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PART I 

REBUTTAL OF VOLUME 2 OF 
THE HUNGARIAN COUNTER-MEMORLQL 

Introduction 

1. This Volume (Part 1) forms one part of Slovakia's response to Volume 2 

of Iiungws Counter-Mernorial, the "Scientific Evaluation". The purpose of Part 1 of this 

Volume is not to provide a Iine by line rebuttal of the "Scientific Evaluation", this not being 

possible in the limited time available. It is rather to show the Court that the "Scientific 

Evaluation", although well put together in the editorial sense and seemingly well researçhed 

with its scientific vocabulary, graphs and figures, does not stand up to a close and tmly 

scientific inspection. That this is the case is absolutely clear from Volume III to the Slovak 

Reply - a volume of studies written by 45 Slovak scientists and experts (in their individual 

fields) and both analysing açtual impacts and providing balanced conclusions. It is therefore to 

Volume III that the Court is invited to turn for a more fùll exposition of the research on which, 

inter alia, SIovakia's scientific consideration of the GM Project is based. This Volume Tl (Fart -- 

1) seeks merely to take the findings of Volume III (or those findings of the EC Working Group 

of Experts or even of Hungary's own scientists) and tu juxtapose these with particularIy 

untenable contentions made in the "Scientific Evaluation" so as to demonstrate the fundamental 

flaws in this last document. 

2. Perhaps the most serious of such flaws is the lack of balance in the 

"Scientific Evaluation". As commented on in detail at paragraph 1.12, et seq., and paragraph 

11.06, et seq., of Volume 1 to this Reply, Hungary introduces and focuses to an unwarranted 

extent in its "Scientific Evduation" on the concept of uncertainty. SEovakia considers that this 

focuç in itself constitutes a basic flaw (as discussed at paragraph 14 below). The point here, 

however, is that "uncertainty" surely implies elernents of both good and bad: it would be 

uncertain whether the Project will have an adverse impact, no impact, or a positive impact. 

But this balance is wholly absent from Hungary's "Scientific Evaluation", irrespective of the 

repeated allegations of uncertainty. For Hungary, Project impacts are either bad or potentially 

bad. 



3. This approach is scientificalIy untenable, and calls into question the 1 

are those c&ed out by the scientists who are most dpert in their field and have spent many 

years (if not decades) studying, for example, the flora ' c l  fauna of the Danube floodplain. 

whole purpose of Hungary's evaluation. For example, it does not even seem worth contesthg 

4. Slovakia believes that a balanced 

hereto. This records the ptimady beneficial (or, in 

Variant "Cm, but dsa points to certain adverse impacts. 

the fact that the G/N Project offered benefits in terms of navigation and flood control. And, 
l yet, this is contested in the "Scientific Evaluation". It appears, quite simply, that a smaU group 
l 

of scientists and foreign consultants have been required to cal1 into question and eriticise 

adversely every aspect of the Project, an exercise whilch is very different fiom an evaluation. 
l Slovakia has not deemed it useful at this stage to tum to "experts" fiom other nationalities, as 

evaluation & to be found in Volume III 

certain areas, insignificant) impact of 

For exnrnple, in Chapter 4 thereof the 

5 ,  It is because Volume III is not diming to prove any particular point of 
l view, but is rather concerned with recording actual impacts, that it is far more balanced in its 

Hungary has done, in the hope that this would give 

approach. Hungary's "Scientific Evaluation" is rigid 

an aura of impartiality to the overall 

Slovak scientists SornSak and KubiEek note the current adverse affects of the implementation 

of Variant "Cm on the so-called dry triangle (just abové the Dobrohoit intake into the Slovak 

side amis) and along the banks of the old Danube. d i s  not that these impacts are without 

in its consideration of the "Original 

scientific assessment. It seems obvious that the best and most detailed scientific evaluations 
I 

remedy @y the construction of the underwater weirs in 

necessnry to present al1 aspects of Project implementation, 

Project", which it examines in its least environmentally adapted forrn, insisting on minimum 

discharges into the old Danube and the side ams and r!mirnum peak operation modes. This 

does not refiect the Project's expected operating conditic!,, when Hungary abandoned works in 

1989- 1990; it denotes a wilful blindness in twms of not /eeing how, where an adverse impact is 

predicted, this can be rernedied. By contrsst, in ChaptL 6 of Volume IIIz Eng. Kirka is not 
1 merely content to record the monitored impact of Variant "CM on fisheries, but states how he 

considers the ninent (1994-1995) environmental cdnditions for ichthyofauna might be 

irnproved. For Slovakia this denotes a truly scientific apbmach: the airn is to establish what the 

environmental conditions are and how they might be ir&roved, not to offer the right kind of 
l 

the old Danube); but for Slovakia it is 

both good and bad, to the Court. 



6. Volume III hereto is not just different from the "Scientific Evaluation" in 

its approach, it is different in tems of the depth of the research demonstrated. At one level, 

this means te is more difficult for the non-expert to understand: the studies contained therein 

are highly technical and require careful reading for the non-scientist. But, at the same time, 

this also means that the conclusions are based on a thoroughly sçientific evaluation by 

acknowledged experts in the field. 

7. In rnentioning this general laçk of a truly sçientific andysis in Hungary's 

evaluation, Slovaha does not mean to question the calibre of Hungary's scientists or the quality 

of their background research. The defect is rather a reflection on the way that the data has 

been assembled and presented and the slant given to the concIusions drawn h m  the data. 

Three illustrations serve to demonstrate this point. 

8. First. Hungary's lack of balance l ads  it to contradictory conclusions. 

For example, the "Scientific Evaluation" predicts the silting up of the old Danube riverbed 

(Table 2.2, at p. 20) and, nt the same time, the erosion of the riverbed of up to 3m (ai p. 21); it 

predicts the sedimentation of the bed load and suspended load in the upstrearn reservoir (at pp. 

21 and 144) and, nt the same tirne, increased sedimentation problems in the river stretch 

downstrearn of the GabEikovo section (at p. 5) together with the clogging up of the Szigetk~z 

side ams downstrearn of the reservoir (at p. 22). 

9. Second, in Çhapter 6, where earthquake risk is discussed, Hungary's 

"evaluation" refuses to accept the irrefutable evidence that, in building the dykes under the 

Project, the Treaty parties replaced materials that might be prone to liquefication with high 

quality gravel: the author of Chapter 6 offers as evidence the fact that he personally examined 

some Danube gravel and found it unsatisfactory. This sort of informal and wholly 

u nsubstantiated science is hardl y acceptable. 

10. Third, in an almost magical way, Hungary's 1994 studies now support 

the view that Nagymaros is located in a seismically active earthquake zone and subjeçt to the 

sort of damage that would result from a recurrence there of the 1763 Komarom earthquake 

(whose estirnated size and intensity it bases on a study 25 years old, ignoring the generally 

accepted re-evaluation of this event, lowering its magnitude and intensity). Hungary concedes 



- iv - 

that the "'evidence" was not known in 1989 when it suspended and then abandoned 
l l 

Nagymaros, using earthquake risk as one of the justifications for this action. The tenuous 
I l 

route leading to the finding that Nagymaros is in an eakhquake zone is as follows: 
l 

- Then it is hrther hypothesised - based lnrgely on the the 1763 Komkom 

- A new fault line is postulated or 

earthquake - that this must be a 4eriously active fault; 

supposed for the first time in 2994; 

- Then a rectangular zone is condructed around this easdwest postulated 

fault line so as to include Ihe region on either side (including 

Nagymaros); 

l - Then it is assumed that anywhere within this zone an earthquake could 
l 

occur of the magnitude and intaikity of the 1763 event - but b w d  on 25 
I 

year old discredited estirnates that, in a widefy açcepted 1991 study, 
I 

were substantially lowered; l 
- Thus, Nagymaros is suddenly in an earthquake zone, leading, finally, to a 

l 
scientific justification, - 
abandonment of Nagymaros. 

11. A question iç therefore posed as to who has written the "Scientific 
I 

f-, of Hungary's suspension and 

As demonstrated in the Cornments to Chapter 6 beEow 

such an analysis is sçientifically invalid. 

~valuation"' . Certainly, where the authors are ~ u n ~ a $ a n  scientists - for example, Professor 

and Chapters 9 and 10 of Volume III, 

I Somlybdy, whose professional qualifications and exitensive publications in the field of 

1 A gcneral paint mut  alsa be made as to the referenses ka t  appev ai UK end of each chaptcr of Lhe 
'Scientific Evaluation". The lists appear hipressive bufl on close inspection, it may lx seen that the 
studies referred to genemlly do not form part of the huge amount of scicntiftç research of this stretch 
of the Danube river For example. of the 64 rcferences Chapter 4, ady 17 relate to th& stretch of 
the Danube and, of thcse. some 10 are cither pre-1986 Slo~ak siudies (-, predwelopment of many of 
the remdiai measures, so of doubuül relevance) or specially prepared by Hungaq for the purposes of 
this casc (i not impartial). The majority of the other references relate to other rivers - the Rhine, the 
Mississippi, the Missouri - and are not of obvious relwance. 





effects (even if mainly good, as Slovakia contends) on the çurrounding flora and fauna, 
I 

agriculture and forestry, as well as on ground water levels, necessarily requires the i miçroanalysis of the effects through constant or freauent monitoring. 

l 15. The minute, frequent monitoring of the effects on ground water levels 

(in respect of more than 300 quality parameters at bround 600 monitoring points in 

Ostrov alone) and an flora and fauna $el& immediate lesults. It is absolutely certain that if, in 
I 

a short period, certain adverse effects start to appear, dertain predictably disastrous results will 
l 

be seen in (say) 10 years - if no preventive or mitigatihg rneasures are taken. But monitoring 

allows for these measures to be tnken and for their effect to be immediately detemined (and 
I 

16. The dubious relevance to Fidngaryqs legal case of the 'Scientific 

Evaluation" as a whole has been considered in some de!tail in Chaptere I and II of Volume I of 
l this Reply. And, since the signing of the Agreement of 19 Apni 1995 (providing for the 

construction of an undmater weir at rkrn 1843, the ?tilisation of the Dunakiliti otftake and 

the consequent flow of surface water into the HunAarian side amis), the majority of the 

individual findings of the "Scientific Evaluation" in relalion to surface and grouod waters, flora 
I 

and fauna, forestry, fisheries and agriculture have become of doubtful relevance also. For, the 

Chapters of the "Scientific Evaluation" in question rel; on the assurnption of a ground water 
l 

decline in Szigetkoz and poor water conditions in the side amis. As this wilP no longer be so, 

and as Hungary has accepted that direct recharge iL of benefit, much of the "Scientific 

Evaluation" has become outmoded. 

for the measures to be alterd if necessary). Where no 

kind are detected by monitoring, it cm br: predicted 

will be no long term impacts. 

17. By way of conclusion, ~lovakid considers that Hungary's "Scientific 
I 

adverse changes of even the most rninor 

with a high degree of certainty that there 

Evaluation" reflects the negative charactenations of tde GM Projejeet that became current in 
l 

1989-1991 when Hungary was seeking ways to escape fiom the Treaty. But, as Volume III 

hereto shows, from a scientific, engineering and technibal standpoint, the G/N Project was a 
I 

well conceived project (decided on after many years of considering alternatives). The Treaty 

parties in 1977 selected a hydroelectric power scheme under whiçh not only would valuable l 
energy be produceci but dso the rnany navigational probierns in this aretch of the river and the 

I 
serious flood problems would be solved in one fell sw&op - by the construction of a bypass 



canal, but a canal not ninning through the floodplain (and therefore causing environmental 

havoc there) but outside of it, in the low-lying Slovak farmland, thus allowing the floodplain to 

"develop more naturally". It was a good solution to multiple problems which the electricity to 

be produced at GabEikovo and Nagymaros would pay for. 

18. This Part is organised so that the pages of Hungary's "Scientific 

Evaluation" being commentai upon are reproduced on the left hand page (in series of 4 pages), 

with individual assertions circled and numbered and then reproduced (in itallics) on the right 

hand page. Slovakia's eomments appear on the iight hand page, underneath the itallicised 

reproduction of Hungav's assertions. 
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1. COMMENTS TO HUNGARY'S "SCIENTIPIC EVALUATION". CHAPTER 1: 

(1) The Gabakovo-Nagymaros Project represented a massive development, the implemen fation of 
which could create a serious environment impact along a 250 km stretch of the Danube. 

"A massive developmenttt: Dam projects, by their very nature, involve development of a 
significant hectarage of land. However, it must be remembered thrmt the GIN Project is 
not, according to Hungary's own technical evdumition, a large dam project, I t  'Ys more 
like a medium scale projmt" - HLM, Vol. 4, Annex 23 (at p. 893). This is very significmt 
witbin the context of the technical evaluation containeci in that annex, for it is eaplained (mit 
p. 916) that: "The social and environmental eftects of largescale projects are much greater 
than those of smdI and medium size projects." 

'tlmplementationl': I t  is important lo remember that the "development" of the GCN 
Project was a reality by 1989, thiit is when Hungary suspended worùs on the ground of 
environmental concerns. At îhat date the GabEikovo section of the Project was dready 
9OoA complete. The most "serious environmental impact", &, deforestation of the 
reservoir zone and the construction of the bypass canal in a prime agricultural are% had 
already been felt. 

"A 250 km stretch": Hungary consistently tries to give the impression that the area of the 
Projectts environmentai impact i s  huge. But a close analysis of its "Scientific Evaluation" 
reveals that Hungary only devotes serious attention to a demonstration of environmental 
impact in Szigetkoz - dong a 4&50 km stretch of river - and in the bank filtered well 
section downstream of Nagymaros. The idea of "serious environmentai impact" along the 
250 km stretch is untenable. Hungary's plates 1,1 and 1.2 (HCM, Vol. 5) are unacceptabty 
misleading in this respect, depicting vast areas of "Environmental Impact" that even 
Hungary has newer purported to envisage. See, Illus. No. R 4, appearing in Vol, 1, before 
Ch. XI. 

2 This area encompasses a rare and enàangered ecosysrem and confains Central Europe's largest 
undergrou& uqurfer. This is nof mereIy a lanriscape of beau@ and rich hisroncal signt3cance, 
but is the primaty source of wu ter for Hungnry 'J capif al ci@. 

. . 

As part of its sttempt to show that a huge area is threatened, Hungary deliberately 
confuses the different areas of impact and the areas where these impacts might potentidly 
have an effect. I n  the first sentence here, Wungary refers to iitnf OstrovlSzigetkirz - the 
only area in the Project where the "largest underground aquifer" is to be found and where 
there is a '"are and endangered ecosystem". While this area may be a "iandscape of 
beauty", its aquifer is net (and most probably never will be) even a minor source of water 
for Budapest which is located 200 km downstream. It supplies not a single drop of 
drinking water to the Budapest population. k, M., HM, p. 411, By contrast, it is of 
vital importance to Bratislava as a primary source of drinking water. &, SC-M, para. 
7.24 and SR, para. 12.02. 

(3) Political acceptance of risk is fundamentally related to the poten fia1 sign iJicance and level of 
damage. In the presenr case, the assets ai risk are obviously of national srrafeglc importance 
and, in a wider context, are of European ~ignijîcance. 

"Political acceptance of risk" presupposes the existence of a risk As SR, Vol. III  
demonstrates, the environmental risks in this dispute have either been invented or are 
greatly exaggerated by Hungary. If there are "assets at risk" in this case which are "of 
national strategic importance" and "of European significance", these are: utilisation of the 





magically manifest themselves out of nothing. Hence, it is scientifically incorrect to say 
that the "potential long-term consequences of Variant C" cannot be predicted with 
suficient cet-tainty, 

(5) On 60th sides of the issue, rhere kas been, and continues fo be s large invesfmenr ofresources in 
the waluation of lhe Projecr 's various consequences. 

This contention must be contrasted with Hungary's earlier clnirn that "fundamental 
research and investigations were neglected and ntit carried out t ' -  Declaration of 16 May 
1992, HM, Vol. 4, Annex 82 (at p, 168). Hungary appears to have been reIuctant to rn& 
my appreciable investment in research, Save for the purposes of the present case. 
Contrast dso its assessment: "Between 1989 and the summer of 1992 there were no 
investigations of appropriate detail into the problems rsEated to the hydropower scherns" - 
HM, p. 408 (applicabIe only to Hungary, not to Slovakia). I 

(7) The extent tu which risks were perceived and quantijed in 1990 is shown, and progress in 
reducing the uncerfainiies of impact assessrneni reporred. 

This is wrong. The "Scientific Evaluation" purports to assess risks in 1994; it makes no 
effort at al1 to analyse how risks were perceived in 1990 or to evaluate such documents as 
the Bechtel and HQI reports, which da reveal how risks were then perceived by 
independent experts in their reports to the Treaty parties. Hungary, as discussed at SR 
1.12 et seq., also appears tu miim at shuwing iui increase in the "uncertainties of impact 
assessmenttq. 

(8) It is necessaty to undersfand the causes of bed degradation to dwelop  an appropriate solution, 
and to consider al1 pfent ia l  management options, both structural and non-srmchsral. 

"The causes of bed degradation": For Hungary, the cause of bed degradation is very 
simple: commercial dredging. Chapter 2 of its "Sçientific Evaluation" places huge 
emphasis on this (save for in the Nagymmiros - Budapest stretch, where the exress dredging 
was çarried out solely by Hungary). And other causes - rirerbed erosion, sediment 
retention in upstream dams, dredging for nawigatian and fIood protection - are largely 
ignored. Also, different stretches of river with different morphologies are confused, It  is 
important to rernember that Slovakia's invocation of the adverse impact of bed 
degradation (SC-M, paras. 1.57-1.60) focused onIy on the river stretch upstream of 
PalkoviEovo (Sap) - rkm 1811. Downstream, the rives gradient changes, as does the 
terrain, and bed degradation Bs not so problematiç: mot degradation but aggradation is the 
rea1 problem here. Nonetheless, Hungary focuses on the downstream (common) section, 
where there was considerable commercial dredging, in order to give the confused 
impression that commercial dredging created the problems in the upstream sector, &. 
Cornrnents to Chapter 2 below. 

"To develop an appropriate solution": This purpose does not accord with the stated sim 
of the "'Scientific Evaluation", which is to erplain "the potential impacts of the Originai 
Project", and is not reIevant to the questions put to the Court under the Specid 
Agreement. 

(9) The evolution of grouhater  aquifers is related to the history qf river morphology and the 
groundwater system (and grounhvafer resources) of the region are primarily controlled by 
DanubeJows. 

The reference to "the region" is misleading. The groundwater system of S z i ~ e t k h  is 
interconnected with Danube fiows. (Although, E, Comment 1 to "Srientific Evaluation" 
p. 45, below.) But the "250 km stretch" which is the environmental impact area according 



to Hungiry comprises SYgetk&r, the Dnnube ~ d l l e y  md the Dmube Bend (-e, HM, Ch. 
SA). Downstrem of SzigetkGz the river flowk at the h o t  of hilIs in relation to the 
Hungarian terrain, and Iliter in a viilley, and therefore daes not control the groundwater of 
the surrounding terrain. 

(10) The o n t i c p i e d  impacis, ifi admtion lo changes obierved oJer the diverrion of the river j i t  

October 1992. a re  described in Chapnr 4, wirh spicial regard fo the eflect of the Original 
Projeci's peak puwer operation. 

In its attempt to estabIsh the uniquely dmaging nature of the GiN Projeet, Hungary 
focuses on peak p o w a  operation. But at HC!M, piri. 1311, Hungary reeeptr thit: 
"Peak operation of barrage systemt ir i frequentlpridiee, evm on lowluid rivas  used for 
navigation such as the Danube and the Upper Rhone." For Hungary, it is therefore not 
the peak operation mode itself that i i  insupportable but itr ertuit, for it ir Jleged thnt the 
"Original Praject" WM "plmned to operate on ldrge s u l e  pesimg modes". 

Against thir, Slovakii points out thi t  no mode oî peak operation waa fued in 1989 when 
Hungary abandoned the Nagyrnaros section 
operation). I t  was origina11y "pIannedqq that the 
and agreed upon by the Treaty parties within 

( J I )  Assessmen fs a re  included of fhe reniedial memures which were cowidered d e r  jhe signing of 

of the Project (and, therefore, peak 
mode of peak operation would be tested 
the frarnework of the Joint Opernting 

the Treaiy in 1977, inclirding weirs in Ihe Danube 
impoundments of side brurich systems as carried oui on 

As pointed out at SR, para. 1.48, the ~raject 'd impacts on agriculture, forestry and 
firhery, eovered by Chapter 5 of the "Scientific ~valuation" are not relevant to Hungaiy'r 
legs1 clrini bared on r "state of environmentai nejessityl'. The tontentions of Chrpter 5 

section alongside the power canal and 
the Slovak side. 

are nonetheless considered below and are shown to 
Chs. 3,4 and 6 .  

Group, leading to a specific operating modes agreement. But this procedure was never 
followed - because Nagymaros wrs never built as result of Hungiry's abandonment. 

As to the likely contents of such a peak operating mode agreement, it may be that Huneaq  
would have insisted on "large scale peaking modes", But Czechoslovakia, at le&, wlis 
sensitive to environmental requirements, agreeing in October 1989 to limit or even exclude 
peak operation if such was justified. $e, SR, pal* 7.33. Slovakia does not now concede 
that peak operation is necessarily harmful - even Hungary accepts that it is not and that it 

be unsubstantiated. k, a b ,  Vol. III, 

is a "frequent practice" on the Danube and the 
Czechoslovakia was concerned, peak operation, 
objectives, not vice versa. 

Hungary chooses the "remedial measures" that fit its theolles - aot those modifications 
that actually evolved. Itr evaiuation of undenkater weirs is particularly vnbalaneed 
srientifically. h, Cornments 3 and 1 to "~cientifik Eviluation" pp. 35-36, below. 

Upper Rhine. But, at least insofar as 
wns to be subordinated to environmentai 

"Tmpoundments of side branch systems": It is important to note that the remedial 
measures proposcd by Slovakia (and by the Ey Experts) go far beyond the existing 
impoundments in its side arms. SIovakia aims to ensure the reconnection of the side arms 
with the main channel. Note aIso, that "irnpounddentstt also erist on the Hungarian side - 

the transverse dykes at Plate I I  of HCM (oiposite p. 166). A faircr picture of the 
success of the "irnpoundments" is given at Vol, 1111 Ch. 6, 

I 



(13) Many of the wetIand fores fs are sifuated on the active part of the Joodplain and were exposed fo 
a large drop of g rouha te r  I m i ~  aper rite diversion of fhe Danube. 

"Wetland forestsl': It is important to remember that these do not represent an original 
ecesystem. According to the "Scientific Evaluationtt (p. 1831, 64% of these forests are 
made up of just one tree type - a hybrid poplar - planted in the region by Hungary for 
commercial harvesting, 

The exposure to the "large dropt' in groundwater levels was caused by Hungary's failure 
to implernent the recharge system, aot the diversion per se. Where the recharge system 
has b e n  implemented, as in the Slovak sidearms, favourable results have been recorded 
on the floodplain forests. &, Vol. III, Chs. 3 and 4. 

(1 3) Considerable detrimental eflects on fishery are predicled in the case ofpeak operation. Due to 
the dissection o fhe  river by fhe barrage system the fish faum is aflected in large reaches both 
upstream and downsfrearn of the Projecl. 

"As to peak operation", see, Comment 10, above. As to the "dissection of the river" 
Hungary ignores the existence of other barrages on the Danube: 9 in Austria, 26 in 
Germany as well as barrages downstream in Romania. Current monitoring of the actual 
impacts of Variant "C" on fisheries supports the predictions that the Projert will mostly 
have a benefrcial impact on fish fauna. &, VOL III, Ch. 6. 

(15) It is concluded that there were subsfantial grourrds for concern over design standards and other 
unresoived issues when Hungay suspended construcfion in 1989. 

There was no evidence for this in 1989 (nor is there today). Hungaryts allegations 
concerning seismology and earthquake engineering are not possible to respond to in 
summary form, Save to Say that they present a scientifically invalid picture of risk. &, 
Comment to Ch. 7, below, and Vol. III, Chs. 9, IO and 11. 

(1 6) Parricular attention has been paid to EIA for dams and reservoirs. 

To compensate for the incorrect allegations contained in its 1993 Declaration as to an 
absence of environmental research, Hungary now focuses on the specific need for an EIA, 

- which is presented not only as having been an international requirement by 1989-1992 but 
also as something quite different from - and necessary in spite of - the comprehensive 
research actuaIIy carried out by the TreeQ parties. In particular, Hungary focuses on the 
need for EIAs in the case of dams. Yet Chapter 7 of the "Scientific Evaluation" 
which is a shortened version of a peper annexed at HL-M, Vol. 4, A n n a  23, fails to 
explain the devance of this discussion of EIAs for large dams when the paper itself 
recognises that the GIN Project is net a large dam project (at p. 895). For a brief resumé, 
see, SR, paras. 1.24 t o  1.30. - 

(1 7) The abundance of issues and data on the one hand and the lack of knowledge and information in 
cerfain fields on the other leaves a great deal of uncertainy over the extent tu which the 
cnvironmenf will be aflected in the short and long rerm by the Project, and whether or not these 
changes can be considered acceptable. 

"Unçertainty": this is Hungaryls dominant theme. But there is no correlation whatsoever 
between an "abundance" of data and "uncertainty". As is discussed above in the 
Introduction to this Vol. II, Hungary's thesis of "uncertainty" is scientifically unsound as 
to environmental and driaking water effects, which can be forecast by microanalysis and 
constant monitoring. As the foltowing pages show - in conjunction with Vol. III to this 
Reply - these dlegations are no less exaggerated than the horrifying prospects of 



environmental damage that Hungary originally Pepicted in its 1992 Dedaration, but has 
now sought to abandon. &, SR, paras. 1.12 to 1.18 and paras. 11.03 to 11.08. 



please hini to next page 
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2. COMMENTS TO HUNGARYtS "SCIENTIFIC EVALUATION". CHAPTER 2: 
RIVER MORPHOLOGY AND RIVER HYDRAULICS 

(1) River regulafion since the 19th century has conjned the Danube fo a single ihread channel but 
has neverfheless retained a sysrem of active side branches in the Szige fkoz and 2~ Ostrov of 
high value with respect ro nature conservancy. 

"Active side branchestt: The "high value" of the side arms is accepted by both Parties. 
But it is important to recall that the active floodplain ares had b e n  reduced iast Century 
to a strip 1-5 km wide dong the Rajka-Sap streteh, This is shown in Illus. No. CM-8 to 
Slovakia's Counter-Mernoriai; B, also, IHus. No. R 4 (appearing at the start of SR, Part 
III). But even within the active floodplain, prior to 1992, the major part of the side arm 
system of the Danube in r i t n ~  Ostrov and Szigetkfia was not "active"; many of the side 
arms were virtually dry except at times of flooding. W. Vol. III, p. 3. Hungary admits 
that by the end of the 1960s the side branch systeni had ceased to be fully integrated with 
the Danube - see, "Scientific Evaluation" at p. 7. 

With the putting into operation of the GabEikovo section of the Project through Variant 
"Cl', the branches md side arms on the Slovak side have now been rejuvenated - as a 
result of measrires taken to feed water back into the side arm system from the bypass 
canal. Jee, Vol, III, pp. 83-86, 

The Hungarian side arms have continued to dry up for lack of water - as a direct result of 
Hungary's failure to adopt the remedial rneasures agreed upon by the Treaty parties and, 
in particular, its failure to use the Dunakiliti offtake with its capacity of up to 250 m31s, 
Hungary1s change of heart in the Agreement of 19 April 1995 has been noted In SR, para. 
1.03. 

('2) Surveys qf the riverbed provide evidence that the bed morphology is still governed by 
nccumulation of sediment, and ihaf dredgfng overwhelms possible impacts of river training and 
upstream dams. 

The effects of dredging are relevant only as to limited stretches of the Danube. Tt is 
essential to remember that the "riverbed" in question stretches from Bratislava to 
Budapest and its morpholegy i s  governed by different factors in different stretches, The 
sinking of the riverbed, to which particular attention was paid in the SM, has been a 
serious environmentai problem in the Bratislava-PalkoviEovo (Sap) stretch. Sediment 
accumulation does not govern the riverbed morphology in this stretch of the Danube 
where the river gradient i s  still fairly steep (0.043%-0.03%) and water velocities high, 
leading to riverbed erosion. At PalkoviEovo (Sap), the gradient changes to that of a 
lowland river (0.018%-0.01%) and sediment accumulation does indeed govern 
downstream from there. 

Regrettably, Chapfer 2 of the "Scientific Evaluation" broadens the discussion of riverbed 
morphology and applies conclusions valid for certain stretches of river to stretches where 
different factors apply. It focuses on dredging but neglects three important points. m, 
dredging downstream of PalkoviEovo (Sap) i s  not relevant to  the problem of the sinking 
water table in &tny Ostrov and Szigetkoz and is of lessec environmental impact at least to 
Hungary, due to the different configuration of its terrain. And implementation of the 
Nagymaros section of the Project would remedy such environmental impacts by raising the 
surface water level in the riverbed. Second. dredging by Czechoslovakia and Hungary 
has been dramatically scaled down since the 1 3 8 0 ~ ~  and was anyway to iointtv agreed 
quotas. Third. the stretch downstream of Nagymaros has been seriously overdredged by 



Hungary (alone), for commercial purposes, dtdough this fact is d l  but ignored by the 
"Scientific EvaIuation". 

(3) J f  riverbed degradation due lo reduced sedimen1 suptly from upstrearn were JO pose a problern, 
e.g. Heur Bratislava, alternative soltriiom for srabilisation would be fkasible as shown at the 
Upper Rhlne and rested ar the Auxtrian Danube. 1 

Reduced sediment supply has - alongside the other factors mentioned at SM, para. 1.57 
(whiçh include grave1 excavation) - certainly led 'to a severe nverbed degradation near ta 
Bratislava, where a groundwater level drap of up, to 2 m w u  morded  in the IM 30 ycprs. 
But alternative solutions are not required, for the water impounded in the Variant "Cl' 
rerervoir h u  wilved the problem of the progr&ive erosiai dovnstream of Bratislava. 
Insofar as a problem of riverbed degradation Jemains downstrearn of the Variant "Cl1 
reservair dong the old Danube stretch (rkm 1'851-1811), undemater weirr wouId, as 
Hungary aceepts, provide a solution. a, "~cit!ntific Evaluntion", p. 5. %, dso, Vol. 
III, Chs. 1 and 12. 

As to the "alternative soIutionsl' that Hungary i s  so arixious to propose, these are not onIy 
without relevance to this dispute but are dso wholly unsuited to the problem in question, 
The çost of trying to replace millions of cudic metres of grave1 wovld be utterly 
prohibitive, aside from the problems of where the grave1 would corne from and the l environmental dmage occasioned by its extraction etsewhere. 

l 
No doubt - as noted at HC-M, Vol. 4, Annex 11 (at p. 495) for example - riverbed 
degradation hiis b e n  a problem an other rivers such as the Rhine or upstream on the 
Danube. But it ir nat apparent thit grave1 rkplaccmmt t h m  has gone beyond the 
experimental stage. 

(4) With the constmcrion of the Dunokiliti-Hdov ~ e s d i r  o large p r f  of the S b w k  side branch 
system would be and was aciually destroyed. The cbmplefion of lhe N a a m a m  Dam would 

1 drawn almost al1 islands berneen Gy& and Nagvmnro, destroying valuable riparian habitats 
dong their mosliy unprofecled bankr. Wiih a remAinhg discharge of 50 m3/s in the Old 
Danube, ewn wirh on unspeciped possible increase in1 200 m3/s ddunng the growing season and 
wirh an occasional flood release during a few days onEy per year, the fluvial habitafs of the Old 
Danube and the adjacent wetiands would be severeiy dndangered. The missing bedhad and the 
impaci ofpeak power operulion of Gnb6ikovo with dak~yflow seversni in fhe lower fhird of the 
Old Danube would resulf in rowre bed degradation rdaching in some loccltiop1s up to 3 in ojipr 
50 years of operation. 

l When the Treaty parties entered into the 1977 Treaty, they acçepted the fact that Project 
conrtruetion wauld require the clearing of certaih areas of foret and nitural habitat in 
order to construct the reiervoir. This activity $rd been eompleted before 1989. The 
Treaty parties aiso riccepted the fact that islands in the Danube and habitats dose to the 
Danube would be affected in the Nagymaros sectidn. But it is misleading to describr these 
rmsll sreas as "valuable riparian habitatstt hajing nowhere n u r  the environmental 
importance of the side arm systern and active floodplain of Upper a t n ~  Ostrov and 
Szigetkôz. 

In addition, Hiingary bases its allegaiions of adverse environmental effects on iîs 
concept of the Project", i-, the Drojert Li it was conceived in 1977 and ignoring 
major developrnents that took place subsequently. Hungaryts predictions here are based 
on a reduced discharge rate into the oId Danube and ignore other agreed measures to 
provide for restorstion of the ride arms. They hso assurne that the Gab~ikovo plant 
would have operated at a leve1 of maximum peak mode operation that was never agreed 





I grminhuater to the desired level, as is shown by Germun exprience at the Upper Rkine barrage 
of Rhinau. 

"Would prevent the degradationut: Hungaq concedes that  underwater weirs in the old 
Danube would be effective to p m t  degrdition The Gemm uperience bas b- with 
ordinary trmsverse barrages aperating under lob  (5-15 m3/s) flow - an cntirely diffeerent 
iyrtern - md hss no relevace here. Sp, ~ c - ~ , I ~ n n c x  24 (at pp. 332-334, and Figs. 3.1 
and 3.2, at pp. 344-345). The EC Working Grqup of Experts also spesifically indicated 
their approvd of the use of underwater weirs. Sm, SM, para. 5.41. 

Ï 
(9) As jar as flood protection ir concerned there was a/d is no need for the G/N Pmjecr. T h  

Szigetktir problems were solved by reinforcement of the $yke systems in the 1960s a~rd 1970s, 
providing a 100-year jlood protection which complies biih in f emtionul standards. Downrtream 

l of Gy& some works h m  fo be compleled !o reach the same level ofsecuri@. 
I 
l The 100 year flood protection accorded by th? inundation dykes in Szigetktiz is onZy 

adequate because the Project provides for the division of fiood waters between the old 
Danube and the byppsr canal. SN, SRy paras. 113.40-13.57. The devaitating floods in 
Holland and Germany in early 1995 demonstrate the dangers of underestimating potential 
flood damagr Where it i i  possible to divide the IfIoad waters, as under the GIN projecî, 
this is to be recomrnended as it provides much gremiter protection; this division was 
ransidercd by the Hungarian rcientist, Dr.  ada as, to be vital to prevding a m e r e  
flooding of Szigetkaz. S k ,  SM para. 5.06. 

The GIN Project ellows for good flood protedtion to be achieved in a way that is 
eeonomieally feasible, k, as part of n seheme thAt dso produeer navigation improvement 
and valuable hydroeleetrieity. This m u ~ t i - ~ u r ~ o s e  project wsr the Treaty parties' aereed 
method of ensuring flood control. But as i resqt of Hungary's failure to c a r y  out the 
flood contro2 measures required of it under the GIN Project, a serious risk of flooding 
exirts in certain sectors of the Danube downstredn of Palkovieovo (Sap), partic~~larly on 
the Slovak side. 

(10) Recenf prelirninary investigalions by UTUKI and a I l c h - ~ u n ~ o r i a n  consortium lndicafe thai 
tradifional reguiation melhods including some maintenance would bs suficien& to meef rhe 
requirements esroblished by the Danube Commission. 1 

In any event, the "traditional regulatian rnethodstt lelied on by Hungary appear to be "the 
application of river construction works" - B, HGM, Vol. 4, Annex 8 (at p. 442). This 
means the constricting of the Danube's waters intd a narrow section of the main channel, 
which inevitably means the continued isolation df the side arms. Without interaction 
behveen the main chmnel md the ride armo, the eevironrnent of the region will inevitably 
degrade. See, e.L, HC-M, Vol. 4, Annex 10 at p. 485. 

I 

Hungary has made no document iupporting this Lontention ivsilable. The eantcntioii ir 
eounter to decades of eipuieoçe of navigationai trhninp on this streteh. 

The contention is anyway entirely irrelevant (mis weI1 as untenable): the Treaty parties 
agreed on the method of solving the serious navigation problems existing in the stretch of 
the Danube between Bratislava and ~ v d a ~ e s t !  These problems continue to exist 
downstream of the bypasr canai pi a result of ~ u d ~ s r y ' s  refusai to perfonn its obligations 
under the Treaty and, as the Danube Commission has noted, the GIN Project is the means 
of sddressing t h s e  prabknu &, SC-M, pua. 7!116. The Court has not been asked by 
the Parties to determine whether some a~teriiitije to the metho& igreed between the 
Treaty parties might be adequate to meet the Danube Commission's requirements. 



Furthemore, the "traditional regulntion methods" do meet the Danube Commission's 
recommendations, providing for widths of 80mlf 20m not 150mll80m. 

(1 1) n e  ever changing system of side branches with the deposition, scuuring and transporration of 
sedimenr accompanied by a frequently inunda fed floodplain, is responsible for the very great 
diversity of habitats fhaf existed and still exist in fhis river section. Scoured reaches of great 
depth, shallow fords, dissectes river arms, etc., are adJacent habitats. The fluctuation of 
dischrrrges and waler levels was and still is a vaIidprerequisite for the existence of al1 types of 
habitats in the wetlandJ in this Danube section. 

"A frequently inundated floodpIain": The interconnection between the Danube and the 
side arms had Iargely cemrsed to exist by 1989. In fa& the inundation of the floodplain was 
not even an annud event, as shown by Illus. No. R-12 (appearing at SR, pa ra  13.15). 

The GIN Project, as it evolved, enabled the restoration of the side srm system on both 
sides of the Danube and the raising of ground water levels while maintaining the capacity 
for water level fluctuation. As the EC working Group of Experts explained in their last 
report, sumcient fluctuation for naturd ecological requirements can be achieved through 
the direct recharge system, even if this does not allow the imitation of the extreme and un- 
natural fluctuations in the pre-dam state (caused by the creation of the Danube main 
channel and the construction of flood dykes m d  aggrrrvated by the isolation of the Danube 
side arrns and higher velocities in the main channel). &, EC Working Group Report of 1 
December 1993, HM, Val. 5 (Part II), Annex 19 (at p. 790): "ReestabPishing the dynamics 
of ground water level fluctuations will to [al large extent be possible downstream the 
reservoir," This confirms their previous finding that the implementation of Variant "C" 
allows the floodplain to "develop more naturally'' &, EC Working Group Report of 23 
November 1992, M., Anna 14 ( ai p. 418). Indeed, without the GIN Project, it is 
considered lhnt the floodplain forest would have disappeared altogether- E, Vol. III, p. 
87. 

"Our experience since the end of the 1950s Ieads us to conclude that due to the decreme of 
water flows in the side a m  system follawing the replation of the Danube riverbed, the 
retention of sediments in the Austrian and Gemm stretch of the Danube and the continuhg 
trend of the Danube ~iverbed towards erosion, the fioodpiain forests would wentually have 
disappeared on the Slovak side of the Danube river. The GabEikovo Project and Variant "C" 
have prevented this regmsion." 

(1 2) Thus ir can be staied, that until ike 1960s the s i d ~  branch system and the acîive jâoodplain were 
,jully integrafed in the-fictuations of discharge and wakr levels which ore vital i'o rhe wetland 
eçosystern. 

See, Comment 11 above. It is not demir what is the relevafice to the 1977 Treaty Project of - 
the pre-1960s conditions. Fron the 1960s, the branches of the side arm system were no 
longer integrated with the Danube, partly as a result of the deliberate isolation of the side 
arms to improve navigation conditions, partly due to the riverbed degradation in the main 
channel, whirh meant that the surface water levels no longer reached the thresholds into 
the side arms. The GIN Project enabled this situation to be addressed because it allowed 
for the transfer of navigation into a new channel. The re-connection of the side branch 
system and the main ehannel is now possible because the GIN Project has been put into 
operation under Variant "Cu, The fluctuations tan now Ibe achieved. 



t h a h m  (rbn 1768) <o ody 0.07% (Sam?.& ci pl. 1989). in d~b rcacb e*ec+ave 1 
~ w s r c m i c d o o ( b y b o m c o u o o i e s ~ ~ ~ 1 ) .  



(1) In addition, growing amounts of gravel have been extracted from the entire river reach berneen 
Bratislava and Budapest for indus trial purposeS. 

"Growing amounts of gravd": This is  untnie. The mounts of goavel ektrstçlted have been 
decreasing, The very large decrease in dredging since 1991 is  shown at Vol. III, Ch. 12, 
Fig. 1.2.' Upstrearn of ~unovo,  gravel extraction was radicalIy reduced after 1984 and was 
practically halted Save for the excavation of fords for navigation purposes. The area 
downstream from çunovo to Sap (the old Danube) is no longer exploited. 

(2) Downstream of Sap/iPalkovi&vo (rkm 1810) the gradient of the river drops from 0.35 to 0.1 7% , 
al the mourh ofMosoni h n a  ( r h  1 793) to O. J OS/& and ai Komhmo (rkm 1 768) to oniy 0.075/& 
(Stanüker al., 1988). In fhis reach excessive dredgrng wus carried out by borh coiln tries. 

The dredging has been carried out downstream of Sap precisely because of the change in 
gradient, which means that this is an mira of aggradation. &, Comment 1 to "Scientific 
Evaiuation" p. 13, below. 

There is anyway little relevance to the fact that substantial dredging may have occurred in 
the past downstream of Sap, where the bypass canai now ends. Dredging is relevant to the 
problem of sinking rirerbed levels and, therefore, sinking groundwater levels. Sinklng 
groundwater leveb have been severely problematic in Upper fitn$ Ostrov and Szigetkliz, 
not downstream of Sap. Tt was this upstream section that was the focus of attention in SM, 
paras. 1.57-1.60. In this upstream section, the dredging for industriai purposes has been 
minor, as is clear from Figs. 2.1 srid 2.3 (at pp, 10 and 12 respectively) of the "Scientific 
Evaluation". The major dredging, as Fig. 2.3 (reproduced at SR para. 13.22 as Illus. No. 
R 13) shows, is downstream of rkm 1811, 'i.e., downstream of Sap, which is an mima of 
aggradation. &, Vol, III, Ch. 12. 

(3) The exploifation of gravel was nol shared equally on all river reaches; the stretch between 
Gonyifi and Komdrom was almosr exclusively exploited by Slovaiha while the lower common 
Danube mach was intensive& excavated by botk counfries. 

The localities of dredging and the amounts of exploited grave1 and sand were annually 
discussed and agreed between the Treaty parties. The exploitation of the stretch betweea 
GGnyü and Komirom is anyway not of importance to the case. 

Note: in Hungary's Tabie 2.1 the annual dredging in rkm 1766-1708 (which was largely - 
exploited by Hunga~y) and in rkm 1694-1559 (which was solely exploited by Hungary) is 
double the amounts for stretches principally exploited by Czechoslovakia. 
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(1) The morphology of the nver is governed by the accumulation of sediment a d  the excavah'on of 
gravel. Overdredging in many reaches resulled in a signijcant drop of wafer levels. In some 
reaches (e.g. around Palkovibvo) aggradation is overruling excessive dredging. There is no 
indication thnt the reduced Iwel of sedimeni suppEy from Austria hns significanlly influenced the 
river morphology downstream of Rajkn. WWllhouf dredging the Szigetkoz reach of the Danube 
could be expeçfed to accumufate sediment men loday. Due fo the Iack of data no certain 
conclusion can be made for the Slovak reach. But fhe sudden drop of water levels at Bratislava 
a@er the par 1967 indicale excessive (industrial) g m e l  dredging ralher than the influence of 
upstream dams. 

It is not understood how dredging can be "excessive" in an area where aggradation is 
"overniling". The two statements are mutudly exclusive. The accumulation of grave1 
sediment around PmilkoviEovo creates a serious flood risk and its dredging is  desirable on 
this ground alone. 

The conclusions in this paragraph are inconsistent with Hungary's earlier statements; muid 

they are oversimplified. The reduced bedload effect after the upstream dams in Austria 
were constructed is expressly recognised by Hungsry just above (at p. 11); and there have 
also been ground water level drops upstream, x, in the Vienna area, during the Iast 30 
years following construction of the Austrian dams - E, HC-M, VoI. 4 (Part 2), Annex 11 
(at p. 495). 

Riverbed morphology is affected by a number of factors. The primaw factor is gradient 
and the cesulting velocity of water flows. Dredging is a factor, but only alongside river 
regulation works muid, in pnrticulnr: (i) natural erosion due to increased velocities in the 
straightened and narrowed navigation channel; (ii) the prevention of bank crosion due to 
fortification of river banks; and (iii) the reduced bedload effect of upstream dams (just 
noted above) - changes that started to appear long before the industrial dredging in the 
1970s and early 1980s- As Hungary concedes, the installation of underwater weirs in the 
old Danube would prevent riverbed degradation - S. Comment 8, p. 5, abore. 

(2) Before the degradation of the bed s farted in 1967/68, about 20% of the side branch sysiem in rhe 
SzigetkiSz was permanen f ly supplied wilh waler ewn al low Jow conditions. Afer degradation 
the threshold for the branch system inflow increased tu 2,500-2,700 m3/s whick occurs for 75- 
100 days of the year. Jn addition, enrrance sections of side branches were closed in the last 30 
years in order ro maintain minimum waier depihs req~ired~for navigation. 

Hungary's statement is correct as far as it goes (especially in relation ta the isolation of the 
side arms to ensure navigational depths), but it does not fully describe the extent to which 
the side arm system had deteriorated. Hungary's 1985 EIA indicated that for nearly 300 
days a yesr the water discharge rate was below the level required to allow water to fiow 
into the side arms - E, SC-M, para. 7.39. And at "Scientific Evduation" p. 52, the 
Hungirrian statistics (appearing in table 3.1) indicate that there was fiow from the Danube 
in slmost al1 river acms annuaily for a duration of only 17 days and cornplete inundation of 
the floodplain for only 4 days, Furthemore, these are average values. In other words, in 
certain years there wou1d be no floods and no complete inundation, whilst in other years 
the period would be longer. &e, Illus. No. R-12 appearing at SR, para. 13.15). The 
installation of undenvater weirs together with utilisation of the DunakiZiti offtake would 
have solved this problem, mrllowing Hungary's side arm system to be svpplied with water at 
low conditions, as noted by the EC in its report of 1 December 1993 - m, SC-M, para. 
& . I l .  



(3) If mn be assumed thahor the owr-excavafion ofgrav4i hm been done on the expecfah'on of the 
construction of the Gabdkovo-Uagymaros Barrage System, af least in cerfuin nver reaches l i b  
in the ~unahliti/&novo Resenroir, where the rise of wafer levels has çompensatedfw the drop 
oround Bratislwo. In thls regard nwrbed dogrdari& i s  closely relared lo the project plans, 

The key point i s  ornitted in this discussion of nàvigatian: that the opening of the bypass 
canal has undoubtedly improved navigation whilbt, at s number of  rearhes of the Danube 
below the bypass u n d ,  the navigation requiredents of the Danube Commission are wt 
met as a rerult of Hungary's abandonment of thé Nagymaror section of the Projeet - m, 
Vol. III, Ch. 12, Ags. 1.5-1.9. As pointed out ia SC-RI para. 7.117, in the sector of the 
Danube downstreim of the bypvr onosl, the ~sl iube Cornminion's d g t h  speeificntioo of 
2.5 m was met in 1992 dong only 40% of this rtrlctch. &, slro, Vol. III, Ch. 12, showing 
that lnurb of  (Ris dretch fnils to nmt the ~ a n u b e  /~ommirrion'o width standard. 

This sssurnption is wroog. A Slovak 1991 study hveals that, between 1976 and 1989,48.3 
mil. m3 of gravel wm excavated dong a reach of 
and rkm 1709.024, downstream of Sturovo). On 
(the area of the GaMikovo sector), only 3.5 mil. 
Annex 24 (at p. 309). There wzis na over-excavation 
all, Iet alone in anticipation of the G/N Project. 

(4) Navigation 

171 km (between c h  1880, at Bratislava 
the other tirnuid, between Curioro and S4p  
m3 of gravel was excavated - B, SC-M, 

of gravel in this stretch of the river at 
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(JJ Conclusion. By 1977, the major part of the Hzrnganan flood protection system met the safep 
level on which both sides had agreed, i. e., 100-year design flood plus 1.2 m freeboard allowance 
and suflclenr cross dimensions of levees with seepage control. 

This is a deceptive statemenL The starting point adopted by the Treaty parties in 
assessing Rood risk was not the 190 year flood but the 1,000 year flood (a discharge of 
13,000 mJls). The agreed operating regdations provided for this flood wster diseharge, to 
be divided between the bypass canal and the old Danube, in such a way as to ensure that 
the dykes dong the old Danube, built to the 100 year standard, were adequate. (See, SR,  
para. 13.48, ses.) The only way in which the dykes on the Hungraian side, designed 
under the Project to reach the safeiy standard of the 100 year flood, would be safe against 
the agreed safety standard of the 1,000 year flood was by putting the GabELùovo section 
into operation, thereby dividing the flood waters. This is one of the great (but 
unacknowledged) benefits Hungary now enjoys from the putting into operation of the 
GabEikovo section under Variant "Cl', 

The discussion of flood control in the "Scientific Evaluation" of Hungary is addressed only 
to Hunearv's rirotection, ignoring the obvious fact that Rood protection dong a stretch of 
river shared by two States is a joint problem and that it was a problem jointlv rescilved 
under the GIN Project. 

In this respect, it is informative to read the summary of the Joint Contractuai Plan 
contained in Hungmiry's own annexes (HM, Vol. 3, annex 24): 

"3.3.1 Flood contsol 

Levees were tonstmcted dong the Danube and its ttibutaries which needed a very high 
investment budget and still do so, Thoueh the levees were çonstructed with a hiph securitv 
factor, thev do not ensure the flood nrotection of the extensive areas located on both sides 
of the river. The protected area on the Czechosiovak side is more than 200 000 ha and on 
the Hungarian side is about 40 000 h a  

The basic soi1 of the dams consists of varying geoIogical alluvium, During floods or 
.. Iengthy high water periods the fine particles of the dams tan be washed out, resulting in 

Ievee failures. The Danube levee on the Hungarian side failed three tirnes In 1954 and 
twice on the Czechodovak side in 1965. The latest direct inundation devastated 60 000 ha 
in Czechoslovakia. 

The ~ re sen t  conditions of flood control are vetting worse vear bv vear, because owing to 
the sudden slope change at PalkoviEovo gravei settles in the bed, and consequently the 
bottom of the bed and the wates levels keep on rising. The flood levels increased 150 cm 
between 1901 and 1950 which caused a higher groundwater level over the surrounding 
area, and less security of the levees dunng floods and ice gorges. The rilanned solution is 
advantapeous from the flood control point of view, because the most dificult and most 
daneerous Hrultov-PalkoviEovo stretch is bv-aassed bv a diversion canal. 

The discharge capacity of the bed will be increased dong the Nagymaros-Budapest stretch 
owing to the dredging of the bed. An improvement cm be expected during the flood 
period when the water flows through the reservoir, because the forests hampering the free 
flow will be removed. 

The disçhar~e cariacitv of the diversion canal and the abandoned riverbed after the 
construction o f  the barrage alone the stretçh above PalkoviEovo iointlv rirovide the 



necessaw securitv even anainst the occurrence oa a 1 O 000 wear flood. The Ieves dong the 
downstream stretch ensure the required securib against the occurrence of a 1 0 0  year 
flood* 

With respects to dl these facts the conclusion c& be drawn, that with the construction of 
the alanned GabEikovo-Nawmaros Barrage svsdern the reauested level of flood ~rotection 
of the entire sur round in^ area will be ~rovided, therefore the value of the watershed are% 
considering the continual develapment of the agticulturd production, industry and 
municipalities, will be constantly rising." Emphasis added. 

1 
(2) The construcfian of the Dunakiliti-Hmhv Reservoir would destrey and acmally ha3 destroyeà 

about one t h i i  o f lh .  dtnj Ostrov/lwdpiain. Thmigh the impundrnenf of MO million m3 qf. 
water the previous river ecosyslem chracterised by numeraus islunds, sside branches and 
wetland would have been Iost. 

(3) The cons fmcrion of the barrage would cause the »lun#ation of about two dozen lslands situated 
behveen Gan@ (rkm 1791) and Nugvmuros. Most of the rjpmian zones of these islands 
rendering valuable ecolones were loft unprotected onh mrry sofhuood vegetation In addition, 
estoblished ripariun zones of 300-350 km longth of several tribu tories and of  the Duntrbe &el/ 
would be inundated. 

Just as to Comment 2 above, the described environmental impacts on the Nagymnros 
section were aIso understood and accepted by the Treaîy pafties. Moreaver, Hungary 
greatly exaggerates the environmental importsncé of the riparian zones coneerned. &, 
Comment 4 to "Scientifiç Evnlurtionïl p. 4, rbodj. However, by oot procmling with its 
obligations under the Trerty as to Nigymaros, ~ " n ~ a r y  h i r  not felt these impacts, leaving 
dmost d l  of the accepted environmentai impac9 of proceeding with the G/N Project in 
accordance with the Treaty to fail on Czechoslovakia (and now Slovakia}. 

1 

The area of floodplrin replaced by the niervo/r under the Treity Projeit wps lrrgely 
within Slovnk territory. Tbe entire erea was cleared before 1989 and ready to be filled 
with nater. Thus the "previous river ecosyrtm/" of this artxi vu already ion by 1989. 
The environmental impact of this aspect of the Troject was understood and accepted by 
the Treaty parties. The GIN Project did not however require any further lass of 
floodplain - unlike upstrearn projeeta on the ~ a n d b e  and projects on the Rhine - beeiuse it 
located the bypass caria1 sutside the floodplain (in 

The  discharge rate described here ras thit  foresdn vnder the Truty Project in 1977. By 
1989, these rates were to be increased and other deasUres to deal with the water levd and 
the effect on the side arms had been adopted. Nevertheless, Hungary's predictions are 

l based on the "Original Project'*, i.e,, without taking account of Project developments and 
thus vitiating this "evaiuition". The predietionr df severe ocouring pmblems containcd in 
Table 2.2 are also unfounded. k, Comment 1 to "Scientific Evaluation" p. 21, below, l 

agricultural land on Slovak territory). 

(4) Table 2.2 shows the moin hydrological ond morpholobicol impacts thor could bs onticipted in 
the Old Dmube with the impiemenfation of the Origidul Projecf. Dunng 350 days of the par, 
50-200 m3/. would be releascd fYom the reservoir - 
vegerafion. Any wufer level jiuclrtations would be 
when the infIow into the reservoir exceeds 4? 000 rn3/5. 

200 m j/.~ only in case of ihe need for 
lirnired tu 12 days of the year on average, 

I It is also worth noting that Hungary gives the impression that al1 changes are negative. 
Far instance, Table 2.2 predicts a drop in water 
Such a decrease is beneficial - in terms of reducing 

velocity from 1.2-2.0 m31s to 1.0 msls. 
bed erosion and creating better aquatic 

habitats. &, Comment 1 ta "Scientific Ewduatio?" p. 24, below. Similarly, the spread of 



vegetation in the chanael ouîside the new low flow bed wodd mark s return to a more 
naîural riverine ecosystem. 

(5) According to the Joinr ConfraciuaI Plan the low-Juw wafer level - fhaf had been luwered since 
195 7/68 rhrough excessive c h e f  dredging - would drop by 2.50-3.00m below fhe regulation 
wafer levei. 

Again, the low-flow level in the 1977 Joint Contractual Plan was not fmed at 50-200 m31s in 
1989 as Hungary suggests; by ibis date, other memures such as underwater weirs had 
been agreed. Even under the earliest plans, only one very short stretch of the old Danube 
would have expetienced a drop of 2.5-3.0 m - sec, Comment 1 to "Scientific Evduation" p. 
21, below. Wungary deliberately ignores major changes made in the Project before 1989, 
when Hungary started to breach the Treaty, as weil as changes that Czechosiovakia 
showed itself wilIing to accept after that date. 



-dlba 

Er- - - 



(1) Since al1 bedload will be rrapped in the HruSov Reservoir. eventual degracbtion of the bed 
should be expected even wiih fw flood discharges per year. Kali# and BaCik (1 992) predjcted 
up to 3 m scouring in some sections am 55 years of operation en failing a jûr fher drop of the 
prevailing 50/200 m3/s water Iwe l~ .  Figure 2.6 shows the dt$ormution of the riverbed sjmulated 
for a 50-year p e n d  of operaiion. 

Kali5 and BaEik in fact predicted: "Sedimentation by the bedload transport in the 
reservoir of HruZov-PunakiIiti isn't expected to cause serious problems ..." - -, HC-M, 
Vol. 4, Annex 5 (at p. 359), Hungary also omits the conclusion of these two Slovak 
scientists as to riverbed deformation: "The obtained results showed that the Old Danube 
channel deformations will be reletively small" Indeed, Fig. 2.6 of the "Scientific: 
Evaluation" shows this to be so, with both increases and decremes in the ievel of the 
riverbed and a deçrease of 3m in onlv one s~ecific location. And, as Hungary admits, 
riverbed deformation can be cured by ~onstructing underwater weirs - E, "Scientific 
Evaluation", at p. 5. 

(2) The degradation of the nvevbed previously caused by excessive upstream channel dredging 
would continue due to the total retention of the bedIoad ut the Qunakiliii barrage. 

The conclusion ~eached by the Slovak scientists relied on by Hungary (as just discussed at 
Comment 1 abore) was that the deformation of the old Danube riverbed would be 
"relatively srnall" even after 50 years of operation. Fig, 2.6 shows a rough balance 
between aggradation and degradation. 

(3) The discharges that would be released in the side branch systems on bofh sides of the Old 
Danube could by no means compensate for fhe drop of groundwaler-tables or for the Ioss of 
.j'requenrjlushing and inuhtiopr fhat occurred be fore the 1960s. 

This marks a change of view on Hungaryts part, for Hungary noted in its 1985 EEA that 
the direct recharge into the side arms allowed by the Project allowed a flow of water "far 
exceeding their present discharge throughout the entire year'" HM, Vol. 5, Annen 4. This 
1985 assessrnent is confirmed by the 1993 reports of the EC Working Group of Experts, 
as well as by VoIurne III hereto, which conclusively proves the beneficial impact of the 
direct recharge into the Slovak side arms rt DebroholEt 

The problem exists on the Hungarian side because of its p s t  refusa1 to proceed with the 
Project. According to the EC Experts, if direct recharge into the Szigetkaz side arms is 
increased to the same levels as on the Slovak side: "Ground water levels on the Hungarian 
territory are expected to be mot lower than in the pre-dam conditions." HM, Vol. 5, 
Annex 19 (at p. 790). Needless to say, Hungary cm point to the adual impact o n  its 
territory of the damming of the Danube in October 1992, which has (apparently) been 
followed by a decrease in ground water levels on an area covering 297 km2. But this 
proves only that the direct recharge system was well-conceived and that it is wholly 
illogical not to allow for its implementation. And, once again, on SIovak territory, the 
eflectiveness of direct recharge has been conifirrned by EC experts and by over two Yeats 
of monitoring of actual impact: 

"The Gab€ikovo hydropower structures, nfter two years of operation, show on the 
prevailing part of the territory the recovery of water-related conditions to those knowni 
in the region a few decades ago. The measured changes in ground water levels in the 
floodplain area and in the whole region confirm the positive impact on the upper part of 
the area and the important positive role of water supply for the Danube left side 
floodplain." Vol. III, p. 18. 



As to "fiushing and inundation", the actua1 inundation of the side arms area is indeed 
possible. Even to date the flow rate achieved in bhe Slovak ride nnnr s ina  May 1993 bas 
been neither small nor constant. It has varied between 10 and 90 m31s as ecologicd 
considerations have dictated and there is no senke in which the flaw has hem inrufficient. 
And it will be nmembered that both intakei into the iide rrms (Dunakiliti on the 
Hungarim side - Dobrohoxt on the Slovak side) have capacities of around 250 m31s, 
allowing precisely for inundation. 
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(1) ln the case of impounding the side éranch system wifh artiftcial su& a completely difleeent 
we f land ecosys fem would dewlop adapred 10 nenrly stagnant surface and g~oundwu fer levels. 

The Treaty parties agreed in the Joint Contractual Plan, as it evolred, to supply water 
from the Danube to the side srrns on both sides of the river by means of intake structures 
on the bypass canal (at DobrohoH) and at the Dunakiliti weir. These measures coupled 
with the construction of undenvater weirs in the old riverbed may now dso  restore the 
interconnection between the Danube and the floodplain, iwluding geriodic flooding and 
inundation (which had started to be lost in the 1960s and had dl but vanished by 1983). 

The great progress made in rejuvenating the Slovak side of the river in the last two years 
proves the efiectiveness of these remedial measures in compensating for the adverse effects 
of human activity in the past. The "wetland ecosystem" being restored there is closer to 
what existed before the 1960s. Where direct recharge has b e n  implemented, there are 
signs of a positive increase in biodiversity and of a return to the more natural biodiversity 
of a century ago due to the multiple suceession of new ecotypes. Already, species that hiid 
been considered locdly extinct have been recorded again - particularly in the shdlow areas 
of the reservoir, the Cunovo and Rusovce side srms, the Biskupcé side arms and in the 
reservoir seepage canais. &, Vol, III, pp, 93-104, For it is  not only in the side arm areas 
that more natural conditions can be restored. The fast flowing main channel of the 
Danube in the pre-dam state was not mi natural environment and had resulted in the 
destruction of the main benthic and littoral rommunities. The typical flora and faunai of 
the Danube river delta had been preserved to an extent in the side arms, but the 
communities there were being harmed by lack of water flow. The Project increases flow 
into the side arms and reduces flow velocity in the main channel by around 30%. This 
ailows the regeneration of the typical inIand delta species. The creation of the reservoir 
both allows the revitalisation of the upstream river branches (nt KopaE, Rusovce and 
Cunovo - where there has been a rapid regeneration of water rrganisms) and prondes a 
vast new habitat, of particular importance for fish and birds. 

(2) The Nagymaros power pEanl was also supposed ro operate on a peakrng mode (Figure 2.5). 

This is completeIy incorrect; only GabEihvo was to operate at peak mode - but to do so, 
the Nagymaros step was essential. In any event, as disçussed earlier &, Comment 5 to 
"Scientific Evaluation" p. 4, above), na agreement between the Treaty parties covering 
peak mode operation had been reached as te GabEiIovo in 1989; and in October 1989, 
Czechoslovakia offered its pIedge to limit or abandon peak mode operation entirely. 

(3) Ice release 

This discussion of ice release is not critical of the Project. As is shown in Vol. III, Ch. 12, 
Sec. 3, the ice phenornenon had been carefully studied, benefitting frorn 50 years' 
experience at Austrian and German river power projects. 
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(0 There is no information on the daily operation mode of Gab ELkovo. 

A comprehensive daily record is kept of the operations at GabCikovo - as required by law. 

(2) During thejrsfflood a f i r  the closure of the river in November 1992 the downsfream channel 
and jfooa'plain were swerely eroded due to unfinished protection measures and some tainter 
gares were washed away ( c j  Chapter 2.4.4, below). 

The results of the flood tbat reached its peak on 24 November 1992 is discussed in detmil in 
Vol. III, Ch. 12, Sec. 3 and hm been set out in the SC-M para. 8.58. As shown there (and 
as admitted in the Hungarian annexes at HCM, Vol. 4, Annex 9 at p. 4551, this was an 
extraordinary phenornenon. The structures washed awsy had simply not yet been put into 
place; and the erosion occurred because work on the rock fa chute downstream of the 
weir was incornplete, However, the only part of the "floodplain" afFected was the area on 
Slovak territory already cleared. And the downstream effeet of this event was in a sense 
beneficiai since it washed downstream sedirnents that have settled m d  improved the 
eroded riverbed of the old Danube. 

(3) On the Hungarian side, the desiccation that started in the mid-1960's with the overdredging of 
the riverbed will eventuali) result in a total Eoss of the wellands. On the Slovak side, the 
impoundment of the side branch system will change the riverine wefland character 
comprehensively (Chapter 4). 

What has happened in the Hungarian floodplain is entirely the resuIt of Hungary's 
abandonment of the GIN Project, which had provided for the restoration of the side a m  
systems on both sides of the river. On the Slovak side, it is not the impoundment of the 
side branch systern but the intake at Dobroholit supplying water to the Slovak side arm 
system that is most significant. As cm be verified by a site visit, this is restoring the 
floodplain there to its pre-1960s condition. Vol. III, Ch. 4 establishes on the basis of 
current data and monitoring that the "riwerine wetland character" of the SIovak side arm 
has not been changed comprehensively, as Hungary's "evaluationtt wrongly predicts 
(without the slightest atternpt to consider what has actually happened after more than two 
years of operation). &, dso, Vol. III, Chs. 3 and 5, 
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(1 )  It can be concluded thal the Slovuk side hus accepled additional risks when implementing 
Variant C with uncompktedJood release structures called Phase 1. In case of an unconfrolled 
rise of the warer level up to the cresf of the resenioir dyke, large prorecred areas in the Sz~getkdz 
could possibIy be endangered by inundation. 

Hungaq's contention here is that, while the Treaty Project adequately provided for the 
release of floods, phase 1 of Variant "C" could not fulfill the same standards, thus 
exposing Hungary Eo danger (although Hungary does grant that when phase 2 is 
compIeted during 1996 the problem of flood release will have been resolved). But this 
makes no sense. In the event of the "uncontro1Ied rise" of water - which has never 
happened - the worst that could bappeiï is that the fIood would realch the original right 
bank dyke of the Dunakiliti reservoir, No areas wouId be endangered or, if so, they would 
nnyway have been endangered under the Treaty Project. This is a purely prejudicid 
argument of no relevance to the questions put to the Court. T t  is also factually incorrect - 
see SC-M, para. 8.53, et seq.. Hungary adrnits that during phase 1, three major floods -9 

occurred, none of whkh caused any appreciable darnage in the Hungarian side, 

(2) 11 can be concluded, that in terms of ice release, the Varian! C structure$ cannot fir&îl the 
reyuirements ofthe Original Projeci plans and can Iead to blocknge of navigation. 

This is mideading, Vol. III (Ch. 12, Sec. 3) describes the events that took place in January 
1993 in detail. Navigation i s  always interrupted on the Danube during extreme ice 
conditions. The handling of ice release under phase I of Variant "C" has been routine, 
and phase 2 will bring irnprovemeiits, 

(3) The ierm "undenva fer weir" disguises the faci that the proposed structures are regular fixed 
weirs of several metres height wilh backwaler reaches oyseveral hlometres in Iength (Tuble 29). 
At normal $ow cofiditions in fhe Old Danube, ~ . e . ,  50/200 m3/s for the Original Projecf and 
around 200 m3/s base fiw for Variant C, the free Jowirrg Old Danube wouId be hrrned irrto a 
sequence of impounded reseriroirs (Figure 2.7). As a maiter of facl, fhere are plans fo jnsfall 
smull hydropower unifs in each weir structure. 

This is a total misdescription of the underwater weirs. Although the final design and 
location of the weirs was never decided on by the Treaty parties, the basic concept was . . 

agreed under the GIN Project. Reference to the weirs is even made in the 1977 Summary 
of the Joint Contractual Plan appearing at HM, vol. 3, annex 24, being translated as 
"bottom sills". The general design is shown at SC-M, Annex 24, at p. 34; how they are to 
function is shown in Illus. No. CM 12, appearing at SC-M, para. 8.11, Hungary also 
ignores the fact that the EC Working Croup of Experts expressed approvaI of Chese weirs, 

There are no plans to install small hydropower units in each weir structure. 



by üu Uppn Rhinc pltminnry kld tests uc king 
Emigfadm~treiluatrianrr*diofhDawbcroalabitisamemzr~wthckff 
b . m B S ~ a i b r l ~ e m r i w ~ ~ c s w c n p r o d i a c d m a e .  ~ n l * c i i t ~ h c  
U A i a I l h i a , ~ A ~ s r d i m a R * I s i a W t o ~ u i m C w  
~ 0 f - d i m w k r i n g i ~ b d p m ~ ~ t i o . w b ' p c h m w i l ~  
rcriei bydraulk faog d'Rood floaa kit &O of sbip pmpsllar ~aicral  
d - pwcd me fesibility of thir F T w h e  (Km 1Wb). 

* t-hiw *dopcDd in ü~ IW ( ~ ~ i q p r e r  2.23) amd on 
l ~ ~ ~ ~ m d ~ f ~ i o n a l ~ ~ i o ~ i ~ m t e ~ z d s  ' 

of Ihc p M  GIN Pmjst. c m m w h  - m~ hifillad mi th airire m h  

2.6.3 n * i o o p R ~  

In  termr o f j o d p e u i o n  fkn îr d iwr fm d f a r  tk GIN FTO~N. ?bc 
pvisi&l eonstruztim af Pharc 1 of Vuiuif C mi@ kd  Lo an uncmimlkd 
t ' w ~ k ~ ~ ~ ~ ~ ~ ~ ~ d u m s ~ r t k s t i +  

With the wrisrnidiwi of a nlaLiucly large rtoavoir, iee 4ih-1~ of ~IC riw 
have dripioraicd. As oppDsad to predam cundiih (hc dcvcbpmd of a mlid 
ice -1 bas CO bc aniiciptd dnmsi ewy winttT. DIPchVgjns ice hm. a 
m i r , ?  a masi d t l h  U k  iwhg ddiaonal rid;r, cvai with appmpiaw 
~ ~ m d m p m p c r i o n . T h c ~ o f V i r i a m Ç P h a s t l d o a a r  
cvn fulfil tfae b i g n  mquimcnts wbkh mrr fm & Ongiud hja 

I Espociatty chmûeam of G~&T rhcn uc mm m m s  with insur~icnt flwd 
ai thc Hungarian sidc wlbat thc dyker nmd Ui be ixightcned. 
of*. S b d  Rannir dyke in .ii mion der Hmgq ahan&& 

rhe GM &jd pirtî HU- in M u n f ~ d k  siwiai baf*usc w dyl;cs am 
0.246 rn hi* ibari ik quirad 1 W p r  W h l .  Sa Himgiry %Il k f d  
to mise aib m m  in rhis rmch t~ IfK 5Vnt h l  to p-evmt incrtsard and 
-!le r h  from a higkr lml  OF floodiq 

1 2.7 CONCLUSIONS 



(1) Thus the series of "undenuarer weirs " would represent norhing else chan a seguence of weirs with 
backwater reaches in a $mal! river wilh ihe weIl known resultang changes Én the aquanc habitat. 

The need for undemater weirs is: (i) ta increase the water lwel to illow the reconnection 
of the old Danube with the side arm systern; (ii) to raise the ground water lwel; and (iii) to 
put a definitive end to erosion of the rivetkd. Hungary mistakenly relies on experience on 
the Rhine with entirely different kinds of weirs to suggest that these results wouId not 
occur - E, Comment 5 to "Seientific Evduation" p. 8, above, 

There is no evidence to suggest that changed velocities would create mything but desirable 
changes in aquatic habitat or would be so reduced as to creoite colmatation problems. 
Indeed, the construction of underwater weirs in the old Danube will have a long term 
benefirial impact on dora and fauna. It does not entai1 a loss of natural ecological 
functioning, but rather allows for a further increase in habitat dirersiîy by offering an 
inçreased varie@ in water flow rates, water depths and velocities. Hungary does not 
contesf the beneficial nature of such variety, which it describes at p. 7 of its "Scientific 
Evaluation" as forming part of the naturd system. In areas behind the underwater weirs 
and close to the riverbank, velocities wouId decrease. This would previde a favourable 
habitat for young fish, just as the areas behind the groynes that were erected on the main 
çhannel riverbed for navigation purposes. The suitabiIity of this new habitat is shown in 
Illus. No. R-9 (appearing st SR, para. 12.45), a photograph shawing teeming young fish 
gathered for feeding in the lower velocity area behind a groyne (a structure used to 
concentrate flaws into a central channel so as to improve navigation conditions). By 
contrast, in the centreline of the underwater weir, higher velocities would remain. This 
variety ofvelocities and potential habitats is far closer to the river's natural state than the 
old high velocity main channel. The riverbed wilI no longer be a smooth, eroded surface; 
and riverbed bottom irregularities will develop, leading to an increase in habitat diversity. 

(2) Aldernative Management Slralegies 

It was clairned in the Slovak Mernorial, thal the GLV Projecf is the oniy reasunable solution 
- for harnessing rhe poteiltinl anergy of this river reach; 
- for solving Jood protection problems; 
- for mirigating navigation problems, and 
- for solving the problems of bed degradation. 

It is not necessary for Slovakia to clairn thnt "the GIN Projcct i s  the only reasonable 
solution" to solve the problems listed. It was the solution a~reed  pursuant to the 1977 
Treaty by the Treaty parties. Under the Special Agreement, the Court has not been 
requested to devise or approve l'alternative management strategiestt mrs an alternative to 
what the Treaty parties decided, Accordingly, this whole discussion is irrelevmt. 





No especial comments, 
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3. ÇOMMENTS TO HUNGARY'S "SCIENTIFIC EVALUATION' '. CHAPTER 3: 
SURFACE AND GROUNDWATER 

(1) The Danube JjIows have regillarly jlrrshed fhe cornplex systene of side-arm branches, but the 
Danube main channe1 has primariiy deiermined the groünbwuter recharge and grounhvater 
Ievels rhroughour the KisalfiTld 

Hungary exaggerates the importance of the "Danube main channel" in terms of 
groundwater recharge. The main channel has only existed since the 19th Century. 
Recharge through the side arms largely çeased fram the 1960s because these received so 
little water. But recharge continues through the side arms if they are not deprived of 
water. 

(2) Hisforical trends of su face water guality show a dmmatic increase in the nutrients Nitrogen and 
Phosphoms, which are no longer lirnifing for eutrophication. Increased algul biomass has 
occurred, and a change in phyfoplanklon communifies. Bacreriological qualiy remains poor. 
Some heavy metal concentrations in waîer exceed permlrfed values; similarly keavy rnefals in 
sediment sornetimes exceed relevant stanhrds. The highest poilutant concentration te& fo be 
nssociated wirh the ftne sedimen f fractio~s. 

This gives a misleading impression, The water in the Danube is improving in quality -, 
Vol. III, at Chs. 1 srid 21, and Hungary hm elsewhere given the impression that the overall 
quality is good: "The Danube water quality ean accordinp to Hun~arian classification be 
categorised as 1st class regarding the rnajerity of the cornponents ..." E, EC Working 
Group report of 2 November 1993, HM, Vol. 5, Annex 18 (emphasis added). &, dso, 
Hungary's 1989 study at HC-M, Vol. 4, Annex 13 (at p. 535), 

No perceptible trend can be detected in terrns of Nitogen and Phosphorus content in the 
period 1989-1994. &, Vol. III, Ch. 2, Figs. 2.10 and 2.11. 

There is no link between poor bacteriological quality and the G/N Project (save to the 
extent that the Treaty parties were to construct waste water treatment plants as part of 
related national investment, &, the GIN Project would have had a beneficial impact). 

(3) Impers of the Original Projecl in terms of water qualiv were negIecred in the earIy studies of 
environmental impact, and even i h y  have yet to be filly explored. 

This assessrnent is incorrect. The primary aim of Hungary's 1985 EIA was to wenfy the 
Project's impact on water resources. &, SC-M, para. 7.74. Water quality was one of the 
matters studied under the massive 1976 Bioproject of Czechoslovakia, updated in 1986, as 
well as in follow-on studies - E, SM, para. 2.17, et seq., and Annex 24. It was aJso a 
matter of continud study and monitoring by the Joint Boundary Waters Commission - S. 
SM, para. 3.10, et seq.. 

(4) Some grounhvater from the Szigefk& is used .for supply, but the resource is as yef largely 
i~nexplolred 

"As yet largety unexploited": The Cornmittee for Water Management Sciences of the 
Hungarian Academy of Sciences stated in April 1992: "The geographical location of the 
area renders, as a matter of course, the conveyançe of water via the water mains over long 
distances uneconomical" - E, HM, p. 41 1. Faiting a population explosion in Szigetkoz, 
this resource will remain largely unexploited by Hungary, but not by Slovakia, where it is 



the source of water for Bratislava. The f a o n  i: simple. Bratislava is located near to the 
alluvial aquifer whereas Budapest is at n grent dikanea 

(5) Groundwafer increases occur near the reservoir, but decrenses irt grounhvaler Ievels are 
predicted ro exceed 3 m a d  to affect an area of approxrmately 300 kmz on the Hungarian side. 
Sub-Irrigation woula' be reduced or lmi over 167 km< l 

Hungaryts figures are incorrect, an the bnsis oflits own data. S k ,  HC-M, Vol. 5, plate 
3.11, which shows a simulated decrease in exces of 3m only where discharge into the ald 
Danube would be limited to 50 m3Es, i ~ ,  a non-Project situation, md then only in a very 
narrow rtrip dong the Danube. Ground aater level decrenses would anyway be 
elirninated by direct recharge into the aide arrn?. Hungiry actuaily built an ofltake into 
the side arms in the Dunakiliti weir 4 t h  a capacity of 250 m315. The correct utilisation of 
this would eliminate ail dsrersr in groundwatet leveb on Hungirian temitory, savc for 
in a narrow strip dong the Danube main channe!. The construction of underwater weirs 
in the main chmnel would eliminate the decrease in this strip. 

(a Further downstreont, fhero is o likely degradation of karst waters mie to bachafer efecfx of the 
Nagymaros dam, but the main lssues concern bAnk$lfered wells. which are considered 
separaiely, 

f l  There are senous concerns for groundwaier qualii$ ossoci~ied with the Original Project. 
Sediment deposition in the Diinakiliti Resewoir is expècted ro decay, a d  m y  Iead ru the wafer 
qualis problerns outlined above. 

Degradation of karst waters has b e n  caused by mining activity on Hungarian territory, 
Due to excess water drainage, the water pressures close to the Danube changed dongside 
ground water Bow patterns, This led to an infiltration of Danube ground water into karst 

I waters. Karst waters are dso polluted by seepage waters from the Hungarim rnilitary 

Lerving to one side the absence of m y  support fdT this assertion in the Bechtel, HQI and 
EC Working Group reports, such "concerns'i ire refuted by the evidence of the 
monitoring of the actual status of the Cunovo reservoir and the sediment quality of the 
Danube. &, Vol. III, al p. 25 whieh shows t h b  there hm been - relenre of orgais 
micropollution or heevy metals from sediments into ground water. The impact that such 
pollutants/rnetals could possibly have ir, in uiy evdni, eragperated by Hungary. Sedirnents 
are not showo to be rignifiçnotly polluted and th huvy  m e u s  by in large corne h m  
upstream rock formations not from indurtrial pd~lution. See, ibid., at p. 35. %, dso 
m., at p. 15, confirming that there are no significant concentrations of pollutants which 
could propagate into ground water by ground watér recharge frrirn the Danube. 

areas in Toked. The GIN Project has nothing to 
activities are halted, the previous flow pattern of 

do with these impacts and, once mining 
karst water towards the Danube wiI1 be 

Poar water quality has existed in the Hungerian bide arrnr due largely to the long term 
lack a l  water fiow which h u  ailowed stagnant &ter to  rernrin for long periodr in the 
branches. Sinee the irnplementation of the recharge into the Slavnk side arrnr, surfare 

restored. &, HM, VoI. 5, Annex 4 (quoted at SC-M, para. 7.76, fn. 115). 

(8) These eflects [contamination of wuter gualiiy by sedimhr] ore alreoû'y obsemd in the side-arm 

water quality has not deteriorated and recharge into the aquifer has improved. &, Vol. 
111, p. 1 7  In fact, the d~mming has Led to n ieneneral "improvemnt of groundwater 

systern, which would become the ofher mairt source 
sign$ficanr risk thal the nqurfer, over a period of years 
wafer supply. 

af groundwater recharge. There is a 
and decades, would become unfit for 



quality". m. &, also, EC Working Croup report of 2 November 1993, HM, Vol. 5, 
Annex 18 (at p, 707) and of 1 December 1993, iM., Annex 19 (at pp. 782-783). 

After the construction of the undemater weir in rkm 1843 to which Hungary now has 
agreed (Agreement of 19 April 19951, an improvement on the Hungarian side wiU 
necessar ily occur. 

(9) Following consrruciion of Variant C, grounhvarer quulliy aaacenr fo the stde-arm systern has 
genemliy been found tu h m  umcceptable levels of iron, manganese, and ammonium, with some 
examples of arsenic release. 

This is true only for Hungary. Poor water quality enisted in the Hungarian side arms 
& to Variant "C". Increased flow into the side arms will remedy this situation and 
lead to an imrirovement in ground water qudiîy, as it has already done on the Slovak side. 
See Vol. III, p. 17. -9 

(10) Jusf downstream, two existing wells have had serious water quality degradation due io bed 
sedimeni changesz beliwed to be associared wiih the Nagyrnaros cofler dam. 

Although Hungary has not furnished the relevant data, this is clearly not correct. 
Hungary tomplains of water quality deterioration "in the early 1980s" (at p. 113). The 
Nagyrnaros coffer dam was constructed in 198711988, 

(1 I )  Il is  concluded fhat rhere is a serious risk of yield reduction and warer quai@ deteriorarion in 
the major well fields providing water supply fo Budapest. 

There is no support for such a conclusion which is radicaily diflerent from that reached by 
the 1980-1985 research muid developrnent program carried out by Budapest watetworks. 
See, SC-M, paras. 7.65-7.72 and VoI, 1, para. 12.03, et seq. It is also unsupported by - 
Hungary's 1989 study by Somtyody & & - m, HC-M, Vol. 4, Annex 13 (at p. 576). 

(1 2) ï'hroughout the Danube reach from Bratislava to Budapest, rhere is  an intimate interrelationship 
between surface waiers and grounbwafer. 

This is incorrect. The "intimate interrelationship" exists dong certain stretches only, 
narnely in ~ i t n f  OstrovlSzigetklTz, where the Danube flows dong the top of an alluvial 
cone and therefore defines (in part) ground water Ievels. &, Vol. III, p. 2. This is 
concisely described in a paper given by independent consultants from the PHARE project: 
"The entire area [fi tni  OstrovlSzigetkBz] forrns an alluvial aquifer, which throughout the 
year receives in the order of 25 m31s infiltration water from the Danube in the upper parts 
of the area and returns it into the Danube and the drainage chmnels in the downstream 
part." HÇ-M, Vol. 4, Annex 12 (at p. 514). Thus, downstream, the Danube flows along a 
valiey that drains surplus ground water. See, e.g, Hungary commenting on the GiSnyü to 
Nagy maros stretch ("Scientific Evaluation", at p. 81): "Continuous recharge from the 
Danube does not aecur." In fact for the large part, no recharge occurs in this 
downstream sector. 

(1 3) i"o ill~tsrrare the complexity, it can be nored fhar changes in Danube JO ws affect groundwa ter 
directly, but also have impacts on suflace waler quality and the depmition/mobilisah'on of river 
scdimenr. In turn, fhe distribution and depth o f  sediment rnod~fi surface wuter-groundwuter 
inter-relntionship~, and chernical changes in surface waler and sediment can have implications 
for groundwaler qualiry. 

For hydrologists who have studied the impacts over many years, the careful monitoring of 
water quality, qunntity and sedimentation allows an acceptably accurate understanding of 





please turn to next page 





(1) AJrr degradation of the riverbed and the clusure of entranees of side-arms fo improve 
navigation, the threshold for the brunch systern injlow increased fo 2,f 00 m3/s which fypically 
occurs for 75-1 00 days per year. 

"75-100 days per year": According to Hungary's table (at "Scientific Evduationt', p. 521, 
flow in "almost dl river arms'' occrirred for only 17 days per year. 

(2) Wuter distribution accordzng fo the Joint Con traciuai Pian (OUBER, 1994). 

As noted at Comment 4 to "Scientific Evaluation" p. 1, above, Hungary relies on a version 
of the Tieaty Projett which it calls the "Original Preject" and which takes no acctiunt of 
the modifications made to mitigate the Projeet's impact an the environment. Morcover, 
Hungary refers to an unpublished 1994 document that has not been placed in evidence and 
which Slovakia bas nerer seen. In sum, Hungary's comments relate to an "Original 
Project" and a "Joint Contractual Plan" that is not the Projeet as iit evolved and would 
have been implemented in 1989 or  1992; and on the basis of this fictional "Original 
Project", Hungary develops its theories of environmental harm. However, Sloviikia rejects 
Hungaryts basic thesis and starting point: that the "Original Project" wouId inevitably 
have caused harm. 
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(1) Façiliries to release up to 250 m3/xfrom the Dunakiliti ship Iock into the stde branches had been 
installed, buf fhere was no agreement concerning the use of rhis capcity. Açîually, it wwas 
agreed fhat any extra witMrawul ofwater from fhe resewoir exceeding the guaranfeed amounfs 
would be compensafed fo the other side by a correspmding redtrctian of the shared part of the 
produçed energy. 

Hungary acknowledges here the existence of the Dunoikiliti offtake with its ample capacity 
to supply the side arms (on the Hungarian side only). 

"No agreement": It is unclear what was not agreed, for as to compensation for extra 
withdrawd using Dunakiliti, Hungary goes on to say: "... it was agreed". In tact, there is 
no substance tu the underlying contention that Wungary was somehow restricted in the use 
of the Dunakiliti offtake. If the only restriction was the reduction of its share in the 
electrical production at GabCikovo, which in turn led Hungary to decide to restrict flow 
into Îts side arms, Hungary would simply be sacrificing environmentai considerations for 
economic benefits. 
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sidc hl. s h o w  the impact ol ihc large ûi-u mtht sam side 

l 
Twd analyxh hssod on data o f  thc ccgular mrinhtng p r q y m m  fw ihr p e d  
1976-1985: s h 4  d r a i c  c h g c s  (WlUKI, 1987). Gmcdly. BO&, No,pr, 
W4-F, s p k i f i c  uinduciivity and mral disdwd sali& slightly in- whilc 
W uid COD hpmvcd Evaluation o f  trends Far pid I984-1W1 
significani( irnprovumnts primanly due b rhe M i s e t i o n  of -ter 
ireamient and a duction of indlist-ial toiisiws m aie upnrrtm ca- .rra 
(il- indncing hurvy mnals - sez tater) (KGL 1993). ~eeordiagty. MD, COD, 
ummonia ahd wnhopharphntc conecrit-atiom impmvad b y 4 - W  (a- ducs 
for t h t  !&jka-~udapfft metch), while dm did Ehuige 
r ip i f iun i& (KGI, 1993). 

I 
ïk pirali'i of mt right sidt t r i b u 6  exhibitcd lngcr variations pr#* îo rbe rnid 
1980s. 7hc mnd of dctcriwation muid m& lm. Thcrc n?g&fivc ü r d s  
a p p r  i w  hkvc dcuca8al rccaitly at -1 a i b u a h  (fa &ait rcc KGL 1 Pi3 
and ~ s a n d d ' ~  cr al., 1994). 

1 
Longer t c d  hiaoricai changer up to lht 198k cm bt cvaluated Tor c-plc, by 
eomparinp he minimum and maximum values of masurrrnonrr WMmOd by 
ticpli in ai Rajka (LKpol~ 1x5) witti thc comrponding rrlw of rhc 
m8ular ardiloring pmgramm for the pcriod 1981-t985, Tor .erh emi-t - 
WlïUKt. 1987). Thc drastic i- in mon of the T d e  3.3  is 
apparnit ~ A r i i c u l a ~  miking is the change in thc hm mort irnponam nmmi 





ïhe W in nuirwt Mr d i r d  da and tht impmvemmi OF light 
E m d i t i o m d i r s r n t h o d m e n t r r i n i t i o . d ~ o a i m i r r a d o a m o ~  
h r t a ~ k d 0 c n h u K L d ~ ~ i h c b t c 1 9 5 0 r u d ~  
h c 1 9 ~ d i e a w a g e n r p p n > d o d d i i b ~ w u ~ ~ h i h z d  
on the Itr~bBuQpca IT&X &remk, 1% &tczik and Km 1994). h l l y  
~ P m d N * r c ~ h ~ w a t a a o d ~ ~ k n g a r I ~ r i i f a t g a l ~  
t h i r a r p * i m w b y , i n ~ L o m a ~ l 9 6 0 4 ~ w a s ~ m s o c l y u i  
&d~ ia ldr inaeushJgr l~suchmnlga lcount .b iomanr .  
Çiikmphylti md b. F a  irsmm, ai GW (30 km dmmûem of N-1, 

i t i c h ~ k d l y ~ ~ l h u ~ b ~ ~ d p h ~ i r  . 
o r n r i d a r 4 f h n b p Q f o b ~ M B o i m s a i y W ~ C m i m i n i O n  
19P4.iaio8xrodtaUmfbaiitrprmddi.~boeomsdiowmiodrdtky 
m t m ~ r a a o r r h k a ~ p m d r ( i b d r t r a i d a i a t i m e ~ ~ m p v e n l  
umdmriaPc* imsspanradhibsm*n~Torsbaaiso~insyru)  
u d s b ~ k n t u c . s l m o 0 8 ~ 1 p 0 0 m g l m ' a n b o o h s c m d I B a m l ;  
1 9 9 3 ) . A l l t b ~ k p a d v c y m u c b m ~ ,  W v d w o f  
m d ~ ~ m d f b m n r ~ ~ t t u u ~ d i ~ h k h m a t r i r  
o ~ s O f t b O ~ ~ o f ~ h ~ ~ ~ [ H a u a t h a n d ~  19P4).Dtad 
n t l m l ! - h h g m i h k m a u k o f ~ i u , 4 d u e ~ b y  
~ i o d t D o p h n L m ~ ~ 0 f ~ w n m W G L  
I m y I b o ~ ~ h i o o r p o r a t c r - ~ o m e n r s r o ~ ~ l o l  
nureitofibc&i@M% 

The oompmih of moplwttoa (sa Hmgsriai i -Sld Boundery Waicr 
c u m i i  1W. for Mis) Lnd finb populations dcpmd cm Itie hydmlagic 
rcgimc ,yd h a m d o n  of lk s i d w n n  ryriem b tfto main nm. Thtir 
cmptka  ~ c h a r r O P i s t i E O f ~ l y  pollubed d a c c  mma(Bmu4 
1 m ~ O b s k n i o d E b a s g e r u t ~ i y ~ t o ~ ~ d i s e i i s s e d a b w c .  

W i t m u t U l h r z w g i i e i r n g n b a t W m t d h W u i g r n ~ s m s , ~  
~ ~ ~ p a r u i G q ~ ~ c ~ c . ~ t h c s c ~ ~ m ~  
m t u ~ ~ ~ q u a l i t y ~ ~ ~ ~ y n ~ p  
W b e - R 3 . &  E d u a h ~ o l t h o  mid 1974% rhoaicd a Cias Iï.lIi 
qlp LjpTWWWKLl(nOdDdlZ  i 9 ~ l n t k * t c 1 9 8 ( k f i W  i98siaic 
~ O a n u b c ~ ~ ~ B u d s p L 4 i k ~ t o Ç h ~ M d W , i x . t h e  
rirr - due to ihe d i i  o f  uotrcsmd warimaia - waa nui suiiabk fa baihina 

-!&jjira a d  Raja ( ~ f ü f h  S&B agnificant biomarr inmase for rhc plamd 
I X m r ü l i t i ~ h a m i g a ~ b ~ r n i d a i c c î i m q ü a & t  1993). 

I 

~ccadw. tbs gancr is bigh in rhc pcak chkno@l-a nl& md l& hur& 
1 9 7 7 ~ 4  1986icwiedbmvM70oighn dl%rngmi' irhjkr 

Th6 d i t i om in tk Sigetkaz skkarn tha lMsl lmgh of * i  is 
r c v m l P b n e s l h a l d ~ m a i n f i w . o d v u i t h t i w b D e h h i s n L u g c d ~ y i a  
b i o t i i . r i d * b i i r t i c ~ * a d ~ ~ i a l i f c d i i i o n ~ ~  1 9 9 3 3 ~  
muchdcpmdimthciw=tbmpply. ~ r w t m t k d i ~ o f t h c ~ a n u k t h c * d e -  
mn ryrtCm wu fh ' -4 by an intmsiyt &pe &WC t,SW m'h 

U h  tha h of the joint Hungarian-Sbvak ivnter quality mainoring 
pm~rammc kgbt amipomnb m mucstiptd. b 1993 al1 w b  - arccp arisirr>. 
- tekngod\b~hmlofd i t& nahiarion rehtincoutlinedtrrlier htbc 
h j b M h & ( a n d t o C l m l 4 k t w o c n m m d B u d a p c r r p o K G &  
1993 m d  H ~ ~ S I ~  Bain* Walcr Cornmirrim. lm, fa detaik). Fa 
HE a fmr hi* v51w wnr m i m d  kWccn  !&$ka and Mdvc mubing in a 
ctassifiatih in uurgwitr m-V (Hunprian-Jlovak hmdmy Water C M n m m  
I99d). Tho hpan of rïccidaital palluiion u -Cs in thb respccr ADDQcr 
rragon a l e  bt iht irikdequecy of UIC mwiiicnng pmpmm.  Rie +im 
Wumey & much m[*r thsn d for traditional b 
arwciated di& ttic linle knowlcdgo a d l a b k  wi rbc b i c r  of Hg. Thris th. 

ta wbkb t h  o h t i w i s  me mprcrcnutivc ir qucaionabk. 
I 

AS fer as o&ic, mi-itutanp are eoncfnid. more I ~ M  f ~ n  f ~ m p ~ u n d ~  (4 
as lindeoe, ahzir% aldrin, dicldmi. DDT, PCBs) wcrc ' in & rrppo 
strrtchOfthkHuqgarianDaiiubeand u@%oTrhc= km- 
considcd & ttio mœt impaitant m l t s  h m  the vicwpoint of W n g  - 
suppty dad & Ï  impacts. 

I 

Mosi of d dm -ic mi-llupnb ivac m h b l c  a W 
~oa-Jaar r n d  muillu than the -pa>4ing standard (KvM, 1988; 
Cran;ldy. 1993: ~avbtti ~d 1994 Md H~ngsrian-Slov.L h n d a r y  w a t ~  
ComisriaR 1 9 ~ ) .  Thuq rhey do n a  fwm a prcfikm a! prcrem. 

I 



No especial comments. 
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~ ~ ~ ~ W P h 3 a i a n g s r . i o D m q r r b q L P i v c ~ t i ~ y n M b t  
a n i ~ ~ i i h o n p u i w l d t ù i a t : i h u r a i s e 4 ~ q u c r ü c o s a s m t b e  
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ThcimpiddthcGNBS~~*oioamihcoxygenbud~ofhmainDanukw 
.03yoOd th U K b h d  S W - P h t l p ~  M l  Li 1978 (VlWKI, 1978) 
w h i c h m & L t ~ ~ i ~ f m t b e ~ p m b l e m s i n e c ~ i m p a f f s o f t h e N d P  
~ y ~ * I * c n o c g l m c d , T h c ~ l i l p * l m w ~ r e ~ l d : d u e t o r e a w ~ o u r l 4 i o d i n  
rkpcv iw&BODwi l l impmn~0.5 -1 .0@dai t tpcramc~+9a  
~ , d ~ t r o d m y g m w i l l ~ d & k m t ~ b u r B w i l l r a n a ~ ~  l a r g c r h  
f mg/ïimdaamimerbv,f~ow~uom&ihichstill Micaicsagcdquolny.% 
~ ~ f ~ o p e n t i a i w u ~ ( ~ ~ i b ~ o t h a n f t m r ) a r h i c b  

W d y  i d k  I - ~ L  f a  miri ma. ho- wi for the 
M m o a i D m u k . ~  W ~ u i a d c r o f ~ ~ r y p s o f m a l y r u i a  
lB9 #i dm= ir a n l i d  hlow. 

ïheMa6Ihnubeirkaity~byrhcrawaanmamofmetowoofGy6r 
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~ ~ r r a i ~ m n ~ c a m ~ m t k k e a l ~ v c l ( o r  
*)amc. 

68 

2 
mhn iiodcrtht d i r i a i r  mn rfbwlogiuf ummtmi i s  intducod. 
aad .f tld marrh ofthc M a i  Dmuk d i l d  o x y p  values bclm 1 mgn cm 
dm@ ) 

I * l 

1 

, *%..+.. \> ;pi 1 , I I -  m.-* u,-I* 

-.. 
*=Y --eu 



(1) One of the ntost critical issues in relation ta the [GN Projecf] was thal a comprehemive impact 
assessrnent on wafer qualip was nor prepared (the 1985 ELA hardy incorporated any analpis 
on wafer qunliQ). 

This is an incorrect assertion that Hungary's own evidence refutes. One of the p h e  
focuses of the 1985 EIA was water qudiîy - E, SC-M, para 7.74. The 1985 EZA's 
identification of impacts on, inter alia, water was reviewed by Hungary in its "Scientific 
Evaluation" e, HC-M, Vol. 4, Annex 23) and rated "A", i.e.. "generdly well 
performed, no important tasks left incomplete" (at p. 907). 

(2) 1t is apparentfrom the figure that the dissolve$ oxygen reduction is Iarger ihan under the present 
conditions men gf biological treatnsent is intrhced, and ut the mouth of the Mosoni Danube, 
dissolved oxygen values belaw 4 mg/l can develop. I 

\ 

Slovakia has only iimited data toncerning the pollution of the Mosoni Danube, whiçh flows 
solely through Hungarian territory. In terms of dissolved oxygen content, it is stressed 
that the water discharge into the Mosoni Danube fsom the Cunavo weir is characterised by 
good oqgen conditions. The dissolved ogygen content of the surface water in the 
resewoir is 8.0-8.5 mgIl, i.e., first class, and it is this water which flows into the Mosoni 
Danube. &, Vol. III, p. 25. Therefore, Hungary is solely responsible for the alfeged 
poor oxygen conditions in the Mosoni Danube, Given the increase in flow in the Mosoni 
Danube and the increase in velocity, it is questioned whether Hungary's cdculations are at 
dl correct, in any event. 

(3) Thus, wasfewater freatmenf alone does not lead to a satisfactory solufion. 

Wastewater treatment, e,e,, at Vienna and Bratislava, has led to greatly improved water 
conditions in the Danube - increased oxygen content and dedining organic matter. SR, 
Annex 7, brings up to date the extensive measures taken by Czechoslovakia (and now 
Slovakia) to deal with the problem of background poliution of the Danube. 

Hungary here is trying to deflect attention from the most important factor affecting the 
quality of the water of the Danube - the lack of wastewater treatment at cities like Gyk,  
where raw sewage is discharged intri the Mosoni, which then fiows into the Danube (far 
downstream of the GabEikovo section of the Project) and on down to Nagymaros and 
Budapest. 



Fïgnm RI: Chte+ W+-k aiodd adibdbn (IN>) d 4 - n  (IN]) ~ l rm  

m wo 

Thc AM W e a f c r  q d i  modcl oovaing ibc rntirr Hun- 
hirhjrmtch gave iimihdy @ ktwm rimrikbm ond 
~ . F a r i h c m w l s L d a t a o f m e R a j k a c m s c s M L D n ~ u 4 0 d a s u p p a  
@ d t a o n q  and w urd chhoPhy41a a Baji wrt cmprd. ïhc 
ttnstsadylflow d l  was dibmrod d d i  as a tird rnp (m Figrrn II}, 
Calahdun d vstidatiai resub ofihcaibopbication modtl nm aboimi in F m  
3.5 &yi el d., 1991; Somly6by and V Mg 1993 MU Bakou* 1994). 

I 

Mcdd &imis d m d  lhal dw tiucasc of alpl b î i  in tk main ch8nntl 
of  W k i r  ZI mlativciy dl ibwit 1û% siDcc th residcaa tom b m  
~ ~ t y b y i ~ m a l ~ c x t a n . ~ s i ~ t * t i o . i r d i f f a r m t i n f l o ~ b g l i i a ~ a s  
i h t r n ~ t e a c ~ a a b e m u c b l o r t g g m u i i . h m a i n ~ ~ ~ h k ~  
dcpthkrigt i i f~krr iaadihurthorr l i ive~mneiimucbthidrerhin 
& ~ f i w . & a r c a i i t o f d l t h e ~ o ~ c b ~ y i l - a c i . i n e ï p ~ e h r b e  
~ h m g m i ' a t ~ m ~ a f i t i c r r s a i w i r t o m c n a a u n ~ ( ~ ~ m g h i ' . ~ t t h e  
wikttficlehlompbytta~omrpadtio. iraimut ~~mghn ' ,  i.haraniaymuoftiu 
m i r  kts t i i i  cari approxinmciy h b k .  o n e  w ~ u ~ d  w 
amgiifcd\by ~hc ~ag.rto~m Rrssrvoir wisii  vuou!d id- mm a eipi 
~ ( i r ~ d b c u g p ~ t i y s a i a l l a l h a n f ~ a i r ~ r r s a w i ù i i c r i ~  
dractothcldln.irierramsiadicresikowtimc~al~du.tobgrrataaversee 
dcpthnnd)lhemialkrm~rh~of~-iamdphaj~mno). 

Thc cstim&d impaa of the Dunakiliti Resmir ,  fakcn ar a w b k .  i s  cl- m thc 
chlwilphy!l-u increarc obscrved bmvecn Rajka aiad Baja (pa W e r  3.3.1.a). 
Ti-& nddiiional p c m r a g t  in- of rhs chlorophylki eoiwcnbariwi di Baja is 



i 
(1) The impact of the [GN Project] on eu trophicnt ion can be evaluated by nutrienr cycling models 

well h o w n  from Ziferafure which amorrg others describe changes in the biomass due to growth, 
death, sedimenfation and convecîive transport. 

Slovakia has cmirried out an in depth monitoring program devoted precisely to the impact 
of the Variant "C" reservoir in terms of eutrophication - B. Vol, III, at pp. 25-32. 
Actud monitoring results are necessarily more accurate than evaluation by modelling. 
The key overall finding is that Variant "C1' has net led to an increase in phytoplankton 
biomiiss that would give rise to concern (at p. 32). In other words, eutrophication i s  
shown not to be problematic as Hungary clsirns. 

"The first two years of monitoring of the phytoplantkon in the reservoir and of the impact of 
the Projcxt on the Danube water quality indicate that, in accordance with the prognosis, wder 
impoundment in the reservoir does not result in significant phytoplankton biomass increase in 
the Danuk" 

(2) The increuse in the annual biomass as an impact of the Dunahliti Reservoir (expressed in terms 
of chlorophylld) ranged behveen 45% and 90%, reejec fing also the role of the hydrologie regime 
and meteorological condition (Figure 3.6). 

The actual monitoring results do not support these predictions. In the four year period 
prior to the impIementation of Variant "C", the average annual biomass growth (in the 
Bratidava - HruHov stretch) was in the range 4.1 - 23.4%. In 1993, it was 21.0% and in 
1994 it was 22.1% - &, in both cases below the previous maximum figure. 

In the Hrugov - Medvedov stretch, the pre-damming range was 9.0 - 16.1 %. A relativeiy 
high percentage growth was recarded in 1993 - 45.4% but absolute values were low i.e., 
the high percentage increase merely reflected the fact that the biomass was low at the 
beginning of the year. But this was reversed in 1994, which saw an actual biomass 
decrease - by 0.49%. &e, Vol. III, at p. 30. 

The results of monitoring establish that no adverse increase in biomass ocçurred during 
this period and that concentration limits under hygiene standards were not reached. I t  is 
stressed that increases in biomass are not necessarily adverse in any event, leading to 
increased microbenthos and consequently more food supply for fish and other higher 
species. 

Note thaî the maximum value for chlorophyll-a was recorded in the resewoir in August 
1994, being 74.1 pg.l-'. This must be compared to the maximum recorded measurements 
of water of  the Danube mit Budapest, which are more than twice as high. In the summer of 
1991, the maximum value at Budapest was 160 pg.l-l; in the summer of 1992 it was 170 
pg.l-l; and in the summer of 1993 it was 130 pg.l-', Hungary's mode1Ied predictions as to 
chlorophyll-a in the resemoir (at "Scientific Evaluation", p. 70) have been demonstrated 
by actual monitored results to be eompletely wrong; and recorded increases remain ha1f 
the recorded concentrations at Budapest. &, Vol. I I I ,  p. 26. 
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t h  rvar d w p d  eth ~~ q i n g  uiwanls L e  main s h u n .  ARer Utc 
diverrion,um~mncdih~side-anns.amaximumflwrof1&)-12m'huar 
h m h d  in the & balfoi summcr in 1W3 93 tk i b d  Ilwd d m g ~ n g  
rylam fmm ihc h w  r e l d  ta Iht Masoni h u k .  T h  rochuging ryrmn 
~ i b c ~ ~ * l a i g r h e b w a S n g c t l d l s w c r a ~ d r b a a 2 0 k m  
M ad u d 4  1994). 

Obrcnaiommrrded~rhoivatcrquiliryoftbtfi~sada*miryriaoswIhe 
ride rergwScd puoeptibiy tu Ihc MF o f  waPa mppiy. W i i  

p m g  mtu dcPil (src Hmv& Md LM), a h i c  diff- wms mduecd in 1 a i c - d i y p o t w i f p i w l y . T h t i m g r i h r . d ~ i c : w r m ~ d o a g ~  
~ ~ ~ ~ ~ ( d r i v e n b y t h c b y d r o ~ ~ ~ ) w k o r c p ~ b y a m c a r a k s s  / rosdy ~imitod t l ~  aipply mly h m  cbrngiw drartically e s  

f& q l y o f t h t  Mosmi Danuk al- c b n d  aa a m l i  o f  the dimsion. 
nie impads in 1593 pnmarily in diasohpd oxygcn d i t i o n s  duc io  

3.3.3.1 hhphimfion 

M o a o f ~ ~ m a p d ~ f o r & i e g i n d i n a l j ~ b o f f m m I h t  
vh& iu t  of w h p h i i  V& C abwld be c a ~ ' h - d  l e s  mb&k 
tba.V~A:duemttiiducedmlumsmtmiduwetLaeincrcsitsioalesscr 
e l a w ~ t b w a e m a c a ~ c i n d d  ~ i i s h m a ~ t c r .  ~buùckour  ir 
ctcsrty rcfleemd by d m n p d o m  (Bdcmyl1994); ushg h i c a l  data for 

t b c c s t i m a t o d ~ o f V a r i a n t C . p r o b a b l y m o r e h a ~ i r 4 ~ ~  * ae$dwith s ts t indiy  ~ k s c c u r a c y .  

i ~ r i & ~ o f d ' ~ ~ h u b e i . ~ m a o d ~ d i w a r s t w n i . ( h c  
rinw m h i r ,  tfrc sqmdd aolids c#œm&ao dmgeod marlrcdly b 1993: the 
umdl a v a q  at Modvc waa 24 m#Y in ~ompariron üi 48,47, 36 and 34 mgll 
m o n i d  h &a cwwc d ü~ @hg four yam (19W1992, H e  wd 
US& 1 9 9 4 ) . ~ k n o t e d t t r a t t t p c d u c l i o n i s b ~ c r h r n t w i a a a a n d ~ t  

fl * wimh t h e p .  S i m u ~ i y ,  thc daemffal 
2~d-W *= dight bp aod M)Q mga ml- 

Tk gooligiczl dmlopmuii of the tialc D M U ~  Piain has kai inhatcly iiikcd 
mth the k @ d o g i u i l  d c r c l ~ t  of thc Danubc. Icaduig m tk lonaation of an 
cxtdltiw' Qmtcnrary alluvial q u i t a  (Pluru 3 1 artd 3.3, Ydvnr 5). Kt 
~uegariak aquifcr in the SUgak6z is nriniaiad to have a vol- of- 21.8 km' 
(EnKlyi. i994) and 1s ovcrlain by a spaiially variabk uppcr bya of fine coiL fmm 
6 5  m h dqxh (Plore J 4. Y d m c  5) ud d s  by d y - f L i y q  q k x .  
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(I) The increased biomass can require the rnod@cation of the fechnology of the surfuce walenvorh 
of Budapest which is used primarily during the sümmer period. Methods of upgruding are 
known, (some changes were already perfarmed, Csanady, 1993); however, they are expemive. It 
is also noted thal due to the drap in water consumptton during the p s t  four years, this intake 
plays a somewhar more reduced role than before, 

It is not possibIe to t e l  whether Hungary is writing af açtual impacts of incremed biomass 
at Budapest or of alleged Project impacts. Clearly, biomass will increase in the summet 
months, But this has alwmiys k a  the rase. There is no evidence to suggest a significant 
increase in biomsss due to the GIN Project, as monitoring to date has shown h, Vol. III, 
at p. 321, and no evidence whatsoever ta suggest an adverse impact on the Budapest 
waterworks (which are locmited 150 km downstream of the Dunakiliti reservoir). 

(2) Clearly, the solution of the eu trophication problem of the Danube stretch considered does not 
depend on wastewaler treatment along the given reach, buf i t  would require a CO-ordinated 
infernational programme tu reduce the phosphorus in the entire upstream basin. 

The nutrient concentration in the Danube's waters is indeed high and would remain high 
even after waste watet treatment in the Project are& But it is sbsurd to suggest that 
Hungary cm ignore wastewater treatment in this stretch merely because it would not 
done resolve the eutrophication problem w, Comment 3 to "Scientific Evduation" p. 
68, above). 

Coordinnted international programmes are desirable and are being ectively sought from 
the EC or specifically within the PHARE prograrn by Slavskia. It (alongside 
neighbouring states including Hungary in some cases) is currently seeking approvd for the 
following programmes: 

- Introduction of phosphate free detergents in the Danube basin (participants: Slovakia, 
Hungary and Bulgaria); 

- Nutrient balances for Danube countries and options for surface and ground water 
protection (participants: Slovmikia, Hungary and Austria); 

- Present luid future role in nutrient ternoval from surface water by wetlmds, floodplains 
and reservoirs (participants: Slovakia, Czech Republic, Slovenia and Rornania). 
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(1) When considetirtg groirnhuater in ihe Szigerkiiz, hhistoricnl trends should be noted The 
degradation of fhe Danube bed due to excessive grave1 removal at BratisJuva has been discussed 
extensively in Chapter 2. 

'mue to excessive grave1 rernoval at Bratislava": Hungary's Chapter 2 cites this as the 
principal cause of bed degradation. Regiirding the oversimp1ification and errors in 
Hungary's analysis - as well as its generai irrelevance - sec. CommenPs to Chap, 2 of 
"Scientific Evaluation", above. 
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(1) There is aIsa an inter-relutionship with the karst water of the Transdanubian Mouvitain range 
which is the largesl, and economically most important, karst water resource in Hungary 
(Zorberer, 1994). 

"The quality of the karstic water is far more influenced by the poilution washed in ... from 
the Middle Transdsuiubian region than the water reaching these layers with low 
probability muid filtered by the dluviai Iayers from the Danube water, On the basis of this 
the pressure pattern altered by the [GlN Project] will not hmmper the quality of the Middle 
Transdanubian Mountains water treasure": Hungary's 1985 EIA, HM, Vol, 5, A n n a  4. 
&, milso, Comment 6 to "Scientific Evaluation" p. 46, above. 

(2) The alluvial aquifer between Nagymaros and Budapest Is the major source of wu fer supply for 
the capital. 

It is stressed again that there is no cannection between the "aguifers"between Nagymaros 
and Budapest and the upstream aquifer that underlies l i t n i  Ostrov and Szigetkoz. In fact, 
it is confusing to use the term ''alluvid aquifer" for downstream water sources, which 
depend on the Danube's waters as exploited through a series of bank-filtered wells, &, 
wells that are situated close to the river and that receive the river's waters after they have 
been filtered through the Danube's riverbanks. The upstrem aquifer supplies not one 
drop of drinking water to Budapest. 

(3) The issues of water supply from fhis resource are of mujor national strategic Imporfance, an$ 
are discussed in de lail in Chap fer 3.6 below. Ho wever, i l  can be noted that bed changes, dire to 
ciredging and river training, have given rise to serious problems of loss ofyield and degradation 
of water qunlity. 

"Strategic importance": Clearly the water supply to Budapest is of major importance to 
Hungary - as is reflected in the 1976 Joint Contractual Plan Agreement and in the 
attention actually paid to this water resource in the 1980-1985 research and developrnent 
prograrn of Budapest waterworks and the 1985 EIA. k, SC-M, paras. 7.68 - 7.70 and 
7.73 - 7.76. Self-imposed bed changes in this sector of Danube due to commercial dredging 
have caused problems for Hungary - g, HM, p. 432 and HC-M, Vol. 4, A n n a  6 at p. 

. 378. But neither of the comprehensive assessrnents carried out by Hungary in the 1980s 
found that Budapest's water sources were threatened by the GIN Project. 

The quality of Budapest's drinking water is, however, directly affected by unrelated 
background poliution. 

(4) The expecred eflects ïncluded a radical change lo the patterns qf grounbwarer f low ; initial& 
increased groundwarer levels in the viciniy of the reservoir, and significanfly reduced 
groundwater levels throughout most of the Szigerkt3z and beyond 

"The expected effeetsl': The significantly redueed groundwater levels are based on 
Hungary's formulation of the "Original Project", k, they do not take into account 
Project modifications specifically designed to address impact on groundwater levels. No 
adverse impact would have occurred had the Dunakiliti offtake been correçtly used and 
underwater weirs been constructed in the main channel. 

(5) As noted above, the effecrs of clogging are highly uncertain and were not considered in the 
modelling undertaken prior to 1989. 



This assessrnent is çontrary ta the findings of th2 EC Working Group of Experts, who did 
not raise i problm of uneertainty. It waa faunb that no colrnstntion would taise place in 
the old riverbed and that direct suppiy into the Aide arm system led to the removal of the 
fine sediment clogging the side a m  beds. Lee. reports of 2 November and 1 December 1 1993, HM, Vob 5, Annexes f 8 and 19 (at p. 707 and pp. 782-183 respectively), 

l 
(6) 11 is asrurned ihot o moderare amount of clogging wbuld roke place in the reservoir and in the 

sidearm systern (Ieakage factors 0.03-0.5 and 0.05-2.0 chy-', respectively; this latler eflect is 
conditioned on current experiençe qfside-arm respode). 

I 

Clogging (& colmatdion) may take p l i e  in dhe reservoir, but only in thase nreu  to 
which sediment is directed by mms of two dirrctiond dykc* This creates no probkm 
because plastic sheeting buried below the rese*oir bottom isdates those areas where 
considerable sedimentation will take place and! overail, the reservoir remains m good 
source of recharge, M. Vol. III, at p. 7. No clogging will take place in the side arms with 
a correctly regulated water recharge system - sd, EC reports at Comment 5 above. See, 
also, Vol. III, at p. 8, which confirms that the rekharged side arms are now an important 
source of suppIy into the aquifer. 

(7) H~wever,  the loss of Danubiun recharge reszrlts in signijcant changes fhroughoü f most of the 
Szigefkdz. In a riparian sirip alanpide the ~anubel  o fm a m  48.5 km2, a 2-3 m dedine in 
waler Ievel is predicled. An area of 128 km%as a decline qfgreuier rhun 1 m; the lofal area 
afSected by reduced average water Ievels 1s 282 km2. 

These predictions are based ~n Hungary's concepl of the "Original Project" and therefore 
do not aIlow for adequate recharge through the Dunakiliti offtake and ignore the agreed 
construction of underwater weira in the old riJerbed. They are irrclevant and, in any 
event, now outmoded in the light of the A ~ ~ + W I I ~  of 19 April 1995 conceming the 
construction of the undenvater weir in rkm 1843, allewing direct recharge of the 
Hungariaa branch systern through the Dunakiliti ihtake structure. 

It is noted that Hunpiry alao ignorer the existende of the previousiy dcteriornting ground 
water levels. !h, VOL III, at p. S. 

"The long-tem deereme of the nater levei in the buiube wls ore of the fretors leiding to 
the decrease ofground water levels and to changes in the ground water flow directions and 
velocities. This resulted, srnoab other thimg, in ihuiges in ground v n t u  tlow qomtities 
and in a general decrease of the utilisable ground 
PeCniansky les and Rusovce-Ostrovng Lueky." 

water resources for example at IocaIity 



please turn to next page 
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(1) Afier dam consrruetion, fhe water levels are lower, and recharge from the side-arm system 
occurs. In the second cross-section, average water-table conditions lie within rhe jfine Iayer pre- 
dam, but would faIl below aJer implementation of the Original Projeci. 

Ground water lwels have been lower where there has been no recharge from the 
Dunakiliti offtalie, Thus, levels would only fdl below the soi1 line if Hungary persisted in 
its refusal to implement the recharge of water into its side a m .  Note: where direct 
recharge of water into the side arms has been implemented, i.e., on the Slovak side, there 
has been no negative impact on the soillwater conditions and, in fad, there has bâen a 
generdIy positive impact on ground water levels. See, Vol. 111, at p. 12, 

"From the comparison of the three maps [Figs. 18-30] it is obvious that the ground water 
levels have in generd increased after the damming of the Danube to nearly the Ievel which 
existed in the 1960s. The situation has particularly improved, in cornparison with the pre- 
dam situation, mainly in the area close to the reservoir, downstream of Bratislava and its 
right bank borough Petr2aIka." 

(2) Before dam consfruction, seasonally varying wafer-tables would reach the fine soil luyer over 
approximarely 350 km2. If will be seen that the discussion ofstea&-state conditions afrer &m 
construction would reduce this fo approximateiy 186 km: i.e. a 50% reducfion (55% in the 
Szigetkoz alone). 

Predictions are based solely on Hungary's conception of the "Original Project", on 
the wrong data. As noted above, dam construction has had a beneficial impact on 
soillwater conditions in Slovakia. &e, Vol. ILI, at pp. 12-13. 

"After the putting of the GabEikovo Project in operation, there is an improvement of the 
water supply to soils via capillary transport in the upper part of the area in cornpiirison 
with the pre-dam conditions. The improvement for deep rooting plants and trees has 
occurred also s t  the places where the rising ground water level has not reached the 
overlying finer sediments, as it is just downstream of Bratislava. Figs. 17 to 23, showing 
the thickness of soils overlying the grave1 and depth of ground water Ievel below suriace, 
also show that except in the inundation area there is no water logging, which means 
improvernent in the inundation area in comparison with pre-dam conditions. There is dso 
no additional weter logging of agriculturd soils resulting from the putting of the system 
into operation, contrary to the situation which existed in certain areas in the 1960s.'' 

(3) It was ceri'ainly the case thal the efects of fhese proposals could not be adequately estimuted in 
1989, and despite strenuous technical efori's by both sides, thut remains the situation at preseni, 

"Çould not be adequately estimated in 1989": This is incorrect - an acceptable ev Juntion 
of Project impact on groundwater was possible in 1989, as it is possible today. In any 
event, it is dificult to see the point of Hungary's insistence on hypotheticals. Either effects 
of the proposals were, or were not, adequately estirnated; and it is perfectly possible to 
carry out an assessrnent of the actual situation. It i s  evident that ever sinee 1989 Hungary 
has preferred to point to supposed uncertaindes rather than to accept the findings of such 
independent assessments as those conducted by Bechtel and HQI, and more recently, by 
the EC Woriùng Group. 
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(1) The reach from Gonyti fo Nagvmros would have been aflected by the b a c b e r  of the 
Nagymaros Reservoir. A mujor comern hem is the efeci of sedimenr deposition on the yield and 
quali fy of bank-fjltered wells. 

The increased water lwels upstream of Nagymaros would have increased the flow of 
Danube, i.e,. good quaiity water into the bank-filtered wells, reducing polluted water 
infiltration from background sources. 

(2) An additional probIem çoncems the impact of elwated surface wwarer levels on groundwuter. 

This "additional probIemt' existed prirnarily for Slovakia, not Hungary. On the 
Hungarian side, the terrain slopes down to the Danube so elevated suf ice  water levels 
have no impact except in limited areas. In any event, as Hungary accepts, "technicdly 
feasible" solutions such as drainage canals and pumping stntions were avsilable and were 
incorporated into the Project. In fact, such drainage cands and purnping stations were 
attunlly constmcted by Czechoslovakia as part of the Nagymaros section of the Project. 

(3) Additional tngress tu the aquifer is likeiy due ro the Naamaros backwater eflects wiih potential 
adverse efecfs on hol springs und wells. 

"Additional ingress" has been caused so1ely by Hungarian mining activities, Hungary 
accepts (in the s m e  parmigraph) that this has been a problem 'Ifrom 1984 onward". It has 
nothing to do with the Project. &, Comment 6 to "Scientific: EvJuation" p. 46, above, 

"Aquifer": I t  is confusing, although correct, to refer to the &tnf OstrovlSzigetktiz alluvial 
aquifer, the karst waters and the Budapest bank-iiltered well system al1 as aquifers. This 
might lead to the entirely wrong conclusion that these different water supplies are in some 
way cannected or thoit impacts in relation to one will be felt by all. They are quite separate 
luid different sources of water. 



' t b p ~ o f q a n i & & m ! i ~ ~ ~ ~ t y . m r d m - p p u d i r a r r a d i n  
d m i i l ~ ~ I % L I . ~ d a g m k m a t a i a l c m o o n n m i c i h t  
ivù* mryBas M i n g  t~ chan4 duclma. d the mobiliniian of irwi, 
~ d ~ i u a E u m p l r n i n ~ t r o m m t a n u i m a 1 ~  
a f ~ i a d m o w t o d ~ k o l s ~ h ~ u 3 . 6 . h w i ~ f i ~ i m l l r  
m H-. 

~ ~ u c a w . & ~ i c d a o d l r # n t b i d i h i ~ h a g a n i c ~ b u r k i i m c - h  
draiscq-munpcrnantThc-rivtr-b19?6~ 
19TP. In 1979 7 w o k r d  lm rhe Tm rime m ot =Il, hliewd by 
db? of mmmiian (mid-1980) 0)  ddiaolvd ûon (1981). ln a noaid 
~ ~ - t p p c a r c d t m i b e f i n t m x i m * u d r m c c o d o f 1 ~ ~ 0 , ~ ~ b ~  

' ' s i i i i i  tathnicul pbkrnr.* 
I 

Possily ih. r p  inicnscly-mdd 
11- in Aurais W y a n d  WachmckL 
ui rbe riemiry ofthe Alrurwortti 
r r a d i c + l h m v ~ d ~ ~ i + i ~ f U i c b u n g c ~ :  

- b L d  di- i" thc -- dda.ro h noir 
wbxitid: 

- infildiai h m  ihe -Ir ta grormdratcr oEfumng thmugh 
rcdimsu krh a hi* w r e  mmt; 

l - of @mltr f l - h  with ~ubwquem rcdudim 
ofoxygm aipply w Ihc mil; 



(1) Maximum reductions Fn excess of3 rn ocmr in the close proxirni@ af the main Dnnube in the 
upper Szigetkoz. A ripartan $trip 1.5 km wide experiences reduciions in excess of 2 rn alung 
most of the affecred main Danube channel. 

According to Hungaryts own data, tbis is simply not true for "average conditions" - sec. 
HCM, Vol. 5, plate 3.13. In  any event, the construction of underwater weirs in the old 
Danube, coupled with direct recharge into the side arms, would ded with the problern - as 
implicitly adrnitted by Hungary's Government in early 1994 (see, SC-M, para. 8.11) muid in 
it signature of the Agreement of 19 April1995 &, SR, Annex 1). 

(2) In prticuiar, the wuter [recharged fmm the Danube] was aerobic; the dissolved oxygen content 
was suflcient ïo oxidise the low amounts of degradable orgnniç mareriai, and hençe reàuced 
redox species such as iron, manganese and ammonium were only presenf in low concentrations 
(Table 3.8). 

The dissolved oxygen content of the Danube's water was carefully rnonitored in the years 
preceding the damming of October 1992. Oxygen conditions were found to be first class. 
Monitoring frorn October 1992 t o  December 1994 shows that oxygen conditions are still 
first class and that there has, in fact, been an irnprovement due to slight incsease in 
dissolved oxygen content. &, Vol. III, at p. 23: 

"On the basis of comparison of characteristic and average v a l m  of these parmeters of oaygen 
reghe  frorn the period pdor to the putting of the Project into operation and rmfterwards a slight 
increase of dissohed oxygen content withii the range of the first class of water quality, and 
srnall decrease of B0D5, COD Mn, and COD Cr values in the range of the second class of 
water qudty has ben observedi' 

m, in any event, the harmful impact on Szigetkoz groundwater of the poor water quaiity 
in the Hungarian side arms (in both the predam and post-dam situation). Hungary's 1985 
EIA found that for "nearly 300 days" each year the SzigetkIiz side arms were 
"permanently stagnant water bodies, where eutrophication, sedimentation occurs" - s, 
HM, Vol. 5, Annex 4. The EC Working Croup of Experts noted the tendency to 
"sfltgnanttt, b, anaerobic water in the side arms prior to damming: "In drier years a 
negative trend has b e n  observed with high pH, high organic matter and low oxygen 
contentst' - B, HM, Vol, 5, Annex 14. 

(3) InternationaI experience of groundwater quality degradarion. 

Hungary relies on international experience, rather than examining actual monitoring 
results from Variant "C". It is dificult to see the relevance of the impacts of guite 
different projects except to the extent they have çontributed to the formulation of ramedial 
measures that avoid any groundwater deterioration in the GIN Project. 

Note, also, the comment of Hungary's 1989 study annexed at HC-M, Vol. 4, Anner 13 (at - 
p. 563): "It should be emphasised that, morphologically, the Dunakiliti reservoir differs 
totally from the riverbed reservoirs of the German-Austrian section, whiçh means that any 
experience gained there cannot be applied here automatically," 

(4) Possibly the most intenseiy-studied Danube resenioir has been the Altenworth, also in Austria 
(Hary and Nach fnebel, 1989). 

Undoubtedly the "most intensely-studied Danube reservoirtt is the Variant "Cl' resewoir, 
which is  directly relevant as it is essentially the same as the Dunakiliti-HruSov reservoir, 
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( I )  Water qualiîy changes in the in$ltruting water from the resewoir have been esiimaked &dszld, 
1994b3, based an a calmlation of r e d ~ x  conditions, considering the seguential om*&fion of 
biodegradable organic material, and the subseguent upplican'on of geochemiçal equiltbrium 
model, W E Q  (Eaielle Paçijc North Wesr Labora foryl. 

This conflicts with the carefully monitored impact of the Variant 'TC'~eservoir, which 
shows no redox conditions, na change in chernicd composition and no change of quality of 
water infiltrating into the reservoir. @, Vol. III, at p. 25: 

"The monitoring of the water quality development in the reservoir hm revdeâ that with 
regard to chernicd composition the Dmube water has not changed as a nsdt of iîs passage 
through the Projeet structures. Not even indications of forwmkd plienomena, charaderis4 by 
the release of organic micropoliuhts and heavy metah from the m o i r  dmerits in the 
course of infiltration, were recorded.'" 

(1 

(2) In the Original Project, grounhvater recharge would bave occurredfrom the reservoir andfrom 
other recharge sites, associated wirh the supplementary Jloodplain recharge systern. Anaerobic 
groundwater is aIso expected from fhese sites plate 3-15, Vulume 5), and from the subsequen f ly 
proposed remedial measures, field evidence is discussed below, in the coniexç of Vuriant C. 

There is ne basis for the expectation o f  anaerobic water recharge (i) from the lesemoir, or 
(ii) from the side arms, &, Comment 1 abeve end Vol. III, p. 15: 

"The Danube water quality is well suited for ground water recharge. Dissoived oxygen is 
slightly increasing and COD decreasing, which means an impreving tendensy of Danube 
water quality. There are no significant concentrations of pollutants which could propagate 
into ground water by ground water recharge from the Danube." 

(3) Hungav dues not have access to groundwater quality or sediment data from the existing 
reseïvoir. However, potentinl fhrears to the quali@ of the Bratislava warer supply from the 
Samurin watenvorks as a result of the project were identified by the CEC (1 992). Zt is known 
that substantiai efforts were made by Slovaha to minimise sediment deposifion in thaf part of the 
resewoir adjacent to existing warer supply weils (see Refgaurd e! al., 19941, and Ihaf i# was 
considered necessaty /O re-sile wells to prevent degradation of the quafi@ of the wafer supply 
(CEC, 1992/1993 reporrs). This is eviden f conjrmation of the nsb discussed above. 

Hungary does have access Co data relating to the Variant "C" resewoir (data furnished to 
the EC). The EC Working Croup did mot discover "potential threats" ta the Samorin 
waterworks, unless 95% of the Danube's waters were channelled through the Cunoro 
weir, leaving the downstream ~eservo i r  virtually stagnant. B, SC-M, para, 7.36. The 
actual impacts of Variant "Cm on the water quality at the Kdinkove and Samorin 
waterworks are summarised at Vol. III, p. 16. As to Kalinkovo, the changes are very 
smaB, being mainly a slight decrease in nitrate (which is favournbie). No significant 
changes have been recorded nt Samorin. 

"The $amorin water svpply well field is in the impact area of the lower part of the 
reservoir. The measurements show that the changes in the ground water çhemistry are not 
significant." 

See, dso, Vol. III, Ch. 2. - 



(4) Data include in situ femperaiure and conducrivip, an 
organics, and nitrogen redox species. Resulfs fiom 
in Figures 3.14 to 3.19. Ji can be seen that in genera 
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(1) Although subject to uncertainîy, calcu/utions indicale fhnt recharge from the reservolr îs likeiy to 
be of poor qüallty. Concem over rhis issue is evidenf from Slovak activities. It has been 
demonsfrafed from Hungarian data fhar p o r  water qualiiy has occllrred aaacenf fo the side- 
arm sysfem. The clear implican'on ts thaf recharge will resulf in long-term adverse changes fo 
the qunlip of lhis major alluvial apifer. 

Hungary's insistence on "calculations" and on "uncertiiinty" is wilful and does not serve 
to present a true pictute of Project impacts. The results of the careful monitoring of the 
actud impacts of the Variant "Ca' reservoir are not subject to uncertainty and are 
available for analysis &, by the EC experts). These show that there has b e n  no 
deterioration of the water entering the aquifer. &, Vol, III, pp. 15, 25-26 and 33-35. 
%, also, EC Workiag Group report of 2 November 1993 - HM, Vol. 5, Annex 18 (at pp. 
696 and 713). 

"Demenstrated from Hungarian data": Such data has simply shown that, as would be 
expected, Hungary's fsilure ta supply a direet recharge into its side arms has continued a 
previously negative trend in water qudity. There is no "clear implication'90 be drawn 
from this in relation ta the impacts on the aquifer of either the reservoir or the Slovak side 
arms (which impacts, to date, have been beneficial). &, Vol. III, at p. 18. Put simply, 
there is no link, whether implkit or otherwise, between the poor conditions in the 
Hungarian side a m  system today and conditions in the reservoir or in the Slovak side 
arms, 
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(1) Ir is therefore an issue of national importance to evaluate the potential risk to these resources, 
conside ring efeçfs both upsiream and downstream of the Nagwnuros dam. 

"To evaluate": The importance of evaluation is self-evident. But this was known to the 
Tseaty parties at the time of entering h t o  the 1976 Joint Contractual Plan Agreement and 
figured as part of the parties' further research obligations thereunder- ~ee, SC-M, para 
7.68. The evaluation has dready been caëried out - in a 5 year research muid development 
program carried out by Budapest Waterworks and in the 1985 EIA (amongst others). 
B, SC-M, para. 7.70 et seq. 

Assuming adequate flow rates are maintmrined in the Cunovo resewoir, the water qudity 
downstream of GabECkovo should improve as cornpared to its pre-dam state. &. Vol. III, 
at p. 24: 

"On the basis o f  the overall cornparison of monitoring results from the period peior and 
after the putting of the GabEikovo section into operation, it may be stated that no 
significant changes in water quality occurred. The recorded trend has shown a slight 
improrement in some parameters." 

Upstream of Nagymaros not only will more good quality Danube water infiltrate into the 
bank filtered wells because of increased water levels and water pressure, but also this 
water will be of a slightly improved quality and wilI have been aerated after passing 
through the GabEikovo barrage. 

Nonethless, the need remains for waste water treatment in Hungarian cifies like Gyor in 
order to maintain this good water quality, &, Comment 3 to "Scientific Evalwation'l, p. 
68. 

(2) Two examples illustra te the consequences of chnging sedimentution paf terns on grou prdwnter 
quali ty. 

It is important to stress that the examples that follow have nothing whatsoever to do with 
the GIN Project. They simply serve to show that random commercial dredging cm be 
harrnful if it takes place ton close to drinking water wells, which is largely self-evident, It 
is sçientifically invalid to try in this way to establish a link between a randorn dredging 
event that happens to fit Aungary's theses and the expected impacts of the GIN Project. 
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No especial comments. 



3.45.1 Impacts o f t k  Nagymuos Dam on M - f ü f e r e d  wl l s  in the 
backmter mach (car*y to Na&"rmm) 

i b  ssiipiifi- oftank-fil- wrltr in this mach has bcen d i s c u s d  a h  The 
cxiaing wcll q i t y  ia approximately 30,000 rn'ld, and potcntial addidona1 
rcwnrrcg haw h m  crrimated ar 94,aOO m31d (TubIr 3.13 and Plate 3 8. Y d m  
5). 
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( I )  The adverse changes in waler qunliiy in these three wells ocmrred due to bed sediment 
deposition. It is believed ru be a direct resulr of the Nagyrnaros coffer dam construction. 

"Direct result": Hungary cornplains of "rapid water quality deterioration in both wells in 
the early 1980s". The Nagyrnaros coffer dam was built in 1987-1988. There is no link. 
The third well in question is located 5 km downstream of the Nagymaros coffer dam, 

The real reasons for the "adverse changes" are summarised by the Hungarian scientists 
SomIyody, et al., in their 1989 study, which forms Anna 13 to HC-M, Vol. 4 (at pp. 562- 
563): "To summarise the water quality of the bank filtered wells has recently seriously 
deteriorated, This has been caused by the coinciding effects of a number of factors: the 
deterioration of the Danube's e~ologicdy sound water body; inappropriate specification of 
the water bases' protection a r a ;  inappropriate location of wster bases; background 
pollution due to excessive use of mgriculturd pesticide; waterbed regulatioa work and 
dredging (VGI, 1985)." 

(2) If has been noted above that extensive dredging has iaken place below Nagymaros, in part in 
preparation for the Original Projecl. In consequence, the riverbed bas dropped by 2.5 mefres on 
average (Budapest Waterworks, 1994). This has led to a reduch'on in low jIow wafer levels by 
0.6 m af Budapest, 1.23 rn aC Nc~gyrnaros, and 1.5m at Surhny since 1960. 

"ln preparation for the Original Projeet": This is  simply false. Although Chapter 2 of the 
"Scientific Evaluation'' conveniently omits any real examination of the Nagyrnaros- 
Budapest stretch, it is nonetheless "noted above'' (at "Scientific Evaluation" p. 11) that in 
this stretch "excessive dredging was carried out for industrial purposes". &, also, HM, 
p. 428, where it is admitted that in this stretch the riverbed has been lowered by up to f .5 
m "due to the effects of commercial grave1 dredging". 

See, also, HC-M, Vol. 4, Anner 6 (at p. 378): "Between Nagymaros and Budapest - 
excessive dredging was carried out for industrial purposes ... ." 
This dredging wes done by Hungary unilaterally, without consultation with 
Czechoslovakia, many years before the dredging planned for the Project. 

(3) Changes in surface wwafer qualfiy can be expeçfed, as dismssed already In Chaprer 3.3. 

Chapter 3.3 predicts no changes in surface water quality in this stretch: it does not wen 
mention the impact of the Nagymaros dam on the backwster stretch. As to the actual 
impacts of Variant "Ctt, Chapter 3.3 notes that "bactetiological quality for 1993 suggests 
an irnprovement" in the main channel (at p. 75). Slovak monitoring shows either an 
improvement or no change in surface water qilality - E, Vol. Ill, at pp. 15 and 24. 

4 )  The processes of sediment transport are cornplex, and predictions are inevitably uncertain. 

There is no real evidenee to suggest a problem connected with sediment transport due to 
the GIN Project - Hungary therefore resarts to a clairn of "uncertainty". By contrat, 
there is evidence - from two years of monitoring the impact of the Variant "Ctt reservoir - 
that sediments are not significantly polluted and therefore cannot pollute groundwater or 
waters tapped by bank-filtered wells. &, Vol. III, at p. 35. 

(5) For a biodegradable organic content of settled sedrmenr ojfl% WTUKI, 1 W8), sedimenration ai 
the conservative rate of 2 cm/year and Spica1 river warer qualiy, iit was conclüded that 
reduction would occur, wifh the IikeIy impact qf increased iron and mangonese in bank-filtered 
wells. 



Hungary is happy to rely on pre1989 itudies when these fit itr eurrent theorier. Its 1985 
ELA predicted an imrirovement in these bmk filtered wells due ta the increased flow of 
Danube water eliminating background pollutio{ - B, HM, Vol. 5, Anner 4. As to the 
actual quality of sediment, B. Vol. III, at pp. 33-37. This does not indicate that waters 
would be polluted by heavy rnetals, and it notes that iron and manganese are present due 
to the composition of upstream rock formations, &, are from natufal sources. In the 

l worst case, as the HQT report pointed out: "iron, and mangrnese are easy ta recover from 
water and do not pose a risk to hedth" - e, HM, Vol. 5,  Anaex 9. 
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(JJ It has been shown rhat dredging for the Original Projeet has, together with other dredging 
acfivities, alreac@ led to a dangerous reducfion of the riverbedfîfilter layer to 1-2 m in places, 
and rhat changing pattern of sediment movement have nlready given severe water qualify 
problems, with certain purameters exceeding drinking water srartdards in excess of 2 orders of 
magnitude. In particular, construction of the Nagymaros coffer dam appears fo have been 
responsible for the ctosure of wells due to unacceptable warer qualify. 

This is serioudy misleading. Hungary admits that its own commercial dredging (of 20 
million m3$ led to the drop in the riverbed. The dredging downstream of Nagymaros 
provided for in the Project (of 6 million m3) never took h. &g, "Scientific 
Evaluation", p. 11, md HM, p. 428. The Nagymaros coffer dam, constructed in 1987- 
1988, could not have been responsible for the "rapid deterioration" of wells "in the early 
1980s". &, Comment 1 to "Scientifiç Evaluation", p. 113. 

(2) The e-eçts of the planned dredging were estimated fo give a reduction in the yield of ihe bank- 
Jlrered wells of 75,740 m3/d @udapesr Walenuorh, 1994). 

This after-the-event assessment, which Slovakia has no rneans of verifying, is wholly 
irrelevant, As noted above, the Project anticipated dredging of 6 million mS of graveL 
Hungary has already dredged 20 million m3 for commercial reasons. There is ne need for 
further dredging, as adrnitted in Hungary's own annexes: "As a result of intensive 
dredging over the past decade, the water level of the present section eompIies with that 
planned for the [GIN ProjectJ system (VIZITERV 1985)." h, HC-M, Vol. 4, Annex 13 
{at p. 576). 

(3) 11 is fherefore evident that, alrhough uncertain, predictions indicale a polentially serious fhrear 
to the Budnpext water supply, and rhat adverse changes associated wi th the project have alma+ 
oçcurred 

It is nrit clear how something can be "evident" but "uncertain" at the same time. 

It is important to put this particular contention in perspective. The verificiilion of the 
effects of the Project on Budapest water supplies was Hungary's Treaty responsibiiity - 
see, SC-M, para. 7.68. -As  -a ~esul t  it carried out a 5 year research and development - 
program (1980-1985) and conducted the 1985 EIA, which was specifieally aimed at 
potential impacts to the Budapest water supply - E, SC-M, para. 7.74. The EIA 
concluded that: "The Barrage System haç no effect upon the filter layer of the Budapest 
Waterworks' water resources ..,". HM, Vol. 5, Annex 4. 

These findings were reviewed by Hungary in 1989 by Somly6dy, g 4. Again, no threat 
was predicted. Their conclusion was merely that: "Speeial attention should be paid to 
water bases in the course of waterbed regulation following start of GIN Projeçt operations 
in order to maintain the present quantity and quality filtration layer." &e, HC-M, Vol. 4, 
Annex 13 (at p. 576). 

The "adverse changes associated with the Project"are a recent invention. 
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m d t ~ e g m ~ 8 . m u f b m c i r r u n i f m i n b o t h s p a c k u i d  
@ divasily. 

Casmaka and underianding of biol~gigical dinrsiry Lercfor~ b c -  a world- 
aido major issue tJx hr 11980s in botb h simt i fc  and the popular prcm 
(- 1992 d Wilson. 1988). 

ODP Of dm mmzi waryirig camhding d a n  m i t t i a  is the rnmivc 
ûmnfœm&an of ih Eïrth'~ hbp &mg p k  îday ,  including chmges in 
a waier, wstftk ud ~ o s p h m c  (Solbrig ad , 1992) &nt biodiwhy 
 ch^@ hirc n mgaiive hfl- on !h bîbiosphm's hincrioning. J.W.M La 
R i v k  fmm the Inizmational Imiihrtc fw Hydraulic and E o v t o m t a l  
EngiaarinB @clR T k  Nabcrlands) regards b i d h i r y  as of the irian 
~ ~ k m a r r a p o f o u r t i m t "  fa ttmœremms: 

3) Ii i~ an -tir11 part of thc life suppon sysim. Its cnmplcxiry and 
vuhx%&ility arc pwrly und-" ( ï ~  Rivitm. t 9 9 2 )  

Hma, as F. di Casri, P m h n l  o f  iüBS (Inicmationsl Union of BiologicaE 
x i )  daimal. M B i o d ~ t t y  id libty ta bsumK one of ihr: mosi crucial LSSW 

dcmcimnmartal 6ci-" (di M, 1PW). T w  yrars tntr nt the Rio Summtt 
IUNCED. United Natiaw Ccrifmncc on tht Environnunt and Dcuclopmni) the 

Mi A thi Rio M-*s ' i h t  
~ t c " & U * W k d l d . ~ ~ o f * ~  
W p  sfak htmcutkts shmtd bc avoidtd. mi &ik & 

~ c a f f i r k g  a h  rbat Surtcs uc rtspomibk for rpnravme lbeir 
bm* d i m i t y  and for using &tir b i o l q i u l  rcrolmn Ui n 
&yble manaa. 

A- if ütc -1 l a d  of inftrmbtion uid rrgivding 
biobgich diversity Md of the irrgent wod îo h l c q  4% 
technical Md inaiMional v i t i e r  ta prdvidc tk b a ~ ~ c  
undc*ding upon hich io plan Md impianan appr@aie 
ma", 

' ~o t ing  dut it is vitel ic anticipate, -t and rttael: ~ I C  ~wr *s  of 
sipif* duci ion or lasr of biologiuil diers@ d mum. 

of bielqical diversiry is the in-situ  ons sa var ion of -- and 
natuml t (abi tn~ and the maintcnmcc and IDMVCI~ 01 vcable 
ppul&k olspecies in thcir naniral surroundings." 

l 
Again, this clodly rrfteni thc &y-tday cirpaicnec of Kilogista and Ihe ksxns 
of thcit discipli&. Coasmcnt with ha, ihc mairitenana SXS safcprding of  &t 

b i d i m i t y  in At SzigttkBz and 0th affectod trcaa of thE GaMibvc+Nqpn~m 
Pmjtci ia an m b t  naticnal and inm-mtimxial ccmtm. 

t 

~at~atiasl teo+kms amoii* rtie mosi c~niplicatd MW~ ûysisns. h i *  
muJi shidy, dlogisTs are nill far h m  a e o m p k  undastardi% d this 
wmplcxity. ~ a d r a l  caosyncrns rom en inmatdy iniamivai  rysimi of thc 
populations of ptknis, h u b i v ~ u s  and camivomur animak, d m -  and the 
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4. COMMENTS TO HUNGARY'S "SCIENTIFIC EVALUATION*', CHAPTER 4: 
FLORA AND FAUNA 

(1) The area uflecfed &y the GabCfkovo-N~gymuros project extends to the large area berneen 
Bratislava and Budapest. 

In much of this "large area" the effect of the Gin Project is minimal. Hungary makes no 
serious attempt to claim otherwise - as is clear from the focus of this Chapter of the 
"Scientific Evdumition" which is largely on Szigetkoz. It  is noted that Hungary nowhere 
provides a useful map showing clearly exactly where the impact it dleges would be felt. 
The SR hm prepared such a map - B, Illus. No. R 4, appearing at the start of Part III. 

(2) Due to the na hrral flood) and arhjical (clearingl disturbances, which started lnainly in the last 
cenhrry, the diversiîy of habitats was supplemented by several succession series resulting in an 
excepiionally high species - and comrnunitydiversi@. 

Wungary seems to make the startling suggestion that human intervention has inçreased 
biodiversity - surely, a peculiar conception of what biodiversity is, While, strictly 
speaking, it is correct that if new species - for example, cultivated poplars - are introduced 
into a region, biodiversity has increased, this is at the expense of the natural biodiversity 
that existed beforehand. And cultivated species quickIy predominate over the natural 
species. Put simply, human intervention led last century to the radical redriction af the 
floodplain area, the large scale cultivation of the region by economically valuable crops 
and therefore an overall and undeniable Ioss in the natural, floodplaln biodiversity. 

As to the flood regime, this was not "natural". The creation of the Danube main channel 
and the construction of flood dykes led to more frequent and more extreme flooding and 
water level fluctuation. &, Vol. III, at p. 9: 

"The trend towards the increase of the water level fluctuation, registered in previous 
decades, wes reiated to the closing of the river branches, river regulations and antiflood 
mesures, fortification of river banks and the construction of spurdykes (groynes) to 
assure navigation depth during lowflaw discharge. The fluctuation of the Danube water 
level and the ground water level fluctuation were much smaller in the time when the 
Danube merely meandered- across the floodplain with i ts many river branches. In 
addition, the confining of the Danube to a single channel in the uppet reaehes (Austria and 
Germany) resulted in an increase of the flood peak discharge," 

As to the "clearing disturbances", presurnably this refers to the replacing of indigenous 
tree species in Hungary with comrner~id growth species, 64% of which are of one broad 
type - hybrid poplars. &e, "Scientific Evduation", at p, 183. This has not increased 
biodiversity in its usual environmental sense. 

(3) The species so far recorded by zoologists (a few thousand taxa] make up ont) a fraction of the 
totaIJauna. In light of the rapid degradation of the habitats, i l  is questionable thaf the roiai 
fama of rhe Szigerkliz wiI1 ever be a s s e s s d  

This is an admission that Hungary has put little effort inta establishing an inventory of 
species in Szigetkaz. This is not so for Slovakia (in relation to Zitny Ostrov). The 
inventory of aquatic fauna in the Danube was established by the Slovak scientist Brtek J. 
in 1954. B, Vol. III, p. 106. Inventories as to the floodplain fauna were established from 
the 1950s to the 1980s and are largely reflected in Orszigh 1. & &, 1994. It  is not 
realistic, however, to expect to have a definitive inventory covering dl taxa in a given 



l region - this i s  not international practice aiid nor is it international prnctice to hold up a 
I given prajeçt until such an inventory is estmiblished. 

"A signifiernt change of faunn in the branches c'nriot be experted due to the existence of 
variable flowing conditions. There is an ongoibg pragr~ssive mgeneration of origiod 
species. Differeat species can, however, have another quantitative occurrence as compared 
to the pre-dam ~ituation.~' 

Indeed, there has been a positive increase in biodiversity in some areas due to  Variant "CM 
and there are signs that due to the multiple sucdesion of new ecotypes, biodiversity will 
return to the more naturd tevels of a eentury &o. Already, new species that had been 
considered Iocdly extinct have been recorded again - psrticularly in the shallow areas of 
the reservoir, the Cunovo and Rusovce ride irhs, the Biskupin side rrrns and in the 
reseweir seepage cands. &, Ch. 5 and Ch. 7 re. kvifauna. 

l 

"Rspid degradation": Hungary does not spccifb the causes of this "rapid degrndationff 
which are not necessarily connected with the ~roject. One of these causes was Hungary's 
unwillingness to dlow the direct supply of wsted into its side arms as provided for in the 

~ z i g e r k ~ ~  and Are Osrrov remain "espocjaL!y imporbnt because q/ rhoir mor@@namics but 
h m  been &ndamentally desrroyed by the codrniction of the Gabakovo-Nagymaros 
hydroelectric planl" (Dister, 1994). 

This conclusion is very inaccurate. Of course, there was some "fundamental destruction" 
due to Projeet construction. This occurred pridarily on the Slovak side of the Danube. 
The Ioss of forest consisted largely of the harr)estinp of çultivated poplars that would 
anyway have been harvested rilt sorne stage. 

Moreover, without the GIN Project, the floodplain forest would have disappeared (as 
demonstrited by data rdsting to the Slovsk side df the Diaube) - E, Vol. III, at p. 87. 

Gm Project. A direct supply has been assured 
Slovak scientists, no decrease in the biadiversity 
p. 100: 

on the Slovak side where, according to 
of fauna is envisaged. w, Vol. III, at 

1 This i s  an emotional conclusion having no basis in fatt; it is refuted by the monitoring of 
the actual status on the Slovak side of the ~ a n u b é .  &, Vol. III, Chrpters 4, 5, 6 and 7 
and Comment 3 above. 

As the EC Working Group of E x p e ~ s  commedted, Project implementation allows the 

As to the words "no doubttt, this is noticeabli at odds with Hungary's finding (at 
l "Scientific Evaluation", p. 3) that: "The abundance of  issues and data on the one hand and 

floodplain to "develop more naturally" - B, EC 
5, Annex 14 (at p. 418). This is confirmed by 
to date. &, Vol. III, p. 87: 

report of 23 Novernber 1992, HM, Vol. 
recorded impacts to the biodiversity of fiora 

"As to plant biodiversity, there is no proaf as to the lowering of the phytogmofund from the 
exphence of two or more years since the damrning. To the contrary, new biotopes may appear 
as a result of the water recharge into the side a m  shstern in the inundation arca @obroh&f - 
Palkoviëovu) and in the huge limozic and Littoral uide around the HniSov reservoir, Ieadig to 
a presumption in the favavour of inerePaed biodiversity!" 

( 5  There can be no doubt for an ecologisf thnr the loss 
massive degradation. 

so fur recorded is only the jtirst sign of a 



the lack of knowiedge and information in certain fields on the other leaves a great ded of 
uncertain@ over the extent to which the environment will be affected in the short and long 
term by the Project, and whether or not these changes cm be considered acceptable." 



' I b c ~ a o d I h c . m q ü n d c o f w ! h I m l B ~ o e ~ m i b t ~ d t h c  
h m & a m m e n r n d c m m i a e d b y k @ d y r m i ~ i b r r p e c i ~ ~ ~ ~ b a r g c  
~ o f i r i * a ( F ~ C ,  I l i m n i n g a a t c i p w h c 3 a W r m . ~ ~  
r i e ,  it, -. M q t d y n a m i u  r d !  in mil FU, -11- 
wifa mer and mil41 &lRmh,  krmm u -iU (mlidiag 
dyaania af 6 1h O= nhurt4  aod p~ l lm.  SU! Chprcr J) 

d mmpbodynimics m cunmlling al1 ccciWcal 
~ - h ~ i ~ d x ~ y o f ~ ~ m s r r a a r t d L b e  wduducunty 
O f i t l ~ f m ~ a a d d n f t i n g h i o t a ~ ~ f ~ ~ i m p o I D l l l c e  

4 3  2 THE EEOUlGICAL MHAITON 

& aidas of Ihc  are puùdividrd &mg ui üK pmod of wùa 
d i  -dy to cpidically [ilkd wiiti -). the inrewiW of lht 
ahrd (W Bouing ta v) ami thc mqholog).. or fm. of rrtrfaec ( m w .  
b f d  xDd d#p, shfdiow). Riva barh am a i i b d i w  by irrliaptim (sucp 10 

. i r a i i sy~dcmacrmba ib~r ta8k* rca  ' O c l d  the Li= .Iia a >b. - twme = d ( l w z 1  
~ - U m ~ ~ ~ i m m ~ d m ~ ~ t r r O f c b e ~  iz 

i c i  dimirbuicrr a . & ~ k  ~i d h  ~ikc oc] E v m i f i k s a l l y h r ( ~ ~ & i a e r s b C r r i n t n > Q d h & n l r a .  

T&y, hund aciiuitia dividc rhc lloadphim in l~  ccolagiully dinn mas. 
Tk ~ ~ i o n r l  d tke onginal in"& irras d i i i  E rmiatd uimi the 
anhnkmmtr arc rhc active mi floodphim FlW wmspoadmp 
pouiidwaur-Lhk flucaraticnr. Md iht fwr dyrumic proecrser (II*, -+ 

@c- and b i i c r ;  sac F- 4.1) srt -ibk fm k o  airvnoe rnd 
w b k c h ~ m o ~ g f i m ~ r ~ l a t i o s u r d b c d ~ i o n , ~ ~ i r m m a m ? i .  
c a u d  by ddgùig  Esoc Chsprcr 2.2). haw d i d y  altard thc dynunk Or üu 
rynmima&mua. 

Thc wciioru gf ihr; &ginal inurdaied mrus wbfiKh pmiatod fbodr b 
I m a m  dsntr are uilkd old flwdpbim. ï k y  migin& hmi ~ ~ a t  Ilwdphi 
but k k  the damnining fanor. The rnn- of i fi&g pudmta9bk 
w h i c h c & i o f h c w t a k ~ l o f ~ m . i ~ r r d u e r d . b ~ m ~ . ~  
m i n i n g .  brandi wiih smgmm vmr bclaig ta tt~b uicgory. 
~ c s ~ ~ h i c s l / ~ .  rid- MC nit1 pui dthc  fkdphiin; a ~ o ~ u l t y .  lbrj 



1 )  It is inconceivable ro suppose fhat riverine ecosysfems can be maintained by diverring substanfial 
proporh'ons of the water discharge from the main channe] inro an jsolated power canal. Yet 
Miroslm LiSb,  a senior Slwak engineer, said in a recent report to New Scientisf (Pearce, 
1994): "We have separated the navigational and commercial finrnetion of the river from i fs 
ecologicalfincfion. This gives us a unique opportuniry to develop this secîion of fhe river in its 
nalural farm ': 

Mr. Liska simply reierred tu the findings of the EC Working Group of Experts in theit 
report of 23 November 1992. &, HM, Vol, 5, Annex 14 (at p. 418). 

(2) Certain habi fats are no longer available. Species adapred io these conditions (main channe1 
with high wuter flow velocity) will Bisappear; 

"Main channel with high veloçity flow": This wiis a specifically non-natural situation, 
Prior to regulation works in the 19th century, the Danube had no main channel in this 
region. Excessive velocity has led to bed degradation and a reduction in fauna, in 
particular, with regard to ichthyofauna, The limiting value for riverbed stability was the 
velocity of 1.3 m3/s and pre-damming, the main channel velocity was greater than 1 m3/s; 
This prevented the flourishing of macrozoobenthos (a prirnary source of food for fish) 
which, in turn, created unfavourable conditions for fish communities. &, Vol. III, p. 110: 

"On the basis of studies performed during a period of 30 years by the former Institute of 
Fishery Research and Hydrobiology in Bratislava, reliable data on the numkr and biornass 
and partial data on fsh production in thk section of the Danube have been çoilected. In 
stationary, periodic waten, the ichthyomass mcbed an average of 260 kg per hectare, in the 
branches of the parapotamai type, it reached 400 kg per hectare and in the branches of 
plesiopotomal type, fdowing a reduction in water area, up to lZOO kg, In shilar brancha 
near the source of pollution, there were only 60 kg and in the main channel only 35 kg of 
ichthyomass per hectare. The low ichthyomass of the main chanel was eauseci by high flow 
velocity, shifting bottom, high turbidity and low density of food organisrns. " 

In any event, velocity is not merely a function of discharge rates but depends on riverbed 
configuration and, In partkular, gradient. The decrease in the velocity in the main chmnel 
has not been excessive: there has been only a deçrease of around 30%. 

(3) Peak operation wish huge daily jluctunlion of the waier Ievel and flow velociv creafes an 
additional burden and subsequenl Ioss io the aquatic and litroral ecosystems (see Chapfer 4.4). 

"Peak operation": Hungary once again focuses on an aspect of the Projeçt as ta whiçh no 
agreed peak mode had been agreed and where Czeçhoslovakia had offered its pledge to 
limit or exclude as required by environmental considerations. These predictions of loss 
are in any eventnot supportes by evidence. 

(4) Thus, the jnul outcorne, a loss of Iocal biodiversiy, is unmoidable. This has already been 
dcvnonstruted by every single water regulafion, including the Upper Rhine barrage sysrem or the 
Rhône barrage sysrem. 

"A loss of locd biodiversity": This i s  simply not correct. Comprehensive monitoring in 
the atni Ostrov Boodplain shows no loss in biodiversity and, indeed, a gain in some areas. 
See Vol, III, pp. 87 and 100. &, dso, Ch. 7 re. Avifauna. Slovakia has sought to learn -9 

from the damage caused by other barrage systems. 



l 
(5) The mosf regrettable facf of biodiversity Imses is thaf rhey are fo some extent irrwersible, 

par ficularly if they are induc~d by physical mdQîcakbnr offhe habitat, As opposed to c h i c a l  
disturbances or poilurion, physical disturbances Iike dams are irreversible. 

The building of the EabZiikovo section of the ~kojert Ied to an irreversible loss of some 
floodplain forert (althouph for the moat part, berely areas of  eultivated paplars) and 
agriculturd land. This loss was anticipated and agreed to by the Treaty parties. There is 
sirnply no endence to suggest that Project imP1e&entation through Variant "C" hmis led to 
loran in biodiversity - B, Vol. Ill, at pp. 87 a n d l l ~ .  I 



please turn to next page 



~ a t f o l ~ d g v i ~ i o n i s b a w d m t b e ~ m r r p b o b g i u ~ f o m i a ~ i o r i p a r d  
folbws Fi& 44.  

l 
l a ~ - f l o t i x m i g p l a n t s d q & ~ n i b r i l e r g e d a w i t h  
~ i n g k n w . r q m m t a i e v c g c t a ü o a . H c r q & e o D R t i a u a t ~ x ~ o f ~  - L rquirod. Dwing n m g c  of - kvck p- 
eommuniti$ (algac d ndichai) w i p t  wil31 M cm no~-wdd, amphibii 
shorcr (eaImlq. nit wLia kvtl fl- fquem4. a d  paiodically. 

l 
On rhe (and isianandp bushy M I b  nudr p w ,  cvcnmilty f c l M  by M l o w  

ard p o p b .  gmuped in d y ~ m k  solta*rod f-. Uder  typicnl 

1% on i law kvel. nly  slightly ibwt tk m w q c  uater k t .  
~ s w b ~ b y ~ d ~ u p b S m o r n h s i ~ a i b u e ~ ( i n  Cni22&. Unim amrnr ciimuic sM-m. rn- Dccvn mty 3 

~ u ~ t 0 9 ~ r h s . ~ 4 n s a l d c r a a r c ~ ~ ~ k d t h c w n \ a r i c t i t s o f  
saftivood n k  lowtr huc~wom~ ripanari hmit~ ~ m r  amj & h i m t c  the mate 
-mon k i c  part4 of dK M d  - M dynamis psm arc 
connccted J thc upper hatdwd tipsMn foreas ai b& ul~ifh m i n  
of a f q c  v k t y  of  specics, tspecialiy c b  a d  arkt. A transition mnr . usually 
cwitainiq k i d u o u s  foresis with elmg od;r mi hW is ildd only 
cpisadicall~mcxccptionatly duringa Iwday5 payear+ lhc highcatitvatim of  
thl W p l a i n s  anskt o f  a p v e l  s u h m  whieh d e s  specific v w t i a n  
uxmnunitid adapiad ta a nry dry and rathn hot aiuimnarnt. ? ï q  arc d I e d  
'ncppc fo<c8ts and meadmw dong the h b e  aod '%i&liaidc" (YIW iands") 
in Aumia m h  "Brcnnenn (ïm-*) in Gmmty. 

I 
n i e  most i r q m h t  ddaminmg facuirs for th wgcmon ate durntion of 
inundat'tons Id the c l d o n  of  Ihe gmdmter-Eabk during rhc vegewion 
pcriod. II çhouid bt rcmarked h i  tk m w t h  is rot an W l u t t ,  but omly a 
~clative divikian b a d  MI thc alimdinai b i s .  II is nibtly diwrsifid by the 
diffeiwd le& frrqucnciq anl diuaüom of  by &c mii tcmw; snd b>. 
ffic currenL fluvial o f  n n s h  d d e p s i t h  intmupting rhc 
@ m i s  of mil b rraponsiblc for rhc uiacnec of  soRwwd riparMn Iomtr on ftK 
aimc kvci d old hmdwood fwcnlmdr. Tk ipyearinee o f  many fcmrwonr si& 
by ride in imlnediatc viciniiy and in diffaair rtcps of suceession is 9 u . l .  



No especial comments. 



13.3.2 Thc q& mer lyclc &the b i o ~ ~ ~ r o n  

~ P a t * n d i * p p e a r ~ b c a m o n g t h . m o s i ~ u c t m ~ ~ T ~  
' f i n o * p i * i n i h i r p r o d ~ . F i i ~ o f b n d - w m n i n m f a c c a  

sf - ' ~ ~ ~ m e r f & e a p w e i o b c i h t m m t p m d U n i v c m c  
4 h g ~ ~ S o o o a d , ~ f l ~ a a h a e o f t h c s c ~  
C . i q g l i a o n P ) ~ i ~ & m i i l a a l i u t i o n ~ d r a y c l t y o f ~  
~ ~ , ~ ~ m i b i g e a @ u d + t h a n i n m o r r m b k q u a t i e w  
& dh (lu& sl d, 1989). MimOlary data ca -plain fcmm of 
ihc thdad mrrt ofthc UDitod smu show(Cuffncy, 1988). 

- d l D p w e s s e s o f t h c ~ m a t t o r ~ e i n c b g i b e n u r h +  
f k a d p L U s ~ T b c ~ p l a m i n f d u e r a ~ i c m i n a l 0  
m a r i w . ~ ~ ~ i h e p r i m y . p m d i i a i w o r r t i t n w  
~ ~ o f ~ o u i # o r d r r a ~ h t h t ~ ~  
Tbey ma hprmî lmzam ihcy pmndc a sutdanrial f d  rwrce 
k-h nvmne-ai-; 
-Ibefktplahalrorcgulatcrduagsnicmaacrcyck.'Ihe~ 
q p i c  p d c k  M by mags slowhg thc 1- by 
~ o r p o r r a t i w . T l r : m a j o r ~ o f ~ m ~ ~ ~ ~ u ~ i h c  
r i v a ~ ~ c , t b t ~ l i ~ ) i s d I y ~ u n t j l t h C ~ 8  
nDDd 

I M GY+ md oa thc Sbvalt side of  die DM& fldpKin ilsu (ie 
ureful a-. NU- mca9otmmts of d~ ph* md mopia* 
pxhtdms in thc h u k  si- pi& w i d w  o f  the uay high 
-ofkbioioperand t h c i r d b u t i o n  toiht p r o d ~ i v i ~ o f h  main 
~ ~ b i m i a n o a n d ~ p m d u c f i o n o l r h c m a i n E h a n m 1 m ~ l y  
m f l d  the f a u ~  @- microtivcnebrsiq tsb juvcniks) and 
mrtricata mpmed fmm thc s i c k m  end Im &mis m l .  1985 and 

Wo ûy d to Rmrmarire ibs min b i  furdm of Rmdplrinr and 
f l m d p ~ r e r ~ m a d a r m I d a d j f y i h ~ î h & a z t f n u s o d b y  

n i e f i s h ~ i m a f i h e f l a d p ~ ~ w u c r b e d i e r i s h i g h t y ~ t o d x  
~ i c ~ i q k N r i m e m r r r d i P c r m s d o v i h I t u k s i d o d ~ o f h c  
a a a ~ b e g i r e f i ~ r a d c r t i m a l m a i c m e e m ' w t h b ~ ~ i a d i a B o w  
dx d d i ~ i a r i ï w m d w r i d I a m i i m I k r i v c r ~ h l g h ~ i a d  
iliea-br-dunriclsrrdwmarbodiarafihwbüiai 
na drift (HoBk a d  -4 lm €blair a d. 1981 ad HoKÏ 1988, 1991). 
-r h to r h -L pkisopotami~ ~ . m + d i i  rrr of 
hiaasi mthiî1"p"~ntrinimgaicwnaodiaiwimthcrivcrhvay kqmlmt 
~ ~ ! 1 ~ ~ m w c - ~ c 3 . ~ b t o d m d ~ l l ~ ~  
d~irbmh+pmduaiarrnkw.Sbdic~ofiK.atbodiohthFRhkind 
~ f b ~ d ~ d i i w h i c h u t p e m i a n c n t l y ~ ~ l y ~ l ~ a r m i s c t o d w i d i d t .  
riva pmvc di highcr b Î  snd di-iiy aaa in pmarmt ly  cauKfpDd 
bodies Wlck 1989). 
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(1) The transport of nutrients, especially nifrogen and phosphortrs, is ojen  blochd in reservoirs. 
The physio-chernical dynamics of a regula fed river are essentialij controlled by the parameters 
of the reservoir, such as siorage capci@ and the position of the wafer ou@w and by ifs 
finction, such as a deep release fiypolimnial) ouflow or u n d e r - w  mechanism. In the 
Mississippi river, during low jlow, some authors note autochtonous nitrogen and phosphorus 
inputs from sidearms andformer channels to the main channel Premling et al., 1989). 

"Nitrogen and phosphorus": These elements remain suspended in the water, i,e,, they 
cannot be blocked in the reservoir. Huagary's starting point is therefore incorrect. &gg 
Vol. III, Ch. 2, Figs. 2.10 and 2.1 1, which show the absence of a deteriorating trend in the 
presence of nitrogen and phosporus domstream of the reservoir (at Medvedov) in 
compmirison with the upstream section at Bratislava. 

As to the retention of fine sediment that would olherwise carry nutrients into the 
floodplain, the impact of this in terms of the GIN Project stretch of the Danube may not be 
great. Data from the 1950s, tbat is before the isolation of the side arms md when the 
flooding regime wss closer to naturd conditions, shows only s minimal difference between 
supplies of humus in flooded and unflooded areas of forest. I n  other words, the transport 
of nutrients by flood waters was not overly significant in the 1950s and there is ne remon 
to suppose that it is today. 
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(1) Utder naiural conditions those catastrophic events, rnentioned above, are very rare and do no! 
affect a complefe ecosystem, such as rhe Szigetkdz with about 375 square hlometres, nol tu 
mention the a m  of the Siovak b t n j  Ostrov. 

"Catastrophic events": The planned diversion of the Danube's waters at Dunskiliti cmnot 
be considered a catastrophic eveat. Flow was t o  be mainiaincd in the old Danube and, if 
the ofFtmike in the Dunmikiliti weir were correctly utilised, there wovld be no drops in 
groundwater levels in Szigetkoz and na irrernediable impact, let alone catastrophe. 

The mmner in which the damming of the Danube actudly oceurred (in putting into 
operation Variant "C") was the ~esult of Hungary's tefusal to cooperate. 

"A complete ecosystem": The Szigetkfiz does not constitute s cornplete ecosystem, but 
rather contains multiple ecosystems - from floodplain to cultivated woodland to heavily 
agriculturd. 

(2) Because of Ihe long histury of river training and works in advance of the projeet, some of the 
anticipated damage has already occurred. Due tu extensive grave1 dredging around Bratislava 
the riverbed of the main channel had degraded drastically (see Chap fer 2.2). The corresponding 
graundwa fer- fable had dropped as well. 

"Extensive gravel dredging around Bratislava": Bed degradation has many causes, of 
which dredging et Bratislava for flood protection, navigation and commercial reasons is 
only one. Hungary is also responsible for grave! dredging in the Szigetk6z stretch, of 
course. *, Comrnents to "Scientific Evaluation", Ch. 2, above. The rnost extensive 
gravel dredging, with the most adverse effects, has been around Budapest - carrjed out 
solely by Hungary. 

(3) As n result of the relativeiy fast Jlling of the upper reservoir which wu3 envisage4 ail the 
vegefalion rypes in the Szigetkdz, influenced by the grounihafer, wouId have been hmaged by 
the extraordinaïy water shortage. 

This conclusion totalty ignores the facts concerning the putting into operation of the 
GabEikovo section. The CiHing of the reservoir was to take six months - an amount of time 
that allowed the implementation of the Dunakiliti offtake. This wris both well known and 
agreed in advance. No extraordinary water shortage would exist. The flow into the oId 
Danube was to be reduced, not stopped, and flow into the Szigetkoz side arms wm to be 
increased, in relation to the pre-dam conditions, through utilisation of the Dunakiliti 
offtake. 

(4) Sp~ci$cally, these changes would have threatened the suftwood riparian forests of willow and 
poplar in this area (Mdszaros et al., 1993). Willuw woods "used lo give a nearly contlnuous 
cover on the islunds of the Szigetkciz-Danube iabyrinth until the 1920s" (Simon et al., 1993). 
Partialiy lhey had ro give way ro the timber planfations, mainly in the central parts of the 
islanh. Nevertheless, the remaining woods indicated in 1991 were still in "berter conditions 
than indicated by data collectvd by Kurpcfrj in the 1950s jTom wilEow woods outside the 
Szigetkoz" (Simon et ai., 1993). 

"Softwood riparian forests of willow": References to the abundant willow woods in the 
1920s are totally misleading. Hungary adrnits (at "Scientific Evaluation", p. 183) that 
64% of the trees in the active flaodplain are now a cultivated hybrid poplmir, replacing the 
former floodplain species. There is little willaw forest left as a result of Wungary's 



forestation policy, airned at commercial that had its impact long before the 
inception of the GIN Projeet. 

In this respect, Hungary's use of the word "partially" disguises an important ecological 
fact. In addition, due to the increase of flows into the Moroni Danube and the Zatonyi 
Danube (exelusively on Hunprian territory b d  erebively due to Variant "C"), 
conditions for riparian willows hm greatly idprwed in the areas aouriîhed by thac 
branches. 

(5) The 123 km-long reservoir, including the Danube vhlley tipstream of Nagvmaros, would have 
radically changed ecological conùîtiom. 

This is n relerenre to the upatrem "reserrair!' tbat the Nigymaros weir rould have 
eredited in the Danube. Here, ecologicd conditidns would have "radically ehaaged" only 
in a very narrow strip within the cristing flood djkes - (rom 1-100 metrei r ide - alongside 
the Danube - a strip of minimal importance, not affecthg the Danube Valley ecologicdly or 
aesthetically, There would have been some changes in groundwater levels outside the 
floodplsin dykca, but protection rneasurea wereldesigned (and lnrgely built) to counier 
this, Simply, waters would be restricted within the existing dykes: impact would thecefore 
have been fnr I c u  than the construction of s mrjok mad, for ermpk. 

(6) The inrended lowering of the riverbed downstream bf Nagvmaros would hm>e degraded the 
riverbed by 0.60-1.20 m on average (see Chapter 2.3). Comidenng the findings of the MaB 
/Man-and-Biosphere program of the UNESCO] ecoslslem study or Alfenwdrth, Austnn (Hag 
and Nach fnebel, 1989 und Ldsing, 1994), the corvespbnding drop of water Ievels by on& about 
O. JO m caused alreody negotiw efiüecfi io the vegetaïio'n of rhar parriculor stre fch ofthe Austrim 
Danube. Similar impacts ore [O be erpected ot fhis sehion ofthe project, 

It rnakes no sense to refer to the "intended loweking1', Hungary has already caused the 
lawering of the riverbed below Nngyrnnros by its Leesrive commercial dredging (dredging 
more than 3 times what was intended for the ~ r g j e c t ) .  No further lowering would have 
resulted from the GIN Project. 
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(1) The ben fhos communities of the riverbes would have been des froyed in all the sections where the 
bed would had been deepened by dredging or other memures, such as the constmction of dam, 
cofer dams, dykes or "underwater weirs'l The reduced discharge by rhe upper reservoir during 
the j filling would have caused&t-lher damage ru the other aquatic biotopes su ffering from warer 
shortage as a resulr of the îmduced riverbed erosion. 

It is confusing to write of destruction in relation to short term impacts. Clearly, as for my 
development, actual construction werk will cause disruption and some destruction of 
individual communities. But these impacts are temporary, as destroyed communities 
would very soon be replaced. It is in ruiy event futile to write as if dredging was not a 
regular nctivity for both Wungary and Czechoslovakia and as if construction work had not 
mrctually been carrîed out. 

The underwater weirs would irnprore conditions k r  benthos communities and 
ichthyofauna. &, Vol. III, Chs. 5 and 6. 

The reference to reduced discharge by the reservoir is not understooé. The filling of the 
reservoir would have had no impact on the supply of the agreed Project discharge to the 
old Danube. 

"Induced riverbed erosion": There is no factual basis for this concept - E, Comments to  
"Scientific Evaluation" Ch. 2, above and, dso, EC Working Grorip report of 3 November 
1993, HM, Vol. 5, Annex 18, which predicted: "No major net e~osion and sedimentation in 
the Old Danube". 

(2) Those detrimental efects have been menrioned by the SIovak hydrobiologjsr Hol& and 
contributors (1981): 

Hungary relies heavily on a 19&1 report by Hol€ik, This report had importance in 1981 
but its findings are based on an rssumed discharge of just 50m31s into the old Danube and 
no direct discharge into the side arms. Thus its conclusions are only of historical relevance 
because the principal findings have already been taken into account. The Project has b e n  
revised - in terms of direct recharge into the side arms, increased flows into the Danube, 
underwater weirs etc. There i s  now sufficient water in the side arm system for optimal 
conditions for fish reproduction and growth to be created. 

(3) Several million ions of sediment per p a r  were expecred 10 be deposiled in the reservoir (see 
Chaprer 2.2). 

Chapter 2.2 makes no such prediction (nor any prediction at dl). In any event, it is 
undeniabie that very substantial amounts of sediment are caught in the 24 dams upstream 
of Bratislava and thet sediment reaching Bratislava will be further reduced by the 
completion of the Austrian dam at Freudenau, close to the Slovak border. 

(4) SimiIar resuJ~s wouId have occurred in rhe riparian ecotones downstream of the N w m a r o s  
barrage. 

There can be no scientific basis to the claim of "similar results" when the "riparian 
ecotones" downstream of Nagymaros are wholly different from those in Szigetkoz - there 
is an active floodplain in Szigetkoz but none below Nagymaros. In fact, insofac as 
sediment was reduced, this might favour the quality of watec in the bank filtered wells 
supplying Budapest - E, pp. 106-1 14 of the "Scientific Evaluation" concerning the 
adverse impact of sediment deposition close to these wells. 



Note that there hm been a sIight increase in the water qudity of the Danube since the 
I imp1ementation of Variant "C", &, Vol. III, pp. 15 and 24. 
l 

(5) The o ~ u o l  average discharge of rhc Danube var abProximately 2,000 tn3/s. ULhdor the Joint 
Contracluai Plan, this was to ba reduced to 50 m3/s 1 II was envisaged lo reiease up lo 200 m3/s 
discharge in case of necessi9 during the growrh seuson without frrrther ~pecificafiom. 
Reductiom of this order (85-97% of awmge flow) dould h m  lowered fhr su&ce water lewl. 

l reduced the oreai exfenr of surface water and fhus caused a drastic decrease of the groundwater- 
tnbjble. The levols w e n  expected ro drop by up lo 3 Serres, especially in rhe central pm of the 
Sztgetkdz. A smaller but sîiIl vety signifcun f drop in the groundwaler IeveI of up to 2 m was 

l 
, forecas f for the pro fected area oufstde the dyke system. 

I 

Hungary reIies once more on its formulation of the "Original Project", without taking into 
1 account al1 the remedial mesures incorporated to mitigate environmental impact, in order 

ta concoft a srenario of the "drastic" effects of th'e Project. Hungary's "Original Projeet" 
provides no basis for an accurate assessrnent of ~!ojeet  impact in 1989-1992. 

l 
(6) According to the Ot-igiml Projeet, which did nor entaih mitigation measures ot ifs concepfion, the 

bed of the Old Danube and the Slovok and ~ u q p r i a d  side-arms would have lost opproximreiy 
58% of jts agua tic habitats, a total of 1,085 hectares WolBk et al,, 1981). 

Slovakia fails to se the relevanec of this examinadion of the "Originai Projert" without the 
l 

"mitigation measures" that were later canceived - in part as a rresult of Holëik's 1981 
research. 

0 Simi l~r  d e v l m e n t  o u  e expected for the wholk flot-a and fauno Hence a considemble 
deteriorafiun of the nuturai value offhe SZigetkOz would occur. 

l 
Therc ia absolutely no seientific barii for the apdliestion of n 1981 conclusion relating to 
the impact of the "Original Project" on @J aiond, ro PI to make predictians as to  adverse 
impact t o  the whole flara and fauna of s particulai region. 

(8) As a resuIt of ~ h e  diversion into rhe bypass cami, Che connection beiween the previous m i n  
channe1 and the bmnch systern in Uie recent, active boodp/oin would hme for the most part 
ceased PU exisf. 

This is rnisleading, In the pre-dam state, an iildost full intercannectian existed batween 
l the side a m  systern and the main channel for only 17 days per year. This wns due to two 

teasons: the physical dyking off of the side armk where they once linked into the main 
çhannel; and the sinking of the water level in thk main channel. Due to the transfer of 
navigation into the bypass canal, both these cause: may be deait with. The side arms msy 
be reeonnected by excavation of the old dykes; idd the water level in the old Daube rnay 
be raised by eonstrueting undemater weirs. ~ h i k  would depend on the will of Hungary. 
But Slovakia aims to see the restoration of the inArconnection between the side a m s  and 
the main channel. 

(9) Tho drcliline or gradua1 disoppeome Mrhe pupuluti& in the oxbow lakes, canals and ponds 
would have been more rapid lhan in the active Joodp@in inside the inundation dykes, because 
the artijîcal water supp(y would have been even less efl~ctlve in these biotopes. 

This is incorrect. The level of ground water in tde old floodplain (that is, the are. dyked 
off from flooding sinrc the 19th Century) is linked Ito the level of groundwater in the active 
floodplain. Direct water supply into the Slwak side arms has ensured groundwater 
increase to 1960s levels both within and outside its floodplain dykes. &, Vol. III, at p. 



12. This would have occurred on Hungarian territory also, had Hungary not abandon4 
the Project, aided by the large increase of the flow into the Mosoni Danube under Variant 
"Ctt, whkh has had a favourable impact on graund water levels. 

(10) Many floodplain ecosystems of ofher rivers have experienced sirnilar damage and destruction 
caüsed by river regulation and waterpower developmenf. 

Hungary continually emphasises the difference Getween the G/N Project and other d m  
projects - eiecept where it is convenient to draw a parallel. In terrns of its capacity to 
sustain environmental needs, the Gmib&&ovo section of  the GIN Project is entirely difierent 
from other schemes - because of the remedial measures that have been incorporated in the 
light of advances in knowledge of environmental impacts, but also as a result of the 
original design. The transfer of international navigation into the bypass canal  and away 
from the iioodplain enables the old Danube and its floodplain to be developed more 
naturally. &, the EC Working Croup report of 23 November 1992, HM, Vol. 5 QI), 
Annex f 4 (at p. 418). 

(1 1) The impacts ofhydropower developmenr af the Uppev Rhine were disastrous forgoru and fauna. 
At parts of the 70 km section of the fi11 diversion, 81 % of the alluviat forests were devastated or 
dead. 

The hydropower projects on the Rhine are very different because the candilisrition took 
place in the actual floodplain itself. The situations are rery different. 

(12) The impacts of the Original Project on the wetland habitats of the SzigefkCz would be p i t e  
sirnilar, though their species composition is slightly different (Figure 4.5). 

Sucb alleged impacts of the "Original Project", disregarding the remedial rneasures that 
were developed, are once again not relevant to Hungaryts daims of ecological necessity in 
1989 or 1992, made in relation to a developed and developing Project. 
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(i) Figure 4.5: Impacts of the Original Projecf on the narirral vegefation of the Szigetbz. 

This discussion of impacts of the "Original Project", &, without the remedid mesures 
that developed, is obviously based on incorrect data, as dready pointed out. &, dso, 
Comment 2 below. 

(2) However, 64% of the vege fa fion in the active j?oodplain of the SzigerMz indica fed a near-mhrral 
starus (Simon, 1992) before the real impiemen fation of Variant C and the resulting desiccation of 
the upper and middle Sngetkoz. Regarding the whole Szigetbz area of approximlely 37,500 
hectares, about 25% wu$ covered by near-naiu ru1 or semi-culi?vafed plan f associations such as 
foresfs, poplar and wiIIow wo&, aquatic vegeiaiion, marshes and postures. Although fhey were 
planted on mosf of the sites, the popiur und wjllow stands are regurded as near-nulural 
associations because rhey accommoùate floodplain elemepits and even some monfane elements 
Wtsh.ros sr al., 1993). 

The "natural vegetation of the Szigetkoz", ïeferred to above, is here explained. In the 
active floodplain, it is claimed by Hungary that 64% of vegetation is "near-natucal", 
Careful attention must be given to what this means in the light of Hungary's reference to 
"natural vegetation", It means that 36% of vegetation is not natural at al1 even in the 
active floodplain. As to the 64% which i s  "near-naturai", this means "pIantedl' bby 
humans k., eultivated, According to Hungary, in the whole of Szigetkliz, there is no 
"naturd vegetation" but only "near-natural or semi-cultivated", which covers 25% of the 
area, Again, this appears to mean that the vegetation was planted. 

(3) The anh'ciputed impacts of the Original Projeci influencing rhe ecosystem of the SzigetkGz can be 
summarised as follows (cf: Mészdros et al., 1994~):  

Once again, Hungary analyses the impacts of the "Original Project" without its remedid 
measures. At Vol, III, Ch. 4, Slovak scientists examine the impact of the Project on the 
fiora and vegetation on the Slovak side of the Danube, with particular reference to the 
actumil impacts of Variant "Cu. Their conclusion (at Vol. III, p. 87) is quated in full: 

"The authors of this sîudy do not &ny the negaîive consequences of the GabEikovw 
Nagymaros Project, such as the removal of floodplain and other forest to the extent of 333'7 
hectares on the Slovak side, the synecologid &anges in the draining section under the Hnigov 
mervoir md in the narrow stretçh alongside the Danube rîverbed But t h e  rnay be solved by 
suitable management (e.~&, by plantation of cultivar poplars by depîh planting). 

As to plant biodiversity, there is no proof as to the lowenng of the phytogemofund from the 
experience of W o  or more years since the dammhg. To the contrary, new biotopes may appear 
as a result of the water recharge into the side arm systern in the inundation area @obrohoH - 
PalkoviEovct) and in the huge limozic and littoral zone around the Hnrgov reservoir, leadhg to 
a presumption in the favour of increased biodiversity. 

In connection with the prediction of ex- changes, it is possibie to tum ta the past 1OO yem 
of the Danube river. For, during this period of construction of the protection dykes, ail 
ecosystems k a m e  adapted to the changea conditions. It is therefore possible to predict a 
similiir adaptation to these new conditions. 

Our experience sine the end of the 1950s l ads  us to condude that due to the decrease of water 
fiows in the side arm system following the regulation of the Danube riverbed, the retention of 
sediments in the Austrian and German stretch of the Danube and the continuing trend of the 



Danube riverbed towards erosion, the floodplain fdmts would eventudy have disappeared on 
the Sbvak wL of the Danube riva. The ~abEîko&o Qroject uid Vmuimt 'Tl' hivc pmented 
this regression." 

(4) Wlth rhe implementatîon of the Originai Prcfeîr, opp/oximtely 20 Blonds, penlnsulas and large 
parts of the shoreIlne would hme been submerged. The narrow but active fluodplain would have 
been des froyed complerely. 

l Not only is such a loss small from an environmental stand point, it was undersfood and 
agreed by the Trerty parties as an acceptable eonrequenee of the Projert. Where witer is 
irnpounded behind a dam so that its level rises, it is seif-evident that certain areas of land 
will be submerged. 

(3) Peak-power operation ar the Greek river, Arachthos, near Arta, resulfed in severe damage of the 
banb  ancd the devastation ofthe formeriy broided, neAr& unregulated river bed. 

l 
This ir whally irrelevant It ir regrettable thdt those preparing Huognry's "SckntiTie 
Evaluition" have ignored the available lacts Lonrerning the GIN Project and have, 

l instead, gone far afield - here, to a Greek river - in order to find data ta bolster its case. 
No definitive mode of peak operation existed in 1989. Hungary dso acknowledges 
"moderate" peak operation on some other Danube barrages. 

l 
l 

(6) Peahngflow operation is the most harmfil mode of operation for two main rensons: rhe initial 
I s u r s  of wuter released lnlo the tailwuter during srart up of the turbines, and the highly 

Juctuating wafer levels in the tailwater. 

"Peaking flaw operation": the inapposite natuke of this discussion has already been 
erplained The "highly fluetvrting wahr levels" h u l d  in any ment oecur in the tiilwster 
canal, an artificimil structure specially designed for this purpose, i 

(7) In general, the ecologiwl efeects of Variant C are expdcted fo be similar lu those outlirted above 
 OP the Original Projecf. 

This is obviouîly aronp. Variant "Cu impleme4tr the Gabf Povo section of the Project 
only - its ffecologicai effects" have thus no Iink with the impacts of one hdf of the Project - 
the Nsgyrn~ros section, ttoutlined" by Hungary. ~ l s o ,  the Variant "C" reservoir ir two- 
thirds the size of the Project reservoir and accosdingly has a reduced impact - s, s, 
"Scientific Evaluation", p. 74 and at HM, para. 15.108. Variant "Cl' alsa benefits from 
certain flow direction dykes that ensure sediment deposition in the desired areas only - 
rneasures that were not designed in 1989. 

(cP) Approximalely 4,500 ha of alluvial foresls are seize$. 

This is incorrect and misleading. The figure f&r the size of the Cunwo rexrvoir is 
eriggerited. In fact9 a devirtsted are., alrudy {leared in 1989, vas flooded, ererting a 
huge new littoral zone. This area was mostly cultivated forest that would one day have 
b e n  cleared for commercial purposes. 

(9) Shorrly aJer the diversion, the main channe1 ami its s b  branches were lefl practically withouf 
waler. 

This is incorrect. It is true that the diversion led to the reduction of wates in the main 
ohannel (qreed ta by Hungary in the 1977 ~ r e k t ~ ) ,  but it is not true that it was left 



"practically without water", This is clear from a site inspection of the old Danube, whi& 
cm be seen to be a healthy flowing river. 
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(1) In the branch sysslem of fhe Upper Szigetkdz, the wafer level wus critically low in the spring and 
early summer up until the beginning ofthe femporary water supply by pumping in July 1994. 

Hungary acknowledges here that the direcî recharge of water inta the side arms has a 
beneficid irnpacL This is anyway clear from its signature of the Agreement of 19 April 
1995, referred to in the Introduction above. 

Of course, diversion of water into the Wungarian side ams (as provided for in the Project 
by means of the Dunakiliti offtake) is far more efficient - both in terms of quantity and cos€ 
- than pumping. 

(2) Among the oxbow lahs in the old fzaodplaivr, the morrlukx ar Lipdl was oufstanding in terms of 
ils faunistic value. I t  dried ouf compleieîy as n result of the diversion and its Jjsh fauna was 
destrayed. 

Lakes in the Hungarian old floodplain were subject to drying out before the 
implementation of Variant "Cf'. See, eg., SC-M, Illus. No. CM-GB (appearing at pa ra  
7.82). As to the negative impact on ecosystems of the sinking groundwater levels from 
1960, g, Vol. III, pp. 75-78. 

In terms of the water level in Hungary's oxbow lakes, it is wholly irrelevant whether water 
arrives in Szigetkoz by means of flood discharge or whether it is fed through direct 
recharge. Oxbow lakes wouId naturally continue to dry out in Szigetkloz until Hungaty 
decided ta take positive steps to reverse groundwater Ievel decline through the 
implementation of direct recharge into its side arms. 

(3) Wu fer-weed communities grew mainiy in the oxbow lakes, ponds and canals in the Szigetbzr and 
as such, they came ro the verge of extinction in the upper and middle parts of the Sage!&. In 
lerms of their prospects for survival, if depends primarily on the eflciency of fhe provision of 
suppIemenlaty wa fer. 

"Supplementary water": Hungary again acknowledges that recharge of water into the 
sidearms will enable the survival of the water-weed communities. The water has b e n  
available - but Hungary made the political decision not to use it - s, SC-M, para. 8,11, 

(4) Summarising, the eflects of Vuriafit C on fhe Joodplain vegefation do no1 differ seriously from 
those predicted for the Original Project (see Figure 4.5). The achal increase of the eveyiay 
water levels is ins@îcienf for the firrther existence of theJIoodplain habitats. 

"Everyday water levels" have b e n  determined by Hungary's politicai decisions, not by 
Variant "CC". Water Ievels are suficient on the Slovak side to enable not enly the "furthet- 
existence of the floodplain habitats" but also to enable their rejuvenation. &, Vol. III, 
pp. 78-86. 

(5) AIthough fhere was no agreement in the Originnl Projtct lo build "undenvater weirs" in the old 
riverbed, they were considered in order ro maintain the water al a constant lwel corresponding 
to the low Jow water in predurn conditions. In the same manner, the construction of various 
weirs in the Danube Joodplain (sidearm system) was proposed fo  main rain the heigh f of the 
local water-table and fo obtain a consrantjfow (SM, p r a .  2.70). 

"NO agreement'': There was indeed such an agreement. 



"ln the same rnanner": Weirs in the side ard system are not the same as underwater 
weirs. They create a cascade effect, rather thh merely increasing surface and ground 
wmiter levels. 

'Tarious weirs in the Danube floodplain": It is misIeading to speak of these as merely 
proposals. Weirs in the side arms have existed for a considerable period in both the 
Czecboslovak and Huiigsrian lvde irmr. The r J i r s  in Hungarim territoiy may be seen in 
HC-M plate 11 (opposite p. 166). On the Slovak side, where the weirs have been 
upgraded, they have ben proved to have a beneficial impact. $ee, Vol, III, at p. 84: 

"The results of monitorhg of reactions of nota to & h g  situation indicmite the foiiowing: 
t - excellent hdthy -te of t- in thé trae layer, without traces of dedine 
l - ocruma of natufal re~orestntio" of tree species Fraxinus angustifdia from 
I d, which was not -lier observed 
t - incmase of population of protect& humid s p i e s  Leucojum sativum due to 

ground wakr levels increase 

- dmost no changes in the thickness increment of poplar clone "1 214" (the most 
prevalent tree of the inundation da)." 

The most important factor controlling the jIoodplain ecosysterns i s  the variation of the water 
levels (including inundotions) inducd ky fluctuarions Lf the discharge. 

"FIuctuations of the discharge" rire indeed an important factor. In terms of the Hungarian 
ride arms, fluctuations were allowed for in the qroject by means of the large capniity of 
the offtake in the Dunakiliti weir, providing for a flow of up to 250 m3/s into the Hungarian 
side rrrns. This reprercnts 4-5 t imu the irnountlaf water coniidered by the EC Working 
Croup suficient for '"round water levels on the Hungarian territory ... te be not lower 
than in p r e d m  eanditionr" and aiIowed for deriodic flooding - oee, EC report of 1 
December 1993, HM, Vol. 5, Annex 19 (at p. 790), 

1 
The intake into the SIovak side arms at Dobr+oSE has a similar capacity - 234 m3Js. 
Through i ts  use it is possible to create a surface flood of almost al1 the side ~PIYI area - S. 
Vol, III, at p. 83: 

"The dtxrease of the discharges and the drop of po+d wata lm& in the inundation a m  (*fi 
side of the Danube) have k e n  remedied by means of a managed water suppiy through the 
intake structure near DobrohoH. A system of weirs and permanent water supply from the by- 
pass canai provides sufiicient weter level and fiow in the branches. It was ascertained (Surnbal 
and Sikora, 1993) that the level a l  ground water &ripolnted from branche ir w the major 
part of the territory Iess than 1.5 m under terrain, d d  thuç within the m c h  o f  tree mots. This 
water supply coven about 75% of the inundation ah= The incr- of the discharge nmyb 
the intake structure up to 234 m3/r would enable flodding of the whole inundation ara (Sumbd 
et Sikora, 1993)." 

if is evide~rt that all these benejrs will be lost when weiks are built either in the Old Danube or in 
the recent floodp3~7în. 

This is entirely wrong. m, weirs have been built in the side arms within the 
floodplain both in Hungary and Slovakia. 
the old Danube will allow the 



to be re-established. Et cmnot be questioned that this will have a beneficial impact on 
floodplain ecosystems, with regard to biodiversity. 

As to underwater weirs, s, Comment 9 below. 

Note: According to the EC Working Group report of 23 November 1992: "The results - 
show that the desired effect of increasing the water levels by means of undemater weirs] 
without reducing the velocities too much and of presewing the dynamics with the 
characteristic fluctuations is possible". &, HM, Vol. 5, Annex 14. 

(8) The "undewuter weirs", which should correcfly be called "weirs", would not have the desired 
efiècfs on the surface - aandgroundwater levels as pointed ouf in Chapier 2.5. For the ecological 
impacts on flora and fauna the fo l l ow ing f ind ings~  Chapter 2.5 are ofprimty importance: 

See, Comment 1 to "Scientific Evdumition" p. 36, abuva Lee, also, Vol. III, Chs. 4, 5 - 
and 6. 

(Y) After the construction of "undenvafer weirs" the suwlval of aquatic species in the Old Danube 
wouId be resrricred to a few species adapied to alrnosl stagnant waterbodies and able tu resist 
rapid rise of dischurges. 

This hypothesis is not valid. Slovak studies show that, the impact of undemater weirs will 
be positive* They will not create stagnant areas and will in fact increase habitat diversity 
by offering an increased varie@ of flow rates. Obviously, how flow rates are affected will 
depend on the design of the weirs. In certain areas behind the weirs and close to the 
banks, velocity will decrease. This provides a favourable habitat for many young fish 
species, as do the areas behind the groynes that were erected on the old Danube riverbed 
for navigation purposes. In the centreline of the riverbed, higher velocities will remaia 
This vmiriety of velocities and potential habitats is fmir closer to the river's "naturd" stste 
than the old high velocity main channel. B, Vol. III, p. 114. A further advantage is that 
the riverbed bottom wiil na longer be a smooth, eroded surface, Irregularities may 
develop that, again, increase habitat diversity. 

Note also that the construction d weirs in the side arm system has not led to a reduction in 
species. 

Of course, the "rapid rise of discharges" alsa occurred in the pre-damming state at times 
of flooding. It is not understood why species adapted to that situation pre1992 would 
suddenly lose theit suitability to those conditions. 

(IO) The diversiy of aqualic species would be reduced by the physicai and chernical parameters 
directing ro eu~rophic conditions above siliy deposits insread of gruvel. 

"Eutrophic conditions": Underwater weirs may lead to increased biomass which is 
favourable as long as a balance i s  rnaintained between dissolved sxygen and organic 
matter. As there is no problem in the reservoir in relation to eutrophic conditions &, 
Comment to "Scientific Evduation" Ch. 3 above), there would be no such problems in the 
old Danube where velocities are higher and surface area lower. Slovakia has had extensive 
experience in terms of monitoring water conditions in its other rivers. In the Vih river, 
for example, where flow velocities are lower, there is no eutrophication problem aithough 
conditions are otherwise comparable. 

(1 1) Thus ihe enrire habitat would be unsuitable for spawning and juvenile j sh .  In a few wordr, the 
riverbed of the 01d Danube would Iose almosr al1 ifs entire bioiogical value. 



This is entirely untrue. See, Vol. III, Ch. 6. 

(1 2) The Upper Rhine erperience shows fhot fhe groudci~er-foble as one of the viral elernonts in a 
,floodplan ecosyskm could no, be susloined to frs ptbvious bwh, not even a! a constant lewl. 
So, also the adjacent jlow'plain i fself would projt lesJ than expected 

This is, once mare, incorrect. Weirs in the Upper Rhiae are entirely different in design. 
&, HC-M, Vol. 4, Annex 14 wbich focuses od underwater weirs in the old Rhine bed, 
where the flow is just 15 m31s (at p. 657). &, 
69, above. 

Comment 1 to "Scientitic Evaluation" p. 

(13) With weirs representing a seguence of smaII barrages in a small river, the last remaining river 
continuum jti- the strefch of the Origiml Projecf wohld be segregated again, rramforming the 
environmental conditions from those typicai for running waters of a large riwr to almost 
lacu~lrlne conditions wifh j2ow velocities of 0.1 m3.h tlo 0.6 (-0.7) m3/s sot Q=350 m3/s (sa 
Chaprer 2.5). 

Undemater weirs do create almost lacustrine (lake like) conditions, nor do they 
represent "a seguence of smdl barrages". The planned water veloeity behind the 
undemater weir will be in the range 0.3 m'/il - 1.0 m31s. Undemater weirs cm be 
constructed with lowered sections so that a higher flow velocity in the middle sections is 
rnaintained. Furtherrnom, species that favour digh veloeity water tiows can cross slow 
flaw areas, k, upprtream of i weir to rejoin their b o u r e d  habitats. 



pIease turn to next page 
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3.2, CSGlle & &, 1993, 1994, the loss of leavks is refatively small and the differences 
between the respective years are not significant. The Ioss of leaves here is 10 - 15 % and 
only very seldom iF higher than 20 % (L11, 112). This parameter documents dao the 
stable, unchanged healthy state of trees on the rnajority of the permanent monitoring plots, 

l as well as the stable state of trees, physiological activities. 
l 

Despite the imall number of observations (4 vegetation periodi), the positive trend in lori 
of leaver ean bc documentai on permanent rndnitoring plots MB02b and MB03 in the 
yean 1993 and 1994. This is without any doubt the ruult  of the better growing conditions 
in the area caused by the increase of the ground water level in the locality (Piliut, 1994). 

I Decrease of the Ioss of leaves, which is, however, still reiatively high, can be observed on 
other permanent monitoring plots Ui the upper dnrt (where tbere has bcen the raisinp up 
of the ground wnter level); espeeiilly on MB04 nnd MBOS. Here the values in 1993 and 
1994 document the significant improvement of the health state of trees (Fig. 3.3). 

I 
Positive changes, b., obvious tendency towa$s the deçreise of lcnf loss have beui 
registered on the following permanent monitoring plots in the upper part: L14, LlS, L16, 
L18, L19, L20, LZ1, L23, Fig. 3.4. An exception1 are lots L24 and L13, where the loss of 
leaves is still getting higher, Tendency towards the leaves Ioss increase has been recorded 
aIso on MBW (willow) which lier directly in the neighbourhood of the old riverbankW 

l 
Hungary's millegations are wholly without foundadon, 

l 

"The in* structure of the bruich systun makr: it possible to control water levelr in the 
b r a d e s ,  ie, to control the flow and length of time (according to water temperature), during 
which the spawning and early developrneiit of young specimen and their nutrition cm trike 
place. It is important from the point of v*w of the ~hylogenetic adaptation of fishg, in that it 
deveiops their food bssk and reduces mortality ollyoung speeimuili espeually in the winter 
periad Thus the conditions of fishery will be hproved in this section of the river. 

As to the impact of Variant "C" on fish in the 
Slovak shidies condude, unambiguousty, that 
and that the numbes of predatory, i.e., "large" 
decrease in fish destruction (at p. 116 ). These 
p. 117): 

Slavak side arms, s, Vol. III, Ch. 6. 
conditions for fish will improve (at p. 117) 

iish will increase - alongside an overdl 
are clearly positive developmeots (at 

Lateral dykes do not irnpede migration due to the !oastruction of e h  Iadders. 

The new solution of the system of branches thus ofFe& the possibility of effective investment inta 
fishery and fish production through the controlldi application of appropriate fish fria and 
catch at the end of the season. The value of production and possible catch ml1 increase at least 
tbree times due to the change of species composition 
preferred species and they wiIl become comparable 
dass." 

of içhthyofauna in favaur of economidIy 
with the fish production in ponds of second 



(5) Biological investigations al the upper Rhine have also proven the effects of such artificial side- 
arm sysrems. Krnuse and Htigin (1987) emphasise as a result of their amlysis that "the 
planning of management sysrems of connecfed side-arrns çannot be accepted nny more. " 

There i s  nothing "artificial" about the side srm systems - these are red river branches, 
supplied with real Danube water, generating ~eal ecosystems. The flows into the old 
Danube are fmir higher than those into the side arms of the Rhine, and flows into the 
Danube side arms cm be varied widely fram 10-250 m3/s to create the fluctuations 
favourable to the floodplain ecosysterns. 
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S. COMMENTS TO HUNGARY'S "SCIENTIFIC EVALUATION", CHAPTER 5: 
SOILS. AGRICULTURE, FORESTRY. IFISHERY 

(1) The area aficted by the GabBh-Nagvmaros Project is, as nored in Chapter 4, 0 Large 
alluvial plain, rich in various valuable nafural ecosysiems, with high diversiry and fine 
landsçapes. At the same time, the area is a traditiomlly important agricultural region of 
Hungaty, and hence there is abundant infomation on, and a good derstanding of, the soils 
and associafed environmental factors, supporfed by extensive long-ferm obsenwhans, JeId 
experiments, and e x m e n c e  of agriculîural produc fion (Table 5.1; MTA, 1994 and Vhllyay,  
1991). 

"A large alluvial plain": Both the HM (at paras. 5.16-5.26) and the HC-M (st pa ra  1.55) 
divide the GIN Project area into three distinct regions: Szigetkiiz, the Dmube Valley and 
the Danube Bend. Only the first of these can be described as "a large dluviai plain". The 
topography of the othet areas is quite different in that the Danube does not (at least on the 
Hungarian side) tend to dominate the surrounding terrain. As Hungary notes: 
"Downstream from the Szigetkoz ... the topography is hillyl" msee, HM, para. 1.13; I'over 
time the Danube bas curved and shaped the landscape of steep hills, çliffs and gorges of the 
Danube Bend" - B, HM, para. 5.26. This is crucial because it means that in the 
downstream sectors in Hungary the Danube does not define groundwater levels in the 
surrounding terrain to the same extent. 

In fact, as becomes clear in this sub-Chapter, Hungary is only exarnining alleged ftoject 
impact on Szigetkaz, while giving the impression that this impact extends to the whole 
Project srea. This is incorrect and misleading. 

(2) High guality grounhvater is drawn up by capj1Iat-y action to provide an important contribution 
io the water-use of nahrrd vegeta [ion and cultivated crops. 

"Capillary actioni': Again, irs to the "important contribution1' of ground water, this 
depends on where. Hungary's statement is too general to have any real meaning. For 
example, the "Srientific Evaluationt'estimates (at p+ 673) that groundwater rnakes no 
contribution at al1 to crop water use in "about 30% of the impact arei" (whiçh is 
presumably Szigetktiz). According to  HC-M, Val. 4, Annex 20, this figure appears to be 
as high as 47% (at p. 769). .In fact this mner explains that the "key factorstt in relation to 
çrop yield are the "amount and periodicity of rainfallll (at p. 768). Note also that in mmy 
areas the Project allowed for increased irrigation to those areas where ground water 
supply was limited in the pre-Project state. This was a clear project benefit, 

(3) A high geo thermal gradient exists throughou t the region, and the availability of good-quality hot 
waters af moderate depths provides purticularly favourable conditions for intensive vegetabIe 
production. 

Tt i s  once more not wholly clear what "region" Hungary is referring to. The statement is 
anyway wholly irrelevant to this case. The hot waters exist at great depths (underneath 
the aquifer) and could in no way be miffected. 

(3) Hence the naîural and agricuItura1 ecosysfems of the region show high spatial and temporal 
variablli y, and as nofed above, are in prticular sensitive ru capilIaty moisture supgIy fo the 
roof zone from the unde rlying grounhoa ter. 

This ftsensitivity" depends on the areas in question. It cannot exist where the underlying 
ground water remains always within the grave1 layer. The statement also appears to 
contradict HC-M, Vol. 4, Annex 20 (at p. 768) as quoted at Comment 2 above. 



(5) This is an environment in a dynamic equilibrium. Ayy human intetvention on a large scak will  
change this srare, possibiy irreversibly. 11 is mideni; fhaf the cornplex interrelation of physijcnl, 
chernical and biological processes musf be fiirlly considered before such changes occur. 

"Dynamic equilibrium": This has long since been disturbed - by a series of random 
human interventions whose impacts wtre  neither planned nor foreseen. The GIN Project 

I is a planned and very well researched intervention. 
I 

Seasonal mduction of flow through the si& a m  system in the inter-dyke area in the 
stretch Hdov-PaJkoviCov {Sap). 

"Any human intervention on i large scdetl: ~ n h e  again, Hungary spestks as if large scale 
human intervention had not drendy t o t d y  changecl the environment of the Szigelk6z over 
the past centuries: (i) in cultivating the land, (ii) by buiIding an anti-flood dyke system, (iii) 
through the construction of the main Danube ch'mnel and (iv) by the isolation of the side 
arm system. For a discussion of these changer,ls Vol. III, i t  pp. 74-80 . Some of the 
impacts recorded in the predam period (196Q1992) may be listed as follows: 

Dtying OR of dead m i  bed and their drndud wttlement by shrub, offen even by 
xer~thermophillous vegetatioa (Cornus sanguin- Crataegus oxyaoantha, S a h  l purpura, Salk alba). Typicd examples were mainly in the stretch Bratislava - 
H d o v .  

- "Loss of communication between the side 

- Areal destruction of water md mnrsh vegitntian in favovr of a littord ore due to loss 
of communication between the water in the side arms and in the main channel, in 
particular in the second half of the vegetktion season. This was typied for the side 
a m  system in the inter-dyke srea 

iums and the Danube in the vppper part of 

- %&building of  çoft floodplain forests by mhns of regcessive succession from the most 
humid and humid typa (~al ic i~o~ulenim myoiotidetorurn and typicurn) towuds 
more xerophyUous types (salici-~o~ulehih v d m t  with Cornus sanguinen) in the 
upper part of the terntory. 

%tni Ostrov (stretch between ~ratislava-Sunovo). 

Rebuildlig of elm-mh ( U b n e ~ r a x i n e G )  rnd rhpopl ir  (Fraxino uigustifolise 
Populetum albae) phytoceenoses h t o  climax types of dm-oak for& (ühe 
Queriehun), sometimes cvrn into forest \steppe shrub cornunitien (Crataegetum 
danubiale) on the whole territory but mainly in the upper part of %tnj Ostrov. 

l - Dryhg off of upper part of crowns of ~oFjulus alsba, Frhnus anptifolia, Quercus 
robur on elevaîed plaies o f  aoft but even hdrd floodplain fo- graduai destruction of 
the trse layer and rise of shmb blocking hadia with Cornus sanguinet and Cornus 
mas. between H d o v  end Bratislava 

Decrease o f  circurnference increment of timber, mdaly of Papulus nign, Popilus 
alba, Salk dba in the upper part o f  %tny Ostrov. 

- Loss of laves of willows on aggregated gï!a~el and sandy rampar- dong the who1e 
Danube, ending with dying off of trees." 



please turn ta next page 
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(1) As has already been noted, the moisiure regime of soils in the flood-protecfed area of the 
Szigetkdz 1s determined M n &  by ... . " 

Hungary admits here that it is only eramining soi1 impacts in Szigetkiiz, &, in just one 
part of the Project a r a  As to the ensuing list of determining fadors, it Is remarkable that 
no ceference is made to precipitation, which is a critical factor for agriculture, and 
vegetation in the areas of Szigetkdz, where no cipillary rise eirists over a major part of the 
year (Sirnilar to %tnf Ostrov, s e !  Vol. 111, Ch. 1, Figs. 21-23). 



h w i i l k a r i d m r i h i i i a n m l i p o i r z ~ h ~ w w r ~ s o ~ o ~ a n d  
+ i a i r . k & e h c ~ n ~ o f ~ h a n g e t o t h c ~ * I t k b o a i  
demwmd poil misturc j. st-cmgly m f l u d  th. wdhbitity d 

d 

d > i r i & o f - - m b k w - l l b i c a a i n W h h c r p i l t a r y  
~ d w c r ~ u i d w h t b l c m a c r i a f ~ ) ~ f m m ~ t ~ t h e m z r -  

horimar. ha- ' g m i y o c n a i n ~ a t . m a r a q , ~ u m  
q u m m u  b r m n t d W r ~ ( ~ ~ i n F ~ l ~  

. . - . -. . 
in prseriee. wit6renilmt dumion in aaffienbility A u i ~ & t  &m-sc mil 
stnxidl &o.go, and dm m-unifcm bn@ica b p p l i h .  in a d d i  ~ I C  

roila ed uuimtaak m surf- dt-im hm hqumi imgatiw applicatlai. 
 ni u d c m p h  mwmùasi to ~hc ~tursl~y anvriw p- ofnibirrigation. 

I 
1 4 ) h b - i ~ d - t - ) t . i b e - l a b u t ( a r i  
d i  œ/indim WnsPqumec of hydrologfcaI changes in ttw h u k  lystem) 
H W - t a b k  will k (ai karl pcriodidlyl P fuiekxmd sediaatm. Thi 
t f f e a ~ e x t a d u p t o ~ h i  ~~?%~fthsjmpltdua~npuçbcarastbcmoislrm;- 

a f e Z h c m m c o f t b c h q p n a a u i w o d h I n ~  

i @!y k f ~ i  
l 

l 
Tht c b g w  in h ticmoimm rcgime dmils wilt be upsdcd to d t  ia impomiat 
hg-mdrh*r ig=tobic  b i i i w l c y c l e s o f v a r i w s t k m m r q  B d h  
~ w i ~ o f t t i c ~ ~ ~ . m ~ ~ a w n b m # a i ~ ~ i v a t c r t t g i m c i a d r û i ~  * 
~ b a i b m i n t c n r ~ d i i c d a ~ i a i b e ~ o n m r t ~ f r o ü k ~  

that in the long 1- wil WMC. mghe ir a domirnt inn- 



(1) Three siluaticrns can be defined concerning groundwater-soi1 warer inleractions, as a 
conseguence of the GNBS Original Projecl. 

"Three situations": The situations listed are only relevant to 2tnf  Ostrov and Szigetkiiz, 
that is  where ground water is influenced by the recharge from the Danube. Where, as 
downstream in the Danube Valley, the Danube flows dong a vdley, the river does not have 
the same influence on "ground water - soi1 water interaction", as it has a far lower impact 
on ground water levels (at lemt on Hungaeian territory). 

(2) (3) Case 3 (Figure 5.1). Groundwater is fluctuating ut present within finer-texhrred sediment, 
bur as a comequence of fhe changes in the hydrology of the Danube-sysiem (e.g. reduction of 
grounchuafer-supply from the origrnal Hverbed and from fhe çonnecting branches and meanders) 
ihe groundwater-table will sink fo the gravel strafa. This effect m q  exf end up to about 30% of 
fhe impact area. 

"Reduction of ground water - supply": It  is important to stress that this will only occur 
wbere Hungary fails to supply water recharge into its side arms as envisaged by the 
Project. It has not oecurred on Slovak territory, which has seen an irnprovernent of water 
supply to soils via capillary transport in cornparison with predam conditions. &, Vol. 
III, at p. 13, and, also, Ch. 3, Secs. 1 and 2. 

SimBar geologicd conditions exist on both sides of the Danube, in the floodplains region, 
as Hungary actepts, and thus this improvement is equally available to Hungary. 

"30% of the impact area": Again, it is stressed that the impact area in Hungary is  
Szigetkoz. According to HC-M, Vol. 4, Annex 20, the area affected by loss of 
groundwater is 4,200 hectares (at p. 771) out of the 22,000 hectares vsed in Szigetkliz for 
agricultural production (ai p. 768). This gives a figure of 19%, not 30% 

(3) Under the given climatic conditions of the area (relatively low armospheric precipifafion and dry 
vegetation growth period) the relatively fmurable (pre-dam) condifions for biomass production 
(including traditional vegetable production) are based rnainly on this capillaty wu fer supply 
from the go&-quality groundwaier. 

"Dry vegetation growth period": The months May-August, k., the vegetation growth 
period, are in fact characterised by above average precipitation - E, Vol. III, Ch. 8, 

"Based mainly": This is contradicted by Hungary's own technical annexes. In fact, the 
"key factors" are the "amount and periodicity of rainfall" - E, HC-M, Vol. 4, Annex 20 
(at p. 768). This annex estimates that trop yield Ioss in 1993 was due primarily to weather 
conditions" (11.9%), second to "technological faults" (4.4%) and only third to 
groundwater deficiency (4.3%). 

The Project may have a beneficial impact on evapotranspiration. &, Vol. III, Ch. 3, Sec, 
3 and Ch. 8. 
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'IhccixszwddaiiloryicMin tW393inmpm~awidi 1 9 8 0 - 1 W a m ~ m  
Tubte S.$. Thc w c i W  r u m p  $Id d thc II mm ciopa wm dtd by 
20.5%. ~ H i n g  ths mul&fsemr amiulyrii, it is &tcd rht Z% of rbir a 
i3 dwtoiodud pmôwnerkvcb ara  rcrrih of thedi- 0 t h  b a u b  
~ h ~ a b l ~ ~ r h m v s h o c s t i r n a i r d ~ d s r n p f i s u i e * l ~ d u ~ t o  
variant C! amwiniingto 49 7 million HUE i I 



(I) This lasr problem [salinisa&ion] is not of mujor significance for the well dra fned Szigetbz area, 
but Is a serious environmenla! hazard on the Slowk side of the Danube, particularly in the low- 
lying, poorlydrained areas of the Eastern 2tn9 Ostrov region. 

Salinisation is a long-term problem in parts of Etnf Ostrov, but hm not been aggravated 
in any way by the GIN Project - s, Vol. III, p. 55. In fatt, the Project provided a partial 
solution to this problem, dlowing for the drainage of the low-lying areas whieb, coupled 
with irrigation, would lead to the eventual flushing out of excess sait. 

("2) 11 must also be recognised that changing groundwater flow paths muy Iead to pllutani 
transport, and that changes in grounahvater qüalify may adversely affect soi1 conditions. 

"Changing groundwater flows": Changes in pollutant transport may in some cases be 
beneficial. Such a broad reference to "changes in groundwater quality" does not permit 
scientific andysis; but in any event no adverse changes in guality have b e n  noted or are 
anticipated on the basis of current monitoring data. &, Vol. III, Chs. 1 and 2. 

"Soi1 conditions": It is useful to refer to the actual impact of Variant "C" in 2itny Ostrov 
on soil conditions - impacts guaged on the basis of data collected from 20 different 
monitoring stations. &, Vol. III, Ch. 3, Sec, 2. These show that in cornparison with pre- 
dam conditions there have been no negative changes to the soi1 water or soil moisture 
regimes and that the properties of soiIs have in al1 respects been preserved. 

"The results of the ground water and soi1 monitoring of %ni Ostrov tonfirmed that, after 
plitting the Gabëfiovo Psoject into operation, no changes of the ground water levels which 
would cause the negative changes of the soil water regime did occur. 

At al1 monitoring sites the original suil moisture regime was preserved. Due to this the 
original state of other soi1 properties and processes is being preserved, too, including their 
wolution trends. It  is confirmed aiso by the results of the monitoring of soil sdting and 
ground water mineralisation. 

The overall conditions for agriculturd production on 2 t n f  Ostrov have been preserved 
and in the area of the reservoir's influence they are even slightly improved." 

(3) lhe Szigetbz is  a valuable, fertile agricultural area, with a crop yield 8-1296 higher fhan the 
regionai average. 

Note again that Hungairy only deals with Project impact in one area, &, Szigetkiiz. In 
other words, Hungary considers that the agricultural impact of the Project in other areas 
is too minimal to warrant comment. 

(4) However, over the Iasr seven years rhere has been an I I %  redttction in annual rainfall at bath 
si tes und a 12-1 4% reduction in rain full during the growing season. 

"11% reduction": This is in no way reIated to the GIN Project. En fact, inadequate 
rainfall contributed very significantly to crop yield draps in Szigetkoz in 1993. According 
to Hungary's calculations, this accounted for almost three times as much yield loss as did 
groundwater level falls (due to Hungary's refusal to implement the recharge of its side 
arrns), 



(.) These indicafe thaf In fhe penod 1980- J 992, 53% g'f the farrniand had suflcieni groundwater 
available for naiuml sub-irrigation due fo capillary bise in the soi1 profile (see Chapter 5.1) io 
meet crop needs. 

For 23% of the monilored arablejelds, the water-lab'le was within 2 m of fhe surface, providing 
a coniinuous moisturo supply For 30% the grounhafer WQS befween 2 and 3 rn below the 
surface, prdding eithor a constonr or a tempomry wher supply. 

1 
This rneans that some 47% of Szigetkiiz famland had insufitient groundwater available 
for capillary rise during the 1980-1992 periad dd, hmce, cauld in no way be affected by 
groundwater level decnases due to Hungaryir frilure ta implement a direct wster 
recharge into its side arms - because the groundwater was dready below the soi1 layer. 

As to the Slovak side, s, Vol, III, Ch. 1 and ~ i ~ i .  21-23. I 

l I 

(6) 130 hectores ofjelldr and 260 hecfares ofgrassIands Lere los( t0 agrimlh<ral production due ro 1 
cons fmction octivities. The ef/ects of groundwoter lehl on crop yrelds h m  boen disnrssed, and 
In Chopter 3 the oreos cificted by groundwaf~r levil reduclion were estimafed. Preiiminury 
e~timafes of associated cosfs (Palkovits, 1994) were 90-100 million HUE per year due to yield 

It is not understood how "prelirninary estirnad" cm be based on a 1994 rtudy. The 
"estimates" are d u r l y  brvd on Hungrry's coo&t of the "Origind Projecl" and so are 
irrelevant. In any event, th*. appear exnggerdted. The relevanee of the estirnates is 
further question4 because the Project provided for irrigation systems construction as 
part of each parties' national investrnents. 

loss. Irrigation cosfs fo replace groundwarer suppiy 
H UF on the basis of 1994 phces. 

Hungary's Iosses "due to construction activities" 
Slovak side. The thousands of hectares required 

were simiIarIy esfimated lu be 66 million 

are minimal compared to those on the 
for the construction of the reservoir, the 

bypass canal and GabEikovo were understood land agreed by the Treaty parties as a 
necessary consequence of proceeding with the GIN Project. 

l 

Conditions for agricultural production in a t n f  ~ s t r o v  after the implementation of Variant 
1 

These decreases were due to Hungary's failure t o  irnplement the direct recharge of itr side 
arm system. 

"C" have remained stable and have improved in 
also, Ch. 3, Sec. 1. 

(7) Following the diversion of the Danube, large-$cale 
Szigelk&z were observed 

On Slovak territory, an increase of groundwatdr available for capillary rise has been 
identified by monitoring. h, Vol. III, p. 44. 

certain areas. &, Vol, III, p. 13 and, 

decreases tn grounhater Ievels in the 

((Il Impacts on agriculture ore con'pIer, as changes in the other factors alfecting produe fivity olso 
oceurred 1993 wos the driesr and hhorrestyear ofthe deriod invesfigated (lom 1980 onwomlr). 

Impacts are indeed complex especially as, according to Hungaryi "other factors" were far 
more important to yield reducfion in 1993 than fhe diversion of the Danube. No<e, for 
example, that precipitation in the 1993 growing season was ai a 40 year low and that, in 
cornparison with 1989, only 24.8% of fertiliser fadaCity r a s  npplied. &, HC-M, Vol. 4, 
Annex 20 (at p. 771). 



There is no evidence to suggest that Slovakia has suffered yield reduction due to Variant 
"C". However, like Hungary, Bovakia has experienced loss of productivity due to 
changes in the management of agricultural production. 

(9) The observed data for yield in 1993 in cornparison wjth 1980- 1992 are given in Table 5.3. The 
weighted average yield of the 1 J main crops was reduçed by 20.5%. Using the muW$iactor 
analysis, it is  esîimuted thaf 22.2% ofthis reducfion is due fo redticed grounhvafer levels as a 
result of the diversion of rhe Danube. Tkis table also shows the estimated proportion of crop 
.financial losses due lo Van~nt  C, amoun fing to 49.7 miIIion HUE 

According to HM, para 5.121, there is "a major dificulty in interpreting short term 
effectsft of Variant 'TC'' on agriculture. Similarly, the "Scientific Evaluation" (st p. 2) 
notes that interpretation of observed impacts i s  "difficult". Hungary is no longer 
handicapped by such difiïculties here when it cornes to presenting a precise estimate of the 
"crop financial losses of Hungary due to Variant C". Such losses were in fact directly due 
to Hungary's decision not to implement the direct water recharge into its side arms. In  
any event, it is surprising that they tan suddenly be so precisely qunntified. This i s  less 
than convincing. 

(10) 1n 1994 significan f changes have occurred. 18% of wells are unusable, and 50% of welis are 
operating al half-capacity. 42 out of 44 dug-wells now provide negligibie waier yield. Sm11 
canais and open drains have either dried up or have minimal water. If is estimated thai 
irrigation supply has been reduced by 40% and çosts increased by 60-80%. 

"Significant changes": These cm only be expected. Given the drop in groundwater levels 
(due tri Hungary's failure to implernent direct recharge into its side arms), it is evident that 
certain shdlow weiis will become "unusable" or less efficient and that surface water 
conduits will carry less water. But the underlying aquifer has a depth of  up to 609 m - sec, 
"Scientific Evaluation", at p. 48. One solution is thus to excavate deeper wells, as 
Hungary accepts at HC-M, Vol. 4, Annex 20 (at p. 778). A more constructive approach - 
adopted by Hungary through its signature of the Agreement of 19 April 1995 - is to 
increase ground water levels by rechargng water directly into the Szigetkaz side arms. 

No sirnilar impacts have been felt in 2 i t n ~  Ostrov - B, Vol. III, Ch. 1. 





(1) In total, to provide a minimum level of irrigation ro mitigafe &mage would cos? 51.2 million 
HUF; optimal irrigation is estimated fo cosr 81.6 million HUF 

The figures are memingless. Groundwater may be simply and cheaply replenished 
through direct recharge into the SzigetkEIz side arms. m, also, the cornplaint of 
Hungarian scientists as to long term inadequate irrigation contained in HC-M, Annex 20 
(at p. 778): 'The necessity for increased investment in irrigation conditions hmis constantly 
been emphasised in our annual reports, That this has nat always been reaiised may be 
connected with economic factors." 

Slovakia has been able to decrease its expenditure on irrigation due to increased 
groundwater levels in f itnf Ostrav following the putting of Variant "Ç" into operation. 

(2) From the point of view offorestry lhe jmpm are0 of the Barrage System on the Hungarian side 
rnainly includes the SngerUz and the narrow JIoodplain of the Danube between Gdnyü and 
Szenrendre. 

"The Szigetk6zW: The impression is given that forestry is important for the whole of 
Szigetkfiz, rather than just seIected areas (rnainly within the active floodplain). 

"The narrow floodplain": The narrow stretch dong the Danube is not a Roodplain and 
extends only 1-100 metres inwmird on eath side of the Danube. Its importance in terms of 
forestry is non-existent and Hungary makes no attempt to assess either its importance or 
the Project's impact on it in the following sub-chapter. 

(3) TheJoodplain of the Szigetbz h s  been inflirenced fo some extent byflood pro t ec~on  but is still 
in a semi-naturai s taie (see Chapf er 4). 

"A semi-natural state": The active floodplnin in Szigetkaz has been reduced since last 
Century to a strip dong the Danube 1-5 km wide. Because of anti-flood and other 
measures in the upper reaches of the Danube in Austria and Germany, floading has 
become more frequent and more severe - ggg, Vol. III, p. 9. Alongside this, as Hungary 
accepts (at "Scientific Evaluation", p. 183), 64% of its floodplain forest consists of one 
broad species type -. a hybrid poplar, planted for commercial hatvesting, whiçh is 
specifiçally unnatural for the floodplmiin area. 

Hungary's faihre to mention the poor conditions for certain trees in the "semi-naturiil" 
state is significant. These are summarised at Vol. III, Ch. 4. 

(4) The composition and the productivity of the foresr communih'es of the floodplain in the Szige fkdz 
are basically deterrnined, within the framework of river regulaîions, by the regime of the Danube 
(Juro, 1 9 77 and H a l u p  and Jdrd 1 98 7). 

It is important not to underestimate the impact of "river regulations" prior to 1992 - an 
impact that was undoubtedly negative - B, Vol. III, pp. 74-80. In fact, "composition aiid 
productivity" are primarily determined by the species that Hungary has chosen to piant as 
a response to the adverse impacts of river regdation (perticularly post 1960), not "the 
regime of the Danube" as such. 

(5) T h  erea belongs fo the ciimatic region ofKisalfald ifs macroclimate represents a transitional 
region with dry, warm and hot summers as weil as with moderatet) dry, mmoderately warm and 
mild winlers. 



I 
Compare, "Scientific Eratuation", p. 164: "The area has a continental dimate, with 
considerable extremes (coId winter, hot summer) ... ." This is quite a different description 
of the çlimate of the region. For a detailed evduation, m. Vol. III, Ch, 8. 

l 
(6) This i s  especialiy rmefir the Szige~koz, which, withhuf the Danube, would bo a wooded steppe. 

and look Iike fhe Great Hungci>?on Plain, whore jorbsts srruggle to survive, ond forest c o w  is 
substantially lower thun elsewhere in the country. 

This comment is absurdly irrelevant. It is Iike ikagining SwitzerIand without the Alps. 

"The most productive tirnber resourcett: This kconomic evaluation of the worth of the 
floodplain forest cm have no relevame ta ~ u & p r y ' s  k g d  rlrims. The forests of the 

l Szigetkôz aiso represent only a fraction of the Aungarian forests dong the Danube 
behveen Bratislava and Budapest, ahieh fon%ti are not nffeeted by the Projert, as 
depicted on Plate 1.1, Vol. 2, HM. 

(7) Naturai foresf Irees of the Szigeikoz have been part@ 
East 50 years. 

(8) Becouse of the @ormer@) exceptiondlly fmotlmble habitat conditions this ares i~ recognjsed as 

replaced by hybrid-Mur varieries in the 

l 

the most productive timber resource of the country. 
fiodplairi çan reach 25-30 m 3 h  in some islands. 

"Partly" in fact means at Ieast by 64% accrirding to the "ScientiKc Evaiuation" at p. 183. 
l 

The yeariy growth of tîmber in the active 
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(1) ï%e average discharge of 2,000 m3/s would have been reduced to 50-200 m3/s in the main 
channe1 beiween Dunakliti and dsv&nyrdr6. Ii wax intended to supply 15-25 m3/5 to the 
Hungarian side branch system (sec Chap fer 3.2). 

Throughour its "Scientific Evaluation", Hungary insists on the figure of 15-25 msls. But 
Hungary designed and built, as part of the agreed Projeet, an offtake into its side a m  
system at Dunakiliti with a capacity of 250 mJls. It is therefore not understood why the 
figure 15-25 m31s is rigidly adopkd as the only possible moun t  te be supplied to  the 
Hungarian side branch system. Just as with regard to its concept of the "Original 
Project", Hungary chaoses the worst factual scenarios that will fit its case. The Agreement 
of 19 ApriF 1995 envisages the average distharge into the side arms through Dunakiliti of 
about 40 mJ/s plus 43 m31s through the Mosoni intaka 

(2) By now, this area could have prriduced (since 1986) 1 7,000 m3 rimber a year Magus et al, 
1994). The achal producrion of timber of the SzigetMz area is 40-45,000 m3 (Table 5.4). 

This irrelevant statement as ta the potentid economic value of forestry cieared by 
Hungary in 1985 pursurnt to the $977 Treaty is a reflection of what appears to be the 
underIying purpose of Hungary's "Scientific Evaluation": to invite the Court to question 
the decision in 1977 of the Treaty parties in approving the GIN Project, rather than the 
Project's environmentai effects in 1989, when Hungary breached the Treaty. 

(3) Becmsse of the large groundwater level drop cnused by the diversion of fhe Danube and the 
droughr conditions, reduction of circuny%rence increment of ihe trees occurred especially In 
drier places. 

The measure of the reduction of circumference increment is not a reliable tool for 
measuring short term impacts. &, Vol, III, p. 67. More accurate mesures are the leaf 
area index (surface area of leares per hectare of tree stand) and growth season leaf loss (of 
sampIe trees at a chosen moment before the auturnn fdl). 

The results of detailed monitoring on the Slovak side of the Danube are contained in Vol, 
III, Ch. 3, Sec. 3, These results show no significant changes in the leaf area index in the 
Slovak inundation area since the diversion and no leaf loss (except for in the area just 
upstream of the DobrohoEf intake, where no recharge into the side arms has yet beea 
effected and which would ensily be cured through the construction of an undemater weir 
in the old riverbed). In some areas, a positive trend in leaf loss has been recorded. & 
Vol. III, p.67. 

See, also, VOL I l l ,  pp. 81-87. - 
(4) Most damage have been demonstrated in the fores& of the active floodplain, where 93 percent of 

the trees (poplur and willow) requires additional wuter which, could nor have been provided due 
to the 2-3 rn decrease of the grounhvater Ievel (see Chapter 3). 

There is no evidence of damage occutring in the Slovak floodplain and considerable 
evidence of improvement, particularly in the floodplains south of Bratislava and close to 
the Cunovo reservoir. &, Vol, III, at pp. 81-87, 

The assertion that additional wster "could not have b e n  provided" is wholly incorrect. 
Additional water could easily have been provided but for the intervention of the 
Hungarian Parliament preventing the installation of undematet weios. &, SC-M, para. 
8.11. 



The figure of 2-3 m is exaggcrated as seen frodi Hungary's own plate (WC-M, Plate 6a). 
The major decrease wns limited to the streteh cl& to the Dmube. 

I 
(5) I n f w t r y  operation, imn~por~tion bemme more dbcullr and ntufh more expensive. 

This relates to the economits of Hungary's fordtry activities. It is not clear how it relates 
to the Danube damming. It  daer not appeir relkvant to Hungary's lepd arguments bued 
on environmentai risk. 

(7) Allfirese of ihe Xzigetkdz require the direct or indireb eflecf @the Danube wafer. 

(5) m u r e  5.3 shows the distribution ofthe estimated codt ofdamage ro theforestly ofthe Iwo years 
1 followi~rg the diversion of the Danube. The total volume of extra cost of the hua pars is 55 

I 
Hungary sdrnits that in 30% (and, possibly, 47%) of Szigetkgz the groundwater does not 
reaeh the ioil I i y u .  Hence, the iise there of /round wnter to tree rootr by means of 
capillary action is not possible. 

million HUF (Uagas et al., 1994). 

This "cost" is self-inflicted. k, SC-M, para. 
suffered on the Slovrrk side as a result of Variant 
4. 

It is  streiied thnt the Szigetktiz forests iuffered t o m  the sinking groundrater levels from 
1950 onwards due to the sinking water levels in the Danube b, Vol. III, p. 78) and that 
the direct recharge of water into the side arms (at Dabroho5t and Dunakiliti) was intended 
to solve that probIem. 

8.11. No eçonomic losses have been 
"C", !h, Vol. III, Ch. 3, Sec. 3 and CL 

Note: in terms of "indirect effect" Hungary no+ bniefits from a g r e l y  iarruied uid - 
regu1ar flow into the Mosoni Danube, which will have a cleariy beneficial impact on the 
forests in the loealiîy. 

(8) These flaodploin habitats are erceptionallly produ~~ide and h m  b m  in~ensively expioited by 
improved hybrid-poplars in the Iasr decada. 

l Again it is difficult to see the relevance to Hungary's legal arguments of the economic value 
of "floodplain habitats". Contrast the daim (at "Scientific Evaluation", p. 183) that the 
flaodplain of SzigetMz ir still in n "semi-niturd sdatel'. 

Note: the Treaty parties in the Joint Contractuai Plan were very much aware that certain - I species could be affected by changing water regimes, and provided for some species 
change. This mernt the ehange fram one eulti?ated rpeOu t o  uiother and is oot the 
unacceptable environmental intervention that ~ u n b a ~  pretendr. 

l 
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Sbnl;  (HoîEk 1981) m*dc a dctaikd p-agno~ir Iœ mpkting thc 
O i b E ~ ~ ~  Riva  h r q c  SyJtem h m  i hhay point crf vicw. Thcy 

in Ihc r c g h  Disiakiliti rnd ybc mwth or thc lpcl river 
~ * b a o n 8 6 % o f t h a t o g t i r e i o f ~ S l o v J : D a n u b c ~ t h i t r h a e ~  
dasa 97% of dl firb d iban 99% of al1 the arilabk Sdi &dm md 11 
p w i d s ~ m 0 a 9 2 % 0 f t k ~ l l  t i s h y K M r . m C m w i ~ t ~ i m o f l h c  

W h  1 . i  bchvcm BmtklaM d P n l k o v h  and derph rhc fm rtw it 
m h  irp m l y  28% dttK Ma1 lrta of the S l a d  Dnnuk. iir conrains abart 55% 
of ml fidi K i  ud p i d e s  SB% of th. wcralt ~ n - 1  awtMk 
prod- 

~~icsimkrwixnrhefIrabvindNfi@mmns~ccavoirrhcmuluai~uca 
mJd h m  11,889 h io 1 7 3 U  ~IC, i c., 45%. Ho-, frwn t k  nrw 

of firhsy m i a l  fk hydmlqml mndiiiwis d individus1 b i w o p ~  nrc 
mae~thanfhcskofdieucr 

le3 

(JLncr6 d rbm. 1987). &rida ttu 

(*PlmcJ.2, V d ~ 5 } m d i c a r P m C d i m g e r a f t b e M i p o p i ~ h t h c  
D r n u b i e l o a i a i ~ R a j b m d ~ u d i p e a T & ï k m a r i b i i -  
& i m t h ~ ~ i k ~ ( ~ r m h r h ) d & s ~ i r i r m i ~ h i b c b u k l  
( E b $ u ~ ) a r e h . ~ l r c i s r ~ ~ i l q m w = t d i p r s d i o l y i n s i n  
egpm s h u &  p * R t r a i r i p M u i w q U s b  me&yspriak Itrspammg 
habaitrwmrenriadbyBcdcclincdin&mdihcfkiodphmMm 
irs~&roeniibmnidsrras~d.~arkliar~rmphiltpa~, itswucuuehcd 
t o ~ ~ œ ~ m l l r i g i t ~ k a c * u i b o i t r m i ~ d ~ ~ l m d ~  
u o d M d p b b k ~ - , ~ ~ ~ k i f i s i ~ i l e ~ b k r p . w l ~ ~ i n  
r p a c c i i i d u m d ~ h u m u i i m p a c g d i d ~ c c u r c ~ f ~ d u d i o n o f m  
ppd&imi. A l h g h  mt M ratc d dlt dcposiam h Vk fldptain - 
Iirniicd itr hubimrs. this s p k  couid Fuid migbk s2its for rparvnhg m h main 
srrramuidltpCWofthisspccwhasmcrassoduaccttic~ngoffhc 1980s 

h i b e ~ l 9 m i r w c r ~ i n o a i g ~ a i l m o d o d ~ t b e ~ o f t k  
GabfikpV.agymsms River f 3 m q e  S i  h g a  m 
~ t q ~ b a b ' i S m r t i r r e r I ~ d ~ W r c l * D d t r i L h e p t r m o d  
m t c r & ~ t . v r t a a o f r h s b i a c b c i i a & ~ ~ i ~ f l o o d e * i n . d t h t  
flush& of rho :idormu m m  diffieuli ud imtkni~d flwir rihim. 

I 

~ ~ c r  &&r iwg d e n  the Danube WM di& a the Gab?lùc-m powa canal. 
fish ppula'tiw. whidi luwmblcd in b i rw in ia  habimu muld mY ilwlyr f(11W 
the #usa& diho watcr. Dtii-ingihc first rhtae wrrls of thc d i &  iownling 
IO a e&nral txpcn investigaiion 1993). the &mnrLd qiiantiry of fi& 
that pn&d in the Szigctktk branch w s  at !est 100 m (8% malt 7 
oprinid firh, Iû% zander, 5% c m ,  3% pikc, 2% caf@huTk damage (lot Plme 
13. Y d m ,  1 )  w u  crt~mated sr 15-21 million HUF (I40,ü!&l%,OW USD) a 
markd mice 1 

~r the s& p t ~ u a i ~ y  dried a fi* remiining ai w &y p i s  
km tdj prey fm watcr hirds rnd w i t d b  d ia ioocpiibk ai& fa ihc 
occarional In ihe -rad hilf of bc w k î a  of 42P13 th? rhillow pools 
frorc =Id bQEausc o î h  c i r i u i s i ~  lowtmrpamueq h i d i  mmIdsibly bmcd 
tht owenrry fos ovcr ivintcring o f  Ik frrh. ~ncrding tû modmie enirmis. 50 - 

CouWy (15931, rhc diecticm of rhc anibbk Firb p-d&m cwld k 75% ai ihe 
Danubc & Bmrrrbvi a d  Komkrim. u d l  rt in rivar o f  tbe tiitk 
~i~~biui~LMi[=.mh h b a k b v t i n t h e ~ ~ n ~ i t w l d b c i r  A. 

Thc ca,inr and mznationst crlrh k w a d  by 1% (hmi 69 1 rii 54 r) in k 
Danuk ~ i k n  bmwsm Rdjh arid Kodmsi m 1993. T k  su@ dMh of 

l 





Se, SR Annexes 9 and f O, - 
(3) W f h  the Gabahvo-Nci&vrnaros Project, the lofai jdh biomass would decrease in the entire 

4 The Danube section berneen Bratisluva and »dagvmar& would have only a minimum biologieal 
l importance, and fisk populations of both the ups rream and the dvwnslream Danube sections 

would considerably decrease (HolBk, 1981). 

region beiween Bratislava and Nagymros by 57%, 
possible yield by 92% ( H o l a  1981). 

See, Comment 2 to "Scientific Evaluationtt p. 14b, above, coricerniag the findings of the 
1981 HolEik study. HolëP'i study was bmed on[ a disohnrgc of just 50 m3/s into the old 
Danube and no direct recharge inta the side arms. In other uords, it is outmoded in 
important respects. The actual impact of the didersion of the Danube in 1993-1994 is a 

&e, Comment 3, above. 

available production by 75%, and the 

more proper measure of the Project's impact on 
recreationai fishing. &, Vol. III, Ch. 6, 

(5) The p a k  operation of the Gab Bk&vo-Nogyrt-os ~roject M> uld resulr in wry high daily worer 
level j u c  rucitions in the downstream secfion ar ~obakdvo. The ropld$uîtuotion would dertroy 

l the JlrrviaE cornmuttities in the ecotones and diminish the prodilctivity of the whole system. 

fish - in terms of both commercial and 

The "very high" fluctuations would oriur, if nt $, in the tailwnter section of the bypass 
canal, whirh offers a new habitat for fisheher. To Idate, 24 fish speeier have b e n  found in 
thir new habitat. h, Reply, Vol. III, p. 113. As /to "pcak operition", it d l 1  be reidled 
that there was no agreed peak mode in 1989 and, also, that Czechoslovakia offered its 
pledge in Oeteber 1989 ta lirnit or exdude pesk mbde operation, if so required to proted 
the environment. 

(6) In the hot sunimerpedod anaerobic conditions wouid d u l l  in the death offirh. 

l Again, this is a reference to peak mode operation conditions, as to which, E, Comment 5 
l above. In any event, no evidence is given in support of the existence of "anaerobic 

conditians". Sa. Vol. III, Ch. 2, which mords  no(change (and even s o m  incrersc) in the 
dissolved oxygen content of the Danube's wmter since the irnplementation of Variant 'vC1l 
(at p. 25). 

(7) The damage (see Plate 13, Volume 1) was estimateci at 
USD) af market prices. 

Hungary docs not hesitrte to qunntify its "losses" ib economic terms. Sorne lors of a very 
ternporary nature in fish numbers in the old main channel was inevitable (and anticipateci) 
when waters were divertcd. This rnust be weighed ipainst the overall beneficial impacts of 
the Project, including those on fisheries. Lee, Vol. 111, p. 116, which indicates that 

15-21 million HUF (140,000-196,000 

available fish production couId inçrease from 146 
catch from 49 ta 78-107 tonnes if direct recharge is 
fish restocking is undertaken. h, Vol. III, p. 117. 

tonnes to 243-320 tonnes and annual 
supplied to the side srrns and if some 

Hungary's estirnates cannot be accepted anyway. A decrease in the density of 
iehthyoeenosir occurred in rutuain 1992 (prior to th dnmming) vhen waters were at l o r  
Ievel. I t  is untenable to attribut= the cause of lossea kntirely to the Project. 

I 



Moreover, on the bais  of the officiel data of the Mixed Commission for application of the 
Danube Fisheries Convention, the cdculations presented by Hungary (at "Sdentific 
Evduation", pp. 189 - 192) cannot be considered as correct: 

- The total catch of fish in the Danube represented in 1987 90% of the average catch in 
the years 1985-86,94% in 1988, 70% in 1989 and only 62% in 1991. This substantial 
decrease in the fish catch was caused by bad climatic and hydrologieal conditions md 
not by local changes of topography of the river in the mirea of the GIN Project. 

- The poor fish conditions in the years 1989 and 1990 was the basic cause of the decrease 
of fish catch in the years 1991 and 1 9 2 ,  and it also influenced the following years. 
Hungaryts estimates of abundance, ichthyomass and available production do not take 
this fact into consideration for the period afier dsmming of the Danube and therefore 
t2iey would have to be radically lowered. 

- Hungacian experts before the Mixed Commission focused their attention on the 
negative impact of the barrages in Germany and Austria on fishery in the Hungarim- 
SIovak section of the river. 

(8) The &mage was 7-10 million HUF (64,000 - 93,000 US@ ut rnarketprices. 

-, Comment 7 above. Alleged fish losses in the side arms (that SEovakis cannot verify) 
were not inevitable - but were çaused by Hungary's decision not to implement the direct 
water recharge into its side arms. Variant "Cl1 has had a positive impact on both 
commercial and recreational fishing on Slovak territory. I t  hm treated new fish habitats 
(the reservoir, the tailwater canal aiid the seepage canals) and hm enabled the 
rejuvenation of habitats in the side arm system and in the old Danube. &, Vol. 111, Ch. 6. 

(9) Its gross value is 15-20 milIion HUF (1 40,000-1 85,000 USD). 

As for Comments 7 and 8, above. 
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(1) Ar the end of July J 394 ihere w m  considerable fish destruction in the m i n  sfream of the Danube 
between Dunakiliti and Nagybajcs (1 842-1 802 rkm). Its probable reasons were the very long hot 
period and the extrerne low water level. On 30 JUS a huge volume of water flushed down into 
the bypass canal at Gab&bvo and the discharge dammecf up the water in the upstream section 
of the Danube in the Sngelkoz. The jtowing of the main Stream sropped and triggered the fish 
dealhs. On the basis of the &mage survey of the AgricuZhfral Oflce of GyoTMoson-Sopron 
Country 15 tons ofjsh perished (0.2 ton d e r ,  0.3 ton carp, O. 5 ton asp, 4.0 tom of barbe1 and 
10.0 tons of ofher ~ p r i n i d  fish). Their value was 1.5-1.7 million HUF (1 4,000- 16,000 USD) ar 
market pn'ces. 

"Considerable fish destruction": There was no such occurrence recorded on the Slovak 
side of the Danube; nor was m y  destruction reported by Hungary to the specialised 
institutions in Slorakia. 

"A huge volume of water flushed down into the bypass canal at GabEikovo": This did not 
happen. The water level on 30 July 1994, as for the days immediately before and after, 
was stabilised in the reservoir at 129.03-129.11 m asl. w, Vol. III, p. 121. No huge 
volume of water cou1d be "flushed down" without a corresponding reduction in the height 
of the water in the reservoir. Water discharge into the old riverbed was also stable at 210 
m31s and water temperature was normal - see. ibid. 

"15 tons of fish perished": Hungary offers na explanation as tu how it calculates this 
l 

amount. Furthemore, Slovak stientists carried out a sampling test in January 1995 in the 
Dunakiliti section of the main riverbed and found groups of thousands of immature (O+ 
and 1+) fish. This eontrndicts evidence of large scale fish destruction. Al1 the rheophile 
species may be observed and were spawned in summer 1994, This indicates favourable 
conditions. 

(2) Since the implementatim of Variani C, or rather since the diversion of ihs Danube at b o v o ,  
the Cikola branch system has been strongly influgnced by the reduction of the river discharge, 
and has had its@nctional uniis changed as well. 

"Reduction of the river discharge": This could easily be cornpensated for by 
implementing the planned recharge into the Cikola branch system. 

(3) ïhe  structures of the warer supply sysfem have blocked ofl the bmnch systems in the SzigetkBt 
and there is no direct connection beàween the floodplain habitats and the main riverbed. The 
Alpine characler of the flood regirne does not exist anymtlre and the hydmlogy of the side-arms 
changed. The flow throügh of the brunch systems is only 1 5 2  days annualiy eveiy 5-1 0 years 
und the fi l1 inundation is to be expecfed once in every 10-25 p a r s  (see Chapfer 3.2). 

"No direct connection": The isolation of the side arms from the main channel - a step 
taken prirnarily for navigational reasons - predated the construction of the GIN Project. 

"Flow through": The amount of flow into the Hungarian side arms is controlled by what 
Hungary will allow. Slovakia does not have a flow at "1.5 - 2 days annually" but, rather, 
365 days per year at varying flow rates and velocities. 

(4) 1) Blocking of the branch systems: Loss of fioodplain habitats for spawning, nursery, feeding 
und wintering result in a considerable decrease of fish produc h'on. Fishery potenfial of the 
Szigetkoz area will decline. Lnck of large-scale j sh  recntitment has detrimental effects on the 
fish populations of the Midde Danube for a few hundred kilometres downs fream. 



I 
This is directly disproved by the experience in the Slovak side arms, which shows that the 
diversion of the Danube's waters coupled witb the direct supply into the side arms hm had 
an overail beneficial impact on fish populations, which will further impsove if further 
remedial memures dependent on Hungarim cooperatioii - such as the canstruction of 
underwater rein in the old Danube - are irnplerne"ted. f& Vol. III, pp. 111-116. 

I 
(5) 2) Changes in jlood regime: Subsequent reductiod of hubjtaf diversiîy, los3 of spocies, 

dirninishing productivily ot camrnunity love! due fo  thé wirdi from the Alplne characferjlod 
regime io stable sysfem dynamic~. 

(6) 3) Decrease of flow rate: Shrjs frorn rheophihc fo li(gnophilic coinmunitk in the sidearms. 
Changes injiushing rafe resulfing in accumatfation or low dilution of foxic wastes or anaerobic 
conditions leading t o j sh  morraIities. 

The flood regime prior to 1992 was far from natdral. &, Vol. III, p, 9. Monitoring on 

The direct supply of water into the side arms eakures an increase in flow rates and the 
disappearance of anaerobic conditions. Fish losse2 due to eutrophication in the side a m s  
will decrease. Polluted waters (if sny) will be mor4 quickly diluted due to the higher nows 
in the side arms. The previous high fiow rate in the main channel was excessive and not 
conducive to n healthy fish population - B, V ~ I .  III, pp. 110-111. As to annecobic 
conditions, E, Vol. ILI, pp. 24-25. 

the Slovak side of the Danube hm shuwn that 
diversity (inç2uding the new habitats provided by 
large potential intreases in productivity and no loss 

(7) 4) Deçrease in suspendPd silt load: Woter transPrkncy ir hlgher Increaso in densiry of 
submerged aquatic vegelation l e c d  fo  an inmeose in rhL abundonce of phytoophilpd~ Changes 
in fish cornmunip, f h t  is o reduction in nurnber of tde non-visual prednrors and omnivores. 
Risk ofjsh mortdi S) due fo anaerobic conditions caused by eu trophication. 

The prevalence of non-predator species over predator species (which have a higher 
l econamic vdue) long pre-dated the damming of th? Danube. Sie, Vol. III, p. 111. The 

new habitats provided in the reservoir, the side aqms and the tailwater will reverse this 
situation - B, Vol. III, pp. 11 1-116. As to eutrophication, m, Vol. III, Ch. 2. 

l 

there has ben  an increase in habitat 
the reservoir and the tai1wttte.r canal), 
of species. 5&, Vol. III, pp. 111-116. 

(8) 5) Diversion of wonr inlo the bypass cond: The highe4 discharrgc in the taiIrace cana3 dimm 
the shoais offish during rheir spawning migrarion to t+e failwafsr of the GabEikovo Barrage, 
which 1s an insurmounfable barrier and the bypass canal 

Mungaay's criticism would be equaIIy (in façt, 

is an unsuitable habitat for sprrwning. 

more) applicable to al1 the other 
hydroelectric projects on the Danube. The criticism rnakes no sense here as the old 
Danube, the iide arms and the tailwater cmal (for bpecies who prefer greater depths) di 
offer good spswning grounds. For good fish conditions it is far mare important to re- 
establish the inter-connection between the side arm's to the old Danube thm a migration 

\ route which in any event could go no higher than the next d m  upstream in Austria. 



please turn ta next page 



1 jmm ( 1 9 8 9 ~  ~ ~ g g c a  ih*t dic pjcft -Id Malt iatolm higfi n3r 4 
pom m b@ risk utsgwig d b  b awid -ûdlcd 



6. COMMENTS TO HUNGARY'S "SCIENTIFIC EVALUATION". CHAPTER 6: 
SEISMOLOGY AND EARTHOUAKE ENGINEERING 

(1) Seismic design paramefers for the Project were decided in 1965. Ai fhis time, design i n p r  
parameters were based Iargely on bis tarical chta. In the laie 1970s probabilisric meth& and, 
more recenfly, derermlnistic meth& of assessing seixmic hazmd became accepted into carrent 
practice. 
. . . 
No xystematic re-zoning of the project 00 the basis of currenr practice hm iahn place since 
1965, although a large number of useful background studes have been under laken 
. . . 
It is  apparent ~hat the poten tial problems msoctated wlth seismic risk have not been adequafely 
addresse4 eifher during design or subsequently. 

Hungary's contentions here are that the assessment of earthquake risk under the GJN 
Project: (i) wwas decided and fmed in 1965, (ii) it was thecefore based on outmoded methods 
and standards, and (iii) was never updated. The Project design is thus dIegedly not 
suitable for the "potential probIernsW. These contentions are simply wrong, Vol. III, Chs, 
9 and 10 show: 

The design of the Project was based on standards for calculating seismic 
load dated 1963,1972,1975 and 1982. 

- Between 1972 and 1979, a joint geologicd examination was condueted by 
the Treaty parties conçerning the scope of research drilling and survey 
methods, resulting in a joint report cornpiIed in 1978. 

- In 1980, Czechoslovak technicd institutions completed the seismic 
microzoning of the area. 

- In 1982, an independent assessment was made concerning the Project area 
by Hydroproject Moscow based on the most recent Russian standards. 
This was supplemented by an assessment of seismic stability. 

- Hungsrian earûhquake specialists participated in the Project from its 
inception and were directiy involved in the design and construction of the 
Project; for example, the calculation of the k y  factor of seismic laad w a ~  
reviewed with Hungarian Engineers Polko and Mistéthy. 

Deep drilling techniques and other seismic methods of exploration, 
developed principally by the oil companies, which conducted researth 
througtiout the area, led to new views about the structuring of the Danube 
Basin in whkh the GIN Project is located. Tectonic maps were constructeci 
with the help of geologists in 1984 (Mahel), in 1985 (Fusan) and a 
Hungarian map in 1987((FilIop-Dank). (B. SC-M, Annex 26, at pp. 386- 
387). This data was incorporated as appropriate into the Project's safety 
standards. 

- In 1990, Hydro-Québec Internmtional (HQI) examineci, _inter a h ,  the 
seisrnological aspects of the Project. The HQI report ( i )  expressly stated 
that the preliminary studies of earthguake tisk met çurrest international 
standards and (ii) failed to indicste the slightest reason on account of 



l 
As wiI1 be seen below, the Slovak studies in Vol. IBI identify major mistakes in calculating 
the t h r n  eomponeiitr of urthqunkc r i t  in order do detelmine seismic load: (i) mipitude 
(M); (ii) intensity a); md (iii) acceleration (A). lakead of Hungsryts uaurnptions of M = 
6.5; 1 = 9 +; A = 0.38; the assumptions should be: M = 5.7; 1 = 8.5; A = 0,079g. These are 
maximum fieures, &, Vol. III, Ch. 10. 

The dilierences between the îwo calculations is very large; in earthquake analysis eveiy 
decimal point ii important; and the mere mathedaticpl cornparison of figures does not 
reflect the enormous differenca betweea the above kdcuiations. 

(3) For the purpose ofrevjew, the effects of a Richter mgnitude, M=6.5, earthquake acting wifhin 
source zones. identiped &y recently meinbled macrasr!rmic, goophysicol a d  gologcal dota, 
have been considered. 

ettrthquake risk ta delay or modifi. the Project. M. HM, Vol. 5 @art I), 
Annex 9 (at pp, 252-2741. 

Like the environmentmi protection measures of the GIN Project, modifications wete made 
in design and ~onstmction to assure that riied standards refiected the n m  scientif* 
information and techiques a k r  1977. 1. this mbert ,  ~ ~ e e h o s ~ o v i k i a  (and now ~ ~ o v i k i a )  
drew on the experieme of Gemany and Austria )n the Rbine and the Danube, as well as 
its own extensive experience in the design and construction of dams, many of which are 
located in more active earthquake zones than the Gm Project 

(2) Simple rist assessmenls, for excimpIe ICOLD (19891, thut the projecc would full inio a 
hi$ risk category. 

The concIusion that the GIN Project is Iocated of high seismic activity and 
earthquake risk is tompletely wrong. Hungary's 'iscientific EvJuationl' is able to suggest 
this because of its incorrect, exaggerated cdculations. Elsewhere, Hungary contradicts 
this conclusion when it states: 

"Despite the diffieulties with cornpletenesr yf the historirai record, it is nident that 
the present rate-of energy release is relatively low when compared to more active 
regions of the world. In regions of low bites of energy release it is extremely 
difficult to assess a tectonic framework with certainty, and this uncertmrinty will be 

Hungary's assumption of the effects of an earthquake of a magnitude (on the Richter scde) 
of M = 6,s is based on studies some 25 years ago concerning the 1763 Komhrom 
earthquake. The current scientific view is that such a magnitude i s  too high, and the 
estimate of M = 5.7 for this earthquike set out in the 1991 shidy by Bune (Russian), 
BrouPek (Czerh) and Seodwib (Hungnrian) i l  guierdy  ~ e e p t e d .  This would 
correspond ta an intensity of I = 8.5 MCS. (Instead of Hungary's Z = 9+.) This intensity 
value would be valid for KomArom, not for Gab6ikovo. 45 km awaw; and Hungary's 
arnbiguous language "acting within source zonest' is scientifically unsupportable. 
Hungary's analysis of risk i s  fundarnentaIly flawed frorn the start through its 
misralculation of M and I for the 1763 earthquakb made possible by havhg cornriletly 
i~nored  the widely accepted assessment set out in th? 1991 study. &, Vol. III, Ch. 19. 

carried forward in the assessment of 
Evduation", p, 207, 

seismic hazard." &, "Scientific 



(3) The warer-retaining dyhs of the headrace canal and the hnak i l i t i -~ru i5ov /~no~o  Resewoir 
have been identijîed as partiailavly vulnerable; liquefaclio~, setfl~menr Ieading to over-topping, 
and uncontrolled release ofwater are ZikeIy to occur under the criteria adopted in fhis review. 
.a. 

A po fential weakness in the de tailing of the Vc~riant C dyhs has been idennjîed. 

A11 aspects of dyke safety were extensively studied under the Tresty Project and under 
Variant "C1'. &, Comment 6 to "Scientific Evduation" p. 215, below refuting claima of 
potentid weaknesses. 
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(1) The Gnb Gkovo-Nagymaros Projecl, as perc~ived at the fime of the treaty in 19 77, comprised an 
extensive system of dykes and the construction ofihree major barrages over a 160 h stretch of 
the Danube. 
... 
The great geographical extent of the projecf is such fhat ~ h e  integrnted exposure ro seeismic 
hazard for the whole projecf would be substanâially greuter than that ofa single element of the 
scheme.. 

Earthquake risk in this regioa is not only relmtively low, due to the fact that the region is  
not seismically active, but dso it is a localised risk since the onIy important recorded 
earthquake was in 1763 in Komhrom. The GIN Project extends over a large area of a 
relatively inactive region seismicdly. This should hardly lead to the conclusion suggested 
in Hungary's "Evaluation" that the "great geographical d e n t "  of the Project created an 
"integrated exposure to seismic hazsrd" that would be greater than any single part of the 
Project. This is rneaningless jargon totdly Imçking in any scientific biisis. 

(2) The construction of the dykes varies from locatîort to location, aithough rhe use of the Danube 
gravel as bulk $il is relatively widespread throughout the Project. By ifs nature, the Danube 
gravel is easiiy eroded by water aod, as a resulf, a breach would develop quickly if rhe inlegrip 
of the water retaining system were impaired. 

"Danube gravel is eiisily eroded by water": There is no risk relating to the use of Danube 
gravel under the Project &, Vol. III, Ch. I l ) .  Hungary's conclusion is based on a 
superfidal examination of the problem of dyke safety and incorrect information of the 
techniques used (-, dso, Comment 4, below). In any event, Danube sands not grave1 are 
easily eroded; and here top quality gravel was used to replace the possibly vulnerable 
soils. Grave1 of this kind i s  the best materid to use to ensure dyke stability. 

(3) Subs fantial geotechnical problems were identifed in relation tu raising the water level ups fream 
of Nagymaros by Mun tuano (1 989); fhese problem were not JUIly resolved at the rime Hmgary 
suspended construction ut Nagvmaros. 

These alleged problems were not in any way related ta earthquake risk and, hence, are 
misleadingly described as being "geotechnical" in nature, as shown below Csee, Comment 2 
to "Scientific EvaIuationtf p. 218). They provided no technical justification for Hungary's 
suspension of wock at Nagymaros. 

(4) The excavation of about 2 m of soi/, extending fo up ta 5 m where peu@, silty or clayey soilx were 
fiund was con$rmed by LiJùu (19941. Polko (19931 mainfained thar an assessrnent of 
liquefaction potential of  the foundaiion was made, an$ unsuirable material removed during the 
course of construction; no data was presented to illustrate the invesiigafions or the analyses that 
were carried out. This view wax echoed by Hydro-Québec International (1990), but again no 
data were provided. 

"No data were provided": The data may not have b e n  made availsble by Hungary te the 
person preparing Chapter 6 of this "Evaluation", but Hydro-Québec Internationai had 
this information and based their favourable conclusions on it. Hungary knew al1 of the 
details of dyke construction under the Project, much of which was in fact pedormed by 
Hungary on Hungarian territory, and the proper techniques that were used under Varimt 
"CM were in fart discussed in papers presented at and published by the Proceedings of the 
International Conference: The GabEikovo System (Intentions and Redity), held in 
Bratislava, 7-9 September 1993. 



I have no infirmation that on afienipt wm made io hmow liguejabIe mareriah benealh the 
dykos of the Dumkiliti-RmBov Rosernoir; this is suppo?ted by cornciSon dmwings grovided by l OKlBE'R (1994) and investiganom &ed ou# by E m s  Lorrind Geophysical Jvistitute (ELGI, 
1991). 
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(5) This view is s~rongly canfested by Finta (1990), who maintains ihat considerable d i f imlp  was 
rrperionced with rho erc<rwnonr and lhai imuficjentkneegrained matehaI wm rernowd i%e 
allegafions made by finla are of great concern and req'uire investigation. 

"1 have no information ...' ': As a joint particiPrnt in the Project, Hungary had d l  
information. As to the "removal of liquifiable materials", the vmist program of material 
removal in the construction of the dykes is deskribed in Vol. III, Ch. 11. It was an 
operation of which Hungary wrts fully aware as a joint participant in this Project: the 
construction of dykes on Hmgarian territory wy accomplished by Hungary, using the 
agreed techniques. Hungary's "Scientific Evaluatian" here presupposes dyke instability 

l by canveniently ignoring the evidence conceraing measures taken to ensure sucb stability. 
l 

Hungary's reliance on Finta (1990) - an dlegation 

(7) 1 am nof aware of any syslamotiî sfudy ofthe *ke-brdach scenorio: it is mevident howmr !hot 
local cornmuniries are likely fo be inumhred (Percel and Libik, 1989). 

1 .  

msupported by the slightest evidence - 
for refusing to believe the &dence of excavation ~f soils and replacement by gravel is, to 
say the leut, weik. As shwn in the refereira a! pige 223 of the "Evdoation", this is a 
reference to a non-scientifit piece in the popular press: "Death is lurking at GabE&ovoii, 
Reflex, Nos. 2-5, Komirom. - 

(8) 11 is, however, char ~ h u t  ai preseni, fhere are no risk straregy plans or operating procedures 
which are mutual!y agreed berneen Hungary and Slovakia. 

l 

The Hungsrian side apparently did not provide khe author of this Chapter with these 

I 
Up to the time of Hungary's abandonment of the Project (mid-19901, it wm a full 
participant in dl risk strategy planning. In this Chapter, Hungary does not attempt to 
explain how then eould have been "mutudly a&ed" procedures when the Cabf l o v o  
section was put into operition under Variant "Ci' - ifter Hungary had abandoned the 
Preject and had refused to discuss with Czechoslovakie any alternative variants for 
putting the Project inta operation. 

studies of dyke-breach scenarios. Hungary as joint participant was fully sware of them. 

There is no proper acientilc buis  for plicing the GIN Project in a high risk citegory of 
potential earthquake danger. 

(IO) The mosr important feuare of basement structure of I+e Little Hungarian Plain is the a b a -  
Hurbanovo Line. The Iine separafes pre-Tertiary (older than 65 miIIion years) rocks of the 
Alpine-Carpalhian metamorphic series fo the NW of fke Line fim the Transd~nubim Range 
Unir io the SE, and is eflctively o bounàary between hlcro-plotes. A programme of de failed 
geological mapping hos been undertaken in this a r d  since 1982 (Don et ai, 1993), and 
exîensive geophysical mopping as p r f  of the DANREG $rojecf carrieci out since 1 989 (Yem and 

(9) A siniplistic evaluation of potenrial damage using the Criteria of the International Commission 
on Zarge Dams W L D ) ,  1989) would place the 
classification exfends berneen 1 and W in increasing Ievel 
considered high rjsk cafegories). 

scheme in calegories III or IV (the 
of severig; calegories III and IV are 



Nemesi 1994). The Mba-firbanwo Line hm been idennjed as mnning NEF.om Gydr fowardF 
Kolarovo in Slowkra and then fo fhe easf fhrough Hurbnnovo. 

These kinds of d e t d  may be important to geologists, who are interested in the history of 
how the region developed into what it is geographically and geomorphologicmlly, but they 
are not necessarily indicative of the extent of seismil: activity or  of earthquiike risk 

The existence of a fault line is, in itself, memingless in terms of earthquake risk. The 
existence and size of such a risk depends on many faetors. The fault line structure in the 
Little Danube region is  such as to indicate that the region may be ciassified as a low 
earthqurmke risk area. No postulated faults near the critical structures of the GIN Project 
have been shown to be active faults, cabable of causing eatthquakes, Slovakii's own study 
of the seismicity of the region concludes that the GW Project region in terms of seismic 
activity is consolidated and thmit no distinct earthquake centres are located there. &, Vol. 
III, Ch. 10, Pt. 1. 
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ooirtti o f  ?Lahum towards Midn (Zone 1. F m  61). The y rpoadcd 
o t a n ~ & & i s w r u r o e w a s t f i c t ? 6 3 ~ ~ d K b h 1 i P a d a r  
ba~ap$watmlintcnriryofwl M S R * n d ~ C S t U t U l f O d ~ ~ o f  

(the KomLa>-Bdidr mm, bu< e a i M  bb mlatrd to the Gy& Lin. is 
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1 
b c s k n f m a i F l g u n 6 4 , a m e r r s ~ i d f i n c d d a i h y d a c  
fmqtudyidttœfmgc \ ~ M P M ,  i c d ~ c a i i n g i b c P o m u & h l s b b s ~ f y b .  
~ u ~ h  d g  rn potaiiia~ly ~eu~rhlt during m g  esrrhqiakc diaiùng 
~ a d & s o f l ~ r h a n a b c u c  I 5 m : ~ m n o i l e q ~ m t . l r e r p b e c i ~  
d e p m d a i i m t h c b t y o f L c ~ a d m o t i a a s . M d t n ~ i i d i ~ R a t t r r i n  
C-er 6.3.2. 1 have not wm data c~nparablc b dm p w i d e d  by a 1  fm 
S M  terri& in ihc ricinity of GaMlkova, crr cdw daa thm pauM iliow a 
oomprrhcnsi& - m l  of ttqutfsction potaitinl in L i s  ura. As the 
depobiiiml lcnvimnmcnl ai Gabçncovo has ban broadly rimilar io that ar 
Dumkiliti, 1 'wuld txpcei sirnilm matuialr & bc -t ui G i h E i h .  bui in 
p t m ~ i & .  

l 

( 6 3.1.1 Enrthquoke d e m i @  

The scisrniciS; of the &on wai discusd by a jaint nmeeting ofCrcchmlovakian 
md H u n p - h  @xi-& in Scprcmim 1965 During ihis m a i i  Itwb of 
canhquakt inthsify and design kvelr of accclerstion wae rn for varioui parb of 
Pht pmjm d9 h l i n d  in T& 6.1. -Rit Inhsity Sale *lied at diig riac w 
the rwelvqmih MCS (Mdli-Canuuii-Siebugl Sfdc. ivhicb is in 
TuMe 63. Tt(. MCS Sale  uar doplod by Ihc hkmhnul =teal 
i1P40tiiim inli917. The MCS c h i -  pmvsd to k 6 - i r r  Md 
madc Iink alwnee for k a 1  building practiec. Lmis d grand motion 
aasrr~inmd with the MCS suile an o h  t h $  nf &y hiidiig &. 
Impmvnnairs hm m a k  md ihc Amcrian Mdifnd M d t i  Scslc m, 193 1 )  
rnd ihc b&m M * a c d ~ v S p n h c u a - h l k  (MSK, 1964) Wei vvat 
Md. nit MSK arid MM Scalcs a n  twlvppomf ruter i i i  the original 
MCS Sealc, as(outlinod by the W d  Daa A ht Suri Eadn Gcq+& 
(1979)' the of the ihra sais am quai aitd quivrlcm b cseb othcr. In 
addition. a ncd Eumptan Maunseimic scak (EMS), dich is a TeYiBh of the 
MSKsoak,hasrscrntbbanaEEcp<odbymd~Cwuauniy(fm]. 

U s  o f  mc MÇS Sale h u  p s i s î d  in Italy and Grrccc, alfhwgti in ncithcr 
catnüy is il c&ntly m t d i c d  in design d m .  

I 
1 &vc umc plicatiw icst dota madc svaibblo by ELGI /19Bl, 1991) 
Mlkb iia -mdcd lqxcmmtive o f  RUllaki~ti* mOb Typical m 
of- e s i m n c +  wiihin the Hol- dcposits arc stiown o n  F i g w  6.4. As can 



(1) The poiential capabiliry for movemenr of these fauiis was considered a suficient hazard &y the 
designers to juiushfi relueufian of the Gabdbvo barrage 700 m upsfream to its prgsenr location; 
this decision wax made an the basis of investigations made afrer design, and prior ta the 
commencement of work al GabZihvo. 

There is no proof that any of the postulated faults, sulficiently near the critical structures 
of the GIN Project to matter, are active faults. It  is preposterous to suggest that a move of 
only 7ûû rn upstrearn from the location of the GabFCkovo barrage was due to fears that the 
Gabi5ilsovo fault postuIaled as ninaing through there was active. As any qualikd 
seismologist knows, a move of only 700 rn would provide no added safety in such a case. 

Jn this case, Czechoslovakia followed the sound engineering practice of mot building the 
barrage directly over s postulated fault üne - not because there was any fear it was an 
active fault, but because of the possibility of different rates of settling of the subsoil, if 
indeed a fault lay underneath the surface. 

(2) A number of studies h m  been carried ou! by the Hungarian scaentijîc c o m m u n i ~  for example, 
Ver0 and Nemesi, 1994 and Balla, 1994) in order to examine the porential of faulting in fhis 
region !O produce shaking. The principal conclusions of rhese studies are: 

I )  FauIrs in the immediate viciniry of Gabakovo are unlikely ro produce strong motions, and nre 
poorly defined by macroseismic data. 

2) A faub line exists between Komarorn and Gy&, whr'ch is well defined by geopkysicnl, 
geologtçal and macroseisrnic data. The fault is considered capable of producing strong motion. 

There is no proof that a fault line running through GabEikovo even exists, It has b e n  
hypothesised and, hence, placed on some seisrnic maps. There is no evidence whatsoever 
of any such fault being seismicallv active. Therefore, its possible existence is largely of 
historical interest from a geological standpoint. 

A fault line between Komarom and Gyor, the Komhrom-Berhida fault line, hmis been 
hypothesised and is generally assumed to exist. The possibility of the intersection of sueh s 
line with a second fault line near Komalrom has been hypothesised as explaining the 1763 
Komhrom earthquake and other minor ones in this specific region. 

There is, no evideace on which to base the conclusion that this fault line is active or  is 
"capable of producing strong motion", to use the ambiguous language of Hungaq's 
"Scientific Evaluation", 

(3) Excavations for the foundutions of rhe Nagym~7ros barrage were carried out priur to 1989. The 
excavations revenled predorninanfly andesitic rocks îhaf had been greatly disforted by fecfonic 
ach'vity (Bence et al., 1991 and Galos and Kertbsz, 1990). Although no direct widence was 
foundJor movement aiong these faults in the underlying Quarernay deposits &ring excavations 
for the Nagymaros .facility, gealogical co~p~parison of the level of grave1 terraces of Quatemary 
age along the Danube in this region show !ha! iecmic movemençs have taken place in this 
period. The capability of faults in lhis are0 is also supported by macroseismic and geodetic 
data; their capability cannot be ruled ouf @alla, 1994). 

Hungary's "assessment" encounters even more dificulty nhen it comes to Nagymaros - 
for it must show that in 1989 when Hungary suspended and abandoned Nagymaros there 
was an earthquake risk that (under Hungary's legal: theory) justified this action, This risk 



This, then, ir the seientific underpinning of ~ u $ a ~ ' r  e l a h  that a Iack of earthqwkc 
study, in the light of the risks it claimed to exist, justified its actions ta suspend and 
abandon Nsprnaros. Hunpry's embarrasameh is thst it is trying ta establish the 
reasonableness of an enrtbquake risk theory io kF are. where rupportiog data is tatdly 
missing, Furthermcrre, Hungary has not made the slightest attempt to show that, men 
were an earthquake to strike Nagymaros, the results could not be contained with minimum 
consequentiai effects. 

was not perceived st the tirne, however, accordini to the "assessment"; only subsequently 
(in 1990 md 1991) was tectonit activity dlegedlylfound in the extracted "andesitic rockstf 
- which are some 16 million years old - though, it is admitted, without any "direct 
evidence" of any movement dong "these faultq (not othemise identified) during the 
Quaternary period fi.-, in the 1 s t  2 million years). 

NOW, however, in the speciilly comrnissioned 19d4 Hungirim stu*, cvidenee of tertonic 
movernenta i i  snid to have b e n  found alter f u r t e r  grave1 mdysis ind further s t d y  of 
reismic and geadetie data, This l a d s  Hungsry do the rernarkable conclurian that "their 

(4) Despite the d@cuffculiies wiih completeness of the h i s d c a l  record, i f  Is ddenf  thut the prerent 
rate ofenergy release is relatively low when compnred; fo more active regions of the world. In 
regions of low rates of energy release if is exlremsIy difSjcult io assess a fectonic framework with 
certain&, und this uncertainty will be carriedforward ih the assessrnent ofseismic hazard 

capability" - presumably of the identified faults in 
 OU^". - 

the Nirgymaros areas - "cannot be ruled 

Earlier in this section of the "Scientific ~ v d u a t i o ~ / '  (6.2.2), Rebiric (1982) is cited, Tb. 
study relates to Slovenia not Slovakia as Hungary wrongly supposes. 

Here again, it is evident that the 'Scientifir   val dation " has great dificulty making the 
existing scientific facts support a scientific theory i" order to balster Hungary's kgal c w .  

l The first sentence concedes - in a round about wayl- that this is an area of Iow earthquake 
activity. The second sentence asserts that in such areas of low earthquake activity it is 
difiieut to mnke an assessrnent of seismiç hazdrd rith nny certainiy. Surely, theoc 
propositions cannot lead to s conclusion that 
difficdty lies in the embarrassing fact that the Iack 
activity in the are% 

. . . 
Ii should be noled ria, Dunahliti lies wifhin 30 km of th' Mur-M*rr source, Oobakovo within IO 
km of the Gp-Becske  source, and Nagymros within thg Gwr-Becske s o u m  

l 

supports Hungary's case. Hungary's 
of data stems from the low earthquake 

(5) The known faulf berneen G -  und Komdrom represen/s the most active section of lhis source, 
several hundred enrthquakes having occurred on Ihis line since J 754. B d a  (1994) araintains 

As already maitioned rbove, there L no evidénte to show that the hypothesised 
Kornirom-Berhida fauit Iine is "activett. Only ode urthguake of importance, the 1763 
Kornircom earthquake, occurred near the line. 

that the 1763 KoArc~rn earthquake is nol necessariiy 
source, but could be relate$ fo fhe Gyr-Becske Line. 

The 1994 study of Balla cornmissioncd by ~ u n ~ d r y  for this case. hm corne up with a 
previously unknown fiult line (Gy6r-Becske); but aLeording to the "ScientiPc Evnlustion" 
it ir only "pastulnfed" - nccording to Balla it is ''sUpposedl'. And the Balla shidy maku 
cIear that the calculations for "supposing" such a (ine to exist have not been eompIeted. 
This fortuitous "discovery" moves an aiieged fault line ctoser to GabEikovo (20-25 km 

I 

relatsd solely to the Komarom-Berhida 



rather than 45 km); and Balla then pIays down the importance of the postulated Gy&r- 
Berhida fmiult line, further awmiy. Ail of this is pure theow. Moreover, Balla's supposition 
is not substantiated by the latest geophysisd interpretations, or the latest resdts of 
seismologid interpretations, or by the Iatest geologic-tectonic or neotectonic research. 
Se, Vol. III, Ch, 10, Part II. - 
The aim of the exercise is then made clear: it is to place each barrage neat a fault lin& 
DunakiIiti: 30 km from the "Mur-Mün source"; GabEikovo: 20 km from the "GyBr- 
Becske source"; Nsgymaros within the "GyElr-Becske source". There is absolutely no 
bmisis (and none referred to) for the description in theWSçientific Evaluation" of this 
hypothetical fault 9s "relatively active", There are no fault lines in Slovakia within a 
distance of any çoncern from any of the critical facilities of the GIN Project that can be 
described on, the basis of the scientific data available as "active". Ellus. No. R-9 (appearing 
at SR, para. 12.69) shows the Komirom-Berhida and the M u r - M u n  source zones 
hypothosised by Zsiros (1991) and the new so-cailed "Gyflr-Becske" source zone proposed 
by Bdla (1994). It is noted that the earthquake epicentres of any magnitude shown on this 
map Lie far away from the GabEikoro section of the Project. It is çlear from this fi. that 
the "discoveryt' in 1994 of the so-called "Gyor-Becske" fault line and source zone has the 
effect of reducing the distance from GabEkovo to a hypothesised source zone from 45 km 
to 20-25 km and of dmost including Nagymaos wlthin the zone. 

The Balla (1994) study was restricted to Hungarian tetritory; but it is interesting to note 
that in spite of his postulating a new fault line and various earthquake zones (which he 
terms "populations"), he merely concludes: 

"Correlation between the geoiogical structure and earthquake distribution is dificult 
to find since, due to the moderate seismicitv of Hungalr, the database ... which covers 
the last 200 yeers, is insufficient to trace the seismic actively." WC-M, Vol. 4 ( far t  2), 
Annex 21 (at p. 818 - emphasis added). 

It  is evident that in Vol. 2 of its "Scientific Evaluation", Hungary is trying to invent an 
earthquake risk which is not there. 

(6) There is, however, lirrle da fa ro sensibiy assess maximum credible evenls on the basis of anything 
ather than a probabilistic approach. 
. . . 
Ar present fhere is imufficient information 10 allow a fuliy deterministic evaluation of the 
Maximum Credible Earthquake; earthquakes of between 6.0 and 6.5 magniîude (Richter) remain 
appropriate in Iigh f of more recent studies, and it is cunsidered (ha f an event within this range of 
magnitude could conceivabb ~akp lace  nnphere within the source zones identified. 

Having said here that the probabilitistic appronch done is appropriate for assessing a 
"maximum credible" earthquake, six pages later Hungary suggests instead a 
"deterministic method", making this statement: 

"Probabilistic methods suffer a nurnber of drawbacks ... [Tlhe identification of source 
zones may be diffïcuIt in areas of low rates of energy release [which Hungary has 
already indicated the region of the GIN Project ta be &, Comment 11 to  "Scientific 
Evaiuation", p, 205, above)], particularly when there is little surface expression of the 
sources ... In addition, it is assumed that earthquakes are uniformly distributeci in 
spare and time within the sources zone, which is mat necessarily true." 
"Scientific Evaluationl', p. 213. 



There is no sçientific basis for assuming that event within this r a g e  of magnitude 
could coneurrently take place anywhere within khe source zones ideniified" for there 
reasoas: (i) the fault lines and s a u m  ma are $nly postulated .ad the g o - u l l d  Gyar- 
Beerke favlt line and zone ir wholly unaubrtuitistbd; (ii) therc is no evidenee there faults 
are active; and (iii) the only appropriate assurnpfion for estimating seisrnic load is that 
another earthquake of M = 5.7, I = 8.5, A = 0,0796 g might occur at Kornsirom. in other 
words, from these nrrurned inputs of the seirmic lkad of ui earthquake at Kamilrom, the 
effect on the critical parts of the Project, over 45 km away, çan then be estimated. 

l 

l 
En the light of the general accepted re-evaluation (ignored by Hungary's ''S~ientiiic 
Evaluationtt) of the magnitude of the only impokant known enrthquake in the genetal 
region - the 1763 Komirorn earthqsiake - to M = 

, wbich its other calculations proceed, is invalid - m, 
p. 201, above. 

5.7, Hungary's sssumed M = 6.5, from 
Comment 3 to "Scientific Evduation" 



please turn to next page 
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Tbc kubumcmral debmnimMion of rra&nW for m p b  rha Richîu Scalc, 
onai a moie m i s e n t  approach cataloguing earthquake m@. nie bulk o f  
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TW Ihe CarpMhian r e g h  b' Çmrm and Kiss (19591: 
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I d i .  
I leoniA&nd wlài tg9 MCS or MSK. 1 As cari & seen h m  T& al. dsc hi- d a i p  intcnsiiy, H, - aurr 

K O ~ ;  ii is cwrrpbk to t h  1763 edtquakt. Md h r  pomilarod by k i l t  
as Ck dsximum possible" for & I I  in 1s 

2 
vay similor to m i n g  cmbodicd in Cnchmbahi building ewk* e l m i  by 
Khk ci 01 (1988). The mniiig applid in the building Eodcr for 'sadard" 
buildings)is baxd purtly ca hisarical caraiqiiakc c m @ .  AS naml by Wnik cr d. 
/19%8h hir appmach is mi r e t i s f x t q  tor "miticil faciliIKsn for vvhich a 
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l 
1) Eanhquakc sciure z ~ c s  an identifid md m m  mlaféonships 
( c a r t h q l  mqnitudc v. rchim pcrid) d l i  for tach -. 
2) An htmmîcm rrhiiuiship (cMhq& motiai v. diMncc fmm 
the cp ib i rc )  ir dcvclopd or a rclwionrhip for a iimilar artacronic 
region /r dqd. In ibk case, carthquikc m&m is chirrabai 
& g y n d  ifcclc-ntim. 

'* by 
flit derign icoelcrPtioiia g i m  in T& 6.1 are direztly comparable with 
rnthquakr ~ f f ~ i m p i  givm in RaaMian and Yugwlavian (1968) hilding c d c s  
(*fer tD 1A.W 1984) for ihe mmsponding intcnsiiy valut. ni- arc cwnparrd 

pair aoc t l& im~ Fakea Spankh. Ital im and Soviei p t i c e  m 
66. kr cm be r;rai h m  Flgiw 66. the ddign coeffsiicinits arr 

v l y  30K of p k  pid açfeterafion. 

4)Tht bmbnbiliy alvarying kvcls of  acalcmion -g or k i n g  
i s  cabalalcd arsrirning an cxtmnc ment pmbability 

distribdiwi for the exparcd dei* lifc of the f&tiry. 
I 

'Ihc 4 ~ i c n h  of th Y w l n  Md Rwuuii cd- and those d tk 
R O M  am bandod for i ~ e  ia siinpic pscuépaatiç desi@ rncihods. By such 
merhDdr 8 -* fom ia applid to üie aruotm k i n g  d y d ,  and the mfabiliry 
of ihc rmratre tcstsd aga& simple cquilibriwn vitaia. Wux pcak graund 
wkntion rrfsa to the si& in@mhmmi mlc+aim during on fi 

b b i l i s t i c  mcrtwds suffer a numbn o f  dmwbr&. kr d i i d  pm im ly .  me 
identitieaiion lof - mncs may bt di f tuh  in - of Sow rares o l  imgl 
ml- pani~ulerly whcm thm is lirtle r d =  exprcrsioa of rhc -3. 

R Q C U ~ C C  rclathmhips whieh &re bascd on a relaliizly simi h i  r a d .  
bsmm inacchc t4-m calculatirtg tht prohbiliiy of adFeme -!s 4th itbmi 
pi& of 10,000 ycars or m. In additim i t  is assumd amtmadt c d q u a k e r  me 
u n i h l y  d i i b u t d  in ~paoc and %tac wirbin thc nume maer. W i  ir aoi 
d l y  d. 

I 

-14 fol -1% have a de6gp coeficimt of 0.10 g (sa Tdblc d l ) .  
~ W ~ * ~ ~ a c a l a a t i m d o f O b w t ~ ( m F ~ 6 . 6 ) .  ~ n i b c d n a m ~ ~ ~ u a l r c w i m r r u e i d c d k d , a a d t b c d f c f f i d  

c a r t h q k  o f  &ng magnitu& a-ng al the clascst point mthm the varioiïr 
so- io -1 site arc a d .  k i e c  or US diffiailtics m r a t o d  with 
pfc&bilmc am- pa- IS givc ui dacrmioic mcbeds m -t 

(IgLD, 198?).Jdcally, Sppmpnarc d timc biwaicl rbaild bc d uid 
c a i s ~ k a m n  bk lgven bo Ml soi1 caditim in d u i b n  ik rL 

an mIy& nas ban c-ed oui usina suon&, m o t m  Lu1 mni ütc 1976 
Fnuli eardq& by k d 6 r  (1994) The Friuli canhqualrc iuas usod oecause rtsc 
-hm ir brc@,te to ttic rcgion (i c., shallow *ka-slip), the cadqukc  
rowrding wm twde rn ouicrcrpping bafmmit m*. m d  ihc magnitude spppnatc 
to rht aRalysir jThe wlys is  considers the d t C I  of a mgoiidc 5.6 cnrttiquake a 
M epicmbal d i  d 25 h A sot1 mlunm 403 m in thi- aar use& 

R a b a b i l i  mcthds a mam of aluabng sciwnk humrd at a sgecific 
aitc. Tbey swe ùindioead by CorneIl (1968). ad arc bawd on the h ino rb l  
4 otcaioiquakcg appiying thc fo!lMng pmcodw: 



(1) It can be seen from Figure 6.5 rhat the "maximum posfibie" event for the region, M,, = 6.0-6.5, 
prescribed by Kdmik is broadly consistent with I,=9 MCS or MSK. 

The proposed assumption of M = 6-0 - 6.5 for the magnitude of the 1763 Kornkom 
earthquake was made 25 years ago by Khrnk (1971). Hungary ignores the widely 
accepted 1991 study re-evaluating the magnitude of this event to M = 5.7 as a maximum. 
Even if the value 1 = 9 MCS or MSK were valid for Komirom, it would not rmt al1 be valid 
for GabEilrovo, 45 km away - B, Comment 6 to "Scientific Evaiuation" pp. 207-208, 
above. 

However, the key factor in calculating seismic load is acceleration. Here sucb factors as 
magnitude, epicentrd distance and geological conditions are necessary inputs to be 
calculated. 

(2) The seismic zoning propsed in 1965 1s vety sirnibr to zoning embodied in Czechoslovakian 
building codes, described by Kdrnik et al. (1 988). The zuning applied in the building codes for 
"tandard" buildings is based purely on historieal ear thquake evenfs. As noted by Kdrnik ef al. 
(1 988), this appruack is noi satisfactor-y for "cri tical facilities " for wkich a "more cornplex 
hazard assessrnent must be made7 This is parn'cularly !rue in regrons of low rates of energy 
release where earthquah source zones and recirrrence relationships are poorly dejned. 

As ncited sbove e, Comment 1 to  the "Scientific Evalustion" p. 201, above), the seismic 
zening of the Project was not based on out-dated 1965 standards. 

It is noted tbat Hungary again admits that there are "low rates of energy release" in the 
region, rnaking it difficult for Hungary to make its risk calculations. But, paradoxically, 
this fact leads Hungary to assume the presence of gremiter risks, whereas the lack of data 
shows the arei to be one of law seismic activity. 

(3) In the 1970s and 1980s, advances were made in +mit analyses, which consider the&ll time- 
hisrory of earthqüake records. 
. . . 
Dynamic analyses, on the olher hnnd, use peak ground acceieration directly. Relationships 
benÿeen peak ground acceieration and in fensiîy were available al the time the design criteria for 
the Projecf were set @r example, see Medwdw, 1962 and Figure 6.6). 1 believe thnt the 
acceleration IeveIs embodied in the Joint Confractual Plan were not intended as a measure of 
peak ground acceleration. 

WhiIe hinting at the availability of the dynamiç analysis method at the time when the design 
criteria for the Project were set out, Hungary hides the fad that meaningful use of this method 
presupposes the availability of exact information on the geologicd-tectonic structure of the region 
(this information was mivailable only later). Hungary in referring to the original state of Project 
design also ignores the gradua1 up-dating of the seismicity and stability research. 

Thus, the stability of the Project was re-assessed in 1982 when accelerogrms of the Fsiuli 
earthquake (1976) ("full time history of earthquiike recordt') were used by Gidroproject Moscow 
(experts Docenko and Vucel to calculate the dynamic response of the Project at acceleration 0.2 g 
at the dyke's foat by the method of finite elements. The duration of the Friuli acceIerogram was 20 
sec. This calculation was based on the best available information (at that time), 

Only after having obtained new information on the structure of the Danube besin in the 
framework of the DANREG project and seismic reflection research reprocessed by the US oil 



l 
cornpany Mrurus, was it possible to make full use of the new methods referred to by Hungary. The 
two rtudies fonning Ch. IO of Vd. III are based on these methods ouid the Iatest information. 
Without the exact entry data, the use of these methods woAld be worthiess. 

When Polko used information gained from the Frivli earthguake in bis cdculations of acceleration 
0.125g at the dyke foot (0.25 i t  the dyke crown), this Atified to the cautions npproach of the 
designer. By rontrnrt, shhould the Friuli mchaniun be l e d  for c:alculatioos in the 1990s, whm 
much more advanced data on source accelerograms and the geologicd structure OF the region are 
available, then the results of such cdculations would be irdelevant 



please turn to next page 



s o a r i n i c i o d i n t h c h e s d r a o c a n i l r m d a i h t J o ' ~ ~ P ~ m c a a ~ t h a l I h c  

6 . 3 . r g s c a k m e n r ~ o f k s r ~ O 3 m r a . i h e r o f a . b c ~ ~ t h h i m u t  
mm* ofs zo mhigh dykc. 5 

t v p i d ~ ~ i n t h c ~ o f h m i ~ m o d i u m . &  
Medium and -maid SM& ndr vimts 

(the paidmcc in îhc Ïuni i -  mabnne decaikd for dw v h t  c ~ a . ]  
Thiseomprivmr0.6mm tbickPVCmembrancawcredbya 1 5 m ( h ~ o f  

e h i  modclling ii nwr m i b l c  ia d i r h  p ~ r c  pcwwe g ~ r a r i o n  an tK 
Md pndictimu d r  of dkpkccmcnt uid Ims o f  stmqth d fwndation 

mitaiila as s mutt ofcmdquike &king. 

phewmeru hsvc km dDauncntrd a. four m i o m  in Hungmian 
biPtorr: 

Lpnaier.dphaiwunaarenot~datRichtcr~i~nfkmth4n 
Sn. AtlfDDUph mpm-dydy htge (M-73X h 1977 carittgudrc Ui Vranca 
h i 4  is illipantive of Ihc p d l m .  î l e  mdq& cpioenizc was 
r c * t m ~ d k p ( * 1 ~ b ~ u d & & ~ ~ t r ~ d ~ e r a * d e A ~ i f f l m  
horimsal gniund sccckrarida of sbait 0 2  g ard inrcrisity, 1-8, - riwmd in 

An cm k 50m fiDm Figvn d8m. l i q w f d m  pbawniaip umc 
widcspr+d up ia 2[W) km h the cpieaiûe. Lataal s p d i n g  md las 
d kœtmmd of dyim duc 10 liqucfeaim w e t  obsmaq and nd shmn 
ubmpacally on F i g m  6.86. 
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6.3.3.2 ~f~ o f ~ / o & o n  molcri& 

G m u i l r r m a m i a k f a ~ s i ~ i i a n & d p # I r , b i r r ~ d ~ t h  
wria md in a d diii may be nibjoer to liqucfadion. Soiils undcrgoing 
Sind- losa Miu sümgth, artd îhip ip d e d  by pkemmma  sud^ as 'rand 
bMb" d n g  ai ttic amfsoc md flmwlidca. L iquef~ icm pbmmcm haz b a n  
a s w i c ~ v i d i ~ r i a l r n m h i i b c x t m d i n g W m d u  t6thi~aimy. 
T h d  ai damagc to ~ n m r n t  filYs duc to liqucfadion bcgPn m 
aDngc in tk 1960s le.& Duk and ï e &  1%3) It ivas KK until 1971, moi the 
hiliin of the Lows Saa FUM& Dam itint dcsimm bFgsn to tfit 
IiiiPtiau of p d + S m k  d c s i  mnhods w b i î  made mi allowanœ fw 
G X q l U t  a cvn parüak IiquetaeQ~ d mils. A methal of d u a t i n g  liquckdon 
potaitial rvas fm madc by Sead and Id& (1 971). The mcrhod, wbidi u bascd on - F i  and tk rrailts of rgnhtrd pairnation te* i s  sri11 u s d  in  cumnt 
p c k .  WihiDnii have sincc kai made IO makc dl~warwc fw canhquskc 

I p d a i  in p h  d siandard pmtrarion Esg (for example. TokiimetEu and 
S d ,  I987 ~d Tdümatsu, 1988). 

1 T d c a l  dmiqmmîs in . b m q  Ming und tke dynamic d c l l m g  OF mils / bavc cowmmüy with cmpir id in&&. L p h i s t i d  dynnmic finite 
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i&tsu (1988) are b d  ai or 4 . u d  @ gratrad 
msduatid.  bmUr(1992) shomd thni pcsk gm~ndafce&rations ofatmut 025 g 

6.3 3 3 Selrlctuenr imf&ion rnuter~uls 

Granular ni~unals may undergo volume changc ar a rnult d u d q u a k c  shaking. 
The &&me Of wilumc change is drpedait m ttic dymmic s h  &n IO iuhich 
the mils mkubjact. ard thc denstyund m i n  sin of the mi le  ïhc wlumt change 
mults in &ment ai the pund rd=.  Whm th dtgroc of shsking i r  
sufkimt d E~LPC Iiqutlaaioh ~ l a n c n t t  may be in cxccsl o f  1% o f  h 
t h i c b  a f / h  liquefiablc mil. Liqutfedion in. hmwer, noi saiafy aarwary 
fw scnluna*r, ta lskc place; swltmcnü of up Io a h  1% of  me thickwa o f  the 
dcposil are p h i b k ,  withour liqlicfectioo @king p h  

l 
T k r e  havc qaai a number o f  w wudia thc III@ b t i c  of whid mumd m 
Ihc H w  Split during the 1964 Alaskan FbIhquakc (M-8.5). M-men& 
d m u d  rhei bttkmdits amounting to O 5% (0.76 y) af rhc 140 m-thii hycr of 
sa& and &vcb ni the site mrc dut to withm rhse materials. in 
sdditioa. 0.6'm of  regional subsidcm M o k Z g i n g  thc ml mImin~ ta 
136 m Ar&a iIlu?;aativc uiu Ehady i s  the mialler, M-63. tnrrhquakc in 
Edgccumbc. N w  Zcalad,  in 1987. The -de, which b4d mi cpicrnmd 
inicnsity of b, vm mmpanicd trj w i d q d  Zigutfaaion ora a 1QO km' m 
(sma d w~;oo4 1989). 9 
Thcm ne simiMi-  bwecn ~ u n d  emiditim si Erîpumbe md thcm in L s  f 
Szi (Ir M am thwght to lx bcbc in mes of avstal sin ùig; rats of 
ihkE m ! a i r u m b r  =bwit 1-2 e d a m  ha luihluslrC (Biiik 7 - ,- 
and ~kcrty ,  1 tg&;), which is ~ ~ ~ p a r a b l c  tu tf;at oitbe ~zig& in bo4h .ruis 
thcrc M dcm b i n s  fillad with OuatsDarv mafaials. in ahiihmi rn WI- 
l i q u c f a k .  k l m n r r  of up y, 2 m wcn.cccdd. Thc taulipi& solurien for 
th main shodr k indicatcd both su i lw l ip  Md ~ w m a l  aimpmamn of f iaking 
a d  i t  iS ~l~af l f ro rn  field absavations hot mriucmaib have iakcn pl= on -1 
faulh ne n&ly within the csnhquekc h m & .  fh wl-t c&md 
iras ihe rtsult kf boih mmpacrion of thc Qmtemary ails, and tcamk mow-t. 

I 
Simple rncihmls o f  cstirnating compaction xnlcmcnu have km d m l o p J  by k 
und Alhisa (j974). Tokirnauu and Smd (198Q Md Waiabc rr el. (1993). 
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(4 The siudy by B o d r  (1994) forms a usefiri basis for cornpanson, m the meni size approaches 
îhal of rhe "mwjmurn possible" given by Kdrnik (1971) and the epicentral distance is 
cornparable to Soth the distance of Gabtikovo ro the GFr-Becske Line (Balla, 1994) and the 
dis fance of Dunakiliti form the Mur-Mtin Line. 

See, inter alia, Comment 3 ta "Scientific Evaluationl' p. 201, above. - -- 
(2) The concept of designing critical facilities to maximum credibIe groumi motions evohd during 

the J 9 70s a~td 1980s, and was embodied in ICOLD recclrnmen$ations in Bulletin 72 in 1989. 
. . . 
A defailed risk analysis is, however, reqitired to defermine wheiher fhis leveI of design is 
justified Such an arralysis, using present "state-of-the-art " techniques, has noc ro my knowledge 
been carried out. 

All the customary methods of assessment of risk have been used for the GIN Project and 
brought up ta date to reflect advances in science and technology (-, Comment 1 to the 
"Scientific Evaiuation" p. 201). But, of course, any such assessment is hampered by the 
lack of data, as this Chapter of Hungay's "Evaluatirrnt~epeatedly points out, for the 
Project is not located in an active seismic region and hence there is not much earthquake 
data. 

(3) The study by Bonddr (1992) indicafed a peak ground acceleration of about 0.215 g for a 
magnitude 5.6 earfhquake ut an epiçentral distance of 25 km; a similar exercise using a 
magnitude 6.5 earihquake is likely to show a kigher level of acceleration, probably of the order 
OSO. 3 g, to be applicnble lo the majority of the project. 

Hungary's calculation of the most important component of earthquake risk, acceleration, is 
greatly exnggerated. And the reference to BondAr (1992) is a rnistake of some significance: 
the reference at the end of this Chapter of the 'lErduationl' includes only Bondir (1994), 
clearly tied to the 1994 "Seientific Evaluation" of Hungary. ~ 
In contrast to Bondir (1994), Slovak experts have calculated the accelerograms of 
expected earthquakes, using established techniques, from which 500 different models were 
constructed for different sites within the GIN Project, In the locality of the GabEikavo 
step, the accelerograms could be very accurately calculated since there i s  situated there a 
geothermal well of a depth of 2,582 metres, revealing the detaas of the subsoil. They also 
had at their disposai seismic reflection sections. These measurements were reprocessed by 
the United States Company Maxus "for the sake of better legibility of integrated geologic 
environments". Slovakia's calculations so rendered show Hungary's calculations of 
accelerations to be in error by a wide margin. &. Vol. III, Ch. 10. The following 
extracts are taken from the conclusion to Part I of Ch. 10: 

"We present herewith the results of a cornplex analysis of accelerations and spectral l 
1 

parameters of wave motion, carried out within the whole area of the GabEikovo Project, , 
using in the calculations a variety of parameters, epicentrd areas and real geoIogic , 

environments." 

The SIovak scientific: analysis inditates the huge difference in the calrulations of 1 

acceleration resulting from Hungary's errors and incorrect assumptions: 



"These results have shown that the maximum calculatecl acceleration appficable for the 

On the basis of the geological - tectonic analysis (Hok, gt a, 1995 - Vol. III, Ch. 9), it 
miy be coneluded that thcre ire no scismosrtije tectonic fiults in the region of the 
GabEikovo section of the GIN Project an the Slavak side of the Danube. 

I 

GabEikovo Project and obtained by the means of 
0.0796g, and not 0.3g, as asserted in the HC-M." 

(4) I have MI seen the results of rhe imstigations of the fault ljne in the imrnediate vicinily of 

Although the iuthor of this Chapter of Hungnry'r ISeientific Evaiuationtt allrgedly Licked 
data about the "GabEikovo faulttt, he is able, nevertheless, to conclude that "it is possible 
thnt this favlt should also be canridered as an eakhquake source". In other wocds, th 
lack of access to data - whieh is aoknowledged to lexist - leads to the startling conclusion 
that it must be assurned that an earthquake of major proportions wiH strike GabEikovo, 
having a peak ground acceleration even exceeding 0.3g, which S1ovakiats calculations have 
demonstrated is 4 times too high for an earthauske occurring at Kornhrorn (not at 
GabEikovo) of M = 5.7 and I = 8.5. l 

calculation af the MCE equals the value 

GabEekovo, which were cnrried out By the Slovak stde. 
capability of thjs fair& and i f  i~ possible f k a r  rhis 
earthquake source. Fincltided, IeveIs ofpeak ground 
applicable to Gab Cnkovo. 

J am therefore unable to comment on the 
faulf should also be considered as an 
acceleration grearer than 0.3 g may be 

This is simply incorrect. &, Vol. III, Ch. 1 1. l 

There is no proof that a fault line ruds through Gabdiùovo; on the basis of various 
hypotheses, its existence has been assumed. If duch a fault line erists, there is not the 
diphtest evidence that it ir an active faulL In fkrt, nowhere on the Slovak side of the 
Danube in the regioa of the G/N Project have any of the fault Lines identified been shown to 
be seismically active. 

(5) The bulkJill of the headruce canal àykes comprises ~ a n k b e  gr-1. 

(6) 1 have not hod occess lo such del i ls  on the Slovctk sidé and recommend thaf Nch o rwiew be 
carried out by an idependeni review board. I huuo sohe concern over tk perfrmance in the 

I retained-wa fer membrane delailed for the Varianl C dykes. 

. . . 
Such mafet$ais when recompacred tend to be easiIy 

Hungary, as joint partner in the Pmject, has hadi complete information concemidg the 
construction of dykes under the Project. The details concerning the "retained-water 
membranevt used for the limited idditional dykeî ndeded for Variant "C" m r c  published 
in Slovak papers submitted in connection with the International Conference relerred to 
earlier. k, Comment 4 to the "Scientific Evaluation" p. 204, above. The membrane 
poses no risk (see, ibid., Commuit 7, above, ~ o m d n t  9 to "Scientifie Evaluation" p. 220, 
below md Val. Ill, Ch. I l ,  fn. 2. Appnreatly, this ~nfarmition was nat made available by 
Hungary for the preparation of Chapter 6 of this u~shentirir Evaluation". 

eroded by watev and are potentially 
internally unsfable when subjec t fo fhrough-jlow of wa fer. Gradings of the Danube grave] that I 
huve eraminedfail the crileria ofKenney and Lou -198f). which has been shown fo reasonably 
predict infernal instabili& observed bo!h in the laborapry and in the field. In the 1960s and 
19 70s, such materials were generdy  considered as stable. The putential vlllnerab7liiy of these 
mureriah is of concem and increases the risk of a bredch of the &kes ocmrrlng in the event of 
damage to wufer-prooJing membranes or over- fripging. 



(7) As discussed in Chap fer 6.2.3, the very low penetra fion resistance of the recenf j n e  sa& and 
si/& in the region indicate these materials fo be susceptible to liquefaction. 

Al1 these materials were removed in constructing the dykes, as Hungary was well aware. 
This is not subject ta doubt. See, Vol. III, Ch. 11 and, in particulmir, Figs. 1-4 thereto. 

(8) In the worsf credible scenurios, therefare, facilities ar finnkiliti, hnovo and Gnbdkovo would 
be jusf wiihin arem of potential fiquefaction surrounding the source zones. 

A ''worst credible scenario" would not place the criticai meas of the GIN Project "just 
within the areas of potential liguefaction surrounding the source zones", The fallacy in 
such a scenario - based on postulated fault lines, in no way established to be active, and 
based, further, on the scientifically fdse assumptions conçeming zones - has dready been 
shown in the Comments to this Chapter. 

The materid potentially subject to liquefaction has al1 been removed. 

(9) There are similarities behveen ground conditium ut Mgecumbe a d  those in the Szigefkdz. 

Here, Hungary's ++assessment" takes as a case study min earthquake in New Zealand. The 
reason such far-flung examples are needed for Hungary's examination is that there are 
inadequate earthquake data for the Danube basin, sinte it is a low risk area. 

The "assessment" agnin ignores the fact that the material subject to liquefaction was 
removed in constsucting the dykes in the GIN Project. 



I) A b @  msimni wüb pub in 1965. the- mcth0b u d  fa 
deaminmg mC m m i c  m ing  &a noi wmpiy wih curran pnairr. 



(JJ Ar presenf, I do not have suflcient information on ground conditions fo filly appraise polential 
senlemenfs. If seems likely, hkowever, f h f  the Danube gravel would nor be susceptible to 
setflemenf during shakïng. ifihis is the case, fhen lofal setîlemenis due fo compaction of the 
overlyrng Holocene could apprwch 0.3 rn without liguefaction having taken place. Evidence, is, 
hawever, required to exclude the Danube gravel as confributing to possible setilement. 

"1 do not have suff~ciie information on ground conditions": the question is why suficient 
information was not provided to the author of this Chapter of the "Scientific Erduation"? 
The dyke on the Hungarian side, whose safety was of direct concem to Hungary, was 
constructed by Hungary- The safety of the dyke dong the headwater canal was of far 
greater concern ta Czechoslovakia than ta Hungary. In any event, as joint participants 
Hungary knew al1 the details about ground conditions and the methods of dyke 
construction. As is demonstrated in Vol. III, Ch. 11, great care was taken in dyke 
construction to remove sediments subject to liquefaction and to replace them with high 
quality gravel, using established techniques to prevent seulement. 

(2) A number of geofechnical problems were identtjed by Maniuano (1989) relan'ng to the 
impoudment upstream of Nugymaros. Tkese prublems were prinçijmlly of river bank stabili9, 
and the efleci of risirig groündwafer on exisiing land slipping. Alfhough solutiom had been 
investiga fed in sorne areas, other areas remained unresolved. Above Zebegény, 
groundwatev would potentially have caused flooding of low lying areas. Preveniion of foodjng 
would have required permanent pumping. The economic impact of rhese geotechnical Issues 
would have been signijcani, and certainly required evaluation. 

These "geotechnical problems" have absolutelv nothing to do with seismology and 
earthquake engineering, the subject of this Chapter of the "Scientific Evaluation". The 
problems "identified" concerned the possible effects of impoundment of water upstream of 
Nagymsros on river bank stability and the possible effect of risiag groundwater on existing 
land slipping. These were problems that were both obvious and well recognised before 
1989 (but mainly existing on the Slovak side). 

This account itsdf indicates that solutions had been found in some areas but not in others. 
Et i s  concluded that the "economic impact" of "geoteehnicd issues" would have been 
significant, But there were al1 sorts of similar "significant" problems being dealt with 
throughout the development of the Project. 

3 )  The seismic zoning for the project was conceived in 1965, and was based simply on historical 
records of earfhquakes in the region. The application ofihis approach is widely recognised as 
undemstimating the risk associated with large, crifical projects. More recenfly, probabilisîic 
and defermipristic merhods of evnluating seismic hazard have been developed, and re-evaluation 
of the safev of existing dams has been recommended by fhe Inlemational Commission on Large 
Dams W L D ,  1989) 
. . . 
As for as 1 am ware, no sysfemaiic atfempt has been made io re-zone the projecf ming metho& 
of huzurd evaZuafion thai corn& with current practice. 

As noted above (at Comment 1 to "Scientific Evnluation" p. 2011, the contention that the 
GIN Project was constructed on the basis of 1965 criteria long since outmoded is totally 
wrong. The Project was repeatedly reassessed and its criteria updated, and 1i seismic 
microzoning wiis compleled in 1980. Since 1970, the caIçuletion of accelerograms and 
spectra of seisrnic cesponse has been in use. Peak açceleration has beea ca1cuIated from 



(4) To my browledge, aafu risk amlysis hos not been caked Our When considering the size of the 
projecf and ifs location, and importance, a risk ahalys~ would, bby prespnl standar& he 
regarded as mandatoy. 

these. The latest information from the latest 
incorporated. 

Once again, this Chapter's authors have seeminlIy bmn kpt  in the dark by Hungaty. 
There have b e n  repeated risk analyses, the most(complete having been prepared in 1982 
fsee, Comment 1 to "Scientific Evaluation" p. 201, above). Slovakia has undertaken 
another full Nsk analysis in the light of the contentions set out in Hungary's Counter- 
Mernoriai, which nppeus in V d  111, Ch 10. ~his/rn.lysio dm rweils the serious flans in 
the andysis specially prepared by Hungary for this case. 

structurd-tectonic studies has been 

(5, A simplhtic anessrnent of risk bassd on ICOLD ~ u l l e f h  72 would probably place the projecr in 
n high risk category. This suggests ihar the s f ruc iuh  should be designed to withstmd the 
Maximum Ct-edfble &r!hquoke. withoout unconfrolled rileore of the impounded water. Subject to 
a risk analysis being carried out, a sensible opprouch for preseni review is fo adopt source zones 
on the bosis of the recent geoiagicd, seismoIogical &d iecronic studies for example, Bolla. 
19941, and apply a worsi possible earthquake of M=6 5 within these zones. 

"A sirnplistic assessment ... would probably place the praject in a high risk category": this 
sort of hedginp in Hungnry's "Scientific ~valuatiotb' cannot be secepted. Earthquiie ri& 

l assessment is, by its very nature educated guesswork; but it is necessary in order to arrive 
at safe design and construction criteria. Once having made a risk assessment, it cannot be 
further qualfiiu as t~robibly" kading to a certaih conclusion, or that it would "probibly 
place the project in a high risk catego y". 

Moreover, Hungary reaches this entirely incorrect 
exaggerated data into its computations, as is shown 
VoI. III, Ch, 10. Risk analyses have been earried 

conclusion by feeding incorrect, greiitiy 
in the Slovak analysis appearing in 

out - the most recent being Slov&a's 

In contrrst, Slovikii had strrted its Maximum ~ded ibk  Enrthquake Analyrio in 1993 - l well before it received Hungery's "Scientilic EvaIuation". The Stovak calculations show 
I Hungary's assumption of a worst case earthquake of M = 6.5, if applied to the critirmil 

i re is  of the Projed, to be greatly exaggererated. In dsrtieuinr, the "potcntid capability" of 

1995 assessment annexed hereto, There is no b l l s  for arriving at a "worst possible 
earthquake" of M = 6.5 (on the Richter scale) and a maximum cdculated acceleration of 
0.3 g. Slovakia's 1995 anaiysis in accordance with the opinion of foreign experts Bune, 
Brookk and Szeidovitz indicntes the maximum assumptionr for an earthquake at 
Komhrom should be M = 5.7; I = 8.5, and A = 0.079. But these values are for Komhrom 
onlv, not for GabEikovo, 45 km nwav. 

(6) Sise response srudies, sucia as that made by Bonddr (la92) should be used ro determine input 
parameters. Considerution should nlso 6e given to the poiential capabiliv of the fault iine 
located 700 m downs fream of Gab fikovo . 

Hungary's "Scientific Eraluation" contains no reference to Bondhr (1992); only to Bondir 
(19941, utracted as Anmx 22. Thue i no evidende of suih a 1992 Hungarian Ehidy; the 
Bondir atudy wns rpeeifically prepnred for use in tais cane. 

what is known as the Gabeikovo fault is well 
investigation; it is an inactive fault creating no 
and 2 ta "Scientific Evaluation" p. 206, above, for 

established and requires no further 
earthquake risk (See, p. 206, Comments 1 

an explanation of why the Gabëikovo 
step was moved 700 m upstream of this fault.) In addition, a realistic analysis directed by 

I 
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7. COMMENTS TO HUNGARY'S "SCIENTIFIC EVALUATION", CHAPTER 7: 
ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

0 EHvironmental Impact Assessrnent (EU) is a process for acguinng, annlysing and reprting the 
facls about Ihe social, economic and environmental eflecrs of econornic developmenr plans, 
programs and projects. EIA addresses the constraints and oppriunities rhat the naiural 
environmeni brings to the sirccess ofdevelopmertt. Ils aim is to ddiscover problems a# an earIy 
stage and io provide for fheir $oiution so rhar the benejts of economic growih can be achieved 
withoirt unacceprable damage fo environmenrai values. II specijes monitoring and p s t  
developrnenf airdits to ensure haî environmental prediçtions are accurate and t h r  
implementation of measures and precautions reduces or mi& aàverse environmental eflects 
(Carpenter and Marugo$, J 989). 

As an initial point, it must be noted that Hungary writes as if it was introducing the 
concept of the EIA to parties othenvise ignorant or unsure o f  i ts  rneaning and purpose. T t  
is quite clear, however, that both Hungary and Czechoslovakia were fully aware of the 
existence of the EIA procedure and the goals it could achieve well before the current 
dispute. As evidence, it is sufficient merely to quote the introduction to Hungary's own 
1985 EIA (a document which Hungary now seeks to present as inndequate and outmoded): 

"The Environmental Impact Assessment as a method has barely [existedl longer than 
10 years in the world. Preparmition of Environmentd Impact Assessment first was 
ordered in the United States in the local environmental act (NEPA = National 
Environmentd Poiicy Act) in 1969, Other countries - so far those which have 
introduced the Environmental Impact Assessment - followed the United States with 
several years of delay. (For example in Japan there are ElAs prepared since 1974, but 
at governmental level still they could not succeed to order the preparation of EIAs.) 
I n  our country the 4611984 (6 September) decree of the Council of Ministers about the 
"procedure of investments" imposed the preparation of the Environmental Impact 
Assessments as part of the preparatory and approval procedure."(Hungatisn 
Mernorial, Vol. 5, Annex 4 (at pp. 15-16) 

There is thesefore no need to introduce the concept of the EIA by the elabcirate definition 
contained in the "Scientific Evaluation" (especially as it is taken from a 1989 Training 
Manual produced in Hawaii and relevant to environmental impact on tropical islands and 
costal  areas). 

(2) The need for a proper ELA in relation to the G N  project was, for example, demonstrated in a 
PHARE programme request an behalf on the Federal Commit tee for the Environmen f and the 
S'lovak Ministty of Wuter and Forest Resources and Wood Manufachring lndustry (1 990). In 
~ h i s  projecr proposal, of which the cost was estimatecd ar rhree miIIion ECU, li is sfafed rhal the 
'ktrategic position of thls Danubian Iowland and fhe new large hydropower scherne under 
completion, "Gab6kovor', require a fhorough and cornplex study of a proper impact assessrnent 
model, enabling aiifhorities to ensum the protection of naturai and anthropic resources, 
baianced ecological development, as well as optimised decision makrng and management. " 

The PHARE project is not an EIA and wes never intended as such, and in nishing to 
proceed with the program Czechoslovakia was in no wny pointing to a lack of research, 
but a desire tu optimise ground water conditions, Moreover, the focus of attention of the 
PHARE program is the Danubian lowland, not simply the GabCikovo Project. 

(3) It is eviden f that borh Hungary and Slovakia eventually ,fiIl the need for a proper and in dep th 
EL4 on the G N  Project. The Iack however o f  a formal legal framework befire 1992 coinciding 
wiih the EiA concept us ourlined in this section may exphin why no EIS was ever done. 



l 
Hungary's comment is confusing and contradiçto its own findings. An ELA is an 
environmentai impact assearment whiht an EIS i/ an environmentai impact statement, the 
basic rritten document behind an EIA. T h  "~dentific Evaluitiwt' (rt p 248) sprpecifiully 
states that Hungary's 1985 mssessment "cm be chled an EIStt. It is therefore inconsistent 
ta çlaim that "no EIS was ever donerv. 

It may abo be pointed out that enactment of what Hungary considers to be adequate 
legislation post-1992 has not led to "a proper and in-depth EIA of the G/N Project" being 
csrried out by Hungary. In HC-M, Vol. 4 (~ / t  2) Anne. 23, nference is made to a 
Hungarian 1993 study, which Slovakia has never seen. Hungary describes it as "too 
incamplete ta be given the n m e  EIS" m.). 1 It is sLÎo evident tbat the "Scientific 
Evduatian", prepared for the purposes of the present case, cannot possibiy be caiIed an 
EIA or  a EIS (iod ~ ~ o g i r y  dom mot d.im othulnwl. 
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(1) II becornes clear that EL4 is still not solving our environmental problem: the prediction of 
cumulative impacts and the introducrion of HA for policies, plans and programmes remain 
Iargely unresolved. 

This comment is baming. The prime purpose of an EIA is to reveal enviconmental risks 
and impacts. It points up potentid risks and dangers so that the ensuing politicai decision 
may be based on better information as to the possible environmental effects of a 
development and so that variants and alternatives may be considered that lessen these 
effects. It is also sueprising in the light of the current focus placed by Hungary on EIAs 
that it should call into question here the whole purpose of the EIA. 

(2) This background highlights aIso thar in 1977, when the GBV treaiy was sigrted between 
Czechoslovakia and Hüngaty, not on& [w clear-cur EZ4 procedure existed, but moreover the 
p e r i d  can be characterised as very experimental from an ELA point of view. In 1989, howmer, 
when the treaty was given up, it was clear that a proper, cornplex and refined procedure was able 
ro provide a realislic basis for decision making. Jn the 1990s rhere was, also on the basis of 
exjsring national and international regulations, no just@cnfion for implemenfing Variant C 
without an EL4 as dejned in a contemporary context. 

The relevance of this is unclear and the presence of legal-type conclusions h., in relation 
te  '?international regulations") in a "Scientific Evduation" is questionable. 

The following faEts are of relevmce: 

1. Prior to the signature of the 1977 Treaty, the G/N Project was studied intensively from 
an environmental point of view, in particulsr through the 1975-1976 Bioproject. I t  may be 
that "no clear-tut EIA procedure existed" mit this epoçh, but this does not cal1 idto 
question the essential validity of the Bioproject or its 1986 update. 

2. Hungary introduced the EIA in 1983 in relation to the GIN Project and in 1984 
followed this by Governmental Decree 4611984 making ary EEA obligatory for al1 major 
projects under governmental control. The, 1985 EIA shows that Hungary was very well 
informed of the background to and purpose of an EIA. &e, Comment 1 to "Scientific 
Evduation" p. 234, above. 

3. If, as Hungary çontends, it became clwr to it in 1989 that there was a need for s 
"cornplex and refined procedure", that is, for an EIA, it is surprising that in the same year 
Hungary in fact repealed - and did not replace - its 1984 ELA Decree h, Comment 3 to 
"Scientific Evaluation" p. 247, below). 

l 

4. Variant "'C' iis not a new and previously unresearched project. It is a variant of the 1 
GIN Project that puts into operation the bypass canal, the GabEikovo step and part of the 
planned reservoir. It was perfectly acceptable to draw on past EIA work in relation to the 
GIN Project and update this as riecessary, 
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(1) The EC Directive 85/337 requires Member Sfutes to include the following aspects in the EPJ: a 
descripiîun of the Iikely signqîcanr eflects on fhe environmenr, direct and indirect, of the 
developmenl with reference fo human beings, jlora, fiauna, wafer, air, climute, the 
landscape, the inferaciion between any of the foregoing, malerial as set^, the çulhrral heritage. 

The EC Directive makes an EIA mandatory only for those dwelopments listed in ir annex 
1. Hydroelectric power projech are not listed in annex I; they are in fact Iisted in mnex II 
to the Directive. EIAs are to be carried out in relation to developments listed in anner II 
at the Member §Tete's discretion, There is therefore no mandatory requirement under EC 
law for an EEA for hydroelectric prajects. 

The Directive is still not fully implemented in di Member States - B, SR, Annex 2. 

In any event, in its technical annex, Hungary evduates the 1985 EIA in terms of its 
examination of Project impacts on "human beings, flora and fauna, soi], wster, sir, 
climate, materid assets, cultural heritage (including architecturai and archaeological 
heritage)". In other words, Hungary applies exactly the same test as appPed by EC 
Directive 85/337. According t o  this test, Hungary's 1985 ETA was classed "A", that is 
'"generaily well performed, no important tasks left incomplete" - E, HCM, Vol. 4, Annex 
23 (at pp. 903,907-908). 

(2) Sus fainable development depends on sustainabie use of resources. ELA nssist sus fainable 
economic development (Carpenter and Maragos, 1989) : 

Once more it is questioned whether a 1989 training manud relating to tropical seas and 
ceastal areas is an apposite ehoice for a useful definition of the link between sustainabIe 
development and EIA in relation to a dam project in Central Europe built under a 1977 
Treaty regime. 
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(1) Despite the evidence of social and environmental damuge, large dam building is an ongoing 
enterprise in many parts of the world. Large Gams are gerterally projec fed as sources of clean 
energy and water mpply by iheir proponenfs, but have been criticised on grounds of social 
unaccepfabil~ty, emironmental unsusfainabilify and economic inviolability ail over the world. 

"Large dams": Tt is  noted that the G/N Proiect is not a large dam aroiect aecording to 
Hungary's own technical assessrnent - sec. HCM, Vol. 4, Annex 23 (at p. 893). i t  i s  
misleading to have omitted this important fact from the "Scientific Evduation'! The 
significance of this fact becomes clear from Hungary's technical discussion in HCM, Vol. 
4, Annex 23, f r ~ m  which the following extract is taken: 

"The s o d d  and environmental effects of large-scde projects are much greater thaa 
those of smdl and medium sized proje&. ... Smail and medium scde projects are the 
best for sustainable resource use and for reduction of disastrous effects." (at p. 9161, 

Under Hungaly's own criteria, the GIN Project is a "medium scale projeçt". 

(2) In particular, aU large dams jnanced by the World Bank are subject to an EU. 

The relevance of this is unclear given that, acçerding t o  Hungary's technicd assessment, 
the GIN Project is mot r larpe dam riroiect. The World Bank does finance truly large dam 
projects, the environmental impacts of which are on a scale that completely dwarf the GIN 
Project impacts, The fact that such projeets may be "subject to an ELA" does not alter 
this fact. 

(3) It was forlowed by n decree which made ir obligatory to undertake impact shtdies for major 
projec fs under governmental con frol. This decree was repealed in 1 989 (Radnia, 1993). 

Hungary's suspension of works in 1989 is characterised by the "Scientific Evduation" as a 
cal1 for a "comprehensive EISt' (environmental impact statement) (at p. 252). In fact, in 
1989, Hungary repealed i ts existing ETA legislation (which had been put in place as early 
as 1983-1984 and led, notably, to Hungary's 1985 EIA). The legislation r e p d e d  in 1989 
was not replaced until June 1993. It is impossible to square this fact with Hungary's 
elaims that its change of regime in 1989-1990 led to a new awareness of environmental 
issues, in particular in relation to the G/N Project. 

(4) Since Hungary did nof have any prior experience wilh EIA and did nof incorporate a systematic 
screening ofenvironmentaI impacts inio ifs legislacion, rhe Gabahvo-Nugymaros EISs can be 
considered "experiments". There was no previous experience, no esfablished procedures or 
guideIines and no EIA traditions io form a basis for the preparations of environmental reports of 
high qualify. 

These statements are incorrect: Hungary did have EIA experience and established 
procedures prior to 1989. En its technical annexes, Hungay accepls that the 1985 EIAts 
assessment on the GIN Project's impact on "flora and fauna, soil, water, air, clirnate, 
landscape, material assets, cultural heritage ..." should be classed as "A", that is 
"generally well perforrned, no important tasks left incomplete" - e. HCM, Vol. 4, A n n a  
23 (at pp. 903,907-908). 

(2) This 1985 study is the mosf comprehensive when compred ro the 1983 and 1993 document. In I 
I facr, it is the only docurnenl which can be called an EIS. 
I 



The 1993 study, whieh HCM, Vol. 4, Annex 13 p"rports ta review (but, in fact, does aot), 
has not b e n  placed in evidence by Hungary and hm not b e n  seen by Slovakia Only the 
briefest teferences to this study are made in ~riiie! 23 and the "Scientific Evaluation". 

1 

Here Hungary admits that the 1985 EIA "cari be 
staternent). 

(6) The Lee and Colley review package (1 990) consists of b lis f of revjew topics, a list of assessrnent 
symbols and a collation sheet. 

called an EIStt (m environmerital impact 

The review 
package used to assess Hungary's 1985 EIA is aimed at dams only - HCM, Vol. 4, Annex 23 

(at p. 882). The GIN Project is not a large dam 4roject according to Hungary's technicai 
evaiuation - m. (mit p. 893). In  any ment, in its essentiai aspects, the 1985 EIA was 
reviewed favourably under Hungary's review system - m. (at pp. 907-908). 

l 
(7) The ma@r limitanom offhis dommeni con bs rwnmri!wd os/~lIows: 

"Overall, the 1985 GabCikovo-Nagymaros E I S ~  considerrd n border line case nhen it 
cornes to its quality, Although certain parts are well done and the document presents a 
lot of very important information, there are hso many tosks left incomplete or not 
attempted at all," 

1 The "major limitations" are noticeably insubstantia1. They relate principally to structure 
and prerentation, &, the triticisrna are as to: "nA discussion on the scope"; "studier are 
not direussed in an integrnted nay"; "ehoice of sdandnrds ... in not explained"; "layout is  
confusing". This does not constitute criticism of 
Note, that even Annex 23 to HCM, Vol. 4 concZudes - 

l This 1994 opinion as to bow an EIA shauld be preslted is quite beside the point. The fact 
is that Hungnry's 1985 assessrnent was indeed an EIA carried out under Hungary's 1984 
Deeree; it eannot bc dismissecl by Hungiry todiy,land in faa Hungary's technicd A n w  
rmks it as "A" in its most important part: "generaJly well perforrned, no important tasks 
left incomplete" (see, Comment 4, above). The 1985 EIA's basic aim was to inform the 
Government of Hungary whether the GIN Projeet hrr mvironrnentîlly surtainable; and it 
certainIy fullilled this fundion. 

the substance of Hungary's 1985 EIA. 
(at p. 908): 

(8) The EIS should be a document vhich o l l m  anyone uhL i~ interesred in the proposal to leom in 
a short psriod of rime whar the projecr is about, wlhar the possible impacts will be, whor 
alternatives and rniiigation rneasures are availubfe io (duce adverse eflvcts and what ,k local 
and general population rhink about il. The ELS in question does not filfil these requirements: the 
document is rather confising and leaves the reader with a lot of questions. 



please turn to next page 



i The iw animmmd daymmg ppd in Himgnry d k h  
eared k f a i s i d a d  B.tisfsday. T h  1983 rcpon h noi Batin@ ihc basic 



(1) If  was flot possible to examine the SIovak documentation in the same way as the Hungarian 
document because no Slovak documents in the format of EISs were prmided. 

Pt appeirrs that Hungary did not provide the authors of the "Scientific Evaluation" with 
the many studies of environmental effects psoduced by Czechoslovakia, including the 
Bioproject (updated in 19861, copies of dl of which are in Hungary's possession. 
Hungary's llEvaluationl' here seans more concerned with "format" t hm with substance. 

(2) The analysis provided in rhis chopfer shows fhar Hungaty concluded correcty when it suspended 
the construction in Nagymros in May 1989 and ai Dunakïliti in July 1989, callittg for a joint 
comprehensive E I X  

"Conduded rorrettlyl': The contention here is that Hungary's acts to suspend work at 
Nagymaros and thea at Dunakiliti were in order to conduct an EIA, But there is not a 
shred of evidence of Hungay "cdling for a joint comprehensive EIS" in eitber May or 
July of 1989. It is admitted that, in 1989, Hungary in fact repealed its existing ELA 
legislstion. 

(3) Also Slovuba impjicitly and explicirly recognised the Iack of a propet- ElS. lmpIjcliIy because of 
the overesfimailon of the value of anaiyiïcal descripiive studies (which were nof made accessible 
for evafuafion of their content). fiplici f i )  because of the 1990 project proposal which should 
result in a "pruper impact assessrnent model" for rhe Danube and i f s  water resources. 

The reference to an irnplicit recognition is simply not understood. Czechoslovakis has 
oaturaIIy relied on the findings of its own environmental impact assessments (notably the 
Bioproject) and the findings of Hungary's 1985 EZA, It is impossible to discern why it 
shouId not have been fully entitled to act in this way and why this constitutes an implicit 
recognition of the lac% of a proper EIS. Further, it is Hungary that is responsible for not 
making Czechoslovak studies, copies of which are in its possession, "accessible for 
evaIuation". This failing on Hungary's part is veiy significant. 

Et is not clear whether the "overestirnationl' of the value of analytical descriptive studies 
relates abo to the impartial assessments of the EC Working Group of Experts. 

"Explicitly": Lee. Comment 2 to "Stientific Gvaiiiation'' p. 234, above. 

4 It was anly as a result of public controversy in relation to fhe Cab fikovo-Nagvmaros projea fhat 
the need for EL4 becarne clear und fhaf an ELA was imposed on the proposed project. A 
iiteruture review revealed that EISs prepured In an ear& EIA period most offen do noi result in 
high quality docurnenls. 

"Public controversy": It is clear that, as early as 1985, Hungary and Czechoslovakia were 
open to and keen to solicit public opinion. See, SR, para. 7.06, et ses. Hungary in fact 
decided to  cacry out a 2 year EIA as a resuIt of its 1983 assessment, not merely as a 
response to public demand - s, HCM, Vol, 4, Anner 23 (at p. 888). And 
Czechoslovakia's Bioproject was çarried out in 1975-1976 - before the 1977 Trestty was 
even signed, 

As to the Bioproject, the HQI report found that this and other pce-Treaty studies were 
"comparable with those carried out in North Americaw at the same epoch - s, HM, Vol. 
5, Annex 9 (at p. 298). It is noted that Hungary quotes from this page of the HQI report 
(at HCM, para. 137), but ornits the sentence with this important conclusion. 
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AGREEMENT 
BEîWEEN THE GUVERNMENT OF THE SWVAK REPUBLIC 

AND GOVERNMENT OF TKE REPUIBCIC OF HUNGARY 
CONCERMNG CERTAIN TENPORARY TECHNICAL MEASURES 

AND DISCHARGES IN THE DANUBE AND M13SONI BRANCH OF THE DANUBE 

The Government of the Sluvak Republic 

and 

the Government of the Republic of Hungary 

have agreed as follows: 

Article I 

1, Immediately following the conckusion of this Agreement. the Siovak Party will increase the 
dixharpe of warer through the intake smicture at ~unovo into the Mosoni branch of the Danube to 43 
m3ts subject ta hydrological and ~echnical conditions specified in Annex 1 to this Agreement. This 
d u e  includes die flow of water hrough the seepage carial on the right side of the reservoir from 
Slovak territory into Hungrian rerritoq. 

2. The competent Slovak and Hungarian auhoricies shall take al1 necessary measures on their 
respective territories to enable the continuous fiow of the increased dlsckge  of water ftom SIovak 
~ertitory into Huneariari territory . 

3. The water wili be disfiibured, on Hungarian territory. beween the branch system on the right ride 
of the Danube, the protected area and ttie Mosoni branch of the Danube. 

1, The day following the conclusion of Ehis Agreement the discharge im the main riverbed of the 
Danube below the Cunovo weir will be increased to an annual average of 400 d / s ,  in accordance wirh 

niles of operation wnrained in Annex 2 to this Agreement. Discharges entering the main riverbed 
of the Danube through the inundauon weir are excluded from the average dculation. 

7. During the c~nsminion of the weir punuant m Anicle 3 the discharge into the main riverbed of rtie 
h u b e  below che Cunovo weir will be regulated in accordance wirh Annex 3 to th9 Agreement. 



Article 3 

1. Thex will be a weir p d y  overflawed by wafer and çonsmcted by the Hungarian Parry in the 
hain riverbed of the Danube. at r h  1843. The main paramekn of the weir are specified in Anna 
4 &is Agreement. 

2. me Parties undemke t~ ensure the buance. without delay, of the adminisrnive authorization 
quired by their respecuve nationai legislauon for the consdmion and maintenance of the weir in 
m r h c e  with this Agreement. 

3. cos= of the consmicrion and maintenance of rhe wkir wili be borne by die Republiç of 
Hungw . 

4. n i e  mnsmcrion of the weir will begin not later that 10 bYs following the conclusion of this 
Agreement and is anticipated ro be complered within a period df 50 days from thi? commemernent of 
works. I 
The Panies undercake u, exchange thode dam of their environmental monitoring systems operatmg in 
the am b a  are n m c s q  to assos the impacts of the measurq uivisaged in Articles 1-3. Collecred 
data will be regularly exctianged and jointiy and periodiçally evduared with a view to making 
remrnmendarions t~ the Panies. The obsewation sites. p*ters obserred. periodicity of dam 
exchange, the rnettiodology and periodiciry of joint assessrnent are wntained in Annex 5 to ttiis 
Agreement. 

Article 5 

1. In the evenr that eeirher P m  believes the other P q  is not ~omplying wirh thir Agreement. and 
to persuade the other Party thar it is in breach. the Pany m$y invoke the good offices 

of the Commission of the Europan Union and borh Panies agree to give close rmperation ru the 
Experts of the Com,mission and m raire duly into consideration dny opinion renderai by them. 

l 
2. If, for whatever r-n, the good offices are not provided 4 are umuccessful and the marerial 
b r f ~ h  continues to exist, the P a q  affecad will be entided to terminate this Agreement wirh a one 
month norice. 1 

This Agreement har a temporarv character. pending rhe judgment 1 of the Intcrnarional Coun of Justice 
in th case concerning the ~ a b ~ i k o v o - ~ a ~ ~ m a r o s  Project and is lwithout prejudice .to existing righls 

obligations of the Panies as well as a, their mpenive posi~Mns in the dispute before the Coun 
and. in any event, unless orherwise agrced, it shall leminace (14 days afar the judgmenr of rhe 
ln~mtional Coun of Justice in the case conceniing the Gabfikovo-Nagymaros Project. 

l 



Article 7 

On the termimion of ais Agreement and unless orhenvise agreed or decided. Hungary SUI 
Bf itf own expense remove the weir referred to in Article 3. 

Article 8 

This Agreement shall enter into force on the date of its signature. 

mne at Budapest on the . f l .  day of April. 1995, in d u p l i a ,  in the Slovak, Hungarian and English 
irnguages, the English text ro prevail in the evenr of any discrepancy . 

/ For the Gwernment 
of the Slo e For the Goverment 

of the Repubiic of Hung- 



Anna No. t 

Hydroiogicai and teclmieal co~~ditioas for itbe in- of the 
d i x b r g e s  into the iMosoni Danube 

I 

1.7 Pmvided thar the minimum waier level of the HniSov r h r v o i r  is 130.30 m above sea levei. 
l 

11 nie imease of the discharge into rtie Mosoni Danube and the righi oide seepage canal of the 
Hn&v reservoir from 2Odlsec up u> 43 m31sec will be ennird subject to the following hydrologicd 

1.3 hovided that the water-level of the Mosoni Danube does lnot ex& 125.30 m above sea level. 

1.4 Pmvided thai the enoanru to ihc in- s r n i c m  are m\bsmrred. Whenever the discharges 
of the Danube ex& 4ûûû m'/sec (imrolving the inundau~o of the flood-plah), the water-borne 
mater& will move to a greater extent th& may resaict the amount of water which cm be 
provided. 1 I 

and technical conditions: 

1.1 Provided that minimum difference beween the water-Ievel 
Hmhv mervoir is 5.10 m. 

of the Mosoni Danube and the 

31 The xlwred site for the masuring of the discharge of rhc MO'* Danube. is a gauge at 0.160 km 
on the left bank of the canai on the rcmtory of h e  Slovak Ppublic. The rciected sire for the 
measuring of ttte discharge of the right side canal of the Hmhv resemoir is on the regulating weir at 
1.100 km on the territory of the Hungarian Republic. 1 

1.5 Provided thac thcn ir no failue in che elecaicity n ~ t w d ~ k  system. If the network sysystcm is 
daaiaged or in the event of any other fadure of the gem~$tlg opacity. the enagy rysam will 
turn off autamatidly and the capacity of the intake stnicnire wilI be reduced to Mf of the 
origind. I 

21 At the requesr of the Hungwian pany the Slovak parry wil1 
spcifîed by the Hungatian p q .  

moderate the discharge for a period 



The volume of water discharged through the Cmo W ~ K  imo the hen river bed of rhe Danube 
u, cornpond u, rhe annual average of 400 3 / = *  

nie annual average discharge in B@lm correSpo~ds [O 2025 rnqsec. The mual average 
d i s h g e  into rhe main Danube river bed in eafh ~pewfic ya will correspond tu <he fomulê. 

l 

whete V- is the a v e q e  Y ~ Y  dischrge in the Devin profile in the specific year. 

V,,, is the average y m l y  discharge fo the main Danube 
river bed in the spxific yeat. 

- During the growing season the discharge into the main river bed will be fligher than dur~ng the 
dormant season. 
- nie discharge ioto the main river bed of the Dawbe will correspond to acrual discharges in the k v t n  
profile. 
- The discharges tel& through the inundation weir during f l d  will not be induded in the 
wlculation. 
The discharges in the Devin profile together with die corcesponding discharges at the Cunovo weir. 

Mav June 



The capacity of the by-pass weir when open unda cond/'Fions of a minimum warer level id the 
rerervoir (w hich is 128.2 m above sa level), is 290 m'/sa. 9 discharge of 400 mils can be arsured 
uder  the condition that the water level in the reservok is 128.45 m above sa Level, and 1500 mâlsec 
under conditions of a water level of 129.05 m above sea level. 

The w a m  level in the reservoir is lowered only when rdquired for coosmction or reparatioo 
worh or when the discharge in Devin io below 925 m3/s. 1 

1 nie possible clifferences in discharges which will be w n e d  1 through monitoring by 3 1 Ocr. 
will be adjusted within the shonest possible period by the end ot; the same year so thac &e average of 
400 mjf sec is attained. I 

The lhehangges in the discharges b u g h  the Cunovo weir bill mur at intervals of 7 0  III'JSCC. 
rneastiied at the Devin site. Thus for instance at 800, 1000, 1200, 1400 .... 2000, 2200 m'/sec. 

This dismbution of the water raources shall be in force @ 1995 and wili be adjusred before 
the 1% growing season on the bais of ttie results of a joint evaluation of the monitoring. 



Annex No Ill. 



* Main parameters of the mir to k codtmded at r h  1843 
of the Danube. . 

l 
1. nie weir which is pmly overflowed by watw will be con/tmcted ar rkm 1843 of the Danube. 

1 

2. Main parameters of ttie weir: 

width berneen b a i b  300 m 
width of the crest 5 rn 
width of the overflowed section LOO m 
lieight of rhe center point of the 
overtlowed section 121.80 l3.s.l. 
gradient of the dawnsueam stop 1 : 10 
gradient of the upsueam slope f : 3  

3. The elevation of die weir crest will be establishi in such a way that at the discharge of 600 rn'ts. 
iae bachater ai rkm 1851.7 of the Danube wodd noi c x L d  an e1evaiian of l24.W Br! . 

l 
4. nie warer level regularion at rkm 1843 take place when the discharge of the Danube is beoueen 

250- 1300 m5/s. l 
5 .  A maximum quantily of 150 d / s  will be dircharged intol the right ride branch syrrem on die 

Hungarian side. 

l * BaJed on rhe documentation approved under the number 
NO. VOD 161JA 23/1993-V I 

No. 21.663/17/1993 l 
I 



~ Anna No. 5 

1 

M&tm d a h g  50 monitoring of environmentai impacts . 

Monitoring is divided into the foIIowing monitoring items: 

~ Monitoring of surface water lm& and d k h g e s  

the Danube: 
profile at Devin 
prafile at Medvedov 
profile at Komimo - Komirorn 
profile at S t h v o  - Eonergom 
profile at Rajk 
profde .at Dobrohoif 
profile at Duwemete 
profile dowastream and upsueam of ov~rfïowed weir at rlan 1843. (water level oniy) 
Resewoir at ~unovo and the Danube downsuem and uprueam of the by-pass weir (warer level oni y) 
Resemoir at GMikovo (wam leve! ody) 
Tailrace canal downsueam of GabErlcovo (water level only) 

Mosoni Duna: 
downstream of the inmke smcm al Cunovo 
at Mecser 
at G y ~ r  

Stnicturps ai Rajka 
Seepage Cana at cunovo (on the Slovak territory) 
No. 1. h k  of the outiet 
No. 2. Loçk of the water level control 
No. 6. k k  of the water level conaol - Mosoni Duna 
No. 1. Lock of the side branch ~iliq- Cgolai. Zitonyi Duna 
No. 5. Lock at the seepage canai 

Frequency of measurernenrs: continuous on a daily basis 

Monitoring of surface water quality 

the Danube: 
upsueam Bratislava * 
at DobroholSt 





granulometric c w e s ,  organic matten and other selected parameters 

Frequency of measurement: once per year in autumn 

Monitoring of muad water levels 

Monitoring of ground water levels will be d e d  out on wdls between the M d 9  Daube the Lajta - Mosoni Danube. Wells to be chosen in profila based on maps ~ n t a i n i n g  ail obsemallon wells. [At 
least at 150 wells on the Slovak territory and at 1-t at 100 wells an the Hungarian ~erritory co be 
chosen. 

Frequency of measunment: once per week 

Monitoring of ground water quality 

Ground water quality will be monitured on the municipal water supply [and pround w a ~ r ]  wells 
between the Mal9 Danube and the Laita - Mosoni Danube, [at Ieast 10 Iocali~ies on each territory. In 
addition to Fhis other at least 20 selecred gound water quaIity wells on each territory J stiouid be 
monitored. These wells shoiald be rhose which satisfy hygiene criteria for dnnking water wells and 
sampling should be commody agreed. 

Frequency of maurement: once pet month. 

Quality shouid be evaluated accordhg to the standards for dtinking water in force in both counaies. 

Monitoring of soiI rnoisture f aeratioa zone) 

[At least 101 monitoring areas to be selecied ,on each temitory from among the localities already 
monitored. 

Frequency of maurement: once evey 10 days, but in winter (November, D a m b e r .  J m W  and 
February) cwice a mon*. Each locality should aiso inchde a grûund water levet monitoring we11. 

Monitoring of biota: 

- microbenthos and mac~oknthos in che Danube and river branches at places of wacer level 
meastirements 
- f ~ h ,  in al1 surface waters 
- [Foresw. 04 at least 8 selected places h m  among existing monitoring localitiu on each sidel 
- Swial water related oqpisms as far example: Odonata, Ephemeroptera, Trichopeua, B r a r o n i b  
and ohers, jointiy seiected. 



For the estimation of the impact of the ovnflowed wW sF& monitoring t~ be d e d  out This will 
include measurements of flow velocitis. wam leveb. mber quality, mino ami macro k n h ,  
sedimena, p u n d  warer quality in the irnpounded nach etc. i 
Submittfng of Wa and reports: 

I BMh rides wil1 use daoi joinrly agreed and will use joiniy égreed meth& of duafion. All 
monitoring items and lcxatioiir, and me(hods of measuremenrs \CO be jointly agntd. Annual repons will 
indude oniy measmai dam in Qbulated, graphiml and map forms with short expianauons, 

l 
Joint and verifcatiion rneasuremeaTs wiii bc Camecl out at and lcxaion where a disnepance murs. I 
Dya exchange will be caùied out ar the mnth htemals. innual repom m be rubrnimd as joint 
repom by the end of each calendar y a r  and mering a penod of a hydroiogical year. 

or ~lovak'langa~es* 

l 
Annuai revurts will be issued in English lmguage with standardised graphical annexes in Hungarian 

l 
I 

1 Manicofing wiil be mrried out in accordance with the Stanite of norninated Monitoring Agents. 
l 

Stanire will be p e p d  by: Ing Arp& Kovics. MiniSay of ~hirornenx ( H m g q ) ,  Ing. Dominik 
Kainget. Government plenipotenhry fe ttie GNP (SIovakia) I 

I 
Dafr saacte wil1 be preparrd jointly foiiowing me signing of th/ doeumem and b e k  31 .May 1995. 

l 
Ten in square bracketr wnmins Slwak proposais subjecr m agreement by the Monitoring Agents. 

I 





by th@ Oovwnmuit of the Repubüc of Hungiry in konneîtion with the rignuie of the 
&#ment beween the Govemment of the kpublic ot'Hunyaq and the Governent of 
Ihc Slovak Republio conceminp Ce& Temporary pcchniod Mwures and Discharges 

in the Danube and Mosoni Branch of the Danube 

The Govwnment of the Republic of ~ u n ~ d r y  de~lares, in connection with the 
@niq of the Agreement betwcui the Gov~unenr of the Republio of Hungaq and the 
& m e n t  of the SloMk Republic conccrning Ceritain Temporary Todinical Memurer 
@ Dicohargol h the Danube md Mosoni Bruich of the Danube, thst the conclusion of 
Ohts Agreement shall not be consldered as a fdfdlment of the obiigation of the Parsies, 
p t  to ARIcIe 4 of the Sp~cial Agreement for ldir Submirrion to the Internationai 
CQUFt of Justice of the DiEerences between the Rtpublic of Hungary and the SIovnEr 
RPpubiic concming the GlbCiLovo-Nagyrnarori ~ r d j e c ~  ro csrnblish A mnporaq wata 
m u n e n t  reghe. 

The Govemmenr of the Republic of ~ u n ~ a &  hertby reaifims its position if has 
rqmmntod during the negotmans that the ~grwt ugned mday ir intendcd to 
iatroduco a temporruy mitigaiion rneasure in order to dieviate damage in the Szigetkbz 
mgion. The Agreement is without prcjudicc ro the position of Hungary in the dispute 
M c 0  the I~ntcrnationaî Court of Juauoc and is apppable pending the judgment of the 
Court ar und an agreement on a temporary warer management regime under Article 4 
of rh. Spoçul Agreement in  concluded beween the b o  Parues. 

Bhptst ,  Aprd 19, 1995 

I 
13M -pmt 02, Pl. 4ZB 

T&L lt7.M.M Fu: 117.77.98 



MlNISTRY OP F08EIGN RFFXIRS 
OF THE SLOVA K REPIIBLIC 

S i r ,  

1 have the honour to inform you that Slovakiâ and Hungary 
signed today the  Agreement cancerningcertain Temporary Technical 
Measures and Discharges in the  Danube and Mosoni Branch of the  
Danube. The copy of this Agreement is herewith enclosed f o r  the  
information of the Cour t .  As article 6 provides f o r ,  the 
Agreement has a temporary character, pending t he  judgement of the  
International Court of Justice in the case concerning t h e  
GabEikovo-Nagymaros Project .  

May 1 recall, a t  this occasion, that the conclusion of 
an agreement of this kind was envisagea in the  Preamble and - 
Article 4 of the Special Agreement f o r  Submisçion to the 
International Court of Justice of the differences concerning the 
Gabcfkovo-Nagymaros Project,  signed on April 7 ,  1993. 

AccepL, S i r ,  t he  assurances of my highest consideration. 

Dr. Peter Tomka 
Agent of the Slovak Republic 

Mr. Eduardo Valencia-Ospina 
Registrar 
International Court of Justice 

The Hasue 



NO.: 1108/95-OMSD 

The Ministry of Foreign ~ffaiks of the  Slovak Republic 
presents i e s  compliments to the Epassy of t h e  Republic of 
Hungary and, with ref erence to the "Declaration by the Government 
of the Republic of Hungary in connecqion with the signing of the 
Agreement between the Government of Fhe Republic of Hungaq and 
the Government of the SLevak Republic concerning Certain 
Temporary Technical Measures and Discharges i n  the Danube and 
Mesoni Branch of the Danubem of ~ ~ r d l  19, 1995, has the honour 
eo s t a t e  the fellowing: 

The ~inistry of Foreign ~ f f a i r s l  of the Slovak Republic is 
unable to share the view according Co which: 

l 
the conclusion of [ the l  ~greem4nt [mentioned above] shall 

not be considered as a fulfillmept of the obligation of the 
Part ies .  pursuant to Article 4 of the Çpecial Agreement f o r  
the submission to the Internatiojal Court of Justice of the 
Differences between the Republic of Hungary and the  Slovak 
Republic concerning the GabLTik;ovo-Nagymaros Project ,  ta 
establish a temporary water management regimeu 

for, inter a l i a ,  the following reasds.  

Since the signature of the speckal Agreement Slovakia and 
Hungary had been involved in negot iaqions aimed at es tablishing 
a mutually acceptable water management regime of a temporary 
character, applicable pending the Judgement of the International 
Court of Justice in the case concerni~g the GabEikovo-Nagymaros 
Pro j ect . The main elements unàer discussion were the discharge 
into the old  river bed of the D a n q e ,  technical measures eo 
enable the supply of the right side arms system with water and 
the discharge in to  the  Mosoni Braqch of the Danube. These 
elements w e r e  common to a number of proposais submitted during 
these negotiations. 

M a s s y  of the 

The Agreement of 19 A p r i l  1995 deals wieh the same subjecc- 
mattes. A detailed wgter management regime is speçif ied in 
Annexes No 1 and 2 .  Thus it is crystad clear t ha t  the conclusion 

Republic of Hungary 
B r a t i s l a v a  

of t h i s  Agreement is the fulfillment, 
cormitment, expressed in Article 4 of 
establish, pending the final Judgment 
water management regime f o r  the Danube. 

by the parties, af their 
the Special  Agreement, to 
of the Cour t ,  a temporary 





Mission of the Republic of Hungary 1 Mission of the Slovak Republic 

to the European Carnrnunities 1 to the European Union 

Brussels 1 Brussels , 

Brussels, 5 May 1995 

Duector General 1 

Bcar hk. DUectot General, 

We have the honour to inforni you that, on 19 April 1995, an Agreement was 
signed in Budapest betweea the ~ovemmdlnt of the Republic of Hungary and 
the Government of the Slovak ~ e p b l i ~  w>nceming Certain Tempora<y 

for External Politicai Relations 1 

Technical Measures and Discharges in the 
Danube. 

The Agreement entered into force on 

CommLsioa of the Europeao ~onununities/ 

Danube and Masoni Branch of the 

the date of signature and its 
implementation has b e g u  accordhg to iq provisions. Please fmd eoclosed 
herewith for your idormation a copy of the English version of the Agreement. 

May we draw yowr attention tu Article 5 of the Agreement which envisages the 
possibility for the Paities to invoke, under dertain conditions. the good offices 
of the Commission of the Europem ~omdunities. We do recognbt that the 
Commission should have been consulted &lier by ihe Pades but they werc 
unable to do so due to the fact b a t  this provlion was adopted at a late stage d 
the negotiations and both Parties saw advantage in bringing the Agreement into 
effect as soon as possible. 

Mr. Günter BURGHARDT 
*/- 



We would like to express the sincere hope that the Cammission, who actively 
helped the Parties in the past to fmd appropriace ways and means for solvhg 
their differences concerning the Gabcikovo-Nagymaros Projeet, will acçepr this 
funçtion and, should the need anse, give farourable consideration to the 
reqvest for its good offices. 

Please accept, Mr. Director General, the assurance of our highest consideration. 

Ambassador of ttie Ambassador of the 

Republiç of Hsingary Slovak Republic 





-%e Humarian lanwase (both originals) : 
Article 4 ,  t h i r d  sentence, reads: 

n A mér&helyeket, a megffgyelt parameterelcet, a k8z6s 

grtékelgsek metodikbjbt bs iddszakoss5gat a j e l e n  MegSllapodas 
V.sz. Melléklete rdgziti." 

Annex No. 2 ,  page 3 ,  para 4 reads: 
"A ~unacçcni lépcs5nél a vbltozlisok a Dévényn61 mgrt 
2 0 0  m3/sec.-os intervallumokban fognak bekhvetkezni.lt 

Annex No.5, page 1, tex t  sub Ris Duna, second line, reads: 
I1Trst iceft 

The Enqlish lansuase ( t h e  original of t he  Slovak Republic 
only)  i 

Annex NO. 4 ,  paragraph 3 ,  reads: 
3 .  The elevation of the weir crest will be established in such 

a way that at the discharge of 6 0 0  m 3 / s  the backwater at rkm 
1851.7 of the Danube would not exceed an elevation of 124.09 
Bsl . 

The Enslish lansuase (the or ig ina l  of the Republic of 
Hungary only) : 

Annex No.5, page 1 ,  text sub Mal-? ,Danube, second l i n e ,  
reads : 
"at Trsticem 

This note and the note containing affirmative response wiLl 
constitute an agreement between the Parties concerning the above 
mentioned corrections. 

The Ministry of Foreign Affairs of t h e  Slovak Republic 
avails i tself  of this opportunity to renew to t h e  Embassy of t h e  
Republic of Hungary t h e  assurances of its highest consideration. SJ* 



A MAGYAR K&~ARSASAQ WGYK~VETJ&GE 
VELWSLANECTVO M ~ A R S K E J  REPUBLIKY 

SecilArska 3 
BI 4 25 BRATISLAVA 

The Embassy of the ~ e ~ u b l i c  of Hungary presents its 
l compliments tu the Ministry of Foreign Affairs of the Slovak 

Republic and has the honour to refër to the Note of the Ministry 
of Foreign Affairs of the Slovak depublic No.1096/95-OMÇD of 
May 5, 1995 which reads as follows: 

pl The Ministry of Foreign E(f fairs of the Çlovhk Republic 
presents its compliments to t h e  Embassy of the Republic of 
Hungary and, with reference Fo the Agreement between the 
Government of the Slovak Requblic and Government of t h e  
Republic of Hungary concerning C e r t a i n  Temporary Technical 
Measures and Discharges in the  Danube and Mosoni Branch of 
the Danube, signed at Budapest on 19 April 1995, has the 
honour to propose the  followi~g: 

As iL was j o i n t l y  observed by the  Parties at the 
occasion of the signature of the above mentionned Agreement 

Annex No. 2, the ~ i t l e  reads: 
t1 ~ r e v d d z k o e  poriadokw 

the following corrections have 
Agreement: 

l The Slovak l a n s u a s e  (both originals): 
Article 5, paragraph 1, reads { 

1. V pripade, ie sa niektoyd strana damnieva, ie druha 
strana nedodrtiava tut0 dohody a nepresvedzi druhu stranu, 
ie dohadu poruguje ,  tata strana mÔLe po~iadat o dobré sluiiby 

mnex No. 2 ,  l a s t  line of the thble reads: 
" - -  - - .  4600 6 0 0  4600 600 4600 600 4600 600 4600 600" 

to be made i n  the text of t h e  

Komisiu Eur6~çkej unie a obe 
spolupracovat s je3 expertmi a 
stano~iska.~ 

l Annex No. 4 ,  paragraph 3 ,  reads: 
" 3 .  Kota koruny dnovej prehradzky bude stanovena tak, aby 
p r i  prietoku 600 m3/s vzd4tie v rkm 1851.7 Dunaja 
nepreKroEilo kdtu 124,OO mBpv." 

strany suhlasia, ie budU Gzko 
zoberfi nSleZite do Uvahy i c h  

Ministry of Foreign Affairs 
of the Slovak Republic 

B r a t i s l a v a  



an lanwase (both orlginals) : 
Article 4, third sentence, reads: 
t1 A mérohelyeket, a megfigyelt paramétereket, a kozos 
( j o i n t )  Brtekelések metodikajdt 6s iddszakoss6gat a je len  
MegBllapodas V.sz. Mellgklete sogziti," 

Annex No. 2 ,  page 3 ,  para 4 reads: 
"A BunacsUni lépcs&n&l a v61Lozdsok a Dévénynél mért 
200 m3Jsec.-os intesvallumokban fognak bekÔvetkezni.It 

-ex No.5, page 1, text  sub Jcis Dung, second line, reads: 
I1Tf sticeI1 

The Enslisb lancruase ( the  original of the Slovak Republic 
only) : 
Annex No. 4 ,  paragraph 3, reads: 
t1 3. The elevation of the weir crest will be established in 
such a way that at the discharge of 600 m3/s the backwater 
at rkm 1851.7 of the Danube would not exceed an ekevation 
of 124.00 Bsl.I1 

The Enslish lansriasq ( the  or ig ina l  of the Republic of 
Hungary only)  : 

hnex  No. 5 ,  page 1, t ex t  sub Mal+ Danu&, second line, 
reads : 
"at Trstice" 

This note and the note containing affirmative response w i l l  
constitute an agreement between the Parties concerning the 
above mentioned corrections. 

The Ministry of Foreign Affairs of the Slovak Republic 
avails itself of t b i s  opportunity to renew to the Embassy 
of the Republic of Hungary the assurances of its highest 
considerat ion. 

Upon the instruction of the Ministry of the Republic of 
Hungary this Embassy has the honour Lo confirm its consent with 
the above mentioned proposal. 

Thus the note of the Ministry of Foreign Affaira of the 
SlovakRepublic and tbis note constitute an agreement between the 
Parties concerning the above meneioned corrections. 

The Embassy of the Republic of Hungary avails itself of this 
opportunity to renew to the Ministry of Foreign Affaira of the 
Slovak Republic the assurances of its higheçt consideration., 

Bratislava, May 8 ,  1995 



STATUTE 1 
on thc sctivliics of thc Nominatcd Monitoring Agents 

cnvisagcd In thc 

44~grcmtmr 1 
benueen the Gilvemmerit rif Repub fi? of Xfumgut~~ and 

the (invernmmf nf the Shvuf Republic 
concerning Ce fiain T q r a q ~  Technical Measures and 

Dischorges bi tlir Dànrrhc and fIte Mosnni brmch of the Donubc: 
signeil nn AptilJ9, 1995 

According Io Ihc Arliclc 4 ni' Ihc "Agecmcnt bctween the Governrnent of Repub- 
lic of Hungary and thc G.ovemrnmi or the ~lov#c Republie c o m i n g  Certain 
Temyiarary Tcchnical Mcasures and Discharges il the Danube and the Mosoni 
Branch of thc Danuhc", signcd on April 19, 1997 (in the following Agreement) 
the Panics undcriakc i r i  cxchange daia of iheis envir~nmcntat monitoring systems 
operating in Ihc affccicd nrca whieh are neireto& ro assns the envimnrnental 
impacts of  thc rncasures envisnged in A ~ l i e l a  1-3 i f  the Agreement. 

l 
According i o  ihc assignrneni coniaincd in the Article 4 and Annex 5 of the 
Agreemeni. Nominnicd Moniioring Agcni s (~e~res!niaiives of Paiiies): 

ArpiId Kovies, Ilcpuiy Slaic S e n c ~ a r y  of the hinistry for Environment and 
Regional I'olicy ri[' I-lungary 

and l 
Dominlk Kneinger, I>lcnipoicnt inry of ~ovemknent or Slovak Republic for 
Conscruciion nnil Opcraiion ol. ~ a h ~ i k o v o - ~ a ~ y r n a r b s  Wstenvarks 

1 
egrced on lhc Siatulc eonccrning thc exchange 
evaluation thcniof (in thc fnllowing Staiute). 

of data and joint ptriodiral 

1. Nominnid Moniionnp Agenls arc rcspcnsiblo for thc exchange and evsluation 
dain f~iirn ihc cnvironmcntal monitoring shiems of lhc Parties which are 

ncccssary 10 ~sscss  t l ic  cnvironmcntal impacts 
Plnicles 1-3 nT lhc A~cemcni :  

of the mcasures tnvisaged in 

2. The Nominsicd Moniloring Agcnis will subrii the joint evsluaiions and 
propmals prcptircd pcridically io r hcir rcspcctive Govmments. 

. . 



Articlc 2 
!la ta front tlic cnvironrnciitul monitoring systcm 

1. The monitoring silcs, cil>jljccts and itcms bascd on Annex 5 of the Agreement 
arc spcclficd in i l ic Anncxes to ihis Staiutc. Annex 1 contains monitoring sites, 
objeds and itcms for Ihc Slovak Rcpubliç, and Annex 2 contains monitoring 
sites, objecis and itcms for Hungary, both Annexes specifying the dates of data 
exchange. 

2. Thc in situ survcy of monitoring sites and objects or joint measurements wiII 
be carricd oui whcrc a discrcpancy occurs to measured data, or thraugh 
agreement hy ihc Nominated Monitoring Agents. 

3. The Nominaicd Monitoring Agcnts are entitlcd to change or add a monitoring 
site, ohjcct o r  iicm hy miltual crinscnt. 

4. Exchange 01' tlic dara is  madc ~hroupli the Nominatd Monitoring Agents in 
writing and (in rnagnciic mcdia. The Nominated Monitoring Agents underiake 
to put at cach cirhcr's disposai neccssary topogaphical maps (M 1: 10000) and 
any oihcr maps in o~hcr scdc under mutual agreement. 

Articlc 3 
Monitoring cvaluation 

1. The joini cvalriaiiriii of cxclianpcd dala refers to one hydrologicai year. The 
Joinl Annual Rcpoit will be carried oui four months Sollowing the respective 
hydrologicai ycar. Thc Joint Annual Rcpoiî will be prcpard in Slovak, 
Hungarian and Ilnglish Zanguagcs, ihe English text shall prevail in the event of 
any discrepancy. 

2. Thc Naiionnl Annual Rcpon will include the mcasured data in tabular, 
graphical and map rorms wiih shoii cxplanaiions. The Pariies will exchange 
National Annual Rcpori 1 hrcc mont hs following the respective tiydrological 
year, and Nonlinaicd Moniioring Agcnts will cal1 a meeting to c a q  out the 
joint cvaluai ion (il' prescntcd dara. 

Ariiclc 4 
Activity of Nriminatcd Monitoring Agcnts 

1.  Mcctings will hc hcld accnr+diny to nced, but at least iwo times in a calcndar 
ycar. Mcct inps arc callcd by bol h sidcs altcrnately. All ncccssary condii ions 
for a rncciiiig have io hc S C C U ~ C ~  by the rccciving Parly, and the meciing is 
chaircd hy thc Nominaicd Mr~nitciiaing Agcnl of ihe rccciving Pariy. Minutes 
fsom ihc rncciitig will Iic pi.cparcd and will bc signcd by boih Nominatçd 
Mriniloring Aycnis. 

2. Nomiiiatcd Moniinring Agclits havc t hc riglit to invite expcris io thc meelings. 



Article 5 1 
Misccllancous Provisions 

3. Whcn a ioini rncasuicrncnts or an in s i iu  site burvey will be camed out the 
reccivinp Paiiy is ol>ligcd Io sccurc al1 necessdry conditions for rncasurernent 
and ncccsr to thc rn<initorcd siic or ob.jcc~, rubjeki !o mutual agreement. 

4, Mcctings 01' thc Nominatcd Mnniioring Agents 

3. This Staiiiic slinll tcrrninaic wirh ilic icrminatinn b f  thc Agreement. 

4. This Siairiic is prcparcd in diipliçate, in ihe Slovak, Flungarian and English 
lançungca, ilic i '(ngli~h ~ ç x i  will prcvail in the cvc!nt of any discrcpancy. 

Agrecd af f i / ,Ei l ioim o ~ i  2 f L  Mc+T~.  1995. 

are to be held in the Slovak 

1. All expcnscs conncctcd lo the aciiviiy of ~orninated Monitoring Agents and 
meci ings arc ctivcrcd by hc I'ariics indepcndcntly. Expenses connected to the 
prcpnraiion o f  the English vci-sion of thc Joini Annual Rcport are covered by 

and Ilungariari languagcs. Minulcs from the ~cei ings are prcpared in the 
I-Iungarian, Slovak end English languagcs, the English text will prevail in the 
event tif any discrcpancy. 

tlic Pnrticis cqually. 

2. The Nornin~tcd Maniforin& Agents begin their 
this Siaiutr. 

activiiies upon t he  approval of 

. I . . [q-- . . . * . 

01 rbe Reln11)Iir of /tiiirg~i?- 

nomfnik Kacingcr 
Nuniilinred foirituring Agerit 

of rbe Sloiwk ReptiWic 
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technologies. Howww, ihis wiii anly be siistahed w Img 
as h e  p e i v e d  h e f i t s  exceed the oosu of EIA 
hplementath. So fat more mideration has been gim 
to the f m e r  thm the latter. The p p w i  'Eh mmmit' 
has identified 'coçt-effectivw1ess in tfie prr~cess' as a 
key issue to be addressed - this may pfwe to be very 
timely. 

(ïhe views express4 in this Newsletter are those of the 
idinduai a u t h .  ïhey do aot n ~ a r i l y  wincide wiifi 
the views of my organisation Mth they are 
associaimi, of iiie ELA Çmtre, ibe Eumpm Commissian 
or ohers ccnmbring to the Newsletter. Al1 mtributims 
relate io the situatim prrvailing at (appximawly) the 
bcginning of Octobr 1993 unless othemise stated) 

REVIEW OF THE IMPLEMENTAïïON OF DIRE- 
8 513 37JE EC 

The Euqean Ccimmissiaa fi~~ally published îo April 
1993, iis review d the hplementatim d tbe EiA 
Directive. Ir a i s u  of a cœnprtrative andysis d the 
Dinaive's hflementation in the twelve Member Stai- 
and çeparate. more detail& reports for ea& Mm& State 
(xc 'Book Reviews' in ihis Newslener. and ELA Centre 
h& 14 for fiinher cietah). Ii covers the period up ia 

July 1991 d this stiould be taken into rsecaint when 
intcrpting its fmdings because there have km a numk 
of sisifiant dweiopments since then - and mœe are m 
tiie pipe-line. 

One of ihe lrey issws examined in ttie Review b f m a l  
cornpliance i.e. the extent te whidi MemW States have 
transpwed rhe requiremmts of the Directive into ttreir 
national la=. b p i t e  substantid EL4 legislative d v i t y  
ihcre was stiil. as i t  July 1991. a number of m k i i n g  
dcfïcimcics, pmicularly in m a i n  Member States This 
cspially applied to the coverage of Amex II projets. 
Since then some d ihe dcficiencics have seduced but 
a n m k  remah. 

A second major issue is üut d pcticai m p l i a n c e  i.e. 
how far are the r e q u h e n m  d the D i i v e  king 
implemented in m e  and is ihe EIA pioce*i as a *le 
worl&ig salidactwily within h e  Member States? 
Evidmtly, subtmtial ELA activity is taking place. By July 
1991 very corisidmble numbeis d EiSs ( ~ r  their 
equivalmt) were bcing produced in many of ihe M e m k  
Siatm and, sincc hm. ihc numticrs p d u c c d  each year 
have funk incrcased. After malysing the available 
cvidence ihe Revicw conclucicd h a t  the baictiis of ELA 
implemmtalion appcar to ex& its COSE. However, ii 

also noted that considerable variations in the quality of 
EIA practice w m  observable. ïle occur in the timing 
of oanmaicment d the EIA proces. the use made of 
sooping procedures d methods the qualhy Oç ElSs and 
h @um and m&ak irsed to ennire goai quality 
conmi. the public avslability of EISç, the eff~ctiveness d 
consuliaiion and public panicipation, the practical use 
made of EL4 fiuidings in defision-making, and the 
provisions made for mmitoring and post-auditing. 

The Reriew 6aichdd that, despite itp nei beneficial 
effeet, the f u U  potential d the ELA Direaive had rmt yet 
k a l d i s e d  AlmfLaif ierprnw$gsbBeri i&,  
since ir was c o m p ~  th& ccnclusia js 9iiU b m d y  m. 

are many way in whicti funk hpwmmts may 
be adiiered but three d th- rnay be highli&ted: 

- in8ividual M m k  States should ensue full 
auriplimm with ttie üimive's reguiranents; 

- the conten~ of Directive 85/337/E€C should be re- 
examina in thei liai oc the Review's rindinp, to 
determine what revisions andlm extensicris to its 
pmvisiona may ise ci&mble; and 

- & provisioris made for guidance md baining, in 
suffiort d the mue effective pracdcal application of 
EL% M d  k s s t r e n w  

AU of W t y p  à mess- are now M g  cmsidered 
aad it is haped that thqr wül make a shibk caimitian 
tokfwbmstrengdKnigdtheELAprocesïinthenear 
futiuie. 

Carys E Jmes  a d  N m m  Ise 

A canpmtive rwiew is bemg by the E U  
C e n e  Univmir)~ of M h t e r .  of the EIA s)sîerns in 
eighi jurkthim: th United Stafe~, California, the 
United King- the Netherlands, h a d a  the 
Cmmmwealai of AustraZik .the Staie of Western 
Aus&aiiaandNewZdmd EadiofhseEL9syStemsis 
king evaiuated a& a set af walu@im criteria The 13 
aitena relate to the varioui stages in the EM prncess and 
ociver. fa example. h e  m M  d aliematiw scoping. 
public partfcipatim, mitigation and miiorkig  and the 
ov& b d t s  aiid costs d ttie UA system Tiie ultimaie 
p w  of th oomiparative rwiew is to make suggestim 
to imprrive the e f f e c t i v m  of the H A  gystemj examwd. 

The USA hss had an E U  systan since 1970. California 
s e  1971. Canada since 1973. the Commtnwedrh d 
A d i a  and New Z e a W  sinoe 1974, h e  Nethdan& 
and Weslan Australh s k  1986 (aftff d v e  
investigatiarts of diffemt a v c h e s  to UA) nd the 
United Kin@m sinee lm. as a dYea cmsaquenie of 
the h q y w ~  Directive an HA. 

A number d concllsims are emqing fmm the audy. 
includllig the f0Uowing: 

- Ari d y  caicem wirh the mettiodology d impact 
fœeasting. and decision-making, q i a l l y  Li the 
United States. gave way to m emphPsis m 
adminismtive mura fa EU (in dl the 
jrrrisdicticna and mat panicularly m Califmir Pmere 
n m  changes in ihe Cdifmîa Envimimental 
Quality A a  are propbged ennually). 'Ihu in tum, 
gave way to a m i t i o n  d the cnrcial reletiuiship 
betweai EIb gnd its bUoader ckkion-making and 
enwOnmmial mmagement cartexi (php Mi 
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1. ASSIGNMENT 

The assignment results f rom th/ f ollowing empowering l e t t e r  

of the rninister-chairman of the ~edeba l  C o r n m i t t e e  for Environmene 
l Ing. Jozef Vavrou8ek, CSc, addressed to: 

Prof.Ing. Ludevft V@gh, CSc. 

rnember of the  Council of experts ok the Federal C o r n m i t t e e  for 

Environment 

Prague 10, DoubravEick6 10 

1 empower you i n  t h i s  way to elaborate an  technical-economic 
l expertise concerning removal of the  water work Gabëikovo and 

connected with the area reclairniig and dernolished concrete 

recycling method. 

The eequired expertise should de 25-30 pages long and meet 

the  following conditions and contaid these parts : 
a/ ~lternatives and possibilities of Lechnical solution including 

the way of realisation in keeping w i C h  the  present gractical and 
I 

technical experience in the CSFR and abroad. 

b/ The expertise shall contain prelkminary economic assessrnent 
I 

ef al1 psoposed variants with regard to the present CS priceç. 

C /  The proposed solution alternaçivés shall envisage recycling 

of demolished concrete and its ee-utklization w i t h  a l ternat ives  
I 

of the t ranspor t  route of the material, 10 and 100 km variants 

will be taken into account. . 

d/ B r i e f  suarvey of CS and foreign experience in the area and 

readiness of CS enterprises to carry kut the removal or clearance 
of the water works Gabf ikovo (it is ndcessary to determine stages 

of realization when f oreign equiprnen! will be necessary) . 
e l  The expertise should not contain:l 

- dismantling and economic rentability of the dismantled 

energy-producing equipment 
- impact of unexpected and unpredictable or extraordinary 

I 
events, neither adequate security measures 

1 - measures against noise in the course of clearance and other 

particular phyeical aspect. 1 
f/ Brief summary of the proposed soihtion, the extent of which 

l 
should rnaximally 2 pages. CumuXated material f o r  the study, 

calculation and other parts of the report, t ha t  can not be 



incorporated into the  reguired limited, extent  of the main part, 

can be enclosed in a special amendment. 
The term 05 expertise elaboration is July 15, 1992, it 

shall be handed over in ten copies. Please form the expert group 
according to your consideration. A l 1  other  necessary questions 

vil1 be answered by Ing. Kazimour, including the respective 

order. 

Prague, April, 1992 

Minister-chaiman of FCE 

Ing. Jozef Vavrougek 

2 .  STUDIES, CONTAINING FOREIGN AND CS EXPERIENCE IN THE SPHERE 

OF DEMOLITION AND RECYCLING OF CONCRETE CONSTRUCTIONS 

2.1 INTRODUCTION 

The objective of this chapter is to point out: 

a/ the present state of foreign experiençe, development t r e n d s  

in the sphere of dernolition and utilization of recycled 

concrete, 

b/ survey of expert and practical experience in the same sphere 

in the CSFR.  

2 . 2  EXEPERIENCE OF DEVELOPED COUNTRIES 

2.2.1 Generally 

~emolition, recycling and re-utilization of concrete from 
demolished abjects began, according to reports of foreign 

journals, Lo be used in Europe as early as after the Ww II. 

DeveLopment of this branch of the building industry on a 

commercial basis started in early 7 0 .  IL began on experimental 

basis, more or less. For example in the  USA, accarding to ACPA 

Iowa, technology of recycling on the  fisst pfoject w a s  appkied 
successfully in Lyon Country, 1976. Douglas Bernard, t h e  chairman 

of the Federal o£fice of Highway Construction in the USA, points 

out a complex af 8 highways 50 rn long constructed with the 

utilization of recycled concrete. The psojects were çarried out  

at the international highway network in Oklahoma, Kansas, Iowa 

and Michigan. A t  Iwo sections of the highway approximately 3 km 



long 50% of recycled concrete in be case and 100% recycled 

concrete  as gravel made from concrede. 

cancrete in orher case were successfhlly used. The state n o m  of 

the USA-ASTM (233-82, article 8.1 

European countries like the Netherlands, G r e a t  Britain, Germany, 

Belgium, France, the USA and Japan. 
, 

Extraordinary b i g  volume of production of concrete in many 
l l 
, advanced countries s tresses  how topical is this problem 

worldwide. Çuch a fact can be clear i?  illustratecl by so called 

defines rough gravel for 

Recycled concrete was -practicadly used on a commercial base 

particularly in the areas with lack ok naf u r a l  grave1 of adequate 
I 

qual i ty ,  at the places, where the problem of u t i l i z a t i a n  of waste 
I 

of demalished construction exists (highway, raads, runways) or 
l 

at the reconstruction of these f iac i l i t i es  and i n  densely 

populated areas. Another reason for recycling were savings of 
building material and energy consumed, s ince the dernolition 

material is a suitable source of gradel f o r  new objects or their 

reconstmction. Extraordinarily topi'al is recycling of concrete  
l in some advanced regions like for example Hong-Kong. There is a 

shortage of land f o r  new constnictidns and prices of land are 

one of the highest worldwide. 

In Japan, the Society of Japanese 

"Cornmittee on Disposal and Re-use 

recommends , among other , application 

farnily houses, law canstructions, noise 

semi-products . 
In many countries is the use of 

Businessrnen founded the 
Construction WasteM thac 

of recycled concre te fo r  

barriers, production of 

recycled concrete based an 

norm regulations. For example, in England, i~ is the norm B Ç  - 
I 

6543 - The use of industrial side-products and waste material in 
the branch of civil engineering. 

In the ex-Soviet Union, in 3984 ,  Recommendation for 

recycling of non-standard concrete and firm concrete produet ras 
I 

adopted, In the Netherlands, a s t a t e  norm was adopted, concernlng 

re-use of recycled gravel. 
However, not in al1 advanced countries respective noms al1 

regulations exiat. Remarkable were redched within last 15 years ,  

as f a r  as concrete eecycling is concekned, particularly in some 



equivalent layer of concrete (it means the  çize of a fictive 

layer of concrete covering the whole construction area in certain 

country  or region) .  The volume of this fictive layer would equal 

LO al1 concrete produced in 100 years in a country or region, 

calculation is based on the volume of production of concrete 
nowadays. The thickhess of such a fictive layer reaches enormous 

size - 1,5 - 10 m. 
Concrete durability as any other building material or 

concrete construction, is m o r e  or less limited. 1 can be limited 

sometimes by completely extraordinary aspects. Al1 this proves 

the imperative topicality of the matter as, among other ,  a 

serious ecological prciblem. We can expect, that dernolition, 

recycling and re-use of recycled concrete w i l l  gradually become 

one of the key problems of the  environment protection and 

conservation f o r  future generations. 

The topicality of the  problems is stressed by the attention 

payed by scientific and expert organizations. The international 

arganization RILEM has established the C o r n m i t t e e  37, cal led  

Dernolition and Re-use of Concrete. ft deals with the problems of 

this sphere from many points of view. 

Many other national and international organizations, 

dealing with t h a t  prablern many years, exist. In the CÇFR, a 

research team of research experts (~VUT) was established in 

January 1992, the members of it are experts £rom chosen 

specialized enterprises ( t h e  head of the team is Prof. L. ~ é g h )  . 
This body is to carry out research in this area in t h e  
Czechoslovak conditions and f r o m  the CS viewpoint. The recycling 

of concrete and its re-use, based on many experiments and 

realized projects abroad, proves, that this is a new grade of 
development of concrete and other constructions, that cannot be 

solved without the  application of ecological aspects. 

In connection with the recycling arises the question 

concerning t he  quality and physical-mechanical characteristics 

of new concrete, made from recycled material, compared tu an 

ordinary concrete. 



2 . 2 . 2  MECHANICAL CHARACTERISTICS A b  ENERGY CONSUMPTION OF 

RECYCLED CONCRETE 

The recycled gravel made £rom 
as follows: 

a/  Suitable from the point: of view 

absorpt ion is higher by 5-10% than 

old concrete can be described 

of form, but the humidity 

in case of na tu r a l  gravel. 

Therefare this recycled gravel must be used saturated with water 

at the production of a new concrdte. Compared to a natural 

gravel, the volume weight of it is ?elatively lower. 

b/ The use of recycled concrete gra?el f o r  a ne" concrete does 

not  influence co a considerable extelnt the ratio of the mixture 

and the way of use of it. 

c/ If the recycled material iç used in the shape of small 
l 

pebbles, the consumption of concrete increases and it is more 

difficult to handle with it, due to 

to the mixture. The characteristic of 

be improved if at least  some n a t u r a l  
d/ The ability to resist low temperatures 
as against to the original concrete, 

the necessity to add water 

the recycled concrete can 

gravel is added. 

can be equal and higher 

which depends on the small 

grave1 quality, A l s o  the concrete durability can be higher or 

identic. Houever, there in a high={ danger of corrosion wirh 

regard to higher penetration of steam as against the original 

concrete . 
e /  The resistance of the concrete 
case of recycled concrete, lower by 

concreee made f rom natural gravel . 
is lower and it is possible to fom 

The production technology in 

concrete is practically equa1 as 

cancrete (mixing, dosing, way of use 

Fine parts of recycled concrete 

against pressure is usually i n  
5-10% compared to an adequate 

APso t h e  flexibility module 

it longer. 

case of use of recycled 
the technology of clasçic 

of the concrete mixture ) .  

are not very suitable fo r  

the production of a new cancrete. They may used for other, more 

sui table purposes, for example for ground stabil iration,  

biological f i l ters  etc. 
In case of price disproportion between natural and recycled 

gravei, the ecological reason could justify possible state 
l 

subsidy supporting re-use of recycled material in the new 



constructions. ~onsumption of energy at the concrete recycling 
d i f  fers form the production af a new concrete. Various stages of 

preparation of the recycled concrete, as rni l l ing,  separation, 

division, t ransport ,  storage, recycling lines installation, 

xorks, s e c u r i  ty measures, contro l  operat ions e t c ,  are operations 

aore complicated than those i n  case of production of a c lass ic  

concrete from natural gravel. Nevertheless, foundation O£ new 

recycling capaeities, new of future,  if confrontaled to 

ecologkcal viewpoints, must be regarded as an inevitable s tage  

of development . 
The foreign sources unanimously state, that the energy 

consumption of the  adjustment of demolished concrete is 

comparable to the production of milled gravel of higher quality 

at a quarry. 

2.2.3 ME!lWODS AND EXTENT OF DEMOLITION OF CONCRETE CONSTRUCTIONS 

ZN ADVANCEP COUNTRIES 

C las si fi cation and survey of demolition methods according 

LO /P-7-41/ 

a/ Simple (current) mechanical methods of demolition are t h e  

subject of the report  of the technical commission RILEM number 

37-DRC. 

b/ Hamering demolition method. 

c/ Hitting by, for example, i r on  ball, by automatical hit of a 

falling i r o n  ball onto a concrete object .  

d/ Hydraulic jacking demolition - developed in Japan. 
e J  Hydraulic breaker demolition. 
f/ Demolition by abrasion - demolition by a rnechanic equiprnent 

like drilling, diamond d i s k  cutting, water j e t ,  water jet 

combined with i r o n  abrasion. 

g /  Demolition by breaking technique with the use of wedge, 

chernical expansion rnaterials, dynamic breaking technique, water 

canon with the  pressure of 40  MPa into a drilled out fiole, by gas 

pressure, by explosives ( p a r t i c u l a r  security rneasures required) 

by the use. of liquid CO, - CARIXiX - as a consequence of beat t h e  

gas explodes, the speed of developed gas is 4000 - 7000 misec.  

h/ Melting demolition - destruction of both concrete and the i r o n  



skeleCon, by high temperature deAeloped by burning special 

and many other. 

The survey of experience of the refered enterprises is 

containeci in the  separate annex P - i  t(o P - 5  of this expertise. 
I 

The enterprise Vojenské stavby (1Militar-y constructions) is 
I the most experienced and it has carried ou t  the biggest part of 

so-f ar realized dernolition pro j ec ts  . H?droproj e c t  has long- termed 

metals, organic fue l s  or laser beam. 
i/ Peeling of concrete layers by high 
heated up by induced electricity or 

j /  Cutting of iron - concrete calums 

or by explosives. 

2.3 EXPERIENCE IN THE FIELD OF DEMO~ITON AND RECYCLING OF 
l 

CONCRETE CONSTRUCTION IN T H E  CSRR 

temperature, the object is 

micro-waves. 

or chïmneys aL the bottom 

In the Czech lands, there are 
specialized on dernolition works, waste 

and waste economy: 

Some of the referred methodç are still in the development. 
l Every used method depends on preparatory works Iholes f o r  

explosives, chernical expansive maceLial) , on the extent of the 
l demolished construction or its part, on a possible demand tu 
l 

disintegrate or mil1 t h e  material 5ur the recycling or on the 

character of the construction or i t J  parts 

the following enterprises, 

dump project, recycling 

and important position and experience 

dumps and waste economy. In the 

in the pro jec t ion  of waste 

theoretical sphere, CWT Prague 

1. Vojenské stavby, S.P., 02 InZengrsk& stavby 0 3  
l 121 48 Prague, B. NGmcové (ref .  P - 1 )  

2 . Hydropro j ec t Prague 
140 43 Prague 4 ,  Tabsrska 31 ( re f .  

3 .  Armabeton, a . s .  

140 0 0  Prague 4 ,  Antala Staska 1 

4 .  Stavby silnic a Zeleznic, s . p .  

110 0 0  Prague 1, Narodni t2ida 10 

5. In2enirsk& a prumyslové stavby, 

P-2) 

Iref. P-3) 

(ref . P - 4 )  

a . ~ . ,  Prague 
100 00 Prague 10, Kubdnské nam. li ( t e f .  P -5 )  

6 .  Metrostav Prague 



is the centre of research and expert activities, particularly the 
faculty of civil engineering, Prague 6, Thdkurova 7 .  

With regard to t h i s ,  professor L. Vegh, the head of the  

project ,  established h i s  team, that consists of members or 
advisors from CWT Prague, Vojenské stavby and Hydroproject. . 

None of the f o r e i g n  psojects is comparable, as to volume of 

demolished and recycled concrete, to the volume of concrete -1,6 

million cubic meters - of the watex work GabEikovo. The largest 
volumes of concrete constructions demolished and recycled abroad 

accordlng to available sources, are much lower and they are not 

many tirnes bigger than 100 O00 cubic meters. Therefose t h i s  

expertise can be based on foreign experience only partly. 

2 . 4  SUMMARY OF THE MOST IMPORTANT EXPERT STWIES FROM mROAD 

The summary was prepared f rom specialized j ournals , reports 

and publications, concerning t h i s  problems from the USA, England, 

Germany and Japan. The university in Toronto has been engaged 

into cooperations and we have used the international computer 

database. The list is enclased in the enclosure G-N. It contains 

totally 123 entries. 

2.5 SURVEY OF THE EXPERT STUDIES FROM THE CSFR 

The sumey has been s e t  up by the realization team of the 

expertise on the basis of the long-temed monitoring of t h e  

problem in the CSFR by separate members and with the use of the I 

computer database of l i t e r a l  entries USSI of the Institute of 

construction information, Prague. Ref. enclosure P-6  

3 .  DOCUMENTS OF BUILT PARTS OF THE WATER WORK 

According ta the  scheme, first of al1 the GabElkovo step 

and 16,9 km long canal to this step have been already carried 

out .  Further on, we w i l l  not take into account the  works, that 

are to be carried out in the  £rame-work of the  so called 
Temporary solution of the water work (alternative C) we will take 

into consideration only those works necessary for change of t h e  

present  sta te  of the  water work ta the original state, 



Situation of the  Danubé watee work 



Situation of the GabElkovo s t e p  



cr~ss-section/ of the hydropower p l a n t  



Characteristical cross-section of the power canal 



Basement of hydropower p l a n t  - cross-section 



To illustrate the volumes of material will have or take 

into account at the  demolition of the water works, we offer a 

survey of already carried out works: 
Concrete and iron - concrete constructions 
iran skeleton almast 

iron constructicns 
speeial i r o n  constructions Ifos example iron gate) 

injected space at the  bottorn of sealing tubs 

underground seals  and eonstruction walls 
stone ramparts 

asphalt - concreze seals  
fo i1  sealing 
material excavated 

çtrengthened ramparts 
total volume of rransferred soi1 approx 

1,6 rni1.m' 

100 000 t 

6 750 t 

10 650 t 

1.4 r n i 1 . m '  

1.2 mi1.m' 

0,6 mi1.m' 

2,3 mil.m2 

7,O mil m2 

6,2 mi1.m' 

4 9 . 3  mi1.m' 

200 mil .m l  

GabEikovo step 

Daming up the canal, wide at the bottom 7 3 7  rn, it is 

possible to reach the levels difference up ts 22  m f o r  the peak 
output of the hydropower plan t ,  that is t h e  energetic basis of 

t h i s  water work. Besides the powerplant, there are navigation 

locks and other objects, like distribution f a c i l i t y  of high 

voltage network a t  this locality (110 KV). 

The main problem 05 dernolition of the waterwork is the huge 

monolilic bloc of the plant made from strengthened high quality 

concrete. The very kernel of the bloc is 7 8 , 5  m wide, 300 m long 

and consists of concrete parts, thick, at certain places, dozens 

of meters. /Re&, cross-section of the power plant). Even if the 

injeçted base tub will n o t  be demolished, it is 7 m thick, and 

situated 22  m under the bottom of the p lan t ,  t h e  problem of the  

demolition of the  object of powerplant w i l l  be t he  key one /ref. 
the basement of the powes plant). 

Power canal 
h o t h e r  key place of the demolition of the water work is a 

huge volume of works connected with remaval of t h e  dykes of t h e  

canal, that is 16,9 kmlong 9-16 rn high and 6 m wide (ref .  Cross- 

section of the power cana l ) .  The inner  slopeç of the dykes made l 
! 

from strengthened gsavel-sand are sealed by an açphalt-concrete i 



iayer 160 mm thick and another infeiior layer 300 rrnn thick. The 

bottom for  the canal is sealed by 
protected by 1,l rn thick layer 

strengthened by a 300 mm t h i c k  cernent 

a soft rubber film ( P V C ) ,  

the sur face  of which was 

stahilization. The or ig ina l  

scheme of scheduled main construction works at the  water works 

on t h e  Danube is available in tlke enclosure P 7 of this 

expertise. 



l 4 .  TECHNICAL SOLUTION OF THE WATERWORK REMOVAL 

The subject of the following consideration is a hypothetic 

solution of the clearance of objects and adjacent area of the 
water work GabEikovo with roughly approval of i ts  technical and 

economic practicability and demands on it, based on detail 

calculation - (ref . enclosures P 8 ,  P 9 )  . 
The objective can be achieved by many methods and 

procedures, both from the viewpoint of t he  whole unit, and parts 

of it. W e  cannat neglect  a l so  the poin t  of view of extenr of 

clearance of the  whole unit and parts, that would becorne, in case 

of realization, a subject of a large project and it would very 

cornplex due to the fac t ,  that such a project ,  as to the  extent 

of destruction, is unique al1 over the world. In t h i s  branch only 

provisional or tempoxary objects have been removed sa far. These 

objects, we supposed to demolish and alsa  objects, that must have 
been removed owing to rnodernization, or their parts, have been 
destroyed. 

Considering the destruction, w e  have to take into account 

many various facts, general and specific conditions, particularly 

specific conditions of the loca l i t y ,  technical and financial 

fac tors ,  safety, risks and term of realization, if necessary 

national and foreign made technique is available and hou 

expensive it is, but also the question what to do w i t h  t h e  

demolished waste and how to substitute it, particularly in t h e  

underground. Climatiç and hydrological conditions would play a 

c e r t a i n  role. This  i s  a cornplex of CO-related parameters, thas  

must be assessed as mutually connected. 

A detail project of the clearance would be an integtal 

condition of the practicability of it. To elaborate çuch a 

pro j  e c t  would require preparaeion of other expertise, both  

documents concerning already existing.. Constructions and a s tudy 

on the impact of realization of dernolition works on t h e  

environment, part i c u l a r l y  ground and underground water in t h e  

conditions af terms. I 

It is necessary to take into account t h a t  the dernolition 

works can result into acceptable state of t h e  area, but nat to 1 



reach the s t a t e  that  existed befiore t he  beginning of the  

construction works. 

4 . 2 VARIANTS OF REALIZRTION 

In this case the construction 

I 
It envisages removal of al1 constructions with shallow 

basement d o m  to their basement. Deeper basements would be 
1 

removed accordkng to local conditions down to 10 m, rough ly ,  
I 

under the level of t h e  or ig inal  ground, The surface of the area 
would be reclaimed to the original ILvel. The underground part 

of the W O T ~   WOU^^ be broken so t ha t  ground water could move. 
Variant C: 

is enormous and it covers 

It envisages complete removal Of all abjects of the water 

work down to the basement. excepe fdr uncornpleted clearance of 

deep constnictions of special hasement. 
TO remove them, i e  would be ndcessary to do it  i n  water. 

This variant  envisages reclairning of 
to the or ig ina l  gxound level. 

approximately 64 square km. Besides water area concrete and soi1 

ob j ec t  predominate and they w i l l  Lonsiderably in£ luence any 

consideration on demoli tion. Most objj ects  have both underground 

the  land and its adjustment 

This variant counts on similar p(racedure as in two previous 

and overground par ts  and in order to 

necessary to carry o u t  drainage 

var ian t s ,  but the constructions would 

remove some of it would be 
as it is usual at the 

We have to stress, that neither this mast expensive and 
I 

longest variant will not ensure full r e t u r n  to the o r i g i n a l  

be removed to 5 m under t h e  

construction of large water works. To ensure the works it would 

i n e v i t a i e  to build up an ordinary cbnqtruction site and secure 

perfectly technological preparation. 

We propose to conçider 4 var ian t  of clearance of the  water 

work - n. B. C. D. The most exacrkng is t he  variant A .  The 

separate variants can described as f Lllows : 

Variant  A: 

state.  It concerns particularly the 

GabEfkovo s t e p .  
Variant 3 : 

basement tub of t h e  very 



surface 0 5  the original graund. The volume of dernolition works 
would be minimalized. It would be, however, necessary to break 

partly the constructions of special basement. In this case, too, 

the  ground would be reclaimed according to the or ig ina l  shape. 

Var ian t  D: 

Concrete objeces would be removed on the surface, only ,  

maximally to 2 - 3  rn under the level 05 the surface. Constructions 
made from soi1 would be removed partly, only. A new shape of the 

area would be created and Che surface would be artificially 

adjusted to the original. 

The special construction basement would not be touched. 

As to the variants, there are many combined solutions or 

sub-variants of clearance, t ha t  would, nevertheleçs, make these 

prel iminary consideration complicat& Erom the technical and 

financial point  of view. It should be çonsidered if some of the 

parts of the  canal dam should not be conserved for the  purposes 

of antiflood protection in case of reakizatian of var ian tç  A, B, 

4 - 3  SURVEY OF ROUGH VOLUMES IN THE FRAMEWORK OF THE VARIANTS D- A .  

In the fur ther  consideration we operated with the following 

technical data to which we added separate aggregated items 

(ref  . P - 8 )  . These data are conform with the  chapter 3 .  For a 

detail expertise we would need more exact data on the real 

realization. 
activity and volume of ttansported extent of variants 
material with regard to t h e  assignment minimal variant maximal variant 

D - A 

- works on ditches  in the area 

and transport - 1 km S , 6  - 16,7 mil.rny 

- excavation of strengthened con- 
structions and dumping ai surplus, 

from 10 ta 50 km 

- selective excavation of soi1 mate- 
r i a l s ,  t r anspor t  - n c t  more than 10 km 



- selective pulling of filtration layers 

£rom constructions with transport of 

10 Co 50 km 

- descruction of injected gravel-sand 
of t h e  basement t ub  ( w i l l  stay at the spot )  

- destruction a£ underground walls 

basernent t u b  (will stay a t  t h e  spot) 

I - destruction of massive concrete, t r a n s p o r t  

wirh regard ta the assignrnent Iref.1~) 

- descruction of various types of f l a t  con- 

structions, transportation - up to 10 km 

- selective excavation of stone ramparts, 
transportation £ r o m  10 to 100 km 

- dernolition of the objects of the operational 

buildings, t r anspo r t ac ioa .  frarn 10 to 1001 km 

1 - dismantling of iron constructions, transpar- 
tation 4 0  - 200 km 

- rernoval of f i l m  sealing, transportation, 

30 - 100 km 

- suppression of asphalt-eoncrete çealing 
transport o f  30 co 100 km 

1 
- excavaeion of concrete steel, transportation 

4 0  - 200 km 

with  

- drainage for t h e . c l e a r a n c e ,  dismantling 

of the drainage and trançportation, 

up to 1 km 

- reclairning of the wholes a f t e r  excavation 
of demolished constructions, t r a n s p o r t a t i o n ,  

up t o  1 k m  Ifrorn the or ig ina l  objecc, o r  
temporary storagel 

- technical reclaiming of the demolished arda 
- pumping of water in t h e  drainage system 

1 260 ha 

4 , s  - 7 yearç 



In keeping with the assignment Fref i e )  the following is not 

included : 

- dismantling, transportation and sale of technological equipment 
- cca 2 4  600 000 t 

- preparation of n e w  construction site (the present facilities 

would be used) 
- çost of architectonic - natural final part of reclaiming 

towards the or ig ina l  s t a t e  

Rernark: Cost of next CS and foreign technological equipment is 

included in the calculated prices. 

4 . 4  PRXTIÇABLE WAYS OF DEMOLITION AND REMOVAL OF OBJECT 

In course of clearance works we envisage the  use of the 

procedures as iollows, that ni11 mostly influence the cost and 

terms. It would be possible to use many other specialized 

methods, procedures and activities, but they will not change 

considerably the calculation. 

The basic procedures: 

- destruction of firm constxuctions (concrete, iron-concrete, 
ison constructions) ref. 4 - 5 ,  

- excavation of ground construetians, ground works, construction 

- engineering works, 

- dismantling of ironing and flat sealing systems, 

- construction of temporary dams, drainage system, temporary 

sealing of the  bottom, 

- temporary storage and dumping of demolished and excavated 
material, 

- recycling at the spot, transportakion and sale, 

- transportation to a recycling facility out of the site, 

- technical reclairning, 

- permanent monitoring and indication of impact an the 

environment, 

- checking the impact on environment by an independent, farnouç 

consultancy firm. 

Some items af t h i s  chapcer will be comented in detail Eur ther  
l 

on. I 



4 - 5  DESTRUCTION QF SOLID CONSTRUCTIQNS 

Prom the currenely known destnibtive methods, the  following 

would be used in this case in vario?. extent : 

- explosive destruction 

- rnechanic disintegration - mechanical 
- chemical destruction by expansive 
- destruction by water j e t  

- thermal destruction and peeling 

and manual 

materials  

- some other  known methods (ref-chapter 2.2.3) 

With regard to the n a t u r e  of dhe objecrs and considerable 

volume of works the rnethod tdat woulci predominate is 

ciisintegration wi th use of explosid, and subsequent secondary 
I destruction. We have to stress, t h a t  the separate melhods 

considerably ciiffer as to price, sode of thern are IO times more 
expensive than the other. Therefoti it would be necessary to 

carry out experiments in situ and edaborate a detailed study. 
As weil, it will be necessa& CO assess the impact of 

I conçidereddestruction works on the environment, particularly t h e  

danger of ground water pollution, dulstiness, noise, srnell, ehae  

are not a part of the assignmene. 

Demolished part  of the construction 
can not stay at the construction 

consider re-use after previous 

dumping. 

In case of steel construction, 

difficulties, since the material is 

and dernolition waste 

site. It is necessary ta 

adjustment or partial waste 

there would n o t  be 

relatively new and of good 

quality. It would be probably dif if icult  to ge r id  of the 
1 

construction waste and w e  dan' t mean only previous adjustment and 
I 

transportation, but,  particularly, the sale of huge quantity of 

material. The largesr part will bL the demolished concrere 

constnictions. 

It will be se lat ively  good broken 

be necessary to separate undesisable 

concrete gravel, it won't 

parts. For the adjustrnent 

and use of it foreign currently available equipment can be used. 

They are sirnilar like the equipmint rnill ing stone in our  

quarries. Technological adjustment f Lcilitieç must be equipped 
l 

with an efficient separators of i r o n l n g  and the milling equipment 



must be protected. This problem has been already settled abroad. 

Practicability of the  facility, developed f o r  the recycling 

purposes by I J f h 4 ~  Trnava, would have to be assessed separately. 

Certain quantity of demolished material would require to 

conçtruct a complex specialized enterprise wkth mills and 

separation lines and storage systern at the constructions site. 

If the optimal theoretical capacity was 500 000 t of demolished 

concrete every year, the operation of the facility would be 

secured f o r  5 - 6  years . It can be carried out only if the sale of 
production is ensured. For cornparison, t h e  cost of construction 

of a similar facility in Prague, with the  capacity of 100 000 t 

every year, will be, according to the project 150 mil.Kcs li99l) . 
Since the recycled gravel contains a lso  certain amount of 

non-hydrated cernent and calcium hydroxide, it is impossible to 

store it for lang. Also therefore the gravel must be sold  

quickly . 
Efficiency of t h e  recycling is connected with t h e  

substitution of na tura l  rawmaterial and it proves its advantages 

best in the regions with insufficient sources. In the area of 

intesest, there are sufficient sources of high quality natural 

gravel-sand, both srnall fraction ( O  - 4 mm) and, first of al1 t h e  

bigger fraction ( 4  - 32 m m ) ,  that could be completely replaced 

by recycled concrete without influencing the quality of new 

concrete. For this season we have to take into account longer 

distances of transportation of recycled concrete. There iç a 

problem connected with the protec t ion  of these na tura l  sources 
by a suitable, may be çubsidized market price of recycled gravel . 

The mentioned gravel-çand were used at he construction of the 

substantial part of the dam of the overground canal. 

Their excavation is a substantial cornpetitive source for 
the recycled concrete. The necessity of transportation of 

recycled concrete to new places of plocessing will negatively 

influence the economy. Just in the place of dernolition t h e  

demolished recycled gravel can be commercially used f o r  the 

production of new construction elernents. 

A side positive economic effect of the recycling of the 
demolished concrete would metallurgic re-use of a par t  of ironing 



22  1 
(100 000 tl - ref . çcherne 4.1, Tqe sale of it would not be 

difficult. 

4 . 8  RECYCLING AND SALE OF ACOUIRED ~ATERIAL 

As we have aleeady said, it wo?ld be possible to count on 
I 

4.6 REMOVAL OF GROUND OBJECTS AND RECLAIMING 

Current construction machineA would be used f o r  ground 

re-use of steel and coloured metals, Isince there is a big demand 

works, as wekl as transportation 

under l ine ,  that al1 excavated and 
processed in keeping with respective 

in our country. l 

means. It is necessary to 

again stored material must be 

n o m s  for ground works. Even 

Demand can be expected as to Stone, t h e  prices should be 

lower, might be it would take more tite. Quite problematic is t h e  

if so, a considerable surplus would arise.  It would be necessary 

to store it at çpecial storage or tdmporary storage and squeeze 
separately every layer.  All such gro?nd bodies must be eeclaimed, 

l 
including the temporary storage a£ long-termed character. 

sale of huge amounts of recyçled concrete demolished material, 

t h a t  would last long, probably.  

4 .7 DUMPING 

Establishment of dumps and 

complicated par t  of the praject at 

Without recycling it would require 

Vice versa, sale of plastics, pareicularly thenno-plastics 

storage would be the most 

the water work GabEikovo. 

space capacity of 3 - 6,s 

mil.m2 of the second category of dumps and 0,3 - 1,2 rn11.m3 of 

f o u r t h  category, that need not be f?lly sealed. 

Depositories of the first caLegory, it rneans for  i n e r t  
waste, would have t o  have temporary capacity of 11-23 mil.m3. 

At t he  construction a£ depositories not only budget, but  

also problerns how to acquire ground wbuld play an important r o l e ,  

from t he  viewpoint of the possibilkty to gain them and the 

agreement of the public legal authoiities and the very public. 

The total area of dumps and ternpora& dumps would reach cca 170 

ha of ground with adequate ecolagical basement. 



is guaranteed, inspite of the fact, the price would not be high. 

Even better situation is as to sale of asphalt-concrete seal 

cover of high quality, since there is a lack. 

4.9  EXPENDITURES 

At the determination of unit prices used for the estirnate 

of prices of the clearance we based our calculation on the price 

relation in the CSFR at other comparable projec ts ,  and on 

analysis items seferred in the enclosure P - 8  of t h i s  expertise. 

Using the second method we checked the f i rs t  one. We have reached 

acceptable hamony. 
For the very calculation we used cumulated unit prices, 

already containing a reserve covering unexpected circumstances 

(20%) and side expenditures (also 2 0 % )  . We have added the cost  

of transportation in dif f erent  variants of distances. Separately 

we have elaborated the indicators for t h e  main dernolition items 

(concrete, gsound works, f l a t  sealsl only f o r  illustration. This 

way, the  çost  of removal of one 1 m3 with transportation variants 
is 2 3 0 0  Kcs, cumulated final cost accordlng to separate variants 

is 2 6 0 0  - 2900 ICcs/rn3 merely w i t h  dumping. All o t h e r  

characteristic cumulated items are similar. 

Total estimates of experts are summarized in the  enclosed 

scheme 41, that contains al1 expendi tures including 

rnechanization. This çcheme distinguishes t he  cost according ta 

separate variants (A,  8 ,  CI D), respect the minimal 110 km) and 
I supposed distance of transportation (100 km) and two cases of 

demolition material handling, it means complete recycling o r  

dumping, which represents an ecological psoblern. 

4.10 TIME TABLE 

The whole procedure of realizaeion of possible demolition 

works was assessed with regard to real terms and at the same tirne 

mutual influences of groups of activities as to the  locality and 

mutual correlation were judged. The use of transport means waç 

found as limiting particularly in case of longer distances. The 
problem of time waa solved according to separate variants, 

described as A, B, C ,  R, it means from the  maximal interference 
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to the almost finished work to measures, t ha t  are regarded as 
I 
I 

minimal according t o  this expertise. It would be necessary to 
c a r q  out a detailed performance pr&ject in order to successive 

realization of works . The project  would last at leasc 

10 months, including the approval p!ocedure. This project  would 

be followed by the preparation of démolition and acquisition of 

equipment t h a t  i s  not avail*ïe ih the CÇFR (grave1 milis), 

hydraulic disintegration equipment dtc. It would be necessary to 

cons t ruc t  p r o t e c t i v e  containers for ? m e  parts. the construction 

is supposed to last 1 year. 

Removal of steel  construction 
the limiting factor would not 

transportation and loading. In case 

purposes, this term weuld be longer 

capacity of equipment. Removal of 

would l a s t  2,5 - 3.5 years, 
be disintegration, but 

of adjustment for recycling 

by 30% - 50% according to the 

steel constructions would 

require roughly 2,5 years practically in a l 1  variants and 50% of 
l it would be carried ou t  parallel with the  dernolition works at 

concrete constniction. 

The ground warks will be as follows: disintegration, 
1 

excavation, removal of ramparts and ditches, adjustment of s l epes  

and surface, pressuring. IL must de proceeded by remaval of 

asphalt-concrete and polymeric f l a t  
a u i l i a r y  construction of transition 

use of transport means was optimal and 
removal of ground objects would last , 

sealing w i t h  the whole 

layers and f i l ters .  If the 

there were two shifts, the 

depending on variant, 3 , s  - 
6 years, it would be possible to reduce the period t o  2 - 3 years 

by maximal use of means. Shotter petkacl is excluded. 
More than 90% a£ the works on the ground objects removal 

will be done at the same tirne as other clearance works. 

Dismantling of f lat sealing would laet 1 - 3 . 5  years in case of 
I 

re-use of t he  demolished material. In case of use of 
1 mechanization regardless of the cleanness and q u a l i t y  of removed 

material (par t icu la r ly  filters) 1 - 2 years, Ground works can  

follow these wosks imediately.  Construction of dumps and 

Lemporary dumpç would last 3 - 6 yea!s, it would be carried o u t  

6 mouths before the dernolition of rebpective objects. 
The total tirne, necessary for !he clearance of the  whole 



water works, is according to our estimate, without preparatory 

works and final elirnination of dumps and recycling works, roughly 
4 , s  (variant D) - 7 (variant A) yearç, if 1 800 workers operate 
in the area of clearance and 400 workers at auxiliary works, 

recycling and dumps centres. The worker must be mostly qualif ied, 

ab le  to handle with machines. 
Remark: The tenns and number of workers - ref .  enclosure P - 9 
Scheme 4.1 

Cost in millions of KEs 

Variant m i n i m a l  transportion distance 10krn longer distances of 

transportation 100 km 
of eLcaranse Iref.  the eurvey of valumes) (ref. the survey of volumee) 

due t rue t ion deetruct~on deetruetion deetruction 

dumping rtcycllng dumping recycl ing 

degositing a r l i  dapoaiting sale 

A 19 300 1 5  5 0 0  23 4 0 0  19 609  

(ma% 

var. 1 +14 800 +18 900 

D 3 $00 

(min 

var. 1 

Remark : 

iz i o o  14 8 0 0  

+12 I O 0  

10 6 0 0  

+10 L O O  

-The cost is calculated with regard to direct sale of steel ta 

f oundries 

- In case of destruction of deep constructions of special 

basement t h e  cost will be increased by 2 , 4  bilion K E s  (without 

concern orily the very water works, but also the  engineering 

Constructions. Such a project would be very exacting as to 

removalandtransportat ion of huge quantity of material, but also I 
l 

excavation, re f .  enclosure P - 8 )  

- The survey does not take ineo account sale of dismantled 

technological equipment and architectonic-natural final 

adjustment of the area. 

5. FINAL REMARKS 

The clearance of the water works EabElkovo would be t h e  

f i r s t  realised project  of such a type worldwide. It does net 

I 
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£rom the point of view of safe depositing of the material 

according ta the original pre jec t .  

Another problern would pose substitution of the original 

geological structure of the construckion s i te  by new material in 
order to reach a natural  effect in 
technical reclaiming and subsequent 

adjustment . Removal of the work would 

A particular question is, whicd of the dams should not be 

deeping with the dernand of 
natural-architectonic 

have not only  technical and 

dernolished in order to pro tec t  Zitnp 

From the ecological viewpoint 

realization of rhis hypothetic project 

recycling of concrete and its reuse. 

economic aspects, it would be, a t  the same tirne, a complicated 
I ecological task, since it would be necessary to protect  the 

adjacent area against impact of demilit ion works . Many experts 
and laics have commented the problern b f  impact of the water works 

upon environment in the course of codstruction and operation and 
a similar process would repeat. evidéntly, at the discussion on 

I the concept of the dernolition, Therefore it is necessary to 

consider participance of a prest igids f oreign consul tancy f i r m  
l as a permanent adviser, checking a l 1  ecological aspects. It would 

recpire approx. 150 000 UÇD a year a i  leas t  3 - 4 years. 
I 

A very sensitive r e l a t i o n  would arise in the sphere of 

underground water and the danger of Pollution. The very process 
of dernolition and other interferenci should be assessed in a 

l 
theoretical way or be a mode1 research. 

ostrov againçt flood. 

we have to consider the 

with emphasis on maximal 

m a t  we wouldn't be able to reach even in case of a very 

careful dernolition, is renewal of original narural conditions of 
underground water çtreams enabling automatic cleaning and 

kinet ics  of chernical reactions in connection with biodegradation. 
Quite unsolved is the problern how to adquire and par t i cu la r ly  pay 

back f inancial means, necessary f o r  dhe hypothetical clearance 

of the work. 
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AIDE-MEMOIRE 

from the discussions of the chairmen of both Czechoslovak- 
Hungarian Comittee for economic, scientific and technical 

cooperation 

On August 19, 1985, the  meeting of the chairmen of bath 
Czechoslovak-Hungarian Committee for economic, scientific and 

technical cooperation (hereinafter only Committee) Rudolf 

RohliEek, the vice-president of the Czechoslovak Government and 

J6zsef Marjai, the vice-president of the Council of Ministers of 

the Hungarian People's Republic Look place. The questions of 

bilateral economic cooperation and j o i n t  constniction of the GNP 

was on the program. 

2 .  The chairman of the Hungarian part  of the Comi t t ee  infomed 

about position taken by the Council of Ministers of the Hungarian 

Peoplei s Republic in connection with discussing the report on the  

situation and further tasks of the construction of the GNP and 

comprehensive study on possible impact of the Project on the 

environment. The chairman of the Hungarian part of the Committee, 
with aim to complete j o in t  works on this section, submitted the 

proposal for further research and coordinated activities which 
would be needed during further construction of water works in a 
w a y  of m a x i m u m  utilisation of advantages following from the 

realization, as well as the improvement of environment, 

prevention and avoidance of eventual damages. including 

application of higher demands by construct ion.  
The Hungarian side proposed a jo in t  e l a o r a t i o n  of further 

conditions which should make possible putting of the water work 
Nagymaros into operation as soon as possible after putting the 

water work GabEikovo into operation already in seetled t e m .  
The Hungarian side handed over the  extracts of comprehensive 

study on impact of the GN project an environment. The chairmen 

of both parts of the Comittee charged the government 

plenipotentiaries to discuss these ta sks  which must be solved 



jo in t ly  in working graups, a special attention must be paid to 

tasks of protection of environment and ecology. 
The chaimen of botb parts of Che Conmittee charged the 

l 
government plenipotentiaries, following the  results of already 
realized works: 

- to set up condïtions of putting 

i n t o  operation as soon as possible 

the water work Nagymaros 

after putting the water work 

GabEikovo into operation in settled term and to submit a j o in t  
I proposal to the chairmen of both parts of the Committee, 
l - te establish a working group within the Joint Operative 

Group fo r  evaluation of questions of émironment protection and 

ecology and to determine activities which are needed to be 

realized during construction and preparation of aperation, 
l - to elaborate jointly in advançe the operation order 

of the Systern of Water Works with sdecial regard on the peak 
operation. preservation of the charactér of flowing water in the 

old river bed of the Danube, optirnization of hydeological and 
l energetic conditions, as well as conditions of protection of 

environnent and navigation, 

- following previaus agreements, 
monitoring system of the water work 
effects of the  whole system on 

scientific accuracy and to guarantee 

period before putting these structures 

to realize a measuring and 
in such a way that the 

environment be monitored w i t h  

reference data from the 

into operation, 

- to speed up the negotiations on preparation of r e p l a t i o n s  
concerning energy operation of water wbrks , 

l - to verify rational possibilities and to realize demands 
I 

of economy during the construction of the Systern of water works, 

to find out rational solutions w i t h  

changes of technical projects to reach 
necesaary and possible 

maximum effects, 
- to elaborate a joint report on the situation and tasks af 

the constmction of the Systern of water ?orks GabEikovo-~agymaros 

and cooperation in protection of envirbnment for the next XXI. 
session of the  Committee. 

The sidea will ask the Czechoslovak Academy of Sciences, t h e  

Slovak Academy of Sciences and the Hungarian Academy of Sciences 
to speed up' works within the framedrk of researches being 

realized and to extend their activity ad questions set up by the  
I working group for protection of environment. 



The chairmen of both parts of the Conmittee charge the 

Czechoslovak-fIungarian commission for  Boundary Waters to monitor 
further water quality with special attention on the mentioned 

section of the Danube and to set up rneasures fo r  realization of 

tasks aiming to decrease the pollution of water with wastes. 

This record was done in two copies in the Czech and 

Hungarian language with the same validity. 

In Prague August 19, 1985 





Hungarian Brochure, "Environmental and River Dams", 1988 





, profectton an4 improvemnt of the environ- . . 
conservation of nature and the rational use 

of her reçourceç are essenilal to the welfare of 
people and ewnornic development of al1 
nations . . ." 

Helsrnkr. August 1 ,  1975 

"lt would be futtle to expect streamç to regulate 
and ltnk themçetves spontaneousty Hurnan 
efforts. great efforis conceffed and guided by 
true science are needed to accomplish this." 

Environment and river dams 





The Danube is the cornmon 
naturai asset of Europe. 
The gross national producl genereted 
in the 81 7 thousand square kilometres 
Iarge river basin 
rnakes her In terms 
of economic output 
the most imporfant river 
in the world, 
although with a lengtçi 
of 2,860 kilometres 
she 1s only the twenty-eighth 
on ihe iisf. 

Ower PO mililon inhabitants 
o f  eight rlparian euuntries, 
or hvelfe per cent of ihe conîinent's 
populalion are directly 
Influeneed in the basln. 
The vast flow carried in the river 
is an essential efernent 
a vital factor of blological llfe, 
human, plant and animai alike, 
an irreplawble raw material, 
transport carrier to a continuously 
developing economy, while 
at the -me thne she is the recipient 
of the effluents, 
Vie wasfe wateR of a wide variefy 
of humen aetlviüea 

- .  . -. . 

. . 

Follocvlng the inaugurailm 

... .. 
: ., d.. . . 



i 
The organizing skillsaf Count Stephen Sré- RECEM ADVANCES çhenyi (1 79T -1 860), a prominent polirician 

The importance of the Danube, the necessi- of the Hungarian refarrn era. t+ builder of 
gro*h ln the twe" century the Chain Bridge 

ha= neces~itated a" complete gnd corn- Of regu1ati0n and develavent 
h h ,  and the founde, of Hungarian already recognired in ancient tirnes. The plex development of the Danube as possi- Academy Of sciences' were 1 the driving 

ble. Multi-purpooe generating hydre- excavated a Canal bypasa the force behind thir vail reclsmafian project. 
hpiruiii nawparOnn Water SUPP,YY dangerous rapids in the fron Gate section 

on the Lower Danube. Emperor ~iberius or- " as the c0n9ue=t Of the 
riparian dweiopme~t and flood çafety haVe 

coUntTym Wa5 aly) Ike mas! ad- been built and additioml ones are contem- the bu'idingof 
a vocate and. subsequently as government pYted, tQw~ath to facilitate the upsfream passage 

commissioner~ manager+ qf the enons 
The first dam, the Kachlet Dam, inaugurat- 

~wpatuates the glory of the Ernperor Traian ed in 1927, was followed by 29 similar pra- 
jectç up to t987. Work is at the present 
under way on three dams-besides the 

(B6s)-Nagymaros praiect- 
the professionab having located a total of 

nube - the wetfare of the Empire*. 47 Wtential sites for harnessing this conti- 
nuously renewing source of pawer. 
One of the ambitious ~ r o l w t s  Changing the 
aspect of the river, the GaMikovo (Bis)- 

plans w y m a r ~ s  ~ 0 ~ e C t .  f~ a ïïieatlt of dwelop- 
lng iong-nqlected re~urCes and a 
example of creûti~e ~O-operati~n between 
inîerdependent M o n s  shanng the rame 

systernç. The level of technology was, how- 
ever, too I w a t  theümeto permitthe project senratives of the profession in Europe, fetl 
to lm wmpleted. 

ienna Basin through 
e Danube enterç the 

d Region. The velocity 
, much of the sediment 

.the river meanders in an 
ng bed over the debris cone. 
n n e M  of river branches 
the Stream over a length of 

l 

1 



and completed in the last years of the past 
century. This, however, could only be main- 
tained by dredging grave1 continuously 
fromtheçhannel at the rate of 7 million cwbic 
rnetres per year. 
A number of benefits accrued to the region 
from the vast project, which haç alleviated 
but not ellrninated the difficulties, Floods 
through breaches in the protected and rein- 
forced levees have devastated large parts 
of the Hungarian Szi etkoz area in 1954, 
then of the Slovakian "t itny Ostrov (Cçallo- 
koz) in t 965. f o  appreciate the proportions 
of the disaster, ~t should be noted that in 

The Gabéikovo-Nagymaros Dam Project 
is intended to serve several purposes: 

1. Generarion of 3.6 thousand million 
kWh of electric energy in a normal 
year by harnessing the hydroelec- 
tric potential of the Danube section 
berween Bratislava and Nagy- 
maros. Moreover, 40 pet cent of the 
output obtained by developing the 
non-polluting "white fuel" will be 
peak power ptoduced for five hours 
daily. To generate the Hungarian 
share of this power in other power 
stations. the calorific value of 
650-700 thousand tonnes of oil, or 
2 million tonnes of brown coal. or 1 1 

will be drowned, navigatan in both 
directions, even at night, with 
barges loaded to full capacity will 
become possible. The net trme 
available to navigation will thus be 
extended by 40 percent, the carry- 
ing capacity of the fleet will increase 
by 20 per cent while the fuel 
demand will be cut Io one-half of the 
present. Tremendous advantages 
result thus from the multiple bene- 
fits of water transport, the power 
demand of which iç lower by 30-50 
percent than that of other means of 
transport. The amount of gamline 
or Dteçel oil combustion orodücts 



loads. Moreover. it will becorne 
possible to split eçpecially high 
floodç to the existing Danube bed 
and the power canal presently 
under construction. 

4. The ancillary projects realized by 
the coneerted use of state and local 
resources will provide new impetuç 
to development in the area. Piped 
water suppfy will be provided Io a 
number of villages. The sewer net- 
work will be expanded, roadswilt be 
upgraded, opporlunit~es will be 
created for recreation and water 
sports attraçting a larger number of 
touristç. Consequently, the river 
dam praject may be regarded asthe 
most important infrastructure de- 
velopment project in the region..  

! 
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neerlng considerations and would have 
made the safe passage of flood flows and 
ice runs questionable. The rock tedge at 
Domoç would have rernained an obstacle to 
navigation in both alternatives, 
Repeared studies and more recent analy- 
ses taking al1 aspects into acçount have 
thus confirmed the correctness of the ori- 
ginal proposal, Le., that the eastern end of 
the rock bed upstream of Nagyrnarcs and 
Visegrid is the optimal site for the down- 
Stream dam. The results of both engineer- 
rng and economtc çtudies have demon- 
strated the superiority of thfs site, where the 
structures can be adlusted aesthetically 
into the landscape, 

The four main components of the Gabti- 
kovo-Nagyrnaros Dam Project are situat- 
ed on Hungarian and Czechoçlovakian 
rerritov and comprise: 

1.The Ounakiliti Weir and the 
irnpoundment reservoir created 
thereby. 

ConStrucUon under way 
on the GeMlkom power sbtibn 

lnîemeptlon anal In the Szigetit61 sree 







power station-including nuclear plants- 
take a considerably longer trme to increase 
power generation to the desired level. 

4. The terminal downstream structure of 
the GabCikovo-Nagymaros proleci sew- 
ing the complex devcloprnent of the Hunga- 
rian upstream Danube stretch iç the Nagy- 
maros Dam. Consisting of the power sta- 
tan. the weir and the Win navigation iocks, it 
is intended to perform çeveral functions: 

- To even out the surge waves due to the 
rntermittent (peak load) operation of the 
Gabkikovo power station. 

- To create over the backwater reach ex- 
tending to the tailwater at Gabëikovo the 
depth required for the unobçtructed use 
of the waterway in periods when the re- 
leased flow is insufficient. 

- To feed continuously 160 Megawans 
from the six turbines into the power grid. 

- To help the vessels in negotiating the 
dam. 

- As a road bridge to create a permanent 
link between the h o  communities: Vi- 
segrid and Nagymaros in the bautiful 
landçcape of the Danube Bend. 

The k a d  created.here will be substantially 
lower then that at Dunakrriti, exceeding by 
no more than 0.8 rnetres the highest flood 
levei on record, The backwater curve will 
join the rneanwatersurface profile at Gonyli 
already. The embankments along the river 
will be reinforced sufficiantly to withstand 
safely even the extracrdinary flood waves 
or any earthquake Ioad. Besides, in mis 
reg ion the probability of a malor earthquake 
is very bw, virtualiy zero. 

The projeet will occupy 10 thwsand hec- 
: tares on Czechoslovakian and 4 thousand 

hectares on Hungarian terntory, thus con- 
siderably less thanmemplated ofiginaily. 
Thearea to be sawificed wasonginally esti- 
mated at t 6 tbusand hectares for the Gab- 
Eikovo power station abne, bu? the engi- 
neers later mece&& in wnstnicting it on 
oniy four thousand hectares. 

The Gabcikovo-Nagyrnaroç ~ a r n  Project 
will be realized jointly by the I ~ v n ~ a r i a n  
Peoples' Republic and the Czechoslova- 
kian Socialist Republic as an intègrated and 
interconnected hydraulic and power gener- 
ation systern forrning the cornrnh propeny 
of the Iwo statcî 1 - - . . - - - - - - - 
Conslru~lion O( the projeci rtar€?d in i 978 
and was scheduled for compietipn to 1986 
and t 989 in the Hungarian-Cz~choslova- 
kian intergovernmental agreeemTnt of 1977 
From the outset the Czechoslov?k side de- 
ployed considerable staff and Tqurpment, 
whereas in the late seventles the diminish- 
ing resourceç available for devploping its 
economy compelled Hungary tq gradually 
reçtrict capital investment, abandon some 
maior oroiects and eçtablish okoritieç for . , ,  r l  those refarned. Some consrruchon jobs 
were therefore carried out by Cz~choçlova- 
kian contractors, to be çompensated for al a 

I later date by the Hungarran side;. 

ln the new situation several aller#ive solu- 
tions were considered. The consequerices 
of abandontng the Hungarian sebtron of the 
project altogether were weigh& and the 
suspension of work for ten yearj was pro- 
posed. Eventualy, taking into aFcount the 
sums invested sa far by the Cz~choslova- 
kian çide as well as the Hungariaq interests, 
the headsof the tw~~overnmentsa~reed in 
1983, following a Hvngarian inliative, on 
d&ytng cmstwtion by four years and 
resehectulng the projecl accwdi~gly. 
fhe generating units of the projebwill thuç 
tjammissionedbetween 1890bnd 1 ~ 3 .  
'Fhe iirst-Mne of the Gaikjkovo power 

-station wai delier current arovnd June 
-lm, fatlowed by the atbr  seven sets at 
, mm-monai intervais. 

-Umr the w sdedst .  List mit in 
.,the Nagymaros Dam will start geRerating Ki 
-.1992. The remaining fwe "nits dll be cc+- 

-.. nected to îhe grid at the rate of + in every, 
'%ecmd mMi. fhe p w e r  station will h s  

attain fulE capacity in 1993. Completion of 
construction iç scheduled for 1994. 
Following the agreement on the revised 
schedule, project implementation received 
a new impetus and construction continued 
at an accelerated rate atter 1985 in Hun- 
gay ,  too. The volume of constructjon per- 
formed in 1986 surpassed 3 thousand mil- 
lion Forints in value. A 9 kilometres long 
section of the Dunakiliti reçervoir ernbank- 
ment was completed and the specialfy seai- 
ed construction pit of the weir was excavat- 
ed 3 months ahead of schedule with Aus- 
zrlan CO-operation. 
The progress made ever since haç been 
considered satisfactory and appears ta 
guarantee that the ambitious project wél be 
completed on schedule. The costs and 
benefits witl be shared equally by the two 
countries. 
According to the provisions of the bilateral 
agreement srgned in 1977 and renewed in 
1983, the two sides shall share equally the 
costs of the structures of common interest. 
They shall have equal proprietary rights to 
the main structuresof the project and be en- 
titled 10 one half each of the pwer  genetat- 
ed by the hydrwlectrie stations. The main 
structures shalt be operared jointly, regard- 
l e s  of the territory on which they are situ- 
ated. 
The Hungarian share of the project costs, 
'estimated at the 1987 price level, emoun\s 
10 5Q thouçand million Fonnts. The major 
part t h e ~ f  is devoted 10 power, the rest ;ci 
river rqjraW and other purposes. Çost- 
kmfi anafyses have shawn the cost allo- 
cated to v e r  to be cornparaMe with the 
consvueüon and operating wsts ui memial 

-.stittons of similar moacirr. Additional 
be~Li3tclude tha ab&& of fuel coçts 
and of missionsdelrimental to tfie environ- 
mWmorewer  a s e w b  Ide three to four 
timesthit of thermal pûwer mhns. 

- Themain structures (power st~tiwis, weirs, 
poww canal, etc.) will fwm c o m m  pop- 

.- : *. Parailei theret0, other structures of 
--< common interea {such 'as bank revet- 



rnents, pumping stations, etc.) will also tie the dam to the site in preassembled, large ENVIFIoN~~rnAL IMPACT STUDIES 
built and will form the property and respon- units in order to cause t h  least possible 
sibility of the state on whose territov they 
are located. 

In addition to the structures serving com- 
mon purposes, so-called national develop- 
rnents are also associated with the project. 
These serve theadvaneement of communi- 
ties and the infrastructure, and are made 
possible, or more advantageous by the 
realization of the dam project. Strnilar 
developments will be irnplemented over the 
years following the commiçsionrng of the 
dams, too, at rates depending on the actual 
financial situation. However, the majority 
thereof will be funded from other reçources, 
although they will benefit from the outputs 
and irnprovements emanating from the 
principal projeci. 

The cornplex development of the Hun- 
garian-Czechaslovak Danube stretch, 
lounded on bilateral agreements, has 
becme a mode1 example aJso of creative 
co-aperation between iwo wunlries wdh 
different pol i thl  systems. Upon the suc- 
m&J conctudon of preparatory negotia- 
tions in May 1986, mutually advantageous 
contracts were signed by Hungary and 
Aumia in Vienna, under which Austnan 
contractors will participate in the construc- 
tion and financing of the Hungarian com- 
ponents of the dam projeci in return for 
power deliveries at a later date. 
Y'he main contractw for Zhecornplete Nagy- 
marm Dam is the Osterreichische Dofiau- 
kraftwerke AG-DOM-Vinna, Austria. 
The Company, which haç already buiit and 
currently operates n im dams on the Aust- 
rian sketch of the Danube mets the re- 
quirements in al1 respeFts. lts profesdanai 
staff end equlpment a? à g W e  to catry 
Cui the large joti su^sshilly. . y s  is 
dmmsmted am~sg -Othe$ .&a by the 
facl that the c o n t r a c t o r W à g ~  to Eom- 
pbtethedamandtodm~c#rthedrst 
a i ~ n e  In wily 33 m o ~ t h s . - ~ ~ ç o n p a b r  
has also agreed to deliver the generaing 
uni& and other mechanical equipment of 

inconvenience ta the communitiesof Viseg- 
rAd and Nagymaros. 
The costs of construction and the interest 
on related credits will be advanced by the 
osterreichiçche Elektr!zitatswirtsch&i AG, 
withfinancial baeking by a group of Austrian 
banks. Payment will lie made in eleçtric 
power, to be delvered between t 996 and 
201 5. Under this financial arrangement, the 
Nagymaros Dam will not appear as a sepa- 
rate item in the Hungarian budget. The 
Austrian side will in turn have access to 
1,200 million kilowatt-hours of electric 
power yearly, which will obviate for it the 
ne& of building and operating a coal-fired 
p w e r  biock of 290 Megawatts capaaty. 
The job oppoflunitiesoffered Io the Austrian 
hydro-contractors and manufacturer5 of 
generating equipment, which improves the 
situation on the Austrian laMur market, wdl 
be fringe benefitç. 
This, however, is only one among the 
aspects of the related international division 
of labour. The Hungarien projecl managers 
çought also other fields to locate pariners 
with Vie best professional skills and the 
most reliable references for carrying out 
jobs whiçh require special equipment and 
expertise. An bustrian mntractw has thus 
b e n  invited to excavate the construction 
pit for the Dunakiliti Weir and place the spe- 
cial sealing trough thereof. Other jobs have 
been awarded te Yugoslav companies after . -- 
cornpetitive bidding. 

The funnel-shaped area exrending from 
Bratilava 10 Nqymaros-Visegrid isD be 
influenced by the dam proleet on Hungatian 
territory. It sustains a population d about 
500 thousand. The comrnunities include an 
ancient royal residence, a present sçhool 
tom,  frequented touristic attractions and 
important industrial centres. 
Fertile iands, rich pastureç, modern indus- 
trialited farrning operations and profitable 
prrvate farms set rnto a landscape, which 
has retained her natural values regardless 
of the changes over the decades. 
The grave1 layerç in the several hundted 
rnetres thick alluvial fan under the Sriget- 
kbz area hold an estimated ten cubic kilo- 
rnetres of potable groundwater. The forests 
in the regton are claimed Io produce the 
richest timber yield in Hungary. 
Any irresponsible human intederence jeop- 
aldiring, damagrng or destroying Ihese 
values would constitute not simply a rnis- 
take, a blunder, but an irreparable crime 
against future generations. 
This consideration, which ptompted extra- 
ordinary Gare and cireumsgection in al1 
stages of preparabry work. recenred special 
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(ln other words: appropriate design and 
careful operation will eliminate undesirable 
consequences.) 
At the same time, improvementç were sug- 
gested to some of the original solutions in 
design and constructron technology. 
Prcirnpted by these reçults, the government 
again reviewed the prolect. In cornpliance 
with the recommendations of the impact 
statement, decision was taken to adopt 
engtneering solutions that protect and im- 
prove the environment, further, to operate 
the project by obsewing strictly the require- 
rnents of optimal ecolqicat conditions. 
The government commissioned further ef- 
f-for amoreeffectiveenvironmental pro- 
tection. It also decided to continue research 
during construction and beyond the com- 
pletion of the project. 
The government also decided the instaiia- 
lion of a complete regional observation net- 
wwk-referred to as the monitoring net- 
work-designed to provide accurate infor- 
mation on lhe condition of, and changes in, 
the environment. This network will be corn- 
rnisshned three years ahead of the project 
sa as to establish a reliable basis of refer- 
ence. againsi which any later change can 
he rneasured and asseçsed. At the çame 
tirne, continued ceoperation with the Slova- 
kian Acaderny of Sciences was decided. 

Besides the official çtatementç. a number ot 
prominent Hungarian sçientrsts have voic- 
ed reassuring opinion on questions related 
10 the dam project. 

Mr. Bruno F. Straub, Vice-Prestdent of the 
Hungarian Academy of Sciences, past 
chairman of the National Counçil of En- 
vironrnental Protection and Nature Con- 
servation, which initiated the environmental 
impact statement, and presently acting 
chairman of the Communal Development 
and Environmental Protection Cornmittee 
of Parliament, established in 1985, de- 
ciared in an interview* 

". . . I consider the problem from ascientific 
aspect, drawing on fifty years of experience 
in research. l have detected neither in the 
report, nor rn the commentç by third-parly 
critics a single truly scientific oblection to 
convince me about the inadvisability of the 
project. 

Evidently, the consrructicn of any river dam 
entails changes in ttie environment. Any 
interference is necessarily associateci with 
changes, both adverse and beneftcial. 
I believe the benefitç from such a project 
should autweigh the detriments." 





Parallel to the irnplementation of the GabB- 
kavo-Nagymaras Oam Project, the waters 
in the Szigetkot area will be regulated into 
an integrated system and a new network of 
groundwatet control (recharging and inter- 
cepting) canalswill be constructed. The6 to 
9 metres wide range of water table fluctua- 
tions caused by stage variations in the 
Danube will thus be eliminated. The water 
cycle in the area will be aecelerated, water 
supply to the M t  between the "Old" Danube 
and the Moson Danube wili be improved 
and by çomputerized control the ground- 
water level will be raised and lowered as 

airogether 95 rewage treatrnknt ir en- 
visaged. As a result. the sewage load in the 
Crechoslovak catchment of the Danube will 
reduce to one-tenth of the presenr value 
wtthin the next ien years. 
On Hungarran lerritory sewerage wrll be 
ptovided to 43 communities and industriab 
plants in the prolecl area by 1995. Regionat 
networks of water distributiqn and sewer- 
age are envisaged at Visegqad and Nagy- 
maros. Moreover, under a system combin- 
n g  rtate subsidies and lobal resources 
sewage and wastewater treltment will be 
prouided al the malor ripari$n townç, viz. 
GyOr, Komarorn. Eçztergo~, Tatabanya 
and Orosziany. The çewer networks will be 
expanded and piped watersupply wrll be in- 

and when requit& by the interests of agri- troduced in al1 villages in l h e - ~ z i ~ e t k ~ z  Danube water classified presently as ol 
culture or the natural environment. As an area. Recent hydrogeological and hydrau- Category II [slightly polluted) has improved 
interesting fringe bnefit, stagnation fre- lie analyses have repeatedly lonfirmed that already in 1986 along the Çzigetkoz area 
quently obçeniabte in the abandoned the dam project will cause higher recharge and downstream of Gonyli alike. we feel 
branches will be elirninated, the recharg- rates to the gravel aquifers tnder the Szi- justified in expecting favourable results 
ing-infiltration canals forrning a network of getkoz area. adding not only more, but bet- from subsequent efforts. 
tive watersurfaee in the landscape. ter water to this important soJrce of supply. Nor are the sources of supply downstream 
In Hungary and Czechoslovakia alike, great The sediment depositing oler the back- of Nagyrnaros endangered. The character 
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The Gabtikovo-Nagyrnaros Dam Projeet 
wrll change the face of a 150 kilornetres 
long riparian strip on the Hungarian side 
behveen Aajka and Nagymaros. The range 
influenced is, however, a eonsiderably 
wider one, so that the living conditrons and 
welfare of hundreds of thousands of people 
are involved. 

The benefitç of the project and the fullest 
possible exploitation thereof have been ex- 
plored rn a comprehensive programme of 
regional development, the fundamentaf aim 
of which was Io formulate a policy airned at 

irnproving the situation of the pebple in the 
region. 

The programme outlined by the bncerted 
efforts of expens from the releyant disci- 
plines and professions, perfected subse- 
quently in a series of open, publ i~ debates 
has reviewed the possibilities of improving 
the infrastructure and surnmdrized the 
aclrons required. 

No Hungarian village or town hl be in- 
undated as a consequence of tle project. 
Relative to the proportions of 2 1  prqect, 
the number of real estates exprgpriated- 
against equitabledarnages-will negligi- 
bly srnall. Most of these houses are ln areas 

l 



bath at Lepence-may also prove attractive 
to many for touring. camping, rowing and 
saiiing. 
Parallet to the construction of the Dam Pro- 
ject, programmes will be implemented for 
developing the thermal water resources in 
the Szigetkoz area. A sanatorium is con- 
ternplated in the western corner of the area, 
at Hédervar. Addittonai thermal baths can 
be built at Lipot, Mosonmagyaroviir and 
Gy&. Reereation centresare contemplated 
in thevicinity of Gyorülfalu and Gy6rzamoly. 
The expansion of village iourism is en- 
visaged at AsvanyrArO, Dunasziget, Soko- 
ropatka, further, along the Moson-Danube 
and Kirnle, Dunaszeg and Dunaszentpiil. 
A site for an international camptng has k e n  

inundated more .or tesç frequently and located at Likoc-puszta. 
would be subrnerged by the backwater Considerable attention has been devoted Zo 
created. The baste principle observed in improving transpon. A new international 
land ctearing is and will rernain to demolish river port will be builr at Gy&. The southern 
houses only where abçolutely essential. rnotorway bypassing the rown has also 
The economy of the region will undergri no been included in the plans. The east-west 
major changes on account of the dam pro- road network in the area will be modernized 
ject. The tradesand professions indigenous and new roads will provide aceess to the 
to the region will thus have ample opvriu- growing recreation centres. 
nities for flourishing and expanding. The 
projeets of land clearing and regional devel- 
opmenr will be realised as national invest- 
ment drawing on three sources for funding. 
For attaining certain objectives, state sub- 
sidies will be relied upon, whereas others 
will be realized with the financial resources 
of the local agencies of administration and 
the population. The ambitious programme . - 
was fomutated expecting the attraction 
whieh the controlled waters, regulated 
banb and larger watersurfaces will exer- 
cise on those seeking recreation, tourim 
and water sports. ..: ; ... , . .. 
fhe Dunakiliti ~eservoir offers ideal.,&!i- . r -  . -+ .- . tions for the o r g a ~ ~ ~ ~ . ~ t f i  domesüc - -:': " 
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The need of expanding the network of 
shops, restaurants and othersewicesof the 
catering trade parallel to the anticipated 
growth of tourism has alsa been recogniz- 
ed. The buildings erected to accommodate 
the work force on the project were thus de- 
signed to serve-in a form restored and 
reconditioned-as tourist or mrmal hotels 
after the completion of construction, 
Special care has been devoted to preservrng 
the aesthetical values and natural features. 
firrther, to developing the ccmmunities of 
the Danube Bend, which attracts many 
tourists already and is capable of accom- 
modating 200 thousand visitors in summer. 
Anticipating a further expansion of the 
tourist trade, new excursion centres have 
been envisaged in the Visegrad-Nagy- 
rnaros and 'ESrtergom-Vaskapu areas. 
The existing srnatl garden and shaek lots, 
which deteriorate the landscape, will t~ 
changed in10 a mwe pleasrng type of land 
use andivorkwitt be started on moderniring 
infrastnrcîure. , . 
A natlowde pubri. cornpetition has been 
announced, in$ting,architecturai designs 
for the Hagyrnaros Dam and the ancillary 
çtnietures, but oily of the propasals 
were co"&idered,&ptabls by the evalua- 
t l ~ n  con%mlttee;~acts have thus b e n  
placed .foc newudéSigns inçorporating the 
best soiutianskubmitted. - . .  - 



The architects were required to çornply with 
çtringent requirementç. Far acceptance, 
any design had to consenie the unique 
landscape of the Danube Bend and to avoid 
industrial structures. 
The speeifrcations for the dam comprrsing 
the weir, the powerhause, the twin navtga- 
tion locks and the road bridge on the crest 
Iinking Visegrad and Nagymaros required 
an unhroken trace, a horizontally artiçu- 
lated structure to fit in al1 respects 
harmonicaiiy into the landscape. The use of 
dark, or glaring colours was also declared 
undesirable. Lighting was to be solved by 
means of concealed fixtures with appro- 
priate arrangements for floodlighting. 
Separate lanes were also required for vehi- 
eular and pedestrian traffic. The power 
generated had to be conveyed by under- 
ground cables out of the core of the region, 
vir. as far as the Szob plains on the left- 
hand bank and the Malom Creek at Domos 
on the right-hand bank. 
The k s t  design submitted and adopted as 
a starting basis in preparing the final draw- 
ings proposes horizontal patterns to relieve 
the monotony of large concrete surfaces. 
Mixes of ciifferrent shade and the use of 
vegetation on certain parts senred to marge 
çolid surfaces unobtrusively into the sur- 
roundings. A partly recessed solution has 
been adopted for the operation building and 
the other ancillary structures on the banks 
to make t k m  l e s  conspicuouç. 
Another public design cornpetition pre- 
ceded, and esîaôtished the critena for, the 
development plans and designs of the com- 
munity çenter of Nagymaros. The team 
reyionsible for synthetizing the ideas 
presented in the award-winning designs 
received propasals of high professional 
siandards conceming vidually dl î b  crite- 
ria. The renewal of mis cmmün#r in a sett- 
ing between the hilis and üm DanuM will 
aierefore preçerve its parücular atmos- 
phere and make it more attractive. 

PUBLIC INVOLVEMENT 
Communication between the professionals 
preparing the decisions relatedl to the Gab- 

1 kikovo-Nagymaros Dam Projecl, on the 
one hand, and the people livingland owning 
property in the area influenced by the de- 
velopmenf, on the other hand, has taken a 
wide variety of forms. 
The public hearings ar which the plans, their 
justification. ob]ectives were preçented and 
the potentiaf benefits outlined started in the 
oeventiss and have continujd to fhese 
days, growing in both attendance and depth 
of discussion. 1 
The charaeter of information flow .always 
depended on the events and requtrements 
of the parlicular period. At thd firçt public 
hearingç the profeçsionals dutlined the 
general aspects and features ofi the project. 
ln the early eighties, in the months of un- 
certainty concerning the new ddadlineç and 
during the preparation of the enbironmental 

I 

impact statement, the purpose of the de- 
bates was to review and screen impartially 
the various options and to confront diverg- 
ing opinions. Then the debates intensified 
on the level of state agencies and scientific 
workshops. As demonstrateci by the wealth 
of information gathered in recent years. 
these were fully successful also in this re- 
spect. On the other hand, in the subsequent 
stage of preparing thedetailed designs. the 
discussions at the lacal public bodies lo- 
cussed on the works and structures affect- 
ing directly the paflicular communities and 
on the consequences thereof. 
Public involvement in, and control over the 
project wasfunher intensified by the estab- 
lishment in 1985 of the Communal Develop- 
ment and Environmentai Protection Carn- 
mittae of Parliament, to which the prolecl 
managers were obliged to report regularly 
and which rnonitoreà progress on, and the 
environmental impacts of, the project con- 
tinuausty. 





, 
inventoiy with scientific thoroughness on 1 scenery, the old iandscape, of which little 
this region of particular views and atmos- has k e n  presenied to these days and 
phere before the flow regirne in the present whrch wifl continue changing inevitably 
Danube is changed. regardless whether the dam project is 
Commissioned by the National Cauncil of implemented or rwt. 
Environmental Protection and Nature Con- 
servalion, a survey has k e n  çtarted tc sur- 
vey the cornponentsof the present flora and 
fauna. the habitats and freqoency of occur- 

OUTLOOK FOR THE FUTURE 
renee of proteeted animal and plant spe- The overwhelrning pan - round 96 pef cent 
cies. In this way the knciwledge available on - of the strearnflow in the Hungar~an rivers 
the islands will benriched, while laying the originates beyond the national boundaries 
groundwork for studies aver subsequent and introduces an ever growing pollution 
decades. T,b~resent  will thus sewe as an toad tothecountry. T b  flood waves ruçhing 
exact refeferriEe basis for the future. down the high rnountains in the neighbour- 
Care haç also been taken at conservrng the ing ccuntries overtake eaeh other in the 
traditional scenic beauty of the region. 
Planning on the dam project and the early 
stages of implementation thereof resulred Wet years with ample flow are norrnally 
in declaring almost ten thousand hectares fotlowed by dry ones bringing severe 
as the SUgetkor Nature Conservation draugkt, the effectsof which cannot be alle- 
District in 1986. thus providing protection viated unless the water storage capaciiy is 
Io, and ensuring the preservatidn of, the inueased. 
scenic, botanic and zoological assetsof the 
area. Careful management of a l  water resources 

available to the nation. including stream- 
The conserratiiwi district consists of "two flow- and pollution eontrol will thus rernain 
major parts, the first extending in the Da- imperative ever bnger terms. 
nube f t d  plains f r c  Dunakiliti to the The GaûÜko+Nagyrnaros Dam Project 

has already machad irnpternentation stage. 
To the generai public it represents the 
immediate future, but the professionais 

Vestige5 of the former hardwood grove reçponçible for managing the water re- 
sources of the.nation îhink intemisof longer 
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Annex 6 

English translation of Hungarian press report, 4 May 1989 





- Intemational daction 
News from abtoad 
Czechoslavakia 

ECS-1- 
For information 
04û5 89 

koIogiaI Agreement only after the soIution of the Nagymams problem 

~ Budapest 4 May (MA)  - Hungary will not sign the Agteement with 
k h o d o v & a  on the protection of the avironment and construction of seewage plants 
in relation to the GaWovo-Nagymaros bject  before the Hungahan Parliament 
decides about the possibility of referendum c o n d g  this problemaüc Project. Pt was 
annound on Wednesday in Bratislava after two days discussions m e e n  tbe Deputy 
Prime Minister of Hungary P h  Medgyessy and his ~ h o s i o v a k  colteague Pavol 
mvna* 





Annex 7 

Updated list of recently completed sewage treatment plants on the Slovak side of 
the joint Slovak-Rungarian Danube section (including tributaries of the Danube) 





Re : 
Survey of wastewater treatment plants IWWTPl put  into operation 
in the river basin of the Danube in the years 1989 - 1994. 

Source of pollution PLanned date R e a l  or supposed 
of finalization date of final. 
of construction of construction 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1. VK Bratislava A -1eft bank 12/1994 
2 .  Istrochem ~ratislava-MCH~OV 1987 
3 .  Istrochem Bratislava B ~ O V  temporary solution 

connected on MCHCOV 
Siovnaft 1994 

4. VK Dunajska Streda MBEOV 
5. Juhocukor DunajskA Streda 
S .  VK gamorin 

(waste piping a-pumping station) 
7. VK Bratislava-Petrzalka MBEOV 
8 .  M B ~ O V ,  Hamuliakovo-Kalinkovo 

(operating also f o r  villages 
Rovinka and Dunajska LuZnA) 

9. Medrnilk ~ e l k i  Meder M B ~ O V  
~O.MBEOV Senkvice 
~ ~ . M B ~ O V  Limbach 
~ ~ . M B E O V  Kafiléria Senec 
13.MBt0~ Dolng gtdl 
14.MBt0~ Zlaté Klasy 
~ S . M B ~ O V  Koldrovo 

- - - - - - - - - - - -  
04/1995 

1987 
own WWTP 

plannedl945 
will n o t  be 
fulfilled 

1993 
1999 

Explanation: 

VK - public sewerage system 
h W  - wastewater treatement plant  
NCHEOV - -mechanical and chernical wastewater treaternent 

plant: 
M B ~ V  - mechanical and biological wastewater treatement plant 
BEOV - biological wastewater treatement p l a n t  



Re: List of investrnent WWTP in the river 
basin of the Vah finished in the  lyears 1989 - 94 

6 x o n s t z .  , expanded 
VK Demanovska Dolina ~emànovkal mMV reconstr . 
VK Liptovsk6 Tepla VSh 

Source of ~ollution Recinient 
Year of 

r i eu t ra l i za t ion  s t a t .  
7 .  OF2 a.s.  sirok5 Orava M&OV 1991 
8 .  VK Dolnp Kubin Orava 1993 

T'me finalizatioq 
1. VK Liptovsw MikuïS5 Vdh 1 M B ~ V  1989 

SCP s.p.Celpap ~u~omberok VSh 
VK ~rsteng-Tvrdogin-NibS Orava 
ZVL a . s .  Doln9 Kubin Orava 

.VK TurEek 

.VK TurEianske Teplice 

. S E 2  - Teplarefi Martin 

.Psychiatr.lieeebfia SuEany 

.Chemicelul6za iilina 

.ZVL Diamon Rajec 

.VK Rajec 

.VK iilina 

.VK BytEa 

.VK PovaZskS Bystrica 

- -- - 
~caCov 
M&OV 
MBEOV 

i n a  

reconstr . , expanded 

keconstr.,expanded 
2l.Slovakofama Hlohovec ' B ~ O V  

'm' MBCOV 
1 9 9 2  

22.VK Sered V 6 h  1994 

Turiec 
Teplica 
Turiec 

reconstr . , expand. 
23.Slovamyl a . s .  Bolerdz 1993 
24 .  Cukrovar Trnava Trnavka 1 9 9 3  
25.VK Prievidza 1992 

M B ~ O V  
M B ~ O V  
MBCOV 

1 reconstr  . , expand. 
26.VK Lehota pod VtdEnikom Lehot-Potok MBEOV 1990 
27.KoZeluZne Bogany Nitra 1 MBCOV 1991 
28.Plastika Nitra Star5 ~ i t r i t ~ ~ ? ~ ~  1990 
S 9 . m  Nov6 Z6mky Nitra 1 M B ~ O V  1992 

1 intensif .,expand, 
Stara Nitra MB COV 1943 

B i e l y  P?~O)EMB?OV 
- confiected to WWTP Zil 

RajEiala  MBCOV 
RajEianka M B ~ V  

Emlanation : 
VK - public sewerage system 
~ O V  - wastewater treatement plant  
MCHPOV - mechanical and chernical wast,ewater treatement plan t  
M B ~ V  - mechanical and biological wastewater treatement plan t  
~ C o v  - biological wastewater treatement plan t  

104 I 

Vah 
V&h 
V 6 h  

(waste) ~ O V  
M E ~ ~ O V  
M B ~ O V  



H R O n 
List of WWTP put into aperation in 1989 - 1994 

Town's WWTP 
1. Brezno - Pglenica 
2 ,  Brezno - expanded WWTP 

I 3 .  Bansk5 ~ystEica - expanded WWTP 
4 .  Zvolen - intensification 
5 .  Kremnica - Horna Ves 
6 .  Nova Bafia 
7 .  Levice - expanded WWTP 
8 .  t i a r  n / ~ r .  - up to the end ' 9 4  
9 .  HriZlov5 
10. Barnovica 
Villase's WWTP 
II. DolnA Lehota 
12. Cierny Balog 
13. Polomka 
14. Valaska 
15. Tale 
16. KqSEovo 
17. SLovensk6 LupEa 
18. Kaln2 n/Hronom 
19. Krahule 
20. OEovS 
Industrial WWTP 
21. Lesy Benus 
2 2 .  Strojsmalt Pohorela 
2 3 .  Petrochema Dubova 
24. OSC LuCatin 
2 5 .  KQVO LubietovA 
2 6 .  Stredoslov.lesy Slov. LupEa 
2 7 .  Mliekarefi Selce 
2 8 .  Cementarefi Bansk6 Bystr ica  
29 .  SAD Banska Bystrica 
3 0 .  Chemika ~ i a n k a  
31. Vojenskp katastr.Ustav Harmanec 
32. BuEina Zvolen 
3 3 .  W O  BudEa 
3 4 .  Sandrik - Hamre 
35.  Kovolesk HodruSa - H A m r e  
36. W O  Tekovskd Breznica 
3 7 .  PD Voznica - bitfinok 
3 8 -  W O  ~eik? 66r 
39. LZ Zarnovica 
40. Pivovaw V y h n e  
41. Syrarefi Hrifiova 
42. ZTÇ Detva 
4 3 .  RD Hron, Çlov-LupEa 
4 4 .  Truckcentrum Zvolen 
4 5 .  LovEica - Trubin 

Together: 45 



Town1 s WWTP 
1. ~ e i k p  Krtig 
2 .  Krupina (market hall + KD) 
3 .  Ksupina (Majeskp rad) 

I P E r j  

Villase's WWTP 
4 .  lvidlinec 
5 .  ~ovinobafia 
6 .  Dudince (LU Diamant) 
7 .  Dudince village ( up to the  end 
8. gtiavnicke bane 
9. gtiavnickg bane (RZ ~ u s x o  gala) 
10. Pator  
11. 1~e1sk.é Predmestie (PSI 
12. Çlovenské Darmoty (PSI 

List of FlWTP put into operation 

Industrial WWTP 
13. Sklsrne Malinec 
1 4 .  Novona - ~iiakovo 
15. Kovosmal t (Energoc. ~iiakovo) 
16. BuEina - Vinica 
17. ~ r d E .  a Eistiarefi LuEenec 
18. DZ Spojov - Lurenec (Lo) 
19. Z ~ S  Krupina ( ~ O V )  
2 0 .  KS III veike zlievçe 
21. PD Plachtince 
2 2 .  PD Litava 
23. PD Hontianske Moravce 
2 4 .  PD Terany 
25. PD Mgtna 

in 1989 - 1994 

Toqether: 25 
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The Danubian Lowland between Bratislava and Kornarno is an inland delta fomeû 
in the p t  by river sediments from the Danube. The entire area forms an alluvial 
aquifer, w hich throoghout the y- meives infiltration water from the Danube in the 
upper parts of the area and retums it into the Danube via a network of drainage 
mals  in the downstream part. The aquifer is an important water resource for 
municipal and agricultural water supply. 

Various human activities have gradually changed the hydrologid reg ime in the area. 
In particular a lowering of the water levels in the Danube has b e n  observed betwen 
1960 and 1990. In most of the aïea the Danube controls the %round water flow 
regime and hence a lowering of the general ground wakr level in the area has also 
b e n  observed. 

The Gabcikovo hydropower scheme was h a b d  in ûctober 1992. The upstream 
teservoir and k o u r  hydraulic stntctum rielad to Gabcikovo have major impacts 
on the hydrological regime and the emsystern of the region. The Gabcikovo 
hydropower scheme is the most important of the man induced impacts of the area 
and therefore it phys a k y  role in the pmject. 

The immediite projact objective is to develop, test and transfer an integrated 
mathematid modelling system including the most important aspects for water 
resomxs managemat in the DanuVian hwland. The ultimate pruject objective is 
that the transferred rnodelling system be used as the technidscientific buis for 
future management decisions. 

The consultant staff iias spent about 70 nian-month by the end of Phase 1. Staff 
members fmm the following three Slovakian meacn  organisations have partrcipated 
actively in the pmject implementation: 

- The Ground Waier Consulting (GWC) with 6 persans, 
- The Water R-ch Institute with 3 persons, and - The Imgation Research Center 0 with 2 pemns. 

The work of hese 11 persons have been ftnded by various Slovabn organisations 
and by the Ministry of the Envitonment. In addition various field- and monitoring 
programmes have been funded by Slovakian organisations. 

Originally, GWC was a part of the Faculty of Natural Science, Comenius University 
(PRIF UK). but from the beginning of 1994 they established a private Company. 



The Rojm Manager is appointed by PRIF/UK and until the md of 1994 professor 
lgor Mucha (GWC) was the Project Manager. A new Project Manager frorn PRiF 
UK is expected to be officially appointe. sbon. 

l 
Due to a delayed delivery of about 20 mont(~s of the major cornputer equipment, the 
project pend has been extended with 6 months. The project termination is 
Decernber 31, 1995. 

In order io addms the problemt within de  project area an integraleci rnodelling 
syrtem has been established based on de consuitantr mathematical modelling 
systems. These are: 

- M I S Y  which ir a onedirncnrionai +t zone mode1 for simulation of soi1 
mter dynamics and nitrogen transport and transformation. 

- MIKE 1 1 which is a one dimensiondl river modelling systcm for hydraulics, 
sediment transport and morphology and wakr quality. 

1 - MME 21 which is a two dimasionai modeiling system used for sesemoir 
modeMing, ineluding hydrdynamiu, 'd iment  tnnsprt and water qualiry . 

Although these modelling systems are generalucd lails w i ë  comprehensive 
appiicability rangs, a few modd modificatik have taken place within the projbct, 
in order to accommodate the very special conditions in the area. 

- MIKE S I E  which simula& the major 

The i n ~ n t e d  modeliing syskm is formv by the exchange of data and the 
fdbaçks  between the individual modehg system, The structure of the integratd 
modelling systern is ilfustrated in the figure klow. 

fiow and transporl processes within the 
hydrologiai cycle. MME SHE cumpfires modules for flow and m s p n  on 
the ground sutface, in rivers, in the unsaturatexi Gone and in the ground water 
zone 





The foiiowing models have been established: 

- a MME 11 hydrodynamic mode1 fok the Danube 
- a MME 1 1 water quality m d e l  for the Danube 
- a MIKI5 11 sediment transport and morphologid m d e l  for the Danube. 
- a MME 11 hydrodynamic mode1 for the river branch sytrern on the Slovak 

floodplain . 
- aMIKE11eutrophicationmodelfo~theriverbranchsyrtem. 
- a MïKE 11 sediment transport mode1 for the river branch system. 

AU the MMZ I I  models have been esbblished in two versions reflecting the 1 
situation before and after the damming of the Danube. 

a MME 21 hydrodynamic mode1 fol the reservoir. 
a MME 2 1 eutrophication mudel for the mervoir. 
a MIKE 21 sediment transport mode1 for the reservoir. 

a MlKE SHIE regionaI ground water mode1 for the entire project area (3500 
lu$. @rc- and postzonditions) 1 
a MïKE SHE detailed model for the resetvoir a m  (180 km2). 
a MM6 SHE detailed modd for thd river branch systern (6û km2) 
a MMB SHE geochemid transect bodel for a gmchcmid field sik. 
a MEE $HE gmhemical mode1 for the fesemoir a m  (undei prepantion) 

- a number of DMSY models (profül) reflecting the different agriculturai and 
hydm1ogid conditions within the area. 

During Phase 1 most of the models have1 k n  calibnited and validated, but some 
models SU need final dibration and didation before they are ready for practid 
use. 

Phase 1 I . i ~  &y dgdicated to mode1 
mode1 simulations wiii be Cameci out will 
of the EnWonment and the Consultant. 

n i a  Cornliant ha sugguted a d o  framcwork compnsing the three Water 
Management Regimes iisted below. The Waer Management Regimes wiil be bgwd 
on a measured discharge time series at Bratislava for rhe pexiod 1986 to 199 1. This 
p d o d  hns an average discharge (2027 m3+) which is close to the long k m  average 
and furthermore contains high flow as well as low flow situations. 

application. The spaific scenarios for which 
be decided jointly by the Slovak Ministry 

- Water Management Regime 1 is a 
situation. 

reference situation reflecting the predarn 

- WIter Managernuit Regime II reflecfs a p o s t a  siniation where 400 m31s are 
diverted h m  the ruervoir to the ?Id Danube. 

- WatCr Management Regirne liI r e l b  a pst-dam situalion where 8M) m'/s 
are d i v d  h m  the reservoir tu the OId Danube. 



- Water Management Regime IV will be decided based on the results from the 
mdel simulations for the above three Water Management Regimes. 

A more comprehensive summary of the technical status is provided in Chapter 4. 



1.1 Background 

Industrial waste and municipal sewage Irom (Bratislava and its sunoundings togcther 
with the diffuse sources of agriculhid fertilizers and agroctieniicals are palluting the 
Livers, mil and ground water. 

The Danubian Lowland berneen ~ratislav? and KomAmo is an inland delta forrned 
in the past by river sediments from the Danube. The entire ara fotms an alluvial 
aquifer. which Lhroughout the year receives(infi1tration water from rhe Danube in L e  
upper paN of the ara and retumr it inm Ifie Danube and Uie drainage channels in 
the downstream part. The aquifer is an important water resource for municipal and 

These physical and biochemicai changes lmy reduce the atmosphexic oxygen 
tmprt to the gmund waler and at the T e  cime incrmw tkedupply of organic 
mnmr which wîii change the hexidizing conditions to d u c h g  coi1ditionr and thereby 
seriously deteriorate the ground water qdity. 

I 

agriculturat water supp1y. 

Human influence has gradually changed 

To ad- these urgent watei ~ s w r c e s  pmr?lems in the a r a  the projG'~anubian 
LowZand - Gmund Water Modelc has beda defmed in LN1 wishin the PHARE 
pmgnmme a g d  upon behuecn the ~ornn~i$on of the European Cornmuni ties and 
the Govmment of the Czech and SIovak Federaî Republic. 

l 

the hydrologicai regime in the area. 

To understand and Malyze the cornplex nhtibnshipr between physid, chernicd and 
biologieal dianga in the surface- and 1 nibwrface water regimes requira 
multidisciplinary expcr&ise in combination with advanuxi mathematical modelling 
techniques. The overaii o w y e  js establish a seliable impact assessrnent 
mdd for the Danubian LowlW am,, W& ml= the authorities ta formulate 
optimal management strategi~ leadhg to a protection of @c wakr resourcc ana a 
SOU~Q eçologiai aevelopment for me area. 

Construction of dams upstream of Bratislava together with exploitation of river sedi- 
m a t s  har significantiy deepened the river /b6d and lowMd the water level in the 
river. These changes have had a signifiwnf influence on the ground water regime 
as well as the sensitive n v d d e  fore~ts dywnstran of Bratislava. The hydraulic 
structures relatecl to the hydropower plant 9 Gabcikovo have major impacts on the 
hydrological regime and Lhe ccosystem of j e  region. 



Project Objectives 

The objective of the pmject is to provide technidscientific based management tmls 
for the SIovakian authoriiies and through interaction with decision makers to apply 
these tails for addressing select4 problems. Thus, on the one hand, the roie of the 
project is not to define management objectives nor to establish a management 
decision framework for water resources. On the other hand, the project shdl in 
accordance with the Terms ef Reference prepare expert suggestions for the 
government to $e used for technicd decisions as well as for policy making. 

The water resources problems in the p r o j ~ t  area are so cornplex, the number of 
relevant studies dready Cam& out ço high, and the amount of available data so 
large that it is not possible within the framework of the project to fuUy process ail 
this data and provide optimal terhniwl solutions to ai1 the problems. However, the 
modeiling systern king established during the project shall be able to address the 
most important types of wakr resources ptoblerns, the performance of the rndels 
shall be venfied and the models shall be applid to a selected number of practicat 
problems demonstrating their applicability for the large range of problem t p .  

The ultimate objective of the pmject is that the models provided during the project 
be used as the technicallscientific cure for the future management decisions. It is 
noted that this objective cari only be fulfilled through close cooperation with 
Slovakian specialists, who by the end of the projecf must be able to fulty utilize the 
models, 

1.3 Project Relation to the Gabcikovo Hydropower Scheme 

For a clarifiwtlon of the role of the present PHARE project in relation to the 
Uitemational political discussions between Sfovakia and Hungary on the Gabcikovo 
hydropower scherne it is noted that the project in accordarse with its T e n s  of 
Reference is limited to the pure technicd and scientifiç aspects. Furthemore, the 
fo110wing two points may be noted: 

- The project deals with the water m u r c e s  problems in the entire Danubian 
Lawland am (the area between Bratislava to the West and Komarno to the a t  
and between the Danube to the south and the Karpathians to the north). The 
Gabchvo is ody one, although at present the Iargest, of the man induced 
impacts which has to be studied. 

- The project d a i s  with mudelling of the water resources on the Slovakiasl side 
of the Danube. No recent data is avajhble to the project h m  the H u n g m  
side, and the projet cm therefore oniy mais  predictions deaihg with the 

i I 
I 

effects of the Gabcikovo scheme for Stovakian areas. Thus, the project m o t  
a d d m  questions regardmg e.g. the ecologid consequençes of the GabcSevo 

1 
1 

scheme for Hungarian areas. 



1.4 Projeet Relation to other Water ~ k o u r c e s  Activities in the Region 

Due to the very signifiant watcr resour+ problems in the area compreheniive 
activitia are c u m t i y  being carried out both with regard to monitoring and to 
studies. Thus many professional organizations are involved in various aspects of 
water rrsourcu activities in the pmjst ka. The purpose of the pmject is to 
cooperate with ail these activities in order to avoid duplication of work and to eosure 
maximum diamination of pmject outpuü Ito Slovaluan organizationn. 

1.5 Purpose and Content of Report 

Aomrding tu the Ternis of References the hults of Phase 1 of the project shall be 
reportai in an Inlcrim Repon. nie Inteqrn Report is divided in two volumu, 
namely the p m n t  Sumrnary Report (Volume 1) and the Technical Status Report 
(Volume 2). 

The present ~ p o n  summarim the manageifrnt aspects, which have b e n  cumntly 
reported in six-rnonthly Progsess Reports. -Furthemare, a summary of the Techniai 
Stanis Report ir pmvided in the report-: A -1 - a- 

\ -  .:, - 
C h a p l 2  contains a summary of the projact -staf-g, both in tems of Consultant 
staff input u id  input from Slovakan specidists associateci to the projet. 

Chapter 3 dealr with the pmject managem&t issu= during the P h u  1, induding 
the ~teming Cornmittee and Uie cooperatiod with i d  organizationr. 

In Chapter 4 a surnmary of the technical stahs of the ppmject ir given. Thio diaptu 
can be sgn u an executive summary of volume 2 of the Interim Report. 

Chapter 5 contains the C~isultant't for the applica-rion seaiarior to be 
d e d  out in Phase II. 

A work p h  for the remaining project 
Chapter 6. 

activities under Phase It ts given in 



2.1 Consultant 

The usignment of Consultant staff at the project office in Bratislava during Phase 1, 
July IS 1992 through January 15 1995, is listed in Table 2.1 

Tub Ie 2.1 Projeci stafmembers wrking in Brnrislavo during Fhasc 1 b e w n  July 
1992 and Jmuary  1995. 

f i n  - 2It1 fi2 
o n  -rn i s  
1914 - 4 03 

ion -sen w 
tom -an or 

l O l s  -SOI0  91 



I AL. FI& 
Flood Pliln € d o s h i  25111 - Hill 8* 

M.W. di Hun 
u-ght 

1 A.- 1 l a t a  -2-  o*If  1 

In addition, =me of the Consultant slaff dernbers have worked on the project at 
their respective home offices. 

In tutai the Consultant has spent abut  70 mh-rnonihs (mm.) by the end of Phaw 1. 



2.2 Local Urganizations 

Staff members from the following three Slovakim r w c h  organisations have 
participated actively in the project implementation : 

- The Ground Water Consulting (GWC). This group was in 1992 and 1993 part 
of the Faculty of Natural Sciences, Comenius University (PRIF UK). Zn 1994 
the group established itself as a private cumpany. The followhg staff members 
have received training and subsequently participated in the modelling activities 
under the project: 

- Pmfessot, Dr. Igor Mucha 
- RNDr. Eva Paulikova 
- RNDr. DaliborRodak - RNDr. Zoltan Hlavaty 
- RNDr. Lubornir Bansky 
- Mr. Matej Gideon 

Furthmore, GWC staff members have conducted field studies as well as 
mllected and p d  data for the project. The staff input from GWC to the 
projet corresponds to about six petsons full time dunng 1992 and 1993. For 1 

q m n r  dimissed in Section 3.3 GWC's staff input has in 1994 only been 
quivalent to in average about three persons full time. 1 

l - The Water b e a r c h  Xnstitute 0. The ihreE key persons fmm VUVH, 
which have contributeci with modelling work for the projet are: 1 

I 

These three mdelling spialists have been docated in total for about 40 
man-months during Phase 1. Furihermorc, 0 t h  VUVH staff members have 
conducted fieid studies and comgonding analyses on hyd?wdynamics, 
sediment and water qyality aspects for the project. Fmm November 1994 
Zdena K e b  c h g d  job position from VUVH to Ministry of EnWon- 
ment. From J a n q  1995 Ielica Klucovska and Jana Tapolska changsd job 
pasition from V W B  to GWC. 

- The Imgation Research Institute 0. The two key p m n s  from WZH, 
which have contributed with rndelling wark for the project are: I 
- RNDr. Iozef Takae 
- hg. Vladimir Kosc 



These modeiiing spsialists have b e n  dlocated in total for about 24 man- 
months during Phare 1. Furthermore, other W Z H  staff members have 
cuntributed with field studies and ço~esponding andyses. 

I 
The Slovakian modelling rpecialirts have ieceived training abrad under the PHARE 
projet as surnrnarized in Table 2.2. 

Thbk 2.2 Training abmd for ~ i o v o ~ a h  ~pecialissr under the projecr. 

HydroGIS conference, Austria 
GIS training, USA 

1118 - 25/8 93 

Staff mtmber 

1. Mucha, GWC PRIF UK 

E,Pauliova,GWCPRE 
UK 

D. Rd&, GWC PRIF UK 

19110-ISE11 92 Daigy training ai Agriculhiral 
University, Demark 

P e n d e  

1819 - 18/10 92 1 
l8/9 -18/10 92 

3/10 - 25110 92 

14/11 - 5/12 92 

SHE uaiait~g ai Dm. Denmark 

SHE Iraining a DM, Denmark 

Training in geochemlcai modelling 
ai TNO 4 Fr- Uaiversity of 
h6kfdam, 
Study tour to University of 
KasSc!, Gemany 



3.1 Project Organizational Frarnework 

The PHARE project was during the first project y=, 1992, executd by the Federal 
Cornmirtee for Environment, Govemment of the Czeçh and Slovak F d e d  
Republic. From the beginning of 1993 the project was transferrd to the Programme 
lmpiementation Unit (PIU) at the Ministry of the Environment, Slovak Republic. 

The Pmject Manager is appointed by the Faculty of Natural Sciene, Comenius 
University (PRIE UK). From the beginning of the project untii the end of 1994 
professor Igor Mucha was the Project Manager. A new Project Manager has ,net 
officially been appointal. 

Origidly, professor Igor Mucha and his team of ground water specialists bdonged 
to PRE UK, but in 1994 they established a private Company, Ground Water 
Consultants Ltd (GWC). Important Slovakian contributions to the project are 
pmMded by spe~ialist staff fmm GWC, Water Research lnstitute (VUVHj and 
Irrigation Resarch Institute ( W W I ) .  

A Danish-Dutch consortium of six organhtions was seIected as Consultant for the 
project. The Consultant is headed by Danish Hydraulic Institute (DHL) and 
comprises the following =iated partners: DKV Consultants BV, The Netherlands; 
TNû-Applied Institute of Gmscience, The Netherlands; Water Q h t y  Institute 
0, Denmark; 1 Kriiger Consult AS, Denmark; and the Royal Veterinary and 
Agricultural University, Denmark 

: : 

Zn order to f a t a t e  coord'lnatiun between the project and important cooperation 
pattners as w d  as key end usen of project results a Steefing Comrnittee has b e n  
estabLished. The cornmittee comprises representatives of the following organizations: 

- Programme IrnpIementation Unit (Pm, Slovak Ministry of the Environment 

- SIovak Minisby of the Enntonrnent 



- Danube Calchment Authority pohdie Dunaja) 

- Rwearch Institute of Irrigation ~ Z H )  

- Danish Hydraulic Institute on behhf of the Consultant group. 

- Centre of Monitoring, Slovak 

- FacuZty of Natud Sciences, Comenius 

- Ministry of Soi1 Management 

The Steuing Committee held four meetings during Phase 1, namely on 

- 10. M m h  1993 
- 7. Septemkr 1993 
- 26. January 1994 
- 29. November 1994 

HydrometeuroIogical Institute (SHMU) 

University (PRIE UK) 

nie Progrcu Repom prepami by 4 C o m l m t  in January 1993, July 1993, 
January 1994 and July 1994 .wen submfttdto the Stecring Committee and formed 
the bais for information and discuuio:s of general project status and work plans. 
Furthemore, the technid progress and prelirninary results were presented and 
discussed at several of the meetings. 

3.3 Project Manager and End use! Organisation 

As discussed in the Inception Report qrn July 1992 and the four Progres3 R e p N  
submitted since then these issues have bpn subject to continuous discussions during 
the project pend* A main reason for this may be that since the start of the project 
radical changea occurred wih rrspct to many fundamental conditions of impriance 
for the pmjeft implmmtation and the 'affer projeet situation'. Thuc changes 
hclude creation of Slovakia as an independent nation, major new legisiation and new 
administntive proadurrs, changed findcial conditions for public m r  institutions, 

Aocording to the Termr of References &e are Slovakian group in the project is the 
Ground Water Division of the Faculty 
Professor lgor Mucha. This group is 

of Natural Sciences (Pm UK) headed by 
describai as having three key functions, 

namely providig the Project Manager, providing technical input to the project , and 
becoming the future user of the m d d i n g  system, quipment, hardware and 
software. 



creation of a private seclor, changed conditions for access to data owned by public 
sector institutions* 

During 1992 and 1993 Prufessor Mucha and his group received funding for their 
project activities from the Ministry of Soi1 Management and Povdie Dunaja through 
P m  UK. Howwer h m  the beginning of 1994 ao funds were avaiIabte through 
P R F  UK. Therefore the group established a private fim, Gsound Water ConsuIting 
tirniled (GWC), in April 1994. Throughout 1994 no funds at aI1 were made 
available rn GWC for providing the project input specified in the Tems of 
References. In spite of no payments GWC provided some work to the PHARE 
project to ensure that the cornputer systern was mainitained and mnning, and to 
enable the main project activitia to continue. GWC has during 1994 provided staff 
input to the projet corresponding to in average about three persuns full tirne. 

This situation with too less input from the core Slovakian group during 1994 has 
been a major cuncern and has &enfore been subject for many discussions also 
involving the Consultant. A concluding meeting in this regard was held on 24, 
November 1994 with repmtatives h m  PIU, PRZF UK, EC and DHI. The key 
conclusions of this meeting were that the future status should be as follows: 

- PRIF UK nominates a new Project Manager. 

- Professor Mucha's gmup (now privaW in the name of Gmund Water 
Consultants) continue to provide technical input to the pruject under direct 
subantract with Dm, 

- AU equipment fonnally continues to be the property of the Ministry of 
Environment, but PRIF UK in practise becornes the end user. Thus by the end 
of the project the quipment and the integrad modelling systern wiU be 
moved b suitable office facitities at PRIF UK. As a new activity PRIF UK 
will establish a new group of specialists, which after pmper training, shall be 
ready to utilizt the equipment and the integrated modebg syskm. 

The tendering p- and d&very of the major amputer quipment was nfter 
consdtation with PIU (Prague) during the lnception Phase estimated to take about 
seven months. h s d ,  it tunied out to take 15 - 20 montfis for the two major 
cornputet workstationx includhg the ARCANFO and INFORMM data base software 
systems. ?bis deiay has created subsequent derays in many project activities, which 
were d~ipendent on this eguipment. 

On this Mis the Projet Manager and the Consultant had lequested that the project 
p&od w a ~  extended by six months. PIü bas approved this request, SQ that the key 
timings have been modified as foliows: 



- Phare k 16 July 1992 { 15 January 1995 
- P h e  II:  16 Januaq 19?5 - 15 September 1995 
- Final Report: 15 Novernber 11995 
- Prqject Terminafion: 31 Dscernber 1995. 

3.5 Access to Existing Data 

A very large amount of relevant daîa from the project area exist. The major part of 
this data is coiiected by and of Monitoring, which is 
a separate o r g e t i o n  under SHMU responsible for the collection of 
data for the Danubian Luwland am. 

nie question of the availability of the project and the asswiated 
cunditions has b e n  subject to discussions at severai separate 
meetings as weU as at Steering 

The PHARB projet2 has been supprted in P d  by Slovakian fmancing of associated 
projects. The ky elements in this regard are: 

The projecl has now been promis& accuslto ail relevant uisting data withoui cor& 
to be chargai to the pruject in this regard. Subsequently, the necessary approvals 

- Projst input from Professor MUC~P'S gmup (GWC): 1 

and other formaiities have ken  made and 

- staff input for dau eoiietion, +ta processing, field work, modelling and 
management, 1992 - 1994; and 

- field work and laboratory analyses for the Kalinkovo geochemiçal field 
site, 1994. 

the data collection is almost complet&. 

The ~Mtirt in 1992 and 1993 Aue in accordance with chc Terms of 
Referuicw and funded by the ~ini l txy  of Soi1 Management partly through 
PRIF UK and @y Uwugh Povodie Dunaja. The 1994 staff input, for w hich 
no funding w u  made fmm anywpre, amounted to about half the input 
specified in the Terms of Refemcea. The 1994 support projecl related 10 the 
KalinkDvo gahernid  field site w k  f i n a n d  by the Miniotry of Environ- 

3.6 Support Projects Financed by Slovakian Funds 

ment. 



- Ptoject input from VUVH 

- staff input for modelling work, 1992 - 1994; 
- a sediment tmspart field programme, 1992 - 1993; and 
- a water quality fieId programme, 1992 - 1993. 

The activities in 1992 were funded by Water Economy Constniction, while the 
1993 arid 1994 activities were funded by the Mlnistry of the Environment. 

- Project input fmm W Z H  

- staff input for data collection, processing and modelling work, 1992 - 
1994. 

The 1992 activities were funded by WZH, while the activities in 1993 and 
1994 were hnded by the Ministry of îhe Environment. 

In addition, the PHARE projet has thniugh cooperation with other projects obiained 
access to field data obtained under other projets. An important example in this 
reg& is a major projet on rrsemoir eutrophication mnducted by VUVH and 
fbnced by the Ministry of îhe Environment during the second haif of 1994. Rie 
PHARE projeet has given recommendations for the field programme, will make use 
of the da& in connetion with calibration of the mervoir eutrophication model and 
wili subsquently provide modd dculation results for the Ministry of the 
Enwonment undet the forthcoming Phase 11. 

These support projects and wperation with other projects have been very vaiuabit 
for the PHARE projet. Without this support and cooperation it would sW have 
been possible to deverop and appIy the integrad moddhg system as descrihl in 
the Terms of References. However, with this support it has b e n  possible to 
estabhsh, calibrate and validate the mdds  ta a much higher leveI of refinement and 
accuracy than it would othenvise have been possible. ConssquentIy, the direct 
practid applicability of the project outputs by the end of thc9roject period w d  
have impmvbd significantly, 



This ~hapter pmvidu a bief rurnrnary df the various t e c h n i d  activities thal have 
b e n  &ed out during project Phase 1. 

4.1 Introduction 

The Dmubian Lowland beween ~ratisla4a and ndomamo is an inland delta formed 
in the past by river se di ment^ fmm the ?aube. The uitire a r a  forms an alluvial 
aquifer, which thmughout the year receives infiltration water from the Danube in the 
upper paru of the a r a  and nturns it i n 4  the Danube in the downrtream pan. nie 
aquifer Ls an important water murce for municipi and agrictiltural water suppIy . 

I 
Various human activities have gnidually changed the hydrological regirne and 
affected the ground water quality within the shidy area. This study rnainIy 
concentratu on the man induced impacts on: 

- gmund water regime 
- gpund water qd i ty  
- surfacewatctquality 
- sediment transport 
- agriculbise, and 
- flood plain ecoIogy 

nie Oabchvo hydm power scheme is thel largut of the man induced impacts within 
the study area, and hence it plays a central role in this project. 

l 

nie mra of the cornputa rystem is two ~tew1et-t ~acl<ard workstations (HP Apollo 
9000/735). Vm a local area network chue worlcttations have been interconnected to 
a number of personal camputers and X-terminais pmviding a total number of 9 work 
pfaces. 

nie inunediate project objective is to dedop. iest and tranrfer an inqrated 
mathematical modelling system incbding the most i m p o m t  aspects for water 
r e s o m  management in the Danubian Lhwland, The uftimate projecl objective is 

In addition w i o w  field- and ~kboratory laluiPrnt and a projet car h m  ben 
procured. Table 4.1 provides an overview of the equipment procured under this 
project. 

that the transferred modeüing system be 
future management decisions, 

used as the technidscientiic basis for 



Table 4.1 Statu of Projecf Equipmenr by Januaty 1995. 

Delivered, May 1993 



Supply No Descripiioa 

1 tender - maor E 
I cornputer suppiy I 

Mdelling computer 

Info semer system 

b t  4 A l  eistat plotter 

I m 

GRAND TUTAL 1 
The total budget for cquipment is ECU r 
planried for 1995. 

4.3 Banubian hwIand Information 

The Danubian Lowland Information Syste 
ready for practid use, providing, a cenh 
S y s m  (GIS) with faciliries for data 
presentation. In  addilion, data an be imp 
for the applied modeiiing system. 

DUS is based on two sofhvare m u r c e s  
ArdInfo GIS. AU non-spatial data is store 
nfa. 

The non-spatid data that is stared in Infor 
to a ctrtain location. For instance time se 
conetnûation of oxygen in r i v a ,  river d, 
soil hodns  in a soi1 profile in terms 
conductivitia. For al1 i h d  of informatioi 
stoted, II eould for instance be a desczip 
of the organisation that owns a certain ol 
tions. 

Spatial &ta stofed in drclEnfo (GIS) O 

geologid layer Mundaries, cropping anc 
may k display4 together with other spa 
with point information b Imtion of 
examples on different types of spatial dai 

0,000, but no fumer procurernenu are 

ystem 

i (DUS) has been developed, and is now 
database and Geograptiical Information 

storage, maintamce, proçessing and 
ted and exported in fiIe formats readable 

the Informix relational database and the 
in Informix and all  spatial data in ArçlI- 

ix may be any kind of data th. is related 
zs of maurements ground yater Ievels, 
:hargc etc. It may dso be information on 
f water retention curves and hydraulic 
Eome additional information rnay also be 
ln of soii hotizons or name and address 
ervation well for ground water observa- 

ild for instance be surface ropography, 
and use, river geometcy etc. Spatial data 
iZ data (e.g. &es, mads, rivers etc.) or 
iter supply production weiis etc. Some 
are given in Fig. 4.1. 
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Fig. 4. I Diferenr spatial dàfa stored in Arc/I@o. 

A large part of di relevant data within the project uea has been mllected and 
implemmud into the DLIS. However, a substantial amount of data still needs to be 
coliected, procersed and stond in the DLIS. This work WU continue during projet  
Phase ï I  maidy to be &ed out b y Slovak staff members. 

An interface between DUS and UIKE SHE has b e n  developed enabling exchange 
and pre~entation of data Li MME SHE fde format. In dut way MIKE $HE results 
may be disphyed togechu with ~ n y  other data sbred in the DLIS. A direct interface 

. lo the rem-g modelling systerns has not b&n implemenlcd. Howevcr, data cari 
earily be t r a n s f d  from MME SBE filc formats to any otha of the relevant 
modeMg systems. 



- MME 11. which is a one dimuigonal river rnodeiiing systern used for 
hydrauiics, sedimen t transport and morpholog y and water quality . 

1 

4.4 Modelling Approach 
t 

- MME 21 which is a two dimensiosal m o d e h g  systern usd for reservoir 
modeiling, including hydrodynamics! sediment transport and water quali ty . 

i' 

- MME $FIE which sirnulatm the 4jor  flow and transport pr-sa of the 
hydrologid cycle. MME SHE comprises the following main cornpnenü 
which are fully couple$ dIowing for feedbacks and interactions between the 
components: 

- 1D flow and banrport in the uysaturated zone 
- 3D flow and mIpon in the gyund water zone 
- 2D flow and transport on the ground surface 

I - l R  flow and transport in rivers. 

A number of individuai modeilhg systems have b e n  applied within this study : 

- DABY which is a unedimensional/ mot zone mode1 for simulation of mil 
water dynamics and nitrogen mmport and transformation. 

Daisy .- 

a new m p  growth and nitrogen mdule for m a i ~  has been developed. 

Although the above mentioned models genenlùed Ws with comprehuiùvc 
applicability ranges, some m d e i  modifications were needed in order to accomm* 

Couplhg OF MME SKE and MME 11 1 
A fuliy dynamic coupiing of MME SHE with the hydraulic module of MKE 1 1 ha4 

been developed. nie two mcdelling rystemk are mnning sirnultanbousl y exchmg ing 
data in the oomputcr memory. 

date the very special conditions 3n the a m ,  
been made as part of the project: 

Geochemical Mode1 
h gcOehemid mode1 duuibing chemi&/micmbiolagM p m r u  relatai to 
transformations of nitmgen species, organic matter, oxygen and manganesc. This 
mode1 is linked to the soIute tranqmri maiule of MME S E .  

SimpüTied Unsatumted Zone Description in MIKE SHE 
A simplifiai unsahiratcd zone description &hly accounting for gravity flow hu been 
implernented in MICE S E ,  

The following mde l  modifications have 



4.4.2 The integrated rnodelling system 

The integrated modelling system is fomed by the exchange of data and the feed- 
backs between the individual modeiiing systems. The structure of the integrated 
mdelling systern and the exchange of data between the various mdelfing sysiems 
ate illustrated in Eig. 4.2. 

[ MIKE 21 1 

The interface (A-@ between the various modeis are bnefly d a r i b a i  below: 

A) MIKE SHE forms the are  of the integrated rnodeihg system having 
interfaces to ali the individual modelling systems. The couphg of MME SHE 
and MHCE 11 is a fully dynamic coupling where &ta is exchange. afkr  each 
cornputational time sep. 

nie remainimg maleihg syrtemi are coupled in a more simple mannec involving 
a sequentd exsution of d o u s  modeis and subsequentiy a trahsfer of b o u n d q  
conditions from one mode1 to another. Some examples are listed below. 
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B) Results of eutrophimtion simulations with MES 21 in the r m o i r  are used 
to utimate the concentration of v 4 u a  water quality parmeters in (he mter 
that enten Ihe Danube domrtreay of the mervoir to be ured for water 
quality simulations for the Danube using MME 11. 

l 
C) Sediment transport simulations in/ the reservoir with MKE 21 provide 

information on üie amount of fuie p i m e n t  on the bottom of Ihe reservoir. 
This information is used ta çalculap Ieakage coefficients which are used in 
grouod water rnodelling with MME SHE. 

D) The DAISY mode1 calculates veget$bn parameten which are used in MIKE 
SHE to calculste the actual evapotnyspiration. Ground water levels dculated 
with MIKE. SHE act as Iower boundary conditions for DAISY vnsaturated 
zone simulations. Consequently, this pmces  is i k d v e  and requires a few 
m d e i  simulations. 

E) Raults from water quaiity sirnulalid,, wich M I E  I I and MIKE 21 are usai 
to estimate the concentration of +us speciw in the wavr that infiltrata to 
the aquifer fmm the Danube and j e  reservoir. This is k ing  used in the 
ground wakr qwiity simulations (Gemhernistry) with MIKE SHE. 

4.4.3 Appmach of mode1 application 

The produre that ha beui applied in LA model applications involvu the steps: 

il ~ o d e i  aetnp; involvu ttut the gs8metry of me qstun and somc physi~al 
chactetistics are implemented in th# model. For instance river cross-sections, 
surface topography, soil phyriul plunelers, land use, vcgeliition parameters 
and hydraulic cunductivities in the ground water zone, 

I 

4.5 Regional Ground Water ~ o d e l l i h ~  

2) Mode1 ealibraüon; involvu that a number of mode1 simulalions is Cam& out 
and m d e l  mulu am cumparod ?th m e a n r d  data, until a satisfactory 
comspondence U oblained. AU the appüed modeiiing syrtems are -phy s i d l y  - 
based impIying that di input data a n  be as& direcily frpm field data. 
Tl~us, the mode1 calibration has beeh limited to adjustmcnt of a few phyrical 

The miin objdves of the regional gmund water modelling are to rtudy the impacts 
of the dammhg of the Danube on the hydmlogid regime within h e  project ara,  

param- w i f i  a namw ranges. 

3) Mode1 validation; involves that 
reproduce measured data outside the 

the mode1 demonstrates the ability to 
dibration pend. 



in paaicular in terms of ground water levelr and dynamiu, and to provide reliablc 
bundary conditions for local ground water models, 

The applied modelling systems an MIKE SHE, M I E  I I  and the mupled version 
of the two. AU the modules of MXKE SHE have been applied implying that the 
major fiow processes in the hydrological cycle are describeci. 

Three ground water models have been established : 

- a regional ground water model for predam conditions 
- a regional ground water model for port-dam conditions, and 
- a local ground water model for an area surrounding the reselvoir. 

The regioruil modei a r a  caven about 3500 km2 but the main area of interest is the 
Ziuig Ootrov which is the ara  between the Danube, the Little Danube and the Vah. 
The m d e l  area is shown in Fig. 4.3. 

Fig. 4.3 @ni of the reglord mode1 orea. 

The modd setup is bPwd on information on location of river syscem and cross 
sectional geometry , surface lopography , clirnatology , land use and cmpping pattern 



The ground water flow regirne on Sitni O ~ W  is to a large extent controlled by the 
water level dynamics of the river. Time &es of ground wakr lmls measured at 
lmtions close to ihe Danube show a high /legr= of correlation with the water level 
fluctuations in the Danube. In generai, precipitation does not affect the ground water 
dynamics significantly. 

soü physical pmpertiu and hydmgeologd. The seNp for the two regionai rnodels 
reflecting pre- and p s t  dam conditions is basidly the same. The only difference 
is that the pst-dam m d e l  includes the 
structura and cands. 

Hnrsov tesemoir and related hydraulic 

In order to mode1 the ground water fiow rekime within the model ara it is therefore 
of the utmost importance Lhat the river lmodels are simulating the wairr level 
dynamics in the Danube correctly. nie rivef model chat are u u d  in the ground water 
modeiiing is identiai to the M K E  f 1 river mode1 of the Danube, which has ken  
successfuIty valldated, 

The regional gmund water modds apply a 
in the ver t id  the aquifer has b e n  divided 
J layers. 

The predm m d e l  was calibrated against ~ e a s u r d  gmund water levels, discharge 
and water levels for the three year pi+ from 1989 to 1991. In general, the 
simulad ground water levels are close to the rneasuied levels, and in areas rhat are 
highiy influa& by the Danube the grour/d water level fluctuations an dm v e q  
weU simulated (se well no. 718 and no. 1164). In the more inland eastern areas the 

horizontal discretizallon of 1OOO rn and 
into geolagically deterrnined computation- 

ground water levels are controiied by the 
evapottanspiration. In such area a seasonal 

ïelationship between precipitation and 
behaviour is observed with low ground 

water levels d u h g  the summer and higher levels in the winter and the spring. This 
se~sonal behaviour is not simulated by the hodel (see well 616). The main pan of 
îhe mode1 is considered as calibrated but some minor adjustrnent wiH be made in the 
b e w g  of project Phase II. A cum&ron behvgn rimulatcd and measured 
ground -ter levels for three typid wells is shown in Fig. 4.4. 

I 



' Fig. 4.4 &ution of wellc Md comparjron 4/ sirnuloccd Md masurrd g mund 
W e r  lewh in weI1 no. 71 8, 7154 and 616. Mode1 calibration, p r c d m  
condiriom. 



The finai mode1 vaiidation will be -ed but for a longer period wmprising 1993 
and 1994, 

Ihe ground water rnodel WU k nlidatal iby dmonstsating the abLüty to rrpmduce 
m a u d  gmund water levels after the Wming of the Danube. In this regard the 
only change from the pn-dam mode1 is T e  inclusion of the Hnirov reservoir and 
telated canals and hydraulic stnictures. The validation m o t  be finalized before the 
pre-dm modcl is f iai iy calibrata!, but +me preliminary validation mns indicate 
that the pst-dam conditions can be sirnulated without further calibration of the 
dibraîed pre-dam model. A cornparison kovm measured and simulateci g m n d  

Fig. 4.5 Co@m of sunufatcd d +(uured g m d  w m r  lcwlr in w l l  no. 
7154. M&l d i h i o n ,  psr-rlam condicionr. 

water levels for well no. 7154 is shown in 
to the Hnisov m o i r  where the Iargest 
of the Danube. 

Eig. 4.5, WelI no. 7154 is lmtai close 
changes has oçcurred after the damming 

The i d  mode1 s a i v e s  üme m g  grd*d mm levels from the regionai p s t -  
dam m d d  as boundary condition and therefore it m o t  be - until ttic 
-on of regionai m a  tmm -Apü&d. 

l 

Tbe ground mtcr model for the m o i d  a& is a tub-model o (he pstdam 

The I d  rnodel pmvides a m m  detailai IdescriPtion of ihe pound *water flow 
+me in the vicliity of the rrservoir w y h  wiii be urcd for the geuchemid 
modelluig activitks around the major watm supply IlistaUations at Kalinkovo and 
Samorin. 

regional model and the setup of the I c a l  
regional rnMel. The d y  change is Lhat 
discretidon of 250 m. 

nie eolibnition of the pIcdam mdei wül* f e  in the begbmhg of projet 
P b  II. Subsequently the validation of the pst- mde l  and finaikation of the 
local reservou mcdd wii i  be accomplished. 

rnd#iJ identieal to the setup for thc 
the -Iocal d e l  applies a horizontal 



4.6 Pollution Status of Reservoir Sediments 

A geochemid field investigation fwusing on the pollution stahis of flood plain 
sediments which are now an inundated part of the resewoir has b e n  d e d  out. 

Shallow soi1 sarnples were collected and anaiyzed for some soi1 bulk parameters 
compnsing seven rnetals, and a select4 set of organic variables like PAH's, VOCys, 
etc. Total contents and oxides-extractable contents were measured for the rnetafs, 
respectirely. The latter is used to estirnate the release of trace metals from oxides 
following potentid reductive dissolution of (Fe-)oxides in association with enhanced 
infiltration of DOC after f i lhg the reservoir. 

The data show that relatively high contents of PAH's are found along the Danube 
river. High contents are also found for Ni and it sems that Ni can behave mobile. 
Calculations on the release of trace metals by reductive dissolution of Fe- 
oxyhydroxides, suggest that concentrations above Slovak drinking water limits may 
happen for Ni if infiltrating Danube river water has high DûC contents. The risk for 
high Cu concentrations in the ground wakr is much smaller because Cu binds 
strongly to organic matter present in the sediment. 

4.7 Ground Water Quality 

4.7.1 Ceachemical field investigations at Kalinkovo 

A gwichemid field investigation has ben carried out in a cross-section north of the 
reservoir near Kalinkovo (see Fig, 4.33. 

This investigation was dited towards the development of grorindwater qiiality 
during infiltration of Danube river water into the aquifer. It has been suggested that 
a change in groundwater q d i t y  may happen after damming the Danube due to 
enhanced hfiitration of dissolved organk matter in the grave1 aquifer. 

Eleven multi-screen wells were instalfed f o h n g  a 7.5 km Iong cross-section close 
to the water supply weiis nt Kalinkovo. 

The rnulti-screen weiis have been sampled frequentiy to uivestigak the ongoing 
(3io)geochernical processes during infiitration of Danube river water into the q u i  fer. 

A seasonai fluctuation in the concentràtions of various s p i e s  with a delay cornpated 
to the fluctuation of the Danube river water was abserved for the screens that are 
close to the Danube. 



Interpretation d cofistcd &ta indieaq slow denitrification by both solid and 
dissolved organic matter and duct ive dissolution of Mn-oxides, possibly maAganite. 
It is not loxm whethcr or not the two &ox processes intenict. 

4.7.2 Ground water quaüty mode1 

A mathematid model has been, developl that includes kinetic denitrification by 
sulid organic matter coupled to redrictive dissolution of Mn-oxides. The m d e l  
consists of ttmz camponenu: 

1) advectivddisprsive transport of aii  IdiemicaI cornponents 
2) ~neticallycontr011ed denitrification, / and 
3) @sudo) equilibriumantrolled speciation and equitibriurn-controlled inorganic 

chemisay. 

nie denitrification module is a simple, eypirical firstdrder deniuification model, 
having two pPrameterr. These p a m m e l  iw a raie parameter and an apparent 
equilibrîum constant for Ihe redox couple T 4 / N Q .  The rate parameter deteminu 
the rate of denitrification and the equilibnurn constant determinu the occurrence of 
N Q  as intermediate denitrification pduct.  

Th model b u  bcai tavd for a simple gqhydrological rystm basal on geochemi- 
cal data fmm IWinkovo. These tests have show that the gahemical m d e l  
behaver qualitatively mmct It is planneh that the denitrificatiun mode1 wili be 
extended with the option for deniaification 
catbon in addition to consurnption of solid 

under consurnption of dissolved organic 
arganic matter. 

Consmtive transport of 0'0 in the K a i i n p  cross-section and mctive transport 
has ben mudelled. The setup of a cross-sectional ground water fiow m d e l  was 
based on the setup for the regionai mode11 ground watcr model. An example of a 
mode1 sirnuiarion i i  givai in Fig. 4.6 which shows simulated distribution of dl'O in 
the D h k o v o  m-section in A p d  199P and a cornparison of measured and 
s i r n u W  6% in one of the w& at Kalinkovo. 

l 



b) Simulated 180 Fluctuation in Ground Water 

Fig . 4,6 Model resulw from tk Kdinbvo cross-section. a) M&II& disrdurion 
of 6"0 in Apnl 1994 and b) Comprison benwen maured and 
modelied 6% in one of the welk in rk cross-section. 

6% can Çan uused as a conse~ative m r  since the Danube river shaws a sasonal 
fluctuation for that compound. The patterns found for S'Q, nitmgen-vies and 
mangrnese can roughly be reproduced by the rnodels. Howevet, further irnpmve- 





In realiîy the gmund water levels are, in sume areas, highly fluctuahg , which may 
play a role for the amount of niirate leaching as weil as for the imgation require- 
men& and the agriçulturai prduction. 

The DAISY modelling tu be d e d  during project Phase Ii will be basai on time 
varying ground wakr levels simulated with the regional MIKE SHE ground watet 
mode1 as lower boundary condition. 

Simulations wiü also be d e d  out for a more ïealistic cropping pattern including 
more cmps providing a more precise pictun of the wnditions on atnf O s ~ o v .  

4.9 River and Reservoir Hydrodynamic Modelling 

The main objectives for the hydrodynamic modelling are to provide dibrated and 
validated fiow modds to be used in relation to water qYaZity, eutrophication and 
sediment transport modelling . 

The applied mde2ling SyskmS are the hydrdynamic rndule of MIKE I l  and 
MIKE 21. 

The following mdeIs have b e n  setup, cdibratwi and validated: 

- one-dimensional MIKE 1 I mcdel for the Danube from Bratislava: to Komarno 

- onedimensional MKE 11 madel for the river branch system at the Slovak 
f ldplain.  

- twdirnensional MïKE 2 1 mdeI for the Hsusov reservoir. 

The MIKE 1 1 models have tKen established in two versions reflecting p s t -  and pre- 
dam conditions, mpxtively . 
MIKE 11 on Danube 
The setup of the MiKE 11 mdel for the Danube is based on rives cross sections 
measured in 1989 and 1991. 

The applies b u n d a q  conditions were measured daily discharge ar Bratislava 
(upstream) and a Q h  dation at K o m o  (downstmm). 

The mdel was initially dibrated for two steady state situations reflecting a low 
flow situation (905 my/s) and a flow situation close to the long term average (2390 
m3/s), w t i v e l y .  Subsequuitly, the modd was calibrated against water levelr and 
discharges measured at Bratislava, Medvedov and Komamo in 199 1. 



The mode1 wu fuially vdidated by demdnstrating the ability to reproduce rneasured 
data from 1990. Fig. 4.7 shows the resulr of the mode1 validation from Medvedov. 

JAN EB MAR APR MY ;UN JUL AUC~ SEP KT NOV DEC I 

The Slovak and Hungariui floodplain $e at many kations characlend by a 
cornplex systern of river branches. The dg refemd to as the river branch syskm 
aven about 20 km of the Slovak flood pdin behveui the Old Danube and the hydro 
p w e r  EPIIPL. A laywt of the river bmch system ir shown in Fig. 4.8. 

1990 

Fig.4.7 Validarion of MlKE 1 I mode1 

For the pst-dam mode1 somc river +ches were updated with cross-sections I 

rneasured in 1993. In addition the reservoir and related hydraulic structures and 

This ais is of major dog i sa i  i.nte+t and is one of the key area for the 
~cological studia in this project (cf. Section 4.123. 

for the Dam.&! for pre-dam condiriom. 

canais wert included. The modd was 
November 1992 to March 1993. 

I nie cross-sections in the river branch systern were measured dunng the 1960's and 
1970's. 

validated against m a s u r d  data from 
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MIKE 21 on the reservoir 

A MME 21 hydmdpamic model for the I(msov reservoir har been eJtablirhed. The 
mode1 has not k e n  finally catibrated and validated. There are two main rasons for 
that: 

1 )  Flow velocities h the reservoir were not available for mode1 dibration. 

Some simulation mns and have b e n  4 d e  wiih the ëxisting mode1 setup. An 
example of the flow field in the -rvoir is giren in Fig. 4.10. 

2) A new ruervoir bathymetiy ha h t l j  beui mevured but somc data 

iao i i o  120 i t i o  iw>  1601 i i o  rèo 190 200 2 i0  2i0 

processing needs to be donc in orda 
model. 

Fig. 4.10 F I Q W ~ U  in the m e m i r  si Jlad wirh MIKE 21. 

Go incorporate the new bathymetq in the 

It is expcctd Ihit only limited mode1 cadratition will be necasaq  and the mode1 
wiu be finally caliirated and validated earlb in 1995. 

4.10 River and Reservoir Sediment Trlwpart Modelling 

The sediment transport modehg w u  b a h  on the use of uisting data on the 
Jediment innsport proasru pmailing the Danube xiver. Few additional 
meatwements were &ed out to compkment chwe data. Diffemt sediment 
transport rndels covering boîh the fine suspended sediment (cuhesive sediment and 
fine sand) and the W i d  sediment (d sand and gravd) were establistied. 



Measurements of mnantratiaa of suspended sediment at different cross-sections 
showed that Ihe suspended load has decreaseé significantly from the 5P'ties to the 
W'ties due tu construction of new reservoirs and treatment plants u p s t r m  of 
Bratislava. By comparing the grain size distribution of suspended sediment and fine 
depsited sediment, respectively , represen tative fa11 velocities of each dass of grain 
sizes of fine sediment coold be estirnated. 

Sased on these measurernents and established sediment rating curves, both one- 
dimensional and twdimensional sediment transport mdels of transport of fine 
(suspended) sediment were established for the Danube river, the reservoit and for 
the river branch system on the Slovak f l d  plain between the hydro power canal 
and the Old Danube. The period from November 1992, when the resetvoir wrts 

taken into operation, to August 1993 was simulated in the two-dirnensional MIKE 2 1 
madel. Sedimentation rates in the correct order of magnitude (approxirnately 10 cm 
in the sedimentation areas) was simulated. 

Various g d n  si= (six fractions totally) were included in the mathematical m d e l  
enabling prediçtion of the grain size distribution of the new sediment deposits in the 
mrvoir.  This information was used together with the simulated thichess of the 
deposited sediment layer to caiculate Ieakage coefficienl for water exchange 
between the surface water in the reservoir and the groundwatet beneath it. Sedi ment 
rating curves were estimated at different cross-ations based on the sirnulated 
sediment transport rates. Sirtatiion as function of upstream discharge was 
subsequently denved. From Novernber 1992 to August 1993, the simulated siltation 
rate (kgiday) was 42% of the totd suspended toad at Bratislava. Simulated 
sedimentatfon in thc mernoir during November 1992 to August 1993 is shown in 
Fig. 4.11. 
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Fig. 4.11 Si&ed sedimenration in the m e m i r  from Nowmber 1992 IO A u g w  
1993. 



AUuvial dianne1 bed material was inve)tigated with respect to grain s h s  and 
exhibited signifimt scatter due to the ngtural gradhg of the sedimat inside the 
cross-sections with ban, pools etc. In order to avoid ditficullies in detennining 
accurate mean grain sizes for h e  mathematid model, the change in mean water 
level over a dsade  mther than changes bed elevations was mrnpered baween 
observations and simulations. By using su? an approach, perturbations in bed lwels 
fmm one cross-sption to anolher did no\ destroy the pisture of the wenll trends 
in aggradation and degradation of the n v l  bed. 'Rie morphologid mode1 predictcd 
the observed erosion downstram Bratislava during the last decades to a very 
satisfactory degree. The =ch between rprt 1820 and rkm 1840 (Old Danube) is 
chamter id  by a very cornplex flow patfem because the Danube inrcracts wilh Ihe 
river &ranch system. These interactions y no< propaly descnbed in the hydmdy- 
namic mode1 and consequentiy the morphoIogid development cannot be properly 
simulated either. 

d i n r l i  [km] 

Simulated and measured uosion of the riber beû is shown in Fig. 4.12 which also 
illusüates the effects of dredging. 

a) 
Drrdged Matcrial o v e  th8 Stmulatcd P d o d  ( p o m  1979 to 1989) 



Subsquently, the morphological mode1 was used to see the effect of the dredging 
which has bsen going on ovet the years. Also the effect of the Gabcikovo Dam was 
investigatd with respect to changes in bottom elevations and mean water levels in 
the new course of the river as weli as in the Old Danube. 

4.11 Surface Water Quality Modelling 

The goal of the surface water quality modeilhg was to establish rndels describing 
the water quality in the main, stream of the Old Danube before and after damming, 
in the resetvoir, and in the river branches, respectively. 

A BOD-DO mdel (MIKE 11 W Q  has been used ta describe the water quality in 
the main stream of the Danube in the pre-dam situation and in the main sueam of 
the old Danube in the pst-dam situation. This model describes oxygen concentration 
@O) as a function of the decay of organic matter (BOD), transfomation of nitrogen 
components, re-aeration, oxygen consurnption by the bottom and oxygen prduction 
and respiration by living organisrns. 

The river branches were sirnulated with a eutrophication m d e l  (MW 1 1 Eü), in 
which the algae prducîion is the driving force. The algae growth in this m d e l  is 
d a r i w  as a funçtion of incorning light, tmsparency of the water, temperature, 
sedirnehtation and gmwth tate of the a i g z  and of the available inorganic nutnents. 

In the reservoir the driwig force is aiso the algae growîh and hence a eu trophication 
mdel  (MXE 21 EU) was applied. This model is, in pnnciple, the same as the 
MME 11 EU, but operates in twdimensiond (horizontally) whereas the 
MME 11 EU operates in one-dimensional. 

To provide the basis for the modelling existing field data on water quality have been 
evaluated, 

The field measurements show no signifiant changes Ui oxygen level in the Danube 
river h m  Bratishva to Kommo. The measurement has shown differences in 
oxygen concentration of up to 1 - 2 mg Q1 in the river. This clifference can k 
ascrîbed to the diurnal variation created by oxygen pmiuction and respiration of the 
algz  in the river water. Oxygen concentration in the outlet canal h m  the reservoir 
have been observed ro be 4 mg Q/1 higher than in the upstream river. This may dso 
k due to oxygen pmluction of the aIgae. 

No vertid stratification of the water masses in the reservoir was obsewed during 
August and Septemk 1994. The measured data do not indicatte increases En BOD- 
level thruugh the reservoir. 

nie BOD-Do modd (MICE I l  WQ) has been calibrated and validated to a 
~tisfacbq Iwel b t h  for pre-dam and pst& çondition. The mode1 furthemore 



descri& the diumd variation safisfnc~orily. A cornparison of sirnulated and 
measured oxygen concentrations in the Dmuk is shown in Fig . 4.13. 

The dibrated and vfidand BOD-W dodel (MIKE I l  W Q  is now W y  for 
practid use in projeet Phase II. 

l Fig. 4.13 Cornparison of simulated Md ~ a s u r e d  arygen conce~rationr in she Old 
Danube. Posf-dam situafion. Calibrarion. 

Ruults h m  a pnliminary caiibration of the eutrophicatiun mode1 for the r i v u  
branch system against data fmm June-August 1993 (MME 11 EU) is shown in 
Fig. 4.14. 

The conditions fmm p r e h  to pst& have changed significantly , and hence a 
dibra t ion  of the prtdam maiel was necessary to &tain a w d  caiibrateû m d e l  
for the post-dam situation. ih prcdam Imodel w u  calibrated against data from 
October 1% 1 and validated agahst data fy m April and AugustISeptunkr 199 1 The 
postdam situation was calibrated against data frurn May 1993 and validated against 
data from June 1993 

JUN AL iw h AN JLH JLR w 
1993 1993 l 1993 

CnI~mphIyu a I n o m ~ k  Mmgm I noamic  P k o q b o m  

Fig. 4, Id ComparIson of shnddled ruid 
br& syssem, (Baka brmch), 

measured w e r  qualiry &a for rk tiwr 



The simulated phytoplankton production (0.9-1.2 g Clmz/day) is at the same levd 
as the measured one and algae conceritrations have been simulated correct within a 
difference of few microgras chlorophyli. A littie to high nutrient concentrations are 
at the moment sirnulated. Smaller adjustment thmugh a continu4 short dibration 
procedure in the fust quarter of 1995 is expected to bnng this m d e l  to a stage 
where it is ready to use for simulation of different scenarios. 

The ealibmtion procedure for the eutrophicalion mdel of the reservoir (MIKE 21 
EU) has just M n  initiated and will be f i n a l i d  in the beginning of project Phase II. 

4.12 Floodplain Ecology and Modelling 

The ecologicai studies mainly puts fmus on the Hrusov reservoit, the Danube river 
and the river branch system on the Slovak fimiplain between the hydropwer canal 
and the 01d Danube. 

An ecological management tool has ben developed. It is basai on output from the 
established integrated mdelling system and a number of criteria that links m d e l  
rasults to a number of different ecotopes. 

nie integrated modelling system provides data regarding: 
I 

- water quality and eutrophication 
- sedimentation regime - su- -ter ftow reg ime, and 
- subsurface flow regime 

The ecological criteria are d'ireçtiy camparable with processed mode1 results. The 
criteria are, for instance, expressed in tenns of: 

- f&quency, duration and depth of floodings - minimum depth to ground water table - variations in ground wakr table 
- flow vdocitiies in nvers 
- primary pduction 

A detaüed m d e l  of the fiver branch system on the SIovak f ldplain has k n  
established. niis mudel is based on the coupled version of M X E  1 1 and MlKE SHE 
and describes the cornplex network of river branches, their interactions with the 
subsurface flow regime and the OId Danube. 

The modd setup is based on the MME 11 m d e l  for the river branch system and 
the MME Sm regional gmund -ter mdel for p s t  dam conditions. The mode1 1 

was setup in a network of 100 m grld q m .  I 



I 
An example of mode1 results is given in Fig. 4.15 which shows the extent and depth 
of f l d i n g  in the river branch rystem in huly 1993. 

The moQL ha not b a n  f u d y  caiibyted but evai wilhout any falibration the 
model resultr uirresponds raiher well to marured data. M a u n d  data indicates lhat 
about 80% of the water that enters the system is lost in the river branch syskm. The 
simulaced wakr lostu, during Iuly and A~U~US& 1993, sonesponds v e q  well to that 
amount, Therefore, it is expected that 
required . 

only very lirnited m d e l  calibration is 



Fig. 4.15 Simuloled oreal areni pnd &pth o f f r d i n g  on 25 J d y  1993. 

The estabLished d e l  of the river bmch  systern reflects ttie conditions after 
damming of the Danube. A mode1 for ihe pn-dam conditions wili be established in 
the beginning of project Phase II. 



s PROPOSED APPLICATION S~ENARIOS 
I 

5.1 Objectives 

One of the primary objectives of the P- project is to prepare an integrattd 
l 

modehg systern that can support management decisions within the foüowing fields: 

- Gmund worcr wivith emphasir on deguarding the ground wakr quality at the 
existing weI1 fields. 

- Agriculfure with ernphnsis on way supply fmm ground wakr, inigation 
practict and efficient use of fcdkrs .  

- Ecology wirh unphais on the conqiau in Danube, the river branch sysiern 
and the m o u  and the management aspects in this regard. 

1 Such an integrad modeliing systern h l  b e n  developed during Phase I of the 
project and is now d y  for p- use. R d h h g  that the management 
pouibiiitics am numemua and that the env system is vay  cornplex, aily a Limited 
number of &os CM in prach be F e d  out under P h a s  II of the project. 
Thesefore, the aim of the ranaio dculations to k made under Phase 1I is to g ive 
relevant examples of the appLiation of the integrakd modeliing system for 
predictiun of environmental impacts of alternative management decisions. 

The W f i c  &or for whidi modd lculationr wül be d e d  out in Phare il 
wili d d d e d  jointly by the Slovak Min/stiy of the EnWonment and the Consul- 
tant. The foUowing is a fust suggestion from the Consultant in this regard. 

5.2 Terminology and GeneraI ~ r a m e h r k  for Formulation 
of Scenarias 

The foiiawing wminology is used: 

- A Worcr M a ~ g e m e n t  Reginic ir h~ defuKd by the o p t i o o  mla for the 
major stnictures at Cunwo, Dobrohost and GalxAmvo for the p s t d a m  
wnditions and no regulation for the ppn-dam conditions. Thus, given a 
hydmlogicd time vriu of Danube dflow at Bratislava. the o v e d i  discharge 
@me fan be uplicitiy cllculateû. kence, the selected Water Management 



Regime de fines the water management as far as the ovedl discharges are con- 
cerned. 

- Managemm Oprions aie here defined as options for management of ihe 
system under a given Water Management Regime, e.g. ail management 
possibiZities except for changes in the prespecified discharges at the thtee 
major structures that define the Water Management Regime. 

- A Scenaricl is definsd as calculatians of conditions for groundwater, agriculture 
or ecology under a given Wakr Management Regime and one management 
option. Two fundamentally different types of scenarios are defined, namely 
Reference Scenarios and Managemm Seenanos. 

- A Referme S c e ~ r i o  describes past conditions and is used for cornpanng 
impacts of p m n t  and future management options. 

- A MmgemeM Scennno desçribes present or possible future conditions resul- 
ting frorn aiternative management options. Hence, a Management Scenatios 
may comprise several sub-s&os descnbing alternative management options. 

The following general çonditions have been assumed for the management xenarios: 

- Srnafios will be lirnited to areas on Slovak temtory. 

- The presence of the Ga~ikov~Cunovo structures and the Nnisov reservoir 
(Variant C) fams the frmework fur al1 pst& mnarios. 

- S d o s  should be direct& at key areas from an ecological or management 
perspective. 

- The different scenanQs should differ signifieantly from each other in ordcr ta 
show impacts of importance for the decision making, 

5.3 Outline of Water Management Regimes 

The following four water management regimes will be considered: 

I. Pr& 1993. 
The water management iegime in 1990 wiU serve as a reierence for the prc- 
situation for ground wakr wnditionr, agricul~re and emlogy. This rcgime is 
chvacluired by no regulation at Cwovo, Dobmhost and Gpkürovo and by the 
river topography h m  around 1990. 



i Pos~-darn (400 dis). 
This regime is represented by the water mz 
filling of the side branches, i.e. since : 
characteriseci by an average annuaï dischai 
400 m3/s and an average intake to the nvei 

111. , Posrdam (8W m'/sJ. 
An allocation of 800 m31s and 40 m3/s 
Danube and intake to the nver branches, 

IV. Srill ?O be &tided. 
Based upon the evduation of the varioui 
conditions, agriculture and ecology, whi 
regimes 11 and III it may be decided to dei 
carsy out a few management xerurios. 

In order to enable direct cornparison 
management regimes the m d e l  calculation 
Danube discharge time series at Bdslab 
daily disctrarga nt Bratislava fur a 5 - 10 
al1 dculations. This period will be s e l s  
for the Danube d ~ ~ c  regime with rr 
flows and high flows, 

! 

5.4 OutIine of Selected Management 

The fields which have h m  seiected for de 
management regimes are listed Wow tog 
ment options, which are hrended b be sr 

A. 1 Gtnual grclund water Iwds and dy 

A.2 Water quality at Kalinkovo. 
Management options: Alternative 10 

A.3 Wates quality at Samorin. 
Management options: Aitemative 10 

gement which has taken place sin= the 
nmer 1993. The discharge regime is 
: at Cunovo to the Old Dmuk of a h u t  
ranches at Dobrohost of about 40 m3fs. 

average annual discharge to the Old 
çpectively , 

nanagement scenarios on groundwater 
will be done for water management 

e a new water management regime and 

the scenarios under different water 
nust be carried out using the same basic 
Therefore, a time series of measured 

#rs perid will be seIected and used in 
I so that it is adequatcly reprmtativc 
ect to average flow as welt as to low 

ields and Options 

ribing the impacts of the different water 
ier with a description of those manage- 
id in &he management scenarios: 

mies in the project area. 

tiuns of wdls. 

tiuns of wells. 



B. Agriculture 

B. 1 Agriculturaf potentiai production, irrigation rquirements and nitmgen leaching 
in Zitnf Ostrov. 
Management options: Irrigation, fertilization and cmpping pattern. 

C. 1 Danube main river. 
Mariagement options: Undenvater weirs, fish passes, sediment management, 

C.2 Dobrohost f ldplain .  
Management options: Undenvater wein in the Old Danube or other masures 
to improve the hydraulic connectivity behveen the main river and îhe side 
branches. 

C.3 H m w  e t v o i r .  
Management options: Resemoir operation (waler levels, intemal flow pattern) 
aiming at f~rthanng mlogical functioning and preventing water quality 
p h l e m s  such as eutrophication, oxygen depletion, sedimentation in areas 
whm the main infiltration for the water works occun. 

Combining the mer management regirnes descrîbed in Section 5.3 and the 
management fierds and options described in Section 5.4 an overview of the maiel 
calculations for the s e n d o s  is pmvided in the " m a n o  matrix" in Table 5.1. 

The p r e h  1990 water management regime foms the basis for the reference runs 
A.l - C.2, wtiereas C.3 is not relevant b u s e  the resemok did not exist at that 
time. 

For the pst& wakr management regimes II + HI the management options for 
the respactive areas are indicated . It is envisaged that a muple of mode1 simulations 
ate M e d  out for each management scenarh. 



Water Management I.ql. 

IV. Ta ba dseided 1 1akr 

l 

Refereacs Refetewc Referems Reference 
l 

- - - .- 

SC LW LW IF, FE, CR 

C. 1 C.2 C.3 
Danube F l d p l a i n  Reenoir 
chaantI 

Refereuce Reference 
- l 

. - -- 

UW, SM UW I 

t g s d  for management options u d i r  water muqdment tegimo SM 
- Nocesnario 
SC Opadon of water level in mepage canal 
LW Weil l d o a  
IR lrrigaia 
FB Fstilization 
CR Croppingp-m 
W W  Uderwatcrwain 
SM Ssdimmt ~ a m o n i  
RO Rcseiroiropcration 
? Nat yet decidcd 

As the hydmlogid hasin br the cakulahons of the different water management 
regimes the time rries oornprWing daüy Aues of masurrd discharges at Danube, 
Bratislava for the paiod 1986 - 1991 w h  be used. This puiod hac an average 
discharge of 2U2l dls, which is very cl& ü, the long tem average. 

l 
F o r p r d m  andirions the inflow to ~ i t t l e h n u b e  has been astumed to be IO d/r, 
w M e  the inflow to Mo- Danube betwm Cunovo and Dunakility has been 
assumai to k O m'h. These two dischargh are vsumed U> k constant in time. 



For pst-dam cunditions the inflaw to Little Danube h a  been assumed to be 
30 m31s, while the intake to Mosoni Danube at Cunovo has b e n  assurned to be 
25 m'ls. These two discharges are assumed to be constant in tirne. 

As the river branch system on the Hungarian side of the Danube is not included in 
the mcdelling system the inflow to Mosoni Danube is here treated as a lsss tem.  

The assumed operation rules for separation of the discharge at the thtee main 
hydraulic stnictures at Cunovo, Dobrohast and Gabcikovo is descnbed in the 
following subsections. A summary of the resulting discharge regirnes is provided in 
Table 5.2. 

T&le S. 2 Dischurge characferistics (in d / s )  of fhe four direrem waer manage- 
menr regima &scriW in Subseccionr 5,6.2-5.6.5. 

Notes: 1) Tho resulring diacharge at Gabeilcowr ii aat kUy correct aa tke interaction wiih the 

grwndwrtcr fystem bas no4 k a  coosidtrsd in the prescrit table. More aecurnte figuru 
wüi be Ealwtstsd ss output fmm îhs modsb. 

2) The ruulliag discharge in &e h u b e  is na fully corract 8a rhc interaction with the 
grrrundwatcr iystrm haii wi k a  eomidetacl in the p m n t  table. More accurue figures 
wiN ba calcuiabd M output from the modili. 

3) The m.rimum flom am appmximars ody. as oo routine bas k a  cousiderd in the 
prewnt tabla. 



The discharges for water management ie 
1991 is illustrated in Figs. 5.1 and 5.2. 

Fig. 5.1 Discharge for the 1991 hyd 
managemeril regim II. 

mes II and III for the hydrological year 

1992 
I Dokohost (intake to the river tr& system) 

\ 

rlogicd year as ii wuld &e for w c r  



199 1 1992 
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Q Debrdwst (intake to the river brmch s y s t e m )  
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Rg. 5.2 Discharge for rhe 1991 hydrological year as k wdd be for warer 
mmagemenr regim III. 

For this water management regime the river morphology existing around 1990 are 
used. The Danube discharges are detemiincd as the discharge at Bratislava minus the 
inflow to Little Danube minus the inflow to Mosoni Danube. 



For this water management regime the n u  
The Danube discharges (in m3/s) are go 

! STEP5r 

STEP 1: Calculate discharge through b 

(al For discharges in Bratislava, i 

Qmwm = 0.45 * QwYi - 

@) For discharges in Bratislava, 4 

where the 120 ms/s comprises the 55 m' 
Danube plus estimated leakages from the 
and Old Danube. is a sgasond m d i  
and maximum discharges through the b 
respective1 y. 

STEP 2: Calculate the discharge inlet 1 

L: 

Ca) For discharges in Bratislava, i 

Q&&'- = 40 + -7.5 

(ii) For discharges in Bratislava, 1 

= 40 + 4""/7.5 + 
The maximum discharge thtough the inia 

SIEP 3: Calculaîc the discharge in the 
b 0 * 0 :  

.The maximum dixharge through the pow 
turbines an4 the shiplwks, is 3080 m31s, 

morphology existing in 1994 are used. 
ned by the following rules, STEP 1 - 

ES weir, Q- ,: 

A., larger than 1200 rn3/s: 

inflows Co Littie Danube and Mosoni 
ervoir to seepage mals ,  ground warer 
ation given in Table 5.3. The minimum 
ass weir are 100 m3/s and 400 m3/s 

the river branch systern at Dobrohost, 

-,, larger than 2500 mals: 

2MI - 2500) * 0.05 

stnicture at Dobrohost is 200 rnsls. 

iwer canai d o m s t r m  of Dobrohost , 

b, - 120 

canal, corresponding tu full use of five 



S m  4 Calculate the discharge thmugh the inundation weir at Cunovo, 
Qk.ii~nm M~C: 

Q- ,, is always larget than or equal to zero. 

STEP 5: Calculate the discharge through the stmctures at Cunovo to the Old 
Danube, Q-,: 

Table 5.3 Semonal nwdflcaion cf discharge, a,, (in m'/s). 

This water management regime Js identical to water management regime II except 
for the dculation of the discharge through the bypass weir. Thus STEP 1 is 
replaced by the following: 

SmP 1: Calculate discharge thmugh bypass weir, Q- ,,: 

(al .. For discharges in Bratislava, &,, less than 1200 m3/s: 

(b) For discharges in Bratislava, La, larger than 1200 d/s :  

n i e  minimum and maximum discharges through the brpass weir are 400 m3/s and 
900 mf/ s. It is realized that dischacges iarger than 500 m31s are beyond the hydraulic 
capacity of the p m t  structure. Thus, in order to achieve higher daily discharges 
a cofisidcnblc mount of mrûuction work WU be required. This will be possible 1 
through the new weir planned for mnsüwtion as part of Phase II of the Cunovo 1 

I 

stnichim. 
I 



5.63 IV. StiU to be decided 

The specific content of this water manage 
after having evaiuated results from ïï an 

5.7 Description of Scenarios 

For each of the water management regim 
will be Camed out under different w; 
scenarios involves exchange of data m 
Section provides an overview of the mc 
scenaio. Data exchange among thc m d e  
and amount of mcdel output wiIZ be lis& 

5.7.1 Ground water 

The ground water fhw regime on Zitnj 
Ieveh in the Danube. After damming of 
dynamics in Danube have km signifie; 
water fl ow regimc has changed. The ai 
impacts of the d i f f m t  water managema 
regime within the pmject area and on the 
supply instahtions at Kalinkbvo and Sa 

A changed flow regimc in the reservoir 1 

An in& sedimentation in wrhh 
amount of infitrating water. In addition, 
will al= incireasc the load of organic m 
mater will degrade under cunsurnption cï 
in ~e m o u  d i m e n t  h m  king olçj 
regime in the m o i r  may ûe imprtan 
as for the ground water quality. nie sed 
cafcufattd uing the cstabllshed MlKE 
modds for the reswoir. 

nie infirtration of -ter h m  the resei 
water flow rcgime WU be calculated usi 
for pre-dam çxinditiuns and the coupled 
pst-dam conditions on local resewoir rn 

lent regime will lx decided at a Iater stage 
m. 

Ilsted in Table 5.1 a number of scenarios 
r management options. Each of these 
ng the various establishad models. This 
el simu~ations that are requird for each 
hg systerns will be described and the type 

Istmv is mainly controlled by the water 
le Danube the water levels as well as the 
tiy alterd and consequentiy the ground 
i of the mdel  scenatios is ta study the 
regimes on thc g e n d  ground watcr flow 
mund watei quality at the two large water 
3tin. 

ly dso change the sedirnentation regime. 
ieas w i h  the resewoir will affect the 
i i n c d  sedimentation of fuie @cles 
w to the resemoir bottom. This organic 
oxygen which may change the conditions 
to king anoxic. Consequently, the flow 
lor the ground water flow regime as weU 
nentation regime in the reservoir will be 
I HD and MIKE 21 sediment transport 

3ir to the ground water and the gmund 
g the W S B  regional ground water 
miens of MME SHE and MME 11 for 
feiling sale as well as on regional d e .  



A.l)  General gmuad water ieveb and dynamia in the projwt area 

Scenariw 
The fallowing three scenarios will be camed out: 

A.1.I Reference scenario (Water Management Regime T) 

A. 1.11 Management scenario (Water Management Regime II, pst-dam 400 
m31s) 

In order to study the impacts of the operation of the seepage canals on the ground 
wakr regime two sub-anarios wili be d e d  out: 

A.l.II.1 The water lwel in khe wpage canals wili be kept at the highest 
operational level by keeping the crest elevations of the weirs in the 
seepage cands at the maximum level. 

A.l.Il .2 The water level in the seepage canals wilI be kept at the lowest 
operational lever. 

Model output 
For each scenario maps illusttating the ground water dynamics and the ground water 
levers will be pmiuced. The ground water dynamics will be characterized b y the 
annual sum of ground water lwei fluctuations (Fegelweg). 
The ground water level will be chatactetized as mean ground water table over the 
entire simulation pend p d u c e d  from daily values. In arder to compare the p s t -  
dam scenarios with the referace d o  mps that shows the difference between 
the reference scenho A. 1.1 and the sub-scenarios A. 1, I. 1 and A. 1. II. 2 will be 
produced. 

Requhd mode1 simulations and exchange of data among modeis 

M I r n  21 
A. 1.1) hyddynamic simulation for water management regime IL. 
A. 1.2) sediment transport simulation for water management regime II. 

Maps of leakage coefficients of the reswvoir buttom will be praiuced basbd on 
simulation 2. These will be used as input data for the ground water flow simulations 
(4 and 5). The Ieakage coefficients will be CaEcuIaled bas4 on information on 
simuiated areal distribution of sediment, thiciaess of sedirnent layer and grain size 
distribution curves of the sediment, respectively. 



I A.2) Ground Water Quality at Kalinkovo 

MIKE SHE 
A. 1.3) Water movement simulation foq water management regime i. 
A. 1.4) Wakr movement simulation for water management regime II, sub- 

Scenarioo 
In order to snidy the development of L e  dFl<ing watu qdity and the geochemical 
conditions m u n d  the large weü fieid at Kqiinkovo the foilowing scenarios wiil be 

scenario A.l. l l .1.  
A. 1.5) Water movement simulation 

scenario A. 1.IZ.2, 

Simulation A.1.4 and A. 1.5 will tx 
MIKE SHE and MIKE El. 

d e d  out: 1 

for water management regime II, sub- 

cattied out using the coupIed version of 

A.2.I Referace sccnario (Water &ernwt Regime 1, Pre-dm) 

A.2.11 Management samario (Wakr ~ a n r g e m a i t  Regime II, Port-dam 400 
m3/s). 

If the mults of the mode1 simulations i n d i e  problernr in relation ta ground water 
q d i t y  a couple of sub-scemrios may be carried out suggesting alternative locations 
of the wakr suppIy production wells. 

Modd Output 
For each sub-samario, the gmund water quality around the weii field at W o v o  
will be rnapped, in t e m s  of concentrationi of variou nitrogen species (N4,NOd 
in the ground water. Resulto h m  rn~pg{ment rwiario A.2.U will be compued 
with the refmce &O (A.2.I) in o r d l  to assess the changes in ground wakr 
chemisûy dut to the damming of the Danube. 

'Requkd madel simulations and exchange 

MIKI5 I I  
A.2.1) hydrodynamic simulation for water 

@ h l .  

M I E  21 
A.2.3) h y d r a d y n a m i c s i m u l a t i o n f o r ~ ~ e m e n t r e g i m e L I .  
A.2.4) sediment msprt simulation for the m o i r  for water management 

oi data among modeki 

management regime 1 for the Danube 

regirne II. 
A.2.5) eutmphication simulation for the 

II. 

A.2.2) watcrqualitysimulationforwatermanagementregimeIfortheBanube. 

reservoir for water management regime 



As explained under A.1 results from the sediment transport simulation in the 
fesewoir (A 2.4) will be used to calculate leakage coefficients in the sedimen t on the 
reservoir bottom. 

Water qudity and eutrophication simulations (A.2.2 and A.2.5) wiii be used to 
estimate the concentrations of various species (Na, oxygen, organic matter) in the 
water that infdtrates to the ground water from the Danube @re-dam) and frtlm the 
reservoir (pst-dam), respectively. 

Results from DAISY nitrate leaching simulations (simulation B. 1 . 1  and B. 1 -2)  will 
be u d  to estimate the concentrations of NO, in the water that infiltrates from the 
ground surface to the ground water. 

MIKE SHE 
A.2.6) water movement simulation for watet management regime 1, scenario 

A.2.1, regiond model. 
A J . 9  water movement simulation for water management tegime II, scenario 

A.2.11, regional model. 
A -2.8) water movemen t simulation for water management regi me 1, senario 

A.2.1, local model for the a r a  mund the -noir. 
G.2.9) watermovementsimulationforwatermanagementregimeI~,scen~o 

A.2,II, local mudel for the afea mund the reservoir. 
A.2. IQ) gwhernical sirnuiatiun for water management regime 1, based on the 

flow regime from simulation A.2.8. 
A.2.11) geûchemical simulation for wakr management regime II, b d  on the 

flow regime h m  simulation A.2.9. 

The supply wells at Kalinkovo is ioated adjacent to the upper part of the sesewoir. 
The flow regime in this part of the resewoir will not change significantiy from water 
management regime II to II!, and hence the ground water qvality will not change 
either. Therefore, the ground water quality at Kalinkovo is only studied for water 
management tegime 1 and II. 

For the post-dam MME SHE simuIations (A.2,7 and A.2.9) the water level in the 
=page canals wiii be kept constant refiechg the typical water 'tevels ia the canais. 

A.3 Gruund Water Quaiity at Samorin 

The ground watet quality at the weii field at Samotin will be subject to rhe same 
studies as the gruund water q U t y  at Kalinkovo. However, the well field at Samorin 
is located at the downstream part of the resesvoir where the fiow regirne will be 
d i f f m t  for water management regirnes II and m. Therefore tiie same simulations 
as listed ahve  will also be carried out for water management regime Ki @osr-dam, 
SOO m3/s). 



Agrlcultum 

The depth to (hc gmund mm is an i ,mprtuu parameter for the agricultunl 
pduction ptential on %tnl Osmv. The construction of the W s o v  resemoir have, 
in sorne areas, significantly alterd the grdund water flow regirne in kms of ground 
water levels and d@cs. This, may 1 have somc affects on the agricultud 
production potential, in the needs for irrigation and in the amount of nitrate Ieaching 
to the aquifers. 

B.1 Agriculture 

Scenariar I 
The scemios listed M o w  WU be c h e d  out assuming the same cropping pattern 
and application of fatüizerr as within thf paiod 1986-1991. 
The foiiowing samarios wiii be c&ed out: 

B.1.I Referencc mario (Water $magement Regime 1, pre-dam) 
B.1.n Management &O (!Va& Management Regime II, p s t d a m  400 

mf/s. 

B. 1.1) DAlsY unsaturated flow si+ulations including crop growth for water 
management q i m e  1, d o  B. 1.1. 

B. 1.2) DAISY Ntrate leaching sidulations for d o  B. 1.1. 
B. 1.3) DAISY unsaturahi flow cmp grow' simulations for wakr 

management regime II, -O B. 1. II. 
B. 1.4) DAISY nitrate lachhg simulations for d o  B. 1.U. 

Mode1 oupur 
The agricultural production, the irrigation 
the two d o s  wiU be mapped, and 
will k identifid. 

in order u> dsribe  the sppîiai a i l i d  wiüiin the projet wa in crppping and 
application of f d i k e r s  and Li amount O! irrigation, eadi of the four points Listed 
above involves a quence  of DAISY si yuiations thaî describu different crops, 
diMerat fertilization plicies, d i f f m t  depths to the ground water table and different 
gmund water tabk dynamics. 

reqoirements and the nitriik leaching for 
specific areas where changes have o c c u r ~ d  

SimulWd gmund water tabla from MI@ SHB (simulation A.2.6 and A.2.7) wiii 
be used as the lower bundary andition for the DAISY simulations. 

1 



The ecological studies within this projet mainly concentrates on the Danube nver, 
the Hnisov resenoir and the river branch system on the Slovak f ldpla in  between 
the hydro p w e r  canal and the Old Danube, respectively. The damrning of the 
Danube and the construction of the Hrusov reservair have induced a number of 
ecological probEerns but al= created possibilities for new ecologicd developrnents 
for instance in the Hruwv reservoir. 

With regard to ecology the reference scenarios (predam, 1990) reflects the more or 
las degraded conditions before the damming of îhe Danube. If time and data 
avaihbility allow, the 196û situation in the '~anube and the river branches may aiso 
be studied and used as reference scenaio. At that time the* was still conductivity 
between the Danube nver and the nver b m h  system and the river branches b e d  
a substantiai part of the flow in the Danube (abut 20%) 

In order to characterize the ecologid conditions within the Danube, the reservoir 
and in the river bmch system Ihe foliowing scenarios and sub-scenarios will be 
carried out: 

Danube river 
C. 1. I ' Refemce scenario (Water Management Regime 1, pre-dam} 

C. 1.n Management scenario (Water Management Regime IL, post-dam 400 , 

m3/s). 

In order to study the effects of establisiiing under water weirs in the OId 
Danube the following two sub-marios will be wned out for water 
management regime I3. 

C. 1.D. 1 Without under water weirs h the Old Danube. 
C.l.n.2 With under water weirs in the Old Danube. The exact location and 

geometry of the under water w e h  has not yet b e n  decided. 

C.1.III M a n a g e m e n t ~ c e n ~ o ~ a m M a n a g e m e n t R e g i m e ~ , p o s t - d a m 8 ~  
m '1s) 

C. 1.m. 1 Without under water weirs in the Old Danube. 
C. 1 .IiI.2 Wiih under water weirs in the Old Danube. 

River branch sysrem 
C.2.I Reference scenario (Wakr Management Regime 1, predam) 

C,2,D Management srnario (Water Management Regime II, postdam 400 
m3/s). 



H m v  Resemir 
C.3.I Referace scenario (Water Management Regime 1, predarn) 

l C.3.U Management scenario (Water Management Regime II, pstdam 400 
m3/s) 

The water levels and dynamics of the O/ Danube rigriificantly affstr the gmund 
water levels wilhin the river b w h  sy:tem. In order to saidy these eff- the 
following sub-scenarios WU be &ed out: 

Mdel  Output 

C.2.II.1 Without under water weirs in 
C2.II.2 With under water w e h  in the 

C.2.m Management scenario (Water 
m3/s) 

C.2.HI.l Without under water weirs in 

The ecoiogid conditions in the Danube! the river branch systern and the Hniurv 
m o i s ,  rrspgtively, will k c h a r a c k F  based on mulb from water qurlity 
modehg , sediment transport maielling and ground warer mûdeUing , s u p p o d  b y 
adable field data. 

the OId Danube. 
Old Danube. 

Management Regime III, postdam 800 

the Qld Danube. 

For the Danube river maps describing f l ~ w  velocities, water quality and sedima- 
tation regimc in the river wil i  be produad! niese wiU be provided by various MIKE 
11 simulations of the Danube. 

C.2.m.2 With under wakt weirs in the Old Danube. 

For lhè m o i r  the same information ds for the Danube is required and wiiI be 
pmvided by MlKE 2 1 simulations. 

For the river branch sysem the n y  data oonceming eutrophicauon uid 
sedimentation regime wül be provided bq the MME 11 mode1 for the river bnnch 
system. The coupled version of MME SF and MME 1 I will k used to prcdict 
minimum gmund water levels, gmund water dynamia (Pegelweg), a r d  utuit of 
floodings as weîl v frequaicy and duratibn of floodings. 

Ecotupe rmipping 
By M g  i numbcr of Lrnlogicrl aib with m d e i  simulation mviu (flou 
vdc i t i a ,  water q d t y ,  sedimentation, ground water dyIiamics and levcls etc.) an 
-tope map wiU be producal for the Danube, the river branch system and the 
fesemoir, v t i v e i y  . 



Connectiviry 
Flow relocities in the Danube, in the river branch systern and on the individual 
weirs are pmvided by M I E  I l  hyddynamic simulations. By combining flow 
velocities with ecotope maps the possibilities for fish species to migrate between 
various ecotopes will be described. 

Bio-diversiry of the river brunch sysfem 
Based on ecotope maps and a characterisation of flood frequency and peak flows the 
potential bio-dimity of the river branch system will be deseribed. The bio-diversity 
of the aquatic wmponent of the system cm only Ire expressed as a combination of 
-topes and cunnectivity. 

Required Mode1 Simulations and excbange of &ta among rnodeis 

MIKE I I  @am&? river) 

C.1.1) Hyddyfiamic simulation for îhe Danube for water management 
regime I @redam), 

C. 1.2) Water quality simulation for the Danube for water management 
regime 1. 

C. 1-3) Sediment transport simulation for the Danube for water management 
regime 1. 

C. 1.4 + 5 )  Hydrodynamic simulation for the Danube for water management 
't  regime n, with and without under water weits. 

C .1.6+ 7) Water quality simulation for the Danube for water management regime 
II, with and without under water weirs. 

C. 1.8 +9) Sediment transport simulation for the Danube for wakr management 
regime II, with and without under water weirs. 

C. 1.1W 1 1) Hydrodynamic simulation for the Danube for water management 
mime El, with and without under water weirs. 

C . 1 .12 + 13) Water quality simulation for the Danube for water management regi mc 
m, with and without under water w e h .  

C. 1,143.15) Sediment transport simulation for the Danube for water management 
regime III, with and without under water wWs. 

Hydmdywnic simulation for wawr management regime I (predam). 
Waîer quality simulation for mter management regime 1. 
Sediment transport simulation for water management regime 1. I 

Hyddyiamic simulation for water managernuit regime II. 
Watn quality simulation for water management regime II. 1 

l 

Sediment mspon simulation for waW management ngime II. I 

Hydrodynmic simulation for water mangernuit regime m. l 

Watn quality simulation for water management regime DI. 
Sediment transport simulation for water management regime iII. 



MIKE SHE-MIKE I I  (River br& s y ~ ~ & )  
1 

C,2. f 0) Wakr rnovernenr simulation (ground water, un= tunted mne, overland 
flow. evapotranspiration) fdr water management regime 1. 

C.2. I l )  Wakr mernent simulatiod for water management regirne Iï. 
C.2.12) Water movement simulatid for wakr management rcgime III. 

MIKE SI (Hnrsov Reservoir) 

C.3.1) Hydrodynamic simulation Ir water management regime 1 @rc-dam). 
C.3.2) Eutruphication simulation fy water management regime 1. 
C.3.3) Sediment hansport simulation for wakr management regime 1. 
C.3.4) Hydrdynamic simulation for water management regime II. 
C.3.5) Eutrophication simulation f& wtcr management icgime II. 
C.3.6) Sediment Uanrporï dmulatidn for water management regime II. 
C.3.7) Hydmdynamic simulation fdr water management regime III. 
C.J.8) Eutrophication simulation fdr mm management regime m. 
C.3.9) Sediment tranrporl simulatidn for water management regirne III. 



6 WORK PLAN FOR PHASE II OF THE PROJECT 

This chapter provides a brief summaq of the activities that wilI be &ed out 
during projet Phase II which is terminated by December 31, 1995. 

mestones 
The foliowing dates constitutes important milestones during Phase II: 

Madi 15 Al1 mdels  will be fmdly caiibrated and validated ready to be used 
for srnario simulations, 

M q  An international workshop will be held in May 1995 where the results 
obtained sr, far will be presented and discussed. 4-5 international 
ex* will be hvited. 

Jw 1 S d o  simulations for water mamagement regimes 1-III will be 
findiued. A s&ng cornmittee mating will be held in the beginning 
of Junc where water management regime IV will be decided. 

A u g w  15 Samario simulations for water management regime IV will be 
fmalized. 

Septmaber 15 Draft Fina Report. 

Nuvemtrer 15 F i  Report. 

During ptoject Phase I most of the modds have k e n  setup, calibrated and validad 
and are now &y to be used for the application scenarios. Hcwever, some mdets 
SU needs some calibration, For these models the d b d o n  mil be f i n d i  du ring 
January, Fcbniary and March and by March 15, 1995 di mdds wiU be calibraid 
and validated. 

At a st-g cornmittee meethg on November 29 1994 it was agreed lhat water 
management regime IV should be decided based on the model tesulis h m  senario 
simulations for water management regimes 1-III. According to the project time 
schedule these resulb wiU be available by June 1. It is thedore suggesred that a 



rteering cornmittee meeting shdl be helh in the beginning of June 1995 aiming at 
deciding water management regirne IV. 

MmE I l  

The MIKE 11 hydrodynamic mdels  for Danube and the river branch rystern are 
ready for practid use. Reference- and management scenaio simulations for water 
management regimes I,n and iïï will d c-ed out during January and February . 

The MIKE I l  water quality and eutmihication mdels are dmort ready. A few 
adjustments in order tu irnprove che mye1 dibration will be made during Ianuary 
and Febniary. When the MIKE 11 HD fimulations have been carried out the water 
quaiity modelling of the Danube and euIbophication modelling of the fiver branch 
system cm be initiated. The -ter quaiity and eutrophication scenario simulations 

nie MïKE 2 1 hydmd ynamic mode1 for î?e mervoir is al present king updated with 
new reservoir bathyrnetry and some recent velocity measurents in the resewoir have 
bgome available for mode1 cplibrationj The mode1 calibraiion and validation will 
be fmalized by Mwtr 1. S&o simulations will be camied out in Mach 1995. 

wiIl be d e d  out during March, A p d  

The MIKE 11 sediment transport rndels still needs Jorn calibralion. The final 
calibration and validation w i l  be Camed out duting February and March and 

MME 21 Eutrophicalion modelling hn bust beui initiated and wiii continue d ~ n n g  
January and Febniary 1995. S d o  slulations depends u p n  the MIKE 21 HD 
simulations wich wîii be maiiable by 9 end of March. Eutrophication senarious 
will tk d e d  out dunng April and May 2995. 

and May. 

scenario simulations will be c h &  out 

The MIKE 21 sedimat transport modellfor ihe reservoir ir ready but depends u p n  
the mults h m  the MME 21 HD simu)ations. Sediment Mnspon sirnulationn will 
be d e d  out during A p d  and May 1995 

during April and May. 

The MME SHE regiod ground wakr +miels for pre- and post-dam conditions slill 
ngds to k f m d y  dibraud and vaiidap. Tbis pro- wiii go on during January 
and Febntary. The regional mode1 provites b o u n d q  conditions for the Id ground 
water models. S c d o  simulations will be. d e d  out during March and April, 
1995. 

nie MIKE SHYMME 1 1 mode1 for ye river branch system has been established 
but m o t  be finally calibrated and vaiidated u n d  the regional ground water m d e l  



has been f i n W .  The m d e l  for he river branch system wiii be finalized b y April 
1 and sçenario simulations will be &ed during April and May, 1995. 

The MME SEIEIMME 11 local ground water model for the reservoir area has b e n  
established but as for the model for the river branch system, the resenroir mode1 also 
awaits the finalkation of the regional ground water mde l .  Scenario simulations wiii 
be Cam& out in A p d  1995. 

The gaxhemid  mode1 has b e n  developed but needs some further testing on data 
fmm the gemhemical field site at Kalinkova and maybe alsa sorne minor adjust- 
ments in the murce code. Testing and final adjusment of the m d e l  wiIl be 
accomplished by April 1. Senario simulations will be Camed out in May 1995. 

DAISY 

The scenario simulations wifh the DAISY mdd involves some data collection and 
ptoce~sing . The preparatory work will be &ed out during Janltary and February . 
As data becornes available teference mario  simulations with DAISY wiU lx 
c h e d  out. The DAISY management scenario simulations depends on results from 
the regional ground wakr mdel. The DAISY simulations for water management 
regime 1 and il will be concludeû by June 1, 1995. 

6.2 Staff Schedule for Phase II 

Table 6.1 shows the staff schedule for project Phase II, 

Table 6.1 Scat S W u l e  for Phase II. 

? 

s e  M d  

J. C. Relsgaard 

Raja Managemat 2 DHZ ed hoc, in b a n  BR-visits 

inrunational wodahop 1 BR May 1995 

Proj6c& Mamgtmwt 3 BR od hoc, 3 visits in 1995 

RWm 2 DHL 

Total {weekç) 8 



Table 6.1 Staf ScWule (corn 'd) 
1 

Staff 1 Man-w& 1 Pl- 1 Petid 

l MME SHE regional mode1 2 Jan 95 
F i d  dibration, Validation 

MME SKE reservoir made1 FeblMar 95 
Final calibrarion and scenarios 

MEKE SHE sceaario simula- 2 
tions 
reservoir mode1 , f l d p l a i n  
p l d ,  Intemational wotkshop 

MME SHE s c e d o  simula- 2 
tiom 

MLKE SHE sceaario simula- 2 
tiom, 
Drac Hnai Report 

BR Aug 95 

DWBR Sep/Oct 95 

Final W e m .  Interpt. 1 1 BR Feb 95 

BR May 95 

BR JuYAug 95 

Total ( d l  4 1 



T . k  6. f Sm# S W d e  (CON 'd) 

Staff Ptrimi 

B. EngesgaardiA. Brun 

Modd testing, final develop- 2 B W W  Fe./Mar 95 
ment 

Modei s c e d o s ,  2 BR Aprl May 92 
Internaiional workshop 

Modcl scenarios 2 BR JudJul95 

Muclet scenarios, 1 BR Aug 95 
h € t  Final m r t  

Drafi F i d  Report 1 BR Sqioct 95 

Totai (weeh) 8 . 

Staff Pend 

S. Hansen 

DAISY d o s ,  1 SR May 95 
1ntedonkI Woricshop 

Fal Report 1 RDAU 95 

Toîai {weeks) 2 

Staff Pwid 

M. nioffen 

DAISY data p w i n g ,  2 BR FebiMar 95 
d û s  

DAISY d o  simulations, 2 BR May 95 
fotumioaal worlcshop 

DMSY saanrio simulations, t BR JuUAug 95 
D d i  Finnl Report 

F d  Report 1 BR ScplOct 95 

Total (w&s) 6 



Tabre 6.1 Staff Schedule (corn 'd) 1 
Staff 1 Ma-- - 

1 H.G. E-b 

MME 21 reswvoir model, 2 
MME t f /2l d i m e n t  tram- 
pofi 

M W  1 1/21 scenado sim., 1 
letemational Worlrshop 

BR Mar/ Apr 95 

Place 

BR May 95 

Pcrid 

Staff 1 m - w &  

BR May 95 

I 

staff 1 M M - 4  1 PI- 1 ~eriod 

F. DeckerslF. W a r h b u g  

Finaiiimt;ou of DUS and of 3 
usen guide 

Fal Rcporting 1 

Total Iweelrs) 4 

BR Mar 95 

TNO Seg-Nov 95 



sm knod 

J.L. Flselier 

Wctlgad b l o g y ,  data pctp- I BR Mar 95 
a d o n  

Interpretation of rnodei scen- 1 BR May 95 
arios, Intetnatiod wotkshop 

lnterptetatioa of made1 sctn- 1 BR Junljul95 
anos 

Intwpretation of m d e l  m a -  1 BR Aug 95 
&os, DraR Fiaal Report 

Final Rqmn 1 BR Sep/Oct 95 

Tutai (weeks) 5 





Annex 9 

(Extract) 

Protocol of the 29th Session of the Mixed Commission;for Application 
of the Convention concerning fishing in the waters of the Danube, 

meeting of 3-10 April1989 





Unofficial translation 

P R O T O C O L  

£rom the XXIXth  session of the Mixed Commission for Application 
of the Convention concerning fishing in the waters of the Danube, 
concluded among the governments of the Romanian Socialist 
Republic, Bulgarian People's Republic, Czechoslovak Socialist 
Republic, Social ist Federative Republ ic of Yugoslavia, the 
Hungarian People's Republic and the Union of the Soviet Socialist 
Republics. 
The XXIXth session of the  Mixed Commission for Application of the 
Convention concerning fishing in the waters of the Danube look 
place in the Romanian Socialist Republic, in Buchasest on 3 - 10 
of April 1989. The representatives of al1 concerned parties took 
part  in this session: 

List of participants 
( .  . . . )  

The 29th session of the Mixed Commission f o r  Application of the 
Convention concerning fishing in the waters of the Danube was 
opened by Petre Negoescu, the chairman of the Commission. 
( . . . . )  

The programme of the XXIXth session: 
1. Approval of the  programme 
2. Report of the c h a i m n  of the Mixed Commission on works in the  

period between XXVIIIth and XXIXth session of the 
Commission. 

3 .  Reports of the parties on results o f  hunting, situation of 
supplies, conditions on reproduction and growth of f ish 
between XXVIIIth and XXIXth session and on measures for 
maintaining of optimum Eish supplies in the  waters of t h e  

Danube. 
4 .  Setting of dates for general stop of fishinq in the waters of 

the Danube in the year 1989 and periodical protect ion of 
herring in individual sections of the Danube. 

5. Reports and information of situation of fish, other reports 
and information in the period between XXVIIIth and XXIXth 
session. 

5.1. Situation of supplies of economically important so r t s  of 
fishes in the  Panonian basin. 

5.2. Situation of generation group, age composition and 
conditions of reproduction of the Danubian herring 



5 . 3 .  Actual situation, biology and Conditions of reproduction, 
spawning places of fishes ied dy plants and orher fishes 
got acclimatized in the Danube 1 

5.4. Information of the Danube watek pollution and measures 
realized f o r  amelioration of tke situation 

l 
6 .  Exchange of experience on fishing rules and their changes 

between X X V I I I ~ ~  and XXIxth sessibn 

5 . 5 .  situation of generation group of 
conditions of reproduction and 

5.6. Information un fish stocking 
species of fish 

5 - 7 .  Information of the parties on measures for fish supplies 
protection in connection with &isting water works and 

sturgeons, age composition, 
places of reproduction 

with econornically important 

water works in construction on 

1 

I 10. Approval of the programme fo r  XXX. session. 
( .  . . . )  

l l 

the Danube. 

7 .  Publication of materials £rom the 
8 ,  Determination af place and date of 
9. Elect ion  of chairman of the Mixed 

XXIXth session 
XXXth session 
Commission for the  period 

l 
I To n a i n t  3: 

5.8. Information of concerned parties on fishing of migration 
sturgeon species with special dees ohan' 

between XXIXth and XXXth session. 

To point 2 :  
The Mixed Commission Listened to the 

5 . 9 .  Discussion on Yugoçlav proposal 
of Fishing rules. Discussion 06 
changing art. 2 of the Fishing 

5.10. Other reports 

report of the chairman of 

of. changing art.3 and 7 

Romanian proposa1 of 
Rules. 

the Commission of the period between XXVIfIth and XXIXth session. 
The report states that in 1987. the Lotal catch of f i s h  waç 
12 8 4 9 . 5  tonnes and in 1988 - 13 406,)l tonnes. In cornparison to 
average catch in the years 1985-86, i . e .  14 219 tonnes, it is 
1 370,2 tomes. respectiveiy 813.6 tdnnes iess than in 1987 and 
1988. 

IlThe hydro-rneteorological condit ions ?ere generally un£ avouable 
l 

in the mentioned period (1987 and 1988). They were characterized 
by a strong and long winter 1987. shor i  period of inundation with 
maximum in the last part of April 
conditions together with higher pollution 
reproduction and growth of fish. 
important sorts of fishes. 

1988. These unfavourable 
influenced negatively 

especially economically 



The Mixed Commission stated that  less fish was caught in t h e  
Panonian basin, especially in the joint Czech~slovak-Hungarian 
section of the river due to worsened ecological conditions." 
( .  . . . )  

To rioint 4 :  

( .  . . . )  

The Mixed Commission decided f o r  1989: 
a/ General stop of fish catch (except of the  Danube herr ing  and 
sturgeon species) for 30 days, it rneans in the period between 
April 14 and May 13, included. 
b/ For the section of the Panonian basin, the dates of fish catch 
stop were determined according to species and rnutual agreements 
of Panonian basin countries for the period from February 1 to 
July 15. 
c /  Periodical catch stop of the Danube hexring: 
- in the section 1.- from the  mouth of the Danube up to Catal 

Izmail 5 days, from 20 to 24 April 1989 including, 
- in the section II, - Erom Eataï Izmail up to Vadul Oii 20 daYs, 
£rom 2 5  April to 14 May 1989 including, 

- in the section III. - from Vadul Oii up to the mouth of the 
river Timok 30 days, from 15 May to 13 June 1989 including. 

To s oint 5: 
The Mixed Commission listened to the information and report on 
results of scientific-research works and it States after having 
discussed them: aceording to the information of the Czechoslovak 
side, the quantity of economically important fish species 
decreased in the Czechoslovak-Hungarian section of the river 
due to the worsened ecological conditions. 
The Czechoslovak side presented the fact on the basis of research 
works that miasures till the present time, controlling the prke 
catch (close season 1.1. -31 .V., catch length measure 5 0  cm) m a k e  
possible to catch a l s o  fishes which are not grown up. Therefore 
the Czechoslovak side considers eventual change of the close 
season and catch length. ( . . . )  

To ao in t  5.2. 
The hydroclimatic conditions were in 1988 better during migration 
than in 1987, thus the fish catch was 1516,5 tonnes, i . e .  9 2 9 , 2  

tonnes more than in 1987. ( .  . . . )  



To noint.. 5-6. 
The Mixed Commission listened to the  
sides about fish stock of the  Danube. 

The simatures of the chiefs of delesations: 
- Petre Negoescu, Romanian Soc ia l i s t  kepubîic 
- Ivan Stanicov, Bulgarian People's ~ l e ~ u b l i c  

I 
- Anton Kirka, Czecho-Slovak Federal ~Republic 

l - ~ i l i p  Zarubica, Çocialist Federative Republic of Yugoslavia 
- ~ a r o l y  Pinter, Hungarian People' s depublic 

information of participating 

To  oint 5.7 
The Mixed Commission took into 
Czechoslovak side that in accordance 

- V l a d i m i r  Ismailov, Union of Soviet k o c i a l i s t  Republics 

account the report of the 
with recomrnendation of t h e  

In the  years 1987 - 1988, the Romanian side realized f i s h  stock 
i n  the Danube and adjacent waters wieh 8 442 groups of f ish-eggs 
of pike perch, the Bulgarian side realized fish stock of 6 

millions of carp spawn and 10 thsusand pieces  of one-year carp, 
the Czechoslovak side realized fish Stock of 3 millions of pike 
spawn and carp, 3 millions fish eggs of pike perch, 6 tonnes of 1 
one-year carp and 110 thousand pieces of rainbow trout, the 
Yugoslav side realized fiah stock of 
millions pieces of carp and fish 

XXVIIIth session, the prograrme of bi la tera l  cooperation with 
Hungarian side concerning rational Ltilization of zones with 
modified ecalogical conditions. I . . . . )  

This p r ~ t o c o l  was done in Buchareyt, in Romanian Socialist 
Republic, on April 9th 1989 in six copies, in Russian, Bulgarian, 

413 thousand young carp, 2 
eggs of pike perch, t h e  

Hungarian, Romanian, Slovak and 
having the sa& validity. 

Serbian-Croatian l a q u a g e s ,  a l 1  

Hungarian side realized fish stock of 2 millions pieces of pike 
spawn, pike perch, sheatfish, sterlet and 100.5 tonnes of carp 
of different age. 
The Mixed Comiss ion  recommends that 
stock according their possibilities. 
measures for protection of spawning 
as t e r ra in  adjustment f o r  swimming 
stagnant waters. E...) 

each side continues Eish 
It recomends also to take 

places, fish growth, as webl 
down of young fish into 



Annex 10 

(Extract) 

Protoeol of the 30th Session of the Mixed Commission, for Application 
of the Convention concerning fishing in the waters of the Danube, 

meeting of 2-6 April1991 





Unofficial translation 

P R O T O C O L  

from the XXXth session of the Mixed Commission for Application 

of the Convention concerning fishing in the waters of the  Danube, 

cancluded among the governments of the Czechoslovak Federal 

Republic, ~ u l g a r i a n  Republic, the Republ ic  of Hungary, Romania, 

Socialist Federative Republic of Yugoslavia and the Union of the 

Soviet Socialist Republics. 

The XXXth session of the Mixed Commission for Application of the 

Convention concerning fishing in the waters of the Danube took 

place in the Union of the Soviet Socialist Republics, in Odessa 

on 2 - 6 of April 1991. The representatives of al1  çoncerned 

parties took part in this session: 

List of ~articiwants 

I . .  . . )  

The 30th session of the Mixed Commission for Application of the 

Convention concerning fishing in the waters of the  Danube was 

opened by V l a d i m i r  Izmailov, the chairman of the Commission 

between the XXIXth and XXXth session. ( . . . . )  

The programme of the XXXth session: 

1. Approval of the programme 

2 .  Report of the  chairman of the Mixed Commission on works in t h e  

period between XXIXth and XXXth ses'sion of the  Commission. 

3. Reports of the parties on results of hunting, situation of 

supplies, conditions on reproduction and growth of f ish 

between XXIXth and XXXth session and on measures for 

maintaining of optimum fish supplies in the waters of t h e  

Danube. 

4 .  Settlng of dates for general stop of fishing in the waters of 

the Danube in the year 1991 and periodical pro tec t ion  of 

herring in individual sections of the Danube. 

5. Reports and information of situation of fish, other reports 

and information in t h e  period between XXfXth and XXXtb 

session. 

5.1. Situation of supplies of econornically important sorts of 

fishes in the  Panonian basin. 



5.2. Situation of generation group, age composition and 

5 . 5 .  Situation of generation group of 

conditions of reproduction and 

5.6. Information on f i s h  stocking 
species of fish 

conditions of reproduction 0 5  the Danubian herring 

5 . 3 .  Aceual situation, biology and donditions of reproduction, 

spawning places of fishes fed hy plants and other fishes 

got acclimatized in the Danubd 

5 - 4 .  Information of the Danube waeed pollution and rneasures 

realized for amelioration of t de  situation 
sturgeons, age composition, 

places of reproduction 

with economically important 

5.8. Information of concerned parties 

sturgeon species with special 

5 . 9 .  Discussion on Yugoslav proposal 

of Fishing rules.  Discussion of 

5 . 7 .  Infermatien of the parties on measures for fish supplies 
l 

protection in connection with existing water warks and 
water works in construction on lthe Danube. 

on fishing of migration 

nets "ohanlu 

of changing art.3 and 7 

Romanian proposal of 
changing a r t .  2 and Bulgarian proposal on setting of 

fish stop of migration sturgeon in t he  Danube for the  period 

5 - 10 years. 

5.10. Other repor ts  

6. Exchange of experience on f i s h i n g  

between XXIXth and XXXth session 
7 .  ~ublication of materials £ r o m  the 

8. Determination of place and date of 
9. Election of chaimian of the Mixed 

between ~ k t h  and XXXIth session. 

r u l e s  and their changes 

XXXth session 

XXXIth session 

Commission f o r  the peried 

1 
10. Approvaï of the programme proposaï for XXXI. session. 

I . .  . . )  

To point 2 :  

The Mixed Commission listened to the 

the Commission of the period between 

report of the chairman of 

X X I X ,  and XXX. session. 

The report Sta tes  that in 1989, the total catch of fish was 

9 9 8 3 . 9  tomes and in 1990 - 8 8 5 d . l  tonnes. It is 3 134.6 

tonnes, respectively 4 2 6 8 . 4  tonne; less than in 1988. The 

decrease oi f i s h  catch was caused by 

conditions. ( .  . . . )  

un£ avourable hydrological 



To point.. 3 :  

( . . . . ]  The hydrological conditions were especially unfavourable 

in the mentioned period (1989 - 1990). They were characterized 
by low water level and higher pollution, what influenced 

reproduction and growth of ecoriomically important f ish species . 
The Mixed Commission stated that due to ecological situation, the 

catch substantially decreased in majority of participating 

parties. 

( .  . * . )  

To point 5.1. 

The Mixed Commission llstened to the reports of the Hungarian, 

Romanian, Czecho-Slovak and Yugoslav sides on results of 

fisheries in the Panonian basin and stated t h a t  the catch of 

majority fishes in 1989 and 1990 decreased due to the low water 

level in the Danube which caused the isolation of branches which 

are the main place of spawning and production of fish. The 

Hungarian side drew attention to the fact that the worsening of 
conditions for fishes in the Danube was connected not only with 

worsening of hydrological conditions but a l so  with the 

construction of water works on the Danube in Germany and Austria 

which limited migration and development: of higher number of 

economically important £ish species. 

To point 5 , 7 .  

The Mixed Commission w a s  informed that participating parties were 

realizing measures for fish protection in the waters around 

existing water works and water works in construction on the 

Danube and recommends to continue these activieies. ( * * . - )  

This protocol w a s  done in Odesa, the Union of the Soviet 

Socialist Republics on Rpril 6th 1991 in six copies, in Russian, 

Bulgarian, Hungarian, Romanian, Slovak and Serbian-Croatian 

languages, al1 having the same validity. 

The siqnatures of the chiefs 05 delesations: 

- Antan Kirka, Czecho-Slovak Federal Republic 
- Béla Tahy, the Republic of Hungary 

- Vladimir Izmailov, Union of Soviet Socialist Republics 
- Georgi ~ i r v a n o v ,  Bulgarian Republic 

- Dumitru Budescu, Romania 
- Radoj le ~ilinkovic, Socialist Federative Republic of Yugoslavia 
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