {2 the fact that only the upper aguifer is In direct comtact
-with the Danube. Further, ground water flow direction surveys have begen

conducted to establish the histeric ranges of the water table gradient.

During project operation, ground water monitoring will be required to check
that the seepage/dralnsge Interception channels and pump stations sare
maintaining the ground water at desired depths, and speclael protective
measures at lndustrial plants, urban structures, and historical sites are
properly functienming. & specifically sensitive ares which will requlre
additional ground water monitoring because of the influence of water level

fluctuations is the Royal Town ares of Esziergom.

Initially, ground water level messurements should continue to be taken to
conflrm or revise the ground water gradient relationships with the water
levels in the Nagymaros reservelr and In the seepage intercepticon channels.
These measurements should be made weekly until the relationships are flrmly
established., QOperational control will subsequently be maintained acceording to
automatic water level measurements in the Intercebtlon chammels and st the
drainage pumping stations. Measurements In key observatlion wells can be
reduced to four times per year., Measurements at specific structural sites
shoeuld be made &t intervals appropriste to the expected local ground water

fluctuations.
¥Water guslity date In the GOnyli-Nagymarcs reach of the project area are

apparently guite limited. It is recommended that the regular water gquelity
wonitoring program started In 1988 be contimued. Monthly samples should be
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tollected et least from a few wells in selected critical areas in each
subbasin to establish beseline water quality. Water quality of both the deep
and shallow agulfers should alsc be established. The ground water parameters
being monitered should be the same as discussed previcusly for the

Dunakiliti-Gonyl reach of the project.

Monitoring wells should be constructed and observed at locatlons between
bank-filter wells to establish baseline data. With continued menitoring after
reservolr filling, any decline In well performance can be related to sediment

deposition in the reservolr and ldentified,

3.1.3  Blology

The project haes plapned and implemented preproject monitoring at 12
established blological monitoring stations. This monitoring system will
provide valuable Information on vegetatlonm, birds, and invertebrates for use
in detecting project-related operational impacts. This monitering program was

reviewed relative to the potential impacts that may result from the project.

Based on avallable Information, some recommendations can be made at this
time. GCther recommendations for the monitoring program would need to be
developed efter reviewing the additionel bicloglical baseline dats recommended

for eollection {mee Sectlon 2.2).

Vegetation. The monitoring program designed and implemented at the 12
blologicsl stations provides & sound basis for evaluating lmpacts on natural
vegetation in sreas that may be affected by the project, The statlons have
been lecated In different habitat types In areas which could be expected to be
affected by changes in hydrological conditloens. The control or reference
areas are slsp well located, Emphasls on vegetative monltering in the
Szigetkiz is well founded. Additionally, the vegetetive sampling scheme Is
well designed and the beseline information collected to date will provide a

preproject compariscn basle for evaluating operatiomal Impacts,

1150x 3-14




157

One additlonal recommendation for the monitering program (if it is not already
being conducted) Is collection of data on ground water levels at each
monitoring station or an existing nearby well. This information could prove
useful should eny changes in the vegetation be detected. Changes in species
composition, abundance, and water requlrements (Zolyomi®s water requirement

categories), and measured changes In ground water levels could be correlated.

¥ildlife. The project plans to conduct monitoring of blrds and six insect
species selected as Indicater speclies sensitive to changes in the water
regime. Dats collection is ongoing at the 12 bioclogical monitoring statlons,

and baseline information is available.

The planned moniteoring of avian specles at the blclogical stations should be
continued. The stations established are in & varlety of hablitat types which
suppert & diversity of bird species. Operational monitoring data on birds can
be compared to preproject dats and correlated with any changes documented in
the vegetative sampling. Quantitative data and informstion currently being
collected on resildents during the breeding season provide & good basis for

assessing any changes during operatioms.

Because riparian/wetland vegetation provided by the maio channel and the side
arm system is Important to waterblrds, a preliminary recommendation is to
expand avlian monltering to Include znnual waterfowl surveys of the region both
during and cutside the breedling season. This monitering should include the
main channel and the side arm system along the length of the Szigetkdz. These
surveys should recerd specles present, estimated numbers of waterfowl, and
breeding activity. Survey results could be compared te the baseline waterfowl
survey data recommended in Section 2 to determine, whether any significant
changes in distribution, estimated sbundances, or breeding patterns occur
during eperaticon of the project. This recommendation should be reviewed and
the survey design developed based on the data collected from the preproject

SUrveys.
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Alsc, stream gaugling and water guslity sampling should be ceonducted at seversl
locations in the side arm system determined to be lmportant habitat for

waterfowl {e.g., Asvanyrarc)}, Water levels agk quality should be monltored in
these locatlons for correlation with any significant changes in waterfowl use

detected by the monltoring program.

Additionally, wmenitering surveys should be conducted for the four protected
bird species described in the i{mpact section. Once baseline surveys have
{dentified thelr preproject seasonal habltat use of the area, monitoring
surveys should be conducted to Identify whether any sligniflcant changes in
species® distribution, abundance, or seasonal habltat cccur. These surveys

should be designed based on the {nfermation collected in the baseline surveys.

If any protected mammal specles are identified in the recommended l-year

baseline survey, a monitering pregram should be developed for these species,

Fish. Currently, the monitoring of fish stock appears to be limited to
collection of fish catch data. As noted in the report on the monitoring
network, the fish surveys nsed to be expanded to Include data on spawning

greunds, spawning times, and restecking,

Several monitering recommendations are made In thils ssctlon, but It should be
noted that these recommendations are preliminsry and based on very limited
information. The monitoring program should be reviewed and better developed
after baseline fish surveys &re conducted over a l-year peried prior te

project operations.

Subsequent to the baseline sessonsl figh surveys, annual fish surveys should
be developed and conducted once the project is op;rational. These surveys
would be designed to monitor for overall cumulative impacts on fish im the
maln channel {(above and below the barrages}, the slde arm system, and the
Mosoni. Such lmpacts could result from one or a combination of effects
discussed In the lmpact section. Should this monitoring detect any measurable
changes in fish stocks, more specific date ceollection programs could be

designed to assess the reasons for the effect and mitigation that should be
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exployed. The monitoring alsc shou;d focus on migratien and spewninz teo
detect any changes In these activities which zay result In reduced

reproduction &nd recrultment over time.

& permanent monitoring system for DO and temperature above and below each of
the bartrages should be Implemented. This i# commonly done by use of an
electronic system that autcomatically records continuous DO and temperature
measurements. lo conjunction with the preproject DO modeling results, this
monitering can be used te detect significant DO deflclencies developing during
operatione, and te¢ guide the project In making operaticonal alterations to
mitigate DO deficlencies and effects on fish as needed. &s described in the

impact section, these measures may Include:
G Spilling flows over the weir

+ Mechanical seration techniques such azs pumping &ir through
neozzles inte the turbine draft tubes or some type of
diffuser in the tallrace

o Operating the Gabeikove power statlion In centinucus mode,
or alterneting between peak and continucus cperation {to
reduce algal production}

T Drawing down the reserveir during certsin conditions {esigal
blooma}
] Release of small discharges from the reserveoir bettom

{which tend to have low D0 concentrations) mixed with
surface waters

Federal licensing of hydroelectric plants in the U.5. often requires
continuocus monitoring of BO and temperature and specisl measures when DO
levels fall below established criteria. As an example, the Martinsville Hydro
Electric station must shut down whenever the DO méssured fzlls below & mg/l,
until the DO returns to & wg/l or It 1s demonstrated that the power plant
oﬁeration does not further reduce the DU as recorded in the headworks. The

Norrls Hydroelectric Preoject operated by TVE has an air injection system which

is activated when the DO drops below 5 mg/l.
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Additicnally, DC and temperature measurements should be collected at geverel
locations In the slde arm system and the Mosonl which would be determined

after review of the baseline fish survey data.

Finally, operational surveys should be conducted to monitor the effectiveness
the fish lock. Fish passage via this system should be monitored until it is

established that the system provides an adequate means of migration.

3.1.4 Land Use

No forestry lmpacts are anticipated, Therefore, future forestry observations
related to the project are not necessary, unless ground water menitoring
indicates a trend {over 5 vears) towards s decresse in ground water levels
below those originally predicted In the Szigetk¥z. If ground water levels are
lower than predicted, additional forestry meniltering ceould include the

following parameters:
o Tree growth

- Species

- Age

- Average height

—  Aversge diameter at chest helght

~  Timber volume

— Compariscen to esarlier observations

¢ Logging date

- Date of logglng

- Logging slte

- Area cleared

- Species logged

- Lumber veolume

- Total tree volume

- Lumber value

— QComparlson to earlier o¢bservations

Monitoring should be limited to only those aresas experiencing a trend in

decreasing ground water levels (below the predicted levels).
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Yo mounliteoring for acid rain effects on forestry 1s recommended., While acid
rain has been shown te be a problem that affeots forestry productivity in the
U.5.; it is not assocleted with the project snd could not be considered alone

from the many facters potentlally affecting forest productivity.

No agricultural Impacts are anticipated., Therefore, no additional agricultursl

monitoring of crops or animal husbandry is necessary or recommended.

3.1.5 Archseolopy/Historic Monuments

Increases In ground water levels above the existing mean level could affect
the accessibility of deep-lying archeaeclogical artifacts in the Esztergom
Koyal Town ares {site ne. 35.1.10). It is proposed that the ground water
level in the area will be contrelled by the Kis-Duna pumping station
facilities at the mean ground water level of 103.5 m above sea level,
Currently there is no proposed monitering program for archascloglicsl impacts.
It iIs recommended that the existing wells in the Royal Town 2rea contlinue to
be monitored, as discussed im Section 3.1.2 - Ground Water Monitoring. These
wells should be monitored quarterly to ensure that the Xis-Duna pumping system
is effective in maintaining ground water levels at the current mesn levels of

103.5  above ses level.

3.1.6 V¥isual Resources

Monitering of visual resocurce impacts 1s not necessary and is not recommended.

3.1.7 Recreation, Fishing Rescurces, and Tourism

A mon;toring progran is proposed for fishery resources and is discussed in
Section 3.1.3., No additionel monitoring is proposed or necessary for

recreation rescurces or tourism.

3.1.8 Soclceconomics

No monitoring is proposed or necessary for socloeconomlic considerations, with

the exception of flsheries 1s discussed in Section 3.1.3.
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3.2 SUFMARY OF RECOFMENDATIONS

Table 3-1 presents monitoring system recommendsations.

3.3 EXISTING MONITORING PROGRAMS

The monitering program implemented for the GNB project tracks a comprehensive
array of hydrologicel and environmental parameters, &imilar water menagement
projects in the U.S. were reviewed to identify the scope and reliability of
operational monltoring programs., Our review did net find any existing
monitoring program which can compare to the GNB program with respect to the
range of environmental parameters belng measured. PFPerhaps the most comparable
U.S. program is the one established for the Celumble River by U.S. and
Canadian agencles. However, the Columbia, Ohle, and Temnnessee River programs
do provide important additional features which are applicable teo the

operational needs of the GNB Project.

3.3.1 Columbia River Operstional Hydromet Management System

The Columbie River is a major river located in the northwestern portion of
North-ﬁmerica. The river dreinage area Is over 259,000 square miles. More
than 10C hundred water management projects are currently operated on the
river. These afe wultipurpose projects - power generation, navigation, water
supply, and flood contrel - and are managed by govermment and prilvate
agencies. In a coordinated effort, these agencies have designed and
implemented a basin-vide data collection, processing, and display system
called the Columbla River Opersational Hydromet Mansgement System (CROHMS}.
The -purpose of GROHMS Is to provide project cperaticns with an accurate,
continuously updated datzbase which allows more efficient management of water
resources, Ihe system wWas ccmmissioned in 1978 and origimally collected data
from vver 450 stations, covering stream flows, precipltation, zlr
temperatures, snow depths, and hydroelectric generatlon. The database has

since been expanded to include water quality parameters and fish counts.
Data are transmitted to the CROHMS computer center lpcated in Portland,

Oregon, The center is maneged by the U.3., Army Corps of Englneers (USCOE}.

At the computer centér, the data are validated and used In various computer
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simulation models which help develop monthly, weekly, and daily project

operation rules.

CROEMS has proven to be an effective tool which aids project operators in
maximizing the benefits of this large river resource. Plans are currently
being developed to expand the database to Include more snvircommental

parameters and to develop new scoftware which will screen Iincoming data and

automatically Issue alert notices whenever environmentally critical threshold

conditions sre belng approached.

Litersture which describe the Columbia River projects and the development of

CROHMS are inciuded In Appendix 4.

3.3.2 Ohio River

The Ohic River is 980 miles long and supperts & variety of uses including
navigsation, power generstion, industrial processes, municipal water supply,
fish and wildlife hablitats, and recreation. This river recelves treated
wastes from over 220 industrial and 126 municipal sources. There are 28 water
contrel projects on the river. Three groups have major roles in managing the
Ohic River. They are USCOE, federally licensed hydroelectric operaters, and
the Chio Riyer Valley Water Sanitation Commission {ORSANCO).

USCOE has been authorized by the U.$. govermment to construct and operate a
series of locks and dams along the Ohic River for navigation service and fleod
control. The plan and proflle of the USCOE ¢hio River system Is Included in
Appendix 4. The USCOE division office at Cincinnatl, Ohlie 1s responsible for
general-management of the Ohic River projects., Day-te—day management 1s

assligned to four district offices which are each ;esponsible for four tov elght

projects.

Each district office maintains e monitoring system which continucusly measures
river and reservoir water levels, precipitation, air temperature, and project
releages through low level outlets, spillway gates, and navigation locks.
These data are input to subbasin operation models to establish weekly and

delly operation schedules. W¥ater quallty parameters - DO, water temperature,
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pH, and conductivity - are measured. Should undesirable water quality indices
be observed, some project operatien Tesponses; such as relesses over

spillways, are activated tc improve the water gquality.

4 number of hydroelectric powerhouses have been added to the USCOE dams.

These powerhouses are owned and operated by public and private utilities under
licenses Issued by the Federal Energy Regulatory Commission {FERG). in
example of such & project Is the new Martinsville Hydro Electric Preject whicﬂ
adjoins the Hamnibal Lock and Bam. This power plant houses two 17 FW buld
turbine generator units and it must pass the incoming river flows as regulated
by USGOE. The FERGC License requires the continucus monitoring of BC and water
temperature. Whenever the DU level falls below & mg/l, the povwer plant must
be shut down and the river flows passed through the splllway gates Iin Hamnibal
Dam. Power plant operations cannot be restarted until the DO level returns to
6 mg/l or it is proven that the power plant operation does net further reduce

the D0 level as recorded in the headworks,

Each FERG licensed project is also required to transmit daily DO and water
temperature readings to QORSANCO which maintains a basin-wide water quality
database. ORSANCY is an Interstate agency which has the primary functien of
promulgating standards of sewage and industriazl waste water treatment and
monitoring water quality along the Chic River. The commlssion also maintains
a guality =ssurance program. Aspects of this program include specificetions
of sample collection and handling technigues, service of electronic egulpment,
submission of check and duplicate samples cellection and handling techmnlgues,
laboratory inspections, and immediate review of sll datz collected. & speclal
éspect of the guality control program for & large river such as the Ohio Is
the need to¢ assure that all monltoring locetions are representative of
gonditions across the river. A program of cross sectional sampling, with
analyses for all water guality parameters measured in the monitoring preogram,
weg initiated In 1984, Eilght monitoring locations are écheduled to be covered
each year. The types of water guality monitoring included in the ORSANGO

program are discussed below,
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Electronic Monitoring. Electronic monitors comnected to the ORSBANGCO office in

Cincinnatl, COhic, are operated at 15 Ohic River and 7 tributary locations,
The menlters provide hourly measurements of DO, temperature, pH, and specific

conductance,

* Manual Sampllng. ¥Honthly samples are collected at 24 Qhio Eiver and 14

tributary locetions. Samples are anzlyzed for 25 physlcal and chemical
constituents on & monthly basis; an additional 7 parsmeters are measured

guarterly.

Constituents sampled Include cyenlide, phenclics, mercury, copper, zine, lead,
cadmium, Iiron, maganese, BOD, suspended soclids, sulfate, hardness, nutrients
tortal phosphoreus, tetal KJeldshl nitrogen, ammonia nitreogen, and

nitrate/nitrate nitrogen.

Organics Detection Svstem. Deily samples for organic compounds are collected

by 13 participating utilities. Data from 11 of the utilities are used to
provide a continuing record of amblent levels of 17 purgeable, halogenated

organics. The other two utilities operate as splll detection sites.

Water Users Network. Results of river sampling by 12 water utilities,

industries, and power plants on the Ohic River and its tributaries are
gurrently utilized to augment the commission*s other data sources. Data are
¢ollected for alkalinity, chloride, phenclics, and fecal celiform bacteria.
The fecal celiform data are pasrticularly valuzble since the commission®s
stream criteria require 2 minimum of five samples per month for zssessment,
The water users provide the only continucus scurce of data at this reguired

frequency.

Bioloxgicel Sampling. The current bloleogicral monitoring program Includes twe
major aspects: blennial lock chamber studies of fish pepulations, and
sampling of macroinvertebrates threough the use of artificlsl substrates. Both
of these are cooperative effortse, with the comnission coordinating

participation by several state and federal sgencies.
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Speclal Studies. Speclal studles are often undertaken to evaluate emerging

problems or to provide additional information.?n problems 1dentified in the
ongeling monitoring programs., Current studies include Instream toxic effects

screening and special sampling'for fecal celiform bacteria,

3.3.3 Tennessee Vallevy Authority {TVA)}

The TVA Is g U.8. federal agency and s responsidble for bullding and operating
water control prejects on the Tennessee Rlver for nmavigation, hydroelectric
generation, and other beneficial uses., The TVA plan and system proflle are
included In Appendix 4.

e

The TVA operates a data collection program for the operatlon of Its water

projects. The major parameters monltored are:
¢  Precipitation for esch subbasin
¢ Streamflows

o Reservoir dats including headwater and tallwater elevatlons;
turbine, low-level, and splilliway discharges

o Water quality - primarily DO and water temperature

The collected data are transmitted to the computer center located In
Knoxville, Tennessee, The reserveir operation department Is respomsible for
evaliuating the Incoming data and establishing project operation schedules.

The precipitation data are input into precipitation runoff models. The
resulting streamflows ere verified by key streamflov measuring statlons. The
new streamflow dats are then used in eight separete subbasin operation models
to prepare weekly and dally proJect operation schedules which maximlze the use

of avallable water to meet electrical, water supply, and environmental demands.,
Water guzlity downstream ¢f reserveirs Is alsc monitored. When undesirable DO

and/or water temperature levels are detected; speclal reservelr releases from

multilevel ogutlets gre made to improve the downstream water guality.
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A special feature exlsts &t the Herrls Hydreoelectric Prodect, cne project
cperated by IVA. The Herris power plant housgs twe 50 M¥ Francis type
turbines with 2 design head of 165 feet. Whenever the reservolr DO drops
beleow 5 mg/l, an alr injection system Is activated. The alr injection system
is comprised of air vents which conmect to the hub of the turbine runners.
¥hen the alr vents are copen, the negative pressure under the turbine pulls air

into the draft tube. Thils system can ralse the BP0 above & mg/l.

3.3.4 Coachella Valley Water District

The Coachella Valley Water District 1s responsible for supplying municipal and
ggriculture water to & large service area lcocated Iin southern Callifornia.

Most of the water is delivered via 75 miles of open canal. To help operste
this water delivery system, the district has developed an sutcmated data
collection and processing system which tracks water levels throughout the
canal system. By knowlng the water demand at sach turmout structure, the
pperator determines the required water levels needed througheut the canal
system to transpert the sccumulated water demand. Once the water levels are
known, contreol gates are automatically adjusted te control the water &t the
specified levels, This type of water level contrel system weuld be applicable
t¢ the water level controls regulired for the GNB project sesepage Interception

channels and the waterways In the SzigetkBz ares.

& more detalled description of the Coachellz automatic control system 1s

contained in Appendix 4.
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Appendix 1
REFEEERCES
VIZITERV, Consulting Company for Water Englneering, July 1989, Informetery
Documents{2&} for the Gabrikoveo/BSs-Nagymaros Rilver Barrage System.

1. Suwmmary Description, compiled by Br. Endre Zsilak, Chief Project

Engineer.

Z. Standard Specifications, Regulations zand Orders on Environmental
Preotection.

3. Engineering Geology. Compiled by: Dr. Jenc Mantuane, Chief

Project Englneer.
4, “iydrological Gonditions ¢f the Danube and its Tributary Streams.

4,1 Surface Water Regilme, Prepared by Ferenc Papp, Chief Project
Engineer.

4,2 Subsurface Water Regime., Prepared by Dr. Jeno Mantuanc.

4.3  Sediment Regime of the Danube Stretch Affected by the
Gabeclkovo-Nagymarcs Hydreelectric Development Froject.

4.4 Comprehensive Report "Expleration of the Ice Reglme over the Danube
Reach Influenced by the Bés-Napymarcs River Dam Project.®™

4.5 Qusality of Surface Waters, Prepared by: Mrs. Eva Bartalis-Tevan,
Bicloglst, Technical Adviscr; Dr. Szebelcs Tyahun, Biclogist;
Dr. Pal Varga, Chemical Engineer; and Mr, Nandor Varday, Chemical
Engineer, -

4,6 Subsurface Water Quality, Prepared by: TFerenc Herzog, Chilef
Project Englueer.

3. Biclogical Conditions.

5.1 The Flora, Vegetatlion, Fish Faunma, and Biclogical Monitoring of
the Gabecikovo/BUs-Nagymaros River Barrage System, Experts:
Dr. T. Simon, Dorctor of Bielegical Sciences and Dr. G. Lang,
Candidate in Biologicsal Sciences.

{a) TPlease refer to pages £1-4 through A1-35 for contents of these
Informatory Documents.
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5.2 Plant Nutrlent Supply In the Danube River and its Hydroblologlceal
Features, Experts: Dr, T. Kiss Keve, Candidate for Biclegical
Sciences, MIA-0UBKI, Hungerian Danube Research Station;

Mre. E. Tevan-Bartalis, Bioleogist, Technical Consultant,
EDU-KG¥IZIG; Dr. Sz. Tyshun, Biologist, KOV-KUVIZIG; Dr. P. Varga,
Chemical Engineer, Head of Department, KOV-XUVIZIG; Dr. N Varday,
Chemical Engineer, Head Sectlon EDU-KBVIZIG.

6. igricultural and $ilvicultural Land Use, Compiled by Consulting
Company for Water Buglneering.

7. Archasclogical and Monuments Assets and Annex, Gomplled by:
VIZITERY with participation of experts.

g. 4esthetic Quality end Character of Landscape, Produced by:
VYIZITEEY based upon experts.

9. Recreation — Tourism, Cempiled by: VIZITERY based upon the
expert’s report.

1. Social and Economic Aspects, Prepared by Ferenc Kellar, Chief
Engineer of the River Barrage Project.

11. Evaluation of Geonditions and Effects. GCompiled by: Dr. D, Orleci,
Civil Engineer, Senlor Research Fellow,

1z, The Monltoring Network 1.

12.1 The Monitoring Network QOperative in 1988, CGompiled by:
Dr. Jeno Mantuane, Ghief Project Engineer.

12.2 Comprehensive Report on Observations up to 1985. Szigetkdz
12.2.1 Comprehensive Report
12.2.2 Legend to Table 1 - Table 4%
1z2.2.3 Leéend tv Flgures 1-27 and Maps 1-4

12.3 Gomprehensive Report on Observations up to 1985. Section
Downstream of Gonyi.

12.3.1 Legend to Table 1 — Table 22
12.2.2 Legend to Figures 1-16 and Maps 1-3
Power Engineering Influences of Introducing An Environment Protecting Operation
Pattern on the Operation of the BUs-Nagymaros River Barrage System.

Research Report. Budapest Technical Unlversity, Department of Water
Management, 1989.

1i62x A1-2




171

The Monitoring System of the Bds {Gabclkovo)}-Hagymaros Rlver Barrasge System.
Conception of Evaluatien.

i Kisaalfsld: Duna-szaKasz €s a Kajesolodo mellékvizek halal &s halaszato,

1987. Kalman Jancso an] Janos Toth authors. TIranslated from A
Kiszalftld Duns-szeXKasz Ukcloglalia.
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1.6 SUMMARY DESCERIPTION

CONTERIS

1. INTRODUCTION
2. QBJECTIVES AND SIGNIFICANCE OF THE RIVER BARRAGE SYSTEM
GCeneration of electrical power

Internaticnal navigation
Water manzgement

[ LSO NI S
4
[FURN S

2.3.1 Flosd protection
2.3.2 River tralning
2.4 Reglonal development
3. DESCRIPTION OF THE RIVER BARRAGE PROJECT

3.1 Concept and relationships

3.2 The Cabeikovo/BSs River Barrage
3.3 The Nagymaros River Barrage

3.4 Operation

3.4.1 Electrical power generation
3.4.2 HRavigation

3.4.3 TFloed release

3.4.4 Release of ice

5 <Lontrol eguipment
& HMain technical data

Locaticon of barrages

Allowable headwater levels

Flood flows, allowable flood water levels
Energetics

The waterway

welrs

Power plants

Reservelirs, power canal, dredging
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4, MAIN FACILITIES OF THE GABCIKOVO/BOS RIVER BARRAGE
4,1 The Hrusov/Dunekilitl reservolir

4,1,1 Purpose of the reservolr
4,1.2 Facilitles of the reserveir
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1.0 SUMMARY DESCEIPTION

CONTENTS {Ceontld}

4,2 The Dunakiiiti barrage

&b

2,1 Layout
.2.2 Description of facilities

The appreach cansl
The Gabcelikovo/Bos barrage

4.4.1 Layout

&4.4,.2 Foundation of the barrage
4.4,3 The power station

4.4.4 HNavigatlion locks )
4.4.% Facllities outside the barrage

4,5 The talirace canal

4.6 Chamnel dredging downstream of Palkovicove/Szap

4.7 Regulaticn of the Danube chennel in Szigetkdz

4.8 Other facilities and investments of the Gabelkovo/Bds barrage

5. HMAIN STRUGTURES OF THE NAGYMARCS BARRAGE

5.1 Protective facilities on Czechoslovak territory
5.2 Protective facllities on Hungzarizn territory

The Visegrad-Dbm8s sub-catchment
Sub-catchment of Pilismarot

City and sub-catchment of Esztergonm
Sub-catchment of Nyergesulfalu-Dunazlmes
Xomarem sub-catchment and the city of Xomarom
Komarom-GBnyd sub-catchment

Napgymaros-Ipoly sub-catchment

Protection of rallways

Protection of roads
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5.3 HNagymares river barrage

5.3.]1 Leyout

5.3.2 The welr

5.3.3 The power station

5.3.4 HNzvigation locks

5.3.5 PFacilities on the river bank

5.4 Dredging the Danube channel downstream of Hagymarcs
5.% Other facilities and investments comnected to the Nagymaros barrage

6. IMPLEFENTATION

7.  HATIQNAL INVESTMENTS
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2.0 STARDARD SPECIFICATIONS, RECULATIORS ANRD OEBEES ON
ERVIEORMERTAL PECTECTION

CGONTENTS

2.1 Gomprehensive statutes on envirommental protection
2.2 Comprehensive statutes on water pollution control

2.3 Comprehensive statutes on alr pollutiom control

2.4 CGComprehensive statutes on wastes dispesal

2.5 GComprehensive statutes on vibration and nolse contrel
2.6 GComprehensive statutes on general nature conservation

2.7 Comprehenslve statutes on metel pellution
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3.0 ENRGINEERING GEOLDGY

CONTERTS

1. INTRUDUCTION

1.1 Presentstion of the material
1.2 Review of exploraticns

-

1.2.1 <Czechuslovekian territory
1.2.2 Hungarian territory

2. GENERAL GEOLOGY OF THE AREA

2.1 Geomorphology

2.2 CGeology

2.3 The role of crustal movements in shaping the course of the Danube
2.4 Tectonlce and selsmic conditions

2.5 Hydregeology

3. ENGINEERING-CEQOLOGICAL REVIEW OF THE AKEA
3.1 Engineering-geologlical features by river sections

1l Bratislava-Palkovicove
2 Palkovicovo-Chlsbs

.3 Vah-Hron-Ipel

4 Ipoly-Budapest

3.2 Areasl subdivision

3.2.1 The Hrusov-Dunakilit! Reservoir, left-hand bhank
3.2.2 The Hrusov-Dunakiliti Reservelr, right-hand bank
3.2.3 The Nagymarcs Reservelr, left-hand bank
3.2.4 The Nagymares Reserveir, right-hand bank

4, THE STRUCTURES OF THE GABGIKOVO POWER STATION (THE ENGINEERING
AND HYDROGEOLOGICAL CONDITIONS OF PRUJECT IMPLEMENTATION}

4.1 The Brusov-Dunakilitl Reservelr

4,2 The Dunakiliti ¥Welr

4.3 The power canal

4,4 The Gabcikove power statlon

4.5 The Tailrace

4.6 Tralning work along the Szigetkdz Danube

4.7 Channel dredging on the Danube downstream of Palkevicove
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3.0 ENRGIREERIRG GEOLUGY

CONTERTS (Contidl

THE NAGYMARDS RIVER DAM {THE ENGINEERING AND HYDROGEOLOGICAL CONDITIONS
OF PROJECT IMPLEMENTATION}

5.1 The Nagymarcs Klver Dam
5.2 Training work along the Danube downstream of Nagymaros

ENGINEERING CEGLOGY AND HYDROGEQLOGY OF THE FLOOD-PLATIN SECTIONS
{POLDERS} ON HUNGARTAN TERRITORY

6.1 The Visegrad-DimSs polder

6.2 The Pilismarct polder

6.3 Esztergom Town and the Esztergom polder
6.4 The Nyergesujfalu-Dunaslmas polder

6.5 Xomarom Town &nd the Komarom polder

6.6 The Komarom-GSnyl polder
£.7 The Negymaros-Ipoly peolder

LIST OF ANNEXES
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4.0 HIDECLOGIGAL CORDITIORS OF THE DARUBE AND ITS TRIBUTARY STREAMS

4,1 Surface Water Regime

GONTENRTS

1. The water system and flow regime of the Danube . .
Z. General description of surface waters affected by the river barrage system

3. Natural flow regime of water courses to be affected by the river barrage
system

3.1 Baglc data and thelr processing

3.2. Data of the Bratislava/Pozsony station of the Panube

3.3 Data of the Nagymaros statlon of the Danube

3.4 Datra of the Bratislava/Pozsony-Budapest reach of the Danube
3.5 Mouth-section dats of tributary water courses

4. Tlow regime of tributary streams, as affected by the damming at
continucus operation of the system

4.1 Basic datz and calcruletiens

4,2 Damming effects st Dunakiliti

4.3 Effects of the headwaters of Nagymaros dam and the channel
dredping downstream of Szap

4.4 Effects of channel regulatlon sownstresm of Nagymaros
4,5 Backwater curves in the SzigetkSz {cld)} Danube channel
5. Weter regime of streams to be affected by the headwaters in the case of

peak coperastion of the hydraulic structures

5.1 Basic data and calculations

5.2 Upstream effects on the peaking cperation of Gabrikovo/Bos

5.3 Peaking effects between ESs and Kagymaros

5.4 Effects of the peak operaticon of Nagymarcs barrage on the downstream
5.5 Hon-steady conditions of the ©ld channel in Szigetkoz

Figures {1-25)
Tabvles {1-203
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4.2 Subsurface Water Quality

CONTENTS

1. The present groundwater regime

Z. ~ Expectable changes

3. State of existing and potentlally utilizable drinking water resources
4, S;ate of karstic waters

4,3 Sediment Regime of the Danube Stretch Affected by the Gabcikovo-Nagymares
Hydroelectric Development Project

4,4 Comprehensive Report “Exploration of thé Icve Regime Over the Danube Reach
Influenced by the BBs-Nagymarcs River Dam Project™
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4,5 Quality of Surface Waters

GONTENTS

1. BACKGROUND

2. IRTRODUCTION

3. MAIN FACTORS THAT DETERMINE WATER QUALITY
1 Raturel loads

2 Anthropegenic leads

.3 Effects of aguatic life

4 Hydrometeorologlical effect

a4, STATIC AND DYNAMIC WATER QUALITY CONDITIORS

Phygical propertlies

Balance of dissolved sclids
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Metzals

Other contaminants {¢il, phenols, detergents)
Organic micro pollutants

Radlcactive contamination
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3, WATER QUALITY CONDITIONS OF TRIBUTARY WATERGOURSES AND RIVER SIDE-ARMS

6. WATER QUALITY CHANGES EBXPECTABLE UNDER THE INFLUENGE OF THE RIVER BARRAGE
SYSTEM

5.1 Weter guslity changes expectable as the result of the settling of
suspended sollds

2 ¥ater guality changes expectable due to Increased detention times
3 Effects on hank-filtered drinking water rescurces

.4 Expectable water gquality of the Interception canals

5> Expectable watrer guelity of the Moscnl Danube

ANNEXES
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List of Figures
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4,6 Subsurface Water Quallty

CONTENTS

1. General description of the quality of subsurface waters
2. Quality of bank-filtersd water rescgurces

3. Quality of karstic wvaters
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5.0 BIOLOGIGAL CORDITIORS

5.1 The Flora Vegetation, Fish Feuha, and Biclopical Monitoring of the
Gabcikovo/BSs-Nagymaros River Barrage System
CONTENTS
The History ¢f the flora and vegetation
1.1 The origin and basic features of the flora, TFloristic studies
{Szigetk®z, the sectlion of the Danube from Gy%r to Nagymaros)
1.2 Brief characterization of the recent plant communities. {The
vegetation of 3zigetkz. Plant communities-of the Danube valley
between GySr and Szigetkiz) : -
2. Blotic succession at varlous levels of the floodplaln, as a key to the
estimation of pessible changes
3, Plant communities of the area Influenced by the barrage system
{phytoscclological overview)}
4. Fish fauna and populations in the Danube section influenced
5. The Szigetkoz Landscape Protection Ares
6. Expected changes in the vegetation of the BEM Impact area
7. Blelogical monitoring in the Gabecikove/BSs-Nagymaros Barrage System
References

Figures 1-10
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I. Karpati) ’
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Fishery records of major fish specles {1968-1985)

Hap of the Szigetk¥z Landscape Protection Area

Bird records In 1987, 1988

Records ¢f aquatic invertebrates, 1987, 1988

Diversity and equitability tables
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5.2 Plant Nutrient Supply inm the Danube River and Its Hydroblological Features

1

- CONTEHTS
1. Preliminaries
2. Introduction
3. Plant nutrients
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4,1 Haloblity

4.2 Trophity

4,3 Saprobity
4.4 Toxlcity

3. Summnary

5. Expected Impacts of the Gabeclkovo/BOs-Nagymaros Barrage System
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6.0 AGRICULTURAL AND SILVICULIURAL LARD UGSE
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§.0 AGERICULTURAL ARD SILVICULTUEAL LAND USE

CONTENTS (Contjd)
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7.0 ARCHAROLOGY AND MONUMENRIS ASSETS AND ANREX

COWIENTS

I. SHORT HISTORICAL SURVEY OF THE AREA

II. DESCRIPTICN OF THE ARCHECLOGICAL AND MONUFENT ASSETS
411 monuments are examined for each sestilement according te the follewling
four criteria:

{proceeding from West to East)

Fv4
B/
</
D/

1.

1l62x

histerical significance of settlement
archeological sites
monuments, historical relics

the prospective condition of the srcheological and monument assets
after the completion of the investment

SZIGETKUZ AND GYBR

1.
2.
3.
4.
5.
6.
7.
8.
9.
1g.
11.
12,
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PREFACE

In the following text we would like to provide the reader with a review of the basic
characteristics of the Gabcikovo surroundicg area, to explain the work of the European Union
(EC or EU) experts and to oppose the WW 1 Statement on the cause Gabcikovo.

§

1. INTRODUCTION

The importance of the Danube, the necessity of its regulation and development was already
recognized in ancient times. The Romans excavated a canal to bypass the dangerous rapids in
the Iron Gate section on the Lower Danube. Emperor Tiberius ordered the building of
regulated banks and 2 towpath to facilitate the upstream passage of barges. Queen Mary,
wife of Bela IV. who ruled from 1235 to 1270, had a new straight bed excavated for the
Danube between Bratisiava and Gonyii to protect her Mosoni estates from the floods on the
river. Since 1886 until 1896 there was realized regulation of the Danube because of
navigation from the rkm 1880 (Devin) to 1747 (Radvan nad Dunajom, downstream from
Almasfizitd). Regulation was done to fulfill navigation conditions by the mean water level.
This was the first large regulation on the Danube. There was used 3.6 mil. m® of stone for
fortification of banks and dredged 8 mil. m’ of gravel. At the beginning of this century, the
‘regulations continued to fulfill navigation conditions during low water levels. This was dooe
by: '
— closing of the river branches, cutting off and bundling of river branches into one main
~ straightened and heavily fortified channel,
— regulation dikes (groynes) across the Danube 10 concentrate the water flow in the
navigation canal,
— dredging of moving send bauks and fords in the Danube.

These measures had aot fulfilled the aim to improve the navigaticn.

The lowlards on the both Daoube sides were regularly flooded in the far past. Floods
devastated last time large parts of Hungarian Szigetkdz aree in 1954 and Zitny osirov ares
in 1965, The first dam on the river Danube, the Kachle! Dam, maugurated in 1927, was
followed by about 29 similar projects upwards from Bratislava, Construction of any river
dam entails changes o the cavironment. Any Interference is associated with changes, both
adverse sod beneficial. ln particular, the varicus and sometimes delicate equilibrium or
conditions, that have been developed over many decades, aimed at water resource
exploitation amd surface down flow control, bave beeu significantly modified by the human
activities apd by the Danube upstream hydropower schemes. Recently the area has been
changed by the new hydropower scheme Gabceikovo.

Characteristic of the Area

Danubian Lowland between Bratislava and Komarno {Fig. 1.1} i1s geologically formed by the
Central Depression of the Danube Basin. The Central Depression 15 filled with Quaternary.
Rumanian, Daciau, Pontian and Pannonian sediments {14}, The Quaternary and Rumanian
sediments represented by gravel and sands are of interest. The deeper horizons are

-1
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represeated by clays, sandy clays, fine sands, sendstone, all of relatively very low
permeability, '

The depression criginated in the Pannonian ere 2nd developed up to the end of Pliocene. It
was 8 subsidence by bending, partly compeusated by subsidence along faults. The depression
bas & disk - like brachysynclinal structure without respect to the pre-Pannonian basement. Io
the oorth side, the depression is bordered by the Carpathians Mountains acd iz the south it
ends southwards from Danube io the Mosoni - Danube ares. At this border the Danubizn
sediments change into less permeable sediments of rivers Lajta, Rabca and Raba, The
thickness of the complex of interest, Quaternary - Rumanian ers river Danube sediments,
ranges from 5 to more than 450 m.

The Danube is a dynamic river with its considerable natural water flow and high water level
{fluctuaticn. On Bratislave gauge station, the minimal, average and meximal measured flow
rates are 570, 2025 and 10254 m’/s with the amplitude of water level fluctustion more thag 8
meters. The river bed consists mainly of extreme permeable gravel and coarse saad. The
hydraulic gradient slope downstream from Bratislava ranges from 0.03 10 .04 % and
downstream {rom Gabceikove from .01 to 8.03 %. This gradient and the bigh flow rate
determine the coarse composition of the grain size characteristics for the niver boltom
sedrments, which are nearly without particular organic matter.

The river Danube crestes an intercontinental delta dowastream from Bratislava, passing
granite threshold coumecting the Alps and the Carpathians, which means, that the river is
-flowing on its own sediments aod is lying above the surrcunding ares. This is the reason,
why tbe river Danube recharges the aquifer during the whole year. In the past, ground water
Ievel was near under the surface and the Danube was divided into numerous meanders and
niver brenches (Fig. 1.2}. Compare historical maps.

The main characteristics of the area ¢can be summarized as follows:

- a low lylng, geutly sloping plain ares;

— weak surfece layer formed by fine humid materials and soils, with variable thickness from
tens of centimeters up to three meters;

- thick alluvial aquifer (the river Danube gravel deposits) with thickness from § m up 1o
over 300 m, with great variability of panticle size distribution and extremely high
hydraulic conductivity {between 0.01 and 0.000]1 mv/s} intercalated by fince lenticular sands
and meaoder deposits;

— coutinenta] climate of Central - European type, with well differentiated meteorological
sezsons; reinfall ranges from 500 to 700 mm/year; tempersture from -15 up to over 30°C;

~ nver conditions of Alpine - continental type, affecting the aquifer through direct recharge;

- wide river meanders with dynamic waler regime with changing water levels and with

" regular flooding;

- unique and valuable fauna and flora resources;

- ground water is affected quantitatively aud qualitatively by the Danube water;

- in 1he upstream part of the area, the river Danube water infiltrates into the aquifer
throughout the whole year.

Main resources of the ternitory are:

- 1ntensive and diverse agriculiure, using umgation in the upper part and drainage in the
lower part of the arcs;
intensive {loodplaiu torestry;
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- water supply works of large capacity;

— spread livestock breeding;

— 1ndustrial activities, mainly ia the field of food and wood processing, important chemical
and petrochemical complexes;

—~ extreme large ground waler resources wh:ch are in danger of agricultural and industrial
.pollution and degradation;

— nverside woods, vegetation and fishery;

— tourism;

— large water power potential;

— interpatiopnal ship wster way and harbor;

— oatural and ecological resources.

1.1. GEOLOGICAL CONDITIONS

The survey of geological conditions was performed since the half of the 181h century. Resulis
of the survey and research are presented mainly in the geoclogical maps issued in the
1:200000 scale, the sheets of Bratislava - Vienna, Nove Zamky - Calove, Nitra aod in
various geological monographs. New knowledge was obtained during the survey for the
construction of Gabetkovo - Nagymarcs bydropower stelion scheme, by the survey of
geothermal waters and geotbermal energy, within the ground water resources research,
protection and exploitation, etc. Al least 30 deep wells and geothermal wells were drilled
which verified younger parts of sediment content of Daoubian Lowland depression
{Quaternary, Rumanien, Dacian age). Apart from this, a lot of shallower wells, but deeper
than 100 m, were drilied during the bydrogeclogical and engineering geological survey. We
would like to quote Hungarian hydrological magazine Hidrologiai K&zlSayl 3/199¢ m which
1s stated, that 10 find out geological structure i Hungarian part of area of interest was drilled
400000 regular meters of dnill work.

Evidence of joined comprehensive elaborate of investigation results is i the report: “Joined
Agreed Project, Comprehensive documentation - basis eugineering geclogical research, pan

0-7-1.1" elaborated in year (978 both in Slovak 2ud Hungarian language and 1t is owned by
both sides.

A systematic 1nvestigation of Quaternary sediments of the Dapubian Lowland has been
performed at the Geological Institute of Dionyz Stur in Bratislava, A summary is presented
¢.g. in the "Explanation of the geological map of the SE part of the Danubian Lowland
1:530000 scale” [18]. A number of geologicel works performed during the engineering
geological and bydrogeclogical survey for the Gabeoikovo - Nagymaros scheme contributed
to the special engioeering and ground water purposes. Since [989, g program "Danube
Region Envircnmental Geology - DANREG" is performed. Results of this program will give
2 complex knowiedge of geological - environmental situation of the region. The final repont
is supposed to be elaborated in 1995, Since 1992, the PHARE Project "Danublan Lowland -
Ground Water Model™ [2, 3] is performed. Also this project will be completed m 1995

In Pannoman, the sea (the Caspian brackish lake) covered ihe area to the NW up to Vienna
gate over the Vienna basin. Throughout the Pannonisn vertical movements repeated  several
times, causing local regressions and transgressions and synsedimentary acuivity of faulls 1s
apparent. The Danube, as a8 major nver with maay tnbutanes, originated m the age of upper -
Pliocene - Rumaman and it was following the regressmg sea. This 1s related 1o the tectonmic
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movements, mostly the rising of ‘Alps aud Carpathians. The last orogeneous phase, between
Pliocene and Pleistocene, is particularly important. Following the regressing sea, a river
network 1o the end of the upper Pliccene begins to form in the bottom aad middle part of
tbe Danubian Lowland [13]. The fresh water flowing lakes had originated, in which bed load
and suspended load began to sediment, brought by the Danube and its tributaries.
Sedimentary material originated from the rising Alps and Carpathians. Originally, the aocient
Dagube was entering the Danubian Lowland through the Kirnten gate, later it penetrated the
Lower Carpathians mountain range by Devig, at the place, where g transverse faults pass, in
between which a small depression called Devin gale was created. :

In the end of the upper Pliocene, the Danube made its way to the Great Hungarian Flat
between Nagymaros aud Visegrad. In the central and lower part of the Danubian Lowland, a
lacustrine - fluvial conditions of sedimentation were being created with littoral sedimentation
of coarse - grained sediments as well, and sublittoral sedimentation of fine - grammed sands
aud mud, which is dependent on the flow velocity in [akes. At the beginning, this occurs as
a result of 1he Paunonian sea regression by a gradual transformaticn to brackish or even {resh
- water conditions iu the bordering parts, and later, in relation with msing of the-Huugariag
Central Mountains, to a lake - fresh water conditions. As an evidence of this, the alluvial
terraces above the Danube by Esziergom may be mentioned. A relative subsidence of the
Danubian Lowland coutinues in Quaternary as well, but since Mindelian age, without
lacustripe - fluvial conditious, because the Danube was quick enough with filling up of the
subsiding area with gravel - sand fluvial sediments, even an alluvial cone was created, rising
over the surrounding surface.

The Rumanisn sediments themselves (upper Pliocene) respond to the sediments of the ancient
Danube, which settled into the lacustrine envircument. They are called, in the work [15], the
"(Gabeikovo sands”. Parallel with them, further to the east, the "Kolarove formation™ s found,
which settled in & more peaceful conditions with sediments transported from the Carpathian's
ares. Sedimentation of "Gabcikovo sands” in & lacustrine conditions is proved [15] by the
‘grain - size difference 10 comparison to the Danubian gravel - the fluvial Danubian gravel is
very coarse - grained, 10 - 17 cm, the gravel of the "Gabcikovo sands” is {ine gramed to
middle grain size. Besides of this, the Danubian gravel is usually colored by limounite,
proving the presende of oxidizing conditions, but the color of *Gabeikovo sauds™ aad {fine
grave] ranges from gray to green - gray without this limonite coating, which proves presence
of anoxic conditions of a calm lacusiripe sedimentation. There is an apparent discordance
between the {acustrine sedimentation of “Gabceikovo sauds” aud the Dapubian gravel [15], and
an iatensive erosion of previous sediments after the regression of lakes. Centainly, 1o the
Danubian Lowlauod, there exist nver alluvial sediments of the Danube and its tributaries,
mostly of the Vah and Nitra rivers, and river sediments settled in e lacustrine conditions as
sediments of rivers’ deltes. Besides of these, there are the sediments of {ittoral and sublittoral
zone, and this all is influenced by the gradient of surface and its changes within the relative
subsidence of the depression center, and by the petrographic consistence of rocks, from
where the fluvial materizl was transported. All these mfluences are finally shown up 1o the
hydraulic conductivity and grain - size specific surface of the complex 1u relation o position
and depth. ’

In the area of mterest on the west side, there is a lacusinne sedimentanion ol "Gabakovo
sands”™ and gravel 1w Rumanian, which was settled mostly by the ancient Danube apd the
Carpathians ancient streams, and simultaneously, on the eastern side, there exist a lacusirine
sedimentation of "Kolarovo formation”, seitled by the Carpathians ancieni streams (Vah.
Nitra). To these sediments, the [luvial - lacustrine Danubian sediments are deposited
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discordantly in the Gabcikovo depression, and & shallow - lacustrine or river lacustrine
sedimentation of the "Kolarovo formation™ continues on the east side until the Mindelian
period. The commencement of Mindelian was simultaneously followed by uplifting and
subsiding tectomic processes. In the western pant, 3 river sedimentation of s massive alluvial
cone begios to prevail, aud in the east, the Danube is shifted to north and cast and begins to
flow 1o the Huogarian flat through the area, =s it is known nmowadays.

The border between the Danubien fluvial - lacustrine and lacustrine sediments and the.
lecustrine sediments of “Kolarovo formation” passes from Ssala via Calovo to Cicov. This
border is very approximate because the individual kinds of sedimentation were mutually
alternating and overlapping. We remind, that in the Danubisn sedimentation ares, the
lacustrine sediments called the “Gabeikove sands™ settling spproximately until the upper
Mindelisn, continue into 8 shallow lacustrine and river - lacustrine sedimentaticn of
*Kolarove formation™. The shallow lacustrine and fluvial - lacustrine sedimentaticn coatinues,
in fact, in the lower Vah stream ares until nowadays while, in the Ziiny ostrov arez, a lypical
river sedimentation of the Daoubian gravel continues creatmg alluvial coue, the so called
contipental delta. :

1.2, HYDROLOGY AND GROUND WATER

Long-term bydrological development of the Danube region in the past was influenced mainly
by river regulations, straightening of bed, closing or raising the entrance threshold of
meaunders. River regulaticn works, exploitation of sand and gravel, construction of river dams
upstream from Vienna altered the bed-load balance. The bed-icad transport via Bratislava
was diminished and the river bed erosion increased. Invtmlgat:ou showed the substantial
deepening of the river bed and the trend to further erosion of the river bottom. This caused a
long-term lowering of water level in the Danube which resulted alsc in long-term lowering
of ground water levels not only in the rverside areas, but oo the whole ares under
consilerstion.

The Danube inundation riverine aree {floodplain area - Fig. 1.3 - part of inundation saved in
pre-dam conditions, in Austria it is called "Au™), contains a floodplain vegetation, especially
forests, which have been largely influenced by deepening of river bed apd thus lowering the
ground water table and extremely influenced by umnatural closing of entrance thresholds of
mesanders zad river branches (Fig. 1.4). [t 15 noticeable that vegetalion is suffered from
shortage of water and the character of forest have been changed. The inundation wood
vegetation as well as the riparian and aquatic plan! families are affected and threaten to lose
their typical "Au” character changing continuously from oxidizing to reducing conditicns of
“polders” with stagnating water or without water. The result consists in unnatural sediments
of reduction conditions in closed river branches (Fig. 1.5). River banks have been fortified
and the contact with tbe river branches have been destroyad The Danube is more or less
straighten artificial canal, self-cleaning ability of river is reduced. Inundation is not washed
out, organic sediments arise and large parts of ground water are degraded {e.g. locality
DObl'OhOSI where waterworks of capacity of 10 m’/s was previously proposed and now
abandoued because of large contents of nitrite and ammonium salts). This process would
continue if the hydrologicsl conditions of the Danube were not changed.

Ground water of 3 Iarge part of the Danubian sedimentauon area 15 of oxidizing conditions
and of a high quality. Save yield was estimated at 20 m *fs and approximately aboul 4 m s
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Fig. 1.4: Closure of river branch in Hungary
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frpure omitted

© Fig. 1.5: Sediments in river branches with previously stagnant water
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. of this ground water is used for water supply directly without treatment {ouly chlorinating of
water is used)..

Decreasing of ground water level influenced the sgriculture in the past. Not to lose the
sTOpS, irrigation was introduced. Introduction of nTigation means larger contamination of
ground water, need of larger quautity of fertilizers and other agrochewmical products. Under
irrigation conditions the possibility of direct ground water contaminstion is much larger.

Agricultural activities are leading 10 contamination and degradation of ground water. The
main problems are pitrate and pesticides, leaching of organic matter iato aquifer, changing an
oxidation state 1o reduction one, poilution by fuel, ofl, etc., concentration of manure, sewage
and other wastes and improper tillage and irrigation practices.

1.2.1. Regime of Discharge and Water Level in the Danube

Regime of discbarge and water level in the Danube is represented by discharge and water
level fluctuation at gauging stations, The Danube discharge in Bratislava and Komarno m the
period of 1953 - 1993 is presented in Fig. 1.6. The water level in the Danube measured in
-Bratislave, Gabcikovo, Medvedov apd Komarno is presented in Figs. [.7, 1.8. From the first
view 1l is evident, that the discharge is more or less stable and waler level is continuously
decreasing. To express better the long-term development of discharge and water levels, the

- linear regressicn line is plotted. Equation of the linear regression is of the form

. h=a*{y-19583)*36525+d+c)+b {13
where y Is year,

d - pumber of day in the year,
a, b, ¢ - parameters of eqg. {1}

Table 1.1: Parameters for calculation of discharge and water levels using eq. {1}

Sration rkin  item a b <

Bratislava 1868.7 disch. 000175812 209986 19357
Bratislava 1868.7 level 0006119725 134,68 19357
Rusovee 18559 level 0006106193 128.013 1827
Gabcikovo 1819.6 level -0.0000185326 115213 1824
Medvedov 1805.4 level -0.0000960211 112.638 9495
Klizska Nema 1792.4 leve] 0.000104016 113316 94558
Zlatna na Ostrove 17792 level -0.000085 1445 108.808 12782
Komaroo 1767.1 disch. -0.00681133 2406 99 12782

Komarno 17671 level -0.0000571844 107.436 12732
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Discharge and water levels, calculated by eq. (1) are considered for referential ones.
Reference water levels for the years of (963 and 1993 and their differences are given iu the
Table 1.2.

Table 1.2: Computed reference values of dlscharge and water levels for various gaugmg

‘stalions
Station TKI item 1.L1963 1.1.1993 difference
Bratislava 1868.7 discharge  2059.40 2040.14 19.26
Bratislava 1868.7 level 131.93 [30.61 1.32
Rusovce 18559 level 127.47 12637 I.IG
Gabcikovo 1819.6 level 115.11 114.91 .20
Medvedov 18054 leve] 111.37 110.32 1.08
Klizska Nema 1792.4 level 140895 107.81 1.14
‘Zlatoa pa Ostrove 17792 level 107.35 106,37 .98
Komarno 1767.1 discharge  2295.04 222041 74.63
Komarno 1767.} level 106.50 105.87 .63

Decreasmg of the dxscharge is very small and therefore the drop io the water level is due o
deepemng of the river bed.

Decrease of the water level in the Danube is one of the factors vielding to decrease of
ground water level, decrease of infiliration rate and it is changing the ground water flow.

Decrease of water level in the Dauube together with closure of river branches, because of
navigation, was the maio long-lerm negative factor upon the riverside forests and vegelation.

1.2.2. Ground Water Level Regime

The ground water level regime is mamifested by its fluctuation, usually measured io regular
mtervals in hydrogeological wells (wells, prezometers). There is & basic network for
observing ground water level fluctuation on the territory of the Danubian Lowland, where the
Slovak Hydrometeorological [nstitute {SHMU} performs continuously or weekly
measurements {Fig. 1.9} Similarly, the water stages and discharges on the Danube, Little
Danube {Maly Dunaj), Vah, and in chosen canals are processed.

Examples of ground water level fluctuations are presented-in following figures. The SHMU
we]l No. 685, situated close to the Danube river channel within the floodplain ares, is shown
in Fig. [.18. The ground water level fluctuates in direct dependeuce upon the Danube niver
fluctuation. Water tevel {luctuation in the SHMU well No. 612, occurring in the lower part
of the Danubian Lowland, can be seen in Fig. 1.10. Water level rising duning the {lood 1o
1965 15 clearly visible. The typical example of changes of different effecis is presented 1n
-Fig. 1.11. There is shown the ground water level fluctuation in some obscrvation wells
sttuated nvarous distances {rom the Danube and the (Tuctuation of the Danube waler level.

6
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It can be seen in the region <lose to the Danube (SHMU well No. 7224} that the ground
water Jevel fluctuation corresponds with the water level fluctuation in the Danube. In a large .
distance (SHMU well No. 699}, the fluctuation is strictlysdependent upon the season of the
year and the relationship between precipitation, snow melting, and evaporation. There exists a
transition zone in which the effects of the Danube or precipitation/evaporation are more or
less influencing ground water level fluctuation.
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[t can be sceq in the region close to the Danube {SHMU well Ne. 7224) that the ground
water level fluctuation correspouds with the water level fluctuation ig the Dapube. [o a large .
distance (SHMU well No. 699), the fluctuation is strictly dependent upon the season of the
year aud the relatiouship between precipitation, snow. melting, aod evaporation. There exists a
traasition zone in whick the effects of the Danube or precipitation/evaporation are more or
less influencing ground water level fluctuation,

[o Figs. .10, 1.I1 it is shown the linear regression line, representing the drop of average
water level in dependence upon time in & long-term period. Above and below this line there
are lines {dashed) representing the linear regression of points, situated above and below the
average line. The range between the upper and lower dashed line represents the average
ground water level fluctuation. Such expression of observed values confirms 2 gradual
ground water level decreasing om 2 large part of the territory and at the same time, it shows
the changes in amplitude of ground water level fluctuation within & long-term period. It is
evident, that there are many circumstances iofluencing the ground water regime and that the
application of the linear regression is not an ideal method for the evaluation of the changes
in regime of ground waters in time. Such data processing was aimed only at the
documentation of the long-term trend of changes of the ground water level fluctuation
regime.

The average ground water level, represented by the linear regression line for a concrete time
{date}, 15 considered as a reference water level, from which the water level changes withio &
long-term period may be deduced. The values of the water levels in the SHMU wells (Fig.
1.9} for the years 1960 and 1990 were used for drawing up the maps of ground water level
contours {Fig. 1.12), the map of difference lines (Fig. 1.13) and the map of ground water
depths below the surface (Fig. 1.13). We also draw the atteation 1o the influegce of the
second water source uear Podunajske Biskupice and to the effect of the hydraulic protection
well system surrounding refinery Slovnaft (Fig. 1.12} and to the substantial decrease of
ground water level dowunstream of Bratislava {Fig. 1.13).

A considerable decrease of ground water level is evident in the upper part of the Danubian
Lowlaud dowostream of Bratislava during the last 30 yeers. For comparison, a map of
ground water level contours at low water stage in 1954 is shown (Fig. 1.14), [12].

1.2.3. Ground Water Level Fluctuation Regime

The annual sums of weekly ground water level differences were compuled (since the
megsurements have been performed weekly). The map of the supumary annual amplitudes of
ground water level fluctuation is shown in Fig. 1.15. The thick lige in Fig. .15 is an
approximate distance from the Danube where the water level fluctuation i the Danube
influences ground water level fluctuation. Behiad this boundary, ground water level
fluctuation is caused by infiltration - evaporation relationship,

1.2.4. Influence of Ground Water Regime Changes

1.2.4.1 Influence of Ground Water Level Changes upon Apriculture

The hydrological and ecological regime in the area is subjected to a long-term trend of river
bed erosion and decreasing of ground water levels.

20
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The annual rainfall {300 - 708 mm} is much smaller than the need of water supply to the
vegelation, especially during the summer season. This extra water supply was possible in the
past throughout the area by vertically upwards flow in the capillary zone from the ground
water table to the root zone. The necessary conditions for this are that the ground water table
Is uot toc deep and that no gravel layer is located over the ground water table. The pre-dam
conditions are characterized by measured ground water level equipotential lines (Figs. 1.12 -
114}

However, due to the decrease in ground water levels during the past few decades, especially
afler the second world war, it has been necessary to make artificial irrigation for the
agriculture, Thus, oo the Slovek side, & comprehensive getwork of surface water canals has
been developed for irrigation purposes. However, artificial irrigation has its disadvantages as
compared to the natural situation because the downwards water flux causes a considerable
leakege of nitrates, organic compounents, pesticides #ud other chemicals inte the ground water,

1.2.4.2. Influence of Ground Water Level Decrease in Inundation upon Forestry

[a the past, the measures taken for the navigation, coustrained the possibilities for the
development of the Daoube and the floodplain area. The pre-dam trend with lowering of the
Danube water level, endikements, cutting off the side branches upstreani and fortification of
the main chanaoel has stressed the biotic communities substantially during the last decades. As
a result of past ground water decrease (lypical example is the SHIMU well No. 673 situated
at the village Bodiky, Fig. 1.16}, some area of soft alluvial forests have been turned uto
bard alluvial forests. The latter were often cultivated with poplar and white willow,
Furthermore, it is estimated that large part of the onginally forest is not alluvial forest any
longer. In addition, forestry has replaced many natural forests by plantaticn, where introduced
cultivars of poplar have been used. Due 1o anthropogene effects, the dynamics and structure
of elluvial forest were considerably disturbed and made the invasion of Solidago, Aster and
Impatiens species possible.

Percentage of discharge in the Danube and s river branches, before cutting off and closing
the river branches, is shown in the Table 1.3. The first number in the table 1s discharge in
the main stream of the Danube, the pumber in brackets is the discharge throughout the river
v brarches. [t can be seen that e.g. from rkm 1833 10 1816, ir the area of Gabcikovo, the
discharge in the river braoches was before the closing the nver branches approximately 20 %
of discharge in the Danube in Bratislava, alse by low discharges. In the opposite, a short
time before deamming of the Danube the flow in some river arms started by discharge in
Bratislava from 2500 - 3500 m’/s. The flow in almost all river branches occurred when the
discharge in the Danube was over 3500 - 4500 m’/s. The main difference between the
conditions in late 1950°s and pre-dam conditions is, that in the far past the main river
branches were supplied with water all the time but in pre-dam couditions less than 78 days in
a year. :
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Table 1.3: Percentage of discharge in the Danube and her river branches (Dub, Duba,
Szolgay 1a [10]}

17.1.1961 21.9.1960 20.-22.6.196] 16.-17.5.1955

Discharge in Bratislava (m’/s)

1065 - 1958 2998 4002
Tk (%}
Hrusov 1842.40 99 (1) 97 (3) 83 (17) 68 (32)
Sulany 1833.10 76 (24) 74 (26} 62 (38 65 (35)
Baka 1825.00 88 (12) 96 (4) 78 (22 67 (33)

Gabcikovo  1821.07 63 (35} 82 (18} 66 (34} 51 (4%
Istragov 1816.85 34 (18} %4 {18} 76 (24) 64 (36}

Palkovicove 1810.40 98 (1) 85 (15) 68 (32) 63 (37)
Medvedov  1806.00 98 () 99 (1} 89 (11} 92 (8)

Klucovee 1802.37 g% (I} $9 (1} 90 {10} 99 (I

1.2.4.3. Influence of Ground Water Level Decrease upon Water Resources

The <ity of Bratislava is supplied with water from the wells situated near the Danube at
various places. Some of them are in tbe position where thickness of the gravel and sand
sediments is very low. Pospisil and Kucera [17] estimated deep erosion of river bed o
various places at the Danube (Table 1.4).

Table 1.4: Erosion of the Danube river bed {1964 - 1990)

Locality -Tkm decrease thickness of
’ {m} agquifer {m)
Sihot 1875 1.18 10 - 17 ,
Pecensky les 1871 4.77 g- 14
Bratislava - limnigraph 1868 045 8- 15
Rusovee - Ostrovne Lucky 1856 0.41 15 - 435

Cunovo 1335 0.95 45 - 100

At locality Pecensky les, Pospisit [[6] estimated the decrease of ground water nflow towards
the system of wells of 30 - 40 % between the years 1973 - 1991 Al the lecalily Rusosce -

27
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Ostrovee Lucky, Pospisil and Kucera [17] estimated the shift of watershed divide towards
Cunovo further from the Danube.

it
1,2.4.4. Influence of River Bed Erosion

The ground water level decreasing cae be also studied with respext to geological conditions
downstreatt of Bratislava. Fig. 1.7 shows that the Danube bed erosion is progressing. The
basic problem creates the subsidence of the Danube bottom with respect to the geological
interface between the gravel of the Danube sediment deposits and sub-surface sands of the
Neogeue age. Problems caused by erosion are well visible in Fig. 1.17, where the geological
profile, worked out by the enterprise IGHP, is demonstrated in the site of planned subway
under the Danube. '

Thus the progressing process of the Danube bed erosion has not only a negative iinpact on
present ground water level decreasing, on decreasing of the infiltrating amount into the
Danubian Lowland region, but also on the possibility of a substantial erosion acceleration
dowaoward from the granite threshold upstream from the Bratislava castle, in places from the
Old Bridge down to the winter harbor in Bratislava, It is emphasized, that the most
srigmificant factor of eroston is the water flow velocity and by influencing this veloctty it is
possible to directly influence the erosion and sedimentation processes.

Similar problems are known and described by Austrian water researchers Kresser [6], Zottl
{8] and Prazan [7] and the cuttings from their articles are enclosed (see Appendix).

There is the imminent danger of the Danube river cutting into the Neogene sediments and

" consequent substantial acceleration of erosion, further ground water level decreasing and,
naturally, also decreasing of well yields, especially in the region close to Bratislava. Thus,
prevention of further erosion of the river bed and successive improvements (rising of the
bottom) are more than advisable. '

1.3. FORECASTING OF GROUND WATER LEVEL WITHOUT GABCIKOVO
HYDROPOWER STATTON

From the leng term ground water level measuremenis based on statistical analyses, a long-
term drop of ground water level was estimated. Based on the data evaluation, the
extrapolation for the future was made. It means, that the forecasted ground water levels
expressed in equipotential lines will be reached under conditions, that the processes yielding
10 ground water level decrease would continue without changes. According 1o our opinion,
the river bed erosion will be speeded up after construction of hydropower station in Vienna
Freudenau. o the Fig. .18, there is shown the real reference ground water level before
damming the Danube in so-called pre-dam conditions 1in 1992. The forecasted ground water
levels in 2022 are in Fig. 1.18. This means extrapolation 30 years after damming the '
Danube. It is evident that the forecasted changes, decrease of ground water level, are from all
points of view, and espectally from the point of view of ecology, very negative.
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1.4. INTERPRETATION l'OF‘ CHANGES AFTER DAMMING THE DANUBE
1.4.1. Interpretation of Changes 6 Months after Damiming the Danube
The influence of Jamming the Danube can be seen on 3 typical choser piezometers. Fig.
1.19 represents water discharge in the Danube starting st the time of pre-dam conditious. In

Fig. 1.19 there is shown the date of the Jamming the Danube (October 24, 1992 aud
starting the filling up the river arms in inundation on the Slovak territory (May 3, 1993).

" Typical well, not far away from the reservoir, the SHMU well No. 694 (Fig. 1.19, see

it

situation in Fig. 1.9) shows eminent increase of ground water level just after damming the
Dagube. The SHMU well No. 673 (Fig. 1.20), situated in ioundation uear the river Danube,

‘shows after demming the Danube the decrease of ground water level and {aocrease of ground

water level after filling up the river arms. The SHMU well No. 679 (Fig. 1.20), situated
behind the power channel, shows decrease of ground water lev:] afler damming the Danube
and visible increase of ground water level after filling up the river arms. It is evident the
impact of oot coly the demming the Danube but also of the filling up tbe river amms.

To show the regional impact of damming the Dapube and filling up the niver arms, the
equipotential lines were drawn for both cases. From the SHMU wells, the ground water level
equipotential lines were drawn for the date of April 28, 1993 (Fig. 1.21}. Reservoir was
fitlled up but the river branches o inundation were still empty. Using prediction of water

- levels for the situation without filling up the reservoir, the equipotential lines for the same

date were constructed (Fig. 1.21}. The difference lines, constructed {rom these two figures,
give 1o Us a general overview about changes in ground water level (Fig. 1.22). On wells,
situated near the reservoir, there is the increase of ground water level and in opposite, on
wells, situated pear the intake channel leading to the power plant, there is 2 temporary
decrease of ground water level until some remedy measures are reslized.

1.4.2. Interpretation of Changes 8 Months after Damming the Danube

[ofluence of the filling up the river arms In inundation (May 1993} can be seen on the
SHMU well No. 673 (Fig. 1.20), which is situated between the Danube and intake channel
Similar situation is on the SHMU well No. 679 (Fig. 1.20) behind the ntake channel.

The main difference between 6 and 8 montks sfler damming the Danube 1s caused by the
filhng up the river branches in inundation on the Slovak territory (May 5, 1993}, To express
tbe situation after 8 months sfter damming the Daoube (June 30, 1993}, the ground water
level equipotential lines based on the measured SHMU wells are shown 1o Fig. 1.23. Using
prediction of water levels for the situation without damming the Daoube, equipotentizl lines
of ground water level were constructed (Fig. 1.23). Companing equipotential lines, the
difference lines of ground water levels are presented in Fig. [.24. Fig. [.24 represents the
changes of ground water levels on 30 lune 1993 in comperison with the conditions without
the damming the Danube. From the figures it is clear that the damming the Danube and
fitling up the river branches have increased ground water [evels on the whole territory
wcluding the inundation approximately to the state 30 years ago.

Except thns, 1t is clear that the ground water levels are very sensitive upon the lilling up the
river branoches in inundation. This means that river branches are one of the management
tools for ground water level optimization. The changes of ground water level, measured on
the SHMU well No. 679 in the second half of June, show the good response on higher water

3
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levels in the Daoube (part of discharpe was led through the weir in inundation to the
Danube) and confirm that the future construction of small underwater weir 1o the Danube
would act s au additional important means for oplimizing ground water levels. The
underwater weirs. are important not only for the ground water level optimization but alsc for
diminishing the difference between ground water level and water level in the Danube and for
better mutual interconnection between the Danube and the river branches from the point of
view of fish and ecology.

1.5. WATER QUALITY
1.5.1. Surface Water Quality

The river Danube water qualily is evaluated from the point of view of oxidizing - reduction
conditions [25]. Fellowing example of evaluation is based on analyses of the water quality
taken at the municipal waterworks Sihot in Bratislava.

Concentration of Cl” and SO« depends on discharge and is preseated in Fig. 1.25.

Contents of O; and COD{Mn)} is 1o Fig. 1.26. From the figure it can be seen that the trend Is
in the direction of improvement of water quality {rom the point of view of recharge of
aquifer and river back infiltration.

Concemiration of NOy and NGO, is shown in Fig. 1.27. It is shown 2n increase 1o nitrates.
The maximal contents of nitrites is up to 0.3 mg/l

The geperal improvement of the water quality in the Dagube is because of improvement and
capacity of biological purificatica plants at the Danube, especially Vienne's main purification
plant, which was put into operatica in 1980, the Schwechat's refinery and Slovnaft's refipery
purificatica plants and Bratislava's purification plants cn both sides of the Danube, Some
additional information about the Danube water quality is given iu Appendix in
PERSPEKTIVEN.

The changes in the Danube water quality sioce [960's could be seen when comparing
publications [26, 10] with [8, 9].

1.8.2. Ground Water Quality

Aerobic biodegradation is an important mechanism for saving ground water quelity. Redox
reactions may often be key mechamism controlling the migration of toxic and inorganic
wastes in the sediments and in the ground water. Ground water in water supply areas is still
of excellent gquality and mostly of oxidizing conditions in the Zitny ostrov area. The main
goal is to save the favorable oxidizing conditions mainly in the area used for water supply.

Ground water quality, since damming the Danube, is carefully monitored and evaluated in

regular reports. In 28] there is evaluation of ground water quahty from October 25, 1992 to

December 31, 1993. The main results of this evaluation are:

1. In ground water, which s used for municipal water supply, in no case the values,
according to the Standards CSN 75 7111, were exceeded

1
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The basic chemical t¥pe of ground waters stayed nearly unchanged in the whole period,
the range of fluctuation of the contents of dissclved substances and the changes of the
contents of morganic macropollutants Jo not go out of range in the lonp-term trends
The most significant changes of chemical composition (which can later affect the ground
water quality especially in the vicinity of large water supplies situated in the riverside
zone of the Danube at the Zitny ostrov area) occur in oxygen regime,

- In spite of the more exceeding of water quality indicators (mainly in the first phase of

filling up the reservoir), there were positive changes in the development of water quality
(especially in the right riverside zone of the Danube - in the vicinity of the water supply
Rusovce - Ostrovne Lucky - Mokrad).

The hydrogeochemical changes which were monitored, in general confirmed that the
ground water quality is unchanged or in some places it is possible to evaluate improving
in ground water quality. This improvement is not necessarily definite. Further monitoring
is required. i

Changes in the surface water quality are pot significant. The slide changes are in
oxidizing conditions and microbiological indicators.

Ia the power channel and tailrace channel the water quality is similar as in the reservoir
at Samorin,

L6. QUALITY OF SEDIMENTS

Complex evaluation of sediments is summarized in [24]. In the database, there is 186
analyses of sediments and 3 analyses of suspended load from the river Danube, taken before
damming the Danube. Except this, there is 37 analyses from the last survey in the framework
of Project PHARE. Sampling places in the last survey were situated in the areas where there
is possible recharge of squifer and in the areas where the ground water is flowing towards
possible places of future ground water extraction. Places of sampling are shown in Fig, 1.28.
8 samples were analyzed in two laboratories, in the Netberlands and in the Slovek Republic.
Results are given in the Table 1.5. Based on the evaluation of the expert from the
Netherlands, Mr. J. Griffioen, the results could be summarized as follows: '

»

in the area of Gabcikovo reservoir, the sediments are not evidently contaminated
sediments are not contaminated by organic contaminants

in spite of higher contents of heavy metals in sediments analyzed by the method of total
decomposition, the situation is not worrying because a large part of the heavy metals in
the sediments is in the form of stable rock minerals (e.g. Cu, Ni)

contents of some metals in oxidizing conditions is in river sediments in Alpine -
Carphatians geological conditions high and it does not mean a pollution.

TIm m -
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ND. - not detected
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2. FROM THE HISTORY OF ORIGIN OF WORKING GROUP OF
INDEPENDENT EXPERTS EU

2.1. FACT FINDING MISSION (October 27 - 31, 1992)

Afier unsuccessiul bilateral negotiations between Hungary and Slovakia concerning
Gabeikovo - Nagymaros Project, EC Commission {wow EU - European Union) invited
Czecho-Slovakia and Hungary for a trilateral meeting st Brussels on October 22, 1992,
During the negotiations, Czecho-Slovakia heuded over the Aide-mémoire, the substance of
which was that during the work of the iripartite commission (*Working group of independent
experts on Variant C of the Gabeikovo - Nagymaros project”), Czecho-Slovakia would not
divert water from the common riverbed and only navigation would be transferred to the
Czecho-Slovak territory. Aide-mémoire confirmed that damming of the Danube was not a
definite solution, if conclusion of the tripartite commission would prove the principal
negative ecological impacts of the Gabcikovo scheme. Hungarian delegation refused
proposals contained in Aide-mémoire and conditioned the establishment of tripartite
commission by interruption of works leading to the damming of the Danube. This
requirement was unacceptable, because of technical reasons and necessity of anti-flood
protection and navigation. Czecho-Slovak delegation expressed readiness to receive
independent experts who could evaluate the real sitvation and the eamestness of its proposal.
After this unsuccessful trilateral meeting at Brussels the damming of the Danube had been
sterted on 24 October 1992 and on 27 October 1992 the Danube was dammed.

Iz connection with these talks, the EC Commission has sent 2 Fact Finding Mission to the
area of Gabcikovo project. The mission carried out an on-site inspection of the ongoing work

on Tuesday afternoon, October 27, 1992. The mission from the EC Commission consisted of .

the following three persons:

+ Mr. Jens Christian Refsgaard - team leader, Denmark

s Mr. Jan M. Van Geest, Director Infrastructure, DHV, The Netherlands
¢ Mr. Jesper T. Kjelds, Computational hydraulics engineer, Denmark

Terms of References of the Fact Finding Mission

1. To make an on-site inspection of the ongomg work.,
" 2. To assess the need and urgency of the ongoing work in light of potential ﬂooclmg risks
~ for damage to already constructed parts,
3. To assess the immediate consequences/impacts of the ongoing work relating to:
= Navigation
» Hydrological aspects
+ Environment
4. To assess the irreversibility of the ongomg activities and 10 assess the cost for restoring
stalus quo.
5. To establish when works on the Danube can be stopped without nsks for existing
structures or floods.
6. To establish whether and when the Danube waters can go back into the existing bed afier

the present works have been finalized and the artificial canal filled up. To indicate flows
and dates of possibie realization.
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7. The results of the consultancy must be commuanicated 10 Mr. Benavides and Mr. Giunti as
soon as possible. Mr. Giunti should receive daily briefing from Mr. Refsgaard oo the
progress of investigaticn.

The United Kingdom, 1n the capacity of the President of the EC Council at that time, came.
in this situation with 2 new initiative. During the summit of the prime ministers of the
Visegrad group (Huongary, Czecho-Slovakia and Poland) with the Premier of the United
Kingdom, Jobo Major, the trilateral negotiations were held in London on 27 - 28 October
1992. There was decided to put together & new Fact Finding Mission composed of one expert
from each of the three parties. The followmg three experts have been appointed to constitute
the Fact Finding Mission:

CEC: Mr. Jeus Christian Refsgaard, Chief Hydrologist, Danish Hydraulic Institute,
team leader of the Fact Finding Mission
CSFR: Unitv. Prof. Igor Mucha, Faculty of Natural Sciences, Comenius University

Hungary: Dr. Péter Bakonyl, Managing Director, YITUKY Consult Rt, Budapest

The Mission met o this coustellation the first time on 29 October 1992 i Gydr. It cartied
out an on-site imspection of the ongoing work on 30 October 1992 and held the concluding
meetings in Bratislava on 30 - 31 October 1992. The Agreed Minutes {see in Appendix)
from trilateral negotiations in London were used by The Fact Findiog Mission as the Terms
of References. '

Geunerzl results of the Fact Finding Mission including the London Agreed Minutes in the

original Terms of References are es follows:

« In 2 possible flood situation some of the not yet finished structures might be dameged
depending on the peak and duration of the flood. To meet the design flood criterion
Qooinyes the Phase 2 of Variant C has to be completed (Fig. 2.1}. Although oot direct
related to works of Variant C, the most flood endangered reach of the Danube in the Area
of interest 1s the [ef! hand side between Palkowcovo {rtkm 1811) ard Medvedov {rkm
1806).

+ As a cousequence of the ongoing works the Danube discharge is separated in two parts.
One part supplied the power canal leading to Gabeikove which serves as the navigation
channel as well. The other part of discharge is directed into the existing Danube bed
through the by-pass weir. The water management possibilities are restricted until the
various parts of the hydraulic structures are fully completed. After completion of
Varant C, the full complex of structures can provide comprehensive possibilities for
regulation of the discharges both by low discharge aod flood situaticns.

+ The major environmental impact is related to the ground water resources and te the
ecology. The effect on floodplain ecology is a result of both the lowering of ground water
table and z less frequent inundation of the flood plain. Thus the environmental impacts of
reducing the discharge iu the Danube are negalive, unless proper remedial actions are
taken. CSFR has included a budget of 2.4 billion CSK for construction of underwater -
structures as pert of Phase Z of Variant C. There are Indicated some possible remedial
measures, ¢.g. small underwater weirs, gate operation, Interconnection of Danube river
bed with river branches, adding some material into the river. It is stressed, that such
remedial measures are possible fo be made because the navigation takes place in the
power canal instead of the existing Danube bed in this reach of the Danube.

« Immediate impacts observed in Hungary are included. Closure of the Danube resulted in
decrease of discharge. On 24 October 1992 the discharge was 800 - 900 m’ss. On 28
October 1992 the discharge was 227 m’/s at Rajka and 356 m’/s at Dunaremete. Due ta
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the sudden drop of the discharge, the water level decreased in less than 4 days by 3 m at
rkm 1850 end by 2.4 m st rkm 1825, according to Hungarian measurements {which is
according to Hungarian rating curve exaggerated (Fig. 2.2)).

» Some effects of water level decresse are: the side branches have been cut off from the
main chaooel, the water from the downstream part of the side branches disappeared
immediately, the ground water table has decreased, the river training structures st
sorue places slid into the Danube, the water disappesred from the ports as in
Asvinyriré, Dunarernete, Dunskilitl, the ecological balance of the side branches has
become disturbed.

s As g consequence of the ongoing works, the navigation route in the existing Danube
pavigation channel has been closed. Instead the new navigation channel and power canal
with the navigation locks at Gabcikovo are being opened. The immediate impact of the
ongoing works is the distuption of navigation for the period from Qctober 23 1o
‘November 3, 1992. When the navigation channel is operationsl the navigation should be
Improved as compared to the previous situation, because the water depth will be larger
then in the existing Danube and ships will save 3 part of the energy required for
transport.

Irreversibility of Ongoing Activities

Iz principle, the ongoing activities with Variant C could be reversed. The structures,
excluding some of the underground parts could be in theory removed. The costs of & such
removal are roughly estimated 1o at least 30 % of the construction costs. There will be
negalive environmental effect during the demolition of the structures and the deposition of
the wasle material. It 15 therefore relevant to evaluate under which Circumstances the Variant
C structures could bave ouly insignificant effects. Such "functional reversibility” is possible
for & scenario like this: “if the Dunakiliti weir and the other structure on Hungarian
territory are being operated according to the originsl plans the gates in the Varfant C
structures can be kept fully open and will not have any significant effect.”

General Remarks Written by Fact Finding Mission

- Figally, 1 Is important to emphasize that the environmental conditions in certain respects
are deteriorating today due to river bed eresion and thus lower ground water tables. The
decline 1s varying from spproximately 2 m over the last 30 years near Bratislava to
approximately status quo near Komargo. Thus, the riverside vegetation is slowly drying owt
resuiting in significant changes in vegetation species, etc. The cenditions for agricultural
water supply through capillary rise from low ground water tables are no longer good enough
aud hence more Imigation is required. It is realized that sudden changes as & cousequence of
¢.g. the Gabcikovo - Nagymeros project will occur immediately, and that it will take some
time until 8 new ecological balance develops. However, the “status quo™ situation in pre-
dam conditions is neither a stationary nor a natural situation, but rather a slower
transition from one cultural landscape to another one, with the inherent consequences of
this on the ecological conditions.
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DISCHARGE RATING CURVE
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Scenarios

Scenarios, based on the London Agreed Minutes, that the pro;ec( will be stopped at the date
specified by the EC Commission, are as follows:

L The work will be stopped for a period no longer than one month.

i The work will be stopped for a period up to three months.

III.  The work will be stopped for a period of ope year. -

Scenarios, based on the London Agreed Minutes, that the whole quantity of water will be
maintained in the old Danube riverbed, are as follows:

A The “whole"” quantity of water is directed into the Danube.

B. The main part of the water is diverted to Gabcikovo.

C. A combination of A and B. .

All the scenarios were evaluated. The mission believed, that it would be possible to define
more optimal scenanos maintaining the major part of the advantages of A apnd B and at the
same lime not containing the main disadvantages of A and B. In addition to the above, it is
emphasized, that a more final optimization with full weight to the ecological conditions most
likely includes a range of regulation measures withun the flood plain area itself.

It is evident that no scenario and no date to stop the work was proposed.

2.2. WORKING GROUP OF INDEPENDENT EXPERTS (November 9 - 23, 1992)

As & follow-up to the London Agreed Minutes, 2 Working Group of six independent experts

was established. The Working Group was composed of the following experts:

CEC: Mr. Jens Christian Refsgaard, Chief Hydrologist, Danish Hydraulic Institute,
Denmark, Team Leader

Mr. Jan M. Van Geest, Director DHV Environment and Infrastructure, The
Netherlands

Mr. Johann Schreiner, Director, Norddeutsche Naturschutzakademie, Germany

Professor Dr. Heinz Léfler, Head of Zoologu,al Department, University of
Vienna, Austria

CSFR: Professor Dr. Igor Mucha, Faculty of Natural Science, Comenius University
Bratislava

Hungary: Professor Dr. Gabor Vida, Head of Department of Genetics, Eotvds L.
University, Budapest

The Working Group consists of hydrologist, water works engineer, ecologist, zoclogist,
ground water specialist, geneticist. It means generally that the group consists of one
technician, twe water specialists end three members of natural seiences dealing with
ecological problems.
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Terms of References

The scope of work of the Working Group of [udependent Experts was expressed in the letter
sent by the CEC on 29 October 1992 as follows: '
The Working Group will:
i) Make an on-site inspection of the structures of Vanant C and describe the state of work;
ii) Assess the need and urgency of these structures in the; light of the potential flooding risk,
including the risk of causing damage to already constructed parts;
iii)Assess the (immediate) consequences/impacts of these structures relating to:
+  Environment, covering:
— Erosion and Sedimentation in River and River Reservoir System
~Surface Water Quality
—~Ground Water Regime
~ Ground Water Quality
~River and Flood plain Ecology
*+ . Hydrological and water management aspects and
*  Navigation '
The assessment will be based on an outline of existing (pre-dam) conditions and trends.

iv)Assess the reversibility of these structures and assess the cost of restormg ihe status quo
" ante, i.e., the situation existing prior to the construction of the dam;
v) Make suggestions for (urgent) measures aud, if necessary, studies to be {under} taken to
improve the present conditions.

2.2.1, Working Material Prepared by Slovak Expert .

Working material ‘was prepared in separated report [C]. The main goal of this working
material was the identification of the hydraulic system under the condition of the hydropower
station Gabeikovo, called as Variant C and outline the possible optimal and beneficial use of
the Danube water for various interests. Report includes:
Qutline of state and present trends in the area
s (Geological conditions
¢ Long-term impacls and trends in the area
General ecological requirements
Erosion and sedimentation in river system
Surface water quality
Ground water regime
s Trend of ground water level depth
. & Ground water level fluctuation
¢ Ground water quality

« River and floodplain ecology
» Conditioning factors for recovenng of inundation ﬂoodplam
¢ Trends in the past
+ Navigation

« Capacity, number of boats of navigation company CSPD Bratislava

¢ Navigation conditions

« Problems on the section Bratistava - Komamo !
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Immediate and potentml long-term consequences/impacts of the Gabetkovoe Varian C and
outline of possible remedial measures impact of reservoir of hydropower station on ground
waler levels :

» Hydrology and water management

+ Forecasting of ground water levels .

+ Immediate impacts of Variant C on ground water levels

*» Immediate impacts of Variant C on Danube water levels from Cunovo to Sap
+ Envircnment )
¢ Improvement of navigation conditions after finishing of Gabcikovo dam

¢ Time saving

s Saving of energy

s Improvement of depth in harbor of Bratislava

+ Increment of turnover ’ :

* Problems of navigation at the place where the Danube and outlet canal are joining
+ Possible remedial measures

» Hydrology and water management

+ Eavironment

« Navigation

Except this, two scenarios have_ been elaborated:
¢ Water management scenario based on requirements of the Slovak Ministry of Environment
+ Scenanio based on trealy between Republic of Hungary and Czech and Slovak Federal

- Republic

Detailed monitering of discharge, water levels, gmund water levels and ecological factors
wete proposed. It was stressed that all measurements are carried out on both sides according
to agreed monitoring system.

2.2.2. Main Results of the Working Group Report

From the ecological point of view, the following statements are interesting io the Executive
Summary.

The hydrological and ecological regime in the area is subject to a long-term trend of river
bed erosion, decreasing water levels and associated ecological changes. This is caused by a
variety of reasons, above all the large river regulation works, which implied deliberate
unnatural cutting off and bundling of river branches into one main, straightencd and

~ heavily fortified channel for navigation. In spite of this basically negative trend the
floodplain ares with its alluvial forests and the associated ecosystems still represents 2 very
unique landscape of cutstanding importance.

In the past, the measures taken for the navigation constrained the possibilities for the
development of the Danube and the floodplain area. Assuming the navigation wiil no
longer use the main river over a length of 40 km a unique situation has arisen. Supported
by technical measures the river and the floodplain can develop more naturally.
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Variant C Structures and Status-of Work

- In both countries the original structures for the Gabeikovo scheme are completed except for
the closure of the Dapube niver at Dunakiliti and the instaliation and testing of turbines.

Variaot C (Fig. 2.'1) consists of a complex of structures, located in Czecho-Slovakia within
the area of the original (according to treaty) Variant A,

The hydropower station is designed for pesk power production. At the time of Working
Group activity five turbines (from 3 planned} and generators bave been installed.

The floodplain weir snd the bottom protection were originally designed for use only in
flood situations (few days per year). During the Working Group activity this C2<ign has been
modified to allow its daily use as a result of the London Agreed Minutes and a good will
and flexibility of CSFR. Along the Danube right bank a spillway was under construction
and the downstream bed would be protected with additional 100000 m’ stone. (The
unexpected high flood in November - December 1992 eroded the area between the floodplain
_ weir and the planned spillway along the Danube right bank and the construction is no more
realizable.}

The intake structure at entrance to the Mosoni Danube and supply canal on Slovak territory
with ‘capacity 25 m’/s had been constructed.

An mlake structure located in the power canal allowing for a maximum intake dlscharge of
234 m’/s to supply a river arms and the floodplain downstream the Dunakiliti weir on Slovak
territory is completed.

The road ou side of the right side dams conuecting Bratislava with three Qiliages lying
between power ¢anal and the Danube is under construction.

Assessment of the Need and Urgency of the Structures

The designed flood discharge for the project of Variant C (Phase 1 and Phase 2 of ’
construction) is based on 10000-year flood occurrence, risk of occurrence of such flood is
(.01 % within & year. For the construction perjod, usually larger risk is accepted. The
flooding tisk of stopping the work depends on the season period during which the work wall
be stopped aod the level of finalization of structures. Stopping the work in summer period
needs higher finalization or the risk is much higher. Although oot du'ectiy related to the
works of Variant C, the most flood endangered reach of the Danube in the area of
-Gabcikovo - Nagymaros system of water works is the left-hand side between Palkovicovo
(Sap rkm 1811) and Medvedov (Medve rkm 1806) due to extensive siltation and lack of
dredging (problem of erosion upstream of Palkovicovo when dredging without of decrease of
flow velocities, see solutiorl in common project of Gabeikove - Negymaros).

The Gabcikovo complex can regulate the discharge between 80 m’/s (discharge for
navigation and ship locks) and 5200 m’/s which is the maximal discharge in power canal,
Upon complelion the weirs of the Phase | of Variant C can regulate discharges between 0
and 6100 m’/s. After cormpletion of Phase 2 of Variant C, the full complex of structures can
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provide comuprehensive possibilities for regulating the discharges, both in low flow and
flood situations.

Reversibility of Variant C

In principle, the Variant C could be reversed. The structures, excluding some of the
underground parts like sheet piling and injections, could be removed in theory. The cost of
removing the structures are roughly estimated 10 at least 30 % of the (nowsdays)
coostruction costs. There will be pegative environmentsal effects during the demolition of the
structures and the deposition of the waste materials. It is therefore relevant 1o evaluate under
which circumstances the Variant € structures could have only insignificant and very local
bydraulic effect if they are not fully removed. Such “functional reversibility” is possible fora .
scepario fike: |
« [f the Dunakiliti weir on Hungarian territory is being operated according to the original
plans, the gates in the Variant C structures can be kept fully open and will not have any
significant effect. However, in this case it should be evaluated, whether it is desirable to
maintain the riverside forest on the Hungarian side for the 7 km reach between the two
structures by not using the area as a full reservoir. In such case it may be necessary to
operate both sets of structures. o
+ If the Danube closure is removed and the “whole" discharge s routed back to the Danube.

States and Trends in the Area

In genersl, large monitoring programs are carried out and large data bases exlst for both
the Slovak and Hungarian areas.

Before the 18th century, the Danube split downstream of Bratislava. Near Bratislava it was
partly a braided river with many small islands as a result of progressive sedimentation where
the Danube entered into the plain. It was a meandering river system. Large changes occumred
in 19th century, when the first regulation works started. Within several decades of instability
and retrogressive erosion of other meanders, the system changed into braided river. With the
past endikements, the original zonation in vegetation towards higher grounds and associated
foresls was largely 'diked® out .of the natural system. Most of the higher, oo longer flooded
soils, were converted into agriculturzl lands. These river regulation works led to deliberate
and patural cutting off and bundling of river branches into one main, straightened and
heavily fortified channel for navigation. The cut off branches are only activated at higher
discharges.

Within the river branches many small weirs and dams were build, so most of them behave
like cascade systems at low discharge. Some are continuo:sly overflowing while others may
have dried and some sections are with stagnant water depending upon gronnd water level.

The main river channel has been significantly lowered due to erosion caused by a
combination of several factors. [n some places the river bed has been lowered more than two
melers, leading to lowering of ground water levels, drying out part of niver branches and less
flushing of most nver branches. The lowering of the riverbed during the past 30 years has
been particularly larger between Bratislava and Rajka (1.5 m). The quantily of suspended and
bed load on the Danube under Bratislava shows a decreasing trend.
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The quality of the Danube water can be categorized as st class regarding to the majorily of
components, 2nd c¢lass with regard to orthophosphate, nitrite, BOD, pH and 3rd class with
regard to bacteria and some heavily degradable substances such as hydrocarbons. Parameters
for oxygen contents and organic carbon show slightly improving trend, while deteriorating
trend exists for nitrile and some beavily degradable materials. Surface water quality is well
suited for river bank Inflltration which is the major source of water supply along the
Danube between Bratislava and Budapest.

The water quality of the side branches differs from that of the main Danube channel due
the lower velocities and periods and places with stagnant water, This negative trend has
been observed with high pH, high organic matter and low oxygen contents.

Ground water regime is to large extent determined by the permeability of the main river
channel and the variations io river water level. Between Bratislava zod Komame 10 - 20

m’/s of water infiltrates on Slovakian side and 8 - ¢ m’/s on the Hungarian side. Due 10 8

very large permeability of aquifer, the ground water flow velocities are very high (1 - 3
m/day). The depth of ground water shows a trend of decrease around 2 m near Bratislava

to ahout zero at Komarno in the last 30 years. This decrease is due to erosion of the gver -
bed. An important feature is the large ground water level fluctuation.

The ground water quality in the area dominated by the infiltration from the Danube is
generally in a good state. The quality abstracted from the wells located close to the Danube
is generally excellent. For the areas further away from river, where the ground water
infiltrated partly in agricultural and industrial areas, there are some problems with ground
water pollution.

The ongoing pre-dam trend with lowering of the Danube water level, changes in the
character of the flood peaks, endikements, cutting off the side branches upstream and
fortification of the main channel has stressed the biotic communities substantially during
the last decades. As a result of past ground water decrease, some areas of soft alluvial
forests have been turned into hard alluvial forest. The latter was ofien cultivaied with poplar
and white willow. Furthermore it was estimnated that approximately 200 ha of the originally
more than 2000 ha are not alluvial forest any longer. In addition, forestry has replaced many
natural forests by plantations, where alien, introduced cultivars of poplar have been used.
Due to anthropogene effects the structure and dynamics was considerably disturbed and

made the invasion of Solidago, Aster and Impatiens species possible.

Compared 1o other reaches of the Danube human impacts have until now not been as large as
elsewhere. As the original type of alluvial forest almost completely disappeared from

Europe, the significance of Szigetkdz from the point of view of conserving Europe's natural
heritage is of outstanding importance, Similar situation is on the Slovak side in inundation
between Dobrohost and Palkovicove.

However, partly due to the decrease 1n ground water tables during the past decades it bas
been necessary to make artificial irngation for the agricuiture, However, artificial irrigation
has its disadvantages as compared to the natural situation, because the downward water flux
causes a considerable leakage of nitrates and chemicals used in agriculture.

Negative influence of ground water decrcase can be still seen in arcas close to Bratislava.




263

Imimediate [mpacts of Damming the Danube

After the closure of the Daoube, the major part of discharge has been diverted 1o hydropower
station. The reduced discharges have led tr significant decrease in river water tables, 2 - 3
meters according to Hungarian measureme..s. Most of the river arms had no flows at the
tivae just before the closure of the Danube due to low flow season. However, many of them
are open at their downstream connections to the main river and had therefore stagnant water
due to backwater effects. In all cases the water levels of the river arms has been negatively
affected.

The discharge In the Mosoni Danube in Hungary has incregsed.

The following three factors have had some immediate impacts on ground water regime:

« incresse in ground water levels in areas near the reservoir, positive effect

s decrease of ground water levels in areas uear the river downstream the closure, negative
effect

s higher discharge and water levels in the Mosoni Danube and increase in ground water
levels in nearby areas, positive effect,

These effects are spreading to larger areas with time, and in some areas are superimposed
and to some degree counterbalancing each other. This is the case in upper part of Szigetkdz
downstream from Rajka. In some villages in dug wells of limited depth (less than 2 m below
ground water level) the drop in ground water level resulted in drying out of some wells. In
areas where the ground water abstraction is done from deeper wells, including the bank
filtration schemes, no immediate effects oo ground water availability have occurred.

Analyses of ground water quality have not indicated so far any impact.

Closure of the Danube has influenced the Danube seriously. There is reduction of discharge-
for a reach of about 48 km to an extreiue low level. This causes & huge immediate demage
to all water organisms, especially those living in the side branches. If the situation will
continue until the beginning of the vegetation period, most of the fauna and flora depending
on floodplain ecosystem condition will be heavily damaged and may have resulted in the loss
of essential portions of populations and thus in reduction of genetic diversity and thus
adaptability. (To lower the immediate effects, some measures are in progress, e.g. putling the
discharge into river branches and increasing the water level in the Danube.)

Upstream the dam the river changes to an tmpounded lake with significantly smaller flow
velocities. Thus, the river system will change on this reach its character, there will be loss
of reophil organisms.

Ceustruction of dam interrupted migration of fish and many species of water insects, so they
cannot reach their reproducrion Zones upstream.

Hydrotogical conditions for agriculture and forestry have changed (mostly neulral and
positive changes), : .

- The new cbannel and locks represent an improvement of the navigation. On the Danube

dowanstream the closure, navigation except small vessels has become impossible. Thus
Hupgary bas lost 40 km ol international navigation route.
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Variant C created changes in landscape character upstream the dam as well as donvnstream,
As a substitute the lake (through-flowing reservoir) has been created as a new element in
the landscape.
2.2.3. Possible Remedial Measures Proposed by Working Group
The construction of Varant C causes Jarge impact on the environment, Working Group
describes a list of possible measures ranging from substantial changes of Variant C to small
additional measures. .
Division of this chapter is generally divided in the area of reservoir and the area

downstream from reservoir. Some other possible measures are mentioned in addition.

Restoration the Floodplain inside of Reservoir Area

Between the left and nght s:de dikes floodplain ecosystems could be restored to a pre-dam
conditions to a great extent between Bratislava and Rajka, by removing the closure of the
Danube. In addition, suitable measures can be taken to allow navigation through the
navigation canal and to stop the erosion in the Danube. This statement is according to the
London Agreed Minutes with the proclamation of 95 % of discharge into the original river
bed. Technically it is not possible to remove closure and to allow navigation through the
navigation canal. For division of water is always necessary some structure on the Danube
and it is necessary to rise water level at the entrance of the navigation canal at least to
128.5 m asl.

. Remedial Meastures for Floodplain downstream Reservoir

It has to be the aim to restore the dynamics of water and substrate to the conditions
similar the natural condifions. This implies the splitting of the Danube discharge to
navigation canal and the Daoube. This can be done by managing discharge that way, that
the typical water level hydrograph with flood periods and periods with low water level is
achieved. In the report 1t is added that this ¢an be achieved perhaps in the average at a
slight level. Using all management possibilities it is possible to achieve better conditions, or
conditions similar not only to the pre-dam conditions, but conditions few decades before
pre-dam counditions. Management tools are:

» division of discharge :

underwater weirs or other small structures -

management of intake structures by Dobrohost and at Dunakiliti

measures inside of inundation

interconnection the Danube and river branch system.

« 5 & @

There exists a technical help for slarting natural processes. During the last decades the
channel system {the Danube and river branches) was changed to a quite unpatural stage. The
Danube discharge nearly as high as in the pre-dam conditions would not be sufficient to
improve the ecological situation compared to October 1992. Measures could be taken to
reduce river sole erosion and to start natural processes.
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Shallow underwater weirs in the main channel situated in front of river branches could
increase the water level and ensure that the ground water table will not be lowered.

Removing the thresholds between the main channel and the side branches will then enable
splitting up the discharge so that the flow velocity and the pulling power will reduce. '

Removing the fortifications from the banks of the main channel will allow the rver to
saturate its bed load deficiency by lateral erosion.

All these measures together will Initiate natural processes that guarantee s sufficient
ground water recharge, a high diversity of ecosystemns and a reduction of river sole crosion,

These statements of the Working Group are very important. The Working Group sees-in the
lateral erosion positive influence in opposite to the Hungarian specialists. They included as
negative effect that some parallel training structures and other river training works have slid
into Danube. The Working Group explicitly expresses that the Danube discharge nearly as
high as in the pre-dam conditions {this means the well known 93 %) would not be sufficient
1o improve the ecological situation in comparison to October [992. In Executive Summiary
page iv Is clearly stated that "In the past, the measures taken for the navigation
coustrained the possibilities for the development of the Danube and the floodplain area,
Assuming the navigation will no longer use the main river over a length of 40 km 2 unique
situation has arisen. Supported by technical measures the river and the floodplain can
develop more naturally”. '

If the priorities will be not given to starting natural processes, but rather to guarantee
sufficient ground water levels and/or continuous water supply to side branches (the well
known 95 %4}, technical supply method as small inletsfoutlets could be pointed out.

To avoid the bed erosion downstream the dam, dredged gravel from the reservoir can be
added. After completion of Phase 2, the spillway weir can belp to manage
erosion/sedimentation problems.

To reduce river sole erosion it is possible to build belts of concrete and fortify river bed in
reaches, where sole erosion is observed.

Other Remedial Measures

Other remedial ‘measures are mentioned as:

» fish passes :

shape measures in reservoir

optimizing floodplain habitats

prevention of negative impacts on infiltration of water in aquifer.

At some places the mentioned measures have been realized. There are the shape measures
by Cunovo and Rusovee, hydraulic structures in reservoir, velocity ensure in reservoir,
discharge from power canal into inundation, some fish passes and the others.
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2.2.4. Various Water Management Scenarlos

Summary of impacts for different scenarios is included in Appendix I of the Working Group
. Report.

Scenario A: 95 % of average discharge to the Danube

Scenario B: Main part of water to Gabcikovo

Scena.no C: According to water levels and discharges planned by the Slovak Commission for
Environment

Scenario D: Danube redirected to the former bed

Scenario E: Step by step solution

Scenarta A means that 95 % of water should flow into the Danube and some water into
power canal for navigation. :

Scenario D means p}e-dam condition and progress of pre—dam development. This scenano is
long-term negative and is taken as the basis for comparison of other scenarios, lherefore all
items in Appendix [ for Scenanio D have value of zero.

Scenario B means scenario wnthout remedial measures and with minimat discharge into
Dasube. '

Scenario C ‘means scepario with remedy measures and ensure of water levels analogue to
discharges presented by the Siovak Commission for Environment.

Scenario E is step by step solution proposed by CEC experts.

It is interesting to compare pluses and minuses in the Table in Appendix I. It seams, that the
best solution is the Varjant C with Scenario C. (Scenario D is not using the Variant C and
Scenario A is using the Variant C only for navigation and not for hydropower production.)

From the Table in Appendix | of the Working Group Report it can be read that from
Scenario C it is expected progressive changes in water level developments, regime of
fluctuation similar o pre-dam canditions, lowering of water velocities 1n the Danube, proper
development of floodplain dynamics, positive impact on the Mosoni Danube, positive impact
on sedimentation in Bratislava (stopping the erosion and starting the sedimentation), negative
effect of sedimentation in reservoir (fine sediments), progressive better situation by
Palkovicovo (Sap), unknown changes of water quality in reservoir, but probably beiter in the
Danube, generally progressive better ground water regime near reservoir, within floodplain
and on area behind floodplain, no changes in ground water quality, better condition for
agriculture near reserveir and no changes downstream and for floodplain forestry, improving
mevigation in navigation canal, reduction of navigation in the Danube (for small vessels),
production of hydropower.

It is interesting to compare this impact assessment with real situation. Ground water regime
has improved all over the area on the Slovak side. On Hunganian territory has improved
close to the Mosoni Danube and under the Cunove and Rajka. Negative impacts are to be
seen in inundation. This is because the intake structure in Dunakiliti on Hungarian termitory
has not been put into operation and because small underwater weirs have not been
constructed. Ground water quality is generally without changes, with shightly improvement al
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water work Rusovce - Ostrovie Lucky. There is improvement by water supply of Maly
Danubé and irrigation canals and general improvements for agrlculture and forestry,
especially downstream from Bratislava. Surface water quality is still not evaluated, but there
are no significant changes. Effect of sedimentation is still not measurable. Eroswn under
Bratislava bas stopped. There is improvement by navigation and by entrance into the
Bratislava harbor. Some other aspects are just under evaluation and an additional monitoring
supported by CEC is before starting.

2.2.5. Explanation

The whole report is influenced by the London Agreed Minutes. In spite of this, in the whole
report there is no once used the word "catastrophe" or "ecological catastrophe”. In the
opposite, there is stated long-term negative development of the area from various points of
view, there is defined the pre-dam situation in inundation area and the river branches. There
is description of various scenarios, influenced mainly by London Agreed Minutes, with the
more or less proper and realistic evaluation in Appendix I. This parnt of report was signed by
all members of Working Group including Hungarian and Czechoslovak experts.

{u Chapter 9 in the report [B] there ts recommendation of the CEC group of experts. This
recommeéndation is not signed by Hungarian and Czechoslovak experts. Czechoslovak expert
denied to sign the recommendation because of using the London Agreed Minutes as a basis
for water management and not mentioning the treaty on construction and operation of
Gabcikovo - Nagymaros water works. Except this, according to the situation of the location, .
the Czechoslovak side was aware on not realistic technical possibilities to fulfill this
proposal. Because of denying of Hungarian side to realize underwater weirs and not sigaing
the recommendation, we were aware of possibility of repetition of the “case story” of
London by confirmation of putting 93 % of water in the former river bed. This means that
the {irst phase; Scenaric A, would be prolonged by not constructing underwater weirs
probably into infinity as a status quo for the International Court of Justice.

The evaluation of this report was the meeting between the CSFR, Huogary and EC on
" Gabeikovo - Nagymaros Project held in the Brussels on 27 November 1992, All participants
agreed that the Working Group of independent experts (November 9 - 23, 1992) has prepared
the report of high quality (see Agreed Minutes of the meeting given in Appendix). In the
Agreed Minutes there is no remark on maintaining of 95 % of discharge into the old
Danube, there is no requirement 1o stop the work and no definition of catastrophe is used.
The result of the meeting was the proposal 10 submit the dispute to the International Coun of
Justice,

2.3. FIELD INSPECTION AT THE GABCIKOVO CONSTRUCTION SITE
(May 24, 1993)

In order to provide an update of the situation, described in the working group report of

November 23, 1992 [B], a {leld inspection was carried out according to the scope of wark n

the Terms of References of the Commission of the European Community, as follows:

[. Describe the ongoing construclion activities {scope and lime schedule} in the region and
assess preliminary the aim and objectives of these aclivitics in terms of protection of 1he
environmental and ecological resources.
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2. Assess the current discharge and establish the discharge in the last three months. Identify,
if any, discrepaacies in the discharge data provided by the Hungarian aud Slovak sides.

3. Preliminary assessment of the environmental/ecological consequences (including the impact
on ground water quality 2nd level} of the deviation of the Danube since Qctober 1992.

The mspecuon team was composed of two experts:

e Mr. Jan M. van Geest, Director DHV Environment and Infrastructure, The Netherlands
(team leader)

¢ Mr. Johann Schreiner, Director, Norddeutsche Naturschutzakademie, Germany
2.3.1. Main Results of the Field Inspection

In the report there is descnbed the status of ongoing work in comparison to previous field
inspections. .

- On the Slovakian flood plain area the remedial measures have nearly all been carried out

according to the design of original project. Dams, weirs and spillways have been constructed
and the branches filled with running water.

On the Hungarian flood plain area the digging of a water inlet canal has just started. Due
to uncertainties caused by vague aims and objectives there are no clear plans. A closure of
the Danube near Dunakiliti in order to sel up the water level and to use the water intake
structure of the Dunakiliti works, i3 & point of discussion.

In terms of protection of environmental and ecological resources the aims and objectives of

these works are assessed by the inspection team as follows:

o It is not necessary to complete the construction works on the inundation weir.

o [f more water should be directed 1o the old Danube bed, it is necessary to strengthen the
tail protection of the inundation welr or at least behind 2 number of openings of the
weir. It is slsc necessary to protect part of the banks of the newly created winter-bed and
of the newly crested summer-bed. 1t 1s not the Slovakian government's objective to
prepare the river bed for daily use. It is possible to carry out these works in a few
months.

» Under the present circumstances it is very useful to complete the works in the Slovakian
{loodplain. The branches are filled with running water. However not all structures allow
migration of species of fauna.

« [t is urgent to build irrigation works in the Hungarian floodplain. It is also urgent to
build dams or underwater weirs in the Danube in order to increase the Danube water
level in fropt of the intake structure belonging to the Dunakilisi complex.

* Opening of the road in August this year serves neither any environmental nor any
ecological aim, but it is urgent from 2 human point of view.

One structure of the Phase, 2 works is a spillway with a sill level which is the same as the
river bed level and a high discharge capacity.

This spillway makes bed-load transport possible and makes it possible to cause floods in

the old Danube area. T hese two possibilities are very important from the ceologicat pomnt of
VIeW
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Preliminary assessment of the environmental and ecological consequences of the deviation of
" the Danube since October 1992 have been done.

2.4. WORKING GROUP OF MONITORING AND WATER MANAGEMENT EXPERTS
FOR THE GABCIKOVOQ SYSTEM OF LOCKS (September 8, 1993 - December 1,
1993) :

Based on megotiation among EC representative and the State secretary of the Hungary
Republic and the Slovak Republic, “Establishment of a Group of Monitoring and Water
Management Experts for the Gabeikovo System of Locks™ had been realized on 26 August
1993, The goal of the establishment of this Group of Experts is expressed in the
Communiqué from the First Meeting held on 8 - 9 September 1993 in Brat:slava {see ig

Appendix).
The Working Group was composed of the following five experts:

CEC: Prof. Johann Schreiner (primus inter pares), Director, Norddeutsche
Naturschutzakademie, Germany

Mr. Jan M. var Geest, Director, DHV Environment apd Infrastructure, The
Netherlands

Mr. Jens Christian Refsgaard, Chief Hydrologist, Danish Hydraulic Institute,
Denmark

. Slovakia: Prof. Dr. Igor Mucha, Faculty of Natural Science, Comenius University,
' Bratislava

Hungary: Prof. Dr. Gabor Vide, Head of Department of Genetics, Edtvés L. University,
Budapest

The Group of Expens submitted two reports:

¢ Commission of the European Communities, Republic of Hungary, Siovak Republic.
Working Group of Monitoring and Water Management Experts for Gabcikovoe System of
Locks. DATA REPORT - Assessment of Impacts of Gabeikovo Project and
Recommendations for Strengthening of Monitoring System Budapest, November 2,
1993,

¢ Commission of the European Communities, Republic of Hungeary, Slovak Republic.
Working Group of Monitoring and Water Management Experts for Gabeikovo System of
Locks. REPORT ON TEMPORARY WATER MANAGEMENT REGIME, Bratislava,
December 1, 1993.

In Appendix D of the second report in separate volume is the “Scenario submitied by the
Slovak Expert” entitled: REPORT ON TEMPORARY WATER MANAGEMENT
REGIME, INDEPENDENT SCENARIO, elaborated by Univ. Prof. Igor Mucha on behalf
of Slovak Republic, Bratislava, November 28, 1993.
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2.4.1. Review of the Main Impact Assessment

“In the past, the measures taken for the navigation constrained the possibilities for the
develepment of the Danube and the floodplain area. Assuming the navigation will no longer
use the main river over a length of 40 km a unique situation has arisen. Supported by
technical measures the river and the floodplain can develop more naturally” (report [B], p.
iv). This unique situation does mot exist on any other Danubian hydropower work, because
the Danube was "canalized" by fortified banks in all other hydropower construction sites.

Discharge

"Evidently, there is ne significant long term trend in the Danube discharge™ (report [EL p
5} at Bratislava for the last 40 years. “Historical discharge data from the Little Danube show
a elear decreasing frend from the mid 1970'% to 1992. This is a result of a general decrease
in Danube water level at Bratislava” (report [E], p. 5). "At Mosoni Danube historical
discharge data exist from the mid 198(0's onwards" (report [E], p. 5). Data are not included in
Data Report (report [E]). According to our knowledge, discharge from the mid 1980's
onwards at Rajka had been only occasional during high. discharge in Danube. :

Due to putting Gabcikovo hydropower station into the operation "In the Old Danube the
discharge has in 1993 been reduced to in average about 490 m'/s correspending fo about 20
% as compared 16 the pre-dam conditions® {report [E}, p. i). This discharge is higher than
originally projected discharge (50 m’/s) according to the Treaty 1977. This means that only
72.5 % from discharge in Bratislava was used for hydropower production {report [EL, p- S,
which is less than on otber hydropower plants on the river Danube and the river Rhize. “As
an effect of the project the discharges in the Little Danube and the Mosont Danube have
been increased by 10 - 20 m*/s, so that Mosoni Danube now permanently carries
discharge" (report [E], p. 56). o

Surface Water Lével

“Evidently, there is u significantly decreasing long term trend in the Danube water levels at
Bratislava of about 1.5 m for the last 40 years* (report [E], p, 14). This trend is clear from
Bratislava until Dunaremete.

"Al Bratislava the water levels during low flow pericds have Increasedby 1 - 2 m as
compared to pre-dam conditions, i.e. to a level corresponding to the situation 40 years ago"
(report [E], p. ii). This has solved the problems with river bed erosion at Bratislava and has
ensured the ship entrance into the Bratistava harbor during the whole year around. This has
ensured the higher discharge into the Little Danube and the permanent discharge of 20 m*/s .

“In the upstteam part of the Old Danube the 1993 water levels have been reduced by 2-4m -
as compared to pre-dam conditions, and have thus reached a level 2 m below the lowest

ever recorded values™ {report [E], p- 11). "Scenario 3 consists in construction of some
underwater weirs for increasing the water level in the Old Danube and for enabling
interconnection between the main nver and the branch system. Construction of underwater
welrs is possible along with any discharge regime" (report [G), p. 48). "In addition, the
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characteristic natural dynamucs of the water level fluctuation have been changed (reduced)

significantly” (report [E], p. 11}. "This could be influenced by implementation of improved
operational rules for day-to-day water management” {report [G], p. 37).

Surface Wafer Quality

*Due to bigh oxygen centest, low organic carbon contents and very small quantities of fine
grained sediments the surface water quality is generally well suited for river bank
infiltration, which is the major source of water supply along the Danube between Bratislava
and Budapest. With exception of November - December 1992, when sudden changes of
regime end a high flood event occurred, no significant changes in surface water quality
paraeters as compared {o pre-dam conditions can be detected after damming the
Darube” (report [E], p. 23).

Inundsation Area

"The water quality of the side branches differs from that of the main Danube chaorel due to
the much lower velocity aud periods and places with stagnant water. [n dryer years a
negative trend has been observed with high pH, high organic matter and low oxygen
contents” (report {E], p. 23). “Until abeut 30 years ago the side branches carried a
substantial part of the total discharge. In the following years the connection between the
river branches snd the main river were closed in order to ensure high water depths for
navigation. This resulted iz a pre-dam situation with total leck of connection about bslf the
year and full connection only about 20 days per year” (report [G], p. 17). "The pre-dam
situation oo the Hungerien side was similar to the pre-dem stuation on the Slovek side”

{report {G], p. 19).

In order to remedy situation after demming the Danube and the processes described above,

*Slovekia has implemented & project with the following key elements:

« Intake of water at an intake structure in the power canal, at Dobrohost. Through & new
caunal this water is diverted into one of the river braoches.

+ Construction of a2 number of hydraulic structures in the side channels.”

Using this “it is possible 1o regulate the intake of water from € lo 140 w’/s (234 m’/s whes
the structure is completed)” {report [G], p. 17). (see repont [G}, p. 17 for details). "The

- ‘system was laken uto operaticn a! the end of April 1993, and the discharge has since then
varied between 10 and 70 m’/s™ (report [G], p. 7).

"Accordmg to Ihe experience from supplylng discharge to the Slovakian branches afler
‘May 1993, 70 m’ *fs was apparently sufficient t¢ clean the river bottom from mud at sc maay
places that a very significant infiltration to the ground water system starfed.
Correspendingly, such condition will be sufficient for bocenosis™ (report [G], p. 27). As &
result of the continuous discharge the water quality in side branches has improved.

*As & result of river regulation during the past 30 years merely a limited sumber of side
branches succeeded in presérving virtual connectiou with Danube. Thus the pre-dam
condition Hungarian side was similar to the pre-dam situation on the Slovak side. After
damming the Danube the conneclion between the Danube and the side channels disappeared”

64




272

{report {G], p. 19). "The water supply to the branch system on the Hungarian side presently
comes from the outlet structure 8t Cunovo reservoir (22 m’/s) and the right side seepage
caual (3 m/sy". The originally projected and ready made outlet structure et Dunakiliti is not
used for water supply. "Unlike on the Slovak side the velocities have not been high ¢nough
to remove the fine bed material ..." (report [G], p. 21} because of not sufficient water supply.
Thus, the higher discharge of the branch system on the Hungarian side could improve the
state to the better level as before the damming the Danube.

Sediment Transport and Sedimentation/Erosion

"The maia channel bas been significantly lowered due to erosion caused by & combination of
several man made factors” (report [E], p. 24). o some places the river bed has been
lowered more than two meters since the 196{0's, leading 1o lower ground water levels,
occasional drying out of river brauches aud less flushing of most river brauches” (report [E],
p- 25}

"Most of the traosported material of the niver has already settled upstream in the reservoir”
{report [E], p. 28). "For quantitative analysis few date exist enabling some tentative but no
firm conclusions regarding the impacts due to the Gabeikovo Project™ “"No major net ercsion
and sedimentation 1o the Old Daoube” will occur. *Puring some events sedimentation of
fipe material will take place. This fine material may be washed away during flood events™
{report [G], p- 30, scenario - continuation of the present situation).

Because of measures realized on Slovakiaa territory “The river bed in the main branches on
the Slovakian side will continue te be free from raud, so that good infiltration conditions
exist” {report [G], p- 30).

"The river bed in the main branches on the Hungarian side will continue to be clogged with
fine material/mud and prevent significant infiltration to the ground water system™ (report
[G], p- 31) urtil similar measures {as on the Slovak side} will not be realized. Such measures
have been originally projected.

Cround Water Leve]

The trend over the past 30 years points out that "the ground water levels have decreased
rauging from about 2 meters around Bratislava to about zero at Komarno. This decrease is
due 1o erosion of the river bed” {report [E], p. 28).

“From the most recent map it is noticed that the ground water levels on all the Siovakian
territory have increased or have not been affected. The increase have mainly occurred in
the upsiream arez close to the reservoir, i.e. in the area which has been most negatively
affected by the long term trend of decreasing ground water levels” {report [E], p. 34). "It
appears that the ground water levels in Hungary have also incressed close to the reservorr.
In the middle of Szigetkdz between Dunakiliti and Asvanyrare the ground water levels have
decreased in areas close to the Danube” (report [E], p. 34).

Nevertheless in our opimion, the Monnonng and Dats Report proved sulficiently that the
groum] water level on the Hungaman termitory can be still improved to the belter level as
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before damming pp the Danube and ie. by filling the branch system with water, similarly as
it was done on the Slovak side.

Ground Water' QI nality

"lu general no ground water quslity changes can be identified after the damming the
Danube. According to the Hungarizn Date Report, no significant changes have heen detected
in the ground water quality” (report [E], p. 40).

Flora snd Fauna

"1 van be estimated that forestry and agricuiture together with regulation measures in the
Danube and construction of dikes bave caused changes in flora and fauna in former times
but the data base does not allow to analyze the long term trends for most of the taxa. On the
other band in some cases it provides a good basis for analyzing the trend in the past and for
mouitoring the development in the future" (repoit (E], p. 45).

For pre-dam conditions “long-term analysis with a2 good data base can be done with fish
species. From 56 native fish species 4 are now extinct, 13 species were introduced by man”

{report [E;, p. 45).

Agriculture

“Due to the general decline of the ground water table in large parts of the area during the
past 40 years the conditions for capillary water supply to the root zone have decreased and
the frrigation water requirements have increased correspondingly” (report [E], p. 47).

“Due to the increase of ground water tables in large parts of the Slovakian area the
corditions have improved. Accordiog t¢ an estimate the requirements for irmigation from

externa] sources is expected to decrease by about 25 % as compared 1o the pre-dam
conditions” (report [E], p. 47}

Forestry

"As a result of the changes in ground water levels the forestry has been positively
influenced in Slovakia and negatively in Hungary" (report [E}, p. iii).

Electricity Produetion

"The Gabcikove hydropower plant has produced 158 - 200 GWh/mooth in 1993. This
corresponds to aboul 18 % of Slovakian’s electricity consumption™ {report {E}, p. i1).

66




274
Navigation

*The international navigation through the ship locks at Gabcikovo has fumctioned since its
-opening on 9 November 19927 (report [E], p. 35). This is surely an improvement of
navigation and a positive impact from the point of view of development in the inundatidn
area, decreasing the fuel consumption and exhales.

2.4.2. Review of the Scenarios

In the REPORT ON TEMPORARY WATER MANAGEMENT REGIME [G] five scenarios
with different characteristics on discharge regime and remedial measures have been
elaborated. All the five discharge regimes are dynamic and characterized by the below
average values. The five scenarios and their most important impacts can be summarized as
follows:

Scenario 0: November 1993 Situation
+ Old Danube: 400 m’*/s

+ Slovakian side branches: 40 m*/s

+« Hungarian side branches: 10 m’/s

The key impacts are as also described in the Data Repon:

= The environmental condulons on the Hungarian inundstion area are bad due to lack of
water.

* The flow velocities and water levels in the Old Dauube are too low for providing suitable
living conditions for typical flora and fauna.

* The lack of conuections between the main channel sad the side branches prevents
migration of wetland species.

Scenario 1: Increased Water Supply to_the Hungarian Side Branches

Qld Danube: 400 m’/s

Slovakian side branches: 50 m’/s

Hungarian side branches: 50 m's :
1 - 3 floods of more than 3500 m’/s are expected to occur each year in the Old Danube.

*

* £ *

The key impacts as compared to Scenario O are:
+ Improvements of the environmentsl conditions for the Hungarian inundation area.

Scenario 2; Increased Duscharge in Main River and in Hungarian Side Branches
+ Old Danube: 800 m’/s

+« Slovakian side branches: 50 m*/s
+ Hungarian side branches: 50 m'/s
+; 1 - 3 Roods of more than 3500 m’/s are expected to occur every year in the Old Danube.

The key impacts as compared 10 Scenario | are:
+ [mprovements of (he main rver environment 1o 8 level where species requiring higher
flow velocittes {e.g. fish) have suitable living conditions.
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Scenario 3: Construction of some Underwater Weirs
Scenario 3 is basically identical to Scenario 2 except for construction of a number of
underwater weirs.

The key unpacls as compared to Scenario 2 are:

* The connections between the main channel and the side branches on both sides are
maintained or even improved as oompared to pre-dam conditions.

*+ For discharge not exceeding 1000 m’7s the flow velocities in the Old Danube are not
sufficient for maintaining the typical flora and fauna,

Scenario 4; Full Capacity of Variant C Structures Used for Water Supply of the Mzin

_River and the Branches
In Scenaric 4 as much water as technically possible will be diverted into the Old Danube apd
the side channels. However, this will technically not be possible untii after the summer of
1996.

2.4.3. Review of some Recommendations and Assumplions

"Nope of the described scenarios can be recommended without modifications. Therefore the
three EC members of the Working Group will recommend a combination of elements from
different Scenarios”. “In addition to the environmental aspects alse economieal aspects
should be considered” (p. 11}

"Scenario 3 consists in construction of some underwater weirs for increasing the water level
in the Old Danube and for enabling interconnection between the main river and the branch

system. Construction of underwater weirs is possible along with any discharge regime" (p.
48). "Water level fluctuation could be influenced by implementation of improved operational

rules for day-to-day water management” (p. 37). "A discharge of 3500 m'/s twice per vear

will be enough to clean the river bed sufficiently for fine material deposited during low
. discharge conditions and to spread this material in the whole igundation area” (p. 25).

“To provide sufficient living conditions for typical fish species living in the Danube under
pre-dam <ounditions a pattern of different flow velocities in the river bed is necessary. Flow
velocities near the niver bottom of at least §.6 m/s must occur at several places all over the
year" (p. 26). This is according to the study in the Austrian part of Danube. Quotation from
the mentioned study (G. Zauner, 1991, Vergleichende Untersuchungen zur Ekologie der drei
Donauperciden Schratzer, Zingel und Streber in gestauten und ungestauten Donauabschnitien,
Diplomarbeit, Universitit fir Bodenkultur, Wien). "Unter 35 cm/s (7 cm iiber Grund) konnte
kein einziger Streber nachgewiesen werden. Uber 65 cm/s liess sich wiederum kein Streber
mehr nachweisen".

Iu the inundation areas “a vanation of the water level within 2 m will be enongh to ensure
the dynamic character mciudmg the flooding according to the pattern in pre-dam conditions”
(p. 26}. "Until about 30 years ago, the side branches carried a substantial part of the 1otal
discharge”™ {p. 17}. At the Slovak side "1t 13 possible to regulate the intake of water from 0 to
at present 140 m’/s" (p. 17), which is ensuring the necessary variation of the water level.
This "according to the experience from supplying discharges to the Slovakian branches aRder
May 1993, 70 m’/s corresponding to a typical flow velocity in the main side channels of 0.1
- 0.3 m/s (cross-sectional average values) was apparently sufficient to clean the river boliom
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from mud at so many places that a very significant iofiltration to ground water system
started” {p. 27). This is much better than in the pre-dam congditions.

*To ensure ecologic#l conditions which are as good as pre-dam conditions migration of

wetland species between the-main river and the side branches should be possible all over
year in both directions. Migration.can be made possible either through fish passes or through
direct flows between the main river and the side branches diring some periods” (p. 28).
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3. COMMENTS TO THE WWEF- STATEMEQITS ON THE EC EXPERTS!
"REPORTS

Note:  the text wrilten in #afic is the quotation from the WWF paper
“A New Solution for the Danube" [5].

bhkdd
Introduction
WWF has been actively engaged in the Gabcikove case since 1 986 Several experts reported
on the most imporiant aspects of Gabeikovo. in January 1993, WWF submitted a joint NGO
paper to the EC revommending much needed studies necessary io gei a comprehensive
overview of the benefits and negative impacts of the hydroengineering project on ecology, the
econony, nationalinternational law and en the social situation of the people affected.

The first Czechoslovak attempl tc movolve the EC and Hungarian experts into the
optimization of water regime dJates back to September 6, 1990 when the Czechoslovak
pleaipotentiary for construction and operation of the hydropower system Gabeikovo -
Nagymaros submitted this propossl during negotiations with his Hunganan colleague. On 26
October 19990, the plenipotentiary sent z draft agreement on joint Czechoslovak and
Hungarian co-cperaticn oo the EC PHARE program {see Appendix}. Czechoslovakia has
never received positive answer. The above menticned EC PHARE program entitled
“Danubian Lowland - Ground Water Model: Surface Water and Ground Water Mode! of
Danubian Lowland between Bratislava and Komarne; Ecclogical Mode] of Water Resources
aud Management™ has been subsequently carried out only on the territory of Siovakia [2, 3]
Dr. Emil Diester from the WWF was invited to the workshop at the beginning of this
PHARE project, iovitation was not accepted.

Working Group of ludependent Experts [B] recommended “studies, monitoring and modeling
as a basts for water management in 1993 and for the long term®. Monitoring of the effects of
the conditions after the closure of the Danube by Cunovo has been carried out by the Slovak
Center of Monitoring at the Slovak Hydrometecrological lnstitute according 1o the vriginal
international Treaty from 1977 [4] and to the later proposals and projects of monitoring.

o s e e
The goal of the WHF paper A NEW SOLUTION FOR THE DANUBE™
s 0 give an independent, scientifically based review on the present situation in fz’fe Dannbe
region affected by Gabcikove -
* 0 critically comment on the Reports of the £C Mission and
* 10 give recommendations for the future management of the river.

WWE. having high competence on the Danube and in the Gabcikovo issue. cousiders i as i3
responsibility to produce his independent statement.

Today, circa 8,068 hectares of interconnected, mostly very valuable floodplain bivtopey und
the second largest drinking water reservoir in Eurcpe for up to § milion people can stifi
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be saved. This makes this streich of river between Bratislava and Gyir unigue at Central
and West European scale and an ecological priority area.

it is the objective of our recommendations to prevent the continued, totaf 3estwélieu af
this wetland and to develop a long-term, ecologically sound solution for the Danube.

Our aim is to discuss this WWF paper, its competence in the Gabeikovo issue and to clanify
the WWF accusation of the Slovak Republic. The titles of the following chapters are
identical with the WWF paper chapters.

& e e
Brief Review gf the recent Gabcikovo “history”
Following WWF''s international law study (3}, presented in Bratislava or 20 Qctober 1992,
this “Variant C7 is illegal because it violates the international principles of good
neighbourliness and of eguitable uiilization of shared resources. Also, Variam C viclates
several boundary agreements and does not constitule o legitimate response of CSFR or
Slovakia 1o an alleged violation of the 1977 Tréaty on Gabcikovo - Nagymaros by Hurgany.

WWE is surely gware, that according to the “Speclal Agreement for Submission fe the
International Court of Justice of the Differences Between the Republic ¢f Hungary and the
Slovak Republic Concerning the Gabcikovo - Nagymaros Preject™ in the Article 2 is
written:

{1} The Court 1s requested to decide on the basis of the Treaty and rules and principles of

geueral international law, as well as such other treaties as the Court may find applicable,

{a} whether the Republic of Hungary was entitled 10 suspend and subsequently abandon, i

" 1989, the works og the Nagymaros Project and on the part of the Gabeikove Project for
which the Treaty attributed responsibility to the Republic of Huugary,

(b} whether the Czech and Slovak Federal Republic was entitled to proceed, in November
1991, to the "provisional solution” and to put inlo operation from October 1992 this
system, described in the Report of the Working Group of [ndependent Experts of the
Commussion of the Europear Communities, The Republic of Hungary and the Czech and
Slovak Federal Republic dated on 23 November 19%2 {Damming up of the Danube at
river kilometer {851.7 ou Czechoslovak termtory and resulting consequences on water
and navigalion course).

To make such judgments if belongs to the International Court of Justice arnd not to the
WWE, This is a clear evidence, that WWF and a group of “independent sciearisis™ is not
independent from the point of differences between the Republic of Hungary and the
Slovak Republic concerning the Gabeikovo - Nagymaros Project.

kb
Afier its diversign, the "Old" river bed received oniv 19 - 26 % (200 - 400 w sect of ils
waler. while the “rest” was courttinuousty diverted imo the inrbines of the Gobokove pove:
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plant. The debatable, one-sided benefit comes in the form of electricity production. 1t involves
numerous negative impacts on the hydrology and ecology of floodplaing as well as on the
social situation of local people.

Hydropower plants are in all countries constructed that way, that water is diverted into the
turbines. Gabcikovo uses circa 70 % of water in average for energy production. Water of the
Danube is in average used for:

Maly Dagube 30 m’ss
Mosoni Danube 25
seepage canals : 8
seepage into Danube 30

- Groundwater recharge 30
Slovak inundation 40
Hungarian inundation ' 40 (in preparation)
shiptocks 30
by-pass weir, discharge into the old Danube 400
turbines -electricity production 1392
Long-term average discharge in Bratislava is 2025 m'/s

The debatable, one sided benefiis come in the form:

« flood protection between Bratislava and Sap, especizlly the Hungarian territory
(compare floods and flood territory in 1954 and 1965)

+ electricity production {10 - 12 % of the whole consumption in the Slovakia)

o less consumption of brown coal, less exhales

+ improvement in shipping (cenainty of dip during the whole year, time saving, saving of
epergy, improvement of entrance into Bratislava harbor, exclusion of fords and moving
sandbanks)

s improvement in agrienlture, increase of ground water level, decrease of irrigation necded

less impacts upon ground water

improvement in forestry, higher ground water levels, more typical for ﬂoodplam

new recreation possibilities

more water for trrigation

continuous supply of the Mosoni Danube

improved supply of the Maly Danube

water for the river branches, inundation and the valuable floodplain biotopes, Slovak

territory

= stopping the erosion at Bratislava

» decrease of problems of sedimentation downstream Sap

+ saving the 40 km long stretch of floodplain in companson with other hydropower stations
on the Danube

s no village was asbolished

o indirectly due to increased revepues

& 8 & & & 4

In report [B} the EC Working Group concluded: "In the past, the measures taken for the
navigation constrained the possibilities for the development of the Danube and the
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floodplain area. With the past endikements, especially during the last century the origigal
zonation in vegelation towards higher grounds and associated forests was largely ‘diked" out
of the system. Assuming that the navigation will no longer use the main river over a length
of 40 km, a unique situation has arisen. Initiated by technical measures, the river and the
floodplain area can develop more naturally.®

: . e dode
In the winter of 1993, the Slovak investor company VVsp (Vodohospodarska Vystavba s.p.)
started to build an artificial water-input system for the remaining parts of the valuable
Jloodplain sysiem in Slovakia which was ebout to totally dry up. Since the May of 1993, an
:'n;m: structure in the power canal near the village of Dobrohost has been leading ca. 30
m Zsec of Gabeikove reservoir water into o large, sealed canal. This provides a constant
fitling of the interconnected side-arms which are dissected by newly erected or enlarged
Iateratl dikes {creating 7 “cassettes”). '

A water-input system for the floodplain system in Slovakia and similar system on Hungarian
side bad been planned much earlier than in winter 1993. WWF probably does not know that
the water input system for Hungarian floodplain with capacity of up to 200 m’/s is already
ready and it is a part of the ready made Dunakiliti weir. At nearly the same niver kilometer,
the water input system from power canal with maximsl capacity of 243 m®/s (to supply the
Slovak floodplain} bas been build at the same time {together with the construction of power
canal), it means much earlier than mentioned in WWF article. Both water-inputs are parts of
construction plans. WWF can be sure, that the fnpuf system is as large as necessary for
yielding this discharge and canal is sealed only near the inteke structure. Remember the
repont [G], p. 27 “According to the experience from supplying discharge to the Slovakian
branches after May 1993, 70 m’/s was apparently sufficient fo clean the river botiom from
mud at so many places that a very significant infiltration to the ground water system
started.” And WWF is speaking about sealed canal. Discharge into the river branches on the
Slovak side is not constant but permanent with variable similar nature discharge and water
level fluctuation. Discharge and lateral dikes make it possible to inundate the ares, if needed.
Similar work has been done on the Hungarian territory, except the fulfilling the river
branches with water via the ready made water intake structure or prepared other intake places
upwards Dunakiliti weir. '

oo do o &
Due to the ongoing river diversion and the drying up of its entire side-arm system, Hungary
started at the end of July 1993 a similar input of water (10 m’/sec coming from the Cunovo
weir) into its side-arm syslem.

It is surely not a similar fnput of water. Water is taken from the Mosont Danube which is
now supplied with permanent discharge in average more than 20 m’ss throiigh the Moson
water-input structure constructed for this purpose at the Cupovo weir. Ready mmade input
structure in Dunakafitt weir and openings on the Danube upstream Dunakiliti are not used. i
means that hal{ of the Mosoni Danube water is now used instead of water from the Danube.
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Situation 18 side-arm system in pre~dam couditions can be described as in report [E}, p. 23
"...much lower velocity and periods and places with stagnant water. In dryer years & pegalive
trend has been observed...™.

) adddde ’ .
In April 1993, WWF published excerpts from the first Slovak groundwater monitoring data
(26 October to 31 December 1992) indicating some organic pollution in several groundwater
observation wells near the storage lake ((7). While this first monitoring is too premaiture
giving seund information about possible changes in the aguifer, WWF's concerned, scientific
interpretation coniradicted the official, very positive interpretation by Slovak authorities.
After this, no more comprehensive information on groundwater monitoring was published or
available, not even to the extent needed for the EC experts (see chapter Comments A).

About this accusation we will discuss later. At this point it is necessary 1o stress that the
Slovak side had prep’ared for the EC experts all required data.

On the first'formal meeting on 8 - 9 September 1993 in Bratislava, there was present a
database specialist, the head of the Center of Monitoring at the Slovak Hydrometeorological
Institute and he was ready to grant any data. On this meeting the EC experts bad asked "The
Slovak and Hungarian experts to collect data and to prepare the agreed data analysis for
the respective territories.” The Slovak side prepared all agreed and required data and except
this it copfirmed the willingness immediately 1o grant any data which are in the mouitoring
datgbase and slso the data concerning the putting the hydropower plant into operation.

The situation during the work of Working Group we would like to explain by quotations
from the Data Report [E] and from the megotiations cu 27 October - 2 November 1593
{Minutes in [E], p. 1} “the Hungarian Data Report was delayed by 2 week and did not
contain all the data and analyses agreed upon.*”- |

In the report on temporary water management regime (report [G), p. 68 - 69) there is 5 times
said that "The three EC experts and the Slovakian expert recommend that data on:

- surface water levels

- surface water quality

- ground water levels

— ground water quality

— flora’and fauna

from the natlonal monitoring networks should be exchanged. The Hungarian expert in
theory agrees (o exchange all relevant envirenmental data. Further agreement is necessary,
however, ou the detailed elaboration of this after the political decision has been made on
which TWMR should be implemented.” This confirms that the Hungariag side consciously
did not grant the data to the EC experts. We suppose that the WWF had compared the data
granted by the Hungary and Slovakia.

We would like to confirm that the Slovak side has been willing to grant all data from the

National Center of Monitoring to the EC experts. Evaluation of these data in special repors
is carried out regularly. '
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Except this, the EC experts had to disposal special measurements prepared in framework of
program PHARE and they bad direct access to these data.

bhddd
New Important Facts

River bed erosion :
Siovak sources often state that over the last two lo three decades the growing river bed
erosion resulted in decreasing levels of surface and groundwater downstream of Bratislava,
causing a serious deterioration of the wetlands and of the drinking water supply. However,
the various origins of these effects were never really quantified. A Slovak study from June

" 199] reveals that the reason for ﬂus impact was neither the river regulation measures for
navigation (excavating 3.5 mil. m’ of gravel over 40 years). nor the catching of river
sediments by the Austrian and Bavarian hydrodams located upstream {the regular bedload is
3-4D0.000 it ear). The really cutstanding interference was the kuge gravel excavation near
Braiislava: in the period of 1976 to {989, ca. 30 mil, m’ were exploited from the river bed.
Following a WWF estimation, this caused ca. two thirds of the deformation and erosion
processes monitored both up- and downstream. This can be observed up to Hainburg
{Austria} and in the floodpiains near Gabcikovo. It also threatened the siabifity of the
bridges in Bratislava and fowered the groundwaler tabie reducing the productivity of severat
important drinking water weils near Bratisiava.

 This leads to the conclusion that the recent overexploitation of the gravel resources near
Bratislava supported the "urgent need” (as claimed by Slovak river engineers) to finish the
Gabcikove project. The excavated gravel was used for large-scale industrial constructions
in Bratislava and for the building of the Gabcikovo scheme. Without this activity, the river
bed erosion would be a small problem today. ’

The EC experts in [B] clearly expressed that “The main channel has becn significantly

lowered due to erosion by 8 combinstion of several man-made factors:

+ dam construction in Austria in the last decades resulting in @ sediment (bed-load)
deficit;

+ excavation of gravel downstream of Bratislava;

« natural erosion due to the very high velocities in the straightened and narrowed
navigation channel;

e prevention of bank erosion due to fortification of river banks."

Slovak study from June 1991 {1} shows that from 1976 to 1989 48.3 mil. m* and not circa
50 mil. m® were exploited from the river bed. This excavation happened not near Bratislava,
but between Bratislava and Sturovo, exactly from the tkm 1709.024 dowastream from
Sturovo up to tkm 1880.00 at Brauslava. This excavation happened on the stretch of length
171.0 km. In the section from the place of the damming the Dagube near Cunovo
downstream up to Sap, the excavation from 1976 to 1989 was 3.5 mil. wv° of gravel, or
exactly from rkm 1861.74 (near Ostrovne Lucky) downslream up to tkm [806.95 (near
Medvedov) the excavated volume was 3.74 mil. m® of gravel. All these data are included in
the report submitted by Stovek side [H]. Since 1984 the gravel excavation upsiream from
Samerin up to Devin had been stopped, except the excavation because of navigation
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{excavation of fords). Average volume of excavaled bedload matenal before 1960 was from
$30000 to 730000 o’ per year.

At the begioning of this century, the riparian states thought to establish safe navigaiion
conditions at low water level. Series of measures were teken to attempt to achieve this aim:
« Closing of river branches so as 1o direct the flow into one main straightened channel
Fortification of river banks with stone and concrete works to stop latersl erosion
Dredging of gravel on the river bottem to prepare uavigation route - kinete

‘Placing regulation dikes {or groynes) to concentrate the ﬂow into the nmavigation chauoel
Dredging of moving sand banks and fords.

‘.

Severa] new ford sections appeared in the Bratislava regron with low navigation depths and
extremely narrow shipping chanoels - kinete, e.g. at rkm 1868, 1864, 1862 - 1860. In
addition, navigation depths in Bratislava's port decreased rapidly. The port, originally
designed for navigation depth of 2.5 m was for most of the time without access for larger
vessels, This wes an irremediable problem because further excavalion would progressively
undermine the docks” entrance thresholds and walls.

We would like to inform the WWF about a few articles published in PERSPEKTIVEN 6 -
9], {see Apperndix).

& oo Ko
Drinking water supply
Numerous informed sources confirmed that, since the summer of 1993, the water works
{@rinking water wells} at Samorin reduced their production lo two thirds, those at Kalinkovo
stepped atiogether. Official sources expiain this by claiming a surplus of drinking water
production in other weils upstream, being positively affected by the fifted groundwater due to_
tire Gabcikovo storage lake.

However, other water experts expected before the filling of the lake, that these wells would
be the first to be potentially affected by a changed groundwater guality due to infiltration of
more potluted Danube water gr by enhanced leakage of old waste depeosits in the area
{including from the refinery Slovnaft).

Simple lock at the map and in the field will ensure the WWF experts that Slovaafl is far
away from the Samorin and Kalinkove well fields and that between well fields and reservoir
with flowing water (oot & lake) there is no ©ld or new waste disposal o the area. Look at the
ground water level equipotential map {Fig. 1.23} will disclose the experts thal the situation
around the Slovnaft is after putting Gabeikovo hydrepower station into operation much better
than io pre-dam conditions. Kalinkovo well field was created in [972 as 8 compensation for
the Bratislava's second waterworks. The wells are now situated close to the reservoir and are
therefore monttored very carefully. Water 1s still used for water supply but afler reduction of
water comsumption m reduced form. At present the pumping gquanlity is conlinuously 200 Us.

Samono well field was erlarged by four wells as 3 reserve in the case thal wells

Kalinkove would not fulfilled the gualitative standards. Development of pumped water
quality 1n Kalinkovo 1s sull without signs of deterioration. However, the waler experts
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expected that Kalinkovo could be affected firstly. Therefore moaitoring and special measures
bave been performed, including spemal ground water survey in framework of PHARE
.project. .

WWF is not aware of the fact that there exist vatural processes of ground water quality
development. One among various criteria is the ground water velocity aud time used to fulfill
the bydrogeochemical processes. Based on this knowledge, the location of wells is chosen.
This is in opposite to situating of water supply wells at Budapest.

WWF is of the opinion that ground water quality will be changed “due to infiltration of more
polluted Danube water”. What does it mean? Is the Danube water gow more polluted than in
pre-dam conditions? Does WWTF think that after damming the Danube, the Danube water has
started to infiltrate into aquifer? The Danube water quality was in the past, especially in
197Us, much worse,

¥

ok de oo
Economic benefits of self-purification processes
The Finance Institute of the Technicat University in Vienna recently Co:zciuded a cosi-benefit
analysis comparing a Danube national park with several variants of hydropower planis
downstream of Vienna. The extraordinarily better economic benefits of the national park
alternalive are based, among others, on the work of waier organisms which, in an infact
FAoodplain, significantly contribute te the cleaning of organic water pollution and, thus, 1o the
improvement of water qualily on the surface and in the aguifer. Under the aiternative of
hydredams, i.e. also in the case of the Gabcikove scheme, this work kas to be done by
sewage treatment plants and water purification schemes for the drinking water supply, botl:
very expensive instaliations. The Austrian Finance Institute calculated that in Austria
investments of ca. ATS 640 million (ca. ECU 47 mil} and operational costs of ca. ATS 60
mitlion per year would be needed as a substitute to the “free work” of floodplain organisms.

This significant economic value has been largely ignored in the evaluation of the EC
Working Group Reporis {especially in their Scenarios} when comparing the former river
situation with the present gne, where the water is diveried from the floodpilain into the
storage lake with its many negative attributes (sedimeniation, colmation, infiltration of less
purified or even more polluied water into the aguifer and tewards the near-by drinking waler
wells). :

WWEF is not aware of advantages snd disadvantages of different forms of energy
production. [f Slovakia wished to replace hydropower production through its coal burning
plants it would not only be forced to exploit one of its few nou-renewable resources but
increases the edr pollution by Sulphur and Arsenic, soil pollution, ground water pollution and
such production will produce ash-disposal areas. [s this really the scientific wish of WWEF?

The Finance Instituie obviously is oot acquainted with the EC expert report where the
mundation of the Hungarian and Slovak side is described. The intact {loodplam sigmificanily
contributing the cleaning of orgavic water pollution (in the past mainly from Schwechat.
refinery} existed carlier. Percentage of discharge through the Danube and through 1ts
branches before their cutting off and closing 15 shown 1 the Table 1.3. The first number i
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the table is percentage of the discharge in the main stream of the Daoube, the number in
brackets is percentege of the discharge through the river branches. It can be seen that e.p.
from rkm 1833.0 to 1816.0, in the area of Gabcikovo, the discharge in the river branches
was before the closing the fver branches (in 18585 - 1961) approximately 20 % of the
discharge of the Danube in Bmlslava, also at low discharges. Flow in slmost all river
branches existed (before 1992) in the pre-dam ¢onditions at discharge 3500 - 4500 m’/s,
altogether in 17 days per Jear. Flow in some river arms existed for 78 days per year at
discharge 2500 - 3500 m’/s. The main difference between the "intact floodplain®
conditions in the late 1950's and pre-dam conditions is that in the far past the main river
branches were supplied with water all the time, while in pre-dam conditions only few
weeks in a year. Except this, the Danube water was much more polluted that time.

The EC experts have confirmed the bad qualitative conditions in river branches [B] "The
water quality of the side branches differs from that of the main Danube channel. Due to
the much lower velocitics and periods and places with stegnant water. We draw attention
to the Internationale Arbeitsgemeinschaft der Wasserwerke im Rheineinzugsgebiet, 13
Arbeitstagung, 8 - [1. Oktober 1991, Scheveningen, "Trinkwasserschutzgebiete ditrfen nicht
itherflutel werden™ presented by Prof. Dr. . Maler,

WWF is probably not aware of these facts. Therefore the economic benefits of self-
purification processes described by the Finance lostitute are for area downstream Bratislava
turned upside-down. In the reality, the water in the branch system on both sides in pre-dam
conditions was of worse quality than in the main Danube channel and had negative impact
on ground water quality. As an example there could be the ground water quality at the
locality Dobrohost. Similar examples are now being evident from Austria where the
worsening of ground water quality is caused by creation of polders in floodplains (e.g.
Altenwdrth). WWF has not considered the fact that there are differences in geological and
hydrogeological condmons and between Gabcikovo scheme and the other hydrodams on the
Danube.

In its natural state, the Rhine, as the Danube did not have a siable river-bed and the bed
changed after each flood. This created a major problem for navigation. The narrowing of the
river-bed iocreased the flow gradient on the Rhine and triggered erosion actively. The bed
became deeper, bringing abhout the gradual isolation and disappearance of most river
branches. Project developed by Slovakia and Hungary was able 10 benefit from the negative
experience. One of the objectives of the G - N Project is 10 reverse the tread in the Danube
branches and side areas to dry up and to prevent the disappearance of inundation.

It is necessary to stress that the water was not diverted from the floodplain into the storage
lake. Downstream from Bratislava the floodplain is maintained and prevented from drying
up, some parts are re-forested. The inundation area downstream Cunovo was completely
saved and on the Slovak side supplied with water. Water was diverted into floodplain.
Sedimentation, colmation and infiltration are kept under control and quality of ground water
is maintained. The reservoir area is not larger than it would be in the river variant.
Hydropower stations are not producing pollution in opposnte to other types of power '
stations.

Therefore 11 15 not the true what is written in the WWF Statement that the foss of self-
purification capacity due to the diversion of the Danube, together with the lack of
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sufficient sewage treatment schemes has led to a decrease of Danube water qum‘:{y
downsmzam of Bratislava and to the increased need fcr respective, expensive zuves:meuxs

Quotation from the publication "State of the Hungarian Environment” [30} is: “Bank-filtered
groundwater is the main source of supply for the communities situated along the Danube
river. Indeed, Budapest alone withdraws some 312 million cubic meters of bank-filtered
water every year for municipal use.

The groundwater is highly polluted uader a major pan of the island {Csepel Isiand) for each
of the four components considered - nitrate, organic carbon, iron, and manganese.

The water quality in northern and southern well ficlds has been compared. The percentage of
coasistently poor quality well water was only 8.7 for tne northemn fields, but soared to nearly
47 percent in the southern well fields.

The following considerations should be kept in mind:

- The trend towards poorer quality groundwater is an unbroken one;

— It is interesting to note that the gnnual mean values in the Danube for the same
components reflect a deteriorating trend over the same period;

— The rate of deterioration, expressed in percent/vear, was lower in the Danube thap in the
water wells for all components; and

- Io addition to the deteriorating quality of Danube water and the partially anaercbic
conditions in the bottom sediment, the background pollution in this region is also
growing and contributing to pocrer quality well water.

This continting crisis is due fundamentaily to the untreated wastewater discharge into the
Danube from sewer outlets in Budapest. And the situation is not expected to improve for at
least 5 - 10 years." '

The list of constructed sewage treatment schemes in the framework of Gabcikovo -
Nagymaros project is following:

‘place price in Slovak crowns {million)
Gabeikovo 30
Petrzalke 344.0
Samorin 68.0
Samorin - Agricultural Cooperative 6.0
Malinovo - L 6.0
Malinove - [L 42.0
Rovinka - Hamuliakovo 23.0
Kyselica - Rohovce 47.0
‘Baka 8.0
Gabcikovo - 11 1.0
Voka 9.0
Bodiky 9.0
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o koo ibs
Legal situation in Slovakia
In February {993, WHF published an internal document from the Slovak envirgnment
ministry stating 1hat the needed permissions for the completion of the Gabcikovo storage icke
dikes, for the use of Danube water, for the diversion of the Danube and for the eperation of
the Gabcikove scheme could not be granted by the responsible Slovak authorities 1o the
operator VVsp.

Foliowing WWF's present information, these permissions were granted by the responsible
district authorily Bratistava Vidiek only on 17 May 1993, i.c. for more than § months the
Danube was diverted and the Gabcikove scheme was vperafing without the respective,
needed Slovak permissions.

The reason for the deiwuyed permission process is the fact that, already on 25 June 199}, the
Siovak environment commission (= ministry} SKZP being the central authority for water
economy prescribed a specific, binding "Statememnt” (cafled the "19 Conditions” under § 14
of the Siovak Water Act no. 138/i1973 Zb} as a prereguisite 16 permit the use of water and
tg gperate Gabcikovo. This statement says that the suggested technical soluiion for
Gabcikovo {i.e. the "Variant 7} is only possible by the fulfiliment of these specifically
determined Conditions.

Especially, the conditions no. 11 {(demanding the inundation of the Slovak floodpiains under
naturai conditions from the oid river bed} and no. 18 (demanding 1,300 - 1,500 m’/frec of
water during the vegetation period in the Oid Danube} are not fuifiled by the investor
company. '

On 17 Aprif 1993, a specific permission for the manipulation of Danube water was
granted, apparently replacing the Condition no. I8 for an interim period because the
techknical situation at the Cunove weir did not allow a higher discharge at this time. The
Slovak stale aitorney wrele in a letter on 19 August 1993 ihat, "on 17 May 1993, the investor
received she permissions for accumulation and danuming of surface waters at the Danube on 17 May 1993,
Witk this decision, she ‘Prefiminary Manipuintion Order for the operation of the Gabcikovo powerplant by the
prefiminary solution on the werritory of the Stovak Rypublic’ was approved.”

However, as the investor was urable 1o technically provide more waler for the Old Danube.
this specific order was granied by the authorily under the conditions that a minimum fiow of
668 m'/sec be guaranteed in the Old Danube, that o proposal for a new water manipulation
order be presented by the investor by } Ociober 1993 and that this order expire on the I5
November of 1993. In fact, the monitoring data in the £C Reports show that orly 300 - 400
a7 fsec were flowing in the Danube ithroughout the year, i.e. the order was not fulfilled.
Today, this interim manipuiation order has again expired and has not yet been renewed.

To provide the reader with the full information about conditions for putting the Gabeikovo

into operation by provisional solution {Variant C} we present the CONDITIONS prescribed

by the Slovak Environmental Commission:

I. To demonstrate by documentation the procedure of self-purifyying processes and their
capacily in the course of nfiltration of the surface water into the river-bank region.

2. To demcnsirale by documentation the pollution of soil and of underground-water
horizons in the dead-branches system of the upper part of Zitny ostrov. To specify more

13
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accurstely the character and the content of pollutants and the propagation inte the ground
waler ‘al presen! conditions and at a higher hydraulic gradient.
To assess and demoustrate by documentation the influence of the temporary solution of
the Gabceikovo Project on the regime of underground water, from the poiot of view of
tunicipal water supply.
To make & progaosis of the evolution of the quality of uaderground-water used for
municipal water supply aund to propose a techoology of treatment, corresponding to the
results. To match the time-schedule of the wreatment measures with the schedule of
finishing the (Gebcikovo Project, taking in coosideration also the results of the PHARE
Project, coordinated by Prof. Mucha.
The change in the form of the reservoir may change the couditicns of infiltration of
surface water into the region of municipal water wells, especially of the scurce
Dobrobost. To demonstrate by a research on 8o sdequate model, the impact of the
temporasy solution on the capacity of these sources.
The flow and sedimentation conditions of the diminished reservoir will be changed. To
demonstrale by 2 research on & mathematical model the impact of the temporary sclution
on the allocation of sediments and og the wfiltraticn conditions. To estimate by the
model also the possibility of reduction of the surface of the reservoir in the vicinity of
the muaicipal water source Samorin.
Due to higher hydraulic gradients, especially on the nght side of the reservolr, quicker
sealiog of the bottom by sediments may be expected. The intensity of this process would
be a function of water-levels in the reservoir and in the Danube. To propose measures
reducing the sealing process of the reservoir and of the unsealed power-canal.
To assess the nfluence of the old river-bed {the possible drainage effect) on the regime
of the ground-water levels ou both sides of the Daoube, after the situation of the weir 11
km upstream of Dunakiliti.
To propose a solution for improving navigation conditions dowastream of Palkovicovo,
taking account of changed conditions of solids flow and increased erosion of the river-
bed and reconsidering also the solution of Mr. Bartolcic of March 1991.
To secure storage of sediments dredged from the reservoir, outside the protected region
of Zituy ostrov, 1 @ form of controlled dumps fulfilling the given conditiouns of
protection of quality of surface and ground waters.

. Te secure communication belween the dead-branch systen: and the Danube in both wavs

and to enable the flow through the branches from Dobrohost to Palkovicove. Periodical
pundaticn with river-water, in conequndence with the natural regime of flows {mainiv
1 May - June, secondarily in August - September) should last 5 to 7 days, but noi
louger than 14 days.

. To include tnte the design: permanent structures, which together with mobile equipment

would serve for elimination of pollution of the water by oil products.

. To secure the supply of water into the Mosoui Deanube according to conditions agreed-on

by Czecho-Slovekie and Hungary in 1948, ou the base of the Paris Peace Treaty.

. As the construction will be realized 1o the inuadation area of the Danube, 1o schedule the

works into a period of lower flows, but nevertheless, 1o propose measures for foregoing
or reduction of damages, for the case of higher flows of the Danube.

. Tn conzection with the reduced surface of the reserveir, to assess the possibility of

passiug {loods and ice aud to secure flood-protection of the adjacent region in the course
of construction and of operation.

To secure monitoriog of water-levels and flows in all decisive places of the Project. i
gain ao oversight sbout the hydraulic regime of the whele iafluenced region.

Io the frame of the design of General Flood-Protection Measures, to mclude (1n
cooperaling with the competent authorities) also the small protecied regiony - the Iws
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proposed natural reservation areas “Istragon™ and “Island of the Sea-Eagle”, the protected
natural formations “Kings Meadow" and protected “summer-oaks”™ at the forester's lodge.

18. To secure the natural physiologic processes of the actual flora of the old bed of the
Danube during the vegetation period (mainly from March to September), it is necessary
to secure a flow of about 1300 to 1500 cumecs. Further it is inevitable, to secure such a
flow in the old river-bed, which would enable the underground water level to touch the
soil borizon and which would prevent the drainage effect of the empty river-bed. To
evaluate, whether the proposed minimal flow of 600 cumecs would fulfill these

“conditions. To secure the fulfillment of the above-mentioned conditions also. during the

construction-period. With regard to the lack of data about the depth- of the top-soil cover
{above the siterile gravel} and with the aim of finding the optimal water-level, to
¢laborate a prognosis of the water-level regime in the old river-bed at a flow of 1300 to
1500 cumecs and the corresponding underground water level.

19. To prove the necessary security of the {lood-protection measures in the region of the
right lateral canal (the Bodiky region) at a 1000-years flow of the Danube,

Most of conditions have been already fulfilled and some of them (conditions No. 9, 11, 17)
are under fulfilling. In the WWF report there are mentioned the conditions No. 11 and 18.

" Flow through the branch system from Dobrohost to Palkovicovo is ensured by the outlet
structure at the power canal at Dobrohost. Periodical inundation of the area is ensured by the
discharge regulation st the outlet structure where maximal discharge into river branch system
of 234 m’/s is possible. Fish passages are under construction in the whole inundation and
between the river branches and the river Danube, [nterconnection between the Danube and
the river branches is possible via lowering in river banks during the flood situation in the
Danube. Improvement of communication between the branch system and the Danube in both
ways is projected using underwater weirs and antificial fords which should rise the water
level in that way that such communication is possible. Hungarian side has opened the river
bank upstream of Dunakiliti at three places. Approved construction of underwater weir of
height of approximately 2 m will supply this branch system with water and will ensure both
ways communication between the Danube and river branches upstreamn of Dunakiliti,

Condition No. 18 is aimed to secure such a flow in the old river bed which would enable the
ground water level to touch the soil horizon and which would prevent the drainage effect of
the river. The necessary water level in the niver is estimated for discharge of 1300 - 1500
m’/s. This ground water level was not only reached but exceeded by supplying the river
branch system with the high enough c;uamily of water (in average 40 m’/s) by discharge in
the old river Danube less than 400 m’/s. Underwater weirs and artificial fords would
additionally improve the situation and would interconnect the Danube with the branch system
(see Chapter 2},

From the conditions it is clear that the effort of the government is to optimize the whole
system as much as possible with the special emphasis to the floodplain area.

e d
Comments on the Results of the EC Mission September - December 1993
The political interests of both Hungary and Stovakia strongly affected the selected volunte
and data of the submitted reporis. This fed to the exciusion of avaifable data/studies and of
competent scientists 0 which the EC experts shouid have been given access.
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As for the Hungarian side is concerned, it did not grant the data and analyses agreed upon
{see page 74).

b
The first resuit of the review reveals that the largely missing or one-sided information does
not actually justify the many general conclusions of the two EC reports.

EC experts have had surely much more information and especially experience than the
authors of this WWF report (see Chapter 2).

hhhdd

Based on the year's experience gained from this section of the Danube, other rivers and
similar engineering projects, it must be stated that the river diversion and the operation of
Gabcikove inevitably will resuit in detrimental alterations for the hydrology/biogeochemistry
(ground- and surface waters), for the geomorphological processes (sedimentation/erosion)
and for the floodplain ecology (diversity of biocenoses and especially adapted species)
during the next years in the wetland and adjacent arecas. Even though many impacts are
“not yet visible to the public, they can already be monitored by experts.

The project (Gabeikove - Nagymaros was based on long-term experience in Slovakia, Slovak
scientists and on designer’s work on the Rhine, the Danube and other rivers. It is necessary to
stress that as early as in 1963, & concerted effort was made to examine the so-catled
territorialtechnical consequences of the project, that is the effect of the Gabcikovo -
Nagymaros system oo the ecosystems of the surrounding area. It was decided that a territorial
plan should be drawn up, the aim of which was to resolve the possibility of negative
environmental impacts. On the Slovak side, the work was entrusted t¢ Urbion. in Bratislava,
while on the Hungarian side it was carried out by VATI in Budapest. The study "Biological
project of the territory affected by the construction of the Gabcikove - Nagymaros project”,

the so-called "Biopraject” was completed in 1976 by Urbion with the participation of the
Slovak Academy of Sciences, In 1986 the "Bioproject" was updated

According to bioproject (986 update and subsequent re-exammatlons it was conSIdered in

May 1989 that the Dunakiliti weir should channel 350 m’/s intc the Danube on continual

basis with the weekly increased flow up to 1300 m'/s each week, in order to prevent the

deposition of fine sediments iu the river-bed. Following modifications were also foreseen:

+ construction of 7 - 8 underwater weirs

s constructions of weirs in side areas to maintain the proper waler fevel with openings for
fish to pass without difficulty

« construction of lowered sections in the banks of the Danube so that when the flow of
1300 m®/s was put into the Danube, this could flow into the side areas allowing
interconnection between the Danube and the arms

s fish-pass in Dunakiliti.
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Shbdbd
The monitoring data, as used for and presented in the EC Repor{s, anly pzzm‘y refer to the
most sensible indicators. The experts’ conclusions largely underestimate the importance of
monitored impacts. By consequence, the experts’ recommendations are based on
insufficient knowledge, and miss basic facts and ecological needs crucial for the existence
of the floodplain ecosystem and the preservation of the groundwater.

This statement is too general without real background in description. The main indicators of
impact of putting the Gabcikovo hydropower station into operation are surely surface and
ground water levels and flow parameters. Knowledge of the EC experts (see Chapter 2) and
related experts are surely deeper than the WWF independent scientists. It seems that the
opposite of the WWF assertion is true. The WWF does not recognize the real basic
ecological differences between floodplain and polder, between ground water quality and
ground water pellution. [t does not recognize the processes of “self-purification” by ground
water recharge and riverbed infiltration, differences between poplars and willows, etc.

adhbhdd
. any further "mdependent" scientific study or analysis should invoive the local,
competenr but independent experts. ... the political pressure on science (which exists in the
case of Gabcikovo) will never allow a really objective result. It is very much in the interest
of scientists that their work be separated from palitical interests and interpretation.

One of "further independent scientific study or analysis" written by the "local competent bus
independent experts" is: FUTURE of DANUBE, Ecological findings, predictions and
proposals based on data from the Slovak part of temritory sffected by construction of the
Gabcikovo - Nagymaros River Ban-age System, prepared by Holeik et ab. [11], {see
Appendix}..

At this place we would like to confirm, that the mentioned study is really very well done
scientific study, relying on the monitored data from the Slovek territory. This report we will
comment later. :

EXI YY)

A Evaluation of the Mamrormg
Surface and groundwater quality/quanity
The following findings are based on the two EC Mission Reports (4, 3), the Slovak data
reports on "Surface and Groundwater Quality” (6) as well as on the first monitoring repart
.on water guality during the filling of the Gabcikovo dam (26 Oct, - 31 Dec. 1992) (7) which
WWF could receive in its complete form; thus, this report (7} can serve as a important
reference for comparison with the ether data provided.

The given Siovak information (6) loses credibility in interpreting the changes in the aguifer

The analysis is a general torso of results which is non-representative of the changes in the
groundwater.
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oo
* Table 2 indicates observation points ("10" and "RU"} on the right banks of the river
which are not identical to the selected observation wells for the reservoir’s impacts, given in
Table 4 (Rusovce-Ostrovne lucky "DI-D6");

In the part 2/2 of the "Surface Water and Ground Water Quality” [H], {(see Appendix), there
-is a map of all ground water quality mogitoring objects and a map of extended mouitering of
water quality. As examples there are given 60 figures chosen as typical water sources used
for water supply. These are of course not identical with wells D1 - D6, which are included
in extended ground water monitoring list of objects. The wells S4, 10 and RU have been
chosen, because these wells are typical water supply wells. These wells can show the real
ground water quality and impact of Gabcikovo upon the ground water quality used for. water
supply. In the Table 3 of the report [H], there is an example of basic statistics, using
supporting software included in database. Explanation to the resulis is given in the Tables
3.1, 3.2. Wells D1 - D6 are included in the list of objects of extended ground water
monitoring. These wells are observation wells with the untight top and they are not protected
against the impact from the surface. These wells are used for observation of all paramsters
described in mentioned report, but they are oot representative for microbiotogical pollution,
organic pollution and microelements pollution. EC experts have had access to all data and
perameters listed in the report. Hungary has given neither data nor a list of monitored wells,
only statement {J] that “Since the diversion of the Danube no sigmificant change of water
quality could be ascertained in surface and subsurface water.”

WWF is not aware of a fact that some parauieters {e.g. microbiological paramreters, orgauic
pollutants as air pollution, pesticides, herbicides, organic solvents, etc.) should not be
analyzed from short-term pumped water wells and from not protected open observation wells.

WWTF's declaration is based on clear misinterpretation of existing data. If WWF bad made 2
professional and scientifically based analysis they would have reached the opposite
conclusion.

Water pumped from the drinking water wells are of course very thoroughly analyzed. No
toxic chemicals have ever been found in this groundwater. Apalyses carried ont so far have
shown no changes in ground water quality since the start of Gabeikovo more than one year
ago.

The observation wells are monitored on & routine basis. Data from this observalion network
bave for many years shown the accidental occurrence of some of these chemicals. The
reasons for this difference between data from the clean drinking water wells and the polluted
observation wells are that some-observation wells gre located in areas with known old
pollution, e.g. near refinery, and furthermore that some of the water samples and wells have
become polluted from the surface and due 1o improper sampling techbnique and other
manipulation 1n the well - water level measuring, etc.

The data from the observation wells, referred to by WWF show the same level of
concentration as has been recorded in these wells for many years or some accidental
occurrence due to pollution from surface. Furthermore, most of the observations used by
WWF were made only one dayv after the stant of operation of Gabcikovo - which also clearly
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Table 3.1: Extended monitoring - example of basic statistics

SIos 103 350,6| 3985 2183938 1758 | 63,8| 182
0O, 18 3,47 0.8 0,2 0,4 020,241 509
oD, I8 0,76 0.3 3,6 0.9 0,310,121 ] 158
Fe 18| 0,012] 002 0F 002 002] 001 798
Mn 18 g1 2,1 0,1 0.1 g g 0
NGO, 187 1614 143 73] 11,5 42 1,16 114
SO, ” 101 4235 4221 4l.4| 4256 I,2] 0,56 1,3
Cr 10| 1898 18,5| 175: 204 29 086 4,5
PO,> 9| 4,028 005 G| 0051 00500257 894
fluoran 12] 0,027 004 g1 0,04 004100191 70,7
thene
benzo(a) 12| 0,027 0,04 o] 0,04| 0,040,019 76,7
pyrene
lindan 1ty 0,025 004 9| 004 00470018 756
pentachloro 1Ty 90,3857 003| 005) 0,05 010,457 | 1156
phenol
PCB 114 6001t 0001 40,001 | 0,001 8| 756
DDT I 0,013 0,02 g 002 6062 2,1 1 75,6

Important notice:

The statistical analysis was performed using accompanied softwarc supporting
the database (SKOV Bratislava). As it is obvious from the resulls, organic!
contaminants should have a very high concentrations.

Afler investigation of method of calculations it was found out, that the
values < X {“conceniration befiow detection limit of eguipment”) were inciuded
it the calculations in the form =X “concentration equal to detection Hmit” Next
table shows the real concentrations of organic contaminants measurcd in the well
S-4. Therc was no contamination detected concerning these parameters dunng
analysed period. — :

This example demonsirales the importance of method how the dawa are
pre-processed for statisics. Using “standard micthods® we can  instead of
characterisation of contaminants calculate the staustics of detection limits of
cquipment.

Rif Union © 1993
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Table 3.2: Extended monitening - real measurements |

“fimit {CSN] 9,84- 6,61

3 7
Sample: | 0 8 0 < 0 0
2 0 0 o { 0 0
3 - - - - -
4 0 0 ol. <1 o g
6 o 0 0 <1 0 0
8|<004 | <004 | <004] <085 <0001 |<0.02
9 - - - -

10 [ < 0.04 <004 | <004 < (.05 [<0.000 | <002
I1}{=<004 <004 | <004 < (.05 1 <0.008] 1 <0.02
12| <004 < .04 < Q04 < 005 | <0001 | <0.02
13 | <004 < .04 - - C.
14| <004 < (.04 < Q.04 < 305 { <0001 | <002
15 - - - - - -
16 | < 0.04 < .04 < (.04 < 0.05 | <0.0601 § <0.02
17 - - - - - -
18[<004 | <004 | <o004] <005 <0001 [<0021

RIf Union © 71993
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document that these cheaicals are a result of past activities and caunol possibly have any
link to the Gabcikovo hydropower project, especially in the deep horizons.

Altogetber, there is so far no sign of chauges in ground water quality after the start of the
Gabcikovo, except in the Ostrovae Lucky ares just south of the reservoir, where
improvements bave occurred. Nevertheless, the situation is of course subject to continuous
monitoring and thorough analysis.

hdddd
* The data shown in the graphical analysis do not correspond to the data struciure and
freguency of the meniloring in the indicated period and In the respeciive tables (e.g. while
the sampling frequency is once every 1 weeks, the attached respective graphs show much
less sampied data).

The data in Figs. | - 60 of the above menticued report are taken directly from the municipal
walerworks. Waterworks have their own structure and frequency of the data moaitoring.
Extended ground water monitoring data are in the database. EC experts had access to these
data.

e e o do

* The only given exampie (well 84 Kalinkove} does not fulfill the demand of a sclid
documentation-of the changes in chemistry and af the element concentration in the
observed aguifer on both sides of the Danube. Looking af the monitoring af groundwater
quality changes in the first stage of the reservoir filling (Oct. to Dec. 1992), this object
was non-representative from the standpoint of specific organic elements. The presented
Table 3 does not show the non-polar extraclable maiter whick is part of every chemical
analysis and which could indicate with kigh evidence the degree of organic poliution of
the entire area and of ail objects.

WWF should know what 1t 1s spoken aboul. [u any analytical laboratory it is well known that
non-polar extractable matters are products used in chemustry, egriculture and some of them
are air pollutants, others are.sprayed over the surface. In the monitored componeants, the non-
polar extractable matter 1z fucluded as NEL {see Appendix) and stored in databese. In the
example of basic statistics (see Appendix) there are included some specific non-polar
extractable chemicals (PCB, benzo{a)pyrene, linden, etc.}. Some of them could indicate with
high evidence also natural sources, e.g. Algae. This canmot be distinguished only by NEL
group analysis.

hdddde
Table 18 skows the given technical parameters of ohservation ofijects having several
horizontal levels. It is questionable why the object 5S¢4 Kalinkoevo was given as model because
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&4 has enly one, very large horizon {depth aof 40 - 80 m}, while most other wells have smail
horizons of only a few melers depth, being much more precise for the indication of changes.

It is stated that the well 84 is one of the continucusly exploited wells from the Kalinkove
municipal woterworks. This & model well for real water supply, well tlosed in a well
housing. Production wells bave usually & long screen ¢(horizon), piezometers and observation
wells have usually short screen and are not protected against pollution from surface and air.

e &
Data on hazardous organic pollutanis and heavy metals are not presented in the supplied
documents in spite of their analysis. According ie ike first monitoring report {7}, elevated
concentrations of dicklorethen, dichiorbenzen, pentachiorfernol, benzopyren. hexachiorbenzen
and lindan were recorded in the surfoce and groundwater.

In further discussion we would like 1o inform WWF about some properties of the mentioned
chemicais:

Dichlorethen

1,1dichloroethene (1,1-dichloroethylene) - limit {CSN}y: 300 ng/l.

Uses: adhesives; component of synthetic {ibers.

Pollution of air. In rural Washington, Dec. 74 - Feb. 75, ground level coucentration: < § ppl.
Waste waler treatment: balf life for evaporation from 1 ppm aquecus soluticn at 25 °C, still

air, average depth of 6.5 cm: 27.2 min. -

1,2-dichloroethene {1,2-dichloroethylene)

Uses: solvent for fats; additive 1o dye and lacquer solutions; constituent of parfumes,
thermoplastics.

Waste water treatment: half life for evaporation from | ppm aqueous solution at 25 °C, stilt
air, average depth of 6.5 ¢m: 19.4 - 24.0 min.

Dichlorbenzen

1,2-dicklorobenzene - limit (CSN): 300 ngl.

Uses: solvent; dye; fumigant and insecticide; metal pohshes

Water quality:
in river Maas (The Netherlauds} average in 1973: 0.13 pg/l.
in . Zinich lake: 16 - 26 ppt.
in tap water {Zrich}: 4 ppl.

Waste water (reatment: degradation by bacteria Pseudomonas.

Pentachlorfenol :

Pentachlorophenol {PCP; penta) - limit {CSNY: 18 ugll.

.Source: organic chemical industry, pesticide, agricultural runoff.

Uses: iasecticides, algicides, herbicides, fungicides, preservation of wood aad wood products.
Biodegrabilily: decomposition rate in soil suspension > 72 days for complete disappearance
by bacteriz Pseudomonas.
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Benzopyre
Benzo(a)pyrene - limit (CSN} 0.01 ugA.
Source: coal tar processing, pefroleum refining; coal, coke, kerosene processing, beat sources;
natural sources - synthesized by various bacteria, e.g. Escherichia coli,
- by algae Chloreiis vulgaris,
man caused: combustion of tobacco, fuels, present in gasoline, used motor oil, tar.
Pollution: Emission from typzeai European gasolme engme combustion of fuel oil, natural
gas, domestic heating Budapest {1966} 74 ng/m® of air.
Degradation: microbial biodegradation to CO;, transformation by soil micro-orgenisms.
Brussels sand aquifer water: < (.4 g/
Danube water in Ulm. Germauy: 0.6 ng/l
tap water Germany (1968): 0.5 - 4.0 ng/l
Treatment:  chlorinating: 0.3 mg/l of chloriue by { ppb - 92 % reduction in 2 bours
' ozonization . _
mechauical and biological purification.

Hexachlorbenzen

Hexacblorobenzene - limit {CSN}: 10 g/l

Source; organic chemical industry.

Uses: wood preservation, fungicide, seed treatment, impreguoation of paper, herbicide,
pesticide,

Degradation: by bacteria Pseudomonas.

Lindan

Liondane {gama - hexachlorocyclobexane) - limit {CSN): 3 g/l

Use: medicinal mfg. (scabicide); insecticide mfg.

Biodegradation: apaerobe bactetia up to 90 % dJegraded in 4 days, trausformed to chionne-
free metabolites.

75 - 100 % disappearance from soils: 3 - 1( years. -

We would like to stress that the hydropower plant is producing electricity and surely it is
not producing all the products of organic chemical industry and emissions from cars,
houses, combustion plants, agrochemicals, etc. which all can enter the water in observation
wells and the samples during sampling the wells.

The Gabcikovo hydropower station and the whole system is not producing these chemicals
and is oot polluting surface, soil, water, air, etc. with these pollutants. Why there Is Dot a
word against production and use of these pollutants in any of the WWTF reports? (see
“PRESS" in Appendix). Why WWF is not involved in improvement of water quality of water
supply in Budapest for 2 million people (see page 79)? .

' e de ok
Daia on selected sampling points and selected waier guality parameters are presented in ref.
6. I is not explained why these points and these parameters have been chosen and why ouly
example of statistical evaluation is presenied. The important criterion for the impact
assessmeni are the selected sampling poinis, for those are the most sensifive o the changes
in waler quality. The selected parameiers also have the fargest iemporal variations and the
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most significant impacis on environmental kealth. This kas to be documented before the
conclusions about "insignificant impact on water guality” can be made.

The whole database containing thousands of data was to disposal to the experts. There was
given a list of localities and observalion points, list of analyzed chemicals and an example _
how the data could be elaborated on the spot, without delay. Except this, the reports prepared
at the Centre of Monitoring were to disposal in Bratislava. Impact of Gabeikovo on ground
water quality in Slovakia after one year of operution is INSIGNIFICANT.

ik d
According to drinking water standards (in Siovakia CSN 73 711i approved: 1989, CSFR)
importani physical and chemical indicators such as heavy metals {Cd, Pb, Hg, Cu, Zn}, other
trace inorganic glemenis (Ba, Be. Cr, Ni, Se, Ag. ¥} and many organic indicalors
{dichiorbenzen, dichlorethen. pentachiorfenoi, hexachliorbenzen, lindan, PCE eic.} are
important. Such poliutanis can be dangerous even at very low concentrations, especially if
they act in combination, Their effect on health is still not fully understood. Some of them
tend 10 accumulate in sediments and later. under changing conditions of the waler regime
and the water qualily. they can be released and niigrate v groundwater reservoirs. This
phenomenon is called an “environmenial time bomb" because of its retardation and
accumuiation effect.

This is a very general statement. This is well known from varicus heavy polluted rivers.
Special reports and survey have beeu elaborated. Review of all reports and a new evalualion
of sediments is given 1o [24] prepared in framework of PHARE program {see Chapter 1.6}

L2 2 2 2 2
Unfortunately, any data and any discussion which would enable the evafuation of this
environmenial hatard could not be found in the documents. The data in (7), and previous
data known about organic peliution of bottom sediments, indicate that a potential danger
is real. However, the data are not complete enough to make any definite conciusions. From
the biogeochemical point of view, the data on pollution of keavy metals, other irace
ingrganic elements and organic pollutaris of bortom sediments, alluvium sedimenis, surface
water and groundwater have fo be presented in full before any scientific conclusion can be
made as regards to the impacts of Gabcikove dam on the water guality.

The data are complete enough to conclude that alluvium gravel and sediments are niol -
polluted and surely less polluted than in other European rivers. Exception is hydraulically
protected area of Slovnaft's refinery. The date in (7} - organic pollution - e.g.
benzo(a)pyrens, hindan, etc., were found in deep horizons in observation wells.
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T Y
The properties of sediments can vary considerably. ¥t would be very kelpful te know
distribution coefficients of organic compounds between water and the sediments as weif as
experimentat data on the ability of the sedimenis o yield the polfutanis 1o groundwater.

The distribution coefficients are known, experimental data exist [24].

oo e s o e
* It is not evident why the data are not avagifable for independent evaluation. if it is proved
by interlaboratory validity tests that the data are correct, it shouid be possibie for g smaill
team of independent kydrochemical, hygiene and medical experts o evaluate the impact of
the Gabcikove dam on water guality and on consumers of the waler.

Data have been available aud they are available for any kind of independent evaluation.
Interlaboratory tests have been done, 1nternational experts have taken part at sampling,
analyzing and eveluating processes. EU experts knew about 11 very well (see page 74).

hddkdd
* A review of the originally monitored data together with a control sampling and analysis

should be made by an independent expert team and not by parties invelved in this
difficult dispute.

The party, most tmvolved politically in this dispute, s WWF, Review on control sampling
has been done.

ke ke
* {lnless the Working Group. which produced this report, had other data avaifable, we do
not think that the data are adeguate lo jusiify their conclusions.

1o opposite to WWF, the Working Group has had all necessary data and zall exisling data Lo
dispusal. Except this, the experts know the territory very well. According 1o our opinicn and
opinion of the experts, the mouitoring system aod data are adequate to jusufy the
conclusions.

LT T 2
Fiora and Fauna (incl. Ferestry} _
The Report sections and conclusions dealing with this topic reflect the poor data base which
was provided by Slovakia and Hungary for evaluation. Even though a more profound
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scientific data base exists, the best available knowiedge, data and experis were not involved
in the evaluation.

-

There exists 2 luge database for flom and faups end WWT knows very well about if, The
database cousists of following items {for more mformation see Appendix):

Sol

Monitoriag is carried out at 20 mosoitoring areas twice a year and at 10 WORItOTIng areas
ohce 10 2 years.

Forestry

Monitoring of forestry is carried out & 24 mopitoring areas.

Biute - Florg and Fauna

Flora and fauna are monitored at 13 monitoring areas.

e o
The Hunpgarian report is insufficient (0 give any seund statement or conclusion. Large lov ies
in fish biomass and the visible, critical state of the ficodplain forests are a remarkable
indication of the changed situation. However, these and other indicators are not properly
documented and interpreted.

The situation just after demming the Deanubce iz described g the EC expert report [B}. Ve,
the luss of fish biomass was documemed Critical state of the floodplaip {orests was
documented too.

WWT should read e.g. in report B} "The operatiop of Variant € has influenced the Danube
seriously”, ... This causes a huge immediale damage (o all water organisms especially those
living ip the side branches, ¢.g. {isk aud bentic organisms (mainly the mussels)”, erc.

Similarly. the situation is described in [H

o e dr B b
The Siovak report and the reference {ist do nor contain the very importans Stovak
monitoring studies or species databases whick were produced in the Stovak floodplains
‘gver the last years {especialiy by the Instiiuie for Ecosozology ai the Sievak Academy of
Sciences). However, certain details in this repori are obviously iaken from this monitoring

The Slovak report rely upon the mentioned dalabase aud older siudies. The work of the
lastitule is well known. Summarizing seport [11] {see wile page in Appendix} was writlen
1992 for the Hungarian organization ister, involved in the politics around the Danube.
Indeed; why the Hupgary bas not used this repont Juring EU experts' work?
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hdddd
The authors overestimate xi:e detrimental impacts of the decreased water levels in the last
decades {"disappearing of the whole naiure biocenoses”} and are far 100 optimistic regarding
ecological benefils for the forests through the simulation of floods.

This phrase about overestimation of 1mpact of water is in contradiction to the real high
ground water level and dynamic character of water regime in real floodplain which
" ecosystem needs. This is well accepted scientific knowledge. Floodplain without high enough
ground water level and without some flooding of some part of inundation is not a floodplain
of 'Au' type but simple 'polder’ with stagnant water or without water, with all ecological
consequences. Floodplain even requires disturbances to maiatain their resilience. We would
like to stress that more than 90 % of ail forests between Bratislava and Gyér were changed
to lignoculture of cultivated poplars which have created transformation of the whole
previously oniginal vegetation which is now influenced by synantrope and neophyte weeds.
Forests are no longer natural but compensated substitnted economical forests aimed to
produce fast growing weoods. Natural forests on the Slovak side have been degenerated by
drying up because the ground water level decreased. This is simple a fact visible for example
downwards from Bratislava.

. WWF should st least fead the well known studies of mentioned Institute or at least few
quotations in following text {pages 103 - 109).

& o b
The study lacks a more thorough, critical evaluation of the newly constructed lateral dikes
(cf. chapter B} in Slovak floodplains and of several impartant indicator groups other than
Jorests (e.g. birds, beeties, mammals and moliuscs). .

In the Slovak floodplain, there have not been only recently constructed lateral dikes. Lateral
dikes have been re-constructed from previously used lateral structurcs (see Chapter 2.2.2,
page 54 and [29]) with the goal to ensure the proper water level for average discharge of 40
m'/s, to ensure water level and discharge {luctuation and to ensure interconnection with the
Danube using e.g. underwaler weirs. Some improvements as [ish passages {not {ish ladders)
are stil uoder construction.

Indicator groups other than forests are included in Sloveak report [H} - FLORA, PAUNA
AND FORESTRY - English version, Chapter IIL

_ F VYA

WWF learned that a special ichthvological prognoses study on the impacts of Gabctkovo was
ordered and submitted in the summer of 1993 to the relevant Slovak authorities. However, it
did not become part of the Slovak or the EC reports.
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Because of supplying the Danube with average discharge of 400 m’/s over a length of 40 km
with high enough velocities this prognoses are doubtful and dubious. Except this, the old
river branches are supplied with runniag water. A large part of measures is not ready vet,
especially the interconnection between the Danube and river branches should be realized.
This is delayed because of decisions of the Hungarian Parliament.

The goal of the EU report was an ”Assessment of Impacts™ based on measured data and
not to discuss old prognoses. Mentioned prognoses are studied to undertake such steps and
measures that the unfavorable prognoses will ot happen or will be minimized. The next goal
of the EU experts was to discuss and recommend appropriate measures. In [G] it is written
"lo order to provide reliable and undisputed data on the most important effects of the current
water discharge and the-remedial measures already undertaken as well as to make
recoramendations for appropriate measures the Republic of Hungary and the Republic of
Stovakia will establish a Group of Monitoring and Water Management Experts.”

hhddhd
The Slovak report is incorrect in stating that the decrease of surface and groundwater levels
were only caused by river bed regulation and the construction of upstream hydrodams. The
huge impacts originating from Slovak and Flungarian gravel excavation are ignored.

In the Slovak report [H] there is exactly written: "Long-term hydrological development of

the region in the past was influeneed by:

~ river regulations, straightening of bed, closing and raising unnaturally the entrance
thresholds of previous meanders and river branches (this was the first impact dated back
In -previous centurnies),

- exploitation of sand and gravel {this started iu this century),

— construction of river dams upstream sltered the bed-load balance, etc. {this is recem
and present situation}.

The result 15 the higher flow velocity in the Danube, diminishing of the bed-load transporn

via Bratislava and increasing the river bed erosion. [nvestigation showed the substantial

deepening of the river bed and the trend to further erosion of the niver bottom. This caused a

long-term lowering of the level in the Danube which resulted also in long-lerm lowering of

ground waler levels.”

In the EC Data report [E] there is written: "The main channel has been significantly
lowered due to crosion caused by a combination of several man made factors:
- dam construction in Austria in the last decades resulting in a sediment (in particular bed
" lead) deficit;
— excavation of gravel;
- bed ¢rosion due te the very high velocities in the straightened and narrowed navigation
chaanel; and

"~ prevention of bank erasion due to fortification of river banks.

WWE is {n contradiction to a1l EC, Slovak and Hungarian reports. Why? Why the
imdependent nonpolitical WWFE is informing the whole world with {alse and deetsive

~apformation? Whal 15 WWIE aiming at?
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. hhhddi
There is no comparison with other infact floodplain ecosystems (e.g. the Danube upstrean of
Bratistava) or with floodplains damaged in the past by ather hydroschemes (the Danube
upstream of Vienna, the Rhine downstream of Basel, the Rkone eic.) from which the state of
. the floodplain ecosystem prior and after the Danube diversion could be better compared and
estimated (cf. page 65. Hiigin 1981). Then it would have been possible o g:ve a beiter
 prognosis than the authors did.

There is really no comparison with the floodplain ecosystems upstream of Bratlslava because
between them there exists granite thresholds interconnecting the Alps and the Carpathians,
There it is no comparison with other hydropower stations on the Danube because only
Gabeikovo is saving floodplain over a length of 40 km and is not channeled river with
uniform cross-section {except lateral power canal). Only in Gabceikovo the floodplain on the
Danube river branch system is supphed with running water and 1s ot creating polders with
stagnant or oearly stagoanl water behind levees. Also diversity s increased and not decreased
in comparison with pre-dam condmons Cascades and discharges in the Rhine (15 m’/) are
not comparable with discharge (400 m s in average) and underwater welirs or anificial fords.
References to Dister (1988), Hilgin (19817 and Seibert (1975) are given in the Slovak repon
[H], pp. 62 - 64.

4-&-7-4-4-
It is not clear how aam.fuﬁzmﬁ& part of biotopes” will ‘gradually turn by successive way to ‘original
state” (at the end of the 50°s), :f only. some forest plantations, an increased water level and a
walering of the side-arm system will be provided for the ﬂoodplam area.

The crucial tmponance of the open connection with the floodplain side-arm system is largely-
ignored. There are no comments on the changed nutrient input and exchange when discussing
the artificial water input from the candl in comparison to the naiural situation at the end of
‘the “50s.

WWF should read at least condition no. 11 prescribed by the Slovak Environmental
Comumnission. la the Slovak separated repont [C] there is stated:
The Danube has been changed during the centuries by embenkments, river straightening and
regulation to allow for shipping (Fig. 1.4). Man has largely changed the boundary conditions,
e.g. by closing the river branches and dikes across the branches. Water management has
therefore to reckon with the natural dynamics and may even be forced to copy and support
natural processes. The biodiversity which was monotonized in the past is to be recover to
reach the variety in abiotic - especially water and moisture regime conditions.

In the chapter "Posmble Remedial Measures” there is wntten
- to re-open the fortifications and thresholds on the river branches (Flg 1.4) intakes and
. to re-open the river branch system
~ "to make some shallow underwater weirs in the Danube to ensure the flow into the river
branches
~ to use the Dunakilifi weir for the water level and ground water level optimization
- <lC.
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We would like to add some ideas. Since the beginning of 1950's, extensive research to
inventory of biological diversity of the territory along the Danube river has been carried out.
Results indicated, that natural floodplain forest of the Danube was replaced by. cultural
forests (piantages) of introduced cultivars of poplar (Populus euramericana, cv. Rabusta, cv.
1214, and others), with special forest management. Introduction and invasion of several
ahiens {e.g. species of the genera Solidago, Aster and Impatiens) have changed the character
of the forestry. Other changes in wildlife and autochtonous flora were caused by water
management and structures, preventing fast flooding, preventing the flow of water in river
brapches, changes of water quality {oxygen conditions) in river branches, etc. (Fig. 1.5).

As a result of ground water decrease in the area summer oak and narrow leaves ash die out.
Instead of original wet hard wood species came black, gray and white poplar, willows and
alders. In the 20th century, the soft and transient inundation forest changed into cultivated
poplars and Salix alba. This problem is most evident under Brauslava where until now ca
500 ha of forests have already dried (Fig. 1.13).

Since 1985 the research activity has been concerned upon the definition of the biologicai
diversity in the territory. Conclusions of these studies and other related projects resulted in

" formulations of requirements, for minimizing the negative effects of the construction and
operation of the hydraulic structure on the living organisms, biccenosis and ecosystems in the
influenced area. Based on these results, some adjustments in the design of the structure were
elaborated. General ecological requirements prescribed by the Slovak Environmental
Commission {Ministry of Environmeunt of Slovek Republic) are based on these studies {e g.
the so-called “Bioproject”). -

The WWF is probably not aware of the following single facts:

- Without inundating the floodplain and without contmuonsly flowing water in the riverside
areas and branches, there is no nutrient input

~ Nutrieot input consists of components in solution and of suspended forms. There is no
reduction of content of components in solution in water from the canal. Nutrients in
suspended form are bound on the smatlest suspended particles. Only the largest suspended
particles are seftled in reservoir (60 %). The general reduction of suspended nutrients is
therefore between 20 - 40 %, but amount of water and the general sum of nutrients is
much larger than by pre-dam conditions.

In Hungarian Data report there is written that in the old Danube measured downstream from
the damming the Danube in Rajka and Dunaremete, virtually the same sediment
concentration levels have been found after the damming as compared 1o the pre-dam
conditions.

Except this, the Slovak side is interested in re-opening the connection between the Danube
and floodplam and using underwater weirs and fords to ensure both the way interconpection
and flooding the inundation.

During the flood the sediment concentration will be similar as in the pre-dam conditions,
therefore the floodplain will be supplied with nutrient input similar as in 1950s,
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woddid

The estimation, that the needed floods can be simulated from the Dabrohost intake

structure of the Gabcikove canal and that this can recreate the hydropedoiogmai situation

of this territory at the end of the fifties, ignores aH available data and experience about
such artificial measures from the Rhine and Upper Danube; it is far too optimistic (cf.

chapter B).

There are differences between the Danube 1 the Gabeikovo reach and the river Rhine. The

differences are as follows:

— in the upper Danube there is the floodplain changed by hydropower structures from the
typical "Au’ {{hrough flowing) into "Polder type (stagnant water). Therefore Gabeikovo is

uot compareble with mentioned upper Danube's measures. From the qualitative and
ecological point of view, there are two completely different types of floodplain. The

differences are:

Au Polder -
Water flowing v > 0.1 m/s standing v < 0.] m/s
Oxygen oxygen rich without oxygen
River arms bed permeable impermesble -colmated
River bed sand, fine sand fine sand with organic matter
Flooding 1 - 3 times per year no rea} flooding ard if, then

with flowing water

no flowing water

Ground water oXygen conditions
Amonium no '

Iron no

Mangan o

Organic matter little
Evaporation/infiltration  1inftitration > evaporation
GWL fluctuation yes

reduction conditions

yes

yes

yes

much

infiltration < evaporation
no

- in upper Rhine d1scharge in old river is much smailer than at Gabeikovo {only 15 - 30
m’/s). Except this, in the Rhine there are realized instead of underwater weirs (Fig. 3 1)

the transverse barrages (Fig. 3.2).

o e e o

The given example used to "prove " the resioration of soif moisture dae {0 the Gabeikovo
scheme, while comparing the mean losses of leaves in August 1992 and 1993, is ectually

unfoir:

* August 1992 was a very div period, as even the Slovak authors siress.
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Underwater weir - longitudinal cross-section
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figure omitted

Fig. 3.2: Transverse barrage on the Rhine
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*+ In other locations (rather than the quoted Cunovo/Rusovce area) especially along the
Danube up- and downstream from Dobrohost, the groundwater level was not raised, bur
lowered by up to 2 meters due 1o the river diversion: there, not positive but damaging

effects in the floodplain forests can be found in 1993, as compared to 1992.

it is well known that the years 1992 and also 1953 were dry. Differences between these two
years could be seen from precipitation (in mm per month} and this could be compared with
long-term monthly averages in the period 1951 - 1580 (A) and 1981 - 1990 (B).

Locality SAMORIN:

I I I11 3% v V1 VII VI X X X1 XII

1992 24 16 62 17 {6 93 32 g 44 57 &5 5%

1993 29 23 It 20 25 48 64 49 42 &5 67 &6

A 37 33 34 42 51 71 69 54 34 35 31 40

B 43 43 30 23 52 52 39 56 50 i3 43 49

Locality DUNAJSKA STREDA:

I II [ Y \Y Vi VII  VIIT IX X X1 X1

1992 17 5 51 22 20 121 78 2 36 56 46 80

1963 27 18 15 8 15 i3 59 36 39 96 68 30

A 29 31 3] 42 48 63 68 55 36 40 53 38

B 34 38 32 27 51 48 34 69 41 35 42 39

We would Tike to remind to the WWF that for willows and similar woods which are
growing on accessible ground water level do nat exist dry years or periods. Metabolism of
such plants does not depend on precipitation.

Slovak Data report is based or data from Slovak territory. We have to confirm that
downstreamn from Cunovo (it means from Dobrohost to Sap at the Slovak floodplain area)
ground water was really raised and not lowered as it was stated in the WWF Statement
{see Chapter 1.4.2). So at the Slovak territory there is a positive and not damaging eltect.
The increase of ground water level in this arca can be influenced by water levels m seepage
canals, in the Danube and in nver branches, Bottom permeability can be influenced by
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discharge 1o river brauches. Therefore the intake structure is constructed to yield the amount
of up to 243 m'ss.

e de &b
Another example is the strange comparison of Aranea species diversity of the very wet,
morphologically dynamic Danube inland delta with the xerothermal, stable Jur peai-bog:
spiders are no indicators for floodpiains because they prefer constant habitat conditions;
second, the peat-bog (Carici elongatae - Alnetum) is not a floodplain ecosyster:.

The same applies for the example of butterflies. For floodplain biotopes. suck a comparison
vuld be much more appropriate using e.g. beeties {Carabidae, Staphyiinidae).

In the Slovak report the Jur peat-bog is mentioned only as example for comparison of
intensity of research and number of data to disposal.

& e e o o
The report does not address the probilems of the imporiant [siragov side-arm area {upstream
of Palkovicove} whickh is, as yet, not supplied by ariificial water input {a new canaf is
planned from Gabcikove power planii) and has therefore been drying out, since the Danube
was diverted in fall 1992,

Istragov area is going 1o be supplied with water. Interconnection with oulput canal is uoder
construction.

bhdd s
.. to reconnect the side-arms with the main river even though this is partly recogniwd ay
absohutely crucial for the survival of the blocengses, especially the regeneration wid
migration of the fish fauna,

This is the Slovak proposal aod some of fish passages are under projection and consiruction.

Small underwater weirs or antificial fords are necessary to make this mterconnection real. See
¢.g. the ready made openings upstream Dunakiliti on the Hungarian territory. But this is only
possible because the nupdation i the area of bhydropower structure is intact, what is oot the

case upstream of Bratislava,

PR
- the monitoring date could huve given many more resulls than the £C Report hay
referred to. It is not clear why s simmary assessmeent of impacts ignores ihe visible
damages in fisk funna. forests and habitaes, The early general conclusion thar the forovey
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has been positively influenced in Slovakia must at least be doubted, especially when
{ooking at the siow reaction of forests to changed envirenmental conditions.

[u the report [B] all visible damages are described €.g. on page 25. “In addition, the
operation of Variant C has wfluenced the Danube sericusly. There is 2 reduction of the
discharge for a reach of about 40 km downstream the dam to an extreme low level, which is
considerably lower than the ever recorded minimum. In connection with this flow velocities
and water depths decreased to unoatural values and most side braoches {about 100 km) dried
oul.”

“This causes & huge immediate damage to all water orgamisms especially those living iy.the
side braoches, e.g. fish and benthic organisms {mainly the mussels). The remaining shallow
waters fail as spawning grouuods. If the situation as deseribed zbove will continue until the
beginning of the vegetation period most of the fauna and florz depending on floodplain
ecosystem condiions will be heavily damaged and may have resulled in the loss of essential
portions of populations end thus in reduction of geoetic diversity and thus adsptability. This
especially concerus the four areas that are already protected or are proposed to be protected
as nature reserves.”

The general conclusion that Slovak forestry has been mfluenced positively issues from
visiting the area and from the fact of increase of ground water level over the whole area,
where previously in pre-dam conditions a long-term decrease of ground water levels was
recoguized. Slow reaction of forest is by slow general lowering of ground water level. By
sudden Increase of ground water level, there is sudden re-vitalization of forest and bush {Fig.
33)

2EEd&
The suggesied monitoring progran will heip 1o provide a clearer picture if it will be
financed and really executed. This, however, is anything but certain in both countries.

Mounitoring program Is rununing. Some suggestions written by EC experts to improve existing
mouitoring bave been accepled and are going 1o be paid not by EC as promused but by
Stovakis. Generally, Slovak monitoring is deseribed by EU as "adequate®™.

At 1the end of the chapter Flore aud Fauna {(including Forestry) we would like to inform the
WWF about the work of "Institute of Zoology and Ecosozology, Slovak Academy of
Sciences”. This is the proper title of the institute mentioned n this chapter. The most
important report prepared by this {ostitute is the report prepared for The East European
Environmental Research Institute in Budapest which is directed by Janos Vargha, who is the
laureate of alternative Nobel award for biclogy. The report is eatitled "FUTURE of
DANUBE. Ecelogical findings, predictions and propesals based on data from the $lovak
part of territory affected by construction of the Gabceikove - Nagymaros River Barrage
S¥stem™, cdiled and writen by Jurg) Holcik with contributors [11] {see tiile page in
Appendix}. This is the most impertfant report evaluating the Gabceikovo - Nagymaros
project arca from the ecological paint of view, including special evaluation of flora and
fauna (including forestry). Following text is only g short sample of direct yuolstion.
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"The present number of fish occurring here amounts to 52 native and I3 introduced species.
The impact of man, such as hydraulic engineering measures and overfishing eliminated such
species as Hiso Auso, Acipenser stellatus, Anudiventris, apd also the migrating race of

A gueldenstaedti from this stretch of Daoube. Deepening of the Danube bottom during past
three decades and the subsequent change of the floodplain hydrology are the main reasens
of the decline of some, particularly phytophilic species {Cyprinus carpio, Abramis sapa. Carassius
carassius, Stardinius erythrophthaimus, Tinca tinca) and some of them are facing the danger of
extinction {(e.g. the native wild carp). The last evaluation of the conservancy status of the
fishes in Slovakia (Holcik 1989), [19] shows that most threatened fish species is just from
the Danube river.”

"Since the mid of 1970"s when the Danube river was heavily polluted by waste waters from
petrochemical works (Holcix et al. 1981), [20], the situation significantly improved. The
purification stations in Vienna, Schwechat and in part also in Bratislava were put in
operation and also the Slovnaft petrochemical work in Bratislava is now protected by the

_hydraulic blanket. Due to this the fish spccies which were not recorded in the Slovak -
Hungarian section of Danube for about 20 years, started to appear again. The fish killings
were ‘not recorded in this stretch of the river and the fish canught directly in the main
channel have lost their prononnced phenol taste and other odor and now are palatable.
Concerning the nutrient content it seems, that its amount shows the decreasing trend
during past years.”

“The following types of forest growths are to be found in the Danube floodplain:

a) soft floodplain woods (assoc. Saficeto - Populerum), with home species predominating -
willows {Safix affa, S.fragific}, in & lesser measure poplars (Populus nigra, P.afta) and alders
{Alous glutinosa, A.incana). A characteristic feature is the high GW {up 10 1.5 m) and
repeated floodings, or at least overflow of the surface. The most valuable are spatially
restricted swamp growths of old, purely vegetatively renovated willows;

b) mixed floodplain woods (assoc. Fraxineto - Populetum). They represent the most producuw
forests, well supplied with GW during the vegetation period and are regularly flooded
and enriched with sediments. In the original growths, poplars predominate (Popufus nigra,
P.albn, P.canescens), ash rees (Fraxinus excelsior, F.oxycarpa), racemose birdcherry (®adus
racemosa), elms {Ulmus leavis, U.carpinifolin), but there are also alders (Afnus incana,
Aglutingsa) as also willows. At present, the species composition is strongly aliered
through land use oriented to a monecullure of improved Eure - Amencan culivars in
which strains "[-214" and Robusta” predominate. Such growths are strongly homogenmized
as to structure and species, with consequences for the functioning and stability of the
ecosystems strongly invaded by weeds of the expansive species goldenrod {Sefidage
Figantea) the starwort {Zster sp.). As 10 trees, the species the box-elder {Acer negundo)
spreads expansively. in parts of the present growths of the mixed forests i the
floodplain we may note a shift of certain characleristics towards more xerophilic lvpes,
which is locally evident in desiccation of popular monocultures;

¢} hard floodplain woods (assoc. Ufmeto - Quercetusn). The ground water in the oniginal
forests lies deeper, below 2 - 3 m but during the vegetation period it can mise up to the
ool system. Dominant timbers are Quercus rofur, Fraxinus excelsior and F.oxycarpa, Ulmus
foevis and U.carpinifolin, with admixtures of Populus affe and P.nigra. The species
composition ol the growths is somewhat adversely altered by the share of nonoriginal,
economically exploited timber species (Robinia pseudacacia, Juglans nigra, Aifanthus glardlosn,
Acer pseudoplatanus), as also by a change in the prevailing site conditions. These are tor
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the most part affected by a drop in the water table down to the gravel floor (in places 1o
a depth of 8 - 9 m) as a result of deepening the Danube bed and interventions into the
regime of GW. This becomes manifest in growth cessation, transparency of tree tops,
drying up of trees aud 1o places in a complete destruction of forest;

d) [forest-steppe associations of the Danube brambles growth {Assoc. Crataegesm danubiole).
They represent restricted associations midway between forest and nonforest '
phytocoenoses. They oocur at sites where the gravel subsoil outcrops to the surface relief
and vegetation Is dependent on precipitation. They are uoted for a Ioose connection of
trees aud bushes passing into forest-steppe and open spaces. The dominant species are
Quereus robur, Fraxinus Sp., Ulmus sp., Crataggeus monogyna and others.”

*The forests in the floodplain were dramatically altered du ring past 80 years or so. Only
reranants of original both soft and hardwood forest growths now exist within the limits of
the inland delta of this stretch of the Danube. The total area of forests now amounts to
14000 ha, of which 90 % are represented by introduced poplar plantations composed of
highly productive North American cultivars. Except of small parts of forests between
Gabcikovo and Palkovicovo, their majority is negatively affected by the water level decline
of the Danube river caused by its bed erosion. In the mid of 1970"s when the Danube bed in
Bratislava decreased by 1.2 m (due to dredging) the subsequent ground water drop
resulted to drying of 400 ha of forests within one year.”

*Commuaities of beetles {Carabidae and Staphylinidae) 1w the inland delta cousist
predominantly of the strongly or moderately hygrophilous species.”

“The majority of carabids and staphylinids inhabiting the inland delta of the Danube is
strongly endangered 1o regard to their stenctopy, high need for moisture and specialization on
the wetland or river-bank habitats.”

“Intervention 1nto soil fertility resides in the assumed change of the GW by the RBS
Gabeikovo on the greater part of the affected territory. At the present time, the favorable
water regime of solls is conditioncd by the level of underground water 0.5 - 2.5 m below the
surface on an area of some 70 thousand ha of agricultural soil, primarily in the central and
castern part of Zitny ostrov, representing about 70 % of the total original ares of the
relevant territory. Some 7 thous. ha are hummd areas, the rest {the western sector - or the )
Upper Zitny ostrov) has water deep below the terrain. On arcas with a Tavorable water
regime, plants moisture needs are covercd up o 15 - 65 % with underground water. Works
by Fulajtar aed Jambor (1983), [21] imply that underground water in this area increases
wheat crops by 23 - 60 %, maize for grain by 12 - 36 % and sugar bect by 4 - 41 %. Ir the
Upper Zitny ostrov, underground water lies deep below the terrain with gravel and sandy
soils and is inaccessible for plants. Moreover, the ongoing long-term decline of the water
table {since 1960} as s result of erosive processes in the Danube river bed near Bratislava
absolutely rules out any utilization of underground water by plants in this part of Zitny
ostrov before the construction of the river barrage system.™

“The original project of the Gabcikove - Nagymares River Barrage System (GNRBS) was
repeatedly miodificd during the course of construction primarily due to pressure on the
part of ecologists. The changes concerned principally the quantities of water to be fel inio
the old channel of the Danube aud into the leR-bank tlocdplain. Several projects were
claborated which attempted to ensure a higher level in the old channel and n the present
ifoodplain between rkm 1811 and 1842, demanded by ceologists. with the aid oi dikes or
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rocky welrs (1 the old river bed), or dams and cascades with a controllable level {during
inundation), with @ minimum diversion of water from the reservoir, or the diversion canal.”

“Later the project was altered so as to permit water to be fed through the diversion canal
from the reservoir into the arms of the floodplain. In the first case, the present-day arms
systems would for the most part disappear immediately the main channe] would be dammed
due to the drop in the water 1able.”

"The project was supplemented only during the course of construction with a facility for
taking off water directly frorn 1he diversion canal above the village Dobrohost, with &
maximum capacity of 234 m’s”' . With the ald Of this facility, the present inland delta is to
be supplied with a steady flow (20 0 - 30.0 m’s") a periodically increased, or & flood flow
{max. 234 m’s"). The inundation lerritory is to be divided by low transverse dikes into seven
sectors with 2 cascade-like graded, controllable height of level (Szolgay et al., 1985), [22]. In
- subsequent projects, elaborated at the Hydraulic Research Iustitute ig Bratislava, the water
supply regime of the floodplain was revised and made more precise with proposals for
ensuring connection of both ends of the arms with the old channel, which was not foreseen
in the criginal project.”

“The principal <riterion for preserving the existing communities of aguatic organisms
scttling the arms systems is to ensure 2 mutual dynamic interaction of waters in the old
channel and the arms systems.”

“Counditions in the inland delta similar to those prevailing prior to the start of construction
work on the HPS Gabcikove, although antificially created, could probably be obtained by the
realizatiop of the so-called feedback regime, but solely on condition the dynamic interaction
between the main channel and the waters of the inland delta is successfully simulated, with
the preservation of the natural seasonal fluctuations and speed of flow at the original.”

“The orginel project of GNRBS planned to feed the abandoned (old) cbannel m the sector of
rkm 1842 - 1811 solely with seepage waters from the reservoir (abowt 50 m’s™) and after
1he seepage had decreased, by letting 50 m’s™ from the reservoir through the Hrusov -
Dupakiliti weir. Later, proposals were accepled for increasing the volume in the old channel
from the reservoir (1o 350 m’s™'} and several E)l'O_‘,[&CIS were glaborated that would ensure the
tevel corresponding to the flow up to (300 w's”, letting out 350 m’s" of water through the
weir {weirs, dikes, or raised boltom thresholds at sites of present-day fords).™

"Preservation of communication between the old channel and the arms systems is
considered to be the cardinal condition for maintaining the existence of ichthyocoenoses
and thereby also of fishery. [u eddition 1o the preservation of communications as such, of
importance is also a regular natural pulsation of the water level. From the ichthyological
and fishery aspect, the arms systems represent the most valuable part of the area of the
inland delta touched by the construction works. [n the nterest of preserving the softwood
vepeated, short-term floods are foreseen.™ -

“A more detailed progmms is possible for 1we nsect families already studied, viz. Carabidae

and Staphylinidae:

1) an extinclion of the majority of the hygrophilous species or an extreme dechine in their
abundance;
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2} a disappearance of the more tolerant mesohygrophilous species, or these will be very rare
due to the lower density of the drying forests and due to their preference of the
shadowed sites;

3) the communities will be strongly penetrated by the-eurytopic or field species from the
surroundings of the remnants of the existing floodplain forests;

4) populations of the majority of the species occurring in the remmants of the {loodplain
forests will be male dominated and will not be able to exist sutonomously;

5) the ecological structure of such communities will be extremely beterogeneous, the
probability of their spontaneous regeneration will be very low.

Completion of the river barrage system on the Danube and its rusning will bave the
following impact on the inland delta;
& An altered water regime and thereby also & gradual disappearance of the inland
deita of the Danube;’
« Disappearance of wetlands and moist grasstands;
Perishing, and thereby also the consequent felling of the last remnants of ancient
trees with hollows.®

"As a result of the permanent constructions in the river barrage system, forestry has lost 3000
ha of forests and another 2308 ha will dry cut within 2 - 3 years after the system is put into
operation. As essential forest reconstruction wall have to be carried out on an area of some
3600 ha, with a transition to hardweod trees. The loss of the forest’s recreat:onal {function is
estimated at about 4200 ha.”

"Construction of the RBS on the Danube according to the origina] scherne, with a

minimum discharge in the old channel, would mean considerable changes in the water table

on an area of some 38 thous. ha of agricultural land. These assumed changes 1o the water

table, calculated according to Halek (1979) would. have the following adverse impact on

agricultural production:

— decrease in crops by 25 thous. tons in terms of cereals (mlmmum variant)

— loss of s0il humus through mineralization, minimally by 10.5 million tons

— release of nitrates in humus mineralization in 2 minimum quant:ly of 1.5 million tons
nitrogen."

"The construction of furlhcr large-scale irrigation systems assumed a partial ellmmauon ol
the decrease in crops.”

"The new designs for an improved completion of the river barrage system on the Danube
from the aspect of its impact on GW (Mucha et al. 1992), [23] presume 2 control of its level
in soil and this not merely by means of drainage canals, but also through a control of flow
between the diversion (upstream) canal to the hydroelectric power station near Gabcikovo
and the Danube's natural bed. According 1o the authors of the project, also the retention
reservolr near Hrusov is expected to be used to this end. It is also plauned 1o ensure an
optimum fluctuation of the water table in the Danube's tittoral zone in order to avoid a
deterioration of its quality {nitrates content). The purposed procedures might help
significantly to raise the water table in the Upper Zitny ostrov and thus to improve the
water regime of soils for ensuring humidity for agricultural plants. This selution strikingly
lowers the danger of lower crops in consequence of the drop of the water table according
to the eriginal project. In addition, it removes the danger of humus mineralization and
accumulation of an excessive quantity of nitrates in the soil. I$s realization does away with
the need to solve the deficit of humidity for agricultural produce through the construction
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of new 1rr1gatlon systems. Moreover, it permits-to lower the intensity of irrigation in Upper
Zitny ostrov,"

"As the function of the mland delta depends on the mechanism of action of the hydrological
regime, the function of the entire ecosystem may be ensured by adhering to the following .
conditions:

1) to preserve or renew a permanent connection between the main channel and the arms
systems,

2) to ensure a permanent dynamlc flow in the old river bed,

3) to ensure continuous flow not only in the old river bed, but likewise in the arms

© systems, :

4) to ensure such a scasonal fluctuation of water Ievels in the old river bed and arms
systems as corresponds to the natural rhy(om of the level regime during the course of
the year and permits a periodical flooding of the inundation territory. Seasonality,
extent and duration of flooding must be anchored in the manmipulation regulations.”

“In the past, lo ensure navigation, g series of measures were adopted at the expense of the
arms sysiem i.€. a uniform river bed was thus created, its levees were raised, whereby the
side arms were impoverished. Were 1t ot for the favorable properties of the arms systems
in reducing the flood wave and taking off large discharge, they would evidently have been
completely done away with by now. This, of course, resulted in numerous undesirable
consequences, the most conspicucus of which are (gs regards the substitution of discharge by
swelling) a gradual earthing and a threatening disappearance of several arms. The
contemporary hydrotechnic structures perzmt navigation in the diverted sector with
considerably lower claims to discharge flow. Nonetheless, despite this, the trend to
mpoverish the flow through the inland delta is going on, this time in the name of energy
claims, and the physiotactically dubious couception of compensating the discharge with
swelling is elso eavisaged for the main chaanel of the Dannbe . the present-day {inundated}
landscape has been modeled and is kept alive by a 2000 m’s” dlscharge In an area where a
considerable pant of the energy 1s planned 1o be fed into the mains, hence, to take off the
system wilhoul compensation, we must plan compensatory inputs into the landscape. In
desiguing practice, this meauns 1o propose adjustments to the river bed so that it would have a
sat;sfactory level while preserving a CV (flow velocity) over 0.5 m.s™* (preferably around 1
m.s"') and that the arms system would naturally fill also with 2 substantialiy lower Q (i.c.
about 1000 m’s™).”

"Al places where water from the arms will enter the old river bed, it would be enough to
construct rocky chutes on one side only, permitting migration from the old river bed into the
arms, but in places where a two-way flow will be involved, these chutes should be on either
side. On dams where water is to flow from the river bed to the arms, chutes should be built
from the side of the arms."

Please, compare this text with the EC Data report and visit the Danube delta between
Bratislava apd Sap. Please, compare the prediction and the reality written in EC report. The
struggle is to eliminate all negative impacts and to optimize the whole system as much as
possibie. A lot of this has already happened. Water management regime 1s already elaborated
as written above [F].
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2 TTey

B. Comments on the Recommendations for a Temporary Water Management
Regime

The ecolegically more acceptable range between 43 % and 95 % of water for the Old

Danube as an interim solution, whick in fact is reafistic from the technical point of view,
was not discussed at ail.

This includes the EC experts not noticing the original Slovak Tegal prereguisites for the

_operation of Gabcikovo {the "19 Conditions™ demanding 65 - 75 % of water in the Oid
Danube)} as weil as the 66 % compromise solution whick was suggested in February 1993 by
EC Commission and accepted by the Hungarian side. Suckh a scenaric would certainly
reduce the ecological problems and would stll feave a large amount of water for Siovak
energy production.

The suggested minimum discharge of 406 m *fsec is well below the kistorical minimum of the
river in this region. This will promote the exiraordinary drainage e}?'ecf of the river. affecting
the floodplains and the adiacent lands. A minimum discharge of 600 m’/sec is close to the
kistoric minima and technically feasible at the Cunove bypass weir.

-~

14 % of dlscharge {2025 w’/s = average Danube discharge) means:

- 200 or'/s in average

- value of 4.3 % of Gabcikovo production

— 300 million kWh per year of electric power

— 2t least 400 millicn Slovak crowns per year

- saving of G4 million tons per year of coal

- con'espcnds to 0.125 million tons per year of ashes if bumning coal
— saving of 0.43 million tons per year of oxygen

Ak
Undenwater weirs
As one “remedial measure”, the new construciion of two underwater weirs is recommended.
The Slovak engineer's plan 10 build the same kind of such weirs as on the Southern Upper
Rhine fe.g. near Strasbourg). From the many years of experience about these weirs on the
Upper Bhine and the many scientific data produced on their impacts it can be stated that
this measure will be inappropriate, inefficient and ecologically detrimenial for the Danube
and it will rather worsen the situation: it will dissect the river continuum inlo a chain of
ponds and result in higher erosion downstream from each weir (cascade effect); upsiream
from the weir it will create standing water, higher eutrophication and sedintentation
processes (colmaiion) reducing the river water guality, i.e. a complete change of the former
bedicad regime. The design of the planned underwater weirs creates such great velocities
that fish will not migrate; elsewhere, artificial fisk ladders proved to be useless investments.

On iop of this. anderwater weirs proved 1o have no decisive, positive impact on the

groundwater. The water levels will be adjusting ondy to the downsireain water level of vach
weir, Fven with a anarrow sequence of many weirs. these drewbacks conld only partly be
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reduced. In addition. the important exchange between surface and groundwater will be
reduced afier some time due o upsiream coimation. On the Upper Rhine e.g. in the Weisweil
weir section, less than 20 % of the “inundated” area maintained ecological conditions similar
1o floodpiains, bui over 80 % of the former, typical ecosystem is lost today (Henrichfreise
i993}).

The goal of underwater weir is:

* {o rise the water level so that water can flow into river branch situated upstream
= to rise water level and st the same time 1o nise the ground water level

* to slow down erosion and successively 1o rise & river bottom to @ mew stage.

The construction o; »ader water weirs is very shallow, similar o natural fords or moving
sandbauks (see Fig. 3.1). Welrs are build up from natural stones and gravel used for river
bank fortification and dikes {groynes}. Underwater weirs are shaped along the weir and river
is parrower upstream of the weir. This is the main difference 1o comparison with the Upper
Rhbine, well known the river steps ou niver branches (Fig. 3.2).

Discharge is large enough 1o ensure ueeded velocities. To speak about a chain of ponds 1s
simple sign of nol understanding situaticn. Also there exist no cascade effects, no standing
water, no higher eutrophication, no colmation. An example i & smaller scale can be seen in
Slovak river branch system, in the maiu river arm. Velocities are there high enough to clean
the river arm bottom, o reduce colmation, to break euthrophication, 1o force infiltration.

An example s the velocity m the Danube at the Old Bridge in Bratislava, where the water

level is now raised 2 m at low discharge {800 m’/s). There is flowing water, it is not 2 lake.

On top of this, colmation bas its ¢riteria of origin and degree. According to WWF meny
years' experience, & lot of river bank filtration well fields should be colmated. Why the wells
for example in Budapest and in Komarno are still yielding water? Answer is, because of the
velocity of flow and its changes. Velocities in the Danube and also in the river branches on
Slovak side are high encugh, to keep colmation 1m some extent. Velocity in the Danube, also
upstream of planned underwater weirs, will be larger than at Budapest or Komarno.

The water levels will be oot adjusted only to the downstream water level of each weir. It s
simple negtectiag of all patural laws and WWE 1self can not believe this. After putting the
(abcikovo into operation because of not dredging the fords, which are natural underwater
welrs the ground watér after previous decresse 1s slowly rising. This is documented also in
the Hungarian report.

Generally spesking, Gebceikovo system of structures is not comparable with e.g. Weiswell
weir. This 1s ¢lear for every not prejudiced visitor.

L 2 2 T
Lateraf dikes in the flpodpiain
Iven though in 1991 the Siovak environment ministry expressively(l} criticized such
measures as very detrimenial and demanded a sofution ensuring a water input in the side-
arms from the Danabe and a removal of the disclosures hetween the river and the side-




319

arms {na, 11 of the "I9 Conditions” from 25 June 1991}, the Gabcikovo engineers started
to build this scheme in winter 1992/33 destroying parts of the side-arm system, reinforcing
the disclosures with the Danube and starting a permanent inundatiors of the wetland in
May 1993, Condition ne. 1{ sigied already in 1991 that 'the construction of fateraf £ikes i the
inundation area and the creation of cassestes will damage the thru-flowing of the side-arms and result in an
unnaturol water regime of surface and groundwater, which with their oxygen regime and nutrient conternts
will not comespond to the needs of floodplain forests. It would provoke a non-desired long-term inundation of
the forests causing its complete or significant change.”

This view is strongly supported by the WWF scientists: these dikes will transform the
previous continuum of the floodpiain into a chain of practically independent ponds which
perhaps give the impression of an intact wetland at first sight and in very short term. It
may even he true that the new water levels following the new artificial water input from the
Dobrohost intake structure lifted the water level to a higher level than under recent predam
conditions. However, the single-point inflow of water, its stable, significantly reduced volume
and its changed water qualily (the water comes from the storage lake having lost most of its
suspended matter including nuirients crucial for the floodplain ecosystem} in fact result in
deirimental effects.

The water fevel just upstream from each lateral dike is lifted too high end remains stable
over many montks, This is damaging for natural floodplain biocenoses. Further upstream
from each lateral dike, the water damming has no more impact: the dammed water remains
horizontal, while the floodplain morphology is inclined.

No independent ponds (except two new material pits between Vojka and Bodiky), no stable
and stagnant water, oo horizontal water level, no loss of nutrient. This was explained earlier.
We can oaly recommend to WWF to visit and to work in the area.

e e b e
This measure induces a real threat to the affected floodplain forests. Contrary to the
propaganda of the Slovak investor company in 1993, the artificial water input has not
"saved the Danube infand delta”. Moregver, the negative scientific prognosis s already
reafity, as it was revealed during recent smdies by French scientists from the Lyon university
who investigated the lower part of this Slovak floodplain section in 1992 and 1993 they
Jound clear signs of physiological problems for witlows whick in large numbers soon swill die
or have giready died {especially large trees).

Yes, there are known physiclogical problems of large old witlows in pre-dam condinions,
which has the Freach scientist recognized. Ground water level has mcreased smce May 1993
in the whole Slovak floodplain. It means, that be studied the previous pre-dam long-term
development in 1992 and 1993.
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L LY T
In addition, the lateral dikes proved to impede the migration of fish and other water
organisms because they created high barriers which no Danube fish can cross. In 1992, there
were four small lateral dikes in the side-arms near the village Baka; in fall 1993, the number
of even Iarger barriers increased 1o ten. The French studies documented a drastic loss of fish
biomass as compared i6 the 1992 situation: apparently aimost ail large fish have gone, only
a few species dominate (e.g. bleaks = Alburnus o} while the original diverse fish cenoses are
largely aliered today. The detailed analysis willt be available in January 1994,

Slovak Cartography published & map [27] where all older lateral dikes are shown. All 10
dikes are In the map. Lateral dikes were re-constructed, regulation weirs at some places were
added.

e i
Finally, the construction of these new lateral dikes together with the permanent, controlled
Silling of the channels provided unlimited access for many mare visitors (recreation!) and for
the often illegal construction of weekend houses all over the floodplain: the wetland, whiclh
until recently hosted many threatened, but sensible species is today dramatically
endangered by the threat of turning into a big recreation area for thousands of people.

The whole area from Bratislava to Sap is 50 km long and has two sides. Enough space for
organized lourism and protected area. 3¢ % of the area 1s cultivated (forest plantation). Some
areas are already protected and closed for tourism.

i e o oo e
#t can be concluded that, after the weirs and dikes were largely tested on the Upper Rhine
in the 1960s and 1970s, they will have no satisfving effect on ecology, groundwater or
forestry at the Danube. :

This is true in the Upper Rhine.

bbb
Unfortunatellv, the most important recommendation af the £C Report suggesting &
"deposition of gravel” downstream of the Cunove weir is not discussed any further.

Deposition of gravel 1s included in the reports [A, B, 1, G {p. 64)].
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FET Y. -
C. Technical Limits of the Present and Future Discharge into the Old Danube
Temporary Water Management are largely dependent on the technical situation of the
Gabcikove scheme. especially the Cunovo diversion weir, with its various openings.

Cunovo weir, shiplocks and power station are under construction now and will be ready 1o
1996. This will extend the discharge capacity at Cunovo to that as in Dunakiliti weir, which
is completed, but is used only during the large floods. '

‘ PPy :
A relatively small problem arose with the ferry service in the Gabcikove canal providing a
second connection 1o the three isolated villages.

The road connecting the three villages with Bratislava i is under coustruction. This will be the
third conpecticn.

hkbdd .
.. navigation was ciosed several times, especially on 29 days between 20 October and 30
November 1992. -

The 29 days of closing the navigation was during putting the Gabcikovo into operation and a
large winter flood. This is common situation on all waterworks and during the flood
situations.

Titbit for the WWF was the new stopping of navigation in March and April 1994. Besides,
for such cases, operation of shiplock in Dunakiliti was foreseen.

bbb
The Cunove bypass weir was originally designed for auxiliary purposes with a hvdrautic
capacity of 1,460 m’fsec (4 gates). However. after a few hours of operatior, it proved to
have g faulty design jor the strong erosion ac!zwz:es at ity dowusiream paris {9). Fherefore.
the wezr s discharge is limited in all cases 1o 600 m */sec, otherwise it could be desiroved by
erosion.

Cunovo bypass weir is temporary structure now with limited discharge via splllway af 600
m*/s. Definite weir, shiplocks and hydropower station is under construclion with large enough
capacity.




322

e b b ok
Two rainter gates (each 24 m long and 25 ( heavy) were washed 2 km downstream onto
Hungarian territory.

Tainter gates are heavy but hollow. Archimedes law 1s still valid.

o dde b
Fhis explains why one of z}:e remedial measures of the EC Working Group recomme;zds the
“construction of an underwater weir at RXM 1845.5 for improving the operationad refiability of water supply
from the inundation weir {less maintenonce of the spil-vay). ... Without this there is a lagge risk that the
inundation weir spillway will be under repair most of the time”.

WWF is aware of the fact that the proposed underwater weir in rkm 1845.5 ensures the
filling the branches system in Hungary with water and ensures at the same time the crucial
needed interconnection of Hungarian river branches with the Danube at least on two or three
places (Fig 3.4). If the underwater weir is 1 - 2 m high, an increase in the water level will
not reach the inundation weir. The Hungarian and Slovak administration agreed with the
Hungarian proposal of realization of a similar underwater weir in rkm 1843 which can put
into use also the ready made inlet structure of the Hungarian branch system in Dupakiliti. EC
Working Group made political compromise and advanced the proposed place of the
underwater weir upstream, so that Dunakiliti inlet structure for supplying Hungarian
inundation can not be used. This was decision 1o satisfy the wish of the Hungarian
Parliament.

& ke b b

The sedimentation processes in the Cunovo storage lake were always stressed by the Slovalk

side as an important limit for a higher discharge of water into the Old Danube because a

reduced discharge in the storage lake will enhance the undesired setiling of suspended load!.

The new EC Report (4) confirms that ‘aff bed load and 60 % of the suspended bed load have settled i

the reservoir” and that the damming at Cunovo has highly significantly disturbed the

sedimentationferasion balance in the Danube, It must be stated:

1. The Slovak side now admits for the first time that this problem in the storage lake
already exists. Even the building of artificial islands in the storage lake cannot stop this
process. Mostlikely, detrimental biochemical processes inducing a threat for the
groundwater quality have started and thus will probably threaten the drinking water
nearby.

The Slovak side from the very beginning have beer aware of the sedimentation in the
reservoir. This sedimentation of the bed load is small 1o the reach from Bratislava 1o
Rusovee {ca 150000 m’lycar) and has posttive effect. Later, gravel and sand will be dredoe:
and added downsiream Cunovo weir. Guiding structures in the reservoir {which is now nat -
-storage fake) are not constructed to stop these processes, but lo distribute them over the are.:

15
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figure ominted

Fig. 542 Openings In the river embankments fur supplying the

tHurgarian loadplam with water
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i
so that at some places 15 alternating sedimentation and erosion. This guiding structures are
functioning culy if the water is flowing with high enough velocity. Under such conditions al
these places "mostlikely' detrimentat processes will not start and mostlikely detrimental
processes will not exist in reservoir. Reservoir is got a polder as it is, the case a the sides of
the hydropower structures upstream Bratislava,

i

oddoded
1. Beside finer bed sediments, there will be a clear deficit of transportable matter compared
1o the river's fransport capacity in the Danube downstrean: from the reservoir. This wilf
inevitably result in erosion processes downstream from both the Cunovo and the
Gabcikove weirs, similar to such effects on other dams elsewhere.

WWF is not eware of changed transport capacity in the Danube dowastream Cunovo weir.
There is oot direct similarity with other dams “elsewbere”. [g the opposite, because of
destruction of river bank fortification, meandering of river, interconnection with river
branches, underwater weirs apd fortified fords and if necessary sdding sediménts at
Bratislava, this all will make this effect nc important.

_ SEEEL _
D. Conunents on the Social Situation of Local People

The unreliable ferry service (it runs mostly once an kour due to limited fuel; its Hmited
capacity often leads to long waiting times; it often kas to siop during fog, wind and ice}
causes unacceplabie travel times.

I contrast, the new read will mainly serve those who (now develop an interest in} spend

. their week-end or recreation time in this area. Together with the new, permanent access ©
the entire wetland over the lateral dikes, the permanently filled-in waterways, the hundreds of
often illegaily built week-end houses along the side-arms and the newly planned recreation
areas af the gravel pils. a total transformation/atienation of the wetland and of the
traditional villages with their social structure is now being implemented from the oulside:
This process is technocratically oriented, ignoring traditional local interests and ecofogical
sensibilities. It ix urgerst that this will be stopped, and wkere possible, reversed,

P

There will be three access possibilities 10 the three villages and those are: directly from
Bratislavs, via Gabeikovoe power station and the mentioned ferry boat. There was always
permapent access to the entire floodplain between villages and the Danube. Only in the latest
20 years the river branches have not been permanently filled-in with water. We ask WWF 1o
give a list of “hundreds of illegally built week-end houses” in this floodplain. Cravel pits arc
situated out of a floodplain forest. Lateral dikes are old roads used by forestry.

L
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Recommendations by WWF and Independent Scientists
A. Recommendations with Respect to the EC Reports
.. WWF suggests producing as soon as possible
* g water guality study including
* conire! sampling and analysis on the changes in surface and groundwater guatily,
¢ changes of the underground currents and
+ polential impacts on the drinking water reservoir;
* g river engineering study investigating
e the present state of the Cunove scheme,
* the technical pessibifities and costs for the improvement of the dzscf:arge into the
Old Danube and
* the new variani to reduce the undes:red Sed:memax:on processes in the storage

fake up- and downstream from the Cunovo weir through the construction of a
smail navigation roule.

Each study shouid be worked out by an independent expert team also inveiving local,
competent experts, providing that they can work independently from the governmend and ihe
Gabcikovo eperator.

Until gow there have been varous independent studies. One such = study is under realization
in framework of EU PHARE program. The program is not only study but an optimization of
all aquatic elements:

— surface water

- ground water

- sagriculture and forestry

- environment 10 connection with water

The main goal of this program is to define and solve problems and to make aund realize
suggestions. Some results are already available (see pages 103 - 109}, Paralle} studies are in
framework of monitoring at various institutions, universitzes and the Slovak Academy of
Sciences.

L2 L 2 2
B, Ahernative Recommendations for the Future Water Regimes

However, it is clearly a guestion of the European political interest how quickly the needed

political negotiations will produce resufts and how much time witl be allowed to pass by
for the reafisation of the urgently needed and hopefully agreed steps.

What is the rcal WWF political interest in this case story? Is WWF really politically
independent? Is the Gabeikovo project technical problem or political one?

Hig
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hdhddd
The scientisis involved are convinced that this “gentle solution” can be achieved faster.
cheaper and politically easier, :’i:azz the "technical soluiion” the EC Mission's Working Group
was able to agree on.

Every new solution has 1o respect the Jollowing priority objectives:

i. The reestablishment of the hydrofegical dynamics both

in the oid river bed,

in the side-arm system and

in the floodplains.
... the water level fluctuations ... have 1o run in suck a way as they were at least under pre-
dam conditions, and al best before the serious gravel excavations stariea (.e. 1960s}. This
automatically entails the needed natural input of nutrients inte the floodplain.

The Gabeikovo project and the Slovak proposals of water regime fulfill these requirements.

hde e
2. The restoration of the groundwater table dynamics
Fhis is possible only under a non-restricted connection between the surface water and the
aguifer.

This requirement is fulfilled by existing state. Froper waler mapagement regime has been
proposed.

ke de
3. The reestablishment of a direct and non-inhibited connection between the river and the
Aovdplain including the side-arms.
This will allow the migration of organisms and diaspores.

The Hunganian and- Slovak project of re-establishment of connection has been stopped by
political means by the Hunganan Parliament.

ks
4. The enhancement of the morphodynamics
Erosion and sedimentation are prerequisites jor the habitat and biological dynamics of
Hoodplains. Thev should be promoted to the largest exient possibie

it has happencd on the Slovak floodplam.

119
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. ddkddd
5. The restoration of self-purification processes _
They have 10 be supported {0 the maximum extent in the entire floodplain and river area.

3

Restoration has already re-started &t Rusovce, between Bratislavs and Kalinkovo, in the
Mosoni Danube, in the Slovak inundation. *Self-pollution” processes have been stopped in
the Slovak floodplain. )

LA LT 2
C. Short-term Solution
Based on the technically possibie
*  discharge minimum of 600 ' fsec and
*  discharge maximum of at least 948 m’fsec (more up 16 1,506 m’fsec depending on the
technical possibilities of the Cunovo weirs and with respect to the Slovak legal order
siated in the "9 Condirions™ from June 1991}

Higher average discharge will create eutrophication problems with following water quality
changes and secoudanly it will creete pollution of am, soil, etc. {page 110).

WWTF suggests as an urgent measure for the next two years, which are needed for the
preparation of the long-term solution, instead of underwater weirs the accumulation of
scdiment bodies in the old river bed in the form of gravel banks and islands.

Better possibility is to let the Danube, at least partially, to meander over the floodplaiu. To
accumulate sediments, it means to excavate and trapsport sediments to a proper place and
then 10 put them somewhere mto water. This process 1o the large scale 1s not very
ecologically friendly.

hddkd
Even though his interim solution cannet balance the drawbacks of underwater weirs
concerning the groundwater levels,
* it largely prevents upsiream colmation and
*  eutrophication, )
* it preserves the river continuum and :
allows free migration of fish and other organisms in the river bed. )
* In qddition. i is ne alien construction (tike an artificial underwater weir) in the river
bed. and uses authochionous material from the river bed itself and from the banks This
measure does not disturd or change the typical environmenl for the river biocenoses.
*  These sediment bodies aliow an egsy transition towards the needed long-term solution
which is suggested in D. '

Underwater weir is similar o natural ford. At the same time 11 15 the botiem fortliaiion 1o
some exienl. Underwaier wairs are aot the river sleps.

120
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kst
These sediment bodies can ea.s‘zfy be built up wxfz'zm a shori-term of a few weeks using the
-existing lfocal gravel and sand deposits in the old river bed.

Exactly, from this material will be built the underwater weirs or if WWF wishes - artificial
fords.

e o o &
D.. Long-term Solution
Starting from the above-mentioned facis that
* the previgus. natural water level dynamics, with all their positive effects for the
_foodplains and the groundwater, kave 10 be restored, '
+ the discharge in the Old Danube realistically will remain below the former discharge,
*  at Jeast the Siovak legal standards (as stated in the 719 Conditions” from June 199}
Joflowing § 14 of the Slovak Water Law) will be fulfilled, but in their meaning of a
dynamic discharge {(cf. description in B} of 65 to 75 % of water,
*  an acceptable compromise will be found, orienting on the EC proposal from February
i993 {average discharge of 66 %} which was already accepied by Hungary.
the compensation of the discharge deficit (25 - 35 %)} can ozz:’y be achieved by
Iifting and constricting the present river bed
whickh is entailed by a reduction of the existing discharge area,

The kfting and constricting of the river bed can be achieved by the deposition of gravel and

" small sized boulders in the old river bed. Similar 1o the shori-term solution, this measure
includes the forming of islands and gravel banks. H is expecied that a stretch of ca. 20 - 3¢
ke downstream of Cunovo has o be filled up with a volume af one o two melers. For this
purpose, an amount of ca. 3 - 10 million mv gravei and boulders will be needed.

As a second WWE recommendation it is suggested thas
the storage fake up- and downstream of Cunove be reduced by new dikes to a navigation
route.

i
The abjective is 10 reduce the sedimentation and undesired biochemical processes in surface
and groundwater of this artificial lake (which has no efficieni sealing 10 the underground Iike
the power canal) o the minimum extent. This will reduce the potential water polution
threatening the nearby and downsiream drinking water wells. The area in-behween the new
dikes parailel to the ravigation route and the present lake dikes should be jurned into
restoration areas. if done in the appropriate way. these man-made bictopes can develop over
. the years into secondary wetland biotopes.

it is evident that the entire planning and realisation of this solution has 1o be examined
thoroughly and in detail by an independent, international water engineering institute
" gether w:!fx an ecological institute experienced in river management.

In contrast fo other proposals, this "gentie” solution offers a comprehensive approach: w

the river area. It will help to Hmit and partly even reverse the detrimentat changes induced
by the Gabctkove scheme. It will not anly bring a long-rerm preservation of this floodplain
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ecosystem of European importance but it guaraniees an improvement of the presently
critical groundwater situation. It s a solution for the Danube and the base for an
ecotogically-oriented, economic development of the border region which Is te serve the
livelihood of people Hving on both sides of the river.

Decision making for the long-term solution will be based on thoroughly study of monitored
data and on evaluation of long-lerm development in the area. The solution will be tuned to
the best conditions and this with co-operation with the best environmental institutions.
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4. EPILOGUE |

-Environmental impact of construction of hydropower system lies in construction of weir,
function of which is impoundment of water, construction of hydropower station and
construction of water supply for turbines. Water supply for turbines is constructed by
canalizing a river (making 2 river into a canal by straightening, building the high
embankments along the niver), or by building the water supply canal aside from river
bringing water to turbines. In the first case, hydropower station is built up directly at the
river. This is typical for Nagymaros. Part of the floodplain is covered with impounded water
and a part is chaoged into “polders® {depression with stagnant water behind the
-embankments). Original floodplain is lost. In the second case, the hydropower station 1s at
some distance from the niver. This is typical for Gabetkovo. The floodplain is saved, but the
water regime is changed and should be therefore optimized by appropriate measures.

Io the past, measures taken for the navigation constrained the possibilities for the
development of the Danube and the floodplain area. The ecological changes in 1he area are
subject to a long-term trend of river bed and water levels decreasing caused by a variety of
reasons, above ali the large river regulation works, which implied deliberate and unnatural
cutting off and bundhing of river branches into one main, straightened and heavily fortified
channel for navigation. Assunting the navigation will no longer use the main river, a unique
situation has arisen. Supported by technical measures, the river and the floodplain can

. develop more naturally.

The main impact of a construction of hydropower system lies in the changes in water and
ground water regime. These changes are the primary changes. They are measurable
immediately or in short time afier putting system into operation. Ecological changes (except
large losses in fish biomass immediately afier diverting larger part of water) and especiaily
the changes of several important ecological indicators, e.g. forest, birds, beetles, mammals,
fish, mollusks, are secondary changes and are usually measurable after a longer period, but
at the earhiest o the next vegetation pericd. It was the aim of the EU experts to estimate the
primary changes, changes in water and ground water regime, because the first measures
and remmedy measures are of hydrological type. To evaluate and propose such measures,
there are needed the charactenzation of long-term pre-dam condition trends apd short-term
changes during, before and after damming the Danube. [t is therefore only cbvious that
mainly water regime measurements were taken into consideration in the EU expert’s
report.”

CGabeikovo - Nagymaros system of barrages, locks, dikes, canals; etc. represents an extremely
complex system. To understand this system, it is necessary to create a plausible and
consistent framework {or thinking about the problem and a tool to organize and analyze
the available information in specific project-oriented context. Except this, it is necessary 1o
have a deep interdisciplinary knowledge. A simple example for an "independent" reader can
be the problem of occurrence of benzopyrene in an observation well {page 90). An
independent scientist should not only know that benzopytene is an hazardous organic
‘pollutant and he should oot only compare analyzed concentration with some standards, bui
should know something about the possible pollution sources of chemicals, about its
degradation, transformation, treatment, cte. But this is only one pan. He should know ab..2
ground water flow, recharge of aquifer, processes in the aquifer and this all according 10 e
local geclogical, hvdrological, ete. conditions. Except this, the independent scientist shouid
know something about construction of production water wells and observauon wells and
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especially of concrete wells if some anomalies are measured. In our example organic

pollutants have been detected in a deep observation well {Rusovee - Ostrovne Lucky D3/3) in

a depth of 71 m, only one day after fulfilling of reservoir with water, in the upper part of

the reservoir by Rusovee where there was not flooded area and the Danube 1s flowing w its

previous river bed. Water level was raised, that time oot unnaturaly bigh, to the level 128.5

m asl which is approximately level at previous average discharge in summer period. The real

scientist should ask a few questions:

+ What iIs the origin of pollution?

+ What is polluted, ground water, well or sample by sampling?

+ [s it possible that this kiud of polluticn cau travel from river wto the well in such short
tme?

« What can be the reason for this occurrence?

The answer will be: scientifically and theoretically it is not possibie that e.g. lindan could
occur in 1be ground water 1o this observation well. Occurrence of such substances in the
mentioned well is probably from the air and dust, because this wells are observation welis
constructed for measurements of ground water levels and not for micrebiotogy and special
chemicals. Wells are not pumped continuously and are oot isolated from air pollution and
dust. Pump the wells properly and try again. This was also done and no pollution was
measured. We have discussed all these topics with the WWF 1ndependent scientist on the
Couference in Papiernicky, one of the authors of the WWF Statement. Is he really
indepeudent and is he really scientist? [s WWF really interested in scientific dispute or n
political one?

Comprehensive staterment, as the WWF Statement seems at the first sight 1o be, however
should also look at the positive impacts, i.e. environmental improvements that are possible
directly {e.g. hydropower replacing fossil fuel), {see page 110} or indirectly {due to increased
revenues) as @ consquence of 8 new development project, e.g. supplying floodplain with
water, new road, tourism, etc. Further such statement should be comparative, not an absolute
assessment.

Recommendations by WWF and independent scientists are rivial. Surface and ground water
flow and qualily including sedimematicn processes are already studied in the Slovakia very
carefully e.g. in the EU PHARE project, zud measured and studied by various other
organizations 1o framework of Centre of Monitoning. Independent experts are included,
control sampling and analyscs are carried out.

The re-establishment of the hydrological dynamics in ofd river bed, river branches,
floodplain and ground water have been proposed [1, F]. For WWF scientists it 1s known that
such real proposels bave been elaborated. For example, discharge in river branches on each
side should be 1750 of discharge in Bratislava, which ensures natural discharge and water
levels fluctuation {up to 2 m) and the whole variety of flow velocities. Except this, in special
occasional flooding of floodplain is foreseen. Simuler water management is proposed for the
Danube mcluding more water in vegetation period, fluctuation of discharges and water levels,
according 1o previous studies. The means for ground water fluctuation are the Danube,
secpage canzls, inundation area, reservolr. By superposition of these means, necessary ground
water fluctuation estimated by previcus studies could be reached. There 1s no fear that
connection between the surface and ground water would be lost {sec experience from the
Slovak floodplain, page 64).
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There was not pon-iohibited conpection between the river and the floodplain in pre-dam
conditions. Proposals aod approved projects for such connection exist. Some of them in
floodplain are under comstruction. Co-operation of Hungarian side would be welcome and
would yield into much better conditions thau there were the pre-dam conditions. Erosion and
sedimentaticn is promoted from Devin down to Rusovee, from Cunove to Sap and
reservoir from Cunove to Samoriz.

Self-purificaticn processes are restored in the Mosoni Danube, in the Danube at Petrzalka and
Rusovcee, from Bratislava to Kalinkovo and o the floodplain area. This will be mmproved
addition afler conoecting the Danube with river branches.

Slovak side will ensure the necessary discharge into the Mosoni and Mzﬁy Danube, into the
Denube and will oplimize step by step the whole structure, based on evaluation of
monitoring.

Meanderiag of old Daoube, new islands, new bauoks, fords, erosion of river bank fontification,
etc. are realities. This process will continue. Some underwater weirs are needed 1o start the
proeess of river flow via floodplain and eventual o start new partial meandering in
floodplaim. - -

Underwater weirs are nol ¢colmating because velocities in all cases sad at all places will be
higher thag 0.3 w/s. There will be in all cases turbulent flow, no thermal stratification and no
eutrophication in the Danube. Upderwater weirs are similar to natural fords agd preserve the
river contiouum well. They do oot prohibit migration of fish and other organisms.
Underwater weir will be created by large stones and gravel using authbochtonous material
from river baok fortification and river bauks.

Lifting and constricting the present river bed already started. Some gravel will be added after
construction of Cunovo shiplocks or after putting Dunakiliti into operation. To coustruct new
dikes in reservoir downstream of Cunovo is not realistic because the needed amount of
gravel. It will in addition create polder situation and from the point of view of ecology, such
proposal is not sound. There is not fear at present coodilions that some undesired
biogeochemical processes could start in reservoir. Sedimentation is regulated in the reservoir
area. Reservolr is not a lske.

In general, the WWF Statement is based on very simplified way of thinking. The WWF has
al] materials and data as the EC experts and in addition some more date from Hungary and
probably some special reports from Slovskia. The result is slandering of EC experts,
slandering of Slovak and Hungarian 1ostitutions, scientists, experts and desiguers.

WWF sentences are very emolive, but in very geners! level. [n the whole Statement there is
no exact gumber, scientific demonsiration of facts, no discussion. Perhaps, the text give the
Impresswn of the whole wisdom end sound Judgment

Typical sentences are:
WWF has been aciively exngaged in the Gabcikove case since 1986,

Until now we have not seen any real scientific study on so much discussed 1opics.
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The goal of this WWF paper 1s:

* o give an independent, scientifically based review on the present situation in the Danube
region affected by Gabcikovo
to critically comment on the Report of the FC Mission
te give recommendations for the future management of the river

WWF Statement is neither independent, nor scientific review. It can be seen e.g. from the
"PRESS" {see Appendix} or from the letter of one of the anthors: “Der WWF und die
anderen NGO Kimpfen seit mehreren Jahren gegen die Wasserbau-Lobby und besitzen
unfangreiches Datenmaterial ”

BRut neverthless, for WWF is typieal:

s 10 put themselves into position of independent scientific organization
+ to criticize EU expens and other experts outside of WWF

s 1o give "clever” advice

* 1o distribute appeals and organize press-conference

... along the Danube up- and downstream from Dobrohosi, the groundwater level was not
raised, but lowered by up 10 2 meiers due 1o river diversion ..

Well, we have simple no words. This is complete negation of all measurements. Simple
advice of ground water level increase up- and downstream Dobrohost is at following places:
s Strkovec - lake

s Zlate piesky - lake

« Biskupicke rameno - river branch

s cottage settlement at- Hamuliakovo

+ gravel pits - lakes between Voika and Bodiky

s lakes and not interconnected depressions in the floodplain on the Slovak territory

o  ajl observation wells in the Slovak part of inundation

s domestic welis in the upper part of Zitny ostrov area

On 28 April 1993 WWF spread an appeal (see "PRESS" in Appendix) for “Urgent Action by
European Ministers to Avert Further Disaster at Gabeikovo”. There o s wriltea:

"The only way Lo prevent a disaster is to immediately restore at least 80 % of water 1o the
original riverbed, said Mr. Alexander Zinke, a WWTF biogeographer who visited Gabcikove a
few days ago.”

Such arpuments as WWF is using (after visiting Gabcikovo) simply put the whole Gabeikovo
- Nagymaros causc on the plane of pity and injured feelings, and are a direct admission of
bancruptery as regards real scientific arguments and principles in WWF. We would advise to
all whe wapt to make an independent examination of the enpvironmental effects of Gabcikovo
project to visit the place, to speak with people, designers and other specialists in all related
topics and 1o study all opinions.
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5. Ecological Impacts of the Project

Ample sclentific estimates, analyses, and forecasts based on the observation of comparable
prajects, presented by Boroviczény et al. (1986a, b), E. Wendelberger (recently in 1982) and many
other members of the Ecological Commission of the federal govermnment of Austria, Groups
“Donaugestaltung” and “Nationalpark”, are available for the Upper Danube and apart from local
details, they can be applied to the project area without further ado as political borders seldom
coincide with natural borders. Even the experience gained in the different phases of hydraulic
engineering ¢onstruction on the Upper Rhine in the recent period of almost 158 years (Schifer
1973, 1974; Hilgin 1981; Dister recently in 1985, for other works see Literature) can be utilised
for estimating the impacts of this project considering that in principle, there is little difference in
hydrodynamics and flow motphclogy between the rivers. It would be foolhardy to leave these
results out of consideration since any reproaches later incurred for the same mistake could not
otherwise be disallowed. A quantification and weighting of the different impacts will be
absolutely necessary only as far as the details are concerned.

Furthermere, the results of projects, in part larger ones, of quite 2 number are avatlable showing
that the same problems oceur globally rather than on a national scale {ef. lbrahim 1984, Stiiben
1986).

Taking this actual experience as a starting point, let some expectable impacts be presented here,
together with the authors' own observations.

r

Two barrages and the diversion of the Danube result in a change in all the factors acting in this
system, which must be brought from the dynamic balance of their interactions prevailing so far to
a new balance level with the factorial weightings shifted. The large number of the factors (cf.
Dilger, 1986) makes a perfect quantitative forecast of the inferlaced interdependencies and
interactions fmpossible. However, a c¢ircumscription of the different factors and their impacts is
possible.

Both reservoirs of a total surface of more than 120 km will influence the climate in the Small
Hungarian Lowland and in the Visegrdd pass. The temperature of waters with a large surface and
flat bottom increases and decreases more rapidly than that of land surfaces covered with a dense
vegetation like forests. '

Also sinking groundwater levels result in ¢limatic changes when the capitlary current breaks away
towards the surface. The shallow-rooted agricultural vepetation as well as the forests must
therefore reduce their transpiration early in the year. The atmospheric humidity increasing the
yield, which has favourably affected the agricultural production in the wetland so far, must
decrease as a result and this leads to losses. A reduction by 1.5 - 2 % in the yield can thus be
reckoned with, as a conservative estimate (Népszabadsag, 1985). The conditions which must be
provided for electricity generation affect the hydrological factors markedly. For peak load
operation, the water of the Danube must be retained in the reservoir at Dunakiliti and then passed
through the turbines of the Gab&ikovo power plant twice a day. The flow behaviour typical of the
Danube, the water level fluctuations, the flow rate, the inundations and the water output will
change considerably. As a result of the equalising effect of the retainment of water before both
power plants, the differences in river discharge, water level and flow rate will decrease to an
average level. Accordingly, the barrage system becomes an element of the earlier barrage system
of the Austrian Danube, however, dug to the dimensions of the reservoir, it increases the effect of
the barrage system considerably.

3
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Instead of periodical fluctuations, a system perfectly new to the Danube is brought about between
the Gabéikovo and Nagymaros power plants: two tida! waves of a height of up to 4.5 m produce a

flood situation twice a day. The impact of this phenomenon on the riverbed can be studied within

a short period, e.g., in case of the Greek rivers, Within only six years, the peak load power plant
over Arta (West-Greece) with its daily fide at noon time has destroyed the famous old bridge
across Arachthos, one of the oldest and fargest historical bridges in Southeast-Europe, so that it is
now dilapidated. Erosion predominated in the entire region downstream from the power plant.

Historical buildings are also affected along the Danube in the project area. According 1o a [ist of
the National Museum of Budapest, 45 of the “especially valuable cultural resources” (category i)
alone are in danger (quoted from PROFIL, No. 3/1986).

In case of the Nagymaros power plant, an inverse process will take place. The tidal waves will be
prevented from running along and the river discharges will be even more strongly equalised.

Smaller inundations do not reach the downsfream region any more. Instead, the region of the
furcation zone espectally adapted to this will become a desert. Only water that can not be received
by the outflow canal in excess of 5.000 m*/s, a rare event, will be let into the old riverbed system
by the Dunakiliti barrage. Hence, the contrast between drought and extreme inundations will be
typical of the regime over this section. Normally, water in the Old Danube should flow at a rate of
50 (-100) nr’/s. Since this flow rate is not enough to supply all ofd branches with water, weirs to
be constructed at regular infervals damming the remaining water are foreseen.

Figure fomitted)

Besides hydrological factors, sedimentological factors aiso are affected. The solid load of the
Danube is retained by the reservoir at Dunakiliti. With the weirs opened from below, part of the
solid matter can be discharged similar to the practice adopted in the case of the Austrian power
plants. In this case, the highest drag force occurs at the bottom and thus a blockage before the
power plant can be prevented. Whether the drag force is high enough to successively convey the
total solid load reaching the reservoir is, in the case of a reservoir length of 28 km, questionable.
The debris which arrives settles in a way similar to that in the case of, for example, a slope. Thus,
it is sorted by grain size when settling, depending on the rate of flow. That means that debris of
coarser é;rain size remains at the bottom even at the beginning of damming up, and it must
therefore be regularly removed by dredging to prevent the water itself from blocking up its course.
Finer grains of the debris together with the finest particles which have suspended so far settle in
pocket-shaped pools on both sides of the section of higher flow rate, Hence, without permanent
maintenance, the service life of the reservoir is rather limited. Somewhat different is the situation
in the case of a damming up before the Nagymaros power plant. This power plant would be
located more or less in the region of the old Danube valley and it is not operated in peak [oad
mode but permanently depending on the water inflow. The decreasing ratic of the solid load will
flow from the planned artificial cavities in the bottom under both power plants into natural cavities
downstream, which again results again in problems farther away downsiream due to a decrease of
the slope and sedimentation.

Excavation of water conduits is also foreseen at Palkovi®ovo where the old Danube and the drain
<anal meet. They are designed on the one hand to offset the differences in water level between the
canal and the riverbed, resulting from the utilization of a maximum height of fall for peak load
operation and, on the other hand, to reduce the bank towards the old riverbed of the Danube to a
length of 5 km {cf. Chapter 2}. As has been mentioned, the increased slope in the old furcation

(4)
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zone must be stepped by means of barrages. Hence, no significant supplies could be expected from
here.

Hydrological and sedimenfological consequences cause limnological changes. Temperature
fluctuations in stagnant backwater result in lamination which also changes the chemieal
parameters. In spite of rapid changes in the conditions of lamination and stability, the oxygen
content which has been kept at a high level by turbulent current in the river decreases and
especially if the water is moving in the epilimnion and the metalimmnion. Farther away from the
“channel iine” in the lakes, both values must decrease below a critical limit on the ground to
permit the settlement of zoobenthos on the fine sediments rich in nutrients.

Additionally, the communication of river waste with groundwater becomes difficult due to settled
suspended matter on the one hand, and due to this reduced exchange, a lasting deterioration of the
quality of groundwater can not be prevented even by extensive sealing measures in the backwater
as well as in the canal on the other hand. Virologists, among them E. Lund {WHO) expect an
endangerment of drinking water recovery from groundwater in the region between the Small
Hungarian Lowland and Budapest as well as in the Vienna basin, especially by the sewage of
Vienna. Twelve million persons in the three countries might be affected by this.

However, anaerobic conditions take place not only in the benthos of backwaters but also in the -

cavities of clastic rock of the bottom and in the Old Danube downstream from the Dunakiliti
barrage. The rate of groundwater flow {¢f. Chapter 3) wili be too slow to be able to drain the
contaminated groundwater (Erdélyi, 1983). This can be atiributed not only the sealing techniques
applied (narrow walls in dykes, concrete in the canal and bentonite under backwater) to the
undesirable slow flow rate of water in the Old Danube (50-100 m’/s according to Népszabadség,
1985 and/or 50 - 200 m*/s according to Erdélyi, 1983). Since one can reckon with higher flow
rates in the old riverbed on 14 days per year only, these amounts of water will not be enough to
hold up the negative processes in the groundwater regime. It remains to be clarified whether the
water supplied is real were surface water from the Danube: in a seepage canal running paraliel to
the retaining dykes, designed to receive the water seeping through the dyke.

In the case of a slow flow rate like this, the level of the accompanying groundwaters
communicating with the river water still relatively freely here would decrease considerably and
dynamic water level fluctuations are excluded. As a result, the pores in the bed of natural and
artificial channels waters will no longer be regularly washed out and through siltation, the process
resulting in reduced interaction between groundwater and surface water becomes increasingly
significant.

Low groundwater levels, missing water level fluctuations and overflows as well as hydrological
and sedimentological changes will not leave nature unaffected. Should all the abiotic factors shift
uniformly in one direction with only their earlier character remaining unchanged, the biocoenoses
could accommodate themselves to the changes without any major qualitative consequence.
Should, for example, the mean water level decrease due to deepening of the bottom, the
successions of vegetation could, in principle, follow the deepening by “sinking” the levels. Losses
would be incurred by them only in quantity! . Their “socialisation” would remain unchanged.
Instead, the abiotic factors shift in different directions with a different intensity each so that the
entire system of their effects which has determined the ecosystem so far loses its dynamic balance

1 See the forecasts of HORLNSZKY et al. (1979).
N {5)
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and assumes new basic structures. A distinction shell be made here between three, perfectly
different, fields that is, between the backwaters, the Old Danube and the recent riverbed.

The Danube loses its character as a river in both reservoirs. Movements occur only to a reduced
extent as has been said in the course of discussion of the hydrological factors, Only the water
level would experience frequent fluctuations, caused by an altemation of incoming tidal waves
and low water. Since in the reservoir at Dunakiliti, the impoundment level to be reached lies at
about 6 m above the present-mean water level, the majority of the present land surface will be
flooded? , Islands possibly remaining, if their surface is too small for use for forestry, will offer
land for a new succession of vegetation the inventory of species of which, however, must be
adaptable to the extreme but slow fluetuations, Therefore, the number of species must be rather
limited and include only a fraction of the original species. Below the impoundment level, the
vegetation would include willowland elements while above the impoundment level, elements of
dry hardwood forests, and even zonal oak-and-beech forests have a chance. Islands with dry
slopes offer ideal conditions for alder forests {Thelypteri-Alnetum}, which seldom occur in
Szigetk$z even today. Such forests best accommodate themselves to stagnant water conditions.
However, missing (flowing) floods would result in a change in the inventory of species even in the
case of these forests so that they would be similar to those lying outside the dyke. Higher
elevations with a subsoil of coarse gravel offer favourable conditions for the development of
“hotlands”. The wetland vegetation and the vegetation of zonal forests is replaced here with

Pannonian steppe elements,

Major surfaces of this formation will appear in the recent wetland as well as in the wetland of the
Old Danube in Szigetkdz. It might also appear in Csalldkdz between the Danube-bend and
Budapest. Utilization of these regions for agriculture and forestry is so to speak excluded. Shifting
earth and sand due to seil erosion could be an additional problem, all the more because this
phenomenon Is unpredictable espectally in forests since it occurs to a certain extent only sfter
deforestation or destruction of trees at places where the pedological conditions are met. In other
parts of the (subrecent} old wetland, the decreasing groundwater level will result in an accelerated
replacement of the residues of hardwood forests with a zonal vegetation typical of lowlands. Other
changes in vegetation take place in the recent wetland. In principle, all the associations between
the initial states and the final state of the three successions (cf, Chapter 4) may fall out here that is,
a gap will develop between the “low willowland” (Salicetum albae-fragilis caricetosum) and the
dry subassociations of the hardwood forests since the level would change by a few decimetres
only. It is only the alderland as a long-time state in the organogenic succession that experlences an
extension over large surfaces similarly to “hotland”,

The composition of species of all the other associations which may occur then only fragmentarily
as a transition belt between both extremes must change on the basis of the predominant
COTganogenic successions to such an extent that new associations will develop. An example for this
fundamental change, taken from the southem part of the Upper Rhine, is given by Hilgin ( {981}

Figure {omitted)

- Surface lost in Hungary: altogether 4.600 hectares under water, of this 400 hectares outside the dyke,
60 hectares orchard, 1.500 hectares forest (official data).

®
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Catastrophic floods, as they occur infrequently, might have little influence on this development.
The greater could be their damage to the animal world. Although the fauna {(incapable of flying)
would be almost entirely destroyed even under natural conditions in the case of such a catastrophe,
a resettling of the populations on higher land surfaces is difficult and lengthy because of the small
number and the isclatien of refuges. Moreover, part of the species appearing there is no longer
adaptable to the conditions prevailing in wetlands.

Still more severe conditions might be provided for the animal world in the recemt bed of the
Danube in the future. Due to a daily fluctuation of up to 4.5 m of the water leve], a stocking of the
bare ground free from vepetation at that time is impossible. A& few fish species and birds might
then constitute the vertebral fauna as a majority. The vegetation would similarly be defined by the
daily “flux and reflux”, the lower vegetation limit lies no longer just below the mean water level
but it coincides with the {datly) mean tide level, With a view to reduce lateral erosion, the
necessary dams will be located too clese to the riverbed, leaving thus not much surface for
seftling. Alsc here, the extremes without transient will be reflected by the vegetable associations.
If & vegetation can live here at gll, willow-bushes and ... can best accommodate themselves to the
conditions prevailing in this region at that time.

With-all the impacts summed up, the measures fo be faken with regard to the project result in
considerable losses

a) in the dynamics of living and non-living nature
b} in the structural varisty of biogeocoenoses,
¢} in the variety of species and density of individuals

d} in continucus large-surface complexes

and what remains Is isclation of populations due to the reduction in surface and the disruption of
the biotope, changes in successions as well as water famine in both natural and cultivated land
{with losses in yield) within a region rich in water. In one word, the wetland of the Danube would
lose its character over a length of 220 km.

6. Recommendations

To evaluate all the aforementioned impacts on the project area but alse on the entire region
downstream, it is necessary that all factors {or at least the representative indicators} be quantified
and weighted. However, on the basis of the data available, this is not possible ad #oc. This could
be achieved only by a comprehensive environmental impact assessment by a team including
designers and scientists from all fields involved, taking all aspects into consideration. However,
such an assessment together with the fact-finding taken as a basts for it would have a sense only if
it had preceded the commencement of the project instead of taking place in the phase of detail
projects.

Glven below are some special recommendations which follow directly from the above analyses:

The most severe impacts could be aveided if the Gab{ikove power plant were never operated in
peak load mode again and if the Old Danube received more water from the Dunakiliti barrage. In
the first case, the backwater would be utilised by the power plant at a more or less uniform rate
and neither damming up nor the Nagymaros power plant would be required any more because g

@
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daily “flux and reflux” would discontinue. The second recommendation means that the level
fluctuations of the Danube upstream from Dunakiliti are transferred to the Old Banube in the form
of a reduced, controlled discharge. This means af the same {ime tha! the wetlands of the region
could keep their character on a lower morphological level. In this case, the minimum discharge
should not lie below the lowest value of discharge of about 600 m’/sec of the recent years. The
rate of utilisation of the power plant would then be somewhat lower but this disadvantage could be
easily offset by saving the resultant expenditures on agriculture, forestry, hydraulic engineering,
drinking water recovery, import-export balance and on the balance of nature.

Figure (omitted)
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© 3 Summary, Answers to the Different Questions

3.1 IS 4 RESUMPTION OF THE GABCIKOVO-NAGYMAROS PROJECT JUSTIFIED ON THE BASIS OF THE
ECOLOGICAL AND TECHNICAL DATA AVAILABLE AT THAT TIME?

No. The documentation available to us suggests that considerable drinking water reserves may be
endangered by the power plant construction. It is necessary|to remember that drinking water
reserves throughout Europe have been more and mere desttoyed anthropogenically {industry,
transport, agriculture, waste treatment}. It is therefore abso}utely necessary that any of the still
more or less intact groundwater reserves be preserved, Changes in the groundwater balance may
affect the wetland ecosystem unfavourably even in the long nml

Conceming ichthyology and fishing as well as limnology, the answer to this question must be
similarly “no”™ because on the basis of the available ecologzcaﬁand technical data, construction at
Nagymaros must not be continued. Even if completed, the Gabéikove barrage must not be put into
service unless the results of special studies of the effect of changes in operation {peak load mode)
on the environment are avatlable and the necessary measures to reduce the impacts to & minimum
are taken.

Concerning recreation, the answer to this question must agam be “no” as no comprehensive
studies of the impacts of the Project on this type of utilisation are avallable at present at all.

3.2 ARE ADDITIONAL STUDIES NECESSARY TO GIVE THE GROUNDS FOR ALLOWING OR REFUSING THE
RESUMPTION OF NAGYMAROS OR THE IMPLEMENTA TZONIOF THE ENTIRE PROJECT?

Experience obtained with the Danube and the Rhine so far show that, considering the conservation
of the different resources {e.g. groundwater} and the natural ¢cosystemns (river and wetland}, no
studies however costly can justify a hydroelectric power plant aiccording to this conception.

I -
For ichthyology and fishing, relatively few additional studies are required. It is only the abundance

and the biomass of the fish population upstream from Nagyma{ros that have not been investigated
sufficiently so far. Accordingly, no additional ichthyological Investxgatlons are necessary.

lust the very opposite is true for hydraulic enginesring and,utxhsanon for recreation. In these
fields, no studies are available at all {utilisation for recreation} or, on the other hand, decisive
calculations are missing, e.g. for the development of erosion downstream from the weirs at
Dunekiliti and Nagymaros. I

3.3 WHAT ARE THE IMPACTS OF THE PROJECT AS DESIGNED AT THAT TIME?

Many aspects of this question are discussed in detail in Chapter 2. Given below therefore is only a
brief sumumary.

 As a result of drainage of 95 % of water from the Danube into the canal, the ecosystem of the
wetland will be destroyed slong this river section.

{4}
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Considerable ecological impacts on the river fauna and on wetland as a whole are expected. A
significant reduction in the number of fish species is expected in the retained water at both places.
The natural stock of fish will be limited te a few adaptable species only. Accordingly, concerning
utilisation of the fish production, neither commercial nor sport fishing is expected to be successful
in these waters. Downstream from Nagymares, a reduction of 68-80 % in the rate of catch of fish
1s to be expected.

The surface of the most valuable part of the ecosystem {the fufcation between Bratislava and
Gy&r) will be reduced from 28.3 to 8.4 kin®

Qualitative and quantitative losses sustained by the groundwater accompanying the Danube can
definitely be predicted. In the hustorical part of Hungary, the landscape will change unfavourably
. for ever. For the same reason (that Is, to preserve the historically valuable that is, the original
picture of Wachau), the plan to construct a power plant has been given up in Austria.

3.4 SHOULD THE TOTAL PROJECT (GABCIXOVO-NAGYMARGS) BE DISCONTINUED FOR ECOLOGICAL AND
TECHNICAL REASONS?

Yes! It is encugh to study the documentation available to see what an enormous intrusion into the
entire Danube section between Bratislava and Budapest this project means. Impacts on the most
important groundwater reserves of Hungary and Slovakia are likely. Impacts on the wetland
ecosysiem have fo be reckoned with. Therefore, the entire Project should be discontinued. The
grounds for this are given below:

— In the 1960s when the first decisive steps were taken, no data on the ecology of this region were
known in detail. Only rough analyses at the lowest possible costs were made, based on insufficient
knowledge of the ecology in general and of the special ecological conditions in the region
invelved i particular. From ameng 3 concepts submitted, those including a drain canal had to
result in the least impact {rom an economical peint of view,

— No specific requirements were imposed on the scientific institutions which had fo
investigate the impacts of these concepts on the ecology of the Danube and the
adjacent regions. Entrusted with such investigations were no scientists before 1974
in Chechoslovakia and [984/1985 in Hungary; however, it was too late at that time
to change the basic concept.

~ Most of the Impacts expected afler completion of the Project are irreversible. This
applies especially to the impacts affecting the fish fauna and the fish husbandry.
However, the project will unfavourably affect forestry, agriculture, environmental
protection and hygienic aspects as well.

— All that we have come to know about the project makes us believe that both the
Hungarian and the Czechoslovakian government approved of this concept on the
basis of insufficient and, for the problem in question, inadeguate information.

A moraterium of severzl years as in case of Hainburg would best be recommended.

{5}
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4. Recommendations

A team of independent, reputed experts of the different fields! involved should be entrusted with
discussing the questions posed and carrying out detailed studies which become necessary on the
basis of the discussion. This was the case in the decision process concerning the Hainburg barrage.
Since these studies would take a time of minimum of 3 years,

- the construction should be discontinued for 3 years and

— impounding at Dunakiliti sheuld not come about at all}

Should the Hungarian government decide t¢ give up the Nagymaros Project on the basis of the
considerable risks that can be recognised even today,

— modification of the operation of the Gabgikovo Power Plant in addition to

— restoration of the original conditiens in Nagymaros v&lrill be inevitable, that means
that

— peak load operation must be discontinued, and

- the water flow rate in the Danube must be increased by discharge dependent
control {dynamic system).

A condition for operation of the Gab&ikovo Power Plant is that the water quality problems arisen
be reassuringly solved.

“Iresponsible endangerment of all this, a damage or destruction weuld not be simply a mistake, a
misstep only but an irreparable felony also with respect to the future!” (Doszianyi et al., 1987),

(&1
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1. INTRODUCTION

The Danube River enters the czecheo-slovak territory
"2t the Devin Gate {km 1880}, where it reaches z riccie course.
. Downstrearm froz Bratislava the Dznube enters the lowlzné where
2 pnumber of brinches have beer crezied in the pest. Due to large
|
Iz

discharges they have permapnently changed z huge iniznc Danube

I
Delta from Bratislavz to Komarno ¥as fo’-mlea [51.

) ]
Since the 13-th century vhere ewbenkment <omnsiruciicn begun

there in 1%-th century continuous ilood |protection ievees systex
zlong the course was createc. Ths qhan}xel ‘regulztions reglized
in 19~th and 20-th century ensurec .boih Ifaic':cile gné swall <ischar-
ges. There &t Czecho-Slovak - Hu.ngr—.ria!n bordéer marked changes
in the 1longitudinzl bed slope eXists :(‘Eic. i}. Rt the river
km 1880 up to 18520 the 10Dglt11<111‘1?.1 slope is 0.35 to 0.4 %c . Then
the slope decreases further to 0.2 %o at river km 17890, On Dnext
section of <the course the longitudihzl slope decreases
to 0.086 %o [15]. o

Changes in longitudinal bed slope causes intensive sedimen-
tation and this is why the Danube River flow is situated higher
than the  flood protectiocn level territiory. ﬁorphoiégical river
channel instability is the reason of many problems, m2inly as for
the maintaining of the navigable depth. !Tﬁé Danube river is very
important waterway and will assume its even greater importance
after completion of Rhine - Main - Danube navigztion channel in
the year 19%2. at the same time there Ion the common Czecho-Slo-
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vak - Hungarian section will be permanent obstruction to naviga-

tion which wouldn’'t satisfy the navigation conditions.

Providing the desirable conditioms for navigation was one
of the main reasons for the construction of Gablikovo - Nagymaros
Project. The dam project system 1s intended for the more complex
utilization of Dapube 200 ke long sedction between Bratislava
and Budapest. The conception of mentioned Danube river utilization
is gemerally known. The main purpeses of the project are as fol-
lows: '

- floocd protection of the Danube area;

- ¢reation of an ifternationdl waterway with the navigation depth
of 3.5 to &.0 m;

~ utilization of the hydro~energ¢etic potential of the Danube river
section; .

- ¢creation of the positive concitions for the infrestiructursl de-

velopment of the region.

The Gabcikovo - Nagygz-cs Project Scheme sihculd consist
of two parts: Tane Gabfikovo Prcizct and the Nagvmerss Project. The
nain components of the Gzb¢ikev: Project comprise (ITig. 1C)}:

- BruSov-Dunzkiliti Dam {=z rese:voir of 240 mil. E:h

~ derivation channel of the zotal lenght 25.2 Rz (hesadrece o
17.0 km}; o

- Gabéikovo hydroelectric power plant {8 aggregates wiil total :in-
stalled ocutput of 720 MW} and two navigatioﬁ locks (3& x 275 x|
X &.5};

The EKrusSov-Durakiliti Dam is situated Dbelow Bratislavz at Danube

River Xm 18¢2. The derivation channel connects the reservolr

vifh the Gabdikovo hydroelectric power plant and nzvigztion locks

2long the left bank of the river and at 1811 km inflows to the Da-

nube channel. Further the project proposed the connection with

the Nagymaros Water Scheme. In the year 1989 Hungzrian Government

decjded to stop the construction of this part of the Geblikovo-Na-

gymEaros Project.

In connection with the Gzbféikovo Project rezalization there

was Dnecessary te study some problems congcerning the transport
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of sediments and the silting of Hru$ov - Dunakiliti reservoir.

2. PROBLEM OF SUSPENDED LOAD IN HRUSOV-DUNAKILITI RESERVCRR

The progmosis of silting were severaltime modified during
the preparation phase of the project. In the past, the basic in-
formations on the velocity distribution in the reservolr were ob-
tained from the weasurements on hydraulics and aercdynamics

nodels. :

Further the new method of the flow velocity distribution
calculation has been applied based on shallow water eguations
znd Leendertse’s explicit-implicit zlgorithm [8]. Next to them new
computation program utilized implicit ADI algorithm was used. By
this way a nev complex mathematiczl model was developed and enab-
ied the implementation of the whole reserveir silting computetiern

to PC computers [7].

By mezns of program PRUNA the distribution oI mean veloci-
ties in verticzls in the reservoir znd the lag time by the help cf
PODO-33 progrzk hzve been detercined. Prognoses in zcumulated wa-
ter guzlity has uviilized these <atz. The compulaiion OF reservelr
silting regquired to devide the reserveir into the equidischarges
Zzomes &5 it wzs rezlized in the procram PRUEY. For final computa-
tion of the reserveoir silting procram SILTING bazsed on diifusion

theory of suspended load [11]., [12] has been used.

Until guite recently there {SFR was no dzizbase on the guzan-
tity of itransported suspended load in Danube river. Direct suspen-
Ged load measurements vere stopped &t the beginning of the 60-ties.
That-is why the silting prognosis have utilized the measure re-
sults obtained in Austrian profile - Bad Deutsch Altenburg, which
is located close to the Czecho-Slovak - Austrian border. The sus-
pended load concentrations and their discharge in Bad Deutsch Al-
tenburg profile during the average Yyear are shown in Fig. 2. The
next ¥ig. 3 represents dependences between vater'discharges znd
suspended load concentration. Data ou HruSov - Dunakilitli re-

servoir silting have been corrected for Morava tributary. As we
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didn’t obtain the data on suspended load granulometry from our
Austrian;partnegs, we had to use older measurements data from Cze-

cho-Slovak section of Danube, were updated in spring 19%91.

Thé computations were done for six fractions { d < 0.005 mm;
0.005 — ¢.01 mm; 0.91 - 0.902 mm; ©.0Z - 0.05 mm; $.05 - 0.1 mo;
and 0.1 - 0.2 mm}'énd'for discharges @ = 1 000; 2 000C; 3 §00;
4 000; 6000 and 8 000 o’s™

charges was considered.

., where the frequency curve of dis-

Our results showed that in average -year about 79 % (2. 27
mil. t} of total transported mass of 2.87 mil. T will settle ir
the reservoir. Considering the specific volume mass of settled
sediment% p, = 1 250 — 1 300 kg z” then the volume of sediments

vill be 1.74 — 1.81 mil. m/vear.

Data and results of ccmputztiong zre given in figures. Re-
sults obtazined for the velocity distribution zt Danube <ischarcs
of @ = 2 900 mas'f reservoir vzter level of 131.36 B above see le-
§el, Hrusov - Dunakiliti Der éischafge of @ = 230 mzsq, and deri-
vation channel discharge tc the- Gabdikovo Eydro Power Plant o
Q=1 650 m's "’ are given in Tig. £ and Fig. 5. Sedipent distribu-
tions in the reservoir andé mnean grain size distribution during
average year are illustrated in Fig. 6 and Fig. 7. The obtzined
model results provide the bzsic information for both operation
and maintanance reservoir pienning end accumulated water guality

prognoses.

3. ProBLEM OF BED LoAD N HruSov-DUNAKILITI RESIRVOIR.

Sedimentation by the bed load transport in the reserveir oI
HruSev - Dunakiliti isn’t expected to cause serious problems as it
vas confirped by the sedimentation prognoses based on
one-dimensional mathematical_moqel_STACdN {3?.-This model is reli-
able enodgh'for simulation of morpholegical processes. According
to the model, sediments will silt only in the chanpel and their
depth will not reach bank line level [4].

Our;computations vere based on bed load granulometry data.
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The sediment transport was deteTmined by ﬁeyer Peter eguation {9].
Its relatively good accuracy for the simulatien of this Danube
section was verified Dby our experts- in the Tfield measurements
realized in the S0-ties [10]. Based on these results the values of
coefficients A and B in Meyer Peter’s eguation have been adjus-
ted. While the values of coefficients A and B in original Meyer
Peter’s eguation were A = 0.047 and B = 0.25, respectively, these
values for the Danube river section downstream from Bratislava are

A= 0.041 and B = 0.28, respectively [14].

The reserveir sedimentation prognoses are set for the next
53 years. Qf 24 hour discharges obtained from 1900 to 1386, 30
.years of the highest sediment discharges were chosen. The whole
hydrologic year was considered. Our prognoses were allways based
eh unreal hypothesis, that during 50 year reserveir operatién
there will be npo dredging &t 21l1. Required timing and site of
dredging were set. The results showed that the sediment settiing

viil occur =&t the backwater end zand st the upper part of

ILServoir, see Fig. 8.

L. CHANNEL BID STABILITY BELOW THE GABCIKOVO HYDRO POWER STATION

The channel below the Gabdiikovo Hyvdro Power Stztion 1is 5.7
"km long. Tﬁe crosé—sectional channel dimensions zre greéter than
those of the Danube channel. They were proposed to reduce
hydraulic losses and to maintain the channel stability. Grein size
of the channel bed is much more smaller than thet of gravels in

Danube river channel.

In the evaluation of chanpel bed stability the results of
granulometric analyseslfrom 53 probes and the shesr stiress &2tz
under conditions of the unsteady flow caused By pesk-operation oi
Gabéikovo-vater pover.plant have been considered. Possibilities of

stable bed armoring formation in the channel bed were considered.

Calculations of stable grain diameter were done accerding to
Heyer Peter equation [9] and modified Ackers and White's mpethed
[1], 12]. Finally, the results of Meyer Peter eguation were uti-
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lized because of their less favourable wvalues. This fact is very
important as far as the safety aspects of the project are concer-
ned. The bed deformations in the individual profiles were

calculated according to the equation:

. 100 -
Az = v - B
stab P
vhere p - fraction of particles with the grain diameter greater
than that of the stabile grain dya% (%] and K - pultiple of
- nIeCessary Tor the stabile  Dbed AYRMOL ing formation.

stab
Considering possible deviation in real grahulometry of prebe
znalvses, in our czlculations the value of K = 2.0 was utilized.
#e have found that the channel bec deformations are relatively
spnall and wouldn‘t exceed some ien of <&z [6]. The bed zand hapks

stability of the cuiflow chznnel viil not be endengered.

2. DEFORMATIONS DEVELOPMENT OF OLD DANUSE CHANNEL

Along the derivation channel from Erusov Weir to Palkovico-
vo, there is zpproximately 31 km long river section, through which
uader norszl operation only ecological discharge would fleow. Du-
ting fleood events the old channel Zlow discharge will be reduced

ag o . . . - 3_-t - . .
by "derivetion channel capacity of Q = 4 000 m's , which is in

Eratislave Qumz 11 000 mgsd.Further old Danube channel is suppo-
sed to provide the desirable conditions for ice releasing fron
EruSov Weir and navigaticn, teco. The original project zlso propo-
sed tpe traansport ot bed load out of HruSov reserwvoir. Qur re-
Search results of HruSov-Dunakiliti reservoir sedimentation, pre-
'sented in Chapter 2 of our report, showed that all bed load se-
diments will settle at the reservoir head and at the end of back-

water. There will be no transport to the dam profile.

The groundwater level regime both on Czecho—Slovak.and Hun-
garian river side is influenced by water levels in old Danube cha-
nnel. Their extreme decrease would lead te drying of large area,
dying of lowland forest and there will be decrease in water re-
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sources capacity in the areaz near Danube channel.

The Gabdikove Project operation will considerablly change

discharge and water level regime of old Danube channel. At Hrudov
. i

’s! only ecological discharge is

reservoir inflows of Q@ s & 000 B's
éxpected in old Danube channel. As for the magnitude of the ecolo-
gical discharge until now there is no definite agreement about it.
It is a subject of discussicn between the experts in hydroenergy,
water management and ecology. The‘discharges of_Qu= 50 to Qu=
= 1 350 m°s”’ are considered. As far as river morphology of this
river secticn is concerned, if is important that there would be no
bed load transport even at discharge of Q = 1 350 n's™. Begining
of bed load transport is expected with higher discharges. The pe-
riodical occurance of these situzations is supposed during flood

events when the old Danube channel bed deformztions will occur.

To study the influence oi the channel bed ceformztions on

“n

vrizce~ and groundwater level regime- it was importznt 1o cevelop
the prognoses of mbrphological development. The Dznube chznnel bed
deformations prognosis, like the reservoﬁr sedimenzation DX OCNOS1S
have been elaborzied for the npext 30 .years [13]. One-dimensional
Gzthematiczl model STACON [3] was zpplied. Calculations of bed

loaf discharge were done according to Mever-Peter equation.

The obtzined results showed that the oid Danube channel
deformatiohs will be relatively small (Fig. ¢©). Decrezse in
éhannel bed .0of 0.5 m would be exﬁécted in river section below
:~udov-Dunzkliti Weir. On the next sections of the course the bed
deformation will be of relatively equél level.. The'channel bed de-
crezses, reép. bed silting only in some sites and for shert sec-
tions will not exceed the value of - 1 m. Only at the river sec-
tion between -I814 - 1811.5 km there will occur intensive erosion
2t 3813.4 km and it will reach the depth near 3 m. This river
section is characterized by expressive direction change of river
Danube course {so called Bagomer bend). At present there a;e:still
prqblemé during flood events on this river section.
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6. CONCLUSIONS

As far as the construction of GabCikeovo Project is concerneg
following interesting problems of suspended load and bed load
regime were studied, too
- problems of old Danube channel longitudinal profile:stability;

- pfohlems of dredging-in the tail of the derivaticn channel to
guarantee navigation depth and simpultaneously to increase head
of water power plant, etc.

Unfortunately it is impossible to present them in more detail the-

re.

Finally we want te thank the E.T.H. Ziirich and conference
organizers whe supported our participaztion. OQur special thanks to

Dr. Martin Jaggi.
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L. Brief Description of the Area Affected by the Barrage System

GEOMORPHOLOGY {1}

Downstream of the fault gap through the Alps-Carpathians at Bratislava the Danube flows through
" the Kisalf3ld - the Little Danube Plain. All rivers flowing into the Pannonian Basin develop an

alluvial cone on which the majority of sediments is deposited. The Danube together with the Vih

river has formed g long alluvial cone, stretching from Bratislava to Komdrom. At its edge the Danube

separates into three branches forming an inner delta which is unique for European river systems.

Period maps dating back o the Roman occupation reveal that the main branch of the Danube was

flowing north untii the [8th century following more or less the present course of the Little Danube
- {Annex A-1).

RIVER MORPHOLOGY

When the first comprehensive river training works started here in the eighties of the [9th century, the
Danube was separaling info three branches: the western Mosoni Danube, the main Danube flowing
south, and the Liftle Danube flowing far to the east. At that time, the main channel was an.unstable
meandering river. Continuous aggradation was prevailing, and the river was forced to erode new
branches with each major flood depositing large amounts of sediments in its previous bed. Thus a
braided system of shifling side branches existed at that time, embracing numerous islands, and
creating a confusing situation for navigation. The preveiling accumulation of alpine sediments
resulted in a peculiar morphelogy: the main channel and its adjacent side branch system are situated
at a higher altitude than the extended floodplain. Ifs large capacity for infiltration into the
groundwater—even at low flow—is an essential consequence of this phenomenon.

The gradient of the Danube alters downstream of Palkovitovo (rkm 1810} from about .35 10 0,17
%o, at the mouth of Mosoni Duna (tkm 1793} 10 8.10 %e  and at Komamo (rkm 1768} to only 0.07
%o [l

FLUVIAL HABITATS

The ever changing system of side branches with deposition, scouring and transportation of sediments
accompanied by a frequently inundated floodplain, is responsible for the very great diversity of

~ habitats that existed and still exist in this river section. Scoured reaches of great depth, shallow fords,
dissected river arms et¢. are adjacent habitats. Continuous aggradation in the channel as well as on
riparian ecotones and on the floodplain followed by scouring and erosion of new ¢hannels were
changing the habifat paftern afler each major flood. Terrestrial wetland habitats were characterised by
similar diversity: raw soils caused by scouring and deposition on the banks were suitable for new
vegetation growth; floodplains on different altitudes were covered with zone-specific vegetation
commnunities. The fluctuation of discharges and waterlevels was and still is a vita? prerequisite for
the exisience of a¥f types of habitats in the wetlands in this Danube section.

3
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ASSESSMENT OF THE NATURAL VALUE

The inner delta of the Danube with its characteristic features is of great significance for nature
conservation on & European scale. Despite severe drawbacks to ifs nafure by various measures
addressed below, vital elements of this particular ecosystem can still be preserved or restored for
future generations. The significant reduction in slope at the edge of the alluvial cone results in a
distinct loss of transport capacity and quite 2 few islands developed in the enlarged riverbed. The
riverbed structures of this reach are especially valuable because they still underlie the
morphodynamic changes which were typical before the establishment of the permanent navigation
channel.

2. Impacts of River Regulation and Flood Protection

The high-flow river regulation starfed in the middle of the 19th century with the construction of
flood-protecting levees confining the inundated arez to 2 width of about 2-6 kilometres, in the
reach between Bratislava and GOny{. This loss of inundation area has resulted in an scceleration
of flood waves, an increase in peak discharges and in shorter durations of flood levels, as is well
known from hydrological impacts of similar measures at the Upper Rhine. Nevertheless the
remaining wetlands with the anabranched meandering river and the side branches situated within
the levees, stifl maintained their ecological functions.

For the purpose of flood relief, especially related to ive problems, and for the Improvement of
navigation, mean-flow regufation works were started in the year 1886, creating a permanent
navigation charnnel of 300-3806 m width from rkm 1890 onwards {17, [3]. It 1914, the river training of
the mean-flow bed in the Hungarian reach of the Danube was mainly finished, shortening its total
length from 472 km to 417 km. After the establishment of & nain channel, the natural diversion
systemn on the alluvial cone with Mosoni Danube, Littie Danube and the {main} Danube remained
fixed. The side arm systemn and the active floodplain was still connected to the main channel without
significant disturbance to its ecclogical functions.

The low flow started to meander within the then created mean-flow channel, indicafing that the
selected fraining width was oversized and excessively straighteéned. This secondary meandering was
intolerable for navigation and required a low-flow regulation by fixing the thalweg with spur-dikes
{groynes}, eventually resulting in a navigation channel of 80-120 m width and 2 m depth [1].

Basel ' Strassburg
Rhein km 170 200 240 280 300
Schusteringel Neyerburg _ Breisach Weisweil Rheinay HMarlen
828" Rhginwailer Hartheim | Sasbach e Qltenheimi | sgpg
10 [ 880 S T 1860
N L~ / N\ 1800
N 1900 1830
30 AN ——
>0 1950
7.0 E—T

Figure i: Degradation of the Upper Rhine riverbed since 1828 {4]
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River regulation works often result in the progressive degradation of bed levels. This is due to
augmented sediment transport capacities, caused by increased slopes and concentrated flows at higher
velocities. At the Upper Rhine, for instance, river regulation started in the early 19th centry, led to
a severe incision of the main channel by up to 7 metres between Basel and Breisach by 1950
{(Fegure I).

Although the river regulation carried out in the Danube between Bratislava and Gonyit was similar to
the Upper Rhine training, aggradation was still prevailing. Measured rates of aggradation between
rkm 180G and rkm 1841 amounted to 2.4-2.7 om annually [5]. Dredging of fords to maintain
navigation has been necessary at all times.

Until the 1960s, many of the side branches were still open and the discharge in the branch system in
the reach near Gablikovo (tkm 1833-1816) amounted to about 20 % for a total discharge of 1,005
ur'fs measwred at Bratislava {data from the year 1961} [6]. At a discharge of 1,958 mr'fs, which is
exceeded on 168 days of the year (4dnnex A-2), the side branches carried up fo S00 m/s {data from
1960, [6]). Fhus it can be stated, that until the 19605 the side branch systen: and the active floodplain
were fully integrated in the fluctuations ef discharge and waterlevels whick are vital ig the wetland
ecosysient.

Fable I: Gravel dredging in different reaches and periods afong the Danube fmio = miflions)

Source 13] [28] 18] [29] [30] 31]
Reach rkm 1849 tkm 185G 7| rkm 1849 thkm 1791 rkm 1766 rkn 1694
' 10 to 1o to to to
thm 1791 rkm 1799 rkm 1791 rkm 1664 rkm 1708 thm 1659
(Rajka - {Rajka- {Rajka - {Gonyli- | (Komdrom {main
Gonyl} Gonyl) Gdnyi} Koméarom} ;ggg} branch}
Period [94% - 66 1963 - 79 1969- 51 1965 - 51 1970 - 88 [970- 79
Total gravel no data 12.9 mio 16.4 mic 20.7'mic 27.5 mio 16.1 mio
volume {m>}
Ford dredging &
{;‘:f}" training 64mic | ca7mic |8Imic [ 372000 | 200000 | nodaa
National
g;?ug:?ri) no data ca. mic no data
- Slov. (m% 4.8 mio 19.8 mic 9.0 mio
- Hung, (") 2.7 mic 535,900 13.5 mio
Annual dredging 350,060 760,000 715800 768 0G0 1.447 mio 1,614,000
(s} (navigation}
Specific annual 6,000 .
fn‘f,‘;rf;‘fyr) (navigational} | 12,600 12.300 28,000 25,000 46,000

&
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3. Impacts of Gravel Excavation sand Upstream Dams on Riverbed Morphelogy -

From an engineering point of view there should be an equilibrium between the amount of sediments
entering a certain river section and leaving It at its downstream end, in order to maintain a constant
bed and waterlevel. Since river training works, Including the construction of groynes, did not succeed
in balancing sediment transport capacity and sediment load, continuous dredging of fords was
indispensable for navigation. In addition, growing amounts of gravel have been extracted from the
entire river reach between Bratislava and Budapest for industrial purposes.

" GRAVEL EXCAVATION

Fable 1 gives dredging data of different Danube reaches covering different time spans. There is little
information about the Slovakian Danube stretch between rkm 1886 and rkm 1850, [t has been stated
by the Water Management Research [nstitute VUVH, Bratislava, that between 1976 and 1989 a total
volume of 48.3 million m” had been dredged from the Slovakian reach of the Danube (rkm 1880-
1709) for maintenance and industrial purposes [13]. This figure refers fo the entire Slovakian and
Slovakian-Hungarian Danube reach down to rtkm 1709 as pointed out In [33]. Unfortunately there are
no data available for the Slovakian reach.

The total dredging volumes of the reach Rajka-Gény( indicate that considerable dredging was carried
out in the [960s and the early 1970s {Figure 2, Annex 4-3). Half of the dredging was done for the
removal of fords to facilitate navigation. Downstream of Sap/PalkoviCovo (tkm [810), being =
distinct break in the slope of the Danube, the excavated volumes of gravel rise sharply, and excessive
dredging was cartied out by both countries downstream of Gdnyu (Figwre 3, Amnex 4-3}). The
exploitation of gravel was not shared equally on all river reaches; the stretch between Gonyi and
Komarom was almost exclusively exploited by Slovakia while the lower common Danube reach was
intensively excavated by both countries {Figure 4). In both reaches navigational dredging was
insignificant. : .

Between Nagymaros and Budapest excessive dredging was carried out for industrial purposes until
[980 when it was stopped because of negative impacts on the bank-filtered well system of the
Budapest waterworks, After 1979 only minor dredging of fords was done amounting to 334,000 m’
until 1987 [31]. Fuble 7 gives the daia for the main Danube only. On the 32 km-reach of Szentendre
Duna 4.9 million m® of gravel was excavated between 1970 and 1980 and about 100,000 m’ in the
year 1987 [31]. '
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N

Figure 4: Amnual volumes of dredged sediments between Komdrom (vkm 1768} and Ipoly mouth
friom §708). Total ford dredging in this period: ca. 200,000 m’ {307,

BEDLOAD TRANSPORT CAPACITY AND DREDGING

Table 2 gives figures-of estimated or measured bedload transpert capacities at various locations along
the project reach by different authors. Before the construction of dams in Austria and Genmany the
average bedload arriving at Bratislava per year was estimated to be about 600,000 m’. Downstream
of Bratislava the transport capacity decreases to about 100,000 m’ in the Szigetkdz, After a sharp
reduction in slope from 0.35 to 0.17 %e (tkm: 1793) and then to less than G.1 %o downstream of
Komérom {rkm 1768} the bedioad transport capacity of the river drops to about 50,000 m’/year and
at Nagymaros to an insignificant volume of about 18,000 m” annually.

Table 2: Annual bedload transport capacity of the Danube between Bratislava and Nagymaros in
' fyear {estimates, based on scatlered measurements)

Location Bratislava Dunaremete Nﬁgybajcs Zlatnd Nagymaros
{tlan [868.8} {tkm [825.5) {rkm [802) {chair 1780} {rkm 1694.6}
Source
{33] 590,000 — — —_ -
{16] 500-650,000 — — ~ — 13-14,800
[32] —_ 180,000 - - —
[28] 81,400 48,300 —--
[14] —_ — — - 5-10,008

(8}
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Comparing these figures to the anmually dredged velumes of gravel {Fabée 7, second line from the
bottom?} it is obvious that all Danube reaches were heavily overdredged. Since the [960s large scale
industrial dredging was carried out in the Szigetkdz reach amounting to average excavated gravel
volumes of more than 700,000 m’ per year. In single years dredging in this river stretch exceeded 1
million m® with a maximum amount of [.526 million m’ in 1989 {(4nnex 4-3). Dredging of fords was
necessary at all times independently of the arriving bedload, because the fluvial rearrangement of
sediments in the riverbed was unfavoureble to navigational requirements.

Even more dredging was carried out in the reaches downstream of GOnyl. The specific dredging
volumes (Fable I, bottem line} are doubled in the reaches above the Ipoly mouth and even more
gravel was exploited by Hungary from the Szentendre arm.

The total amount of gravel excavated from the Danube in the project reach, exceeds by far the
bedload which could be expected to enter the river section from upstream even without the influence
of upstream dams. This is not only true for the Szigetkdz reach but also for the reaches downstream
of Gonyli where tributaries could only compensate for an insignificant part of the total dredging. So #
can be stated that the entire Danube reach between Bratisiava and Budapest has been heavily
overdredged especially when considering reduced levels of bedload input from upstream.

@
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Figure 5: Drop of low-flow waterlevels (1,000 n'/s} since 1939/63 in the Danube between Vienna
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Figure 8: a} Dredged volumes of sediments in the Dam:be along the Slovakian-Hungarian border

in different periods of time. Data from {8, 29, 30} 8} Lowering of the low-flow waterfevels {ca. 1,000

m’/s) since 1957. Data from §34, 357 (19707 corresponds to the "DC 1974/95" waterlevel which
was calculated from 94%-exceedance probability based on daily discharges between 1940-70)

DIROP OF WATERLEVELS

" The excessive channel dredging beyond the indispensable need of navigation maintenance has led to
a severe disturbance of river morphology affecting the entire river ecosystem. Between Nagybajcs
{rkm 1802} and Gonyl (rkm 1791} the low flow waterlevels dropped by more than 1.50 m. Figure 5
shows the drop of low-flow waterlevels between Hainburg/Austria and Dunaremete (rkm 1826) with
its maximum between Bratislava and Rajka [10]. Obviously the riverbed degradation mcreased
smgmﬁcantly entering the Slovakian reach at rkm 1880.
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The lower part of Figure 6 shows the drop of the navigational low-flow waterlevels. The horizontal
line represents the 1957 navigational low-flow waterlevel. The waterlevels of 1966 reveal that the
riverbed remained rather stable until the mid sixties. Between 1966 and 1970 a considerable drop was
registered between Bratislava and Rajka and especially downstream of Dunamerete. Dramatic
changes occurred in the period after 1970. Apparently the drop of waterlevels was not uniform;
former aggrading or rather stable sections degraded severely, e.g. in the vicinity of Rajka or Gonytl.
The reasons for these phenomena will be discussed below.

Both graphs reveal a considerable drop of low-flow waterlevels in the vicinity and- downstream of
Bratislava after 1966. An analysis of the gauge data of Bratislava also shows that the erosion
process did not start before the middle of the 1960s. The fluctuations of the waterlevel at
Bratislava gaupe station in the time period from 1950 to 1993 clearly show a trend {(4anex A-4).
But the downward move of the mean waterlevels, indicated by the straight line, should not start
before 1967. This is sustained by the discharge rating curve of the same gaupe with insignificant
variations in the rating curves valid for the period from 1918 to 1967 {4dnnex A-5).

REASONS FOR RIVERBED DEGRADATION

Generally, the installation of a barrage system affects sediment transport and morphology of a river.
Bedload will alinost be completely retained at the first barrage and deposited at the upper end of the
backwater reach, A considerable part of the suspended load will settle in the upstream reach during
average and low flow. The retention of the bedload normally leads to degradation of the bed level of
unbacked reaches downstream of barrage systems, as is well known from the Upper Rhine.
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Figure 7: Austrian barrage system of the Danube: years of construction

In the Austrian reach of the Danube, the first barrage {Jochenstein} was implemented in the year 1955
{Figure 7). The second one, being Ybbs-Persenbeug, was built in [958, the last one put in operation
1s Greifenstein (since 1984}). Presently one more barrage at Wien-Freudenau is under construction
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after Hamnburg had been abandoned for the preservation of the Austrian Danube wetlands
downstream of Vienna. At the river Inn, supplying a major part of the alpine bedload, barrage
construction began as early as [94] and was terminated In 1965.

Figure 8 shows the gradual alteration of the low-flow waterlevels in the Austrian Danube before any
barrage has been constructed in this reach [17]. Even at that time, there were obvious trends towards
aggradation and degradation. The drop of the low-flow waterlevels between Vienna and Hainburg
was less than | em/yr. After construction of the last barrages, it increased to about 2-3 cmyr except
for the region of Bratislava where a considerable drop of the low-flow waterlevels up to 10 cmiyr in
single years was observed (Figures 5/6)[17].

The discharge rating curve of the Bratislava gauge does not indicate any significant change at least
urtil the year 1967 (4nnex 4-5). Obviously the ten-year operation period of Ybbs-Persenbeug did not
significantly affect the river morphology in this section. Downstream of Ybbs-Persenbeug no more
- barrage was constructed until the year 1976 {Figure 7); nevertheless, the riverbed degradation started
in the mid sixties coinciding with the commencement of excessive industrial gravel exploitation, as
stated by several sources [11], [14].
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Figure 8: Relative change of the low-flow waterlevels of the Austrian Danube between 1893/97
and {948/52; barrage building was started in 1955 [I7]
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Figure 9: Relative changes of the riverbed, drop of fow-flow waterlevels and average depth of
dredging since 1969 in the Danube between Rajka {rkm 1830) and Gonyit (rkm 1791). After {8}

Figure ¢ shows the change of the riverbed, the average depth of dredging and the drop of low
water levels between Rajka and GOny( in the time period between 1969 and 1991. The horizontal
reference line {"0™-line} In this graph represents the riverbed and the low-flow waterlevel
respectively in the year 196%. Field surveys of mienitored cress-sections provided the data for
aggradation and degradation of the fverbed. The dredging depth was calculated from dredging
volumes assuming an average width of 200 metres [8].

The amount of gravel excavated from the riverbed in the Slovakian reach of the Danube before the
year 1976 was not published, but it is well known that the new part of the ¢ity of Bratislava on the
right bank of the river was built inn the sixties and seventies on and from explojted Danube gravel. In
other reaches of the river vast amounts of gravel have been dredged, e.g. more than 1,000 m*m in
short stretches between Komdarom and Nagymaros inn single vears, subseguently lowering low-flow
waterlevels (Figure 6} [30].

Accounting for natural aggradation tendencies, the morphological behaviour of the river generally
shows a distinct relationship between dredging activities and lowering of the riverbed. Between rkm
1850 and rkm 1840 the lowering of the riverbed corresponds to the amount of dredging. The lack of
dredging in rkm [835/36 resulted in local aggradation clearly indicating that the river would fill up its
bed in the Szigetkdz reach witheut dredging even with the operation of upstream dams. Provided that
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the dredging records are correct, then the local drop of the riverbed around rkm 1832/33 must be
caused by local influences, e.g. flushing by a ibuting side brarch as indicated in [8], or by
construction of groynes or other river training measures. Between rkun 1828 and rkm 1822
aggradation would prevail without dredging. Between rkm [82] and rkm 1815 the lowenng of the
riverbed approximately corresponds to the dredging. Downstream of rkm 1815 the sharp reduction in
slope causes aggradation despite considerable dredging. Downstream of Nagybajcs excessive
overdredging led to a significant lowering of the Danube bed.

The changes of the low-flow waterlevels reflect the general behaviour of the riverbed rather than
local irregularities. The low water levels are obviously governed by dredging and prevailing
accumulation of sediments in this Danube reach. The drop of the low-flow water levels at the upper
and lower end of the reach are caused by dredging dominating accumulation of sediments, while in
the centre of the reach aggradation is still prevailing and leads to an almost stable waterlevel,

Figure 6 shows the same close relationship between dredging and lowering of waterlevels for other
Danube reaches, as well. Large-scale exploitation of gravel between 1965 and 1991 in the vicinity of
Gyér and Esztergom led 1o a remarkable drop of fow-flow waterlevels.

SUMMARY OF RIVERBED MORPHOLOGY

At the Upper Rhine early regulation works caused severe incision of the riverbed. The construction
of a series of barrages further impaired the channel stability by reduced levels. of sediment supply.
Downstream of the last barrage at Iffezheim a suitable amount of gravel is continuously added to the
moving sediment stabilising the unbacked river reach downstream of the barrage.

A completely different situation is encountered at the Danube between Bratislava and Budapest.
Early river training did not result in channel degradation; instead of erosion, accumulation of
sediments still continued, contrasting with the situation at the Upper Rhine (Figure I). Riverbed
degradation started in the mid sixties of this century as is evidenced by the discharge rating curve of
the Bratislava gauge {Annex 4-5}. A considerable drop of low-flow water levels occurred all along
the project reach ranging between 30 and 200 em since 1957 {(Figure §).

Before the degradation of the bed started in 1567/68, 2bout 20 % of the side branch system in the
Szigetktz was permanently supplied with water evenr at low flow conditions, as evidenced by
measurements at a discharge of 1,005 m’/s {6]. After degradation the threshold for the branch system
inflow increased to 2,500-2,700 m°/s [3] which occurs for 75-108 days of the year {danex £4-2%. In
addition, the upstream ends of side branches were closed in the last 30 years in order to maintain
minimum navigation water depths in the main channel. The environmental impact of lower low-flow
stages and of an altered discharge regime on the wetland ecosystem has been summarized by the
CEC reports [19], [20], [21].

The morphology of the river is governed by the accumulation of sediments and the excavation of
gravel. Qverdredging in many reaches resulted in a significant drop of waterlevels. In some reaches
{e.g. around Patkovidovo} aggradation is overruling excessive dredging (Figure 9). There is no
indication that the reduced level of sediment supply from Austria has sipnificontly influenced the
river morphology downstream of Rajikn. Without dredging the Szigetkdz reach of the Danube could
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be expected to accumulate sediments even foday. Dug to the lack of data no certain conclusion can be
made for the Slovakian reach. The sudden drop of waterlevels at Bratislava afier the year 1967
indicate excessive {industrial} gravel dredging rather than the influence of upstream damns.

DrEDGING AND THE G/N PROJECT

Considering the detrimental impact of dredging on riverine wetlands as well as on navigation, e.g.
less access to ports, or on bank filtered water supply systems, the question arises, why excessive
grave| exploitation mainly for industrial purposes was allowed by both Hungarian and {Czecho-)
Slovakian water authorities in the Danube channel. In the Upper Rhine area, for instance, industrial
gravel mining is restricted to the floodplain. There is little doubt that the over excavation of gravel in
the Danube has been done on the expectation of the construction of the Gabtikovo-Nagymaros
Barrage System GNS. In fact, excessive industrial gravel dredging was started in the mid sixties when
the first steps towards the joint plan for investment were taken. In a Slovakian source it is written;
"The excavation [of gravel] has rendered a drop of the low regulation and navigation waterlevels.
The largest amount of sinking was registered near Bratislava and in the reach of the Hrufov-
Dunakiliti reservoir. With the flooding of the reservoir to the intended waterlevel this degradation
will completely be compensated ™ ([[3], p. 39).

In this regard the riverbed degradation is closely related to the project plans. Hoping that future
reservoirs would compensate defrimental effects of overdredging, huge amounts of gravel were
excavated along the entire project reach.

4, Restoration of the Area Affected by the Barrage System

4.1 REMOVAL OF ALL STRUCTURES AND RETURN TO PRE-DAM CONDITIONS {PERIOD BEF ORE RIVERBED
DEGRADATION} - NAVIGATION BACK TO THE OLD DANUBE -

Restoration, as it is used here, refers to a return to the system as it existed before the mid sixties
taking into account the relationship between the G/N Project and excessive dredging, as stated above.
All assessment is restricted to river morphology and hydraulics. The area affected is listed in Table 3
with a brief definition of major morphological and hydraulic impacts.

All structures used for diverting the Danube could theoretically be removed within one or two years
{with the exceptions of underground sealings). The dam material of the Cunove reservoir and the
power canal could be used to fill up the degraded riverbed near Bratislava and in the Szigetk&z reach.
The restructuring of the riverbed — as far as the necessities for navigation allow for it - would be
accomplished by the river itself within a short period of time.

With the restoration of the fverbed and full discharge back to the Oid Danube, the side branch
systems and the wetlands of the active floodplain in the Szipetkdz regain the pre-dam discharge and
waterlevel fluctuations that are vital for their existence. A longer time span for rehabilitation of the
wetlands is anticipated since large-scale desiccation has occurred already.
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Table 3: Major morphological and hydrautic impacts of Variant C and rehabilitation after

removal of afl structures (navigation back in the Old Danube}

Area Major hydraulic and morphological Rehabilitation process Time spans
affected impacts of Variant C for
rebabilitation™
Cunovo » large scale dredging of alluvial sediments [} # filling of the gravel pits in the channel 1-2 yrs.
? B 3 gra
reservoir | in both the ¢hannel and the floodplain; near Bratislava with dam material
= total loss of floodplain soils; = narrowing the channel to its former size _
. gl ) 1-2 y18.
» destruction of floedplain merphology, i.e. wzth.dam matena‘l or from grgvfcl pits :
side branches, oxbows, depressions,...; outside of the active floodplain,
= severe reduction In flow velocity; * restructuring of the riverbed by natural >ioye
’ scouring and depaosition of sediments;
» retention of sediments, i.¢. & great part of . .
the suspended load in the reser%i;ei? and all » reshaping parts of the floodplain on a 12 yrs.
the bedload at the upstreem end of the Tower level;
backwater reach {almost all bedivad would || » rehabilitation of the floodplain ecosystem | sp.oap yrs.
be deposited in the gravel pits thal werc by ecological succession under the Impacts
dredged in the channel even without the of natural flow dynamics
present impoundment)
Old » degradation of the riverbed; « compensational filling of the scoured E-2 yrs.
Danube » severe reduction of discharge and riverbed;
waterlevels after diversion of the Danube; « gpeming of side arm closures; g
pemng -2 yrs.
» aimost total loss of the natural dis- » remedial measures for restoring riverbed | {2 yis.
charge and waterkevel fluctuations; structures;
» total loss of bedload input from upstrean; || o erapilisation of riverbed habitats 510
s severe damage on ecolones YT
Szigetkiz | « desiceating of side branches and « compensational filling of the scoured 1-2 yrs.
floodplain | wetlands; riverbed;
+ almos! total loss of discharge and = ppening of side arm closures; [-2 y1s.
waterlevel fluctuations; = rehabilitation of dameged flovdplain 20-50 yrs,

= almiost total loss of suspended sediment habitats under the impacts of natura] flow
input dynamics

“Based on general time scales for the morphalogical rehabilitation of river systems [22]
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Fable 4: Technical necessities and rehabilitation process (navigation in the power canal)

Area affected Technieal necessities Rehabilitation process Time spans
for
rehabilli;tation
Cunovo reservair- | » maintaining s certain » filling of the gravel pitsin the 1-2 yrs.
Gablikovo barrage | fmpoundment for navigation in the || channel near Bratisiava with
and locks power canal; surplius dam material;
» complete removal of the weirat  [[» narrowing the channel to its [-2yrs.
UNOVE; former size with dam material or
« removal of the conrecting from gravel pits cutside of the
upstream dam of the power canal || active floodplain;
 completion of Dunakilit] welr s restructuring of the riverbed in | 5-10 y1s.
with possible technical changes for || the unbacked reach by natural
aperation at lower reservoir levels; || scouring and deposition of
= technical changes at the sediments;
Gabgikovo systems of locks for » reshaping parts of the floodplain; 1-2 yrs.
operation at lower water [evels » rehabilitation of the floodplain
= alterations of the remedial supply || ecosystem by ecological 30-200 yrs.
systemn for the floodplain succession under the impacts of
natural flow dynamics
Old Danube * continuous supply with gravel to ||« compensational filling of the [-2 yrs.
prevent degradation of the scoured riverbed;
riverbed or other edequate + opening of side arm closures; 1-2 yrs.
measures lo prevent degradation of || = removal of bark protecticns; 1-2 yrs.
the bed + remedial measures for restoring | 1-2 78,
riverbed structures,
» rehabilitation of riverbed habitats | 310 15,
Szipetkdz » compensational filling of the 1-2 yrs.
floodplain scoured riverbed; '
» opening of side arm closures; 1-2 yts.
» rehabilitation of damaged
floodplain habitats under the 20-30 yrs.
irmpacts of natural flow dynamics

“Based on general time scales for the morphological rehabilitation of river sysiems [22]

Major damage has been done to the river and floodplain system in the Cunovo reservofr stretching up
to Bretislava. The amount of gravel to be moved for replacing the dredged velumes in this reach can
" not be estimated, The development of a secondary floodplain by ecological succession will take
decades, and an artificial floodplain topography has to be provided in the first place.

Since this scenaric suffers from numerous restrictions that are imposed by navigation in the Old
Danube, a second alternative will be briefly discussed below,
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- 4.2 USAGE OF THE POWER CANAL FOR NAVIGATION ONLY, REMOVAL OF ALL UNNECESSARY STRUCTURES
AND RETURN TO PRE-DAM CONDITIONS

®

This specific scenarfo needs studies on technical feasibility. A certain reservoir level has to be
maintained in order to use the power canal for navigation. From an ecological peoint of view i
would be desirable to lower the impounded waterievel to the minimum depth required for naviga-
tion.

For this reason it would be favourable to use the Dunakiliti weir instead of the present Cunove
consfruction. In any case the tofal bedload would be refained in the impoundment and has to be
compensated for {as is being tested at the Austrian Danube downstream of Vienna and suc-
cessfully carried out at the Upper Rhine downstream of [ffezheim). Some remedial measures
have to be implemented to sustain the floodplain ecosystem which partially would be beyond the
dikes.

This scenario requires a basic feasibility eveluation which cannot be done in this brief appraisal.

§. Hydrological Changes to be Expected with the Implemeniation and Operation of the G/N
Project (1977 Treaty)

3.1 DUNAKILITI-HRUSOV RESERVOIR

Construction

The construction of the HruSov-Dunakiliti reservoir destroyed about one third of the Zitny Ostrov
floodplain {(as did Vartant C). Through the mpoundment of 200 million m’ of water the previous
river ecosystem characterised by numerous islands, side branches and wetlands would have been lost.
The average flow velocity of the former river would be reduced from 2.0 m/s to about 0.3 m/fs [20].
The waterlevel at Brafislava has risen by [-2 m since the closure of the Danube, reaching its original
level] before degradation of the bed [19].

Operation

When operating for peak energy production the reserveir level would have fluctuated with one or two
daily peaks by about one metre (Figure 74, upper diagram}. These daily waterlevel fluctuations
would result in a devastated riparian sirip of land of several metres as will be described below for the
Nagymaros reservoir. The backwater reach was expected to vary between rkm 1858/0 and rkm
1870472 [11]. 90 % of the bedload was expected to be deposited at this place and should be dredged
regulatly; 77 % of the suspended load was expected to be deposited in the reservoir, and its life time
was calculated to be about 60 years [11].
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5.2 OLp DaNUBE

The discharge regime of the Danube between Dunakiliti (tkm [842) and Palkovidove (tkm 1811)
would be completely changed with the implementation of the Original Project (and was changed
indeed with the operation of Varant C3.

Fable 5 shows the main hydrological and morphological impacts that could be anticipated in the Old
Danube with the implementation of the Original Project. During 350 days of the year, 50 m’/s would
be released from the reservoir. It was vaguely agreed in the joint Contractual Plan that 200 m’fs
would be discharged in the old riverbed In case of need’ during the vegetation period {18]. Any
waterlevel fluctuations would be limited to 12 days of the year on average, when the inflow into the
reservoir exceeds 4,000 m’/s. Such an arfificial discharge regime generates a low-flow bed suitable
for the prevailing discharge of 50-200 m’/s with a characteristic pattern of fluvial habitats. Once a
year or every other year a larger flood would deswoy all fluvial and riparian habitats that had
developed and the cycle of restructuring would start again. Regular maintenance to restore the flood
discharge capacity of the channel would have the same effect.

According to the project plan the low-flow waterlevel--that had been lowered since [967/68 through
excessive channel dredging--would drop by 2.50-3.00 m below the regulation waterlevel [23]. Flow
velocities were reduced to less than one metre [20]. In times of high discharges (but still less than
4,000 m’/s) and during daily peak energy production with a release of 4,000-5,200 m’/s at Gabéikove
{Figure 11/12, Annex 6) there would be a backwater reach up to rkm 1823 in the Old Danube [23].

The sharp rise of discharges at the commencement of peak energy production would result in a rise of
waterlevels at the sill of Palkoviovo (rkm 1811} of about 4 metres depending on the peaking mode
(Figure 11/12, Annex A-8) [24]. In this case the flow direction would reverse and the water would
flow upstream to the end of the backwater one or two times daily. Thus there would be two different
sections in the Old Danube: an upper part from Dunekiliti barrage to Lipét {rkm 1823} with no
waterleve! fluctuations at all except for a few days per year, and a lower part with large fluctuations
every day damaging fluvial and riparian habitats, as will be pointed out below with regard to the
Nagymaros reservoir.

Since all bedload will be trapped in the Dunakiliti-Hrulov reservoir eventual degradation of the bed
should be expected even with few flood discharges per year. Studies predicted up 10 3 m scouring in
some sections afler $¢ years of operation entailing a further drop of the prevailing 50 m’/s waterlevels
[36]. Figure {0 shows the deformation of the riverbed simulated for a 50-year period of operation
[36]. The calculation was presumably done on the basis of Variant C, not considering backwater
effects from the power canal in connection with peak energy production.

Altogether fluvial and riparian habitats would either be destroyed or would suffer from instability
caused by the imposed discharge regime. Large daily waterlevel fluctuations in the lower part of the
Old Danube contrast a rather steady waterlevel regime in the upper part of the reach. The
degradation of the riverbed previously caused by excessive upstream channel dredging would
continue due to the fotal retention of the bedioad at the Dunakiliti barrage.

0
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Fable 5; Anticipated hydrofogical changes in the Ofd Danube following the implementation and

operation of G/N Praject (1977 Treaty)

QLD DANUBE
short term (5-10 yrs.} medium term {10-20 long term {20-50 yrs.}
yrs.)

Discharges * 507200 m’/s should be released from the reservoir into the Old Danube; higher
releases only at discharges exceeding 4,000 m'/s {about 12 diyr.};
+ daily flow reversal for a few kilometres upstream of the conjunction with the
power canal caused by peaking operation

Waterlevels * sudden drop of = pradual lowering of the waterlevels in eroding
waterlevels by several reaches {see below)
melres

Flow velocities « reduction of flow velocities from 1.2-Z.0 mfsto [ess | ® minor varfations of

than 1.0 m/s at 50 mfs [20];

* reduced flow velocities in the baciovater reach of the
power canal conjunction

flow velocities with
changes of bed
merphology

Fluctuations of

® exclusion of all discharge and waterleve] fluctuations for ca. 350 dfyr. except for

discharges & the reach influenced by backwater where dailty fluctuations of about 4 metres would
waterievels gcgur (Figure 11/12, Annex A-8)
® sudden rise and fall of discharges and flow velocities in case of flood discharge
release
Riverbed stability » during a flow of 507200 | after 20 yrs. operation after 5G ys. operation
' u’ls, the Danube channel | significant scouring was | scouring was predicted to
would eventually form an | predicted with riverbed reach 3 m in some
adequate low-flow bed; degradation upto 1.5 m sections ieading to 2
o high floods in the firsy | ©2Used by lofal retention | severe drop of the
years would yield first of bedl_o‘m.i in the I:Irus‘ov- lstrwaifing3 waterlevels at
riverbed deformations Dunakiliti reservoir [5] 507200 mr'fs {Figare Ith
[36]
Riverbed structures = 101zl destruction of the low-flow bed structures at

® gradual formation ofa
low-flow bed; silting up

of reaches with smaller erosion of silted reaches;

higher fleod discharges or by maintenance with partial

velocities; * growth of woody vegetation on higher elevations in

* spreading of vegetation the channel presumably causing a narrowing of the

in the charnel cutside the | discharge cross-section {with the threat of further bed

low-flow bed erosion}, if not removed by regular maintenance
Riparian structures | o following thedropof | # the formation of the Jow-flow bed would create a

{ecotones) the waterlevel of several | mew riparian zone which would periodically be

mietres the banks of the destroyed at higher flood discherges; thus the riparian

old channe] would habitats would suffer from instability caused by an

become unstable and unnatura] difference between average and flood

collapse partiaily and discharges ’

locally

0




394

relative deformation

{m}

S5 30

00

15 0.0

-3.0

1 ¥ BN

WO®5 % W W ® W5 %% w
{rkm)

Figare 19: Anticipated relative change of the riverbed afier 50 yrs. of operation; after {36}

3.3 STIGETKOZ FLOODPLAIN

The fate of the Szigetktz wetlands generally depends on the frequency, magnitude and duration of
inundations and the height and fluctuations of the groundwater table. 7uble § indicates the major
hydrological impacts of the Original Project that could be anticipated on the Szigetkdz floodplain.
The discharges that would be released in the side branch systems on both sides of the Old Danube
could by no means compensate for the drop of groundwater tables or for the loss of frequent flushing
and nundation that occurred before the 1960s.

The alluvial cone of the Szigetk8z featuring a riverbed on higher elevations than the swrounding
floodplain, was responsible for the unusual groundwater recharge from the river even at low-flow
conditions. With the drop of the waterleve! far below the previous minimum, the system was reversed:
since the diversion of the Danube, groundwater flows towards the Danube. Eventual clogging of most
of the side branches might prevent the recharge necessary for sustaining the groundwater fable in
larger areas of the flocdplain.

Due to the distribution of flows between the power canal and the Old Danube, natura] flow into the
side branches and the floodplain would oceur only at discharges much greater than 4,000 m’/s. There
would be a flow in some side branches at 6,500-7,500 m’/s and in almost all during inundation of the
floodplain at 7,500 and 8,500 m’fs corresponding to a 5-10-year flood and & 10-25-year flood
respectively {4nnex 4-9) [21]. Waterlevel fluctuations influencing groundwater recharge and quahty
would be limited to an average of 10-12 days per year but not necessarily consecutive days.. Thus
significant contribution to groundwater recharge by rare but long lasting floods would not cccur
anymore.

Fleodptain habitats depending on the height and fluctuation of the groundwater table as well as on the
frequency, height and dwation of inundations would for the same reason be govemned by the
prevailing low-flow and low groundwater table conditions. In general, not the rare flood events are
essential for floodplain habitat conditions in river ecosystems {except for morphological changes), but
rather the frequently occurring discharges fluctuating from average low flow to the average annual
flood.

{22}
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The desiccation of the Szigetkz floedplain afler implementation of the Original Project (1977
Treaty}, would eventually alter the previous wetlands inte dry habitats similar to large floodplain
areas of the Upper Rhine near Breisach.

Table 6: Anticipated hydrological changes in the Szigetkdz floodplain foflowing the
implementation and aperation of G/N Project (1977 Treaty)

SZIGETKOZ FLOODPLAIN
short term {5-10 yrs.} medium term {10-20 Iong term {20-50 yrs.)
¥I3.}
Discharges ® constant supply for side branch systems; [5/25 m’fs on the Hungarian side
* flow in some side branches from Old Danube every 5-10 yrs.,
* flow in almost all side branches every 10-25 yrs. with complete nundation of
floocdplain
Groundwater fable *in the vicinity of the = clogging of most side | # eventual scouring of
Old Danube drop ofthe | branch reaches could be | the Old Danube riverbed
groundwater table to the | expected because regular | would cause further drop
prevailing flow level of | supply discharpes would | of the groundwater table
50 m¥s niot be able to prevent
» insufficient recharge of sedimentation of fines in
the groundwater by the large arcas,
side-arm system * ¢ffective flushing
® gradual decline of would ocour only every
groundwater table [8-20 ¥TS. with higher
towards the Danube flood dis- charges
Fluctuations of the

groundwater table

* exclusion of all groundwater table fluctuations for ca. 35¢ diyr.;

= the duration of the flood discharges in the side branches will be too shert to
result in significant fluctuations of the groundwater {able

Floodplain morphaology

s until 1967/68 flushing of side arms with scouring, deposition and lateral
movement sccurred several times s year which would be henge limited {6 rare
flood events;

+ deposition of at least two thirds of the incoming suspended seditient lead in the
Hrusov-Dunakiliti reservoir would considerably reduce the sediment input info
the floodplain

Floodplain habitats

desiceation of almost all wetlands in the floedplain within & few years except for
narrow ripanian strips along those side arms that are supplied with constant
discharge; stagnancy of the evolution of all habitats due to missing dynamics of
waterflow and sediment input

23
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5.4 NaGYMAROS RESERVOIR

Construction

The Nagymaros reservolr would extend from the Gab¥ikovo power station (rkm 181148} fo
Nagymaros (tkm [696). During peak power operations al Gab¢ikovo its backwater would reach up to
rkm 1823 in the Old Danube, more than 20 km upstream of the Maly Dunaj (= Véh) and several
kilometres upstream of the rivers Hron and Ipoly. A¢cording fo the project plan, channel dredging
should lower the waterlevel at a discharge of 2,300 m’/s from Asvanyraré (rkm 1816) to Gonyi (rkm
1791} by 2.00 m at Palkovidovo (tkm 1811}, by 1.18 m at Medvedov {rkm 1806), and by 0.70 m at
Nagybajes (than 1802) [12]. Actually, the low-flow waterlevel at Gony( dropped by 1.50 m caused by
dredging beyond the demands of the project [7]. This again gives evidence that deliberate over
excavation of gravel for industrial purposes was carried out anticipating the realisation of the GNS.

The construction of the barrage would cause the nundation of about two dozen islands situated
between Ginyll {rkm 1791} and Nagymares. Most of the riparian zones of these islands rendering
valuable ecotones were left unprotected. In addition, established riparian zones of 300-356 km length
of several tributaries and of the Danube iself would be inundated. The flow velocities {without
peaking mode) would be considerably smaller than before, thus the aquatic habitats would thoroughty
alter their physical properties.

Operation

Several peaking modes were envisaged in the 1977 Treaty (Figures 71/12, Annex 6/7). Depending on
the average flow, certain peaking modes were established as operation rules for the Gab&tkovo power
plant. In 1977 the operation rules were not definitely fixed but several alternatives with different rates
of change and peak discharges were discussed. For instance, at an aversge flow of 900 m’s, there
would be no release at Gabgikovo for 18.5 hours per day (Nagymaros would still release 1,000 m'/s
using its reservoxr capacity and discharges from tnbutanes) Within half an hour the discharge would
rise to 3,630 m*/s with an acceleration of 128 m’s per minute (Annex 4-8). Within 4.5 hours the
maximum discharge up to 5,110 m*s would be released followed by a sharp descent to 0 within half
an hour at a rate of 170 m’/s per minute. The alternative peaking modes for higher average discharges
would operate with two peaks per day. Figure 77 shows daily waterlevel fluctuations in the HruSov-
Dunakﬂltl reservolr {a) and the Nagymaros reservoir (¢} for the peaking mode 1500/700, which means
1,500 m¥s inflow into the upper reservoir produces 706 MW. The operation rules for the Gabdfkovo
and Nagymaros power plant are given in (b} and {d} respectively.

The daily fluctuations of discharges, flow velocities and waterlevels as documented in Fable 7 are
detrimental to the whele ecosystem in many respects: The riverbed would be endangered by erosion in
certain reaches as was concluded in g study [26]. Although the numerical simulation carried out could
only identify the areas prone to erosion or sedimentation, the authors assumed that the prevailing
erosion would cease after 10 or 20 cm of depth due to amouring, This assumption is mainly based on
representative grain-size distributions of this reach showing fractions of coarse grains that were
transported by large historical floods exceeding maximum flow velocities caused by peaking.

(24
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The sudden waterlevel fall of nearly 5 comin at the upstream end of the reservoir with a difference in
waterleve] of about 4.50 m requires carefully protected banks covered with rip-rap bedded upon sub-
layers of filter material.

The ever changing flow conditions and watertevels are very unfavourable to all aquatic and riparian
habitats in addition to the unsuitable substrate for riparian vegetation. The most valuable habitats of
large rivers are located in the riparian zone af the fransition from water to fand. The riparian zone
exposed to the daily waterleve! fluctuations would stay without vegetation and lose its high ranking
ecological value.

The aquatic habitats would also suffer from the ever changing flow conditions, The substrates would
never be stable; suspended sediments would settle in the “low flow” periods of the peaking mode and
would be flushed away during the “flood flow”. The aguatic fauna would be significantly reduced in
diversity and abundance, even compared fo reservoir conditions without peaking operation.

Aftogether the construction of the Nagymaros Barrage and the peak operation would destroy
vatuable habitats and generate very unfavourable fiving conditions for the aguatic famwa in the
reservolr. The datly fluctuations of waterlevels by several metres would yield a devastated strip of
riverbank instead of vaiuable riparian hobitats.

{25}
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Fable 7: Anticipated hydrological changes in the Nagymaros reservoir following the
implementation and operation of G/N Project {1977 Treaty)

NAGYMAROS RESERVOIR
short term (5-10 yrs.) medium term long term
{10-20 yr5.} {20-50 v15.}

Discharges * daily fluctuations from [, 800 m*/s to more than 5,000 m*/s depending on the mode
of peak operation (Figures 71/i12, Annex 4-6Y;
= with “peaking option 300" no release of water at Gabtikevo for 18.5 hrs.

Waterlevels » at 2,380 m’/s compared to pre-dam conditions (without peaking):
+6 m at Nagymaros, +( at Vének, -2 m at Palkovidovg (dredging) [12]

Flow velocities ® V. Vo, flow velocities through peek operation {mode 2000/Annex A-8):
G.000.95 m/s at tailwater Gablikovo (tkm 1819.45),

§.02/1.94 m/s at Palkovilove (Tkm 1811.05),
$.,28/1.59 mi/s at the mouth of Mosoni Danube {tkm 1793.3},
$.32/1.19 m/s at Komérne (km 1768.33 [24]

Fluctuations of + about 4,800 m*/s daily fluctuations of discharges;

discharges & + daily waterlevel fluctuations through peak cperation {mode 2000/Annex A-8):

waterlevels 4.64 m at tailwater Gabfikovo {rkm 1819.45),

4 38 m at Palkovitove (thim [301.05),
2.65 m at the mouth of Mosoni Danube (thm 1793.3),
1.06 m at Komdmo {rkm 1763.3) [24]

Riverbed stability « rather high flow velocity « according to [26] eventual “armowring” of the
fluctuations with peak riverbed would be expected by selective transport of
operation would cause general | smaller grain sizes leaving & protective layer of
scouring in the entire reach coarser gravel on the bottom of the riverbed;
except for the last 28 km therefore scouring was expected to cease afler 0.1-
upstream of Nagymaros [26] (0.2 mdepth

Riverbed structures

= gl islands between Ginyd
{rkm 1721} and Nagymaros
would be lost with the rise of
the waterlevel;

» all other aquatic habitats
would experience thorough
changes {n current, deposition
and scouring;

= many riverbed structures
werg giready destroyed by
channel dredging

= bartk stability weuld be highly endangered by the
sharp tise and fall of waterlevels requiring rip-rap
profection with filter [ayers.

= gventually new riverbed structures would evolve
according to the governing hydraulic regime caused
by peak operation; nevertheless the hence prevailing
conditions would be unfavourable to all aguatic
habitats; the daily fluctuations between low-flow
conditions and high flood flows--naturally occurring
on less than 3 dfyr.--impose instability on all riverine
habitats and must be regarded as a major detrimental
impact of peak operation;

Riparian structures
{ecotones)

« with the permarnent
inundation of rumerous large
islands, valuable ecotones
would be lost and all riparian
structures between Giny( and
Negymaros would be
inundated as well

= daily waterlevel fluctuations up 10 4.38 m at
Palkovitove {tkm 1811} and 1.06 m at Komémo
{rkm 1768} would produce s devastated strip of land
of several mestres width (zbout 3-12 m at slopes of
1:3}; no vegetation growth would be possible in this
zone:

= the riparian habitats that arc highly valuable In
large rivers would not exist any more

(263
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Figure 11: Peak operation and daily waterfevel fluctuations (mode 1500/708) aj Daily
waterievel fluctuations at different cross-sections of the headrace canal and the Hrusov-Dunakiliti
reservoir, b} Discharge refease at Gabclkovo, ¢} Daily waterievel fluctuations at different cross-
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5.5 DOWNSTREAM SECTION OF NAGYMAROS

According to the project plan channel dredging along Szentendre island from Nagymaros to tkm 1656
should lower the low-flow waterlevels by 0.60-1.20 m in order to increase the head of the power plant
[121, {27]. Between 1970 and 1979 about 20 millien m of gravel were already excavated from both
branches mainly for industrial purposes before dredging was stopped because of problems with the
bank filtered wells of the waterworks of the city of Budapest.

The Nagymaros power plant was also supposed to operate on a peaking mode. Figures 77/72 and
Armex 7 show alternative modes of eperation. As opposed to the Gabtikovo operation mode, there
would always be a minimum discharge of at least 1,008 m’/s. For instance at mode 2000, the
maximum difference in discharge would still be 1,300 m’s at a maximum descent rate of -102 m’s
per minute {4nnex A-8}. The maximuwmn decrease of discharge would then correspond to a waterlevel
difference of 2 m1 at the gauge staticn of Budapest,

Although the daily discharge and waterlevel fluctuations would be smaller than those in the
Nagymaros reservoir, the detrimental impacts on aquatic and riparian habitats would be generally the
same, '

Peak operation may also result in deformation of the riverbed. Preliminary results of a fransport model
applied by VITUKI indicate that both accumulation and degradation may be expected in different
sections of the river branches along Szentendre island. Because of the danger of riverbed degradation
there is no peak operation at the last station of other river bartage systems. For instarnce at the Rhine,
EdF (Electricité de France) operates the |0 water power stations from Kembs to Iffezheim at a
moderate peaking mode (maximum increase of discharge above natural flow is 300 m3!s). Although
the peaking of the discharge is one magnitude smaller than the one at Nagymaros, no peaking is
allowed at the last barrage of [ffezheim towards the free flowing river. The reservoir of Iffezheim is
merely used for compensation,

6. Hydrological Changes to be Expected with the Implementation of Variant C

In this chapter only those impacts will be briefly analysed which are different from the ones described
above,

6.7 CUROVO RESERVOIR

s

After the construction of the temporary barrage system at Cunove (rkm 1851.75), only a part of the
original reservoir has  een impounded. There is no information on the daily operation mode of
Gablikovo, presumably the system is working as a run-of-river power plant without peaking
operation. Thus, there are only minor waterlevel] changes in the reservoeir on g daily basis. Of course,
the operation of the Gablkovo Barrage System s a normal fow-head hydropower station would not
require an operational reservoir at all, however, it requires a barrage at Cunovo in order to increase the
useful head for power generation..

29




Until December 1993 the discharges, that were released in the Old Danube since the damming of the
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6.2 GLD D4nyBE

river, were kept on a base level of about 200-250 m’/s, with an increase to 350 m¥s in the vegetation

period. Floods flowing inte the reservoir were released into the Old Danube above g threshold of

about 3,000 m’/s (Figure 13). At the beginning of 1994 the antificial discharge regime of the Old
Danube was obviously altered. The base level was kept to about 200 m’fs without increase in the

vegetation period. Although ne monitoring data of the riverbed structures were available, it can be
expected that the riverbed will eventually develop structures adapted to the base rafe of flow and to a
certain range of flood flows. Major changes in bed morphology ¢ould be expected at rare flood

events,

Table 8: Hydrological changes in the Old Danube after implementation and operation of

Variant C

OLD DANUBE

Discharges

« base level flow releases from Cunovo (based on daily
measurements at river gauge Rajka):
November 1992-March 1993; 200-250 m*fs
- AprilMay 1993 about 300 m’/s
Junefluly 1993: 300-350 m¥ss
August/Deoombet 1993 250-300 mfs
January/September 1994:  about 200 mels

+ flood discharge exceeding 3,000 m3fs were released in the old
riverbed.

Waterlevels

= sudden drop of water levels by 2-3 m [19]

Flow velocities

= reduction of flow velocities from the former 1.2-2.0 m/s fo
about 1.0 m/s [297];

= reduced flow velocities in the tailwater of the power canal
conjunction

Fluctuations of discharges &
waterievels

+ & flood discharges up to 2.43( oo /s were released until
December [993; one flood discharge amounting to 1,960 m s
was released until September 1994,

= unnaturally sudden rise and drop of discharges and waterlevel
during flood release

Riverbed sfrucfures

Riverbed stabilify « bank failures caused by the sudden drop of waterlevels after
damming the Danube;
= gradual degradation of the riverbed can be expected as
predicted for the Original Plan (Fadle 5} |5]
# gradual formation of a riverbed adapted to Hlows of about 300

m'fs; destruction of riverbed structures could be expected at
rare flood events rapidly reieased at Cunovo.

Riparian structures (ecotones)

= formation of a new riparian zone which is better adapted to
flood discharges then it would be according to the Criginal

1 Project

(30}
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Although 1/10-1/5 of the discharge of the river is directed to the Old Danube, the actual, everyday
waterlevels in the old riverbed are insufficient for the existence of floodplain habitats. In addition,
similar degradation of the riverbed in a mediuin and fong term has (o be expected due (0 the totat
refention of the bedioad in the reservoir.

6.3 STGETKOZ FLOODPLAIN

The implementation of Varfant C with all remedial measures will not improve the sifuation of the
Szigetkdz floedplain.compared to the detrimental impacts anticipated in the Criginal Project. The
base discharge of about 250 m’/s resulted in a considerable drop of the groundwater table adjacent to
the river. In addition, the flood stages do not last long encugh for efficient groundwater recharge.

On the Hungarion side, the desiccation that started in the mid sixties of this century with the
overdredging of the riverbed, will evertually result in g total foss of the wetlands. On the Slovak side,
the impoundment of the side branch system will change the riverine wetland character thoroughiy.

(32
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Fable 9: Hydrologicad changes in the Szigethoz floodplain afier implementation and operation of
Variant C

SZIGETK{7Z FLOODPLAIN

Discharges : » constant supply for the side branch systems: 2-10 m’/s on the
Hungarian side

« {low in g few side branches [rom the Danube when releasing
1,800-2.500 m’fs at Cunovo weir gates;

« flow in some side branches st a release of 2,500-3,500 m'rs;

» flow i1 almost all side branches at 5 release of 3,500-4,500
mfs 121]

Groundwater table + drop of the proundwater table near the Danube to the 25¢
nr'fs water level;

» insuflicient recharge of the groundwaler by the side arm
syster at least on the Hungarian side;

= gn e Slovak side a higher groundsater table is maintained
by the implementation of u cuscade system in the side branches;

» clogging has (o be expecied in large areas on both sides

Fluctuations of the groundwater {able | » the duration of the fluod discharges in the side branches will
be foo short to result in significet fluctuations of the
grouskhwater table - :

Floodplain morphology = aptil 1967/68 flushing of side amys with more or less
scouring, deposition and latern] movement orcuned several
times a year; this s now lmited {0 rare events with flood
distharges shared belween the power canal and the Old
Danube;

s deposition o_f:} considerable part of the incoming suspended
: sedfiment lead in the C‘nne_vo reservoir reduces the sediment
: input inte the Tloodplain

Floodplain habitats « desiceation of almost all wellands in the Hungarian Szigetkbz
floodplain within o short period of time:

« unly nurrow riparian sirips along those side arms that are
supplied with constant. discharge will keep their wetland
¢liaracter; “

= gn the Slovak side the previous riverine wetland habitats will
lose thelr chiaracter due to missing relevant fluctuation of the
waterlevel in the impounded side branch system;

| = stagnamcy mn the cvolution of all habitats due lo TIISSINg

dynamics of waterflow, waterlevels and sediment input
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Annex f

Period maps of the Upper Danube between Bratislava and Gyor; upper: Roman
time period; fower: I7th century {2}
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Annex 3
Forg Industial dredging Total
Years dredging | Slowaria Hungary dredging
1P m? 10 m? 1 m? WFm
1963 552 84 736
1964 430 137 567
1965 245 135 380
1968 400 574 974
1867 np dala ngdata ne dala 896
1968 no data ¢ no datz no data 1,134
1968 596 78 123 798
- 1870 G94 i1 80 785
; 1871 747 0 75 822
. 872 503 202 483 1.168
' 1973 &18 186 175 81
{1974 608 17 37 769
; 1975 385 103 156 64
1978 am 81 118 §00
H 1977 g 125 112 528
’ 1978 451 54 165 £80
1978 480 72 0 42
. 1980 425 39 54 5728
‘; 1881 442 &7 177 586
i| 1982 397 g5 54 556
! 1983 414 5% 3% 522
1984 245 123 o 368
! 1985 213 228 41 483
1986 122 743 52 923
1987 180 487 25 93
; 1988 128 502 28 728
: 1989 118 g6z 545 1.526
b 1990 161 534 24 718
i 1991 174 10 g 184
T Total 10.530 21,132
1 Fard tndusire] dredging Taotal
i Years dredging Siowakia Hungary dredging
107 m? 15° m? ¥ o’ i m*
1965 bz 57 459
1866 911 311
18967 405 405
1868 316 318
1969 218 219
1970 534 534
1971 450 480
1972 122 761 70 853
H 1973 W3 1.182 172 1377
! 1974 8% §48 172 90g
1 1975 377 15 382
i 1976 1,265 1,265
H 1977 “ 1,144 1,144
: 1978 1,127 1,127
| 1979 1.108 . 1,108
i 1980 1,021 1.021
| 1981 8963 963
1982 949 949
1983 991 991
1984 58 827 985
1985 937 937
1986 618 518
1987 689 §88
1988 818 818
1888 585 595
1880 §21 33 550
1594 10 15
Total 372 19.818 538 20,125

Dredging data between Rajka
{rim 1849} and Gényi
{rim 1791} {3, 8, 28F

Dredeing data between
Gonyd (rikm 1791) and
Komdrom (vkm 1764} {29]
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Annex 4

Dannbe hydrograph at gazzge‘ Bratisiava {6}. The decline of the waterfevels
obviously does 1ot begin before the mid sixties contrasting the suggested trend line.

{Compare discharge rating curve of gauge Bratislava, Annex A-5.)
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Annex §

Peaking modes Q00/2000/3000 for the operation of Nagymaros power plant.

Several alternatives-were investigated {discharges for mode 908 ix Figwre 2 are

stightly different from the ones below) {24].

Tl
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77 i T
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Annex 6: Variation of discharge rating curves sivice 1918 {11]

Dunube  River Hratielava

Discharge rating curves
for the years 1918-1967
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Anrex 7

Peaking modes 900/2000/3000 for the eperation of Gablikevo power plant.
Several alternatives were investigated (discharges for mode 900 in Figure 12 are
stightly different from the ones belfow) [24].

NAGYMARCS
4000 T—— —
| Peaking Option 200
3000
2703
2000 000 ,__.n.,-’.f_—.—.."--- 2T
@ ﬂm‘ \w )
1000 < .
o] ™
¢ 2 4 g 8 0 12 14 i6 18 20 22 24
4000 T T T
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3006 | _——1 a7 2700
2560 1 T30 01 %
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o] 2 4 g 8 10 12 14 16 18 20 22 24
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Annex 8

Parameters for sefected peaking modes [24]

CHARACTERISTICS OF PEAKING OFTIONS (Gablikove}

. 1 Imtensity of
Peaking | ascendence | Peaking Tims Peak Base Discharge of
Option and {kr- min}* Discharge Discharge Qld Danvbe
Descendence {mmr¥is) a5y tmis)
emisimin)
900 120 1% 4.26 5110 g SO (L 115)
2000 100 1% | 2007 s.oo7 [423d sap” 780 50 (E 1Sy |
3000 100 200" 5007 | 42307 51N 250 50(Z 115Y
- First Peak t [ncluding Secpage Flow
**  Second Peek +  Pealing Time Excluding Tome of Ascerdence and Descendence

PEAKING OPTIONS 2000 AND RATE OF CHANGE OF DISCHARGE

GaBCIROVD MNAGYMAROS
= Rate of Rate of
Peaf(mg Time Uimharge Chenge of T Dischazge Change of
Option (fr - man} tfs} Discharge hr - wmin) (w5} Uischarge
(P faimin} tm¥imin
Diily Average Discharge of Turbines Daily Average Dischrarge of Turbines
£2003, m¥ts} 13003 mife)
0.60-5.30 FI0-780 0.00 0.0G-3.15 ZIV-139% .00
5304600 FE-3750 $3.00 5.15-5.20 2390-2100 1.0
2000 500800 | 3750423 40 5201005 | 2500.2900 149
B.O0-3.30 4234-7E) B 19951010 29T 39 Rt e
3.20-15.40 T80-T8G .00 10 10-18.55 2390-2390 000
15.40-16.00 VEO-4130 132.50 16.55-17.00 23972500 22,00
16.06-21.03 47305190 3.53 17.00-19.9G Z500-2T00 1.7
21.00-23.30 S2IW-THEG -150.33 19.00- 19 .05 72390 5200
21.30-24 00 TEBD-780 Rty 19.45-24 .00 TIN-Z30 0.0
SELECTED HYDRAULIC PARAMETERS UF ALTERNATIVES 2000
Peaking Option Z max Z min 6z V max ¥ omin | +dZET | -dZAMT
2000 {my} {m) {m} {mi) {mvs) X max
{mimin) | {cminun}
Toll Water st | KET 113,18 ronss | %64 095 ¢.00 4.8 450
Gablikove
{Rhmn 1819.45)
Sill a1 RET l 11297 l 108.54 } 4.33 J 1.94 I 0.0z 4.75 l 4.76
Pelkovitove
(Rkm 1311.05)
Ugpstrezm of KET l 110.9% | 10E.34 I 265 I 159 ! 0.33 ‘ 1.3 | -I.3¢
the Mouth of
HMoson Danube
{Rkm 1793.80};
1 L 1 'l L I i
Komamo KET I 129.09 1 103.93 [ 1.06 [ 119 I 6.32 ] 0.2 I .30
{REm 1758.30)

Parameters for selecied peaking modes {24}
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Annex ¢

Empirical probabifity distribution of armual flood discharges at Bratistava gauge

station {period 1931-70} {25}
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Annex 7

NON-STRUCTURAL SOLUTIONS TQ RIVERBED DEGRADATION DOWNSTREAM OF BARRAGES —
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Preamble

The degradation of the Danube riverbed downstream of Rajka was mainly caused by excessive gravel
dredging and not by regulation works or reduced sediment supply [1]. Although no detailed dredging
data were available for the Slovak reach upstream of Rajka {rkm 1880 to rkm (850}, the sudden drop
of waterievels after the mid nineteen sixties, contrasting with the relative stability of the Austrian
stretch downstream of Greifenstein, indicates that overdredging was the main factor in the degrada-
tion of the riverbed. After the damming of the Danube at Wien-Freudenau in 1995 the bedload
supply to the downstream section will be further reduced. However the anticipated rate of incision
after implementing the barrage of Wien-Freudenau Is reasenably small in the Austrian reach of the
Panube 2].

Independently from the reasons for riverbed degradation, it is shown below that af #he same time
when the G/N Project was considered and finally stipulated in 1977, a new method of sediment
management for erosion controf was infroduced at the Upper Rhine In order lo avoid structural
measures for the sake of nature conservation and flood protection. Encouraged by the successful
sediment management at the Upper Rhine, investigations were carried cut to apply similar technigues
at the Austrian Danube below Vienna after the abandonment of the barrage of Hainburg which was
stopped by environmental protests,

Upper Rhine

HISTORICAL BACKGROUMND.

As a result of World War [ France was granted all water rights of the Upper Rhine along the German-
French border in the Treaty of Versailles. After diverting the Rhine near Basel in the "Grand Canal
d'Alsace” the first barrage started to operate in [932 {3]. Three more barrages were built along the
canal up to 1959, At that time the German-French reconciliation prepared the ground for negotiations
aiming at alternatives to the complete diversion of the river. Figure / shows that a new solution was
chosen at the beginaing of the 1960s, producing less damage to the surrounding wetlands, forests and
agricultural areas. The partial diversion was possible after bilateral nepotiations resulted in a new
treaty between Germany and France in [956, abandoning the idea of a complete diversion all the way
to Strasbourg. The last barrage of this agreement starfed to operate in 1970 {Strasbourg}. In (969
another treaty was signed between the two countres stipulating the consftruction of two more
barrages, i.e. Gambsheim (1974} and [ffezheim (1977} It was agreed that riverbed degradation
downstream of Iffezheim should be prevented by massive armouwring of the bed [3]. Later
investigations showed that massive armouring would be unfavourable to navigation, and in 197$ an
amendment o the 1969 treaty was signed stipulating the construction of another barrape at
Neuburgweier.

CHANGING ATTITUDES.
One of the reasons for the construction of the last barrage at Iffezheim was the downcutting of the

river due to the reduced level of sediment supply. In order to avoid the construction of another
barrage, alternatives were discussed In the garly seventies favouring antificial “gravel feeding®

@
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{addition of bed sediment) [4]. The idea was to stabilize the riverbed without endangering navigation,
and avoiding the detrimental impacts of another barrage systemn on nature and landscape. In 1973, the
first tests were carried out with sediment addition below the barrage of Gambshelm [$]. In 1978, the
waterways and shipping administrations of France and Gemmany agreed to continue sediment
addition tests below the new barrage of Iffezheiin which were started in April 1978, In (981, the
German Federal Waterways and Shipping Administration published a repert comparing several
methods for riverbed stabilization, i.e. construction of more barrages, construction of river bottom
sills and addition of sediments [§]. The conclusion was that sediment addition is the best solution
with respect to both ecological and ¢conomical aspects. [n addition, the tests proved that sediment
addition could guarantee the required navigational waterlevels, that the ship traffic was not disturbed
and that the natural compesition of the bedload remained unchanged [5].

In 1982 both countries signed an amendment to the treaty of (969 stipulating that sediment addition
could be carried out below Iffezheim instead of the construction of a new barrage at Neu-burgweier.
It was agreed that e new barrage at Neuburgweler should be built if the navigational low-flow
waterlevels were to drop by mwore than 50 ¢m despite sediment addition.

- PROCEDURE OF SEDIMENT PLACEMENT

Comprehensive investigations were carried out for the sediment addition below Iffezheim including
mathematical simulations 6] and physical model tests [7]. Two vessels were constructed with a
capacity of 170 m® each for the controlled dischiarge of the gravel-sand mixture. A smaller boat was
equipped with automatic riverbed monitoring devices to control and guide the vessels during the
sediment addition and to measure cross-sections. 3 automatic and 33 manual river gauges were
installed between rlun 334 and tkm 352. 355 cross-sections for monitoring were fixed in this river
reaclL. T

-The grain size distribution of the material used for sediment addition correspends to the natural
sediment of the failwater of Iffezheim. In the first years dredged sediments from the construction of
iffezheim could be used, enriched by 34 % with coarse grains. Since 1982 almost all material has
come from a German gravel pit beside the channel at rkm 335.2 {the agreement of 1982 stipulates
that all gravel should come from the German floodplain}. The average annual demand for sediment to
replace the missing bedload was calculated to be [73,000 nt’.

On every working day a certain volume of gravel depending on the actual amount of missing
sediment is brought into the river over a reach of two kilometres in length. The simultanecus
measurement of cross-sections guarantees that the minimum depth of 2.10 m below the fixed
navigational waterlevel Is maintained. After floods-it might teke a little longer for the missing
sediment to be replaced.

The monitoring program consists of daily cross-section measurements in the gravel placement reach,
bedload measurements every two weeks and topographical measurement of the entire stretch between
tkin 334 and rkm 352 after each flood or at least once per year, Each year gbout 6,000 cross-sections
are measured and compared to previous resuits.

4
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EXPERIENCES

Figure Z shows the annual volumes of gravel placement since [978 and the number of days when the
average discharge of 1,250 m’fs {gauge Maxau/Karlsruhe) is exceeded. There is a close relationship
between the discharge regime and gravel voiumes. The height of the fixed navigational low-flow
waterlevel has varied between +9 and -24 c¢m since the beginning of the sediment addition, showing
no trend. Between [978 and 1992 a total volume of 2.3 million m® of gravel was added t¢ the
riverbed. The costs amounted to a 5-6 million DEM per year {8 % for the purchase of the gravel and
20 % for transport, monitoring and engineering).

The sediment addition has proved to be a suitable and economic method for controffing erosion
caused by missing bedivad in the taifwater of Hfezheim. Al requirements jor navigation have beer
met without disturbance. The free flowing section of the river downstream of Hfezheim with valuable
wetland forests remains untouched by avoiding the construction of a new barrage.

Austrian Danube below Viennoa

BACKGROUND.

After the projected barrage of Hainburg was cancelled, a national park was prepared in order to
protect the remaining wetland forests between Vienna and Hainburg, There was a dispute about the
stability of the riverbed: according to [2] and [9] the bed is rather stable although a considerable
amount of sediment is retained by the Austrian barrage systen; others argued that the Danube reach
below VYienna is exposed to erosion at increasing rates, e.g. 2-3 cm per year [10]. There is no doubt
that the lower end of the Austrian Danube reach is influenced by the riverbed degradation in the
vicinity of Bratislava [ 9], probably caused by excessive gravel dredging [1],

In any case the situation of the Danube is quite different from the Upper Rhine. The results from the
physical and mathematical models of the tailwater of Iffezheim/Upper Rhine show that progressive
erosion would occur below the barrape without compensatory gravel addition. The riverbed
degradation would reach more than 6 m afler only [7 years just below the barrage {rkm 335) and the
wedge of erosion would spread [2 km downstream [6]. In the Austrian Danube downstream of Wien-
Freudenau the maximum erosion depth affer 80 years was calculated to be 1.1 m [2].

Although possible riverbed degradation at the Danube obviously is much less dramatic than at the
Upper Rhine river, investigations for non-structural measures were carried out using physical medel
tests [11]. Field tests based on these results were scheduled fo start in 1994.

RESULTS OF MODEL TESTS 11}

The model fests were performed as general investigations in a hydraulic flume without consideration
for the geometry of the riverbed. The objective of the investigations was not to predict the behavior
of the real Danube bed but to test the reliability of an artificial armouring of the riverbed under the
impact of ship traffic. Unlike at the Upper Rhine a layer of coarse grains should be established to
prevent further downcutting even during flood events and to resist the hydraulic jet streams of ship
propellors.

{3}




-

424

The results showed that 2 thin Iayer of 10-20 cm thickness with maximum grain sizes of 120-200 mm
leads to an armoured cover stabilizing the riverbed after an initial minor degradation caused by wash-
away of smaller grains undemneath the coarse top layer. Local deficiencies lead to local scouring
without progressive erosion. Natural sediments pass over the artificial coarse layer without any
disturbance, However, ship traffic can mix up the stabilizing top layer of coarse grains with the finer
natural sediments underneath to a depth of 50 cm. The subsequent {luvial rearrangement will lead to
rearmouring of the bed with a certain lowering of the leve]. Therefore a series of low water periods
with frequent disturbance of the armoured top layer may result in 2 gradual decline of the bed level.

In order to prevent any degradation of the riverbed an artificial top layer of about 50 ¢m thickness
and 60-120 mm grain size can be brought into the river, resisting natural flood events and hydraulic
impacts of ship propellors. Since this layer would completely protect the finer natural Danube
sediments no armouring would occur by fluvial grain soriing,

Mode! tests with special vessels for gravel placement proved that the protective layer can be brought
into the river with sufficlent reliability. Assuming that those parts of the cross-section that are
exposed to ship traffic {about (08 m of the width} would be protected with a layer of S0 cm thickness
and the remaining 170 m would be covered with a thin layer of 20 cm, the costs were estimated to 5
million DEM per river kilometre.

The model tests have proved that artificial armouring of the Danube reoch below Vienna is feasible
and efficient in protecting the riverbed from possible degradation.

i
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14 Years Artificial Grain Feeding in the Rhine downstream the Barrage
Iffezheim

Dietrich Kuh!
Federal Warerways and Shipping Adminisiration,
Waterway and Shipping Qffice Freiburg, FR Germany

Abstract: This paper provides an overview of the antificisl grain feeding downstresm the Rhine-barrage
Iffezheim, wherewith the depth erosion and the water level reduction of the Rhine was successfully combatted
sipre 1978,

1 Introductien

The status of the artificisl grain feeding is described bereafler:

In October 1981 the Ministry of Traffic published the final report on investigations of the question, whether the
bottom evoston of the upper Rhine dowastream the barrage [ffezheim can be stopped by srtificie] grain feeding,
the comstruction of sdditional barrages or via ground-sills /14, The result was, that from 1978 until 1930 one
succeedsd in keeping the water level downstream the barrsge [ffezheim by srtificial grain feeding, that the
pouring out with self-moving bottom-dusmp scows proved to be good, because it does not hinder the shipping,
and finally that o changes compared with the natura] gravel transport were observed. Furthermore, It was
found out that the antificial grain feeding is the more ecologically beneficial and cost saving solution than the
construction of additional barrages.

Starting in 1981 the antificia! grain feeding was continued in order 1o increase the so far obtained knowledge and
gain more expericnce over & longer period of time.

Z Material requirements and grain composition
It was ntended 1o equalize the aversge wmual bed erosion downstream the barrage Iffezheim {Rh.-km 366} by
means of the artificial gruin feeding.

For this purpose sand-grevel-mixtures, which correspond in their grain composition as far as possible to the
aatural bottowm grain, have to be added to the Rhine {Teble I).
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Based on numerous semples of the bottors grain of the Rhine the requirements for the delivery of the material
were defined. The sand and gravel sorts have to be lightly moveble.
For economical reasons they are composed of the commaercial grain groups from & - 64 mm.

Gravel mixture
:“":“::r k’:““'d “"J Kiesgemisch ( Gewichits-% >
U o o ] oErent |y 2 3 4 5 6 7 8
Eingebaut | 1978s851 197875 978/ 1981 1982 981/ 19847 | 1987/ 1991
den Jabren|B4/B7 90/ 1979 198} ! 1983 1987 3991
0/2 <4 : ~ - - - - 12
2/8 24 ' - - -] - - 12
. 33 %[ 40
8/16 34 19 :33 ¥ 30 4{ 4c [ =
16732 2l 33 W| 40 19 |33 | 30 30 28 c5
3S/% 9 33 %| 20 | 62 133 %| 40 | 30 | 30 | 25
dmlmm> 20 24 cl 35 27 | 265 | 25 | 245 | 2t

Table 1: Grain composition of the artificially feeded material

From 1978 unti] 1981 the need of feading material was supplied for 66 % from the necessary dredging in the
river downstresm the barrage ffezheim and for 34 % from deliveries. With increasing dredging depth the too
high portion of fine grains had to be compensated by adding coarser gravel material.

From 1982 to 1991 the supplied part of the feeding materisl amounted to 97 %. Per year as an average 3 %
dredging material resulted from work performed for traffic safety reasons ind were poured out.
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Fig. I: Annual feading quantities
The column graphic of the annual feeding quantilies is similiar to the dotted line of the average

of the days per year with increased medium dischurge MQ = [250 nrfs st the waler-gauge
Maxau,
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Based on the German-French agrecmment from 1982 /27 material for the srtificial grain feeding may only be
supplied from German gravels pits {belng situated on the right banks of the Rhine). This resulted in contracts
with the Slidwest-Kies GrabH & Co. KG Iffezheim ou the basis of the annual average need of 173,000 m® with
8 minimum commitment and an upper limit of the gravel supply per year, The gravel is being weighed and
loaded in doses inlo hydro bottom-dump scows at the gravel works Kem, Rh.-km 335.2.

Fig. 2: Gravel loading in the harbour of gravel works Kem, [fezhieim, Rh.-km 335.2, inlo hydro
bottem-dumyp scows with & lording space of 170 m? and an engine power of 360 PS. The hydro
boitom-dump scows have to be re-calibrated with cvery change in the grain composition.

3 lasertien of gravel

The detritus is Inserted 11 the origin of the bollom erosion, i.e. at the place, where downstream the barrage
Iffezheim the full transperting power of the Rhine is effeclive in the continuously flowing Rhine cross section.
Within & 2.5 km long part of the Rhine the bottem crosion, which had occurred, is being filled between the
stroke lines {sce fig. 7}, I ouder 1o guerantce a natural movemncent of bed material for the following down-
stream part of the Rhine. The pouring out of the gravel-sand-mixture out of hydro bottom-dump scows with
strong engines going Jownstream proved as a filling procedure {sce fig. 3,4). At a place which has been fixed
pefore the hold of the hydro bollom-dump scow s being opened crack-wide, the gravel comes out and s being
distributed in 2 10 to 20 m width over & length of 50 to 300 m on the botiom of the Rhine. The position of the
matenial is being checked by means of control soundings in order to guarantee that the walerway has not been
lirmited. '
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Fig. 3:

Fig. 4:

&!‘a\!’.’t}?ﬁ*ﬁﬁ m“""‘

The hydro botiom-dump scow -

loaded with & sand-gravel muxture - approaches te the spreading site {fig. I);

the pouring out of the detritus begins, when the hydro boltom-dump scow passes the measure
boat, which is used as steering mark. )

T
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To keep the waterway free, safety distances have been determined.

At the begioning of the artificiz] grain feeding the depth of the waterway was 1.70 m below GIW 72. The
bottos esosion was filled-up 10 60 cm below the jower waterway limit. Today the depth of 1he waterwsy is 2.10
m below GIW 82. The safety distance was reduced to 40 cra below the waterway box {fig. ).

safety
distance
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Fig. 6: Cross-section in the filling &rea
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4 Control of the artificial grain feeding

r

The control of the attificial grain feeding includes the

delivery grain composition, weight and volume of the filling material

bottom position i the filling srea and for the downstream following sbout 14 Rhine-kilome-
ters

witer level position between Rhine-km 334 and 352

It is good for the traific safety,

the control of success,
the mass belaoce,
and the <alculation.

The traffic safety iz gusranteed by the extensive soundings programme, which is necessary to observe the move-
raexts of the bed materisl. It consists mainly of the statement that there are no handicaps in the waterway in and
downstream the filling area, i.c. until June 1988 at 1.70 m below GIW and sflerwards at 2.10 m below GIW.
The reason for the different depths of the waterway is the extension of the groynes to deepen the Rhine reack,
which was sgreed upon ia /47,

From 1983 until 1988 the groynes between [ffezheim and Maxau were lengthened at stroke lines distances from
155 m upstream and 160 m downstream the mouth of the Murg with uniform groyne slope 1:5 and were maised
to GIW plus 30 cm {fig. 7).

distance of stroke lines
e—— Streichiinienabstande —

155m oberhalb
160m unterhalb

.- -
¥ der Murgmindung
Glw+3p 30cm
\C“"“"'-c-’-” = 2 GIWE? e
* ha ol 'f:?,'
s TS =
il =
e
Fig. Extension of the groynes - criteriae
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The pouring out srea of the antificial grain feeding was excluded from the lengthening of the groynes because
of the sufficient depth of tie waterway and the necessity of comparing observations regarding the original
situation. The result of the lengthening of the groynes was that the sim of the extension - the deepening of the
waterway for 40 cm - was reached at x nearly unchanged waterievel (fig. 8).

The scundings programme comprises the daily cross section messures in the filling area in order 1o check the
position of the material poured owt. The movement of bed materisl is observed sbout 2 km downstream the
filling srex every forinight and after eack high water. At least once per year ibe total Rhine reach from km 334
{lock Iffezheim) to km 352 (German-Freoch border, leftbank) has o be sounded and made up as bed plan.
Since 1978 000 cross-sections were messured and evaluated a5 an snousal aversge.

While the control soundings supply data for mass chiaoges in the Rhine bed, the water level statements show &s
seasitive indicator success or fsilure of the artificial grain feeding dirsctly by position changes at the seme
runoffs.

The accuracy of the water level statements is guaranteed by readings at 38 water-gauges between Rhine-km 334
and 352 at constant Khine runoffs.

The comparable water levels in the filling area differed between +9 cmm and -24 cm.
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Fig. & Waterlevel and bed run between Rhine-km 334 and 252 before and after the groyne exlension

For the purpose of mass belance the average bed position is made up from neighbouring cross-sections between
the stroke lines and their changes compared o the initial sounding at the beginning of the artificial grein feeding
sre calculated. For the sbout 2.5 km filling area this resuli is the calculation basis for the need of gravel; exact
forecasts for the gravel sup;ﬁly sre not possible, because the movement of bed material depends on the water
quantity of the Rhine.
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Influences on the artificial graio feeding

The success of the antificial grmin feeding 1s mainly the result of thoroughly fulfilled tasks of the staff of the
Waterway snd Shipping Office Freiburg. Missing engagement would surely lead to failure of the artificial grain
feeding.

Below further influences on the artificial grain feeding are listed without evaluation:

1.

Grin composition
The adding material should correspond to the naturl bottom grain.
A too less medium grein aversge respectively 1 00 high portion of sand and fine gravel lead to = quicker

 movemeat of the bed material and to higher material requirements. On the other hand s high portion of

oversize aggregate promotes an armouring effect in the corresponding section with a too slow bed matenial
tranyporation.

Rhize runcffs

Measurable movement of bed losd starts at medium Rhine runoffs. Big quantities of bed material are
transported during & Tong lasting high water. If the medium discharge of many years at the water-gauge -
Mazau MQ = 1250 m¥/s is often lower, only small quantities of filling matena! have to be poured out; vice
versa high materigl requirements have to be calculated, if the MQ is often exceeded.

The graphic of the days below the MQ is similiar to the curve of the annual sdding quantity {figure [}.

Weather
If it is frosty weather, oo supplies and no pouring out are possible, becavse the material freezes. 1T it is
foggy, there is no artificisl grain feeding for safety reasons.

Discharge messurements, water level statements, soundings

The reliability and the sccurscy of the discharge messurements have to be guaranteed. Problems may occur,
if the measurement profiles based upon have changed beczuse of the moving bottem of the Riine in the
discharge curve, As conssquence faulty water level positicns are calculated.

A high sccuracy of the soundings is mainly the result of experience and of the training in handling the
instruments.

Ssfety in operation of the instruments and the vehicles.
Reliability and quick dats processing

Enlarging measurements downstream the barmage Hfezheim:

7.1 Lengthening of the groynes
Thig leaded to additiona] bed matenial transports between Rhine-km 336 and 352. The bed materja] dif-
ferences amount to about 500.00C m? in 1990 - compared to the first soundings in 1982, the beginning
of the groyne extension.

7.2 The comstruction of addilional barrages

This measurement would lead to shifting of the erosion problem and consequently to shifting of the
ariificial grain feeding.
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¢ Summary

The ertificial grain feeding in the Rhine downstream the barrags [ffezheim was stasted in 1978 us an experiment
to combat the river bed ¢rosion with the aim to avoid the construction of additional Rhine barrages and showing
a positive result after the trial period, it was continwed since 1981.

During the 14 years from 1978 until 19%] about 2.100.000 m’ of & sand-gravel-mixture was poured out without
mmpeding the shipping or even impsining the environment. The extension of the groyne down- stream the filling
area and the reduction of the equal value of the water leve] in 1982 leaded to small, within the tolerance values
reductions of the water level at the downstream sill of the barrage [ffezheim. By means of additions] extensions
of the groyne the water Jevel withio (he filling ares can be raised.

Without artificial grain feeding sdditiona] berrages would bave to be built in order to keep up the shipping
traffic and to avoid water economicsl consequentia] damsges resulting from water level reductions with more
then 2 m.

By the way, the artificial grain fesding is one of the few procedures which can be stopped, if necessary, without
showing apy environments] damages.
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1. Summary

The term “traditional solution™ is used for engineering measures to ensure sufficient navigational
conditions by means of structures built in and aleng the channel. Traditional river training on the
Szigetkdz stretch of the Danube carried out before the sixties failed to provide permanent and
suffictent falrway for navigation. In the early sixties, however, a new, consistent training concept
was developed. Nevertheless, construction work was not completed, since the Gabgikovo-
Nagymaros system was expected to solve the problems.

Betweenl990-1992 on the section Rajka-Szap, af each of the confluences of the inlet and outlet
canals of the Dunakiliti weir, there were two major boltlenecks to navigation caused by the
construction of the Gab&ikovo-Nagymaros System. In the well-known Bagomer bend and in a
number of other localities, navigation was hampered by insufficient fairway-width. These
difficulties were avoided in 1992 when the Gab€ikovo canal came into operation and navigation
was diveried.

Downstream of Szap (Palkoviovo) a number of shallows and middle bars have developed due to
hydromorphologicat conditions. In 1992, four bottienecks were known which needed extensive
dredging. Thereafter, operation of the Gablikovo tailrace canal induced additional lecal bed
erosion, increasing the number of obstaclesfo 6 or 7.

The traditional training concept accepled in the early sixties stood on fairly sound scientific and
professional grounds. By full implementation, a quite suitable fairway could have been achieved
along the stretch, especially between Rajka and Szap.

Recently, a number of conditions necessary to prepare a new traditional concept for improving
navigation has been outlined by Laczay, 19%1. The conclusion was that some kind of traditional
solution may be feasible, but especially downstream of Szap, permanent maintenance work must
be projected as well.

A feasibility study for the stretch Szap to Ginyl was prepared by Dutch experts (Delfl HY et al,,
1994). According to the conclusions, when the local rearrangement of the Danube bed induced by
the opening of the tailrace canal calms down, permanent training solutions can be defined. The
concept will include further normalisation of the low-flow river bed by construction of river
consiriction works. '

2. History

Comprehensive river fraining activities on the Szigetkdz stretch of the Danube started back in the
19th century. However, the construction of the main channel in 1886-1896, the additional low-bed
regulation for mavigational purposes in 1900-1940, and the extensive reconstruction works in
1949-1963 with dredging activities: all provided no permanent and sufficient fairway for the
international shipping {(Zorkéczy, 1969). Principles for further activities were outlined and
approved by the Hungarian-Czechoslovakian Joint Engineering Committee in 1963 as follows:

t. Te minimise the water losses from the main channel, by closing the upper ends of
the side-arms and by constructing and rearranging both banklines to maintain flow
discharges up to around 3,000 m’/s in the main channel.
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ii. To provide proper and safe passage of the flood flows spilling over into the side-
arms, by constructing sequences of “cascades”™ at the closures to avoid bank and bed
erosion.

iil. Finally, the width of the main channel was to be confined by spur dikes in order
1o improve the velocities and the sediment transport capacity.

Taking into consideration that the Gabdikove-Nagymaros Project would be completed by 1999,
the general river training plan has only been prepared for the streich between rkun 1842-1816.
Traditional works in this reach would not interfere with construction of the Barrage System.
However, construction of any traditional solutions upstream of rkm. 1842 and downstream of rkm
1816 would have been in vain and would interfere with the construction of the Barrage System.

Construction work was performed in the sixties and seventies, Additional work of minor extent
has also been done on the stretches upstream of Dunakiliti and downstream of Asvanyraré as well.,
Work was also performed on the side arms while confinements of the main channel by series of
groynes have only been constructed on shorter reaches at Nagybajcs, Gabtikovo, and Rajka.

A comprehensive evaluation of the effects of works carried out was presented in a joint report
(Csoma et al., [978) and reviewed by Csoma and Kovaces, 1981. In the period from 1963 to 1979
the volume of rock built In hetween Rajka and Gonyll for navigational purposes by the two
countries amounted to 815,080 m’. To maintain the fairway in suff' clent condition and to
construct the uniform banklines on this reach some 6.7 million m® dredging was performed
between 1963-1979, and an additional 6.2 million mt’ gravel mined for commercial purposes.

Between 1962-76, the calculated yearly average volume of the bedload passing Bratxslava {input)
amounted to 640,000 m’ while the same passing Gonyll {output} was 65,000 m’, The yearly
average amount of total dredging in 1962-1976 was 789,000 m’. The calculated “overall balance”
of the Rajka-Gony( reach also contained the actual channel volume changes, based on detailed
field surveys. The result was 311,000 m® annual volume loss, that is, degradation as yearly
average. {Csoma-Kovécs, 1981).

The evaluations indicated quite clearly, that starting from the early sixties, the channel as well as
the fairway conditions have been governed by the various gravei-mining activities. In the overaf}
balance, the dredging overruled the basic morphoiogical tendency of bedivad deposition, the
effects of river training works and possibly ether tendencies as well

Based on the results of the evaluations, it was confirmed in the late seventies that, until the GN
Project comes into operation, no further comprehensive traditional training activities were
Justified. Navigation was to be maintained by repeated dredging.

3. Navigability of the Szigetkdz Stretch Before October 1992

Fairway and channel conditions were investigated In terms of the channet geometry {Laczay,
19913 Conditions before closing the channel at Dunacsimy in October 1992 were alsc evaluated
using the daily reports of the Patrol Service {(KHVM, 1993)}. Evaluation of navigability is based
upon the accepted requirements of the Danube Commission and the EEC.
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3. STRETCH RAIKA-SZAP (PALKOVICOVO}

The most severe upsiream obstacles fo navigation were caused by the excavation of the inlet and

outlet canals of the Dunakiliti weir {Laczay, 1991, Figure [). The main channel became
overwidened and the flow lost its former velocities. Consequently, at rkm 1,843.6 and [,841.5
large middle bars have developed.

An old navigational problem is the narrew and sharp bend at Bagamér (rkm. [814}. To improve
the given conditions, no feasible engineering solution is at hand. Vessels passing became used to
the nuisance, especially since no depth restrictions prevent passage.

Besides the problems mentioned above, ne further shallows or fords of major interest were
known. 8o, the bypass canal put into operation in November [992 solved the discussed difficulties
only on this strefch.

The daily reports of the Patrol Service indicated that during the autumn of 1992 the characteristic
water depths referred to in the Navigational Low Flow Levels {330 nr'/s, Danube Commission)
were [.6 m in the shallows around Dunakiliti.

3.2 STRETCH SZAP-GONYY

The decrease in the slope of the riverbed around Szap splifs the Szigetksz stretch of the Danube
into two characteristic subreaches. {The inlet of the Gab¢ikove tailrace canal now provides a more
definite border between the two sections than before Oct. 1992). Due to the hydromorphological
conditions, the lower stretch has always been the deposition place of the arriving bed load. As a
consequence, the depth and width of the falrway was restricted at a number of locations, {see. Fig.
1} Farther downstream, from Nagybajcs to Ginyil the depth conditions were tolerable, but in g
number of crossings the width of the fairway was insufficient.

However, the navigational restrictions have worsened due to the construction of the Gabétkovo-
Nagymaros System. In 1990, there was a crossing with 2.1 m characteristic water depth
downstream of Szap at rkm 1808 (Fig. 1). Since construction of the Gab&ikovo barrage, a
sequence of bottlenecks has developed between rkm 1807-1803. The Patrol Service reported in
October 1992 four crossings with 1.8 m draft between rkm 1808-1801. (KHVM, 1993}

3.3 DISCUSSION

Both the Danube Commission and the EEC regulations require 2.5 m draft with a minimum
underkee! clearance of 0.2 m. The DC recommends a fairway width of 108 m, and the EEC
regulations require g width of 80 m.

In 1990, the fairway conditions between Rajka and Gonyll did not comply at a number of
locations with the DC or the EEC recommendations. Sections between rkm 1844-1837 and [809-

1801 were especially of limited navigational value.

The actual conditions of navigation and the number of days navigable with various drafts, are
quite different from any kind of design values or recommendations.
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4. Traditional Soluticns

In the following, the term “traditicnal solution” is used for engineering measures to insure
sufficient navigational conditions by means of structures built in and along the main channel. The
goal s to provide a regular fairway with a uniform width and sufficient depth of the low flow bed.
The second goal is to prevent any kind of major aggradation or degradation. The channel should
be able to carry the bedlead and suspended sediment amiving from the upstream sections. The
definition involves smaller backwater effects caused by the transverse structures but excludes
canalisation by major structures.

4.7 GENERAL CONSIDERATIONS

Note that any considerations without knowing the design parameters of the waterway and of the
vessels and fleets are of limited value. Therefore, the Danube Commission recommendations will
be used for guidance.

Apny kind of conflicting demands may influence, damage, or annul the feasibility of engineering
measures considered. In this pre-feasibility stage no other demand will be involved.

Any kind of comprehensive river training plan should be extended to and performed on a stretch
of sufficient length. Therefore, each of the stretches between Rajka-Szap and Szap-Gényd should
be considered as a whole.

Dredging can only be used as an additional, temporary measure, but the final goal is to achieve &
dynamic equilibrium of the bed, Le., a permanent, consistent solution Is sought. Experience has
proved the numercus drawbacks of excessive dredging. Dredging may be feasible on the short run,
but net on the long nn.

Possible selutions depend on the time-span invelved. Conditions such as those of the channel and
sediment transport, differed radically in the seventies from those in the early nineties, Therefore,
boundary conditions sheuld be selected and defined with great care,

4.2 DiSCUSSION

Those river training principles accepted in the early sixties stood on fairly sound scientific and
professional grounds. Since construction work has not fulfilled those plans, there is no way to
prove or deny the effectiveness and feasibility of the principles themselves. Along the streteh rkm
1842-1816, from Rajka to Szap, where training measures have been consistently performed,
conditions for navigation improved and achieved a tolerable level. Apart from some localities
where the width of the fairway does not fit the DC recommendations, ne major obstacles or
bottlenecks were found.

Laczay (199]) summarised a number of conditions necessary to prepare a new traditional concept.
The recommendations included the recalculation of the relevant flows and their longitudinal
prefiles, to investigate the new sediment balance, influenced by the Austrian barrages and the big
gravel pits, especially downstream of Bratislava, to re;evaluate the conditions of the bed material
and that of the fransverse training structures, to investigate the coincidence or deviation of the
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thalwegs belonging to the higher and lower flows in the channel, to perform proper model tests
with mobile bed.

The report concluded that after performing all the preliminary works listed, some kind of
traditional sclution is feasible, but permanent maintenance work must be projected as well,

In the framewcrk of the Danube Environmental and Navigation Project, financed by the
Government of the Netherlands and carried cut by the Joint Venture Delft Hydraulics and
Frederick Harris, a feasibility study has been included for the Danube between Rajka and
Budapest. Final report for Stretch Bl: Szap-Ipoly Mouth was presented in August [994,

The report (Delft, [994) summarises the proposals for traditional fraining solutions for the stretch
Szap-Ginyl as follows.

The navigability on this river section can be improved by dredging the shallow areas, and by the
application of river constriction works. Before a final solution can be selected, it is essential that
mere informatien be collected with respect t¢ the erosion and sedimentation in this section, i.e. the
development of the shallow ford sections,

During the interim phase the behaviowr of the river needs 1o be closely monitored. Shallow areas
in this section are to be deepened and widened by dredging, which implies a continuation of the
present strategy. In the f##af phase permanent solutions can be defined fo improve the navigability.
Such permanent solutions will include a further normalisation of the low-flow river bed by the
construction of additional river constriction works {groynes and/or river training walls}, and by
dredging the shallow areas.

According to this citation, the professional advice of Delft and Harmis is very close to
considerations explained in this paper. It is a reasonable assumption from the DelRf and Harris
findings that effective and feasible traditional training solution can be found for the upper stretch
between Rajka and Szap as well. '

Budapest, 4 August 1994

)
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1. Summary and Conelusions

The historical flood of 1965 was successfully retained by the levees along streich of the Danube
within the Hungarian Szigetkdz area. No levee breaks or major failures occurred.

By 1977, when the Gabéikovo Trealy was signed, the levees along the Szigetktz had been
reinforced to meet the requirements of the 100 year design flood with sufficient freeboard. An
exception was made between Rajka and Dunakiliti where the construction of the planned Hrudov-
Dunakiliti reservolr dike was foreseen.

From the mouth of the Mosoni-Danube down to the Ipoly river and the Nagymaros region, flocds
are mainly contained on the Hungarian side by high banks. The exceptions are the Komérom-
Almasfiizitd and Esztergom protecting lines of 18 km in length: two small open areas, 16km long
in total, are inundated by higher floods and the crest elevations in the Komdrom-Almasfiizig
region do not meet the design requirements.

As part of the G/N Project, a 9 km long section of the Rajka-Dunakiliti reservoir dike was erected
on Hungarian territory. The elevation and the dimensions of the dike far exceed those of the
protecting levees and cannot be justified by the traditional flood profection standards.

Since the end of 1992, the Cunove (Dunacsuny) complex is able to divide the floods between the
Banube and the Gabtikovo headrace canal. Therefore, from Rajka to the mouth of the tailrace
canal, the Hungarian side faces a lower flood burden. However, the levees downstream from
Dunekiliti must be maintained in the proper condition since, in the case of an emergency, the
whole 100 year flood is planned to pass the “traditional” route.

To protect the two small, low lying open flood areas, during the G/N Project constructions, dikes
for the Nagymaros reservoir were bullt between Almasfitzitd and Dunaalmés and between Tat and
Esztergom. The dikes have not been tailed at both ends and therefore, the areas remain copen to
floods and so the dikes are useless for protection. Other construction works in the two regions
have alsc been abandoned at an early stage.

In order to retain the stored water upstream of Nagymaros, reservoir dikes and pumping stations
have been built on the lower Ipoly river. Without the barrage these structures are of no use and the
pumping stations must be substituted by other means of protection for economic reasons. ’

The Komdrom-Alméasfizitd and Tét-Esztergom protection lines must be reinforced. The question
is to what degree of safety. On the Northern bank, the reservoir dike has been constructed to a
higher level than the traditional design requirements. If Hungary complies with the old, jointly
agreed rule of “equal safety on both sides”, unjustified excess levels and safety standards will have
o be achieved with higher investment costs,

When the Danube was closed at Cunovo in October 1992, the flood release structures were in
various stages of construction, far from operational standards. This was clearly shown by the
uncontrolied release of the November 1992 flood.

According to Slovak statements, the total nominal capacity of the structures of Variant C, Phase [,
{both the Gabgikovo and Cunove complex), is sufficient to release the 100 year and 1,000 year
floods. However, taking into consideration the originally planned safety factors {(structures partly

3
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closed owing to breakdown), in Phase I there is a 17% shortage in capacity when releasing the
design floods.

Moreover, the Cunovo complex in Phase [ cannot release by itself the 100 year ficod as the
Dunakiliti weir could in the case of an emergency.

Apart from the distribution of the floods élong the Szigetk&z area, there are no other benefits for
the Hungarian side from the G/N Project structures. A sufficient degree of safety could have been
and also will be achieved by traditional means of flood protection.

In Phase I, the structures at Cuncvo are not even equivalent to the Dunakiliti weir in terms of its
ice release capacity. Actual procedures of operation are unknown, flood fighting information
presented to the Hungarian partners is insufficient and refers to preliminary measures only. These
shortcomings were proven by the dangerous events during the ice flow in January 1993, Until
Phase II comes fully into operation, ice release remains the worst aspect of Variant C, Phase L.

Due to its various shortcomings; insufficient information, etc., the Cunovo complex in Phase I, is
and will remain provisory. Hope and luck are the two key words of operational orders until Phase
11 is finished. Thereafler, flood and ice release may fulfil the original capacities for the Gab&ikovo
complex and the Dunakiliti weir.

1. Historical Review

2.1 FLOOD PROYECTION PRIOR TO 1977

Inhabitants of the Carpathian Basin leamed to profect their settlements and assets from flooding as
early as the [3th certury. More comprehensive work started in the 19th century. Construction in
this region has not and will never be finished.

Great plains such as the Szigetkdz area were protected from flooding by constructing levees along
the rivers. The early engineering measures were more or less based on g “trial and error” method.
Dikes were usually built to resist the preatest flood observed. When a flood overtopped or
damaged the levees, reconstruction work adepted them to resist the latest conditions. This
continued for many decades until the dimensions of the construction reached an equilibrium.

Along the Danube in the Szigetkdz (Figure £), the first continuous levee system was built after the
1883 flood. i had a 1.0 m freeboard and 4.8 m crest. Due to the backwater effects of the Danube
flocds, the left bank of the Moseni Danube was also protected along a length of about 30 km.

The levees, both along the Danube and the Mosoni Danube, were damaged by the 1887 and 1899
floods. The reconstruction work, finished in [906, raised the crest level to 1 m above the 1899
flood level.

Decades later, the 1954 flood caused four levee breaks along the Danube. About 200 km’® of the

Szigetkz area {roughly 300 km®) was inundated including 21 settlements where 1,394 houses
were destroyed.

C
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The basic data from the event is summarised in Tadle /. The cost of flood prevention was 141
million HUF, the damages Inn the Szipetklz area amounted 1o 383 million HUF. This means that in
the Slovak Memorial {chapter. 1.31}, the damages are seriously overestimated (1.5 billion U.S.$
roughly equals 15 billion HUF).

After the 1954 flood, reconstruction and improvement of the levee system were founded on a
more comprehensive statistical basis. The 108 year flood levels were calculated and named as
design standards.

Depending on the possible effects of the changes in the channel and floodplain morphelogy and in
the vegetation cover on the watershed, etc., the 108 year flood [evels were regularly revised. The
offictal design flood levels from 1957, 1964 and 1976 are provided in Fadle 2, the latter is stili In
use {see the comsequences and the ceontradictions with the G/N Project requirements when
discussed later}).

Note that all the design levels were discussed, amended, etc., in the Danube Subcommitiee of the
Hungarian/Czech/Slovak Border Water Committee and approved by the Plenipotentiaries.

According to the new guidelines, reconstruction of the levees was performed in [955-1961. The
structural development of the levees Is given in Figare 2.

QOwing to the reinforced levees and 1o the effective flood fighting, the historical Danube flood of
1965 caused no major failures or breakthroughs along the Szigetk&z reach of the Danube.

During the flood, the maximum number of labour force needed between Rajka and Nagymaros
was 4,500 persons and a total of 130,000 workdays. The costs of flood fighting in the stretch
between Rajka to Esztergom were 56.3 million HUF {Toth, 1994}. Along the Hungarian reach of
the Danube, flood fighting costs amounted to 350 million HUF, the total cost of the damages was
366 million HUF and the estimated production loss was 290 million HUF, This gives a total of
about 1,800 million HUF (Sipos, 1966}

The data above clearly proves that the costs/damages given in the Slovak Memorial {Chapter.
[.33} are again seriously overestimated {164 million U.S.$ equals 1,500 million HUF).

In 1965, 94 % of the levees {in length} did not meet the safety requirements of the 100 year flood.
They lacked 8.4 - 0.6 m in height and about 25 m’/m in “bulk” (Toth, 1994). Apart from these
facts, it is not clear why the Slovak Memorial in Chapter 2,81 compares the situation in [965 with
the G/N Project improvements.

The levees along the Szigetkdz Danube were reinforced during 1967-1977. By 1977, they fulfilled
the requirements of a 1.2 freeboard above the 108 year flood level {1964, Tadle 2} Sufficient
cross-dimensions and the necessary auxiliary structures to prevent seepage had alsc been built.
The exception was along the stretch Rajka-Dunakiliti, where construction of the Dunakiiiti-
Hiu3ov reservoir dike was foreseen. :

Along the left bank of the Mosont Danube, only miner reconstruction works took place after the

1954 flocd. In 1965, damages could only be prevented by heavy fighting and with great difficulty.
In 1977, the flood prevention systen: did not meet the design requirements.

{3}
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Downstream of the mouth of the Mosoni Danube to Nagymaros, the right bank of the Danube 1s
fairly high. That is why flood prevention works have been constructed and flood fighting is
necessary along 18 km only.

Since the middle of the [%th century, a protective line 14.3 km long has been established from
Komérom West to Almésfizits East. The protected area is 22.6 km®. Adjacent on the downstream
side is an open fleodplain of 7.2 km®.

By the mid-sixties, after repeated reinforcement, railway construction, etc., the flood prevention
system consisted of 4.5 km high banks, 0.6 km public road, 4.6 km railway line, 0.4 km flood
walls and a 4.2 km levee. In 1977, only 1.0 km of the levee met the design requirements. For
example, the railway line equalled more or less the 180 year flood level with ne freeboard.

The open floodplain between Almasflizité and Dunadlmés is cut through by the Eszlergom to
Komérom railway line as well as receiving the discharge of two ¢reeks, Owing to the backwater
effects of the Danube floods, dikes along the creeks of some length had to be builf. Lower floods
can be localised aleng the railway line.

Between Tat to Esztergom, {about [Okm in length} another open floodplain is situated. Lower
floods can be localised along the Tat-Esztergom public road protecting roughly half the 12.4 km’
open ares.

In Esztergom a protecting line was built in 1913. It runs along the right bank of the Danube arm
embracing the Primas island. The eastern part of the Iine consists of a protecting wall, 1.5 km long,
connected to @ 1.9 km long levee which ends at the high bank away from the town. The protected
area is 1.6 km® within the town. By the mid-sixties, both structures had been reinforced and met
the requirements of the 1957 design flood with [.2 m freeboard.

The 1954 and 1965 floods were successfully fought although with enormous effort. Nonetheless,
the low-lying unprotected riparian parts of Téf and the recreational and other facilities on the
Primas island suffered serious damages. Until 1977, no further protecting works were performed.

2.2 THE G/N PROJECT: PLANS AND FLOOD PROTECTION WORKS

2.2.7 Background

The history of planning, designing and constructing flood protection levee systems with the
auxiliary structures necessary, the experiences gained whilst fighting the flocds, finally led to
accepled levels of safety. Nowadays, these are supporfed by economical considerations,
cost/benefit analyses, etc., as well.

The accepted design level for these traditional systems is mostly based on the event with 1
probability of 1% i.e. the one in 108 year flocd. On smaller rivers and/for along less valuable areas
some countries use the 5§ year or even the 25 year flood as their design requirement.

Following these fradifional measures, large river engineering systems, (hydropower plants,
reservoirs, efc.}, have become more prominent. Considering the iife span of these structures and
the greater risks possible, the design requirement went up to the [,080 and 19,000 year flood
levelsidischarges.

6
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Operational reservoir levels may exceed the flood levels (Nagymaros and Dunakiliti as planned).
A number of uncertainties necessitate a higher freeboard {e.g. 2.5 m} as opposed to the traditional
levees (0.5-1.5 m}.

When a river is exploited using new methods, the traditional levees are reinforced 1o reservoir
dikes, floods are partly diverted etc.. [t is true that the growing value of assets on the plaing
protected by levees may validate a higher degree of safety but surely not & leap of @ factor of ten
from the 106 year flood to the 1,000 year floed. .

To reinforce a traditional flood protecting system beyond a realistic degree of safety cannot be
Justified “suo jure”. The interests of other kinds of river exploitation may, as a side beneflt,
improve the flood protection system, but primarily it is constructed for the other river use.

2.2.2 G/N Prgject works performed affecting flood protection

In compliance with the Mutually Agreed Plan {MAP) of the G/N Project, the dike of the
Dunakiliti-HruSov reservoir was constructed on the right side of the Danube. The dike crosses the
border at Rajka and has a 9.9 km long section on Hungarian territory. The parallel old levee was
demolished and substituted as a protection line by the reservoir dike.

The crest of the dike is 2.5 m higher than the maximum operational water level in the reservoir
{Figure 3). Therefore, it exceeds the presently valid, traditional design flood level {including the
freeboard) by Sm at Dunakiliti and by 2.5 m af the border.

The cross-section, the “bulk” of the reservoir dike is around 175 m’/m on average, that of the
traditional levee in the same section was 50 m*/m. In the lower Szigetkz, where the protected
ground is lower, the traditional bulk (meeting the traditional design requirements of course) is
around 90 m*/m (see Figure 3 for a visual comparison).

To provide a safe access to the Dunakiliti weir, a 2.3 km long road raised above the design flood
level was built across the right flood plain. The road crosses the side-arm Szigeti-Duna over a 300
m long bridge.

At the inner end of the access road, an earthiill plateau with the weir operation building on top
was built. The road and the plateau restrict the original flood conveying cross-section. An
additional backwater effect comes from the hydraulic resistance of the weir itself.

The consequences have been proven by the 1991 high flood with a peak-flow of about 9,000 m’ss.
This was the last big flood passing the “traditional route”.

The peak levels along the Dunakilifi stretch were some 0.3-0.4 m higher than those in the
upstream and downstream sections {VITUKI, 1992}

Befween Dunakilitt and the Mosoni Duna mouth, the flood protecting levee has not been
reinforced during the construction of the G/N Project.

Along the fower stretch of the Mosonl Danube, reinforcement work started in 1981 and is finished
on & 9 km long section. The work was z national investment from the flood protection budget and
is due to continue on the 21 km line, as yet unfinished.

)
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In the Nagymaros reservoir, the calculated 160 year retained flood levels and the crest heights
exceeded the traditional design requirements {7able 3). Reinforcement works were planned and
partly completed to these higher levels.

Along the Komarom-Almésflizité protection line, works had been started but were then
abandoned at an early stage in 1989. The partly built structures did not improve the former
protection, At Almasflizitd, along the housing development, the former seepage contrel structures
were removed and only partly replaced. Therefore, the [99] flood caused more seepage problems
than before.

The new dike built along the open flood plain between Almésfiizitd and Dunaglmés has not been
finished and cannot be put into use.

On the T4t-Esztergom section the calculated G/N Project flood level exceeds the 1976 design
value by 0.5-0.6 m {Table 4). A reservoir dike was planned from Tat 1o Esziergom with 3 water
intake/pumping cutlet to and from the excluded side-arms.

By 1989, the dike with its full dimensions was complete along a 7 ki length without being tailed
at both ends. Neither have the control structures been built, so the former {floed conditions have
not ¢hanged, the open plain will flood and the unfinished dike has no protective value.

According to the G/N Project plans, the Ipoly river was to be dammed for IS5 km by the
Nagymaros barrege. By 1989, a 9.7 ki long dike with the necessary rip-rap protection, seepage
canals and pumping stations were completed. ’

2.3 STATE OF AFFAIRS AFTER ABANDONING THE G/N PROJECT

Due to the G/N Project activities on Hungarian territory, a number of flood protecting and/or flood
influencing structures have been partly constructed.

After abandoning the G/N Project, those responsible for flood protection measures on the Danube
immediately started fo assess the new situation in order to provide proper investment plans for the
decision makers and to prepare/perform reinforcement works where urgent.

If we consider the traditional protection system along the right bank of the Danube from Rajka to
Esztergom and on the lower Ipoly river, the following main preblems have to be faced.

i.  Since the early seventies some flood protection investments have been postponed. Most of
these works were restarted during the G/N Project activities. Te fulfit the decades-old
requests of the inhabitants in the effected communities, these works must be finished.

it. The Agreement on the Border Waters Management signed on 31 May 1976 declares in
Articles 3 and 9 that, “... withou! mutual understanding ne such water management activity
should be commenced that would cause unfavourable changes in the flow/water conditions
agreed upen.”. This statement involves the principle based on decades old commeon
experience that flood protection levees require equal crest heights on both banks. Otherwise,
the lower levee would face more failures, seepage problems and/or breakthroughs during high
floods. '

8
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After Hungary abandoned the G/N Project, the reservoir dike along the left bank upstream of
the Ipeoly mouth was fully implemented. Consequently, when Hungary finishes the
reinforcement works in the Komdrom-Almasfuzité and Tét-Esztergom areas to traditional
standards there will be g 0.2-0.6 m deficiency in the levee crest levels {FTable 3).

For those responsible there are two alternatives: either t¢ accept the unfavourable situation
described above, or to pay unjustified investment costs to achieve an equal level of safety.

Between Rajka and Dunakiliti, the reservoir dike provides excess safety against floods. In the
long run, the earthilll structure will cause additional meintenance problems as described
under iv.

Downstream of Dunakiliti the flood conditions arefwill be influenced by the following
factors:

.~ the Cunovo reserveir operation ie. the distribution of the flood waves {discussed in

Chapter. 3};

- the prospective regulation of the main channel {the “old™ Danube} including some kind
of stabilisation of the characteristic shallow fords;

- the rapid growth of vegetation on the point bars, caused by the long-lasting insufficient
water release;

—  the confluence of the distributed floods at Palkovitovo {tailrace ¢anal and the Danube)},
elc. ’

In the case when extreme hydrological events coincide with extreme operational failures at
the Gablikovo plant, the 100 year flood is planned o take the traditional route along the
Danube. That means that the flood protection levees from Dunakiliti to the Mesond Danube
and back up the Moscnt Danube may have 1o face the 180 year flood as before. Therefore,
the flood distribution between the bypass canal and the Danube does not reduce the
responsibility, the costs etc. to maintain the protection system in its former condition. On the
contrary, earthfilled levees, when not weited for a long time, are more liable to deteriorate.

A special problem arises slong the Ipoly river where structures were implemented assuming
long-lasting high storage levels. Due to the ommitance of the effects of the Nagymaros
barrage and according fo the econemic and operational/maintenance regsous, some rip-rap
should be removed and the two pumping stations should be replaced by simple gravitational
inlets

The 100 year flocd levels have been recently recaleulated using the 1921-1990 time series
instead of data from 1981-197¢ used for the 1976 design levels. The resulting levels are
higher at Bratislava by 19 ¢m, at Rajka by 25 cm, at Dunaremete by 39 cm and at Komdarom
by 19 cm. The upper limit of significance was exceeded at Dunaremete only, in agreement
with the peak levels of the [99] flood. At G8ny(, 2 decrease of 15 cm was calculated
{Laczay, 1991}

viil. The traditionat design values are valid now and will be in the future. Assessing the results of

the verious calculations and approving the prospective design values is the task and
responsibility of the bilateral Border Waters Committee, just as before.

1$9]
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Considering the history and the current situation of flood protection works as presented, one may
conclude that the G/N Project isfwas not the only way/tool fo solve the problems of flood
protection andfor to improve the safety of the levee system. Apart from the flood distribution
between the Danube and the bypass canal, not many benefits for the Hungarian side can be found.
On the contrary, when releasing the floodsfice from the Cunovo reservoir, dangerous situations
may ensue. These are discussed in the following sections in more detail.

3. Reservoir Operation .
3.7 FLOOD RELEASE

3.1.1 Dunakiliti weir (original plans)

The Mutually Agreed Plan of the G/N Project specified the flood release, under various
operational conditions, through the Gabtikove complex andfor the Dunakiliti weir. The first
distribution of the design floods between the Gabtikevo Complex and the Dunakiiiti Weir was
presented in the “Preliminary Operational Order” in 1978 {OVIBER, 1994}

In the release, the Dunakiliti Weir with seven openings {six gates and the ship lock) and the
Gabtikove Complex with 8 turbines, Z ship locks and their filling/releasing systems would have
taken part. The safety regulations were divided into two groups. One was the minimum freeboard
available in the reservoir between the actual retained flood level (ie. the 100/1,000/16,000 year
flood} and the crest of the dike during the release process. The second was the rate of closure of
the structures at both the Gab&ikovo Complex and the Dunakiliti Weir when releasing the given
flood. There is a certain probability that a given design flood occurs and alsc e probability for each
structural failure, The two types of events may be taken as statistically independent, and so
the recurrence interval of the joint occurrence is much longer than that of the two independent
events.

For these safety reasons, the Gabéfkovo Complex release was planned to pass primarily through
the power plant with 8 turbines. The navigation locks served as emergency reserves. The
Dunakiliti Weir was planned to operate with 5 openings during the 100 year flood, € openings
during the 1,000 year flood and with 7 openings during the 10,000 year flood.

Based on these considerations, the Gabdikove Complex/Dunakiliti Weir quofas for the design
floods were properly calculated.

The operational levels of both the Gablikove Complex and the Dunakiliti Weir as well as the
safety policy was later reconsidered and the results were presented in the “Temporary Order of
QOperation” in 1989. The Gab¢ikove Complex release was planned to pass through 4 turbines and
one ship lock with the filling-releasing system during the 100 year flood and through 4 turbines
and 2 ship locks during the 1,000 year flood. The Dunakiliti Weir safety closures remained as
before but the operational levels were changed.

Note that the number of turbines taking part in the flood release was 50% of the Gabtikovo
Complex capacity, the ship locks were used to 50% and [80% capacity and the Dunakiliti Weir
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was supposed to be closed at 28.6% and 14.3% respectively. {The release of the 10,000 year flood
was not rechecked.}.

According to the calculations, the Gabdikovo Complex and the Dumakiliti Weir provided a
suitable release of the design floods, with proper safety in the case of coinciding structural failures
and with sufficient freeboard available.

It was also chiecked by caleulations and by hydraulic scale model tests whether in the case of an
emergency the Dunakiliti Weir z2lone could release the [80 vear ficod. It was found possible either
at 131.1m ast. operational level with 2 minimum freeboard of 1.5 m in the reservoir using 7
openings, or at 132.] m asl. leve] with a minimum freeboard of 0.78 m using & openings
{navigation lock closed).

3. 1.2 The Variam C, Phase 7

When Hungary abandened the G/N Project, the Dunakiliti Welr was practically ready to use and
took part in the release of the 1991 flood. The Dunakiliti-Hrufov reservoir ¢ould have been
finished and brought info operation by completing the final fask i.e. by ¢losing the Szigeti- Duna
branch and the main chamnel itself.

In contrast to the MAP, the Danube has been closed at Cunovo, named as Variant C, and the new
reservoir came in to operation in late 1992,

There is & basic difference between the two solutions: the Dunakiliti weir was ready to release all
the floods as planned, while the structures at Cunovo were in various stages of construction when
the Danube was closed.

Information on the Variant C is presented in the Independent Experts Report (CEC WGR, 1992).
The structures are deseribed in the Slovak Memorial in detail.

The closure of the riverbed started on Octeber 23 1992 and was completed on October 27. By
November 9, the crest level of the dam had risen to the full height of 133.8 m asl. with a width of
about 40 m. Thereafler any kind of flood could only be released through the Gabtikovo complex
and through the structures under construction at Cunovo.

Closing the Danube caused a very rapid and drastic water level drop of about 3 m in the
downstream section {WGR Annex H). As an inunediate consequence a number of bark slides,
slope protection damages etc. occurred along the right bank and in the side arms. The estimated
damage ie. the cost of repair amounted to 10 million HUF (Report of the District Water
Authority}.

The Working Group visited the site of works on November 22. On November 21 the Slovak
experts (Mr. J. Binder} presented a written statement about the release capacities of the various
structures. These facts and statement became more Important since at the same time the biggest
ever November flood was developing along the Szigetkoz Danube.

The WGR stated {page 7) that on November 22 “... a barge about 50 m long sank in front of the
bypass weir closing two-and-a-half of the openings™. Some water was spilling through these three
openings while the fourth one was completely closed.
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The stated capacity in WGR Annex D was *_..af present after repéiring the damage” 300 m*fs and
after stabilisation of the spillway, that is after January 1993, 600 m’ss.

Referring to the flood plain weir (WGR p. 8): “Fifteen of the sector gates were mounted, but the
concrete work was not done. Five of the gates were [ying behind the openings on the ground. Ten
of the openings had about 10 m wide bed protection on the downstream side.... The rest of the
gates had no tail-water protection.... The protective earth dam upstream of the structure was
widened and heightened to about [3] masl”

As stated in Annex D: Twenty segments af water level 129.0 asl. from January 1993 (760 nr’/s), at
131.1 m asl. from April 1993 (4,800 m’/s). “These values ate only valid if weir spillway is
completely fortified.”

At the Gabtikovo complex {WGR p. 5k “One of the ship locks was operating while the other one
was being tested after a period of repair. Two of the turbines were operating with a discharge of
560 m’/s and 100 m’/s respectively.

As stated in Annex D: according fo the operational conditions and using one or both locks to
release the flood, capacity varies from 510 m’s to 3,440 m’/s. The value given in Annex F is
1,970 m’/s. The capacity of the hydropower plant is given “presently” as 1,060 n’/s and by 24
N?vember 1992, as 1,560 m’/s. Annex F states that the capacity on 21 November 1992 was 1,220
m’/s.

As the peak flow of the flood was approaching the site, without any waming to the Hungarian
partners in flood fighting, the inundation weir was somehow opened on 23 November 1992 {one
day after the above findings!). That is, the provisional dam on the reservoir side must have been |
removed or was simply washed away. An absolutely uncontrolled release began to fill up the
downstream main channel and the side-arms.

Three of the gates lying on the ground were lifted up and washed away. The flood damaged the
structures that had not yet been finished, especially the downstream floor of the bypass weir and
that of the flood plain weir. The flood ceused more damages in the bank protecting structures, the
rip-raps, cross dikes in the side-arms etc. The damages on the Hungarian side have been estimated
at around 11 millien HUF {Report of the District Water Authority).

Downstream of the Cunove complex at Rajka, the former release of 250 m’/s increased by 23
November to a peak flow of 2,250 m’/s in the Danube. That means that a discharge of 2,000 m’/s
found its way somehow through the inundation weir. The total peak of the flovd has been
estimated as about 6,008 m’/s at Cunovo. If so, about 3,500-4,000 m’/s peak discharge was
released through the Gabéikovo complex, Taking into aceount both ship locks and two or three
turbines, the task could be achieved but with some difficulties.

The experience of the November 1992 flood clearly proves that the structures at Cunovo, after
hastily closing the Danube, were in no condition to control the flood release. More serious
damages were escaped by mere [uck.

The Slovak experts stated (WGR Annex F} that by January 1993, the Gabéikovo complex would
be able to release 5,200 m’/s {no quota for the ship locks was specified) and that the Cunovo
complex would be able 1o release 6,085 m’/s.

4
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In July 1993, there was a lower flood with a peak flow of about 5,100 m'/s at Bratislava, about
2,300 m’/s at Rajka and about 4,900 m’/s at Medvedov. That means that the maximum release
through the Gabétkovo complex was around 2,600 m*.

Just as in November 1992, on 18 July 1993 around noon without any warning, the gates of the
flood plain weir were so rapidly opened that by nightfall the former 350 m’/s release exceeded the
discharge of 1,600 m’fs. At that time, the discharge at Bratislava was around 3,200 m'fs. The
release through the gates decreased the next day to 750 m®/s but then, on the moming of 21 kily,
the release increased again to 1,600 m'/s.

The rapid changes in the water levels severely damaged the right-side branches to the same extent
as in November [992.

As presented in Chapter 2.3, the Agreement on the Border Water Management declares the need
for joint actions and mutual understanding when fighting floods on the Danube, This co-operation
¢eased unilaterally when the Variant C, Phase [ came into operation.

Hungarian officials in the Danube Subcommittee initiated.a discussion on this topic where the
following measures were agreed upon.

From 25 January 1993, the Slovak partners were to submit the daily discharge data released into
the Old Danube, the Mosoni Danube, the seepage canal and through the Gab¢ikove complex into
the Danube at Palkovitovo (Szap).

The experience of the flood release in July [993 proved that the Slovak officials did not consider
the data of the flood plain weir operation as tncluded in the above agreement.

After repeated requests from the Hungarian side, on 20 October 1993, Slovak officials agreed to
submit the data of modifications to operational measures immediately after they are performed.
Note that, Hungary has still not been informed of the operational levels of the reservorr.

After the commissioning of Variant C, Phase I, the guidelines for joint flood fighting in the
Dunakiliti region were revised and approved by the Border Water Commission in 1993. As part of
the revision, Slovak partners presented operational guidelines to distribute the floods between the
Gabeikovo and Cunove complexes. Between a total discharge of 5,000 m’/s and 8,500 m’fs, the
quota for the Gab¥ikovo complex remains at 3,080 m*/s and at the discharge of the 100 year flood
10,600 m’ss, the quota is 4,820 m’ss.

This data is in agreement with the fact that since the November 1992 flood, the ship locks at
Gabtikovo have not been used for flood relgase. Taking into account the well known failures and
breakdowns in the ship locks, it is quite understandable that up to the capacities of the six turbines,
the locks are not invelved in flood release.

The release quotas presented for the [§0year flood fit with the capacities of the sfructures in Phase
I {WGR Annex F} with a safety margin of 400 m'/s and 300 m’/s at Gab&ikovo and the Cunovo
complex respectively. If we take these capacities as granted and then compare them to the
requirements in the original plans, some problems arise.

Considering the possible breakdowns of the various structures, a distribution of the design floods
has been ealculated including some safety factors {see Chapter 3.1.1}. No similar calculations for
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Variant C, Phase | are known or have been presented to the Border Water Committee for ap-
proval.

Based on the same safety considerations, subsequent calculations have been carried out by
Hungarian experts {OVIBER, 19%4}.

The assumption was made that 25% of the openings at the Cunovo complex would be closed due
1o breakdowns during a 108 year flood 25% of the bypass weir and [0 % of the floodplain weir
during a 1,000 year flood. The Gab¢ikovo complex {now with 6 turbines, 2 ship locks and the
filling-releasing systems} was assumed to operate at the same percenfage of safety es in the
original plan. Teking also into consideration the munimum freeboards i€, the permissible
headwater levels, the calculated capacities during a 100 year flood are $,310 m’/s for the Cunovo
complex and 3,530 m’/s for the Gabtikovo complex. The total is therefore 8,840 m’/s as opposed
to the 10,600 m*/s design flood.

The same values for the 1,000 year flood are: 6,150 m’/s {Gabgikovo} and 4,630 m*/s (Cunovo)
which gives a total of 10,780 m’/s as opposed to the 13,600 m’/s design flood.

This means that the caleulated release capacities in Phase | are only 83% of both design floods.

The fact that in the case of emergency, the Cunove complex cannot release alone the 100 year
flood {as could the Dunakiliti weir} qualifies the Variant C Phase I as a provisional solution. An
additional reason for its provisionality is proven abeve: neither Cunove nor the whole complex
can handle the 100 year flood with the original safety precautions.

By the end of 1995, all structures of Phase II at the Cunovo complex should be installed with an
additional capacity of 6,300 m’/s (WGR Annex F). The total discharge capacity will then be about
[7.600 m’/s (and not 19,000 m’ss as written in the WGR, Annex F), including the 5,200 m'’s
release capacity at Gabtikovo. By then the Cunovo complex and the whole system will fulfil the
release requirements of the original plans.

However, in the meantime, higher degrees ¢f uncertainties and flood dangers are to be faced. On
the Hungarian side, due to the Jack of information about the operation of the reservoir, a number
of additional problems can be foreseen. Therefore, a higher than necessary level of flood alert
must be applied during “normal” flooding conditions, with all the additional costs, mwore
manpower, etc. that this will entail.

3.2 ICE RELEASE

3.2.F Background

Ice-floes usually develop on the tributaries and on the upper section of the Danube and then drift
downstream. If the densely drifting ice stops for some reason, a2 solid ice cover builds up
upstream. If the upstream end of the ice cover catches more and more ice-floes, an ice jam
blocking the channel may develop. The arriving flow is forced fo gain more hydraulic head to pass
1e. the water level will rise. [fthe ice jam starts moving before the water rises to a dangerous level
nothing serious will happen. IT not, the flow levels can exceed the top of the protecting fevees,
high banks etc. and flocding will develop.
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Over the Szigetk6z Danube, the climate, bed morphology and slope conditions reflects the
changing ce regime. Due to the favourable effects of the river training activities performed since
last century, the danger and the frequency of the icy floods have significantly decreased.

The last big icy flood occurred in 1956, the last solid ice cover on the Szigetkdz reach developed
in 196371964 {VITUKI, 1989). During the break-up of the solid ice in February 1964, a couple of
smalter ice jams formed between 1,826-1,760 rkum with no major consequences. $ince then, up
until 1987, only ice drifts of various densities occurred, except during five winters when there was
ne ice. During the last seven winters, no ice phenomena was observed on the Szigetkdz Danube.

The more favourable ice conditicns are due to the reduction of ice discharge by the river dams in
Austria, as well as the observed changes in the water quality and in the water temperature {Deri,
[985, 1993).

From the point of view of icy flood prevention or protection, there was and there is no reason to
consider the structures of the G/N Project as necessary. On the centrary, reservoirs provide lake-
like conditions for freezing and the developing ice can amount to enormous volumes. Ice release
from reservoirs is the hardest operation to perform, it must be planned and executed with great
skill and care. For this reason, ice release Is discussed in the following sections In greater detail.

3.2.2 Dunakiliti weir (original plans)

The ice conditions of the planned Dunakiliti-BruSov reservoir and the ice-release through the
Dunakiliti weir have been investigated for many years by beth analegue and hydraulic scale
models {Starosolszky, 1989).

The reservoir, starting from the coastline freezes inwards just as a lake. During almost every
winter, & solid ice cover up to 10-30 ¢m thick would have developed. Dangerous situations were
foreseen at Bratislava at the upstream end of the reservoir where drifting ice may have caused ice
Jams.

Due to the planned power generation, downstream of the power plant in the tailrace canal and on
the Danube down to [,805 rkm, ice was not likely to develop.

The tailrace of the Dunakiliti weir {the Old Danube} was also regarded s ice free or at least only
frozen in at very low water levels. This meant that sufficient channel capacity would exist {o carry
the ice released through the weir if the bed was kept free from vegetation and in a stable condi-
tion.

The procedure of ice release depends on conditions during the break-up period. Accordingly, the
Order of Operation (1978) prepared in the process of planning dealt with the following measures.
{OVIBER, 19%4) '

After the solid ice cover in the reservoir has developed, it must be kept undisturbed as long as
possible. The water level is raised by 0.5 m above the 131.1 m asl. No peak power generation is
allowed, which would cause water leve| oscillations breaking up the ice.

If possible, the ice cover must be lefl to thaw on the spet.
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In case of a considerable increase of water discharges and/or strong ice drifis from upstream, an
ice free corridor in the reservolr along the former main channel must be provided by ice-breakers.

In this case the further procedure is as follows.

The broken ice can only {loat downstream at sufficient velocities, estimated at about 1.0 mfs.
Velocities can be genemated by providing a greater water surface slope. Therefore, the reservoir
level {including the headrace canal} must be lowered to 128.0-128.5 m asl. i.e. the appropriate rate
of flow must be released. Thereafter the power genemation stops.

The broken ice must be gradually let down through the open Dunakiliti weir. The water level must
be kept as low as [28.0 m asl. or must be energetically utilised when rising.

The number of open gates at various discharges and the precise timing of the releasing cycles were
also specified.

A releasing cycle was planned to last about 8 to 12 hours at $00-1,500 m’fs arriving flows. The
~ main cycle consisted of a rising-falling discharge diagram with a peak release exceeding the
arriving flow, “carrying” the ice-floes below the raised-up sector gates through the weir, Due to
the peak operation, at the end of a cycle the reservoir level was plamned to decrease below [28 m
asl. Thereafler all structures were closed until the level increased back to 128 m asl. and the new
cycle began.

There is no need to mention that such a process requires precise and faultless handling of the
gates.

I order to direct the broken ice towards the Dunakiliti welr, a “ridge” or a dike along the left bank
of the Danube up until 1,847.5 rkm had been built. The cutlets of the Dunakiliti weir as well as the
downstream floor have been shaped to meet the requirements of ice release.

Based on the results of further hydraulic scale model fests, in front of the Dunakiliti weir in the
reservoir, so-called ice catching islands have been built. The alm was to break up the very large
sheets of ice avoiding the possible danger or failures when handling these 100 large ice-floes at the
weir,

In case of emergency, ice from the headrace canal was planned tc be led downstream through the
ship locks at Gabtikovo,

The main principles of ice release provide some idea gbout the planned procedure. These are to be
compared with the measures prepared for ice release operations at the Cunovo complex in Phase [

3. 2.3 ice refease; Variant C Phase |

Slovak experts presented to the Danube Subcommittee of the Border Water Committee on 19
March 1993, information about the release of icy floods at the Cunovo complex. The information
has been included in the Flood Fighting Guidelines of the Dunakiliti region in para. 3.3 as follows.

{Translation from the Hungarian version.)
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“In the present status of the structures at [,857.750 rkm, in winter operation mede for flood
reiease four basic situations are possible:

1. ice-free water surface in the reservoir and in the headrace canal while ice drift begins from
Austria;

2. the reservoir and the headrace start to freeze in until the possible development of 2 solid
ice cover; no ice drift from upstream;

3. as before but with ice drift starting from Ausiria;
4. ice jam develops downstream of Bratislava,

In all cases the water level in the reservoir is assumed to be raised to ensure higher specific
discharges through the barrages and in the last ¢ase an additional 1.0 m leve] increase with the aim
to [ift up and to release the ice jam”

Note that

— raising the water level Is a preliminary measure only (see 3.2.2), The starting operational
level and the additional height is not specified. The meaning is possibly 131.1 masl. + 8.5
m+1.86m. =132.6 masl

— Reservoir level of 132.6 m asl. means 1.2 m freeboard at Cunove. The flow is certainly
retained in the reservoir. In ¢ase No. 4, the ice jam develops further upstream where the
freeboard may be unsatisfactory i.e. less than 0.5 m.

— There is no information on the actual planned operation of the structures. “Barrages” may
refer to the openings of the floodplain weir and the bypass weir.

Supposing a similar release operation as originally planned at Dunakiliti, the following problems
arise.

Sill levels of the structures are; 120.7 asl. at Dunakiliti, 126.5 m asl. at the Cunovo bypass weir
and 128.0 m asl at the inundation weir. For comparison: the Dunakiliti sill equals roughly the level
of the 930 m’/s low flow {in the “original” or pre-Cunovo conditions), the bypass sill is higher by
roughly 3n1 and that of the inundation welr is higher by 4.5 m iL.e. equals more or less the ground
level.

Ice release at Dunakiliti was planned in detall for an arriving flow of $08-1,500 m’/s, after the
reservoir level was lowered to 128 m asl. During the release cycle, the discharge diagram went up
to 3,000 m’/5s at a 1,500 m*/s arriving flow which caused a level decrease to below 128 m asl as
well,

For precise handling of the flows, on top of the head control gates (sector gates}, tilting gates have
been mounted. During the actual release, according to the flow 2/4/6 gates were plarnned to be
raised above the water and ice. That provides at [east 7 m water depth above the sill.

At g tentative release level of 130 m asl at Cunovo the total capacity including the bypass weir and
the Mosoni weir was stated as much as 3,400 m’/s (WGR, 1992, p.13). Higher operational level is
not likely since the slope and the generated velocities to carry the ice would not be enough, in
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addition the retained flow could cause insufficient freeboards. A lower operation level does not
fulfil the original order of operation (to release a peak flow of 3,000 m/s), and would provide less
than 2 m water depth above the sill. Insufficient water depth can be very dangerous if the ice floss
stop and “sit down” on the sill. The 2 m depth as opposed to the 7 m at Dunakiliti Is not really
comforting.

Moreover, at Cunove there are no tilting gates mounted. Therefore the whole operation must be
performed by lowering/raising the sector gates themselves, not constructed for such delicate water
[evel control.

In the information submitted, there is no word about the ice-breaker actions to provide a corridor
for the broken/drifting ice. The fact is, no ridges have been built upstream of Cunovo to divert the
ice floes towards the releasing structures. The route of the arriving ice is therefore uncontrolled of
rather only influenced by the route of the flow.

Together with the weak operation procedures, the lack of ridges could have been the reason for the
events in January 1993 (EDUVIZIG, 1994). When the Gabéikove plant is in operation, the main
route of the flow is directed towards the headrace canal and the Cunovo structures are in
“shadow”, Therefore on 4 Jenuary 1993, when the ice drift began and attempts were made to
release the floes through the welr, the ice accumulated in front of the structures and the ice flow
wimned 1o the headrace canal as well. Upstream of the Gabdikove complex between 11.2-13.4km a
1.5-2 m thick ice jam developed. The Slovak Navigational Authorities in announcements
87/131/93 and 136-131/93 suspended the navigation between [,862-1,852 rkm, that is on the 18
rkm upstream of Cunovo from 8 January to 15 January. The reason is unknown why only here,
since the ice jam was some 20 km more downstream in the headrace. The problem was finally
solved by the thaw. Ice floes ceased to develop and the ice jam slowly disappeared. Former
actions by ice-breakers were unsuccessful, :

From the above comparison of the Cunovo structures and the Dunakiliti weir, it can be concluded
that in terms of ice release, the Variant C Phase I strucfures canmet fulfil the requirements and the
operational orders of the original plans. Therefore, Phase | is not only provisional, but with
regards to ice release, it is a weak provision. The most important order of operation is the HOPE
that no major icy flood would occur until Phase Il comes in to operation.

Thereafer, with the new structures, the system may be adequate fo comply with the original
standards. However, proper and detailed orders of operation must be prepared and approved by
the joint Committee and by the Plenipotentiaries.

4, Acknowledgements

This concise review is based on the work of the team of the Northdanubian District Water
Authority (EDUVIZIG, Gyfry and the National Investment Enterprise for Hydraulic Projects
{OVIBER Ltd.}, Budapest and on the expertise of Dr. Sandor Téth, river engineer. Thelr wide
range of experience, professional skill and kind assistance are highly appreciated,

(18}




463

References

CEC/CSFR/HU: Working Group Report of Independent Experts on Variant € of the Gabgikove-
Nagymaros Project, {(manuscript}). Budapest, 23 November [992.

Déri, 1. Changes in the ice regime of the Danube river, (in Hungarian with English summary).
Viziigyl Kézlemények (Hydraulic Engineering), Budapest, No. 4, 1985.

Déri, J.: Ice regime of the Hungarian rivers, in Hungarian. VITUKI Report, No. 7661/1/2379,
Budapest, 1993,

EDUVIZIG: General Survey of flood control taking into consideration the completed and planned
projects of G/N system of locks, (manuscript). Noth-Transdanubian District Water
Authority, Gyor, 1994,

Laczay, It Actualisation of design flood levels, {in Hungarian). VITUKI Report No. 7611/1/28,
1991,

Oviber, Hydraulic evaluation of the Slovak Variant “C”. National Investment Enterprise for
Hydraulic Projects, Budapest, manuscript, 1994,

Sipos, B.: The Danube flood in 1965 (in Hungarian). Viziigyi Kdzlemenyek (Hydraulic
Engineering), Special issue, Chapter 3.1, Budapest, 1966.

Starosolszky, O.: The effect of river barrages on the ice regime, (in Hungarian with English
summary). Viziigyi Kozlemények {(Hydraulic Engineering), Budapest, No. 3, 1985

Téth, 8.: Expertise on flood protection issues concering the GNP, (manuscript}. 1994,

VITUKI: Exploration of the ice regime over the Danube reach influenced by the Gab&ikovo-
Nagymaros Project, (in Hungarian). Project Report, Budapest, 1989.

VITUKI: Changes in the water management of the Szigetkoz area, (in Hungarian), Pro;ect Report
No, 711/6/2455, Budapest, 1992.

VITUKI: Evaluation of extreme events concerning the Cunovo-Gabgikovo subsystem of the GNP,
(in Hungarian) Project Report No. 711/6/2455, Budapest, 1993,

Zorkoczy, Toth: Long-term development plan of the flood protection system of Hungary, {in
Hungarian with English summary). Viziigyi Kozlemények (Hydraulic Engineering},
Budapest, No.4, 1985

Protocols of the Hungarian-(Czecho)Slovak BRorder Water Commitiee and the Danube
Subcommittee Mutually Agreed Plan of the GNP,

{13}




464

Fable 1: Major data of the 1954 flood control in Szigethiz

Beginning of flood control:

8. July 1954.

End of flood control:

4. August 1954

Breaks in the dvkes:

17 ésvényrér;:') upstream
2.7 Kisbodak

3./ Dunakiliti

4.7 Asvanyrars downstream
5./ Révfalu

Opening of Mosoni-Danube left-bank levee:

Beginning of water return:

Materials used for flood control:
Sandbag

Stoek fwood/
Plank, board
Sand, earth
Rock
Fascine

Date
15, July 1954

15. July 1954,
16. July 1954,
18, July 1954,
20. July 1954,
20. July 1954,
19, July 1954,

Time
1820 h
12400
0340k
1546 h
0330 h
0230h
2330h

330,000 pc.
50,000 pc.
908 m3
2,500 m3
[,000 m3
50,000 pc

Cost of flood control:

Damage caused:

141 million Ft

Building collapsed: 1.3%4 houses
Building damaged: 2.165 houses
Agriculture: 184 million Ft.
Agricultural buildings, utilities: 129 million Ft.
Traffic works: 31 million Fy.
Flood control works: 27 million Ft.
Industry, trade: 6 million Ft.
Ind. materials: 6 million F,
Total: 383 million Ft.
Grand total: 524 million Ft.
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Table 2: Design flood level between 1937-1976.
Danube Rajka-Nagymaros

Danube rkm Design Flood Level m asl. Remarks
1957 19584 1976

16%94.6 167.01 107901 19701 Nagymaros gauging station

1708.2 107.63 107.63 107.65 Ipoly mouth

17160 108.13 108.13 108.0% Garam mouth

1718.52 [08.18 108.18 108.18 Esztergom gaﬁging station

1737.8 10%.23 109.36 16937 Lébatlan gauging station

1751.86 11637 110.52 110.57 Dunaalmés gauging station

1758.63 11387 [11.62 110.07 Almasfiizitd gauging station

1567.83 11154 HL7I 1179 Komérom bridge

17683 111.87 111.87 Komdgrom gauging station

179132 114.15 (1432 114.32 (GBnyi gauging station

1794.6 11461 114.78 114.65 Mosoni-Duna mouth

18023 115.66 115.82 11582 Nagybajcs gauging slation

1805.4 116.23 116.39 11639 Medvedov Medve/ gauging
station

180%.96 116.88 117.08 117.08 Palkovitove fSzap/ gauging
slation

1816.8 117.7¢ 117.87 113.0% Asvanyrard gauging station

1819.8 118.71 118.84 118.84 Gabéikovo /Bos/ gauging
station

182549 120.31 120.44 120.42 Dunaremete gauging station

184G.18 12540 125.47 Doborgaz gauging station

184]1.54 126.64 126.07 126.07 Hrulov /Kirtvélyes/ gauging
siation

1848.33 12896 12911 129,12 Rajka gauging station

1850.25 129.32 Border

2n




Table 3: Traditional end GNP design flood levels
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Design * GNP Regular levee crest
flood
Danube 1 %head ui.asl, Difference | Remarks
rkm 197¢ water level DFL + *GNP + fem)
freeboard freeboard
16945 107.01 - 168.01 - -
[708.2 107.65 197 .91 108.65 189.38 -73
17160 1080% 108.53 10909 109.73 -64
1718.52 108.18 168.73 10%.38 109.92 -54
17378 14%.37 11001 111.2% -
175186 110.57 110.85 112,14 -
175833 11197 111.30 11227 112.5% -32
1767.63 H1.79 112.01 112.99 113.26 -27
17683 111.87 11209 113.07 103.2% =22
1791.32 11432 114.54 11575 -
1794.0 114.66 11475 116,07 -
1802.3 11582 115.26 117.02 117.04 2
18054 116.39% 115.60 117.59 11276 -11
180896 117.08 11550 11828 118.3% -1 *
I816.8 118.0% 116.56 119.2% 11878 +51
1815.8 118.84 117.57 120.04 119,19 +94
182549 120.42 119.45 121.62 12093 67
1840.18 12547 124.38 (2657 125.88 +10%
1841.54 126,07 124.77 127.57 126.27 +139 i
184833 129.12 129.56 13062 133.7] -3.4%
1850.25 129.82 129.86 13132 133.73 =241
Remarks:

* Conventional Plan /VIZITERV 0-2-2/77./
** Bypass canal outlet 1811.0 rkm.
*** Dunakiliti weir 1842 0 rkm.
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Fig. 1.

GENERAL PLAN




Fig.:2

Change of the cross-section of Szigetkoz-Danube right-bank
flood levee from 1896 to nowadays

el
= constructed between 1969-75 , the cap from coherent material,
oS, the levee from sandy-gravel, present levee

S ey fortification between 1955-1961
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