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Annex 1 

WORKING GROUP OF THE HUNGARLAN ACADEMY OF SCIENCES, SUMMARY OP THE REPORT ON THE 
AGRICULWRAL AND ENVIRONMENTAL IMPACTS OF THE GABCIKOVO NAGWAROS BARRAGE SY STEM, 

BUDAPEST, O ~ O B E R  198 1 
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1. Executive Summary and Recornmendations 

The Hungarian Academy of Sciences established a Working Committee to review the situation of 
research and planning in relation to the agricultural and environmental impacts of the Gabcikovo- 
Nagymaros Barrage System (GNBS), to evaluate the work completed ,so far and to specify the furthcr 
iasks. 

During its six-month operation, the Working Cornmittee reviewed the plans and research results prepared 
in relation to the agricultural and environmental impacts of the GNBS, listened to the opinions of the 
cornpetent professional and political representatives of the affected areas, studied the local water 
conditions and fomed its opinion by using experience from abroad as well. 

In order to compile its report, the Working Committee reviewed the major engineering and economic 
issues of the implementation of GNBS in necessary depth and gathered information on the economic and 
political preçedents of the project. 11 assessed the bases and the situation of technical planning, reviewed 
the results achieved through scientific research as well as the relation of the HAS to the work related to 
the Barrage System. The Working Committee was continuously gathering information on the situation of 
project irnplementation. 

The Working Committee studied the scientific foundation of the planning in derail and found that the 
planning and research work had been organised in a unifonn and CO-ordinated manner -- in CO-operation 
with the competent Czechoslovak authorities and in consideration of the views of invited Soviet experts. 
The research, although not showing the same depth on several occasion, met the policies necessary for 
the irnplementation of the GNBS. The results of the preparatory work and research camied out for 
several years during the preparations not only served the development of the plans of the Barrage System, 
but provided resuIts that could be used also by scholars of other fields of science and provided a basis for 
the plans of other facilities as well. 

Resemh reIated to the GNBS is presently also ongoing and mrty provide utilisabIe results in particular in 
the fields of environmental development, as well as agricultural and forestry development. 

During its investigations, the Working Cornmittee gave high prionty to the issues of land use and 
agricultural development. It found that the development plans of  the state farms located on the affected 
area did not yet deal with the impacts related to the GNBS. Plesides considering the major factors during 
the ongoing plan preparatory work, the harmonisation of certain details is necessary to achieve a more 
favourable development. The Working Cornmittee considers it necessary that the recultivation of the 
temporatily used areas stiI1 take pIace during the period of construction. 



The Working Committee found that the plans of GNBS h a t e d  the changes in the condition of 
groundwater as a central environmental problem and, accordingly, they dealt with the issues of the 
stabilisation of groundwater conditions in the affectai region, striving to prevent any damage to the 
present situation anywhere or, where it was possible, to promote the development of more fawurable 
conditions, A concept based on the most recent research results can be attributed to this effort: by means 
of an infiItration system, it makes matching the water table to the demand of agriculture and forest 
management in S~igeiktiz possible. The method also allows the regulation of the groiindwater level to 
the desired extent. 

The Working Committee also studied the groundwater conditions in the depressions and noticed that, 
based on the necessary study resulk, appropriate plans had k e n  prepared ta protect the depressions and 
to ensure that the groundwater can be regulated to attain favourable levels. 

The Working Committee reviewed the trends in the condition of karstic waters in the adjacent areas - 
primarily in the area of the Nagymaros Barrage - as well as the changes that could result from the GNBS 
and their consequences. It found that the Barrage System did not affect the mining activities and did not 
have an impact on the karstiç water resources during the period of either construction or operation. 

The Working Committee investigated in detail the issue of water quality as welI. It found that the 
pollution level of the Danube had been deteriorating even in terrns of several quality components over the 
years recent to the investigation. Ir found that the implementation of the Barrage System did not 
represent a pollution source in itself, it did not have adverse impacts on the further trends in water 
quality, but it considered it necessary to insist more on the construction of sewage treatrnent plants as far 
as possible, in particular, along the Danube reach upstream from Nagymaros. Furthemore, it considers it 
reasonable to c a q  out further studies on the location and extent of expected siltation ta prepare the 
waterworks along the irnpounded area at Nagymaros. 

The Working Committee studied bath separately and together the factors shaping the natural environment 
and reEated to the GNBS. It considered the research bases appropriate in t m s  of land and water 
conservation. With respect to the protection of air quality, it did not find any deficiency worth 
mentioning. It considered the expected condition of the bioea to be resolvable wiihin the scope of the 
presently prepared surveys and development plans. It found that landscape and nature conservation as 
well as the development interests of the built environment could tic reconciled with the Barrage System. 

The Working Committee separately investigated the issue of the survival of the lowland forests, as well 
as the opinions on the replenishment of ecologically sound water into the old bed of the Danube. En 
tems of both problems, it found that the level of exploration of the issue was satisfactory. The issue of 
lowland forests affecting local forest management interests is favourably resolved in part by the 
infiltration system to be developed within the framework of the new conception and in part by the 
behaviour of the water body becoming stable through the grading of the branches. 

The Working Cornmittee considers it necessaq to carry out further studies to assert the optimum for the 
national economy over and above the interests of companies and sectors. Within this framework, 
however, the issues of land use, agroecological potential as well as the development of the environment 
should be examined extending to a larger area, with a regional character. An appropriate basis is 
provided for the studies by the series of research carried out on the Barrage System and its 
implementation. 

In the view of the Working Committee, an integrated synthesis of agricultural and environmental 
concems and the alternative consideration of environmental impacts arising from the implementation of 
the Barrage System from the aspects of land use are necessary. 

A considerable part of the data needed for this are available or can be explored - with appropriate 
research and development work - within a relatively short period of time. At the sarne tirne, the Working 



Cornmittee considers it advisable to maintain continuousIy the relevant sections of the plan of the GNBS 
and to adjust them ta the demand for and results of development. 

In the opinion of the Working Committee, the wide scope of the issues studied with respect to the 
irnplernenration of the GNBS as well as the complexity and international context of relationships would 
make it necessary to work out regional development plans covering a larger area that are to be initiated 
by the sectors making use of it, and to fit h e m  into a çomprehensive system to make these utilisable in 
the most favourable way; to think within the task placed into the scope of the duties of HAS; and to 
organise research. 

The Working Committee considers it important that the general public have appropriate information on 
the impacts of the Barrage Syslem, the state of its impIernenration, and also on the settIernent of related 
issues that are hdependent from the GNQS (but connected to it by the pubIic). The most suitable bases 
for disseminating information of such nature could be, besides the educationai organisations, the 
competent organs of the Patnotic Popular Front as well as the local Councils. 

In summary, the Working Committee points out that 

1. The preparation for the Gabcikovo Nagymaros Barrage System took place at such level 
that it can be unambiguously ascertained that there are no reasons from agricultural and environmental 
aspects precluding or questioning its impIementation; 

2. it is necessary to work out a chapter on agriculture and environmental reguIation - mostly 
on the existing data base - as an integrated,part of the planning documentation of the implementation of 
the GNBS; 

3. fitting further research related principally to utilisation and operation into a comprehensive 
system is necessary and possible. 



5 

Annex 2 

kESrDENCY OF THE HUNGARIAN ACADEMY OF SCIENCE, POSITION PAPER ÇONCERNING THE 
SCIENTIFICALLY DEBATED QUESTIONS OF THE GABCIKOVO-NAGYMAROS BARRAGE SYSTEM, 

20 DECEMBER 1983 

The sçientifically debated questions related to the construction of the Gabcikovo-Nagymarus Barrage 
System (GNBS) can be classified into four groups: 

1. political, 

2. technical, ag~cultural, hydrauIic consttuction and transport, 

3. economic, 

4. environmental and regional planning problems. 

This classification is rather wbitrary, but it correlates the most closely related factors. Undoubtedly the 
four problem groups are eventually in interaction with each other. As far as the details are concerned the 
Presidency of the Hungarian Academy of Sciences did not want to deal with the details of materiab 
discussed earlier and it did not have the intention of analysing again the standpoints stated clearly in these 
materials. But he considers it its task to draw attention in his report to the activities telated to the 
scientifically debated questions of the GNBS. 

The standpoints of the Presidency: 

- should be further analysed using scientific thoroughness and 

- are directed to the factors for implementatiûn after the decisions have been made. 

The present standpoint of the Presidency does not deal with the political questions which mtght occur in 
the above mentioned classifications, because it was not authorised, however the Presidency notes, that the 
analysis of this topic - which it deerned to be necessary, - has not yet came to its notice. 

The Presidency forms its position giving consideration to: 

- the earlier inter-govemrnental agreements concerning this matter might limit the possibilities of 
making deçisions, 

- the fact aEso has to be taken into account that the general danger to the environment, especially the 
groundwater, surface waters, and the decline in the quality of soils shows a worse tendency than 
predicted , 

- because of the critical world economic situation the priorities of the: country have to be 
reconsidered radically in other fields as well. 

The Presidency forming its standpoints takes into consideration the documents that raise questions to be 
answered, because the clarification of these questions prior to the supposed construction steps of the 
GNBS is justified, necessary and possible. These can be surnrnarised as follows: 

1. The contractual plan did not take into consideration in detail the eçological impacts and consequences 
of the GNBS. (This job was done upon the request of the SPC (Scimtific Political Cornmittee) only in 
1982, when the general secretary of the Hungarian Academy of Sciences with the contribution of experb 
prepared an analysis .) No survey has been prepared to date , where technical, ecologica1, economic and 
related risk issues are analysed within one system and with a view to their interactions. 

2. According to the examinations carried out so far the real or supposed environmental damage coming 
h m  the GNBS construction can be decreased with a great probability or can be avoided with the heIp of 
further investments that are not or only partly in the joint investrnent budget. The prevention of the 
environmental damage - if they are caused by the GNBS project and represent not only the interest of one 
party - can not be considered a task that exclirsively financially burdens the party where investment, 



necessary for prevention, has to be made. Al1 the necessary collateral investments have to be taken into 
account too and in many cases they have zo be implemented prior to the basic construction. Considering 
these facts the following requirernents have to be satisfied by further research, planning and construction 
activities: 

a/ The pollution of the Danube water and changes in the bioIogical conditions must not endanger, 
not even in the long term, the drinking water supply - based mainly on a bank filtered system - of the 
region and Budapest. For this reason the waste water of the catchment area has to be also biologically 
purified, prior to the putting into operation of the Qunakiliti-Hrusovo reservoir. 

b/ The agricultural and forestry productivity of the region and the possibility for its enlargement have 
to be preserved. 

CI The regional planning benefits especially the recreational possibilities arising from the big scale 
construction provided options which have to be utilised. 

dl The biological degradation of the old Danube water - and its tributaies - has to be avoided and the 
characteristics worthy of a boundary river have to be ensured providing, at the same time, continuous 
operational conditions for a well designed navigational route . 

3. In order to fulfil the set of requirements mentioned in point 2. a cornprehensive environmental 
impact assessrnent has to be prepared within two years. In this the whole effect mechanfsm of the GNBS 
and its environmental elements has ta be analysai, and, with this , the technically and economically 
favourable solutions have to be found which entirely enforce the regional approach. On the basis of this 
study an economic evaluation including al1 environmental impact has to be prepared. The study has to be 
carried out in CO-operation with the relevant Czechoslovak institutions. 

4. A comprehensive environmental monitoring system has to be developed along the Danube 
stretch mentioned - as in the case of Lake Balaton - which is capable of continual observation for changes 
in the environmental conditions with special regard to the forecasting of modifications related to the 
drinking water supply. 

5. In support of the suggested environmental impact assessments certain research has to be started 
with special dispatch. These are first of all: 

- the elabosation of the methodological directives and contents of environmental impact 
studies, 

- examination of the expected hydrobiological changes in the Dunakiliti reservoir, 

- the delineation of the nature conservation area serving for the preservation of the present 
ecosystem and the analysis of its protection conditions, 

- analysis of the environmental and energy management impacts of the peak operation of the 
GNBS with special regard to the changed circumstances, 

- a survey of the agricultural productivity of the GNBS impact area and preparation of 
lithological, pdological, soi1 moisture balance and geomorphoIogica1 rnaps, 

- the groundwater control, and analysis of the impacts on the agriculture and forestry caused 
by the 'in situ' infiItration system and its utilisation, 

- analysis of the biological, pedologica1 and technical questions conceming the repeated 
inundation of the forests in the flood plain, 

- an overhaul analysis of regional planning possibilities arising from the Iarge scale 
investment of the GNBS. 



These examinations have to be p1anned and cxecuted where the necessary intellectual resources and 
experiences are available and the research costs need to be ensured . 

6. On the buis  of the experiences brought by the planning of the GNBS, the modification of 
Resolution 34/1974. /V111.6. /~~~ and Joint Resolution 3/1974./'dIII.6./ NP-FM2 on its enforcement is 
advisable. The modification would generally mean, lhat the environmental impact assessments should be 
done - as an integral part of the decision making - together with the planning of every productive 
inveslnient in the future. 

(The 1-6 points are practically equal with the Resolution of the Council of National Environment 
and Nature Protection made on 21 d6.1983) 

7. The investment has to ix analysed from the point of view of the situation, the capability and 
possibility of the participating national economy so a total costhenefit analysis needs ro be completed. 

a/ The further portion of the planned expenditure would not be made profitable by nationaI 
navigation while agriculture and flood protection would likely produce a mater benefit faster and with 
much less investment. 

b/ The interests of navigation would get more attention if the navigation route - as a theoretical 
possibiliry - were completed with harbours, loading machines and in addition a clarification of our 
possibilities for access to the Rhine - Main - Danube system and seapons . 

c/ The 30 billion Forints to be borne by the Hungarian party calculated by the planners in the 
investment proposal of the GNBS - which merely kcause of price changes, would be increased 
significantly during the project consixuction - does not contain the unmentioned but unavoidable 
installation cos& (such as the regulation of the Old-Danube, purification of the waste warer of the region, 
etc.) which have the same order of magnitude. It is doubted that such an amount, considering the tight 
investment resources, can be spent'on a barrage systern which will optimally provide electricity only in 
1993. 

8. It is unavoidable to analyse the GNBS construction from a macro economic point of view with 
scientific accuracy. Points in this analysis could be the following: 

al In the longer terms the Hungarian economy needs to carry on an economic policy based on re- 
establishment of balance and ensuring the solvency of the country. 

b/ This policy has to be implemented in a globally very sophisticated world economic situation 
which is especially difficult for Hungary, As a consequence of this, the main economic policy objectives 
are the increase in the marketable and ecanomic export capacities and the rational irnport replacement, 
namely those which influence directly the export imporî relations. 

cl Because an inçreasing part of our national income will leave the country over the coming 
decades (debt payment, enchange rate depreciation also in the socialist foreign trade, investment 
contributions), only a decreasing portion can be used ar home, whiçh means, that our investment 
possibilities will be tight over the longer term. 

dl  Considering the Hungarian conditions primarily the development of the processing industry is 
necessary. This conclusion can be drawn from the mistakes of the past thirty years developrnent policy, 
namely an exaggeratedly great portion of our equipment, even after 1957 approximately 70%, was 
oriented to material and energy production. The desired structural changes can be expected h m  the 
development of the processing industry, and only this can provide a growth in exports. At the same tirne 

\ 

l CM - Council of Ministers 

NP - National Planning Office 

FM - Finance Minister 



we are in the middle of another technical, scientific revoiution where not only the developed countries 
can increase their already existing advantage but certain, rapidly developing industrial countries can 
overtake us. It is doubtful in such circumstmces, that n long term investment, which only consumes and 
freezes considerable productive forces and financial sesources over one and a half decades, is allowable. 

e/ In case of commencing and during the investment significant foreign and domestic economic 
disturbance can be causal, because Bt is apparent, that in the era of debts, threatening even the 
international financial system with collapse, the international bank system is not willing to support the 
liquidity of couniries (economies) which initiate investments with low productivity. 

9. The presidency of the Hungarian Academy of Sciences considers it desirable that when the 
political and gevemmental leadership considers the further destiny of the GNBS investment, besides the 
international and interna1 political connections and consequences, the debated technical, economic and 
environmental scientific questions have to be consideted. Taking into account the listed and unlisced 
factors, the Presidency suggests a significant postponement of the investment to a much later time and a 
consideration of the justified subject maiter modifications, but its the abandonment of the whole project 
which is the most justified investment. 

10. On the basis of the teachings of the investment the Presidency considers it necessary that the 
governen t  prior to significant decisions, which influence the entire society and the whole economy, the 
opinion of the people and also institutions which are capable of an objective standpoint based on 
scientific analysis has to be asked. 

20 Deçember 1983, Budapest 

General secretary of the HAS President of the HAS 



Annex 3 

based on the discussion held at the exclusive round-table conference (June 24, 1985) on the 
Environmental Impact Statement of the Gabchikovo-Nagymaros Barrage System 

The Hungarian Academy of Sciences (hereinafter: HAS) convened an exclusive round-table conference 
to f m  an opinion and to establish its position on the Environmental Impact Assessrnent (heteinafter: 
EIA) of the Gabchikovo-Nagymaros Barrage System (hereinaftet: GNBS). (The list of names of the 
altendees is included in Annex 1 .) 

For lack of tirne, the members and experts of the HAS neither have been, nor will be, able to keep up 
with the technical experts involved in the development of the EIA for a year and a half and those 
involved in the preparation of the GNBS for several decades in getting acquainted with the studies, 
preliminary plans, documented investigations etc. For similar reasons, the Ad Hoc Cornmittee of the 
HAS could not undertake the role of the arbitrator either. 

In every case, the construction of a barrage represents a large-scaIe intervention into the order of nature, 
which has various impacts on the environment. Depending on the endowmenrs of the land, the extremely 
intricate and complex impact mechanisms get realized "everywhere" in different ways. Since adapiing 
Hungarian and foreign examples sirnilar to the GNBS and its expected impacts is only proper to a limited 
extent due to the different economic, engineering and ecological attributes, it was çonsidered necessary to 
provide information on the arguments and counter-arguments raised at the round-table conference 
(Annex 2). 

Similarly to the discussions convened over the past period (fmm 1981 to 1985), there were very great 
differences among the opinions this time as well. For some of the temarks made, teassuring or 
acceptable answers were given, others were refuted, or were just not given a response to. There were 
some, who praised the ideas fmula ted  in the EIA, and there were some others, who expressed 
condemnatory opinions, or did not agree with some of its statements. 

Based on the request, the Academy has to form an opinion on the EIA of the GNBS. Because of the 
multidisciplinary nature of the establishment of the Barrage, however, several issues have been raised 
that could be rendered independent from the EIA and that we felt to be our duty to inform the 
Govemment about in order to reveal the situation. 

The HAS cannot have the objective of preparing decisions. However, we consider it al1 the more our 
objective to comprehensively reveal interrelations in order to provide a basis for decision making. 

Our observations are expressed separately for the antecedents, as well as for the GNBS and the EIA. 

1. OPINION IN RELATION TO THE ANTECEDENTS 

(a) Despite the inkrdisciplinary nature of the GNBS, the HAS was requested the first time only in 
1982 to express its opinicin. It repeatedly occurred that in issues conceming various sectors of the 
national economy, opinions were requested at very short notice. In  this extsemely complex subject, it is 
fairly difficuIt to form an opinion on the two-year work of the experienced and conversant professional 
staff of the water sector within a few weeks. In order to provide a basis for the government decisions, 
nevertheless, we consider it reasonable to make our remarks. 

b Even without working out the conception of the GNBS and without a prelirninary decision, we 
would agree on damming up the river to develop the navigation on and the flood control of the Danube, 
and on the exploitation of the opportunity for energy generation arising from the darnming up of the 
river; ie. on the comprehensive hamessing of the Danube, which is realizable through the establishment 
of the Barrage S ystern. 



(c) Even in the event of developing the GNBS according to present ideas, the content put down in the 
position of the Ptesidency of the HAS on 20 December 1983 is considered to be governing: 

"The pollution level and the change in the biological state of the Danube should not, in the future 
too, jeopardize the drinking water supply of the area and Budapest which is built predominantly on a 
bank-filtered system. Therefore, the sewage produced in the watershed should also receive biologicai 
treatment prior to the putting into operation of the Dunakiliti-Hrusovo Reservojr'' (Item 2(a), p. 3). 

"The biological deterioration of the water in the Old Danube, as well as in its rributaries and 
branches, should be avoided. Regulated appropriately as boundary water, its ecologically sound 
character should be ensured, at the same time creating conditions for the permanent operation of a 
realistically designed navigational route" (Item 2(d), p. 3). 

2. OPINION IN RELATION TO THE EIA AND THE GNBS 

Despite the grouping of the points made at the round-table conference (Annex 2), the order 
presented therein is not followed in the formation of our opinion. On the one hand, because we had no 
intention to express our position for al1 issues raised, on the other hand, several issues have to be touched 
upon in a cornprehensive wny in the individual positions because of the interconnected impacts. 

In our opinion, besides the decisions made and the contractual obligations undertaken se far, there 
are still tasks to complete, in which the Government may improve the impact of this project on the 
national economy. Providing a basis for such decisions requires the most thorough exploration possible 
of the cause-effect relationships. The position of the HAS wishes to contribute to a grounded evaluation 
of the possible alternative decisions. 

(a) The decision made by the National Environmental and Conservation Council (hereinafier: 
NECC) on June 21, 1983 stated that the conventional plan prepared for the establishment of the GNBS 
had not dealt with the ecological impacts and the expected consequences in a comprehensive way. The 
incomplete state of the ecological research has not ceased to exist with the completion of the EIA. 
Considerable amplification was carrieci out in the fields of agroecology and groundwater level regulation. 

We consider the envitonmental impact statement of the Gabcikovo Nagymaros Barrage System a . 

pioneer undertaking. However, it only deals with the impacts to be expected upon the realisation of the 
Joint Contractual Plan or of its modemised concept. Therefore, the producers of the study have neglected 
an examination and assessrnent of the impacts to be expected from alternative technical solutions. 

The EIA was prepared within a relatively short period of time and it is a piece of synthesizing 
work suitable for reaching numerous conclusions and making nurnerous decisions. It provided mostly 
reassuring answers to several concerns and controversial issues arising over the past years. In the 
Statement, several points made refer ptoperly to the fact that in the system of impacts, the frequencies of 
the natural, economic and social elements are substantially diverse, and as a result, the consequences çan 
be expected onIy with certain probabiIities, 

Numerous issues were also raised whose andysis was not possible. The Government should note 
that an unarnbiguous answer cannot be given to everything, Conducting further research is necessary to 
make the expected impacts more accurateiy definable. In spite of this, some impacts will certainly 
reniain, which one will be able to find out only during operation, and to prevent their adverse 
consequençes, rneasures should be taken and extra projects should be envisaged. 

(b) The debates related to the GNBS are very diverging. They touch upon numerous 
professional fields, thus the cornpetence of any single field cannot be complete in ternis of the whale 
either. In certain issues, the views are in diametrical opposition. The reasons for this are various: 



- the extent of some impacts cannot be shown with experiments or calculations using models, 
hence the debate cannot be resolved; 

- p i o r  to the signing of the Treaty, qnIy a few of the preliminary studies exploring the expected 
ecological impacts had k e n  prepared, their synthesis was missing, and the studies conducted since that 
time are of no full value or more time is needed for compleling such studies; 

- the debating parties are selecting their arguments according to their goals, and sometimes they 
replace them with declarations; 

- by virtue of their nature, quantifying the ecological processes is more difficult that designing the 
operation of the engineering projects. 

The difficulty of quantifying the ecological processes means, however, neither the diminution nor 
the overestimation of thtir significance. The economic consequences of the ecological impacts can be 
planned with greater difficulty and they imply a greater uncertainty factor. Despite the lack of their 
numerical expression, the environmental impacts cannot be negIected, and in faict, their role rnay be 
fundamental at the level of the national economy. 

In order to l e m  the ecological changes, to obtain comparative data, to predict the expected 
impacts and to prevent the adverse impacts, a unifom monitoring network should be established as soon 
as possible. 

(c) Based on the issues raised at the exclusive round-table conference, there are two possible 
alternative solutions for the operation of the Gabchikovo Hydroelectric Power Station: 

According to the first alternative, ie. the original conception, peak energy is generated 
irnmediately after the completion of the project. In this case, 

- the treatment of the sewage effluents in the city of Gy6r should be resolved at an accelerated rate 
before its putting into operation, otherwise, this reach of the river will becorne temporarily a sewer for the 
city; 

- the Nagymaros Barrage should be consmcted in time, together with that of Gabchikovo, which 
will represent a signifiçant burden to the national: econorny; 

- the treatment of the sewage effluents on both the left and the right riversides should be achieved 
prior to the putting into operation of the faciliry, otherwise the multiple use of the Nagymaros Reservoir 
will fail; 

- in the Nagymaros Reservoir, siltation will start, the pores in the riverbed will be choked, the 
yield of the bank-filtered wells will fall, and regular dredging of the mud wil1 have ito be carried out; 

- in the period of 1990 througb 1995, there wilF be a tack of basic energy in the grid of Hungary, 
which may be substituted for with the existing oiF power stations (see Item 2.1 ., Annex 2). 

The second alternative and the economic interests as well as the elimination or the prevention of 
the adverse side-effects would rnake this one desirable, the generation of peak energy would be 
temporarily or definitely avoided. In this case: 

- the treatmeni of the sewage effluents in the city of Gy& and on both the Eeft and the right 
riversides rnay be implemented at a "normal" rate (the burden on the national economy of this 
investment, paying for itself slowly, decreases); 

- the construction of the Nagymaros Barrage may be rescheduled, and the navigation in the area of 
the cornmunity of Gonyü rnay LA: resolved at lower costs; 

- the plants and additional facilities and projects necessary for the subseqrient peak-operation rnay 
be implemented according to the carrying capacity of the national economy; 



- the basic energy rnissing from the grid may be substitured for with hydro power (consequently, 
hydrocarbon energy resources should be used to a smaller extent for the generation of basic energy, and a 
small portion of the savings may be used for generating peak energy). 

(d) In principle, the permanent use of the realisticaIly designed navigational route on the Old 
Danube may be established by the measures aiming at the water supply, if the structures necessary for it 
are built. In order to preserve the boundary water and its ecologically sound character, it would be safer 
to constantIy release the amount of water corresponding to the discharge prevailing at Eow water levels in 
the Danube. The Government should consider the possibility 

- whether the possibility of navigation and the boundary-water character cease to exist or not in 
the case of a discharge of 50 to 200 rn3/s? 

- whether water will have to be released from the Reservoir instead of the surface run-off due to 
the cholcing of the pores in the bed of the Dunakiliri Reservoir? 

- whether it should utilize the release of extra wam becoming necessary because of the ecological 
aspects with pipe turbines built into the Barrage? 

- whether it should perhaps build pipe turbines addiiionally according to the operational 
experience? 

- whether any possible surplus water should be released without building turbines, ie. without 
utilizing it and generating energy? 

- whether it should simulate the flooding of the lowland forests with major releases of water in 
order to protect the forests to be regenerated with other kee species? 

(e) The costs of projects aiming at the elimination of additional and unfavourable impacts 
should be shown independently from the costs of the main facilities. For a possibIe failure to irnplernent 
the additional facilities due to misconceived austeriiy aspects may have fata1 consequences. A 
development of the area accornmodating the changed endowments rnay result in a more favourable 
situation than the present one, while failing to irnplernent the "extra" projects rnay cause irreversible 
processes in an ecological sense. It would be unfortunate, if, in the case of such a broad readiness, the 
number of erroneous actions prompted by ecological considerations again increased. Unfortunately, no 
cost calculation was available to us, and the statement of the EEA, saying that eliminating the adverse 
impacts requires extra costs equivalent to 2 to 3 % of the total inveslment, cannot be considered more 
than a simple statement and no grounding for it can lx seen. 

(0 Accarding to our position, the pollution of the Danube should be abated to an acceptable 
level irrespective of the GNBS. 

Our Government should take measures as soon as possible to resolve the treament of sewage 
effluents, primatily the treatmenr of the domestic and industrial sewage of the main pollution sources: the 
cities of Gybr, Kornhrom, Dorog and Esztergom and the Petroleum Co. (Sz6ny) as well as to prevent the 
slurry in the red sludge reservoirs at AlmAsfüzit6 from entering the Danube. The water quality of the 
Danube should be presemed also in the interest of drinking water withdrawal. It shouId be included in a 
decision that before the putting into operation of the system, the pollution levels into the Danube reach 
affected by the GNBS should be decreased EO a level satisfactory for a use aiming at drinking water 
supply and recreation. The development for recreation arising through the implementation of the GNBS 
c m  be considered a "gain", only if the water qualiîy of the Danube is improved. 

(g) In our opinion, it would ix expedient to consider the new situation arising due to the 
dispute on the barrage planned dose to the Czechoslovak and Austrian border (Hainbug), whiçh has 
taken place since 10 October 1983, the date of signing the protocol on the modification of the deadline of 
the completion and putting into operation of the GNBS. The outcome of the dispute is not indifferent 



frorn the aspect of the GNBS either, thetefore, it would be desirable to monitor it and to get involved in it 
on the part of the Nungarian Government. 

(h) In accordance wirh the findings of the Presidency of the HAS on 20 December 1983, the 
carrying out of a social impact assessrnent and feasibility calculations are recommendedt. The 
Government should make i ts decision with the knowledge of the results of the economic calculations. 

(i) It is desirable rhat our Government have a reassuring policy on information also on issues 
related io the establishment of the GNBS. Official reports on the decisions have to ix released showing 
the proponents and the institutions involved in their preparation. 

(j) It is recommended that the NECC should discuss the EIA supplernented with the issues 
raised at the round-table conference. After the usual inter-departmental coordination, the compilation 
prepared in this way should be submitted to the Govemment for approval by the National Water Office 
and the National Environmental and Nature Conservation Office. The proposa1 should include the 
additional tasks remnining. 

Budapest, 28 June 1485 
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1. Preceding events 

The preparatory works for the cornplex utilizatian of the Hungarian-Czechoslovak reach of the Danube 
started in 1951. The scientific studies covered the agriçuItural, landscape-aesthetic, ecological and 
widely meant technical-economic aspects of the Barrage system too, exceeding the up to date aspiration 
level. Already at that tirne there were - with the presently used definition - Environmenta1 Impact 
Assessments under way, which were continued in the ?Os, with the involvement of other scientific fields 
and institutions. 

In 1977 at Budapest the two Prime Ministers of the countries signed the agreement of the 
Intergovernmental Treaty about the construction and the operation of the GNBS (Gabcikovo -Nagymaros 
Barrage System). The preliminary works of the construction started on the territory of both countries in 
1978. On ~ u n ~ a r i a n  territory the activities between 1982-84 were restricted to protection of substance. 
The madification of the Intergovernmentai Treaty was launched on 7 Febrirary 1984, which says: the 
Parties in the Contract will organize the activities of the joint investment in order to put the energy- 
production into operation between 1990-1 994 . 
The chairman of the Hungarian Academy of Sciences (HAS) nominated ad-hoc cornmittees twice 
between 1981-82 for the scientific examination of the GNBS invesiment. Bath cornmittees came to the 
conclusion that the solution i s  mature, there is no fundmentally backed reason against the construction, 
but they recomrnended the complex analysis of impacts on the environment. 

In 1982-83 upon the request of the Policy on Science Cornmitteel the HAS (Hungarian Academy of 
Sciences) formed a new cornmittee for the further examination of same questions of the GNBS. The 
report put forward by the Ceniral Office of the HAS came to the followirig conclusion: clearing up aii the 
cumulated effects of the environmental impacts of  the GNBS in the frame of an Environmental Impact 
Assessment would be the most expedient. 

The report prepared by the Central Office of the HAS - reportecl by the vice-chairman of the HAS - was 
discussed by the OK?T (NationaI Environmental and Nature Protection Council). The Council in its 
resolution No 311983 (dated June 21) ordered the preparation of an "Environmental Impact Assessment" 
an analysis of the environmental impacts in one system and with its interrelations by June 30. 1985. The 
methodology of the Impact Assessment was approved by the jury of the OMFB (National Committee for 
Technical Development) in December 198 3. 

The presidency of HAS dealt with the Barrage System in an interna1 standpoint formulated in Decernber 
1983. The Cornmittee for Interdiscipiinary Problerns of the Presidency - to f o m  a more soIid basis for m' 
work - prepared its' report together with the OMEB. The cornmittee formulated by the president of the 
OMFB prepared a wide-ranging, cornprehensive report with the titIe " The long range cornplex utilization 
of the Danube", which was discussed by the plenary meeting of the OMFB in February 1984. The 
Economic Cornmittee of the Government in its resolution in May 1984 - according to the "Reconciled 
Workplan" - imposed the execution of the tasks fmuIated in 'the OKïT  (National Environmenta1 and 
Nature Protection Council) resolution, in the standpoints of the Hungarian Academy of Sciences and the 
OMFB Plenary meeting and as such the preparation of the Environmenial Impact Assessrnent according 
to the mutually agreed programme, 

II. The basis of the Environmental Impact Assessment 

The Environmental Impact Assessment as a method has barely longer past than 10 y e m  in the world. 
Preparation of Environmental Impact Assessment first was ordered in the United States in the local 
environmental act (NEPA = National Environmental Policy Act) in 2969+ Other countries - so far those 
which have introduced the Environmental Impact Assessrnent - followed the United States with several 

Committee of the Hungarian Swialist Workerst Party 



years of delay. (For example in Japan there are EIAs prepared since 1974, but at governmental level still 
they could not succeed to order the preparation of EIAs.) 

In Our country the 4611984. (6 September) decree of the Council of Ministers about the "procedure for 
investments" imposed the preparation of the Environmental Impact Assessments as part of the 
preparatory and approval procedure. 

In its methodology - both in possibilities and constraints -it is fundamental, that this Environmental 
Impact Assessment was the first in the country, and it can be remarkable even in international context. 
The Impact Assessment is prepated in line with the realization process of the Barrage Systern. Ifs task is 
the complete discovery of the environmental impacts, the minimization of the environmental losses and 
the maximal assertation of the advantages. 

With al1 of these it can highlight that during the design process as an open systern of the irifras@uctural 
investments with long construction period, with impacts of a large area and with extremely long lifetirne 
the changing requirements cm properly be asserted. 

For the direction of the pioneer work the OVH (National Board of Water) organized an interministerial 
committee. There were representatives delegated by PM, MEM, KM, IpM, ÉVM, HAS, OT, OMFB, 
OKTH, &l3, GATE2 Upon request of the OVH independent experts also took part in the work of the 
committee. The preparation of the Impact Assessment was coordinated the by the interministerial 
committee based on the "Reconciled Workplan". 

Within the frame of the Environmental Impact Assessment the research accomplished and the papers 
published before 1983 on the subject were revised and reevaluated. From among them there were 58 
used for the survey. For the Environmental Impact Assessment another 33 new reçearch paper (or part of 
research document) wns prepared. These additional papers processed the most recent research results and 
provided ground for systematization and with the utilization of this there was ground for the preparation 
of the environmental impact balance. 

The sub-papers were prepared by 16 organizations (engineering and research, etc. institutes) involving 
further institutions and experts. Their work was coordinated by 'the VIZITERV (Design Institute for 
Water Resources) as general designer. 

Sirnultaneously with the preparation of the Environmental Impact Assessment the up-to-datedness of the 
technical solutions -fixed in the frame of the Hungasian national investments and the Joint Contractual 
Plan - were revised as it has been prescribed in the investment decree. During the up-to-datedness 
exarnination al1 the findings of the research for the Environmental Impact Assessment were continuously 
taken into consideration. 

The Environmental Impact Assessment and the enclosed Appendix 1. lists al1 the necessary additions to 
the basic investment resulting in additional cos@,. The Joint Contractual Plan contains the necessary 
smaller or bigger activities - water supply, water intake, protection against seepage water, e.g. - at dl the 
industrial facilities effected by the construction as much as to maintain the previous operation level. 
These costs are included in the in the GNBS investment plan. The revised solutions are included into the 
basic investment following the ongoing reconciliations. The majority of these are technical- 
constnictional details, so the Environmental Impact Assessrnent does not list them item by item, The 
reconciliation of the detailed solutions are under way and they are included into the basic investment 

without being especially emphasised, 

Hungarian açronyms: PM = Ministry of Finance, MÉM = Ministry of Agriculture and Provisioning, 
KM = Ministq of Commerce, IpM = Minisby for Induslry, ÉVM = Ministsy for Construction and Urban 
Development, MTA = Hungarian Academy of Sciences,OWB = National Cornmittee for Technical 
Development, OKTH = National Board for Environmental and Nature Protection, GATE = Agncultural 
University of God6ll6. 



The base point of the iterative research - design process applied in the Impact Assessment is the concept 
in the technical plans in effect (Joint Contractual Plan) in 1983 of the Barrage System's and the state of 
the effected region. The steps of iteration: technicd solution - recognition, examination of the impacts - 
modification of the technical solution - examination the modified solutions' impacts - etc. The lmpact 
Assessment made recommendations as a resiilt of this method and discusses their effects, judge the 
system of mutual impacts within the scope of the present state of the art of methodoJogica1 possibilities 
and knowledge and sums them up in the Impact Assessment. 

The solitary research works were carried out parallel. As a result of the different scientific points, 
concem or the objective by different scientific methods there might be slight differences, even 
contradictions. However these do not refer to the main line of research. They are resolved by the Impact 
Assessment. 

The processes in effect in the examined area and their formation after the completion of the GNBS has 
stochastic character. Because of this the basic ambition of the Impact Assessrnent was to measure the 
extreme probably effects of the operation. Consequently the Impact Assessment took into consideration 
the impacts of the possible most unfavourable conditions of the discharge, the peak operation, 
sedimentation etc. Thus the expected impacts will remain within the interval marked by the extremities. 

III. Examinations and results 

The resolution No 3/1983 of the O K ï T  prescribed the following main environmental requirements 
during the completion of the GNBS investment: 

- The pollution of the quality and the changes of the bioIogical state of the Danube water cannor 
impose danger on the water supply of Budapest; 

- The system of the criteria has to be worked out, which ensures not only the maintenance of the 
sustaining ability of the region, but provides possibility for the improvement; 

- The regional development advantages of the giant investment has to be utilized, within this 
especially the possibilities for the development of recreation and tourisrn; 

- It is necessary to avoid the deterioration of the biological state of the water in the Old-Danube and 
its tributaries and to provide its worthy state as a boundary river; 

- The aesthetic and landscape values of the Danube-band has to be pprotected by the aesthetic and 
landscape friendly constniction of the appurtenant projects of the GNBS; 

- The water resources stored under the Kisalftild in the grave1 layer has to be protected. 

The Impact Assessment's imrnediate aim was that for the assertation of the requirement system - with the 
execution of the examinations suggested by the res~lution of the OMFB plenary session, the OKTï and 
the presidency of the HAS -should k explored scientifically. We have to lay ernphasis on the fact that 
the appraisal of state - carried out in the frame of the Impact Assessment - laid down a lot of 
environmental impacts being in effect now, which is an effect of the present land use, deteriorate and 
endanger the natural resources (the water treasure of the Szigetk6z grave1 cone, bank filtered water 
resources, karstic water) of the affected Danube reach and its environmental elernents. Their elimination 
or reduction is independent ftom the GNBS investment, but shouId be carried out parallel to the 
construction. 

These findings and their results are surnmarized according to the paragraphs in Chapter 1. Environmental 
Impacts Assessrnent of the Reconciled Workplan are as follows: 



1. Survey of the wader qualify and water-bwlogical changes expecfed along the reach of the 
Danube eflected by the GNV 

The impact of the Barrage Sysiem upon the water supply of the region was examined rnainly from the 
aspect of the drinking water resources of the used Danube section. The impact assessrnent opens up 
those main processes which rnight influence the water resources in the sense of quality or quantity. 

The quantitative and qualitative relations of the bank filtered water are influenced apart of the 
background pollution basically by the state of the filter layer in the riverbed. As a consequence of the 
peak load time production along the effected Danube reach the majority of the sediment will be 
trmsported further downstrearn. It is necessary to count on more intense deposition only in case of small 
discharges, but the major part of the deposited material will be washed downstrearn by the Danube in 
case of medium discharges already. The sections prone to sedimentation can be limited relatively easily, 
the actions considered to be necessary (the influence of the Stream regime by river iraining activities, 
dredging, e.g.1 can be made availnble. 

During the design and the operation the areas for disposal of the dredged material has to be appointed in 
hamony with the land use plans and the environmental aspects. 

The necessity of the actions in favaur of the bank filtered wells on the Nagymams - Libatlan section has 
to be identified on the basis of the experience to be gained during the operation. This section (or its 
certain subsections) will get more susceptible to sedimentation. The results of mode1 calculations show, 
that the growing pressure due to the permanently high water levels will be enough to compensate the 
growing resistance due to the sedimentation and the clogging. In case of need this unfavourable effect 
cm be reduced by dredging. Presurnably within this reach the water yield of the welIs will not change. 
The research dealing with the circumstançes of the bank filtered water resources showed, that the 
deterioration of its water quality is rnainly due to the growing pollution coming from the background 
aieas. It is expected as a clearly favourable effect of the Barrage System that the hight of raised water 
level - due to the growing portion of the discharge into the wells From the Danube side - will reduce the 
background pollution process. 

There is only limited solid knowledge to judge the ratio; the kinds of; the effects of; the effect 
rnechanisms of the materials polluting the filter layer in the riverbed (rnainly toxic micropollutants). The 
sediment pollution is depeqdent on the actual industrial poIlution. Its monitoring, the determinadon of 
the necessary actions will be the task of the planned monitoring system. 

The Barrage System has no effect upon the filter layer of the Budapest Waterwwks' wakr resources at the 
Szentendre Island. The changes in the filter layer are influenced by factors independent from the GNBS. 

1.2, 

Requirements toward the wastewater treatment are detemined by the present water quality state of the 
Danube and the generzl water quality intetests along the effected reach of the Danube too. 

The Danube i s  classified as first class along the effected section btween 1979 and 1983 by the CMEA 
water classification system in most of the components. However in case of organic matmials (nitrate, 
ammonium and mineral oil) it is 2-3 class. The significantIy deteriarating tendency of the water quality 
has slowed down during the last years. On the catchment area, as a result of the activities of the 
boundary water cornmittees, the upstream colintries upgradeé their wastewater treatment and water 
resources protection activities faster then Hungary. The water quality of the Danube will be deterrnined 
basically by the wastewater load in the future too, the construction of the Barrage Systern does not 
m d i f y  it. 

The most important points of the examinations: 



- The retention tirne in the DunakiliBHrusovo reservoir and in the power channel will grow (it will 
pass this section in a longer period), so the sedimentation can speed up at certain places. Both effects 
reduce the oxygen demand. The larger surface area, the waviness, the production of the biomass of the 
water body increase the oxygen uptake, the slower velocity reduce it at the same time. The 
decomposition processes of the organic materials increase the oxygen consurnption. Letting the water 
through the turbines contributes to the oxygen uptake and aeration. Thus the effects in the reservoir 
compensate each other. 

- The water quality in the diversion çhannel downstream of Gabcikovo is in nearly natural state. 

- Along the reach between Szap (Palkovicovo) - Nagymaros the velocity relations will decrease less 
compared to the present ones. The sedimentation will not influence the generai water quality state. The 
average velocities will not change up to such a level that in the potentially eutrof water body - a 
consequence of the pesent pollution - significant eutrophication processes would be triggered. 

According to the above the Bamge System will not cause significant changes in the general water quality 
relations of the Danube. At the same tirne the most important - at certain places aIready acute - water 
managerial (within this ihe wastewater eeatment) problems should be treated parallel to the construction 
of the GNBS. (There are projects like wastewater matment plant construction or development in Gy&, 
Komhrom, Tatabbya, Esztergom which failed during the previous plan period3 but can not be delayed 
any longer, being included into the investment items of the 7th five year plan.) 

The Impact Assessrnent also lis& one by one the polluting industrial wastewater outlets into the sections 
of the affected Danube reach strait or via the hibutaries, altogether 32. Within the affected area between 
Rajka and Budapest the cumulated industrial wastewater load sources are approximately 113 of the waste 
load of Gy&. The Tati Danube-branch has to be protected from the pollution. 

According to the suggestions of the Impact Assessrnent - as the ratio above offers reason for - for the 
reduction of the effluent from industrial sources the governmental programs are the standards: saving 
with the water resources and increased protection of water quality. The execution of tasks defined above 
satisfies the water quality requirements of the Danube with or without the completion of the GNBS. 

The determining factors of the biological state of the Old Danube riverbed and the tributaries will go 
through significant changes. The completion of the Barrage System and its appurtenant national 
constnictions will contribute to the conservation and the reduction of degradation of the biotopes in the 
Szigetkoz. 

In the present state the system of the tributaries in Szigetktjz receives continuous freshwater supply only 
in case of water discharges exceeding 2500m31day (55-70 days annually). In case the discharge is less 
then this - annually nearly 300 day -there are perrnanently stagnant water bodies, where eueophication, 
sedimentation occurs. 

In the future as a result of the construction of the designed infiltration system for the regulation of the 
subsurface water resourçes the rnajority of the stagnant water surfaces will be eliminated. Their 
freshwater supply will be provided from the drainage systern which means at the same time that the water 
poor in nutrients (mainly in phosphorus and phosphoms products) will reduce the formulation of 
eutrophic processes. On the top of al1 that presenrly the water supply of the Mosoni-Danube and the 
tributaries is random, it depends on the water regime of the Danube. After the Barrage System is put into 
operation the plan provides water supply for the Mosoni-Danube and the hibutaies from the infiltration 
system and from the Dunakiliti reservoir via water intake, far exceeding their present discharge 
throughout the entire year. 

3 It refers to the element of the smialist economy: the five year period, for which the national 
economy had plan. 



In the riverbed of the Old Danube there will be significantly smalfer discharges, depth, reduced velocities 
and 100-12Om wide water surface will be characteristic. However significant share of the discharge will 
originate from "ciean" seepage water. Apart of the tasks: conveying down the floods and the ice; the plan 
provides opportunity for flushing the Old Danube bed. The new biological state will f m u l a t e  
accordingl y. 

The living (water) character of the Old Danube riverbed i s  discussed in paragraph 1.3. The discharge, 
which is 50m31sec or according to the other dernands operationally 50-20hJ/sec is sufficient to sustain 
the living (water) character of the riverbed. The tributaries are provided by water via the infiltration 
system independently frorn the riverbed of the Old Danube. The sufficient training of the Danube 
riverbed -within the frame of the joint construction - provides characzer worthy of being a boundary river. 

The navigatiility of the Old Danube channel during floods and in those cases when the storage is 
tmina ted  at Dunakiliti is similar to the present state. The recreational navigation in the floodplain and 
on the tributaries might develop in circumstances more favourable than presently. To design permanent 
navigation route for other purposes have not proved to be justified. 

1 

I 2. Nature conservalion arem 

The study considered al1 the nature protection areas and the protected natural values situated presently in 
the region. It concluded that the construction of the GNBS does not impose danger on them. 

The examinations and the reconciliations in wide circles proved that in the Szigetktiz the stag in the 
Asvhny tributary system represents such a natural value which has to be protected. The infiltration 
system in the floodplain and other necessary structures were and are being planned considering this fact. 

In the Szigetkoz area the preparation to formulate 8500 ha of nature protection area is  cornpleted, the first 
level reconciliation is under process. The arçhaeological survey of the ernploytd area is done or is under 
process as part of the basic investment. 

3. Examinution of impacts of the peak load tirne operation 

The study started with the operational pattern causing the maximum fluctuation of water levels while 
examining the impacts of the peak load time operation. Ic set out as a target examination of the impacts 
of the extremely large water level fluctuations upon the environment. This way the changes in the water 
levels according to the operational pattern will remain within the examined limits. The possibility of 
reducing the fluctuation of the water levels has tc, be examined during the design process. 

The peak load time operation in the Dunakiliti - Hrusovo reservoir will reduce the undesirable 
stratification of the Stream. Directing the sediment wansport and the construction of sila traps is a 
question of design. 

The water level fluctuations resulted from the peak load time operation will remain within the riverbed 
and are characteristic for the reach between Bos - K o m h m .  Downstream of Komhrom the water level 
fluctuation is less than approxirnately 1 .O m. 

The water level fluctuation does h a m  the biotope covering the embankment, but the research cleared up, 
îhat its impact on the oxygen production of the Danube reach in question is insignificant. 

The evaluation of the water level fluctuations are evaiuated mainly for the Mosoni-Danube and the Gyôr 
region. It took into consideration too, that into the Mosoni-Danube after the cornpletion of the Barrage 
System there will be permanently minimum 20 m31s discharge available which considerably will 
improve the discharge and water quality of the- Mosoni-Danube. It will multiply the dilution of the Gy& 
wastewater presently untreated. 



The influence of the daily 1-2 m water level fluctuation caused by the peak load time operation - together 
with the short term upstream current - will dilute considerably the water in the Mosoni-Danube and then 
while falling the reach between Gy& and the mouth of the river will k flushed, which will be supported 
by the discharge of the Mosoni-Danube, being three times higher then presently. 

In the present situation the fi oad waves cause more durable backwater-effeçt. Thus the dilution pattern 
will be more favourable. The increase of the daily retention time will not cause unfavourable 
decornposition processes in the city area. The dredging of the Mosoni-Danube has to be scheduled after 
the Gy& wastewater treatment plant is put into operation. 

The sediment movement will be within the same magnitude as present owing to the velocity regime due 
to the changing discharges in the reservoir of the Nagymaros Barrage. In total îhe peak load time 
operation has no environmental impact or it has no expelling consequences. 

These resulc stress repeatedfy that the connection of the Gabcikovo and the Nagymaros Barrages not only 
from the point of the peak load time operation (energy production), but also from hydraulic - smoothing 
the incoming and outgoing discharges - and f i o d  protection and river training viewpoints composing one 
inseparable unit. 

4. Examinution of the agricultural Unpacts 

The study did examine in detail the impacts anticipated as a consequence of the GNBS upon the potential 
productivity of the agriculture and the forestry. 

The survey compared the present and the future (after the cornpletion of the GNBS) agro-ecopotential. 
They came to the concIusion Ehat the soi1 productivity decisive from the viewpoint of the agricultural 
production will not change substantially as a consequence of the cornpletion of GNBS. At the same time 
the structures of the GNBS will constitute partly the main parts of the agicultural drainage system too. 

The research made clear the question discussed for a Iong time that the groundwater has no significant 
role in the agricultural production of the Szigetkbz nrea, it is determined by the rainfall mainly. Et is 
showed also, that the precipitation having crucial role is no1 enough for the optimal growrh of the plants a 
lot of tirnes, very often it has to be supplied artificially. There are 3-5 thousand hectares in the Szigetkoz 
area irrigated presently. The water base for irrigation to supply almost the whole area is available from 
the stabilized groundwater of the Szigetkbz with the infiltration system and suitable water control. 

As an impact of the planned structures the extreme water situations will be reduced substantially. Thus 
the safety of the production will increase and there will be possibility to utilize 1000 ha af land presently 
full of underseepage and ovemoistured with more valuable line of cultivation, to increase the 
productivity compared to the present situation. The above has ta be accomplished with field drainage 
embedded into the plans of the cooperatives' development programme within the frame of cornplex land 
reclamation. For the field drainage as part of the basic GNBS investment the main coIlector system wiEl 
be constructed taking into account the prospective demands in land reclamation. 

Following the accomplishment of the Barrage System the groundwater regime - prone to the blind whims 
of nature presently - wiIl becorne controlled optimally for the production which has decisive role in the 
safety of production. 

5. Impacts of the changes in the grounduater ievels and the application of the infdtration 
sysdem 

The concept for the Szigeckoz freshwater supply system attuned to the requirements was developed on 
the basis of detailed examinations on the spots, hydrological and hydraulic research. For the design apart 
of the theoretical calculations there wete electronic analogous mode1 tests and field research to provide 
data. With the help of the water control system the distribution of the water resources and the 



determination of the water levels can be carried out taking into account the soi1 data and morphologica1 
characteristics of the segion while considering the up-to-date hydrological and meteorological 
circumstances. Czech-Slovak researchers starting from different theoretical basis got to sirnilar 
conclusions and aimed the completion of a sirnilar freshwater supply system. 

The seepage water from the Dunakiliti-Hrusovo mervoir through the flood protection dikes are collected 
in the drainage Channel paralle1 with the dikes, from where - according the ratio of the momentary needs - 
it is led lo the Mosoni-Danube and the tributary system. The operation of the system is supported by 
foreign experience too. It has to be put into operation before the storage. 

The water level maintained next to the terrain level so to say "suppom" the water table of the Szigetkoz, 
at the same time - apart of the 300 m wide zone along the Danube - provide water supply for the 
floodplain forests. The 80 - 150 m wide branches of the tributary system on the floodplain whiçh get 
permanent freshwater supply fsom the drainage system do contribute (apart of the advantages listed 
above) to the maintenance of the landscape character. Thus the infiltration systern is a good solution 
which fits to the natural surrounding. 

6. Examination of the biological, pedological and technical problem reiated to the manifold 
inundations of thefloodpiuin f o m t s  durirtg the vegetation period 

"Overloading" the infiltration system described in paragraph 5 - with water resources temporarily not 
utilized in power production and with suitable water control - the technical possibility for flooding the 
floodplain is given. Using the sluices built into the Dunakiliti barrage the discharge above the 4000 
rn3/sec (which are conveyed by the Old-Danube bed) at least partly can be directed to the floodplain, Its 
frequency is 20 days annually. The seasonal flooding - according to the international and domestic 
experiences - together with the water table kept near to the surface satisfies the requirements of the 
forestry . 
The operation of the system respond to the characteristics of the processes in natural circumstances 
presentiy. However the partial absence of the deposition caused by the floods can be subject of further 
research, although considerations until now have not indicated it to be significant component in the 
production of the forestry. 

Thus it can be stated that the state and production of the forests in the Szigetkoz floodpIain - apart of the 
earlier mentioned 300 m wide littoral zone - can be sustained unchanged. In the littoral zone the change 
of species is necessary. 

7. RegwnaE and urban developrnent 

The Impact Assessments made unambiguous that the GNBS cause only minor - not determinative - 
modifications in the structure of the spact, Iand use and seulement network and in the present function of 
the settlements. For the construction period the plan contains the necessary incrernent in the supply 
network to satisfy the supply and sociaI circurnsmces. These plans are such that the infras(ructure of the - 
region will be improved after the completion of the work. 

The minor changes (improvements) in the landscape poteneial due to the GNBS primarily can be realized 
in the tourism. Their utilization has tu be implementtd with the mobilization of the local investments 
based on the future development plans for the region and settlements. 

8. Protection of the water resources 

'Phe Danube is the largest available wakr resource of the country, we have dealt with the water quality in 
paragraph III. 1. 



The water treasure in the gravel layer of the Szigetkoz wil1 receive freshwater suppty from the infiltration 
system being filtered, more clear water, which brings it into k t t e r  state from the water quality point. 

The Szigetkoz water treasure is not hampered by the local sedimentation of the Dunakiliti R ~ S ~ N O ~ .  In 
the water quantity sense the water masure will nat change significantly. However ii is very important to 
reduce, siop or as an immediate task to reduce the growing tendency of the pollution through the diffuse 
pollution from the communal and agriçultural sources probably increasing and from the shattered areas 
(grave1 mining). SimilarIy important from the point of view of the Szentendre Island bank filtered water 
resources the background pollution on the surface of the island. 

The more widely considered region's water ireasure is the karstic water resources of the Transdanubian 
region. The karstic layers are connected with the Danube, but there is a considerable sediment layer on 
them. The sandy gravel layer perhaps fiIters the water seeping toward the deeper layers equally as the 
operation of the bank filtered wells. 

The connection of the karstic waier and the Danube is influenced by the mining activities in the Middle- 
Transdanubian Mountains up to a much larger degree then the water level in the Danube. The quality of 
the karstic water is also far more influenced by the pollution washed in (espeçially in case of 
concentrated pollution sources and open karstic regions) from the Middle-Transdanubian region than the 
water reaching these layers with low probability and filtered by the alluvial layers from the Danube 
water. On the basis of this the pressure pattern altered by the GNBS wilI not hamper the quality of the 
Middle-Trmsdanubian Mountains' water treasure . 
In total the GNBS wilI not deteriorate the water treasure's present social-economic usefulness. 

9. The sus&inittg abiIity of the region. 

In the relation of the sustaining ability and the GNBS the Impact Assessrnent revealed those direct 
potential possibilities which - in case of appropriate utilization - will contribute to modest increase of the 
sustaining ability of the region, There has been no components discovered which would decrease the 
sustaining ability. 

Forecast for the formulation of the social changes could give idea for the fomuIation of the region's 
sustaining ability on the longer run. In the region even independently of the GNBS's completion there are 
changes expected in nature, Society and economy which may have substantial impact on the new 
environmental state. Further impacts stimulated by rhem could not even be predicted in the present 
study. Thus it is imperative that - as there are several practical experiences to prove it - certain part of the 
cornplex environmental impacts' changes wiil becorne qualifiable, measurable during the operation of the 
Barrage System. 

However it is necessary (and based on foreign experience it is possible) zo declare that the controlled 
water levels and the improved water managerial conditions have attractive components inducing 
economic growth. Also there is international experience that the improveness of the adjacent areas to the 
controlled water regime is profoundly higher than those of the average, so there are new possibilities for 
the development of the forces of production. Tangible domestic example is the development of the 
previously nearly uninhibited Middle-Tisza reach during the barely more than ten years since the 
completion of the Kiskke River Barrage. 

In the Dunakiliti Reservoir - according to foreign examples -there will be irnprovement in the living 
conditions of the carp, grass carp, bighead and silver carp, bream, crucian, barkl, tench, so it Is possible 
ta count on the increase of these species. In the Szigetk~z tributary system the control of the freshwater, 
the relatively clean water inlet apart of the improvement in quantity wiIl improve the quallty 
substantially. The Mosoni-Danube wiIl remain a living space and as a consequence of the enlarged 



quantity of freshwater the conditions will improve a lot. 

The third point of the loint Contractual Plan prescribed the revision of the Nagymaros Barrage's location. 
The documentation with detailed elaboration of the alternatives weré completed by October 1984. The 
introduction was discussed by the OKïT  and the Economic Cornmittee too. The resolutions declared 
that the most suitable location for the Nagymaros Barrage is at river kilometre 1696, there is no other 
possibility to choose an other location. This location is the sme as the one in the Intergovemmental 
Treaty. 

IV. Important conclusions 

The study provides suficiendy deep data for the ecanomic evaluation - under process - incorporating 
çornpletely the environmental impacts too. For the up-to-date cost-effectiveness examinations the 
expenditures (the activities to compensate the unfavourable environmental impacts included too) and the 
expected benefits and advantages are summarized in the impact balance. (see annex 2.) 

The most important elements of the impact balance are the following: 

The GNBS utilize the natural resources of the Danube reach between Pozsony and Budapest. It cause 
primarily changes in the water regime of the river and in the water resources of the adjacent areas, which 
cause further seconddry changes in the natural cornponents. These can influence the land use and habitat 
value relations directly on one hand and indirectly on the other. 

Upon the changes in the hydrological regime of the river: 

- in the riverbed the present hydrological regime will narrow down between ~ s v i n ~ r $ r b -  
Nagymaros. Within his the water level will be stabilized in principle in the domain of the mean wakr 
levels upseeam of Esztergom and in the high water levels between Esztergom-Nagyrnaros; 

- the daily discharge will not change, the amount of water - let into the system at Pozsony and 
through the tributaries - will pass Nagymaros, the volume of the reservoir does not make longer retention 
time possible; 

- within the day - according to the schedule of the daily energy utilization - the discharges between 
Bos-Nagymaros will be let down alternathg (peak Ioad time operation); The water levels for 5-6 hours 
will increase in continuously decreasing rnanner, for 18-19 hours will decrease. It has to be stresseci that 
the water level fluctuations caused by the peak Ioad tirne operation will remain within the mean water 
riverkd, it dms not influence the floodplain. 

- the flood protection safety on an area of 418 square kilometres - where there are 35 settlements, 
among them 5 cities and approximately 250 thousand people are living - will increase substantially and 
the high water with the frequency of once out of 200 years will be led down without causing any harm; 

- in the Szigetkoz area there will be two water supply plant for a smaller region and waterworks for 
Nagyrnaros, Dom6s-Dobog6k6 and Visegrad will be enlarged, further on the water potential will increase 
with 230000 m3 per day, out of which 100000 will be fillered raw water quality; 

- The wastewater treatment will be solved in the regions of Dunakiliti and Nagyrnaros; 

- During the construction in the region of Neszrnély, in case the study will contain resolution to 
suggest recreation beach 90000 m3lday presently available possibility for water intake wi11 cease to exist; 

- there will be navigation route with full value provided for a new 212 km; 

- the water quaIity of the river 

- The chernical and public hygiene (pathologiçal rnicroorganisms) water quality is determined by 



the actual pollution. The tendency realized in the change of chernical properties in the water are not 
accounted for the GNBS, but influenced by processes under way on the catchment area. 

- There will be no significant hams  done to the biological state of the water and no changes 
inducing ecologicaI "catastrophes" will incur. In this respect mostly quaIitative: results may be 
anticipated, for their quantification further observations are necessary to be accomplished by the 
monitoring system. 

The foilowing questions have emerged as a aftermath of the changes in the hydrological regime of the 
littoral zone: 

- The impacts of the changes in the agricultural production was rneasured by the study through the 
examination of the agro-ecopotential. The research shows that the changes (decrease} in the agro- 
ecopotential will remain under 1% in the Szigetkoz, the drawback in the reach Gonyü-Nagymaros will 
remain within the calculation error level. The area presently in agricuItura1 use which will be 
permanently used is 1655 ha - although the costs to expropriate them is included in the investment cos& - 
will cease to exist as natural resource. This will be substituted by the 1923 ha which will be protected 
from the floods, out of whiçh 2/3 will lx utilized for agricultural, 113 for tecreation purposes. The two 
kind of land uses as resources will compensate each other. On the impact of the construction included in 
the investment plans (with little additional investment) on 27000 ha the main drainage systern will be 
constnicted for the field drainage. 

- The study discuss in details for the whole affecteci area the land use influencing the forestry. For 
the purposes of the Dunakiliti Reservoir there will be 1126 ha of land expropriated. On the Szigetkoz 
floodplain - Between Dunakiliti and the mouth of the Mosoni-Danube - the forests on the floodplain wil1 
remain in their present state. In the littoral zone - 10% of the area, 400 ha -there is need to change the 
stand. This means additional costs, Further 447 ha of temporarily used forest area will be recultivated on 
the expenses of the construction. The plans foreseen to the careful protection of the wood during the 
construction period too. 

- For the protection of the environmental and natural values cooperating with the cechnical solution 
of the GNBS the Asv&ny tnbutary system and the park of the Hédervar Castle can be supplied with water. 
The protection of some natural and cultural heritage of Esztergom will improve through the improved 
flood protection safety. 

- Because of the enviromentai impacts the basic parameters of the energy production of the GNBS 
laid down in the Intergovernmental Treaty does not have to be changed. 

- The use of the embankrnent along the Moson-Danube will be reduced caused by the peak load 
time operation which urge solution for the canalization and wastewater treatment at GyOr being necessaq 
for a long tirne already. 

- The safety of the main transportation lines and railroads will increase. The shallows hampering 
the navigation with Iarge barges ktwwn Budapest and Bratislava (Domos rock chreshald, httlenecks in 
the Szigetkoz area, shallows) will cease to exist. The bridge for public use over the Nagymaros Barrage 
might help to distribute the recreational traffic more hornogenously. The regulation of the traffic on the 
bridge has to be subject of trafic-regulation policy reasoning. 

- New - increasing the variety of choices - possibilities for recreation, water sports and tourism wiIl 
emerge in the Szigetkoz, NeszmCly, Esztergom, Pilisrnarbt, Domos and Visegrad area. At Nagymaros 
the possibility to use the embankment will decrease because of the waiting zone to the slriice. 



The impact balance does not contain the following: 

- the original and up-10-dated protection constructions of the Joint Contractual Plan, the technicd 
rneasures to ensure the conservation and the maintenance of operational level and their costs since the 
Plan contains them originally; 

- the positive environmental impacts of water borne enetgy production compared to others (mining, 
cransportation, air pollution and disposal of dangerous wastes, e.g.); 

- swings of energy and its environmental advantages resulted in transportation which might ix re- 
routed to navigation routes. @ 

The environmental requirements were kept in mind continuously during the design proçess and its 
updating. The additional cost emerging from the suggestions of the Impact Assessment's ~ s u l t s  as 
modifications of plans, new establishments is 580-600 million Hungarian forints compared to the 
originally considered invesbnent costs which is nearly 2%. 

The additional constructions and technical measures in favour of environment protection has to be 
considered in the plans of the Barrage System, in case of joint constructions with the Czech-slovakian 
partners it has to be reconciled. The further utilization of the potential advantages will be accounted up 
to the effective beneficiaries. I 

V. Further tasks 

It is primary among the further tasks that the observations and research on the areas and phenomenons 
identified in the Environmental Impact Assessment has to be continued. 

In the first place integrating the present observation network into the environmental monitoring systern 
has to be accomplished. The monitoring system has to be developed as a basic tool for the resolution of 
the tasks during the operation - including the recording of data necessary to intervene in favour of the 
environment. In order to achieve that the impacts of the GNBS in the region will be differentiated ftom 
the other impacts in effect and for the availability of reference data of the main phenomenons for suitable 
long interval for the observations in the frame of the monitoring systern has to start at least 3 years before 
the GNBS steps into operation., 

The division of tasks has to be decided in cooperation of the relevant ministries for the completion and 
the observations of the monitoring system. 

The Environmental Impact Assessment has to be updated on the based on the data of the monitoring 
systern, further examinations and results of research. 

There has to be a plan e'laborated for the research activities to terminate or to be continued after the 
Barrage System is put into operation nccording to the resolution of the Economic Cornmittee May 1984. 
For the main directions of the necessary further research the Impact Assessment gives the following 
recommendations. 

The following has to be continued: 

- the quality control of the surface water with special respect to its hydmbiological aspects; 

- research of the heat balance; 

- evaluation of the sedirnentation processes and ice conditions with special regard to their water 
quality and biological impacts; 

- examination of the bank fiItered water basis and its quality aspects; 

- measurement of the groundwater rnovernents; 



- examination of the structural stability of the biotopes in the water; 

- mixing pkcedures of the water poIluting rnaterials. 

To prepare ground for the decisions the following connected development strategies are suggested for 
elaboration (or further planning) by the study: 

- regional devetopment, within this preparation of decisions on tourism and recreation; 

- evaluation of relation to the devetopment of transportation (roads, harbours, roIe of Nagymaros 
bridge, e.g.); 

- development of strategies for the operation of fams and land reclamation strategy in the Szigetkoz 
region; 

- formulation of further environmental protection and development possibilities. 

To elaborate the above is in the cornpetençy of the branches of national economy involved. 

VI. Standpoint 

The final conclusion of the Impact Assessment is, that the Gabcikovo-Nagymaros Barrage System, fitting 
into the natural-economic surrounding of the region in h m o n y ,  can 6e accomplished according to the 
syskm of requirements set forward by the resolution No. 3/1983 of OKTT, the interna1 resolution of the 
HAS and the pIenary session of the OMFB. 

One of the basic conditions to pua the Barrage System into operation is that until the start of operation the 
establishments which are io compensate or to ease the harmful impacts - envisaged by the Impact 
Assessment - has ta be constnicted. Abandoning or delaying them increase the risk of the realized 
environmental impacts, even may lead to inevitable environmental impacts or production losses. 

During the operation of the Barrage System those measures has to k favoured which serve the 
management and the prevention of symptoms jeopardize the environment. 

With this the complex Environmental Impact Assessment of the GNBS is compIeted. The continuous 
maintenance and bringing up-to-date serves exclusively the accomplishrnent of the construction plans 
and their environmentally detailed design. 

We can condude, that in our country there has never been such a multifold and complex preliminary 
investigation cmied out to any giant state investment. From scientific and rnethodological standpoint it 
can be used as a prototype for the Environmental Impact Assessments included in the Governmental 
Decree 4611984 (dated 6 November). For the accomp1ishrnent of the further investigations, planning, 
execution and operation tasks the cooperation of the state departments involved has to be provided. 

Budapest July 1985. ' 



Appendix 1. 

additional costs of abatements for environmental impacts surpassing the 
base investment 

Unit quan- Costs Costs 
cost  tity i n  rounded 

million up to 
HUF million 

HUF 

1. Szigetkoz infiltration 
channel 

1. E a r t h  work, excavation of 
the open channela, 
r econs t ruc t ion ,  reshaping 
with t h e  formulation of 
the slope of e m b a n h e n t ,  
bank p r o t e c t i o n  a n d  
maintenance roads, 
complete 3500 31 km 108.5 

Ft /m 

2. Construction of structures 3800 3300 
out of stone, concrete and ~ t / r n ~  of m3 of 
reinforced concret@ air air 
together with the site 
preparation, complete 

3 .  Installation, energy 
çupply,  illumination, 
signalling apparatus etc., 
complete 

2 .  Drainage canal SzBny-FüzitB 

1. Earth work, with 
e x c a v a t i o n  of t h e  open  
channel, embankment 
protection, flood 
protection dikes, 
maintenance roads, 
c o m p l e t e  

2 .  C o n s t r u c t i o n  of structures 
eut of stone, and 
reinforced concrete 
togethex w i t h  the s i t e  
p r e p a r a t i o n ,  complete 

3. Installation energy 
complete 

3 .  Protection works for the 
waterworks, Koppdnyrnonostor 

1. Earth work, w i t h  t h e  
neceasary service roads 
and seepage system, 
complete 

3000 3500 m3 10,s 
~ t / r n '  of of air 

a i r  



Unit quan- C o n t s  Coets 
c o s t  tity i n  rounded 

m i l l i a n  up to 
HUF million 

HUF 

2.  S t o n e  pavement, bed 900~t/ 50 000 45. O 
r e l o c a t i o n s ,  stone m3 m3 
s t a b i l i z a t i o n  

3.  C o n s t r u c t i o n  of structures 10 000 1200 m3 
with steel structures and I?t/m3 of af air 
purnp i n s t a l l a t i o n ,  a i r  
comple t e  

4 .  Installation 

4. Relocation of duck farm at 
Neszmely 

Dernol i t ion ,  l i q u i d a t i o n  

Provision of area ( p u r c h a s e ,  
expropriation) 

N e w  b u i l d i n g s  

Ha tch ing ,  egg-packer, hyg iene  

Water  s u p p l y  

Opera t ion  

Solution for t h e  wastewater 
t r e a t m e n t  

Transport and others 

5. Relocation of cattle farm at 
Pilismarot 

Dernol i t ion ,  l i q u i d a t i o n  

N e w  b u i l d i n g s  

Management building 

U t i l i t i e ç  

Operation 

Road, trançportation 

Otherç ( r e G c a t i o n ,  haulage ) 

6 .  Szigetkoz, f l o o d p l a i n  
forest,  replacement of stand 
i n  t h e  embankment zone, 
c u t t i n g  off, sale 

P l a n t a t i o n  of new s t a n d  and 4000 400 ha 16.0 16.00 
maintenance until firat Ft/ha 
harvest 



U n i t  quan- C o ~ t s  C o s t s  
cost t i t y  in rounded 

million up to 
BWF million 

HUF 

7 .  Freshwater supply fo r  the 
Asvany tributary system 

1. E a r t h  work w i t h  25  000 500 m 1 2 . 5  
p r e p a r a t i o n  of t h e  open Ft /m 
c h a n n e l  w i t h  bank 
protection, service roads,  
comple t e  

2 .  E a r t h  work a t  t h e  d r e d g i n g  300 300 000 90. O 
of b r a n c h e s  with disposal F t  /m3 m 3  
of s o i 1  w i t h  t h e  necessary 
embankment and bed 
stabilization, complete 

3 .  Structure for  t h e  water 7000 F t /  2200 m3 15.4 
i n t a k e  w i t h  the site m3 of a i r  of a i r  
preparation, complete 

8 .  Prepa ra t i on  of embankment 
zone at Neszrnély 

E a r t h  work at t e r r a i n  285 F t /  140  000 39.9 
smoothing  w i t h  e x c a v a t i o n  from rn3 m3 
under w a t e r ,  embankment 
protection, complete 

9 .  Dredging of the Kortvélyes 
Danube b ranch  a t  T k t  

E a r t h  wark at dredging, 300 Ft/ 100 000 30. 0 
deposition w i t h  secultivation, m3 m3 
complete 

T o t a l  
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tenefal  layout of the uppar Danubc projtct 
-- - 

Figure 1. General Layout of the Upper Danube Project 
(Reprinted from Gabcik~vo-Narivrnar~s: Environment and River Dams; 
Edited by lmre Dosztanyi, 1987). 



In October 1988, a team of ten American scientists, engineers, and planners traveled 
to Hungary to review and evaluate the Gabcikove-Nagymaroç Barrage (GNB) project. 
Through conversations with government ofkials, Hungarian Acaderny of Sciences 
personnel, and scientistç, the team prepared both general policy recommendatians 
and specific mitigating measureç to address environmental damages the project 
might cause. 

The concept !or a large international barrage project along thiç stretch of the Danube 
dates back to the 1950s. The decision to build the GNB system was forrnaiized in 
1977, when Hungary and Czechoslovakia signed an agreement aimed at improving 
navigation on the Danube and generating hydroelectic power. The scheme involves 
the creation of three dams and alteration of some 190 km of river. The first dam wilI 
create a large çtorage resenioir pt Dunakiliti, east of Bratislava. Below this reservoir, a 
concrete canal, 15 rn deep and 750 m wide, will divert nearly al1 of this water away 
from the Old Danube streambed for a distance of approximately 32 km. A second 
dam at Gabcikovo will create a 21 m drop where turbines will generate peak-load 
eriergy. The canal rejoins the original river channel about 8 km beIow Gabcikovo. 
The third dam at Nagymaros, some 200 km downstream, will çontain the water 
surges emitted at Gabcikovo and generate additional hydroelectric power through an 
8 m drop. The three dams repreçent two different modes of operation: the Dunakiliti 
and Gabcikovo dams will be operated to meet peak demand; the Nagymaros dam 
wilt be continuously operated. Thus, over the daily cycle, water will be çtored behind 
the first two dams to be released during periods of peak demand. 

Our team was invited by INFORT (INFORMACIOS RENDSZER TECHNIKA) to provide 
advice Zo the Government of Hungary and the Hungarian Water Industry on strategies 
for the mitigation of potential environmental impacts of the GNB project. The agreed- 
upon scope of work did not include a reconsideration of the decision, made just prior 
to our ariival, to proceed with construction of the project. We alsa did not attempt to 
evaluate the cost-benefit analyses completed by the Hungarian g~vernment, nor did 
we address the political issues involved in Flungary'ç decision to proceed; in neither 
case did we have adequate information to undertake such an analysis. Given the 
team's mandate and expertise, and the short duration of our field studies, our 
research and findings focus on some of the major environmental and social impacts 
that could result frorn the Barrage project. lt presents recommended actions for 
reducing detrimentai impacts, as well as for enhancing the potential economic 
development opportunities the project has to offer. The following discusçion of the 
GNB project and recommendationç for rnitigating adverse envirunmental impacts 
shauld, in no way, be interpreted as support for its irnplemenfation. 



Over the paçt few years, a growing number of issues concerning the environmental, 
social, and economi. consequences of the GNB project have surfaceci. In the 
course of our brief 3tay we reviewed availabte documents pertaining to the project, 
interviewed key project officialç, scientistç, and other concerned parties, and visited 
bath the Dunakiliti and Nagymaros sites. From this information, and the team's 
experience in engineering and resource management, we believe that effective'steps 
can be taken to addresç some of the major concerns over environmental 
degradation. Although a great deal of construction has already taken place, and key 
structures are nearing completion, flexibility in project design and operation will permit 
mitigation of çome adverse environmental impacts, provided that this flexibility is used 
to address the identified resource issues. In so doing, Hungary can better obtain the 
navigational, hydroelectric, and economic benefits expected of this project, while 
lessening many of the project's adverse impacts. 

In reviewing the project and information gathered during our visit, we feel it is 
essential that four conditions be met nrior to putting the system in operation: 

O installation of a rnonitorins svstern to track water quality, at Ieast five years 
prior to barrage operation, to create a baseline set of data; 

o develdpment of a 3-dimensional cornputer modelino çvstem to better 
understand the complex operation of the river system, such as the movement 
of,pollutants to, and within, the groundwater; 

s establishment of a Geo~racihic Information Svstern to integrzte the 
data collecteci from the monitoring and modeling systerns, and to facilitate 
spatial evaluation of the potential consequences of the project; and 

O fQrmation of an indeoendent water authority (the proposed Gabcikovo- 
Nagymaros Environmentrl Commission) to evaluate end comment on 
decisions made about the project, and to serve as a public forum for 
information dissemination and exchange. 

Each of these ideas is discussed in greater detail later in this report. Only rhrough 
theit irnplementation, however, will Hungary make steps towards balancino the 
potential benefits of the GNB project ivith mitigating the adverse environmental 
impacts that may result from project construction and operation. 



II. Potential Benefits of the Gabcikovo-Nagyrnaros Barrage Project 

The GNB project iç projected by the Government to produce three main benefits for 
Hungary: improved river navigation, electric power generation, and ftood control. The 
lower dam will also serve as a important highway bridge linking Nagymaros and 
Visegrad. 

Navigation: At present, navigation along this stretch of the Danube is restricted, 
especially in the region between Bratislava and Komarov, due to shifting sandbanks. 
Low water in late summer and fall further lirnits ship passage. The Gabcikovo- 
Nagyrnaros project will create a 22 km long channel permitting deep water navigation 
50 Bratislava. According to Hungarian reports, this will extend the annual navigation 
period by 40 percent, tripling cargo trafic on the Danube. The value of this to 
Hungary, howevet, will depend on the development of a Hungarian shipping industv 
and trade connections witti the West, which will require major additional investments 
of time and money. Atthough F-lungary currently accounts for only 9 percent of all 
shipping on the Danube, the eventual opening of the Rhine-Main-Danube canal could 
benefit Hunparian shipping since water transport is considered a cost-effective means 
of rnoving industrial products. 

Elecfrical Output: The iwo power plants in the system--at Gabcikovo and 
Nagymaros--are expected to produce an average of 3,675 GWh annually. 
Czechosiovakia and Hungary will share equally in the output from Gabcikovo; at 
Nagymaros, Hungary wiH export approxirnately 1,200 GWh per year for 20 years to 
Austria a- reimbursernent for its financial assistance in building this barrage. The 
buik of the power received by Hungary will be delivered during peak load periods; 
thus it will be more valuable than the base load power Hungary will deliver lo Austria. 
Beginning in the year 2015 when deliveries to Austria end, the completed system is 
expected to provide 2 to 3 percent of Hungary's energy needs. Although this is 0nIy 
a small percentage of Hungary'ç power requirernents, the project could facilitate 
Hungary's connection to the international energy grid. 

Flood Controt: Flooding occurs regularly on some of the flat reaches of the 
Danube, especially in the Szigetkoz region which waç devastated by a severe flood in 
19%. Most areas through the reach of the project are currently protected by a 
system of dikes.. However, the continuouç build-up of the Danube bed through sift 
deposition reduces the safety of the existing dike çystem. The new dikes to be built 
as part of the GNB project, with 2 meterç of freeboard, are projected to increaçe 
flood protection and represent subçtantial coçt savings from prevented flood damage. 
In addition, a thorough inspection and analysis of al1 the dikes rnay assure residents 
and shipping interests of their safeQ hnd ability to withstand surgeç created by peak 
power operation at the Gabcikovo station. 



In addition fo these three goals, regional economic development offers Hungary the 
potential to realize significanf secondary benefits from the project. These are benefits 
that could be realized from the variety of economic activities stirnulated or induced by 
the preçence of the project. Although realization of the full potential of theçe 
 seconda^ benefits rnay sequire additional capital investment, the net advantages to 
be gained will contribute subçtantially to the financial success of the project and to 
the Barrage system's true value to Hungary. 

The econornic development opportunities that rnay be realized from the Gabcikovo- 
Nagyrnaros Barrage çystem fall into three major categories: ports and ship building; 
water-related industries; and recreation and tourism. 

Ports and Ship Building: The projected increase in river trafic from improved 
navigatior! will generate a variety of economic develepment opportunities. Komarom 
and Esztergom have the potential to becorne river ports where prodiucts can be 
assembled from the interior, stored, and shipped out on barges to other Hungarian 
cities, as well as to international destinations. Equally important may be the off- 
loading and regional distribution functionç that these port citieç çould perform. 
Servicing the barge fleets and tug boats with supplies, fuel, labor, and repairs could 
a h  become important lucal industries. Ship building is a Iogical extension of the 
port's service functions. AI1 these activities could generate jobs and incorne for local 
residents, as well as enhance the regional economy. 

Water-related Industries: New industrial uses tied to ports on the Danube are 
possible. lndustrial opportunities may be Iinked with the comparative transportation 
advantages of newly-developed ports. For some businesses, access to improved 
navigation capacity on the Danube rnay be a critical locational determinant. In other 
cases, the availability of a permanent pool behind the Nagymaros dam will stabilize 
water deptH thereby enabling large water-using industries to operate in this region. 
(ln either case, improved water quality may still remain a limiting factor.) lndustrial 
opportunities could be related to focal resources--food processing, for example--or be 
entirely new to the region, supportable upon completion of the entire project as bulk 
materials could be shipped in cheaply for processing and distribution on the river or 
by land. 

Recreation and Tourisrn: The greatest--and, at present, seemingly unrealiaed- 
Oppportunity inherent in the Barrage system is for expanded recreation and tourism. 
me Danube west of the Bend is now used predominantly by lacal residents and 
hosts few formal recreational facilities. lmproved benefits (including lake formation) 
from this project would require the inclusion of recreational uses as one cornpunent 
in the Barrage Project's overell plans: Access to the river and newly-formed lakes for 
swimming, camping, fishing, and boating, as well as çteps to improve water quality, 
should be formalized in local and national plans. The experience at Cake Balaton 
provides some rneasure of the potential human and economic benefits that could 
accrue from such action. 



Tourism is one of Hungary's largest industries and the attractive power of the Danube 
and its history is widely recognized. The towrist benefits.could be facused at strategic 
points sgch as dams and lockç, power houses, and lake-side visitor centers. 
Experience at the Tennessee Valley Authority (TVA] in the southeastern United States 
indicates touristç are interested in understanding the dam facility, how it operates, 
and how it waç built, as well as enjoying the scenic and Iakeshore opportunities.it 
presents. In addition to parks, camp sites, rental çabins, and marinas that serve 
mainly local residents, the major dams within TVA have observation areas where 
visitors çan watch the locking-through of boats. Visitor Centers sffer interpretative 
material regarding the engineering and operaiion of the entire wateway, including 
tours of the waterhouse and how electricity is made. Each year sver 6 million people 
visit TVA's dams, which, in turn, has generated the need for tourist support facilities 
avd services. The economic benefitç captured by these types of tourist services 
could be projected for the barrages at Dunakiliti, Gabcikovo, and Nagyrnaros. 



111. Costs and Impacts of the Barrage System 

The potential benefits and economic development opportunitieç offered by the 
Gabcikovo-Nagymaros system are balanced by serious concerns over the ecological 
impacts that are also likely to result. Foremost among these is the potential for 
darnaging the Little Hungarian Plain aquifer, as well as municipal water supplies for 
Budapest and dozens of small villages perched along the Danube. The destruction 
of çignificant a$haeofogiçal and cultural resources, and disrupiion of large expanses 
of floodplain habitat and asçociated fisheries, are also major threats. 

The recommendations listed below outline potential prablems and how çome of these 
rnay be mitigated. 

Recornmendation #1: Establishment of a new Gabcikovo-Nagymaros 
Environmental Commission 

We believe,th% government can increase confidence in protective rneaçureis favoring 
the environment by creating a special Gabcikovo-Nagymaros Environmental 
Commission to advise the operating company and the government about matters 
invoiving the monitoring of environmental impacts and the implementation of 
mitigation measures required to offset adverse impacts during project construction 
and operation. Such an advisory body, to be effective, must represent the full range 
of envirowental concerns affected by the project, and must have free access to 
knowledgeable perçons and data in the custody of ths government and the operating 
entity. It must be appointed by a Ministry-level official, have clearly-defined 
responçibilities and authorities, and have a small staff that is technically qualified in 
both environmental science and engineering. The Commission should report 2t 
regular intervals to government officiais and the Parliament and çhould conduct 
periodic public hearings to transmit information and receive public comment. An 
important function will be to serve as a forum for public input and information 
dispersal. 



Recommendation #2: Project Control, Monitoring Systems, and Planning 

To achieve Hungary'ç environmental protection goals for the Danube basin, a 
management information system, including a Geographic Information System, is 
needed to organize and facilitate analysis of data currentiy available, and to 
incorporate new basefirie environmental information (such as groundwater and ' 
ecologiçal data), derived from monitoring operations. Without such a system it will be 
dificuit, if not impossible, to accurately track environmental degradation. mis only 
highlights the necessity of having monitoring programs in place to start-up of 
the system to provide baseline information, 

This information management system should consiçt of three components: 

o a cornputerized Geoaranhic Information Svstern (GIS) for the storage, 
manipulation, analysis, and display of spatial data, including data acquired 
through remote sençing/aerial photography. This system will also facilitate 
the study of land-use change throughout the region. A GIS would integraie, 
and provide access to, al1 environmental and spatial data needed to make the 
most efficient use of the barrage system, while protecting import~nt natural 
and cultural resources. 

The G e  of a computerized information system could aid the proposed 
Gabcikovo-Nagymaros Environmental Commission and other decision-rnakers 
in developing the comprehensive data base needed to evaluate potential 
envirbnmentai rnitigation measures, and in facilitating the planning of 
economiç development and tourist/recreation projects along the Danube 
Corridor. In the next few decades the Gabcikovo-Nagymaros project will 
provide Hungary with opportunities and dilemmas; an ongoing planning effort 
is ,needed tu optimize the secondary effects--positive and negaiive--on the 
Danube corridor. GIS is the most efficient tool available today to zid planners 
and designers in rhis effort. 

GIS-baçed planning is valuable on several fronts: 

o It can store al1 relevant information in a data base for easy 
retrieval, manipulation, and updating. During our review in Budapest we 
found the rnajority of specialists had prepared their own maps for their 
particular disciplines. They had Iimited access to the entire matrix of 
spatial data needed to evaluate a project of this magnitude. 

0 Cornputerization using a GIS provides ready access to a comprehensive 
database for analysis of individual maps at any scale. More importantly, if 
located in a network, ail users can have access to the entire data base. 

0 Cornputer-aided planning and management has the potentiai of irnproving 
communication amang engineers, scientists, planners, government 
officiais, and the general public. The cornputer's ability to generaie 



alternate plans quickly means a number of scenarios can be examined; 
thus it can aid in'the evaluation pcocess of finding the most feasible and 
the moçt publicly acceptable alternatives, and involving irnpacted 
communities in the decision-making process. 

During our trip we Iearned that INFORT recently acquired a GIS package 
(ARC-INFO) on a PC workçtation, giving it acceçs tçi the iatest technology 
to conduct cornputer-assisted planning for environmental rnitigation and 
economic development. The "user-friendly" nature of this system will also 
facilitate technology transfer with the West. In short, given the current 
status of cornputerization of spatial data and planning worldwide, and the 
preçent capabilities of INFORT (and some state universities), Hungary 
should use this technology to conduct cornputer-assisted planning for 
environmental rnitigation and eçonomiç development. The 
cornprehensive planning needs associated with the G N B  system make it 
an ideal candidate for implementation of a GIS-based planning and 
management program. 

o a scientific rnonit~rinq systern with check stâtions et numerous sites to detect 
changes in river and groundwater quality, anaerobic conditions, and the like, 
factors that senie as a warning that the system is not working and that 
reSources rnay be threatened. It is the team's understanding that the 
governrnent agreed several years ago with scientists' recommendations to 
install'a system to monitor wcter quality at least five years prior to the system 
becorning operatianal in order to generate baseline monitoring constants, and 
we firmly believe this agreement should be faithfully carried out. 

O an integrated modelins svstem employing the latest avaiiable technology to 
store and process data from the monitoring stations, and other information. 
This system should be able to run advanced simulation modeils reflecting river 
flows, contaminant dispersion, sediment transport, groundwater flows, and the 
like, to provide a belter understanding of the impacts from the barrage 
operation. Such a system could, for example, address conflicting views over 
the engineering suitability of the Nagyrnaros site for hydroelectric power 
generation. Existing engineering reports indicate tliat th;c is considered the 
optimum site to achieve maximum energy gain and navigatron at the Ieast 
cost. However, Viktor Romanenko of the Ukranian Academy of Sciences, 
recently noted that newly-available data from Soviet rivers show that large 
dams on rivers in flat terrain are darnaging and unlikely te rneet their costs in 
electrical output. Simulation rnodels might be used to clarify the necessary 
conditions for balancing energy production with resource protection. 



Recommendatlon #3: Water Pollution Control and Water Supply Protection 

The damming of a river has a pcofound effect on nearly al1 aspects of water quality, 
and çonçequently on the ecology of the riverine flora and fauna and on human use of 
the resource. The Danube iç currently plagued with serious industrial and domestic 
waste problems, especiaily as it flowç east from the Crechoslovakian border. Major 
contaminants include municipal sewage, heaw metals, nutrients, oil, chemicals, and 
paper miil wastes. Estirnates are that 2 million tons of wastes are generated annually. 
The primary sources of pollution are discharges from Bratislava and several other 
Czechoslovakian citieç bordering major tributaries; at present, lesç than ka~f of 
Bratislava's industrial or househoid wastes receive any treatment, and just over 2 
percent is considered "pure" upon release. In Hungary, five cities have been 
identified as major waste outfalls, notably Gyor. Another trouble spot wjll be the Old 
Danube channel, where river flow will be so reduced because of the canal diversion, 
that wastewater will compose a majority of the river's flow. 

Contamination poses a çerious threat to municipal water supplies throughout Ehe 
Danube Corridor, Although the construction and operation of dams at Dunakiliti, 
Gabcikovo, and Nagymaroç may exacerbate water quality problems, it iç clear that 
the dam system is nèither the cause of, nor the solution to, the River's pollution 
problems. Thuç, a top priarity muçt be reduction of the total polluiant load entering 
the Danube. Municipalities must achieve iecondary treatment of waçtewaters 
(removal of çolidç and biological treatment ta cixidize organic compounds io inorganic 

1 cornpounds), while industrial wastes should be treated at the "best practiczble" level 
given available technology. Modeling studies could play a fundamental role here in 
evaluating the benefits of tertiary treatment for nutrient removal, or in evaluating the 
healtfi hazards poçed by particular wastes. Industrial and municipal sewage 
treatment facilities in Czechoslovakia and Hungary, both upstream from and within 
the projeet area, should be constructed on an accelerated schedule, designed to 
abate contamination to the lowest possible levels. Cornpletion and operation of dam 
facilities should be linked to major progress in developing upstrearn wastewater 
treatment works. The recent announcernent by the Çzechoslovakian government 
that it has no rnoney for sewage treatrnent only highlights the need for the Hungarian 
governrnent to consider this a mandatorv nrere~biiçite prior to the syçtem becaming 
operational. The potential threat of contaminating its groundwater resources and 
municipal water supplies is too great a risk not ta take action. 

Other water qualiiy issues rnay ariçe from impoundment behind the Dunakiliii and 
Nagymaros barrages. Flattening of tributary stream gradients will reduce energy in 
these streams and increase their rate of sediment deposition. Nutrient concentration 
behind the dams rnay lead to algal bloomç and other eutrophication problems. 
lmpoundment would irnprove water clarity through sedimentation, although the short 
residence time for water in the reservoirs may well be inçufficient for blooms to 
develop. The clearer water will, in turn, have an increased capacity to erode the fiver 
bed downstream, pesçibly leading f$ a deepening of the channel. The stated plan 
rapidfy draw down the resewoir under conditions of algal bloom (which assumes 
surface wjthdrawal) is contradietory to efficient operation for peaking power and 



consequently may not be practiced; it also has great potential to expose hypolimnetic 
waters. lrnproved clarity in waters flowing downstream may abo increase algal 
productivity in these waters, especially in relatively stagnant areas such as around the 
diversion dike at Dunakiliti. Mitigafion through increased fiow through this region 
would mosi likeIy be needed during the summer. mis wiiu!el also augment the flow 
of water into the Old Danube channel, a desirable feature for rnaintaining the 
floodplain ecosystem (see Recommendation f4). 

Concerns have been expressed that heavy metals and other pullutanis now carried 
downstream and sornewhai diluted by the river, will settle in the reservoirs, and are 
likely to seep down and enter the groundwater. Deveiopment of an anaerobic layer 
at the reservoir bottom will allow heavy rnetalç to dissohe from deposited particies, 
increasing the'likelihood of groundwater contamination. Beneath Bratislcva cind the 
reservoir at Dunakiliti lies one of central Europe's largest aquifers--a 59 km tvide 
grave1 belt containing I O  to 14 billion liters of pure water, enough ta supply 3 to 5 
million people per day. It is also the moçt significant source of groundwcter in 
Hungary and a back-up water supply for Budapest, should itç weils be damîged by 
excessive dredging or contamination. Clezrly the Little Hungarian Aquifer 1s c 
resource of regianal signiiicance. Alre~dy the southern pari of the aquiier hzs been 
damaged by tailings from bauxite mining. Concerns have been express~d thât the 
raised kvater sorface in this reach will only increase pollutant inflow into  in^ zqui f~r .  
Studies a l  vi.@nals Ecalogy lnstitute conducled on srnall artincial lakes on the 
Danube in,AOçtria suggest t h ~ t  3 to 4 million mJ of sediment will be depoçited 
annually in the Dunakiliti; this materizl, laced with heavy metals and bacteriz frarn 
contamination upstream, will eventually perçolate into the natural aquifer, csusing 
serious, possibly irreversible, contamination problems. 

The same concerns apply ct N~gymaros, where the pollutant load of the D ~ n u b e  is 
eleveted "by incoming wct~r  from polluted tributaries. The reduced flow wiil ~lloi.4 
pollutants to settle on the riverbed anu seep into the underlying aquifer. In thjs E r E 2 ,  
concern oves Budapest's water supply is of u tmost importance. 

A detailed three-dimensions1 cornputer graundwater mode1 is needed to b ~ i i e r  
understand the potential for damqe here. Such a madel could reflect the various 
contaminants that rnight occur in the reservoir and, with reasanable cccurzcy, shor+l 
the dispersion of pollutants 2nd their concentrations at various points downçtrecm in 
the groundwater. Development of a rnodeling system based on measured orgznic 
loads, expected residence time,'cnd water circulation patterns, should permit 
reasonable approximation of dissolved oxygen concentrations in reçervoir bottom 
waters. Afer reservoir fillino, dissolved oxYgen should be monitared routinely, 
especially during the çumrner months. Eminent loçs of al1 dissolved oxygen in 
bottom waters can be mitigated by small releases at the dam bottom into the Old 
Danube channel; these releases shouid be mixed with surface water to avoid 
deoqgenation of downstream water, Such a mode!, combined with monitoring 
groundwater levels and quality at a humber of points, could be used as a 
management tool to frack and characterize contamination. 



I f  groundwater c~nlarnination is occurring, two major avenues for mitigation exist. 
One would be treatment of water drawn from the aquifer to the extent needed for the 
purposes of the withdrawal. The other is increased treatment at the pollutants' 
source. In the short term it may be less expensive to simply cleanse waters as they 
are withdrawn from the aquifer. However, the cost of long-term degradation of the 
groundwater rnay be very high, particularly if pollutants enter the aquifer which are 
not amenable to treatment. This points to the neceçsity of establishing a monitoring 
system ririor to operation of the systern to be able to monitor the preçent and future 
groundwater quality. 

A third water quality issue is the potential contamination of bank-filtered wells. It has 
been estimated th& 45 percent of Hungay's drinking water is derived from water 
filtered by sands and gravel along the bank and bottom of the Danube. This is an 
especially seriows concern for the city of Budapest, whose municipal wellç are fed 
through bank infiltration. 8ank infiltration depends on both a high concentration of 
oxygen and a low concentration of organic matter; the relative concentration of these 
wilf be reversed by the canal and dam operations. In the past, fine sediments were 
replaced by normal river flow; the dams \vil1 deprive the river beds of these fine- 
grained çedimentç, preventing re-establishment of the naturd river bottom filter zone. 
This, in turn, will cause a half-meter average drop in the river surface, reducing water 

, supplies from hank infiltration wells. 

Dredging 10 jrnprove the navigation channel will also damage the existing filter layer, 
allowing pollutants to enter nearby water supplies. Already small increases in 
contaminants have been noticed since dredging began in the stretch below 
Budapest. The thick bottom layer of gravel provides important filtering and biological 
treatment of river water. Psesent dredging operations remove the gravel but sirnply 
disturb the silt and 'displace it downstrsam. Dam construction, however, will 
necessitate further dredging to irnprove navigation below ~agymaros and to increase 
the dam head. No dredging çhouid be perrnifled until a detailed investigation of 
groundwater contaminant flow is conducted to set rational limits on gravel rernoval. 

After dam construction it will be necessary to remove silt collected above the dams. 
Techniques should be used to remove the silt--but not the gravel--to a s ~ c u r e d  
sludge repository where contamination of water supplies cannot accur. Current 
estimates are that the Nagymaros dam vil1 need dredging every 10 to 15 years. 
Upstream pollution abatement will rninirnize the need for careful disposal of dredged 
silt. In addition, deposition of river gravel should be monitored and rernoval lirnited to 
the arnount deposited in the same period; additional gravel removal will only lower 
the watertable and increase the poçsibility of contamination breakthrough. Mitigation 
couid involve a halt to incfeased dredging operations, although this would reduce 
navigation depth in this reach and somewhat lower the electric power output at 
Nagyrnaros. Alternatively, well water could be treated before distribution into 
Budapest, with the asçociated increase in costs. 



Recommendation #4: Old Danube Channel-Szigetkoz Ecosystem Protection 

For a 130 km stretch of the Danube between the Dunakiliti barrage and Kornaron, 
over 97 percent of the river3 saturai flow wilt be diveried into the power canal. The 
ecological consequences of this diversion witl require sensitive management. Areas 
affected will include the riverine forest between Bratislava and Komarom, wetlandç of 
international importance, fisheries, agricultural lands, and the peatlands south of 
Moson-Nagymaros. Direct impacts wPI result from barrage and dike construction, 
fiooding and disposal of dredged material, and construction of new reçidentiab 
recreation areas. Indirect impacts include changes in surface and çub-surface 
hydrology due to impoundment upstream, and diversion of surface water flows. 

1. Riverine Forest: The riverine forest between Bratislava and Komarom consists of 
four major tree asçociations: Saliçi-Ponuleturn, Fraxino-Ulmeturn, Ulmo-Fraxinetum, 
and Crataesus danubiale. One of the most productive forests in fhis part of Europe, 
it supports an especially wide variety of bird life. Of the 60 species which nest there, 
25 are considered to be rare or declining. The most extensive direct impact on the 
riverine foreçt appears to be construction at Dunakiliti, and the forest clearing 
neceçsary to create the seçervoir pool. Other direct impacts will result from 
construction of reçidential/recreation areas in the forested area directly bslow the 
Dunakiliti barrage, the construction of new dikes, and flooding at the upper end of the 
reservoir pool above the Nagymaros barrage. Published reports indicate plans to 
construcf many srnall dams among and across the oxbows and side channels that 
border both spes of the Danube between Dunakiliti and the pawer canal outlet. Their 
purpose is not clear and they will liktly adverseiy impact both terrestial and aquatic 
ecosysterns. 

Indirect impacts will reçult from reduced fiow in the Danube downstream from the 
Dunakiliti impoundment. With diversion of water inta the power canal, the existing 
Danube will be carrying, during average and low flow psriods, only the flow of the 
bulb turbine at Dunakiliti and seepage from that site. Projected river fiow will dr0p 
from 2000 m'/second to a minimum of 200 m'/second; the resulting conditions will 
simulate drought for the riverine forests, which have been shown to start to dry out et 
flow rates of 600 m'/second, sometimes with Irreverçible damage. Decline in the 
subsurface water table directly downstream from the Dunakiliti barrage to Nagyrncras 
in Hungary and Cicov in Czechoslovakia will also have.negative consequences. For 
example, the Eastern edge of the Szigetkoz below the Dunakiliti barrage and adjacent 
t0 the Danube is within the area predicted to experience a 5 to 6 meter depression in 
groundwater levels. Portions of the Szigetkoz were designated as a bandscape 
Protected Area in 1986, established to protect the characteristic landçcape of the 
floodplain. It is our understanding that an irrigation systern is planned to mitigate the 
adverse effects on groundwater depletion, but adequate information was not available 
for our team to evaluate the effectiveness of this approach. 

In the normal course of events, the rioerrne forest, oxbow lakes, and side channels 
act as sites where flood waters deposit sediment and associated nutrients on an 



annuaf basis. A portion of theçe are incorporated into the substrate of the forests 
and wetlands, taken up $y the vegetation and transformed into gases and insolubIe 
cornpounds. . ln this façhion, the riverine forests and wetlands act to maintain water 
quality in the Danube. Loss of this natural treatment means that pollutantç will more 
readily collecl in sedirnents behind the dams and require costly removal-and 
treatment-by artificial rneasures. The no-çost water treatment function wiil now be 
transferred as an expense to be met by artificial treatment plants up or downstream. 
In addition, lower fertdity due to reduced flooding in the Old Danube channel will 
prabably elirninate some tree species, with a change in forest composition toward the 
less productive forests types found on drier upland sites. Small river tributaries are 
especiaily dependent on allochthonous inputs (inputs derived from the surrounding 
watershed and not generated internally within the river) of energy and nutrients. It will 
be important to' estabiish which tree and bird species are most sensitive fo change, 
and to incorporate them as factors in a management and monitoring system. 

Mitigation of impacts on the riverine forest ecosystem will be difficult. It may be 
possible to establish some forest regeneration plots that resemble the natural 
community either in the narrower Danube floodway or on sites constructed from 
dredged material. However, it appears likely that there will be a major net loss of 
riverine forest. .Alternative sites for residential-recreation development shouid be 
selected to elirq'inate further destruction of the foreçt community. 

As much as possible, the river banks and floodplain should be managed to provide 
corridors-and travel lands for terrestial and aquatic wildlife and fish, connecting 
natural areasitogether acrsss lands used more intensively by humâns. This may be 
accomplished, in part, by restricting developrnent close to the river to these activities 
that are truly water-dependent. Boat marinas require waterfront developrnent; homes 
and shops, while they may be desirable near the water, do not have to occupy 
waterfront?locations. Greative engineering and landscaping design can aften provide 
natural corridors even where human activity is intense. 

Sensitive and complex management of water releaseç will be the most irnportznt and 
effective means to reduce adverçe impacts on the riverine forest and aquatic 
ecosystems. The Dunakiliti barrage is being constructed in a manner that will permit 
release of significant amounts of water to achieve mitigating objectives. Several 
sources of water can be managed to reduce the impa,cts: seepage canal flows, small 
turbine fluws, releases above needs for hydropower and navigation, and release of 
excessive flood flows. 3t will not be suffiçient, however, to simply release water al 
times when there happens te be flow exceeding one or two praject objectives. The 
amount of water to be released needs ta be timed in concert with the seasonal life 
cycle requirernents of the most sensitive aquatic and riverine forest species. The fact 
that there are several sources of flow suggests a greater opportunity to design 
acceptable release stsategies. To achieve this will require a timely and reliable set of 
data from monitoring points, plus an information management and modeling system 
to develop, produce, and test alternative water management options. 'Skis will need 
10 be incorparated into the daily management of the entire system from Dunakiiiti and 
Nagymaros. 



II. Wetlands of International Importance: The series of oxbow lakes and side 
channels that occur in several locations along the Czechaslovakian side of the 
Danube have beep liçted in the UNEP/IUCN (United Nations Environment 
Program/lnternational Union for the Conservation of Nature and Natural Resources) 
Directorv of Wetlands of International lmnortance in the Western PalearctEc. Included 
are the oxbow lakes and side channels ai Dedinsky ostreiv (island), Isreakov, Cicov, 
Maly ostrov, Velky Lel, and Apali. 7hese natural areas are enriched by river water 
high in calcium carbonate through periodic silt deposition during flooding. They are 
rich in game animals and are important breeding sites, especially for cormorants, 
purple heron, great white heron, pochard, and bearded tit. Assoçiated with these 
natural areas are the reserve at Zlatna nct Ostrave, protecting the rare Great Bustard, 
and the reserve near Gabcikovo protecting the threatened white-tailed sea eagle. 

These important wetlands will be directly impacted by power canal construction ct it5 
junction with the Danube (Dedinsky ostrov), construction of a new dike across the 
Iakes at Cicov, fiooding from the Nagymaros pool at Maly ostrov, 2 new dike and 
proposed recreation ere2 at Velky, and construction of a dike in the Zlatna na 
Ostrave reserve. A small reserve, comprising about one-third of the oxbow Izkes at 
Topolovec has been directly impacted by canal construction below Gabcikovo, and 
other sirnilar lakes have been irnpacted outside the resewe cs well. Tfle Gabcikovo, 
Dedinsky ostry,L' and Cicov sites are ail within the area in Czechosiov~kia thzt will 
experience grwndwater depression and associated indirect impacts. 

It should be possrble te mitigate direct impacts at some sites through re-location ef 
dikes or modification of their design. Unfortunately, our infoimation base ives 
inadequate to further examine this option. 

III. Fisheries: According to recent ELTE 1Hun~arian Aczdemy of Sciences) data, 
59 species"of fish are reporteci from the Hungarian Danube. Although detaileci 
listings were not availabie, data on the commerciîl catch indicate that it iç dorninaied 
by bream (Abramis brama dunabi), ranging from 60 percent by weight in the main 
Danube to 99 percent in the Szigetkoz (Table 1). The entire Hungaricn Denube 
provides a commercial catch of 985,306 kg of fish; of this, 14.1 percent is providsd 
by the Szigetkez region and another 2.5 percent by the Mosoni-Danube. The 
productivity of the Szigetkoz is further supported by data which indiczie it iç the 
location for 80 percent of fish spawning in the Hungarian reach of the Danube. . 

' 

Crucial to understanding the effect of barrages on the continue! existence of fish . 
species is the interretationship between water fi ow and fish biology. M a n y  speçies of 
iish require riverine flow and a sandy or gravelly substrate to succeçsfully spawn or to 
provide appropriate habitat for food resources. Of the commercial catch, 5 fish* ' 

species are strictly riverine, They comprise 64 percent of the commercial catch in the 
main river, and 93 percent and 82 percent of the commercial catch in the Szigetkoz 
and Monsoni-Danube, respectively (Table 1). These fish species will probably not 
continue to exist in areas where they are presently found i f  flow is impounded or 
drastjcally reduced. 



Table 1. PERCENT COMPOSITION OF THE COMMERCIAL FlSHERlES 

River Stretch' 

Species Name Cornmon Name 1 2 3 4 

Abramis brama danubi Bream 
Acipenser ruthenuç Sterlet 
Aspius aspius Rapfern 
Barbus barbus Barbe1 
Silurus glanis Sheatfïsh 

Total Riverine 

Anguilla anguilla European Eel 
Carassius carassius Crucian Carp 
Cyprinus carpio Cornmon Carp 
Esox lucius Cornmon Pike 
Ictalurus nebu, Channel Catfish 
Stizoçtedion luçioperca Pike-perch 
Tnca tinca , Tench 

Total Riverlne/bcustrlne 

'~nnual fish catch for last decade on: 
1. Whole Hungarian Danube Section 
2. Slovakian-Hungarian Section 
3. Szigetkoz Section 
4. Mosoni-Danube Section 

me effects of the Gabcikovo-Nagymaros project on fish species will Vary depending 
on the stretch of the river: the section that will become a reservoir above the 
Dunakiliti barrage, the Szigetkoz; and the main river below the power canal outlet. 

Dunakiliti Rese~nir :  The Dunakiliti barrage will create a 16 to 20 km long reservoir, 
holding 240 million m3 at maximum storage, with an estimated fiushing rate of 48 
hours. Maximum depth will be 16 meters above the present river depth. Because 
the reservoir oufflow will be from the surface, this depth may be sutficient for 
stratification to occur and for anaerobic conditions to develop in fhe isolated botfom 
waters, afîhough the short residence uhe of water makeç a detailed hydroiogicaf 
analysis necesçary. 



Impoundrnent .usualty results in the demise of fish species dependent on a lotic 0,- 
running water environment, and the increase-ofteri explosive in the first few pars-. 
fish species typical of lakes. Many of the most abundant species existing in the 
Danube are those able to exiçt only in flowing waters. Several species normally 
found in the Hungarian section of the Danube require sand or grave1 bottom habitat 
for spawning. Such habitat will not exist in the DunakPiti impoundment Others 
require a stable çhoreline water depth during spawning. Similarly, these species wjll 
not successfully reproduçe beçause of the large daily fluctuations in water level 
resulting from operation of the Gabcikovo power plant for peak power. In addition, 
the high rate of sediment deposition (5 to 9 cm/year) will btanket çpawning areas  th^ 
occur beidw the level of water fluctuation. The most abundant lentic or Fake fish 
species in the Danube is the carp. Interestingly, the carp is çonsidered less desirabl~ 
in the United States and the best âvailable management technique to control or 
eradicate the carp is to fluctuate the water level during the spawning season. Cleôrly, 
water level fluctuation inherent in barrage operation will have the same effect in the 
Dunakiliti Reservoir. Thus, the fishery resource in the impoundrn~nt \:,il1 be largely 
restricted to fish which may move ternporzrily downstreâm from riverine Erezs zbove 
the jesewoir, or those tvhich mây be introduced by man. 

Mitigation rneasures night include sediment control in s ~ I ~ c ; & a  p o t ~ n t i ~ i  r~senroir 
spawning areas, conversion 10 coniinuous power ~enerçt ion to zvoia wrter  1~vel 
fluctuations, oc ternporay siviiching to continuous operîtion Iouriny the mzjor 
spawning perbd. If hydiologicel modeling--or ~rnpiricai ~v id~nce!  zfitr  b ~ r r q e  
operations begin--indicsies anaero bic conditions are developing in boKom tvaiers, 
limiteci release of bottom ivaier, mixed ivith sucicient surizce wzier to i v ~ i d  dissolved 
Oxygen problems dorvnsirezrn, should be prscticed. M i t i g ~ i i v ~  m&Zsuies cênnot 
restore stricîly riverine species to this siretçh, b ~ i  âpproprizîe rnezsures should 
provide a reasoncble Iîcustrine fishery. 

Sziaetkoz Re~ion: The Szigetkoz region ~ccounts  for EO p~rcen t  of fisfi spawning 
end is home to 14.1 percent of the cornmercicl fish catch in tne Huno~r i zn  stretch of 
the  Danube. Eliminating the flow of wzier necessary t o  support the fioodoi~in 
ecosystem will undermine the productive base of the entire river. 

Functioning of the G N 6  system r ~ l i e s  art peak flow. I f  the turbines et Gzbcikovo were 
10 produce electricky constantly, the present minimum' flow through th€ Szigetkoz 
COuld be rnaintained, r~ducing whzt is çonsidered to be the most detrimental of zll 
the project's environmental effeds. Reduction in cverqe  flow will cut tp~wning 
rates; lack of recruitrnent v~lill lower standing crops of fish in the Szigetkoz 2s welf as 
in the main river channel. Water diverted thraugh the canal will mean that the normal 
river flow through the Szigetkoz, t h e  Iast remaining shallows on the Denube, will be 
reduced to approximately 1.5 to 7 percent of the present average flow. Tnere is 
SOme question as to w h e t h ~ r  this flow will be sufficient during the dry srzson 
mainlain running waier in the Szigetkoz stretch or to support populations of fi5b and 
other aquatic organisnis. Expected ilteration of the groundwater level in the region 
NiIl furfher reduce groundwater seepage supply to lower regions of the Szigetkoz, 



and because the upper groundwater layers are somewhat polluted, rnay further 
degrade water quality. 

Main River below the Power Canal, the Naavmar~s Barraqe. and Downstream: 
Below the confluence of the power canal with the Danube at Kornarom, the primary 
effect of the Dunakiiiti-Gabcikovo barrages will be to increase water depth and water 
leveJ fluctuations. To generaie peak power loads, water released through the canal 
wiH need to be 1.5 meters above its natural level. This will require the banks of the 
river as far as Nagymaros be built up to compensate for these regular surges. Not 
oniy will this interrupt the natural functioning aesthetics of the river, but the erosive 
forces of water against the river banks will result in soi1 erosion and increased siltation 
clogging the natural bank infiltration system. I f  the pulse from water released ai 
Gabcikovo can be observed 200 km downstrearn at Nagyrnaros, it is likely that the 
region just below the G~bcikovo dam will be severely impacted. Silt and grave1 will 
be depoiied downstream where the water iç suficiently slowed by the Nagymaros 
barrage. The sedirnent load, however, will only be that which occurs in the scouring 
zone immediately below the pewer canal confluence. No major impacts on the 
fisheries are expected from the operation of the Nagymaros barrage bec~use 
sediment deposition and water level fluctuation will be less than'in the  Dunakiliti 
barrage, and tije area is not considered a-prirnary spawning area. 

IV. Agriculturai Lands: The '~ittle Plain is a highly productive agricultural area, 
supporting both Iarge fagrns and smaller cooperatives. There was not sufiicisnt time 
nor information available during our trip to assess the direct efiects of flooding or 
construction on agricultural lands. Nonetheless, some important points stand out. 
.Nearly 100 square km in Hungary and Czechoçlovakia will be Iost to construction or 
inundatio~ by the GNB project; nearly 50 percent of this iç prime agricultural land. 
The canal diversion will result in a low~ring of the watertable by 5 to 6 meters, 
resulting in groundwater depression that affects area wells. This could make 
irrigation neçessary for some agricultural enterprises; while most of the Izrger farms 
are already irrigated, the Iargest threat is to the small couperative farms that provide 
the rnajority af local market produce. Since the reporteci rate at which subsurface 
water moves laterally in this region is unusually high, changes in the amount and 
quality of water entering the subsurface aquifers in this area çould have rnarked 
impacts on the future viability of fârrning. Lack of time end information prevented our 
evaluation of the proposed irrigation sysiem. 

ln addition ta areas predict~d to experience groundwater depression are those where 
groundwater levels are expected to rise due to the higher head in the reservoir pool 
above Dunakiliti. Again, insufficient tirne and information prevented us from assessing 
~ O W  this might affect fafming. Generally, wetter sites delay spring planting and rnay 
limit the growing season or types of crops grown. Construction of higher and new 
dikes along the river are designed fo brotect farmlands now subject to flooding and 
thus mitigate losses due to project construction. It will be important to assess the 
magnitude of this effect. 



V. Peatlands and the Mosoni-Danube FFows: The large aquifer under the Little 
Hungarian Plain, including Szigetkoz and the Mosoni-Danube, is one through which 
large volumes of water pass at high rates of transmissiviîy. The system discharges t~ 
the surface in the large peatlands that lie south of Mosonmagyarovar and north of the 
Hansagi canal. Ditches now drain the peatlands south to the canal and the Rabca 
River, and west to the lower Mosoni-Danube. 

An elavaied head in the Dunakliti teservoir may lead to increased surface discharge 
of groundwater at this site, increasing surface saturation over long periods. Flows in 
the drainage ditches and receiving canals and rivers would likely increase. The 
confluence of the drainage patterns appears to be located near the city of Gyor. The 
coqçequences of this event cannot be predicted with the data available in our visit, 
but the implications for area vegetation and agricullural operations need te be 
examined. Because wetlands will be lost in other regions of the project, the potential 
for using any increased discharge to restore wetlands here shouid be explored, as  a 
mitigation measure. Restoration of former wetland sites offers a much higher 
probability of success than do efforts to create replacement wetlands on sites whose 
sails were not formed under saturated conditions. 



Recommerîdatlon #S: Natural and Cultural Reçources of the Nagymaros- 
Danube Bend Region 

The natural, scenic, and hisforic resources of the Nagymaros regian are of great 
irnportance,to the Hungarian People, a national asset that cannot be expresçed in 
terms of financial worth. The Danube Bend is also one of the most important 
tourist/recreation regions in Hungary, third only after Budapeçt and Lake Balaton. Its 
prciximity to the capital city, 'magnificent scenery, and tremendous historical and 
cultural values have contributed to the present controversy aver the project, perhaps 
to a greater extent than formally recognized. This region is surrounded by the 
highest rnountains notth of Budapest, and centered within the viewçhed from the 
famous Fellegvar and Salamon Tower, There àre more archaeological sites 
concentrated in this section of the Danube than anywhere else along the river. It is 
the location of numerous artifacts from the Middle Ages and was the landscape of 
King Matyaç during the 15th century. Well before the renaissance era, this region was 
an important defense line of the Roman Empire; over twentyfour settlementi have 
been discovered which date back to Roman times. The new impoundment i: 
expected ta flood dozens of these zrchaeological sites, and alter the natural ,shoreline 
to accommodate jhe rise and fall of the reservoir. 

These resoyrce? raise many questions: Doeç the Nagymaros irnpoundment impair 
the view from'the surrounding hills? Are the archaeological sites and rernains 
invaluable resovrces, requiring iull or partial presewation? Will alteration of the 
shoreline impair present--or potential--recreationai opportunities? And perhaps most 
importantly, will the GNB project alter the quality of the region, reducing its value ta 
the Hungarian people? In western Europe, North America, and Australia, these types 
of concerns have been investigated through perception çtudies, surveys, or public 
hearings. The concern of the Hungarian people for the resources in this area 
SUggeStS such a study, perhaps under the auspices of the proposed ~nvironrnental 
Commission, is advisable here. This information would help the gavernment, the 
Cammissian, and the Hungarian Water Industry better understand the depth of public 
sentiment toward the treaçured aesthetic and cultural resources in this area, 2nd the 
importance of taking proper rnitigation rneasures. 

Protection of the natural/aesthetic and historic/cultural resources of this area could 
be accomplished through several alternatives. The most radical would be elimination 
of the Nagymaroç dam altogefher; thiç would also reduce some of the navigational 
and energy benefrts to be derived from the projecf. A second alternative would be to 
move the lower dam to Pilismarot, some IO km weçt of Nagymaros and removed 
from the area with the greatest concentration of historic resources. Mitigatian is 2lso 
riossible through changes in the operation at Gabcikovo to longer and lower peak5. 
Iowever, only removai of the Nagymaros barrage from the entire systern, despite the 
es~lt ing reductionç in power autput arld' navigational improvernen!~, will eliminate al1 
:oncerns about maintaining the integriq of this region. The deciçion weighing the 
dative importance of histaric and aesthetic values next to economic development is 
,ne that only the Hungarian people can make. Ideally, however, work on Nagyaros 





Recommendation #6: Region-wide Planning for Coordinated Developrnent 

As discusçed earlier, the Gabcikovo-Nagyrnaros Barrage System has the potential to 
provide important econcirnic benefits ta Hungary. In order to realize the full ecanomic 
benefits of the project and minimize the environmental impacts, a program of 
coordinated regional planning is essential. For example, plans and projects must be 
initiateci to promote the region's economic deve2opment1 taking into consideration 
oppoctunifies to develop ports, ship building and related maritime facilities, and water- 
related industries. Plans wiil need to be prepared for ports and industrial sites that 
pinpoint specific locations, proposed capital improvements and schedule, and 
benefits. The river corridor has also been identified as having tremendous 
recreational potential (dependent upon improved waier quality), as well as important 
historical artifacts and fragile ecosysterns. This range of possibilities provides 
planners with conflicting dernands over use of the resource. These other resources 
could be neglected, or even destroyed, by focusing solely on the maritime or water 
related industries without a consideration of-the effect on the entire region. 

Prior to undertaking comprehensive planning for a river corridor, a series of 
assessment studies would need to be completed for the entire Danube from 
Bratislava to Budapest. Baçeline assessrnents shoufd include: 

O recreational resources asseçsment swch as boating, fishing, camping, and 
picnicking; 

a scenio resource assessment ta aid in the protection of unique 
or scenic areas and in the recreational deveiopment of other 
appropriate sections; 

o cuftural. historic and archaeoio~ical sesource assesçment of 
*the river edge and cities, villages, and former eçtates within the corridor; 

o wildlife habitat assesçment, inciuding thredtened cornrnunities. fish. and iuildiife 
resources; 

O asricultural lands assessment; 
O tourism assessment; 
O naviaational assessment; 
o water aualiti, assessment for industry and recreation; and 
O economic develorirnent assessment. 

Assuming that a GIS database is created, the same informational data base could be 
used in the planning for water pollution control, water supply protection, ecosystem 
preservation, and tourisrn and recreational developm'ent on a regional basis. 



Recommendation #7: Environmental Review Process for Future Projects 

We recomrnend the establishment of a formai government policy for the review of 
proposed new activities, governrnent actions, or projects which may have a 
çignificant impact on the environment. A review program çhould be the formai 
responsibility of an independent senior governrnent rninistry, probably the Ministry of 
the Environment. 

An Environmental Review Program should include the folbwing elements: 

o a clear policy of rninimizing harm to the environment; 

o activities, programs, and projects subject to environrnental review should be 
broadly defined; 

O adverse environmentai impacts should be assessecl and a T E E I I S ~ ~ C  estimate of 
mitigation cests included in propased project costs; 

o a notice of proposed activities or projects should be filed zt the review office, 
with noJice given to other interested otiicials and the public, to solicit their 
comment? on the scope and content of the study; 

o the farrn, content, and procesç for review of zny project should be defined by 
regulation, adopteci in the usuA and customary rnanner. Persons receiving 
notification of ci propasal should also receive drafi environrnent~l studies to 
which they sre given ample opportunity to respond. The proponents should 
then be required te respond in the final report to every (written) comment 
made about the proposed activity, and include new dsta, alternctives, and 
cost-benefit calculztions, if appliceble; 

O projects shouid noi be allowed to proceed until en âdequate environrnental 
impact study has been completed and revie~ved by the public 2nd the 
environrnental review office. The office should have authority to require 
monitoring and investigation procedures. The ofrice could be grznted the 
authority to deny zpproval to projects. For a study to be considered 
adequate, it muçt be comprehensive and realistic in its treatment of costs 
and benefits of the psoposed action. ln zddition, the report must present 
alternatives to the propo~ed action, incluoing no action, which are ~valuated 
similarly to the preferred alternative. 

In the United States, the National Environmental Policy Act (NEPA) has the 
proposing agency (e.g., the Foreçt Service, the National Park Service) issue 
the reports--Preliminary Environmental Impact Statement, Final Environrnentaf 
Impact Statement; these must.heet certain minimum regulations or they cari 
be thrown out in court. In ~ u n ~ a r y  i t  needç to be made clear whether the 
proposing agency does the ElÇ work and the Ministry of the Environment 



proposing agency does the EIS work and the Ministry of the Environment 
review its adequacy, and how minimum ie'quirernents will be enfarced. 

O for all projects that have the potential for controv'ersy or great public interest a 
program of public information, education, and participation should berequired 
by the review office; 

O periodically the review office should report to apprapriate government officiais 
including Parliamentary'Committees in order to monitor progress in 
impfementing the program and make necessary changes ta ensure efficient 
aperations. 



V. Conclusion 

The Danube changes from an alpine strearn to a meandering plains river at the 
ugstream extent of this project, TI-ie energy of the river decreases and the reach 
from Bratislava to near the Danube Bend is where a major amount of the transpad 
laad of grave1 and sand drop out in the river bed and the siltç are deposited on th€ 
floodplain. Under natural conditions this change in the energy of the river çreates ; 
rich soil, plant and animal environment of which only a srnail partion remains in a 
natural.state. Man has made much use of the fertility of this area, despite the riçks 
floodç and river course changes over the ceiituries. The current project is basicafly 
plan to capture and transforrn the energy o f  the river into electricity and to render tk 
river more useful for navigation. 

The project construction and proposed river flow rn~nagernent schemes to achieve 
this energy conversion will have large impacts on an environment thct has long been 
recognized on an international level as rich in culture ~ n d  nêtuirl systems. Alteretion 
of parts of the" present system will result in lower fertility ând lower vdater quality due 
tu the loss ofko-cost natural processes. These ~vi l l  translaie inio increases in local 
and na?ionalrkosts whiçh çannot be avoided if the project is constructed. Such costs 
must be inte'grated into consideration of this 2nd 211 future prajects with significcnt 
environmental impacts, before any construction of other irreversible commitrnents 
(e.g., international agreements) are undertaken. An  Environmentzl Irnpzct Review 
process which is thorough in considering alternatives, should be institutionalized. 

The preçent project is one for which environmental 2nd other legiiimzte concerns 
were not'fully considered until after certain decisions had k e n  mzde by the 
Hungarian and Czechoslovakian governments, which made consideration of a "no 
construction of the project" alternative Iess feasible to policymakers. Thus the 
process did not follow the rule which we recornmend cbove--thci irnpzcts 2nd 
alternatives be explored thorouohly before action is tôken. 

~ L e n  a decisian to proceed with the project, there are options io adopt a policy that 
ivill minimize the unavoidable impacts and manage the eçoçystem so cs to sustain 
and enhance the remaining natural landsczpe. The objective ivould be not only to 
preserve the most unique and sensitive areas, but to manage the rest of the 
floodplain, riverine forest, and wetland complexes so as to maintain those natural 
functions that provide values important to human health, welfare, and safety. The 
nnounc rn nt a e e bu Czechoslavakia that it has no monev for sewaae treatment Ç ~ S ~ S  

S ~ ~ ~ O U S  doubt over the ooeration of the system unless Hunaarv rnakes this a me- 
requisite prior to the svçtern becominq operational. 

Despite the impacts of the project it would stiil be appropriate to create an 
international reserve along the whole reach of the project. This would not be a 



reçerve from which human use wouid be excluded, but one that would protect the 
unique features, and focus human economic activiiy on the more resilient parts of the 
landscape while maintainhg the basic functions of the river ecosyçtem. Its 
boundaries would include the regions aifected by bath the surface and gr~uridwate~ 
hydrology of me Danube. Such a proposal could attract significant international 
support and economic inveçtment, if properly managed. 

In surnrnargr, three possible mitigation actions are possible in response to concerns 
raised by theGabcikovo-Nagymaroç project. The most important would be industrial 
and municipal sewage treatment in Austria, Czechoslovakia, and Hungary upstream 
frorn, and within, the project area. The second would be changes in the operafion of 
the Dunakiliti and Gabcikovo portion of the project, delivering more water to the 
existing downriver areaç and reducing peak power production. The most radical 
woutd be the abandonment of the Nagymaros barrage combined with changes of the 
Gabcikovo power plant to a run-of-the-river operation. Short of this action, relocation 
of the Nagymaros Barrage 10 km upstrearn'of the present site could rnitigate the 
adverse impacts of the project on the region's important naturat and cultural 
resources. Preparations for the Nagymaras barrage should be stopped until a 
cornplete assessrnent of its impacts and potential rnitigating measures is undertaken. 

The magnitude, of the present power-navigation project ha5 generated ân international 
concern of equal proportions. A palicy response on a rnatching scale, incorporating 
great vision, courage and international character is secornmerided for implementatian. 
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This brief surnrnarizes the interirn findings and recommendations of the B&: 
Elagymaros Barrage (BNB) Study: Pmgrarn Options and Impacts (May 1989), 
prepared by a team of US environmental and planning experts. Our principal 
finding is that the unresolved questions concerning the potential ecological and 
economic impacts of the BNB project require fhat al1 construction be suspendeci 
durinq the oeriod of decisionmakina on the fate of this projeet. During the 
construction moratorium, a process of public decisionmaking should be 
established that indudes all interest groups affected by the BNB project. The 
goal of this process should be the development of a negotiated agreement that 
will be subjected to ratification by the people of Hungary. 

A. There are subçtantial economic andJor ecological impacts associated with 
ail of the program options considered in this report, both upçtream at Bos- 
Dunakiliti and downstream at Nagymaros. Changes in the design and operation 
of either complex will also affect the other. Trade-offs among expensive and/or 
undesirable alternatives are the rule. There are no easy answers! 

B. At the same time, important opportunities can be found in the existing 
problematic situation for a demonstration of Hungary's ability to resolve seriaus 
national policy conflicts and to establish a process of public decisionmaking 
suited to an emerging dernocratic Hungary. In terms of national precedent, the 
methad by which a decision is reached in this case may be as important as the 
substance of the decision. 

C. The method of decisionmaking that we recommend wilE involve active 
participation by ail of the interestç affected by the BNB project. gncouraging 
steps in this direction have already been obçerved. Informed public 
decisionmaking can only be made if reliable independent research is available. 
Decisiuns must weight the losç of anticipated project benefits and the costç of 
site restoration against the expeçted detrimental environmental effects and other 
impacts of the project. 

D. All construction on the BNB project, both upstream and downstream 
elements, should be swspended during this period of national debate on the 
resolution of issues surrounding the barrage project. OVIBER should be 
directed to cease al1 construction activities throughout the projecl, and should 
be released from any obligations to continue work under prior agreements. 
Continued investrnent of resources and alteration of the environment will only 
senie to lirnit the flexibility available to deal with already difficult decisions, 
increase the mst of many program options, and further weaken the position of 
the government in the face of strong and credible opposition to the project. 



E. Upçtream Segment: In order to successfully resolve environmental 
concerns about the Bës-Dunakiliti segment of the project, fundamental changes 
in the institutions responsible for the operation of the barrage system are 
aecessary. The upstream components of the system should not be allowéd to 
go into operation until all questions conceming impacts on the irreplaceable 
Szigetkot ecoçystem have been ançwered through monitoring, rnodeling, and 
analyçis to the satiçfacti'on of a disinterested b.ody posseççing both the authority 
and expertise needed to control the project in a context of thorough public 
scrutiny. Any changes in the agreed upon operating regime should require 
approval through an equivalent publicly monitored environmental impact review 
procesç. 

F. Downstrearn Segment: The decision on whether to cancel the Nagymaros 
barrage must weigh the losç of anticipated project benefitç and potential 
consequences of project termination, and the coçt of properly restoring the site 
to preconstruction conditions against the expected detrimental efFeçts and the 
tremendous cultural significance of the Danube Bend area and itç historical 
importance to the Hungarian people. The proposed National heritage park in 
the Danube Bend is offered not as a substitut@ for making the hard decisions 
needed, but as an appropriate expreçsion of the national cornmitment to protect 
and enhance this area irrespective of the ultimate disposition of the barrage 
question. 

G. The ultimate decisions on both upstream and downstream works should be 
based on carefully facilitated negotiations among parties representing the 
Gavernment, environmentalists, and interests that would stand to benefit from 
the completion of the barrage project as originally planned. Although 
termination or modification of t he  BNB project, or any portion thereof, rnay result 
in legal consequences, the intereçted parties have the abiiity to negotiate 
changes in the project agreements that will addresç the concerns raised by this 
report. A thorough study of ail contracts, agreements, and treaties in place 
among the various parties should be undertaken. Greative methods of 
compensation, including interests and values not contemplated in the original 
agreements should be systematically explored and developed. The final 
decision and negotiated agreement çhould be ratified by the people of Hungary 
in a referendum vote. 



introduction 

This lnterim Report analyzes the key environmental, cultural, engineering, and 
economic issues açsociated with the Bos-Nagymaros Barrage (BNB) Systern, 
program options, and a recemmended decision-makihg process available to the 
Government and People of Hungary to reçolve public concerns about the 
projecî. 

This report has been prepared by a team of American scientists, engineers, 
econornists, planners, and lawyers assçembled by Ecologia, an environmental 
consulting firm based in Northampton, Massachusetts USA. It was prepared 
under the supervision of Armando J. Carbonell and Robert D. Yaro, Principals 
of Ecologia, for INFOR7 q Hungarian company engaged in technolagy 
developmenf and transfer, at the request of the Hungarian Government and 
Parliament. and other groupç concerned about the BNB projeçt and itç potential 
impacts. 

This document is a product of the second phase of work by members of the 
INFORT--Ecologia Team. The initial phase, conducted by the University of 
Massachusetts under the direction of Professor Rabert Yaro, was an 
assessment of the likely environmental impacts of the BNB project, and 
development of strategies for their mitigation. rt was initiated by INFQRT in the 
Fall of 1988, and the results released in Marçh 1989. 

This interim report builds on the anaiysis presented in the March report, by 
identifying soecifia: construction and M g e m n t  atterrrativ~ l'or the BM& 
project, and by providinu an assessment of the nrobable ecanflniic, 
environmental, and visual impacts U I  each alternative. 

The facts and figures included in this report were obtained from officia1 
documents, and from intenriews with Hungarian governrnent officiais, members 
of Parliament, environmentalists, scientists, engineers, and concerned citizens 
ovet the past several months. In some cases, the economic figures and kgal 
documents needed to fully quantify the BNB project's impacts were not available 
to the team. In the absence of this data, the team praceeded with the best 
available information, or noted the inabiiity to make precise evaluations in its 
absence. Any additional data that is provided to the Team will be incorp~rated 
into the final reonrt this summer. 

The research presented in this report is designed to facilitate informed 
discussion and effective decisionmaking within and outside the Government and 
Parliament concerning this important project, so that a timely resolution of the 
controversy surrounding the BNB project can be achieved. 



Report Organlzation 

The report begins with Flndfngs and Recommendations (Section 1), which 
highlights the major conclusions of this report, and presents a decision-making 
process for resolution of concernç about the BNB project. It is followed by an 
Introduction (Section II). 

Section III prayides an overview of Selected Scenarios for resolution of the 
BNB controversy, and is accompanied by a Matrix (Section IV) that 
surnrnarizes and highhghts Iikely ecological, groundwater, viçual/cultural, 
electrical generating, navigation, and coçt impacts of each option. 

The final section of the report, Sectlon V, consists of Issue Btiefs on the 
following topics: 

O An Engineering Evaluation of the Dunakiliti-Bos-Nagymaroç Barrage System; 

o Economic and Power Generation Issues; 

o Visual and Cultural Analysis of the Nagyrnaros Barrage Project 

O Praposal for a Danube Bend National Heritage Park; 

O Zcological Protection of the Old ~ a n u b e  Channel; and 

a Legal Issues and Data Needs 



SeIected Scenarios and Their Phvsical Impacts 

For the purpose of selecting sçenarios, the region has been broken into t y o  
sections. The UPSTIWAM section centers around the Dunakiliti and Gabcikovo 
project, and the DOWNSTREAM section centers on Nagymaros. Each scenario 
consists of a combination of one option from buth the UPSTREAM and 
DOWNSTREAM sections. 

The benefits mentioned for the scenarios are eIectnc energy generation, 
navigation, and flood control improvements. impacts are defined as changes in 
the environment 6om present conditions. Costs, where rnentioned, are those in 
addition to presently hown project costs (or savings kom those cos&), but da not 
include any penalty payments for changes in electrical energy deliveries or 
urduIfilleci contraçts. 

Ail numbers other than those related to the project as now planneci are based 
only on the broadest estimates and are o d y  included to indicate the likely 
masnitude of benefits os costs. 

Description of Psoject Options 

Upstream Options 

1. Completion of DunakiIiti and Gabcikovo and their operation as planned in 
existing project documents. 

II. Completion of Dunakiliti and Gabcikovo, but operated as a mn-of-the-river 
plant without peaking. 

III. Completion of DunakiIi ti and Gabcikovo. Power output greatly reduced by 
releases through Dunakiliti that will maintain river and flood flows up to 
about one-half of totaI available Stream fl ow. 

IV. Completion of Dunakiliti and Gabcikovo aperated as a navigationd project 
ody, wIth no peak power generation. All flows in excess of those needed to 
operate the Gabcikovo locks to be reIeased through Dunakiiiti. 

V. Demolish ai l  built works,at Dunakiliti and Gabcikovo, and restore land 
completely to pre-project conditions. 



Downstream Options 

k CornpEete Na&ymaroç and its apprrrtenant dikes and operate it as planned. 

B. Move barrage to a site approhateIy 19 km upstream £rom the present1y 
contemplated site and çtabilize or fuliy restore conditions at the present 
construction site. 

C. EIiminate the barrage at Nagymaros and its appurtenant wosks from the 
project, and stabiiize the conditions at the work site by fiIlhg in the area 
inside the cofferdam, stabilizing the surface against ffopd damages. 
Strengthen the right bank protection against etasion; landscape the filled area. 

D. Eliminate the barrage at Na-maros and its appurtenant works from the 
project; restore the entire area to pte-project conditions. 

Scenarios 

Benefits: Electricity output of 3,675 GWhJyear with a peak production af 
1,510 G M .  

Navigation irnprovements of previding a 3.5 to 4 m channe1 during the entire 
navigation season, thereby increzing its length by 40 to 50 percent, increasin; 
Ioading capacity by about 50 percent, increasing loading capacity by some 20 
percent, and reducing energy use per ton carrier. 

Impacts: Increase of groundwater leveI by 0.5 m in the LIttIe Hungarian Plain 
aquifer, and some increase in pollution entering that aquifer. 

Reduction in groundwater level by up to 1.5 m in the Szigetkoz, and elimination 
of annuai fiooding there. Surges in canai below Gabçikovo are a t  abour 5 rn and 
in the river at the end of the canal of about one meter during peaking operation. 
Increased permanent water leveIs above bank ground level in many areas. 

Possible accumulation of polliitants in resesvoirs. Negative impact on Iandscape, 
historical, archaeological, and cultural vaiues in the region of the Danube Bend. 

Costç: No changes £rom present estimates. 
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2. Combinetôn I-B 

Benefits: Electricity output nearly equd to Combination #1, except for s d l  
reduction at downstream barrage due to reduced head. 

Navigation hprovenent equal to Combination #1 if proper work is completed at 
Nagymaros work site. 

Flood control benefits equai to Combination fl. 

Impacts: Same as for Combination #1, except that dam is removed frorn 
Danube Bend. Reduction of landscape damages will depend on the treatment of 
the existing Nagymaros work site. 

Costs: Increased cos& due to site change and the need to stabilize or restore 
Nagymaros work site. Cost increases over present estimates may be as much as 
1.5 to 1.75 times the cost of the presently contemplated Nagymaros barrage. 

3. Combinarion II-A 

Benefits: Total eleçtncity output nearIy equal to the piamed system, 
approximately 3600 GWh/year. Firm output, 95 percent of the time, likely about 
1600 GWh/year {firm capacity 140-230 MW). Remainder is interruptibie power, 
available as river flow permits. 

Navigation and flood control benefits same as for Combination #I. 

Impacts: Same as for Combination #1, except surges are eliminated, 

Costs: Same as for pIanned system. 

4. Combination II-B 

Benefits: Fledcity output similar, but slightly less than Combination #3. 

Navigation improvement equai to that of Combination #1, if proper work is 
completed at Nagymaros work site. 

Flood contro1 benefits equd to Combination #l. 

Impacts: Same as for Combination #1, except that dam is rernoved from 
Danube Bend. Reduction in landscape damages will depend on the treatment of 
the exis ting Naparos  work site. 

23 





7. Combhnh'on III-A 

Benfits: EIectricity output likely reduced to about 2200 GWhJyear, with peak 
l 

energy production about 800 MW. 

I Navigation and flood contra1 benefits aie the same as for Combination #k. 

I Impacts: Same as for Combination #1, except that those in Szigetkoz 
significantly reduced. 

Costs: No changes from present estimates. 

1 

Benefits: Electricity output simiiar to Cornbination #7, dthough slightly reduced. 

Navigation benefits same as for Cornbination #3. 

Flood control benefits same as for Cornbination #l. 

Impacts: Same as for Combination #7, except that dam is removed from 
Danube Bend. Reduction of landscape damages will depend on the treatment of 
the existing Nagymaros work site. 

Costs: Increase in costs due to site change and the need to stabilize or restore 
Nagymaros work site. Cost increases over present estimates may be as much as 
1.5 to f .75 times the cost of the presently contemplated Nagymaros barrage. 

Beneiits: Electricity output Iikeiy reduced to about 1400 GWh/year, with no 
peak power production. 

Navigation improvernent similar to Combination #5. 

Impacts: Same as for Combination #5, except that impacts in Szigetkoz are 
significantly reduced. 

Costs: Smdl reduction in overaII system cost, Cost of stabilizing present 
Nagymaïos work site likely to be one-quatter to one-half times that aIready 
expended at this site, not including contract penalties. 



Benefits: Same as for Combination #9. 

Impacts: Same as for Combination #S, except that impacts in Szigetkoz are 
significantly reduced. I 

Costs: Cost of restoring preseat N a p a r o s  work site are iikely to be one-half to I 

one times the amount aiready expended at the îhis site, not incIuding contract 
penalties. l 

I I .  Cornbinafion W-A 

Benefits: EIectricity output Iikely to be reduçed to about 880 GWh/year. 

Navigation and flood control benefits same as for Combination #l. 

Impacts: Same as for Combination #1, except for elimination of impacts on rhe 
Szige tkoz. 

Costs: No changes from present construction cost estimates. 

12. Combination W - B  

Benefits: ElectriBty output slightly less than for Combination #Il.  

Navigation improvement equaI to Combination #1 if proper work is completed at 
the Nagymaros work site. 

Flood control benefits same as for Combination Pl. 

Impacts: Same as for Combination #f, except for elimination of impacts on the 
Szigetkoz. Dam is removed from Danube Bend. Reduction of landscape 
damages will depend on the treatment of the existing Nagymaros work site. 

costs: Increase in costs due to site change and the need to stabilize or restore 
Nagymaroç work site. Cost increases over present estimates may be as much as 
1.5 to 1-75 times the cost of the psesently contemplated N a p a r o s  barnage. 



1 Benefits: Navigation irnprovement Iimited to the Bratislava to Gabcikovo reach, 
witb litde overd1 change h m  present conditions due to continued low water 
limitations to Nagymaros. 

Little, if q, improvement Ln flood protection. 

Impacts: Increase in groundwater level by 0.5 m in the Little Hunganan Plain 
aquifer, and some increase in pollutants entering that aquifer. 

Reduced impact on historic, archaeologicai, and cuItuta.1 values, and some 
improvement of Iandscape at Danube Bend, 

Costs: SmaI1 seduction in overall systern cost. Cost of stabilizing present 
Nagyrnaros work site Iikely to be one-quarter to one-haif over the amount already 
expended at this site, not including cantract penalties. 

Id. Coln bination IV-D 

Benefits: Navigation improvement limited to the Bratislava to Gabcikovo reach, 
but overall little change f ~ o m  present conditions due to continued low water 
limitations to Nagymaros. 

Little, if any, improvernent in flood protection. 

l 
Impacts: Increase of groundwater level by 0.5 m in the LittIe Hungarian Plain 
aquifer, and some inçrease in poIlutants entering the aquifer. 

No impact on Iandscape, historic, archaeological, and mltiirai values at Danube 
Bend. 

Costs: Cost of restoring present Nagymaros work site Iikely to be one-haif to one 
rimes the amount aIready expended at the site, not incIuding contract penalties. 

15. Combination V-D 

Impacts: None 

Costs: Likely to be 1.5 to 2 times the amount aIready expended at this site, net 
incfuding contract penalties. 
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An Enqineerina Evaluation of 
the Bas-Naoyrnaros Barraae Svstem 

Professor Harry Schwarz 
clatk University 
Worcester, Massachusetts, USA 

This evaluation deals with the engineering features of the project and their 
phyçical effects. It is based on the result of two Mpç of five and four working 
days respectively. The area around the project was visited on fhese trips, as 
were the construction sites at Dunakiliti and Nagymaros. OVIBER and VITUKI 
engineers working on the project were interviewed and generaf maps inspe&& 
Detailed plans, specifications and basis of design reports, items that would be 
available for equivalent public workç in the United States, were not available. In 
a number of additional meetings, the opinions af those opposing the projects 
were heard. 

The Danube between Qratislaw and Budapest 

This reach is the beginning af what is usually çalled the Middle Danube. From 
the Po13a Hungarica, where the Danube passes betiveen the Hainburg Hills and 
the Little Çarpathians, it divides into three streams, the Srnall Danube in the 
north, the Mosoner Danube in the south and the main stem that, through 
historic time, was a braided stream. The land between the major branches 
includes the Large Gravel Island north of the main s tem and the small one, the 
Szigetkoz, south of the main stream. The branches combine before the river 
breaks through the Pilis-Bortsony Mauntains at the Visigrad Gate. From 1886 
and 1896, between Bratislava and Gonyu the main stream was stabilized, çuts 
were made, side arrns closed, and curves made more gradual. Further work ta 
improve navigation at low flow through the construction of groins and through 
dredging was carried ou t  around 1900. Levees to control fiooding were built in 
Hungary in the early 19th century and by the rniddle of that century along most 
of the major branches. Large construction works in the Budapest area followed 
the catastrophic flood of 1838.' 

Further changes in the river through the construction of dams have been 
contemplated for some time. In the 1930s and 1950s çtudies of two, three, four, 
and five dam schemes for navigation and power production were made. Under 
present conditions there are ten or twelve hazards ta navigation at low flows. Qt 
is estimafed that navigation in this reach Can proceed for an average of 200 
days per yeab During about 100 days, low flow conditions hhder navigation, 
and for about 65 days, ice or 76g-.fi%këeii r i ~ ~ ~ $ i b ~ è .  FIOW data for Bratislava 
and Nagyrnaros are çhown in Table 1. 



Table 1: FIows of the Danube River 

Bratislava Nagyramos 

Distance form the Mouth (km) 
Drainage area (kmz) 
Observation since 

DISCHARGE (m3/sec) 
Lowest estimafed f l  ow 

~ Highest eçtimated flow 

Exceeded 95% of the time 
Exceeded 50% of the time 
Exceeded 10% of the time 

Fiood probabilities (m3/sec) 
0.01% (10,000-year flood) 
O. 1 % ( 1,000-year flood) 
1 .O % ( 100-year flood) 
5.0 % ( 20-year flood) 

Source: OVI BER. The Bos-Nagymaros River Barrage Sysfem. 
National lnvestment Enferprise for Hydraulic Projects, Budapest. 

~ The Reach irom Bratislava to Dunakiliti 

C~rrent structures in this reach include an earth/soçk fiIl dam from the entrance 
of the canal to the old Danube bed. There is located a gafed structure to act as 
a flood spillway. The structure includeç also a îemporary lock for ships during 
construction and eventually a bulb turbine discharging a continuous flow of 30 
m3/secinto the river bed. The barrage will lifi the water level to an elevation of 
131.2 m above sea level or about 16 m above the present river bed. The sides 
of the reservoir created are protected by dams reinforced with concrete linings. 
Seepage 1s expected to be 40 to 50 m3/secand is guided by a drainage canal 
into the old Danube bed below the gated structure. The opening for the bulb 
turbine can discharge 50 rn3/sec without the turbine. mere is also an outlet in 
the temporary navigation lock that can discharge up to 200 m3/s8c, and an 
outlet in the right bank dike up to 50 m3/sec more. The main structure, 
Con~isting of seven 24 rn wide gated openings, will discharge flood waters in 



excess of the capacity of the ower canal into the pre-project Danube bed. The k' 6 3 reservoir will contain 200 x 10 m3with the top 1 meter containing 49 x 10 m . It 
will equalize the daily water discharge of the Danube. Dewnstream water 
elevation during a 1% probabiliiy flood will be about at 124.9 msl and at about 
1 15 rnsl at low flow. 

At present the river at the Dunakiliü site is diverted inta a bend towards the left 
bank so that the mncrete structural portion of the project an be built within a 
dry pit protected by a cofferdam. Construction at the time of our visit appears 
to be about 85% cornplete. Al1 foundations were cornplete, most of the 
superstructure was complete ar nearing completion, and some of the gates 
were already installed. The dikes on the right bank were cornpiete and an outlet 
for water to the Danube arms in its final state of completion. Jhe work 
appeared to be carried out in an excellent professional manner and the work 
site generally well-organized and well cared-for. 

It has been suggested that the cornpleted construction could be removed and 
original conditions restored. Such an attempt would likely cost as much or 
more than building it, and there is a question if total restoration iç even possible. 
Even with spending inordinate amounts of money, major scars on the 
landscape would likely remain. 

The reservoir is underlain by a large and deep aquifer. The raised water level in 
the resenioir will increase inflows into it. The aquifer, relatively unpolluted and 
today only siightly used, represents a considerable regional asset for future 
exploitation. 

Water quality in the reservoir is controlled by the inflowç. The treatment plants 
in Austria and the treatment of a major part of Bratislava's sewage have 
improved the conditions in this reach. Problems exist, however, due to the poor 
quality of the Morava entering from Crechoslovakia. Retention time of water in 
the reservoir is short, and therefore will not effect surface water quality. 
Depending on the flow it is sornewhere between 0.5 and 2.0 days.3 

The environmental impact of the reservoir is twofold. ~ i rs t ,  it will create a large 
fiat water body with lirtle variation in level regardless qf flow conditions. Only at 
the upper end near Bratislava will flood conditions be near pre-project levels. 
Operating variations of the reseivoir are expected not io exceed one rneterq4 
The second and more important impact will be on the groundwater. The raised 
water surface, five to six meters above ground level, will increase seepage. 
Much of it will be carried off by ditches along the side dams and returned to the 
Stream, and çome will enter the groundwater. Groundwater levels are expected 
to rise about 0.5 rn, based on electric analog and digital model s t~d ies .~  
is likely to be some increase in pollution entering the aquifer. This can only be 
eliminated $y consistent irnprovement in the quality of the wafer entering the 





Original plans cal1 for the existing Danube bed to cany, during average and low 
flow periods, oniy the flow of the bulb turbine a d e t  flow at Dunakiliti and the 
seepage at that site. LXhe flow during such periods h the Danube may Vary 
between 30 and 70 rn3/secdepending on the amount of seepage>~uring river 
discharges in excess of 4000 m3/sec, the excess arnount will be released into 
the old river bed throu h the Dunakiliti dam's sluiceways. Releases of P approximately 4500 rn /seccan be expected in five percent of years, and 
discharges of over 6000 m3/secin one percent. At mean high water about 500 
m3/5ec would enter the old Danube beds. Also during low flow periods, the 
opportunities exist to release up to about 200 m3/secaddiüonal flow through 
outlets at Dunakiliti and at another point in the right bank protective dam. Flows 
of about 22 rn3/sec are expected to be flowing in the Moson Danube, a change 
from the present flow of no more than 6 m3/sec.? 

The concern here is for the riverine woodlands and for agriculture in the region. 
The lower water levels in the existing river bed would lower the groundwater 
level and flood inundation of the riverine forest would be reduced. This could 
çignificantly alter the ecology of the region, and make irrigation necessay OP 
some of the agricultural enterprises. 

Groundwater modeling çhowed that the effect of the diversion of the river into 
the power canal would lower the groundwater level near the existing river bed 
by abqi !t 3 5 rneterç leveling to na change at the Moçon ~ a n u b e . ~  Jhis being 
considered unacceprao~e, a system of recharge ditches are contemplated in this 
area. Modeling shows that these ditches will mitigate the reduction of the 
groundwater level to no more than 7.5 m, and that only in the area near the 
mouth of the Moson Danube. in )nusr other areaç of thiç reach the reduction 
can be expected to be between O and 1 .O m.g 

Monitoring of water and ecological parameters would be a tool for anticipating 
change and managing mitination of detrimental effects on the riverine forest 
ecology in a tirnely rnannq-. The planned observation network, if fully developed 
and used, would provide the necessary data . Using the sluices and even the 
gates in the Dunakiliti dam, and sending more water into the old Danube beds, 
and kss to the power station, could be accomplished with the present design 
configuratinn at Dunakiliti. mis type of operation rnust be conçidered as an 
option. ~ i $ r  modification of the arrangement for power distribution wodd have 
to be made, and the costç compared with the benefitç to the riverine ecol~gy- 



The GonyÜ to Nagymaros Reach 

Works in ibis reaçh conçist of the Nagymaros barrage and power station and 
the system of dikes Iining the banks of the created reservoir following the 
existing shoreline of the Danube and up some of the tributaries. The purpose of 
the barrage is to cornpensate for the surges caused in water flow by the peak 
load operation of the 06s power station, to  generate eleçtric power, and to 
insure navigation above the barrage. It also açsisfs in the maintenance of the 
groundwater level in the eaçtern end of the Szigetkos. The site selected was 
one of five sites studied. The seledion was made on the basis of topographie, 
geologic. and cost criteria. The barrage consistç of seven 24 rn wide gateç, a 
powerhouse with six bulb turbines and generators, each with a rated output of 
26.4 MW, and each dischaiging at design head 466 m3/sec. Two Jacks, each 
with a chamber 34 m wide and 275 rn Cong, and guide piers up and 
downstream, provide for navigation. Maximum water elevation under al1 
conditions on the upstrearn face will be 107.8 meters above msl. Oownstream 
water elevation will Vary with flow between 98.4 and 107.1 during the 0.01% 
probability flood. Present bank elevation, 109.3 rn, is above flood Ievel at the 
site. The roadway elevatian of the bridge that is part of the structure will be 
118.2 meters. Dikes with heights of up to 5 m are generally constructed at the 
sites of existing flood cantrol dikes, topping the existing ones by 1.5 to 2.5 m. 
At the site of the present relocated stream bed, two lagoons for recreation cre 
planned.'O A monitoring network will parailel the river on both sides. 

At the present state of construction, the river has been relocated into a s n ~ r p  
bend near the right edge of the valley. This relocation seems to have narrowed 
the bed and increased the velocity of the flow. The material excavsted for this 
relocation, which included the blasting of rock outcrops, was used in building a 
cofferdam anchored on the left bank that encloses the entire construction site 
for the Nagymaros barrage. The cofferdam, riprapped to protect it from 
erosion, is built to withstand a three-year flood. lnside the cofferdam, grave1 
and rock excavation for the foundation of the gate structure, the powerhouse 
and the navigation locks, is in progress and will çoon be to full depth. In 
zddition to a concrete batching plant, a temporary railroad siding and a group 
oi permanent houses for workers, are under construction. The houseâ will be 
sold for local use after cornpletion of the job. On ihe right bank an overlook 
and visitor area are also under construction. It is estimated that between 15 
and 20 % of the investment at Nagymaros is now in place. 

Four major concerns have been expressed relating to this reach. These are 
71) the surges created by peak operation of the Bos station; 
(2) the safety of areas, like Esztergom, where water levels are perrnanently 

higher than the surrounding ground; 
(3) the water qualify in the reservoir; 
(4) the darnage to the important cultural, hiçtoric, archaeological and 

landçcape Values of the Danube bends. 



During peaking operation at Bos, water levels at the powerhouse will Vary up to 
5 m However, by the time the fiows reach the end of the outlet canal and join 
tne existing Danube bed, the difierences will be  not mare fhan about one 
meter." Fuither reduction in these variations can only be produced by changes 
in the operation of Bds, i.e. the total or partial elirninafion of peak power 
production. The variation in 80w rate will also reduce the deposit of sediments 
DY maving them downstream during the power cycle. 
The second concern can be addressed only through the quality of construction 
and maintenance of the dike system. Competent and periodic inspection and 
imrnediate repair of any deficiency discovered is the guarantee of safety for the 
low-lying areas. Serious damage from a sudden failure of the barrage $y war or 
sabotage iç unlikely. The low height of the dams and the relatively small 
amount of water stored would create a flood wave not greater than a natural 
flood. 

Wafer quality problems will exist downstrearn from the mouth of the Maçon 
Danube. The major inflows are the discharges from Gy&, for which a treatment 
plant with a capacity of 1M,000 m3/dayis planneci.'' The short retention time of 
flo~vs in the seçervoir and the flushing of the resewoir during floods are Iikely to 
maintain the water qualify at the present ieveJtl It again must be pointed out that 
construction of treatment plants on both sides of the river should procerd ai 
rnairnum possible speed. Continuous monitoring of groundwater levels and 
water quality will give early warnings of problems that rnight make chafiges in 
operation necessary. 

Changes in the landscape and effects on elements of historical, cultursl and 
archaeological significance will occur when and if the Nagyrnaros barrage is 
buiit. Some mitigation is possible through changes in the operaiion ai Bos to 
longer and lower peaka Only the removal of the Nagymaros barrage from the 
entire system, with the changes in power output and possible effects on 
nsvigation, would remove ail concerns in this region. Such rernoval must  
include restoration of sits ronrlitionq at Nagymaros. There app~ar  rwo options if 
work is not compieted on t i ld3 oarrage. 50th wiil require careful studiês 
including modeling to insure proper hydrawlic characteristics. One would 
require to fiI l  the present cofferdam area and stabilize the cofferdam and the 
fill~d sut-face to protect it from eroçion during flood events. Such a course of 
action is likely to cost at least as much as  construction eosts on the site to date, 
create a navigation bo"ttleneck, increase flood heights upstream, and leave a 
landscape that is not likely to be pleasing. The second option, full restoration to 
pre-project condition would probably cost as much as completion of the 
barrage, and interrupt river traffjc for a considerable time, as much as a whale 
season. 

Abandoning the construction of the Nagymaros barrage, and leaving the site 
its present condition, would likely have catastrophic consequences following a 
major flood. The cofierdam would be desfroyed, a large turbulent area creafed 



over the present excavation, and debris scattered in the reach below. All these 
would be a very serious hazard to navigation and require costly corrections to 
make the river properly navigable. 

The Nagymaros-Budapest Reach 

No furiher work is contemplated in this reach as part of the barrage syçtem. 
Problems in the bank-filtered wells through the increase in nitrates apear to be 
due to infiow from the background area rather than from the 0anube.I3 
Continuous monitoring, especially in areas where grave1 is mined from the river, 
would be a prudent investment. 

Output of the Project 

Electric Power. The two power plants of this sysiern--1ocated at 88s and 
Nagymaros--are expected te produce an average of 3675 GWh/year, with 
Czechoslovakia and Hungary sharing equally in this output. Installeci capacity ar 
Bos is 720 MW and at Nagymaros, 158.4 MW. The Bos plant is expected to be 
operated in a peaking mode. Using only the top one meter of the reçervoir, - 

Bos can operate at full output for about 3 hours each day at mean low water, 
for about 5 hours at mean flow, and for a full 24 hours at mean high water, in 
addition ta discharging about 500 rn3/secinto the Old Danube bed. Nagymgros 
can operate at one-third Foad for 24 hours at lean law water, at full load for 
about 20 h ~ u r s  at annual mean flow, and at full load continuouçly at mean high 
water. Some peaking is also possible here depending on the degree of 
fluctuation acceptable downstream toward Budapest. The bulk of the p o w ~ r  
received by Hungary is power delivered during peak Iaad periods. Thus, it is 
much more valuable than the base load power Hungary will deiiver to Austria. 
lncreeses in water released into the existing Danube bed at Dunakiliti for 
maintenance of the ecology of the Szigetkoz will reduce pawer output at Bos in 
proportion to the releases. Removal of Nagymaros from the system requires a 
change of operation at Bos from peaking to $un-of-the-river. 

Alternative modes of operation are possible. Far example, run-of-the-river 
operation is feasible at 86s. The total output would be about the same, but 
electricity would be produced following not a load-controlted schedule, but as 
water is available. Other genefating facilitieç would have ta be used to maintain 
output in accordance with demand. 

Navigation. Navigation is preçently restricted, especially in the Bratislava t0 
K O ~ ~ T O V  region, by shifting sandbanks. Low water h the late summer and faIl 
furifier iirnits ship pasçgae. The Bos-Nagymaros project will create a 3.5 
deep channel throughout itç reach and extend, it js claimed, increase annual 



navigation time by 40 to 50 percent. The value of thiç to Hungary, however, will 
depend on the development of a Hungarian shipping industry, new Hungarian 
ports, and development of Hungarian trade with the West. The eventual 
opening of the Rhine-Maine-Danube canal and the Elbe-Oder-Danube canal 
would open barge trafic from Budapest to Amsterdam and to the Baltic. 

Flood Control. Most areas throughouf the reach of this project are presently 
protected by a systern of dikes, However, the continuous build-up of the 
Danube bed by silt deposition reduces the safety of the exiçting dike systern. 
The new dikes built as part of the project, with a 2 rn .freeboard, will greatly 
increase fi ood protection. 

Summary 

The project as preçently desgined is sound from an engineering viewpoint. All 
the çtudies cuçtomarily açsociated with such a project appeared to have been 
made. The design appears efficient for power and navigation, and is, at the 
same time, as compatible to the landscape as possible. Construction is 
proceeding at a rapid pace and also apears well-organized and carried out in a 
highly professional rnanner. O is ,  however, does not invalidate concerns ra is~d 
against the project, concerns that are based on different values and objectives 
than those used by the engineers and designers. 

Three possible mitigatian actions Gan reduce concerns raised by the Bos- 
Nagyrnaros project. Physically, the easiest changes would be in the operation 
of the Dunakiliti and Bos portions of the project, delivering more water to the 
existing downriver areas and reducing power production. More dificuit and 
costly will be the essential improvementç for industrial and municipal sewage 
treatrnent in Austria, Czechosolvakia, and Hungary upstream and within the 
projecf area. The most costly would be the abandonment of the  Nagymaros 
barrage, combined with changes at Bos to a run-of-the- river operation, qnd the 
very costly restaration of reasonable pre-project conditions at Nagym~ros 
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Ecanornic and Power Generation Issues 

Professor John Boland 
The Johns Hopkins University 
Baltimore, Maryland, USA 

Econornic Benefits 

Hydroelectric Energy Production. Of the several economic benefits expected 
to flow from the BÔç-Nagymaroç Barrage Projecf, the production of 
hydroelectric energy is often the most prominently mentioned. This emphasis 
reflects bath the value of hydroelectric energy production and its unique 
characteriçtics, 

Hydroelectric energy differç from mast other sources of electric energy in a 
number of ways. It is based on the use of a renewable resource (stored water) 
rather than an exhaustible resource (coal, petroleum, natural gas). Compared 
to nuclear generation facilities of similar capability, capital investment is modest 
and safety concerns are largely absent. The production rate can be varied 
befrveen zero and full production on short notice, making hydroelectric 
production suitable for peaking service. There are no waste emissions to the 
zir, land, or water, and operating costç are negligible. 

On the other hand, hydroelecfric generation is constrained by the availability oi 
wzter. In the case of the planned irnpoundments on the Danube, this means 
that full capacity can be realized only in the spring and early summer, when 
streamflows are high, rather than in the winter, when electric energy 
requirements are at their maximums. AISO, the relatively benign environmental 
consequences of hydroelectric generation must be balanced against significant 
environmentai impacts of construction, inundation, river diversion, changes in 
flow regime, etc. 

The benefits of hydroelectric generation for the domestic (Hungarian) market 
zre equal to costs avoided elsewhere in the electric generation, trançmission, 
and distribution çystem due to the availability of hydropower. If adequate 
generating capacity is already available (without hydropower), or if future 
capacity requirementç are unchanged due to the need to provide for winter 
peaks, no capacity çavings can be attribufed to hydroelecfric generation. In this 
case, the benefit is defermined by the avoided cost of fuel and operations at 
existing facilities. 

If, the other hand, some capacity construction can be avoided or deferred 
due the availabiiity of hydropower, the avoided or deferred construction CoSts 



translate into additional benefits. Al1 such cornparisons should be made in the 
confext of a least cost elecfricity supply plan, which inctudes consideration of 
demand 'management strategies as well as supply augmentation (see Electricity 
Supply section, below). 

Navigation Enhancement. Benefits from the irnprovement of water navigation 
conditions are derived from two sources: (1) coçts associated with existing and 
forecast (given pre-praject conditions) shipping traffic are reduced, due to more 
efficient use of vesselç and reduced fuel consumption; and (2) diversion of 
freight and passenger transport from other modes, due to improved navigation 
conditions. ln the firçt case, no increase in traffic is anticipafed, beyond that 
w h i ~ h  would occur through economic development or through improvements 
elçewhere in the navigation çystern. The benefits accrue primarily to shipping 
~arnpanies and operators, and secondarily to shippers and passengers; there 
are no significant incremental benefits to the Hungarian economy, or to the 
economies of other nations using the river. 

Benefits of the second type appear only when navigation costs are suficiently 
reduced, and availability and convenience sufficiently improved, that some 
shipping trafic is diverted from surface and air carriers to water transport. 
There may also be some increese in the total quantity of transpadation services 
demanded, especially in the more elastic markets such as tourism. In these 
situations, at least two kinds of benefits appear: (1) direct benefits due to 
reduced transport costs; and (2) external benefits resulting from the increase or 
relocation of economic açtivities. Direct benefits, as before, accrue primarily to 
owners and operators, and are equal to the incremental costs avoided as a 
result of the mode change. External benefits, however, are divided among 
operators, shippers, and the general economies of those countries which 
experience net increaçes in economic activity. 

Flood Control. The Danube River, in the reaches afiected by the Bos- 
Nagymaros project, has long been provided with an extensive system of levees 
and other structures for flood control purposes: The construction of the project 
will raise water levels in some places, potentially iricreasing the risk and severify 
of floods, while sirnultaneouçly raising and improving flood control works. The 
net effect will apparently be some reduction in the risk of flood, coupled with 
same increase (at certain locations) in the severity of any floods which may 
occur. ' 

TO theedent that the expected damage from floods has been reduced, flood 
control benefrts can be claimed. These benefits are measured in one of Mo 
ways. The firçt is baçed on the Ieast cost means of achieving an equivalent 
reduction in expected flood damage, without building the project. For example, 
existing levees could be extended, raised, and improved so that sensitive areas 
are accorded comparable protection ts that offered by the project. The cost of 



theçe irnprovernents is a possible measurement of the project flood control 
benefit. 

The second possible measuiement is derived f ~ o m  a study of potential flood 
damages (to persons, structures, landscapes, habitat, etc.) which could be 
avoided by praject-related flood control enhancements. The expected present 
value of these avoided damageç iç a measure of benefitç in the absence of any 
alternative means of achieving the same result. Since alternatives are available 
(improvement of existing control works), the actual economic benefit is the 
lesser of the two measures. 

In addition to the costs of constructing and operating the project, the BOS- 
Nagyrnaros Barrage will impose a variety of adverse impacts on present and 
future users of the affected resourçes. Some of these impacts rnay be 
expressed in monetary terms as external economic costs. Others may be 
imposible to quantify at this tirne, or rnay be diflicult to rneasure in monetary 
units. 

Among the external costs that may be monetized are changes in the level and 
quality of groundwater aquifers, changes in surface water quality, and a variety 
of negative impacts on hiçtorical and cultural values, or on recreation and 
tourism. Other potential impacts, such as damage to habitat and ecosystem 
changes, are more difficult to quantify and/or to express in monetary terrns. 

Groundwater. Cornpletion of the project will result in a nurnber of changes to 
groundwater aquifers throughout the affected reaches of the Danube. Water 
surfaces will riçe in some locations (near impoundments) and fall in others, 
despite rnitigation measures. Changes in the flow regime of the river, with 
accompanying changes in sediment deposition scouring, will alter the hydraulic 
characteristics of shallow aquifers near the river itself. Also, the detention of 
urban, industrial, and agricultural wastes in the impoundments rnay increase the 
movement of contaminants into the groundwater. 

To the extent that aquifers are uçed for water supply at the present tirne, or in 
the future, economic costs can be identified. These costs can be measured as 
lost benefits (where population growth or economic development rnust be 
restricted, or whsre lower quality water must be toierated by users) or as 
alternative costs (where new supplies musf be sought or where treatrnent must 
be added).' In al1 cases, costs are measured by comparing expected future 
conditions with the project to those reasOnably anticipated without it. 

Surface Water. Because of the detention of urban, industrial, and agricultural 



wasteç in impowndments, it is expected that increased concentrations of 
contaminants may be found in the Danube as a fesult of the project. To the 
extent that users of the river may have to forgo uses or incur expense as a 
result of the contamination, economic costs rnay be rneasured. Reduciions in 
the quanfity or quality of fish harvests, for example, çan be translated inta 
economic cost. i f the river is used for water çupply by any urban area or 
industrial activity, additional treatment or monitoring may be needed. In every 
case, the costç are equal ta the expected present value of the lost benefits or 
the incremental expense. 

Historicai and Cultural Values. Adverse impacts on historical and cultural 
values, such as those associated with the Danube Bend area, are most often 
experienced as loççes in existence value or bequest value associated with the 
resource. Existence value iç the value that residentç of Hungary associate with 
the mere existence of the resourçe in its preçent condition, apart from any 
benefit that individuals may experience from visiting or otherwise using the site. 
Bequest value is.that additional value associated with the knowledge that the 
site is preçewed for future generations of Hungarians. In Western econornieç, 
these values have been successfully measured through survey researçh, bâsed 
on the administration of carefully designed contingent valuation questionnaires. 

Aecreation and Tourism. From the standpoint of the Hungarian economy, 
iecreation activities and other forms of tourism provide direct benefits to 
Hungarian citizens who rnay)engage in these activities, 2s well as gener~l 
benefits te the ecanomy when visitors to the country (as well as citirens) do so. 
While changes in internal tourisrn and recreation (by Hungarians) may be 
viewed largely as transferç (recreation discouraged by changes at the Danube 
Bend may well be diveded to some other site in the country), this is not true for 
visitors. The attractiveness of a particular site, especially one so accessible as 
the Denube Bend, has a great deal to do with the neirnber of touristç who enter 
the country, and the length of their stays. Adverse changes in any part of the 
river system, then, rnay lead to losses in net national incorne from tourism. 

Use Trends. h 1988, Hungsry used 40.5 x 106 MWH of electric energy, 
including losses and internai çonsumption within the electric generation 
industry.' This total haç risen sharply over recent decades, growing from 18.0 x 
10' in 1970, to 31.2 x l0"n 1980. Electric energy use has increased at an 
average rate of 4.6 percent per year over thiç 18-year period, This is apparently 
due in part to growth in economic activity and standard of living, and in,part to 
the substitution of electric energy for other fuels. 

Household annual electric use was reported at 71 0 KWh per capita for 1986, or 



about 21 percent of total electric use.2 Per capita household use is comparable 
to Czechoslovakia and Yugoslavia, but signjficantly lower than Austria (1,370 
KWh per capita). Annual electricity use for al purposes is seported at 3,409 
KWh per capita for Hungary, cornpareci to 5,153 KWh in the more induçtrialized 
Czechoçiovakia and 5,605 W h  in the Soviet Union. 

lt should also be noted that household use iç growing at a slower rate than total 
electric energy use. During the 1970-1 988 period, household use of electric 
energy has increased ai an average rate of 2.1 percent per ear, compared to 
4.6 percent uses3 More importantly, growth in household use has slowed dia- 
matically in recent yearç, averaging 0.4 percent per year for the 1985-1988 
period, compared to 2.1 percent for total use. 

Available forecasts of total electric energy use, as prepared by the National 
Energy Board, indicate rnuch slower than historical growth rates. One forecast 
assumes annual increases averaging 1.5 percent per year through 1995, and 
2.5 percent per yearthereafier. Total use is expected to reach 74.5 x 1 0 % ~ ~  
per year by 2010.~ Alternative forecasts are based on uniforrn growth rates of 
2.0 and 2.5 percent per year. In al1 cases, household energy use is expected to 
increase at a rate of 2.0 to 2.5 percent per year; growth in industrial use, on the 
other hand, will slow for severzl p a r s  due ta energy conservation. 

Electric Soad in Hungary iç strongl winter-peaking, seaching maximum levels z during the October-March period. During 1988, maximum loads were recorded 
in November, while the minimum loads occurred in Juiy. Daily peaks during the 
winter season tend to occur twice each day: the morning peak is at about 0600- 
0700 hours while the evening peak, of approxirnately the same magnitude, 
generally fails between 1500 a d  2100 hourç.' 

Electricity Supply. Electric çupply consists of a wide varie@ of sources, 
induding steam-eiectric generation from fossil fueis (coai, lignite, natural gcs, 
petroleum), hydroelectric generation, and net imports. 8ectric energy is 
exporteci to and irnported from Czechoslovakia, Austria, Yugoslavia, and the 
Soviet Union, although exports to the Soviet Union are trivialjy çrnall (about 3.0 
GWh in 1986)~ The Hungarian electric tr~nsrnisçion grid is also used by the 
Soviet Union and by Czechoslvakia to convey energy ta oiher parts of 
Czechoslavakia and ta Yugoslavia. Generation, irnports, and exports are shown 
for recent years in Table 1. 

It can be seen that, while the rate of growth of electric energy use in Hungay 
haç slowed çince 1980, dependence on imports has grown from 25.2 percent of 
total supply (before losses) in 1980 to 29.8 percent in 1988. Buring the past 
eight years, the use of imports has increased at twice the rate of growth in 
domestic generation. 



Table 1 : Electrlc Supply 1970 - 1980 ( i ~ % w ~ / ~ e a r )  . 

Net Net Total Dist. Net 
Year Generation lrnports Exports lmports Supply tosses Supply 

Average Annual Growth Rates (%/year): 

Source: Magyar Villamos Muvek Troszt, Kozlemenyei: 1989/2, Budapest, 
Hungary, 1989, p. 47. 

While no marginal cost data or operating rules were reviewed, it is apparent 
from gross statisticç that import sources (prirnarify the Soviet Union) are treeted 
2s the marginal supply, bearing a more than proporiionate share of peaking 
re~~onsibi l i ty.~ Domestic generation is more likely tu be base-loaded, or 
operated as seasonal cyding capacity. Anecdotal information suggests that 
import sources are regarded as less reliable than domestic sources. 

Available domestic generating capacity is reported as 7,133 MW in 1988.~ 
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of grid capacig. 
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"Minden nemzet, rnely elrnhlt kara emlekezetét, sernrnive teszi, vagy sernrnive 
tenni hagyja, sajat nemreti eletet gyilkolja meg" 

"Each nation which annihilates the memory of its bygone days, or allows this 
annihilation to occur, murders its own national life" 

Visual Characteristics 

The visual quality of the Danube Bend landscape is based both on the area's 
physicâl character as well as on the deep hiçtoric, cultural, and spiritual 
meaning of the region for the Hungarian people. Visual perception, is based 
bath on objective optical eiementç çuch as forrn, line, color, and texture as well 
as on the meaning derived from theçe elernents by  the viewer. In the Danube 
Bend, the meaning and symbolisrn of the landscape are of overriding 
importance due to the area's significance for Hungarian culture. Visual impact 
assessrnent in the Danube Bend must take thiç principal into account. 

The international cornrnunity has already secognized the unique physiography of 
the Danube Bend area by designating the Pilis and Bonony districts as World 
Biosphere Parks. When the area's physiography is combined with its unique 
historie, archeological, and cultural assets, the Danube Bend truly becomeç a 
landscape of rn,qjor international significance. 

In a European context, the physical landscape of the Danube Bend iç important, 
but is overshadowed by the more dramatic physiography faund in other 
couniries. In itç Hungarian çontext, the physiography of the Danube Bend iç 

exceptional. Nowhere else in the country does a major r i v ~ r  like the Danube 
flow through hills as high and as drarnatic as the Pilis and Borzany highlands. 



The extensive woodlands covering the hills create a unique habitat for diverse 
wildlife and create the exceptional scenic quality for which the area is famous. 
The steep diffs and curving alignment of the rjver produce a dramatic landscape 
made al/ the more significant by the area's unique historic resources. 

The central, but often overlooked, element in .this landscape is the Danube River 
itself. Over millennia, the Danube has cawed and shaped the landscape of 
steep hills, cliffs, and dramatic gorges that make up the landscape of the Bend. 
The sheer size and speed of the river as it flows through the gorge imparts a 
sense of elernental power, Ijfe, and drarna to the landscape. Construction of the 
Nagymaros Dam would still the visible power and life of the river and would halt 
a continuous process of landscape formation that haç endured for countless 
rnillennia. The disruption of this age-old natural erosive force would signal a 
new era for the Danube Bend, an era of sedimentation and deposition, the 
geologic equivalent of middle-age faitening and hardening of the arteries of a 
feirrnerly athletic and vigorous landsçape. While many elements of t he  region's 
physiography would remain unchanged, the force which çhaped it would be 
stilled. 

Recent development of vacation homes on steep hillsides in the Danube Bend 
has reduçed the visual quality the area enjeyed up to twenty years ago. The 
vacation homes have introduced a visual intrusion into the landscape of mzjar 
proportions. While this intrusion bas reduced the visual quality of the area, the 
Danube Bend remains a unique scenic and cultural Iândscape. The dsmage to 
the Iandscape caused by the vacation homes can be partially remedied by more 
tightly contralling land-use regulation and enforcement, by encouraging future 
development to follow traditional settlement patterns, cnd by purchasing and 
relocating the most visible çiructures. 

Hiçtoric and Archeological Resources 

The Danube Bend is a landscape laden with historic meaning end symbolism for 
the Hungarian people. The are2 has traditionally held great strategic as well as 
cultural significance for the nction. Çontinuouçly inhabited since the paleolithic 
age, the region contains an irreplaceable prehistoric, Rpman, and medieval 
erchaeological resource, the true extent of which may never fully realized if the 
dam is built as planned. The Danube Bend formed a crucial part of the 
northeastern border of the Roman Empire and is still lined with one of the 
dençest cluçters of Roman fortifications in the world, many of which wouid be 
flooded by the proposed dam. In the Middle Ages, the Danube Bend region 
was the very center of the Hungarian nation with former national capitals iocated 
in Visegrad and in nearby Esztergom. One of the centers of life and culture 
during the early ~ r ~ 8 d i a n  Dynasty, it contains priceless ruins fmm this important 
period in Hungarian history. The Danube Bend is alço the lacation of the ruins 



of the castie and summer palace of Hungary's great King ~$tyis  who heid 
back the Turks. 

Archaeological sesources of international significance are threatened by the 
constructi~n of the Nagymaros Dam and the subsequent flooding of upstream 
areas rich in archaeologicaf sites spanning 3,500 years. In their Draft Resolution 
of November 25, 1988, the Archaeological Cornmittee of the HAS strongly states 
that in spite of efforts to excavafe and remove of archaeological rernains from 
the site of the Nagymaros Dam and upstseam irnpoundments, large-çcale 
destruction of preciouç archaeological resources in the Danube Bend area will 
nevertheieçs occur. The Resolution states that the speed with which the 
Austrians are building the Nagymaros project and the lack of funding provided 
the Hungarian National Museum is totally overloading the capacity of 
archaeologists to properly excavate and preserve artifactç. ' m e  tact that we 
have done everything to çave the archaeological relics is not acceptable, and 
thoçe optirnistic declarations which atfernpt to pacify public opinion in our 
country by saying that archaeological relics will not be destroyed or will only be 
destroyed in insignificant nurnbers, are even less reasonable." The 
Cammittee's Draft Resolution then goes on to point out that, due te limited time 
cnd resources, many archaeologicâl sites will not be able to be excavat~d in 
time to Save relics. 

in his 1985 Defense of Archaeolagical-Historical and Monumental Values and 
Interests in the Region Above the Nagymaros Dam, Dr. lstvan Horvith, Directar 
of the Balint Balassa Museum in Estergorn states that the Nagymaros dzm and 
its upçtsearn irnpaundrnents will cause major darnage to the historie, 
monumental and archaeological potential of the area. In his view, frequent totzl 
destruction of objects and sites will occur. He points out the gredt tourist 
patential that will be losi by destroying these sites and emphasizes that they 
~ l s o  "play an important role in forming the sound local patriotisrn, the proper 
cttifude to history and the national conscjousness." 

Dr. Horvith traces significant archaeological remains in the area back to the 
n~olithic age (3,500 - 2,500 BC). He points out that the river terraces which wilf 
be inundated or buried by the dike system were some of the most important 
sites for early senlement and contain many significant finds. In Roman times, 
this region contained one of the densest clusters of watchtowers and 
fortifications in the entire empire, guarding this important border against 
invasion. He emphasizes the priceless archaeol~gical and historical richness of 
a region that was the very heart of the Hungarian nation in the Middle Ages. 

Dr. Horvith's report states that a total of 45 archaeological sites are 
endangered in the area upstream of the Nagymaros Dam: 5 in 06m6s, 14 in 
Pilismasbt and 26 in Esztergom. Of theçe endangered sites, 4 are Hungarian 
relics of outstanding international significance (Claçs l ) ,  12 are non-Hungarian 



relicç of universal significance (Class II), 16 are significant from a scientific, 
historical or archaeological standpoint (Class 111), 7 are interesting from a 
scientific viewpoint (Class IV), 3 are inçignificant remains based on surface çigns 
(Class V), and 3 sites have already been destroyed by construction actiuities. 
The threatened Class I sites include the Royal Town of Esztergom, the remains 
of a Stephanite Church in Szentkirily, remains from the Bronze Age, Celtic, 
Raman and Medieval eras an Sziget Island, and the ~iziv6ros Glrater Tawer in 
Esztergom, The threatened Class II sites include 12 of the 22 Roman 
watchtowers and 4 fortifications (castra) that line the river between Esztergom 
and Nagymaros, one of the denseçt line of towers and forts in the Roman 
Empire: 

The façt that many of these endangered resources are being excavated, 
removed from the site, and preserved in museums does not adequately 
compensate for the loss of the sites thernselves. It is a well-known principle of 
archaeology that artifaçts presetved in their original locations are usually much 
more valuable than individual artifacts located in museums. An archaeological 
site in its entirety contains valuable information that is lost when its individual 
pieces are removed. A similar principle is true from an interpretive point of view 
as well: Sites preserved in their original locations, especially in drarnatic settings 
such as the Danube Bend, are of much greater interest to the visitor than zre 
artiiacts Iocated in glass cases in museums. An additional concern is that mzny 
larger, structural elements, such as the walls of the Roman watchtowers, will not 
be able to be transported off-site and will be Iost. 

Our study team mus2 conclude frem this information that the propoçed 
Nagymaros Dam project will have an ekrernely adverse effect on aichaeologicel 
and historic resources of Hungarian, as well as international, importance. Tnis 
project represents a significant loss of Hungarian cultural resources. 

Syrnbolic Issues/National Significance 

Our visual analysis of the project takes into account the strong role that 
meaning and syrnbalism plays in visual perception, This has led us ta condude 
that while it may be possible to çomewhat reduce the objective visual impacts of 
the project, meaningful visual impact mitigation of the proposed barrage project 
may be impossible given the overriding negative syrnbolic and emotional 
connotations the project represents to many Hungarianç. Recent evidence of 
Hungarian public opinion--including rnass demonstrationç, newspaper articles 
and editorials, and interviews--suggeçt that the dam may violate something 
sacred to many Hungarianç. To others, the dam is like a fiy in a bowl of soup: 
Its negative visuai impact stems from what it means, not frsm what it looks like 
or its relative visibility. 



An immediafe moratorium should be placed on construction of the project to 
allow detailed public opinion research on popular perceptions of the Danube 
Bend landscape and propoçed dam. Scientific visual perception studies should 
be conducted to further investigafe Hungarians' perception of the landscape 
and the project. Public opinion poils should be conducted as well. For the 
purposes of this interim report, time constraints imposed by the on-going 
construction of the dam force us to make initial determinations from the 
available information. But it iç clear from recent events that a large group of 
people vehemently oispose the project. Additional reçearch could determine 
how deep the opposition runs and why the opposition has developed. We 
therefore strongly recornmend conducting a nationwide public opinion poll or 
survey which would provide policy makers and planners with detailed 
information which could serve as the basis for developing a response to the 
project more attuned to the concerns of the Hungarian people. Conducting cny 
additional studies, inçluding final phases of this study, will be meaningless 
unless a moratorium on construction is irnrnediately placed on the Nagyrnaros 
portion of the project. The only way to defjnitively gauge public opinion on the 
subject would be to conduct a nation-wide poli, which we recarnrnend. But 
because of the limited time available and the preponderûnce of information 
already available in the form of interviews and articles, and the clear evidence ci 
mass opposition to the project, we can develop a sound initial sense of the Ieve! 
of opposition to the project. 

Visual, cultural and erivironmentzl qualify are usually viewed as separate entities 
but are, in fact, inextricably linked. A landscape perceived as beautiful is often 
also environmentally sound and culturally significant to the viewer. Objects or 
landscapeç perceived as ugly are oiten visually stimulating but contain elementr 
that symbolize cultural upheaval or environmental degradation. 

The most important justification for preserving scenic and historic landscapes is 
thaf scenic beaufy--and the environmental and social well-being it reflects--is a 
bzsic human need, Beauty in the lcnd is not just a matter of superficial and 
subjective visual preference; nor is it an isolated aesthetic factor separated from 
other environmental issues. Our p~rception of beauty in the land iç founded in 
the values that we hold important: ecolagical diversity, çlean air and water, 
open space, peace and quiet, agricultur~l productivity, historic and culturzl 
richness, national heritage, and a sense of knowing and respecting where we 
have corne from and where we are going. A landscape is beautiful not just 
because of its scenery, but because of what itç scenery symbolizes to its 
baholders. The landscape of the Danube Bend is a place where for many 
centuries and until quite recently man and nature have strwck a careful balance, 
where human activity has compiemented rather than destroyed the natural 
environment. The Danube Bend is beautiiul not just because it is viçualty 
stimulating, but because it symbalizes a one thousand year tradition of 
coexistence between Hungarlans and their land and environment. 



Because of its outstanding visual, cultural and environmental features, the 
Danube Bend holds tremendous national significance for the Hungarian people. 
The Danube Bend is both their most dramatic natural landçcape, as well as one 
of the country's most hiçtorically significant locations. A sirniiar situation would 
exist in the US if Plymouth Rock, the site where the first permanent settlerç 
landed, were located in the Grand Canyon, one of the country's moçt drarnatic 
natural landmarkç. Building a dam in the middle of such a reçource would be 
absolutely unthin kable to moçt Arnericans. Not unexpecfedly, building the 
Nagymaros Dam appears to be eliciting a çimilar reaction from many 
Hungarians, now that they are able to more freely express their opinions in 
public. 

Symbolic issues concerning the Danube Bend and the Nagymaros Dam are 
also interwoven with the current political developments in the country. . 

Opponents of the dam link the project with the evils of Stalinism. A recent 
postcard distributed by the opposition shows a trick photagraph of Hungary's 
curcent environment minister and Joseph Stalin standing side-by-side in f r ~ n t  of 
a lzrge dam. Protesters have planted crosses on the Nagyrnaros cofferdam. A 
photo exhibit an the effects of the dam alço include pictures of the exhumed 
grcves of political leaders executed after 1956. While abviously exaggerations, 
these analogies show the depth of emotion and negative symbolism that, 
rightfully or not, have been essociated with the dam project by what appears to 
be a significant segment of the Hungarian population. The result appears to b~ 
that the positive symbolism of the Danube Bend has been elevated abeve w h ~ t  
recent land-use actions in the area would indicate its importance to be. 
Conversely, the negative symbolism of the proposed dam has grown well 
beyond the ecological and cultural impzcfs normally associated with a project oi 
this type. It would na! be an exaggeration to Say that the controversy over the 
dam in the Danube Bend has become the very syrnbol of the confrontation 
betiueen the old and new orders in contemporary, Hungarian society and 
politics. As such, the landscape and the proposed dam have become irnbued 
with enormous symbolic importance that cannot be ignored in judging the 
perceptucl impacts of the project. For many Hungarians, the Nagymaros Dam 
is the embodiment, the physical expression of poor planning, lack of public 
participation in decisionmaking and a value system willing to sacrifice the 
environmental health of an entire river system and the integrity of an historic 
cultural landscape of international significance. 

Nagymaros Dam 

Numerous studies have been conducted to date concerning the visual impacts 
of the Nagymaros Dam. OVlBER has produced a photographie simulation of an 
aerial view of the dam. Professor Attila Csemez has also produced an 
elaborate visual çtudy of the impacts of the project, including many hand-drawn 



acetate overlayç of the proposed project superimposed on phoffagraphs of the 
site, Professor Csemez's work has been instrumental in achieving certain 
modifications to the original barrage proposai. We do not intend to duplicate 
theçe efforts and have concentrated instead on reviewing the visual studies 
conducted fo date and adding additional information not covered in these 
previous reports. 

Since the OVIBER visual simulations depicted the proposed project from a 
distant, eievated aerial perspective, we felt it would be usefui tu depict the 
barrage as it would appear from a close-up, ground level point of view. These 
drawings are inciuded in this report. We have also inciuded an aerial 
perspective showing what the Danube Bend area would look like if construction 
of the Nagyrnaroç Barrage were eliminated and the National Heritage Park 
concept implemented. 

Studies by Professor Csemez show that the praposed Nagymaros Barrage will 
be visible from river level throughout the central portion of the Danube Bend, 
from the western end of Verocemaros to Domos. Construction of the dam hos 
zlready had drastic visual impacts on the historic town of Nagymaros and from 
portions of Visegrad, the former Hungarian capital. 
Frorn the çurrounding hills, the faciliîy will be clearly visible over a much wider 
area, including the farnous views from the Fellegvar and Salamon Tawers. It rvill 
îlso be dearly visible from most of the major raadways flanking the Dznube in 
this area. 

While the proposed Nagymaros Oam is not visually Ierge in relation to the 
surrounding landscape, physical and perceptual factors will greatly accentuzte 
its visual role in the landscape. Because it is located in the very center of the 
Danube Bend, it will become a visual focus for the entjre region. This focussing 
is further accentuated by the fact that the dam is located in a steep valley which 

I itçelf serves to funnel views toward the valiey floor. The final factor that will 
focus visual attention on the dam is the fact that it impacts the visual charact~r 
of the river which is the central visual feature of the region. These physiczl 
fzctors are greetly accentuated by the cultural influences on perception 
discussed below. 

As originally designed, the project would have had an ovenuhelming visual 
impact on the central portion of the Danube Bend. A taIl smokestack, overhead 
transmission lines, several massive, rectiiinear building complexes, and large 
tracts of box-like houçing would have transformeci the historic Danube Bend into 
the visual equivalent of an heavy industrial district. Recent modifications to the 
proposal have leçsened, but not eliminated, the visual impacts of the propoçed 
barrage cornplex. These modifications were the results of n design cornpetition 
and the persistent efforts of Professor Csemer, The modifications inçlude 
removal of the proposed smokestack, reduction of the height and bulk of the 



large building adjacent to the locks, burying of the transmission lines, 
modification of proposed grading and raad alignments, and the addition of two 
recreational water baçins on the south bank of the river. 

The propoçed dam cornplex has been designed with low, clean, contemporary 
industrial styhg. The present design of the dam and associated structures js 
,an improvement over former proposais, but nevertheless has no precedent in 
the Danube Bend Iandscape and introduces an alien architectural mass and 
form into a region of traditional village architecture. The design of the 
landscape surrounding the dam complex places an emphasis on revegetatian 
and on recreational facilities. The planting program appears fo be significant 
with major replanting of frees propased adjacent to the dam and along the 
upstream banks. It will be rnany years, however, before the banks are fully 
revegetated. Replanting of trees is little compensation for the proposed 
destruction of over 40 km of mature riparian vegetation and bordering wetlands. 

The active recreational facilities to the south of the proposed dam introduce 
alien, contemporary man-made landscape forms into the natural and historic 
Iandscape of the Danube Bend area. The kidney-shaped recreational ponds 
lined with rip-rap or beaches will be highly visible and have no visual precedent 
in the Danube Bend area. The recreational opportunities they provide are 
needed, but not in a sensitive scenic and historic landscape af national 
significance. The associated recreational, service and storage buildings will also 
stand out in marked çontrast to the surrounding landscape. 

If the Nagymares Dam is completed, it will create the only automobile bridge 
across the Danube beheen Budapest and Kornirom. This may cause trafic in 
northern Hungary to funnel through the Danube Bend, greatly increasing 
congestion on local roads. This would lead to pressure to expand highways in 
the Danube Bend and could result in greatly increased development in the m a .  
This would cause further physical and visual degradation of this sensitive 
environment, as well as increase noise, air, and light pollution of the area. 

In spite af recent modifications in the lighting plan for the dam, the entire 
structure will nevertheless need to be illurninated at nighf, greatly rnodifying the 
night-time character of the Danube Bend. 

VEsual and Cultural Impacts of Four Downstream Program Options 

Downstream Option A: Cornpletion of Dam as Planned 

In spite of recent design modifications, the proposed Nagymaros Barrage wili 
have severe and irreversible visual impacts on the Danube Bend. The extensive 
dikes proposed for both banks of the river for up to 50 km upstream of the 



Nagymaroç Barrage will also have enormous visual, historic and archaeologicai 
impacts on this scenic and historic siretch of the river as weli as on the historic 
city of Estergom. Proposed rneasures to contain the new impoundment 
upstream of Nagymaros will essentially replace the existing densely vegetated 
riparian shoreline environment with a barren dike. 

The attached ground Ievel perspectives show some of the visual impacts of the 
proposed dam from a less flattering angle than portrayed in OVIBER 
publications. These physical diçruptions in the visual landscape, corn bined with 
the dam's significant negative symbolisrn, reveal the true extent of the project's 
impact on a unique environment. 

From a visual and cultural standpoint, this option will have disastrous 
consequences. The severe degradation of a scenic and historic landscape of 
national and international significance is reason enough to remove the 
Nagymaros dam and restore the Danube Bend landscape to its former state. 

Downstream Option B. Relocation of the  Nagymaros Dam 
10 km Upstrearn 

While this option is preferable to Option A because it would nllow restoration of 
the landscape of the Danube Bend, it would still have severe and unacceptable 
visual impacts on the very scenic and historic Danube landscape eaçt of 
Estergom. While this landscape is nat as visu2lly significant as the Danube 
Bend, it is nonethelesç very valuable. The dramatic contrasts between the Little 
Hungarian Plain and the Pilis Hills in thiç area are augrnented by the almost total 
lack of vacation homes and 0 t h  forms of recent development in the area. The 
visual contrastç between the flat and intençively farmed Litile Hungarian Plâin on 
the north side of the Danube with t he  steep, wooded hillç to the south enhance 
the visual quality of this area. 

Relocation of the dam would also not prevent the major destruction of the 
upstream river banks as a result of the dikeç required to contain the 
irnpoundment, The bordering riparian environment far up to 40 km upstream, 
as well as the former Hungarian capital of Estergom and a I a g e  number of 
historic and archeological sites, would continue to be impacted by the relocated 
dam. 

Because the fioodplain of the river is much wider at this point and because 
excavation woutd have to be much deeper to reach bedrock, construction 
impacts would be spread over a much wider area than ai Nagymaros and the 
final dam would be have to be much longer. 



Downstream Option C. Stopplng the Project and Stabilizing the 
Nagymaros Cofferdam 

In the Danube Bend itself, the visual impacts of the exiçting cofferdam are 
greater than those of the completed project. The phyçical extent of the 
cofferdam is much greafer than the size of the completed dam and, because it 
is a construction site, lacks the finish grading and planting that could help 
reduce visual and environmental impacts. In the context of the larger region, 
the main visuai benefit of thiç option would be the preçeniation of 40 km of 
scenic upçtream riverbanks from flooding and dike construction. 

From a cultural and environmental standpoint, stopping construction without 
removal of the cofierdam and restoration of the site woctld still be preferable to 
completing the Nagymaraç Dam. This is because most of the cultural and 
environmental damage would be caused by the upstream impoundment and 
dike çyçtem, not by the construction of the dam itself. Leaving the cofferdam in 
its current state, while resulting in considerable visual, navigation, and safety 
concerns, would still spare 40 km of environrnentally and culturally senstive 
upstream riverbankç from flooding. The benefits and drawbacks of this option 
are therefore very rnixed and it is not ai al1 an acceptable alternative from a 
visual or cultural point of view. 

Downstream Option D. Rernoval of the Nagymaros Dam and Full 
Restoration 01 the Danube Bend Landscape 

From a visual and cultural standpoint, this is the preferred option for the project. 
Given the great dificulty or impossibility of mitigating the impacts of the dam on 
the region's scenic and historic resourçes, the Nagymaros dam should be  
cancelled, al/ evidence of construction be removed, and the site restored ta its 
former condition., Relocation of the most visually obtrusive vacation homes and 
exterior alterations te two areas more consistent with the region's traditional 
settlement patterns, is also recommended. The reswlts of implementing these 
recommendations is illustrated in the attached perspective drawings. These 
reveal the full visual and cukur~l potential of a large scale restoration of the 
Danube Bend landscape. 
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Proposal for a Danube Bend National Heritaae Park 
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Dam Removal and Restoration of the Landsçape 

If Nagymaros Dam canstruction were tetminated, full restoration of the Danube 
Bend national heritage landscape could occur over a twelve year period, 
beginning in 1990. This would mark the 500th anniversary of the death of King 
Matyas and culminate in the 1,000th anniversary in the year 200.1 of the 
coronation of Saint Stephen and the founding of the Hungarian Nation. th i s  
bold action would not only restore an irreplaceable landscape, it would also 
draw together Hungarians in a process of national healing and reconciliation 
centered on the restoration of their nation's birthplace. This process could 
begin on the 500th anniversary of a sad date in Hungarian history when King 
Matyas died and the Turks began their 150-year occupation of the country. The 
period from 1990 to 2001,would be a symbolic joutney from the 
commemoration of a dark point in the nation's history to a great ceiebration: the 
commemoration of the founding of Hungary and the crowning of Saint Stephen. 
During this twelve year period, the phyçical scars of the Nagymaros Dam and 
the social and political problems it symbolizes could be removed from the 
Danube Bend throwgh a collaborative effort in which every Hungarian would be 
encouraged to volunteer. 

Signs of potential national enthusiasm for this project are already evident and 
are symboiized by the recent offer by an entire dasç of schoot girls to begin the 
removal of the coffer dam by hand. Their offer may seem naive, but efforts 
such as theirs, spread out across an entire nation represents a force stronger 
than one hundred bulIdozers! If properly encouraged and organized, 
volunteerism of this sort can help muster the financial and material support 
required to undertake the removal of the cofferdam and restoration of the 
Danube Bend landscape. The recent multi-million dollar restoration of the 
Statue of Liberty in the US was made possible, in part, by a national fund-raising 
carnpaign in which çchool children each donated a penny or more of their 
savings to the project. This not only resulted in substantial financial support, it 
helped millions of children personally identify with the restoration of a national 
symbol and helped them understand that the people of a nation, including its 



children, can move mountains by working together. 

Hungary would not be the onfy beneficiary of a protected and resfored natural 
and cultural environment on the Danube. The restoration of the river and its 
culfural landscape could have potential benefits for Hungary's neighbors as-well, 
especially in light of the proposed Worldk Fair. The removal of the dam and 
creation of the National Park çhould be coordinated with the proposed 
Vienna/Budapest World's Fair. Inclusion of the landscape restoration and 
national park project as an integral part of the World's Fair proposal would 
greatty increase the competitiveness of the proposal in the eyes of the 
international jury deciding between Vienna /Budapest and Miami. After al], the 
Danube Bend National Heritage Park and restored Danube River is the great, 
historic link that has always been the main connection between the two çities. 
What betler way to highlight Zhis historic bond than to preserve, reçtore, and 
enhance the river's priceless environment and cultural features. These features 
are not only the national heritage of the Hungarian people, they represent the 
physical expression of historic links behveen Austria and Hungary and other 
nctions in the region as well. It is often assurned that czncellation of the project 
will benefii only Hungary and ~Iienate Hungary's neighbors. 

When a damaged architectural or lzndsccpe trecsure is restored, more thcn c 
physical transformation takes plece. An irnporiant p ~ r t  of the people's naticfi21 
consciousness, pride, and self-knowledge is restored as well. Hungary has 2 
record of overcoming large finenciel end physical obst~cles in the restorztion o i  
th~ i r  treasured buildings and sites. The reconstruction o i  Budapest after the 
damage of World War II 2nd IO56 is En example of this. mis cornmitment to 
architectural and urban restoration now needç to be applied to the scenic crrd 
historic national landscape of the Dsnube Bend. The rcstoration pro j~çt  wiJl bc 
costly and its true expense çhould be cl~arly explained to the Hungarians. Tne 
cost to each Hungarian might be explained, both as a i v ~ y  to translate the 
m~gnitude of the expense into personal terms, as well 2s to demonstrate h c ~ v  
al1 citizens working together can zccompliçh çornething truly significant throuch 

1 

t h~ i r  financial contribution. 

R~sioration of the Danube Benci Icndsczpe could also involve the purchcsing 
and relocation of the most visible of the vacation homes that currently cover 
msny af the hillsides along the river. The homes would only be purchased fram 
willing sellers on the open market. No compuisory sales of propeny would be 
involved. Current owners could sel/ their homes and remain on as life tenants. 

ational Park Service ct This appïoach has been successiully applied by the US NA 
the Cape Cod National Seashore in Massachusetts and in a nurnber of other 
nationai parks and foresfs. It allows for fair compensation of landowners, 
respecting landowners concerns and propew values, and for a gradua1 rather 
than a sudden transition to landscape restoration. 



Tbe result of the cancellation of the Nagyrnaros Dam and of a portion of the 
vacation homes would be a National Park, a landsçape manurnent to bath the 
Hungary of old and the Hungary of the future. It would be buPt through a 
colfective' national effort by the Hungarian people and be made possible by a 
combination of government efforfs and by individual, voluntary donations of 
funds, labor, professional skills, and moral support by Hungary's çitizens. It 
would be the Hungarian people's -1,QOûth birthday gift to their country and to 
their children and grandchildren. 

Exampfes of Opposition to Large Water Projects in Other Countries 

The Nagymaros Dam project is a relic of Zn era in Hungary when major 
development decisions were made without proper regard to their environmentcl, 
cultural, and visuat consequences, and without citizen participation in the 
decision-making process. Construction of the dam 2nd associated system of 
upstream dikes would have zdverse environmental and cultural impacts thct 
would not be tolerated in many countries today. For example, public oppositiori 
recently prevented the consiruciion af a sirnilzr dam on the Dznube in Hainbtlrg, 
Austria, only 170 km upstream from Nzgyrnaros The Heinburg project woulcr 
hâve led to the destruction of ân important old-growth forest, a çcenic vclley, 
ând important ecological and envrronmental resources: e m2jor lândscape, h i  

cedainly not on the scale of scenic, culturzl, and nztionzl importance that the 
Danube Berid is ta Hungary. Tne Austrian government hzs s h o ~ v n  that ii is v r ry  
responsive to cultural  and environmental concerns voiced by its own citiz~ns 
~vithin its own bordesç. 

In the People's Republic of China, efforts to buiid what would be the ~vorld's 
largest hydro-electric project an the Y m g i z e  River have b e ~ n  temporcrily h ~ l t ê a  
due to intense public opposition. The proposed dam would have drastic 
impacts on the environment and spectacular scenery of the historic Jhree 
Gorges section of the Yangtze cnd would inundate the homes of o v ~ r  a million 
people. The project is on hold pending the outcome of ~nvironmentzl 2nd 
sociel impact studies. 

In the US, major opposition to large-scale public works projects wirh mzj.jor 
cultural and environmental impects began to occur with the growing 
environmental awareness that devebped in the U S  and other countries in the 
late 1960s. One of the catalysts for this change was the unsuccessful affempt 
zt fhiç time to prevent the damming of the Colorado River and the subsequent 
flooding of Glen Canyon, a major scenic gorge. The destruction of Glen 
Canyon caused a major outcry tt-iroughout the country and contributed to a 
growing public awareness of the harmful environmental and cultural impacts of 
large public works projects in sensitive arias. After the Glen Canyon 
contraversy, local and national opposition stopped such projects as the Storm 



King pumped storage facility on the Hudson River in the state of New York and 
the proposed Dickey-Lincoln Dam on the Saint John's River in the state of 
Maine. 

Storm King, proposed by a major utility Company, would have permanently 
rnarred a famous natural landmark in the Hudson River Highlands norih of New 
York City. This landscape of high wooded hiilç, castles and srnall villages is 
remarkably çimilar in many physical and visual respects tu the Danube Bend, 
though its physiographic, scenic, cultural and symbolic significance to the US is 
nowhere near the Danube Bend's overwhelming importance for Hungary. Vocal 
and widespread opposition to the project based on its negative visual, 
environmental, and cultural impacts forced its cancellation by elected public 
officiaB. Public outcries againçt this and other projects alsa led to the 
enactment of strict environmental regulationç and perrnitting procedures 
stressing public involvement in decisionmaking by government and autocratie 
private utility companies. 

The Dickey-Lincoln Dam in the state of Maine would have irnpounded one of the 
last major wild and free-flowing rivers in the eastern United States. Proposed by 
the US Army Corps of Engineers, the dam generated national opposition frorn a 
wide range of environmental, sporting, and wilderness preservation groups. 
This opposition finally led federal ~ n d  state public officiais to decide that the 
increaçed electric generating capâcity of the proposed dam was not bvorth the 
heavy costs to the environment, to recreation and, most irnportantly, damage to 
the emotional and spiritual value that this last eastern wilderness holds for the 
American people. 

Concern for the environment is not the only reason for widespread public 
opposition to certain public works or development projects in the US. A 
concern for the impacts of these projects on the deeply held cultural, spirituzl 
end symbolic resources is also a fundamental cause for opposition. For many 
Americans, the wilderness holds a spiritual significance far beyond its tangible 
physical attributes. Protecting the wilderness means protecting the American 

ave an spirit, one of the symbols of the country. America's national parks also h- 
important cultural and spiritual signiricance; they are nationel shrines and 
represent the linking of the people to their land and history. 

In sumrnary, a project of the nature of the Nagymaros Barrage wouid never be 
perrnitted today in many countries. In the US, the project would be impossible 
for any one of the following reasons: environmental impacts (destruction of 
wetlands, wildlife habitat, groundwater impacts, etc); cultural impacts [history, 
erchaeology); scenic impacts; or public outrage at the degradation of a national 
symbol. If theçe problems were cornbined, as they are at Nagymaros, 
opposition to the project would likely be insurmountable. 



Examples of Cultural P a r k  in Other Countries 

Succeçsful examples of cultural parks exist in Britain, France, the United States, 
and several 0 t h  countries, Perhaps the best examples can be found in Britain, 
where the system af national parks emphasizes both natural and cultural 
features. The British National Parkç are located in areas of outstanding natural 
beauty where hurnan cultural practices such as farming and features such as 
Lillages, estateç, historic sites and unique architecture have camplemented and 
enhanceci the natural characteristics of the land. Unlike most Arnerican National 
Parks, the British parks contain bath public and private land. The private land is 
regulated by controls administered by the national parks agency and local 
planning authorities. The controls allow certain existing uses and prevent 
unregulated developrnent and expansion in the private sector from darnaging 
the natural, scenic, and historic characteristics of the park. Tbe system is v ~ r y  
successful because it emphasizes the close links between the natural and 
cultural landçcape. 

The ~rench Cultural Parks system goeç even further than the British in 
regulating and enhancing unique çuitural traditions in rural landscapes. In the 
French cultural parks, traditional f~rrning practices, architectural styles, loccl 
cuçtoms,'ceremonies, and dress are ail encouraged through financial and 
regulatory incentives. Private land ownership is also continued as in the Gritisn 
systern. Modifications to existing structures and new construction is tightly 
regulated to ençure that it blends with traditional features. 

In the US, several national and state programs are of interest. The Wild ano 
Scenic Rivers Psograrn of the National Park Service provides a degree of 
protedion to qualified river systems. While most of the rivers are in wildernecs 
areas, some rivers of unique hfstoric or secreational value are also included. 
tirnited controls on new development are achieved through cooperation with 

cl funds local regulatory authorities and restrictions placed on the use of feder- 
and on the actions of other federal agencies in these areas. 

Two regional parks in the US administered by state ~uthorities combine public 
end private land use and protect cultural as well as naturaf features. me 
Adirondack Park Preserve in New York State and the Pinelands National 
Reserve in New Jersey cover entire regions of their states. They achieve 
preservation goals of the park by placing tighter than normal controls on certzin 
types of public and private land use that could degrade the environment, 
scenery, and cultural resources of the area. In the Pinelands, the ernphasis is 
on preservation of groundwater resources and the unique flora and fauna of the 
sand plain ecology. Small village life and architecture are also pratected from 
intensive development. In the Adirondacks, a mountainous forest preserve 
dotted with çmall villages iç protected from excessive logging, and unplanned 
recreational and second home development. Private properly rights are 





inventory existing conditions, analyze data, and propose a varied range of 
protection measures for the diverse landscapes of the park. It would target 
areas for public acquisition and protection, as well as areas better suited for 
continued private ownership and operation. The plan would atso specify 
administrative and park management goals and objectives. 

Proposed Boundaries of the Park 

Our proposed boundaries are derived from five sources, namely: the plan of 
V ~ I ;  Kerteszeti Egyetemi Landscape Planning Study headed by Professor Attila 
Csemez; Archeological Study by Dr. Içtvgn Horvith and his findings süpported 
by the Archeological Cornmittee of the HAS, which reported on the Bos- 
Nagymaros barrage on November 25, 1988; the March 1989 report on the Qld 
Danube Channel-Szigetkoz Ecosystem Protection Study; and five different field 
surveys by the members of the study team. 

The boundary of the National Heritage Park is simple. We cirooose to adoot the 
boundaw of the  VAT^ Studv area, as çhown in the accompanying map. This 
includes the Viçegrad, Pilis and Borzsony Mountains, and surrounding valleys. 
The heart of this larger proposed National Heritage Park iç the Danube Corridor 
itself. The concentration of valuable archaeological sites, historic structures, 
floodplains, wetlands, and unique river vegetation, would place this rives corridor 
into the moçt significant landscape type within the park and hence into its 
highest protection zone. 

This proposed National Heritage Park area has not only the dençest 
concentration of archaeological and historic sites of several miliennia, but also 
possesses the highest visual qualitieç within the Budapest region. The 
Visegrad and Borzsony Mountains rise 500 to 600 m over the Danube Valley. 
The volcanic origin of theçe mountains on both sides of the Danube provide 
spectacular landscape contrast and panoramic viewç. The Fortress of King 
Matyis haç one of the best views in this region. Unfortunately, this view from 
the castfe bas been impaired by inappropriate and insensitive developments of 
weekend bouses on the southerly slopeç of the foothills of the 86rzsony 
Mountains. The Nagymaros dam under construction has not only a major 
visual impact on the heart of this landscape, but the dam wouid also endanger 
at least 45 sites between Domos and Esztergom. 

Jle study team has concluded that both the large and varied archaeological 
and historic values, and the unique landscape values present in the Danube 
Bend, would place this landscape in the most protected category in any of the 
developed countries of the West. 





A third significant value of the two rnountainous areas iç their international 
bioçphere designation. According to Professor Csemez, this unique natural 
value has been recognired by the United Nations, and the most fragile portions 
of the fores& have been designated as protected lands because of their naturai 
significance. Dr. Csemez concluded that there is no other large, natural forest 
of this size anywhere in Europe which is sutrounded or loçated in çuch close 
proximity to five million people. 

We concur with VAT/ that four additional working landscapes should be 
included within the Park boundaries: the Szentendre Island (Sziget); Vorosvari 
arok/Oordogi Medence; lpolyi Valgy; and Bonsony's Easter Valley landscapes. 
These areas would continue to be working landscapes, but any alteration would 
be guided by the policies of the National Heritage Park. 

Another concept worthy af consideration wauld be a prese~ation effort for the 
Danube River Corridor, extending south to Budapest and weçt to Bratislava. 
This corridor might be called a National River Corridor. It would remain a 
working landscape, although there would be nurnerous sites in public 
ownership, such as suitable recreational access along the river. Ali landsczpes 
within this environmental corridor would be rnanaged by the same agency that 
would administer the National Heritage Park. 

Precedence for this type of nationally-significant recreation area is found in 
several other countries. For example, the majority af the British National P a r k  
and several of the federally-designated rivers in the US would provide useful 
case çtudies in defining the exact boundaries and implementation strategies for 
this proposed National River Corridor. 

At a minimum, the Recreation Rivet corridor should include the following: al1 
significant archaeological, hiçtoric, and cultural areas such as vernacular 
villages; significant visuai landscapes areas along the Danube; and significant 
riverine forests and wetlands, including oxbow Iakes and side channels of 
various kinds. 

Tourism 

Rernoving the Nagymaros Dam, restoring the landscape, creating the National 
Heritage Park, and foregoing the additional incorne from the ge~eration of 
electricity and improvements in navigation, will be very expensive. But if 
Hunga~y can invest in fulty developing the touriçt potential of the region, 
swbstantial econornic benefits can be generated, not to mention the added 
environmental, social, and cultural benefits described above. 



The Danube Bend National Heritage Park could be the center of an ambitious 
tourist development program encompassing the entire Danube from Vienna te 
Budapest. This region, if properly preserved and sensitively developed, could 
becorne a tourist destination of international çignificance. Çurrent changes. in 
Hungary's political climate and its relatively low cost of living have great potential 

- to attract tourists from the booming West European nations, the US and Japan. 
Preservation and development of existing touriçt resources and a strong 
marketing carnpaign couid help Hungary intercept the tourists who currently 
flock to Rumania's Black Sea Coast. 

The Danube needç to be rnanaged as an integrated tourist environment. 
Budapest, çursently Hungary's main tourist destination, could be the starting 
point for tours up the Danube to the National Heritage Park and beyond. The 
Danube River itself woufd be the unifying elernent of the tourist experiençe and 
could serve as the main means of acceççing the area. Expansion of light, fast 
hydrofoils and other sight-seeing craft could shuttle tourists from Budapest to 
various sights and hotels along the river. River trançportation is much more 
selaxing than travelling an Hungary's congested, narrow highwayç and would 
best highlight the unique assets of the Bend and upstrearn river stretcheç. 
Unfortunately, the new power canal from Bos to Dunakiliti will detract 
considerably from the tourist experience from the river unless the existing river 
in this area can çtill be used for tour boat traffic. 

A network of existing and future inns and hotelç çhould be establiçhed along the 
Danube with pedestrian or shuttle bus acçess to the tour boat stops. Emphasis 
should be placed on expanding and reçtoring existing inns and hotels, and in 
encouraging the development of new facilities of moderate scale that will bfend 
with the area's environment and character. Some existing facilities could be 
modified to address tourist objectives. 



Ecoloaical Protection of the Old Danube Channel 

Professor_Joseph Larson 
Director, The Environmental lnstitute 
University of Massachusetts 
Amherst, Massachusetts, USA 

Dr. Paul Godfrey 
Director, Water Reçoutces Research lnstitute 
University of Massachusetts 
Amherst, Massachusetts, USA 

[Note: This section is excerpted from the March 1989 
Bos-Nagyramos Barrage $tu*] 

For a 130 km stretch of the Danube between the Dunakiliti barrage and 
Komaron, over 97 percent of the river's natural flow will be diverted into the 
power canal. The ecological consequences of this diversion will require 
sensitive management. Areas affected will include the riverine forest between 
Bratislava and Komirom, wetiandç of international importance, fiçheries, 
agricultural lands, and the peatlands south of Moson-Nagymaros. Direct 
impacts will result from barrage and dike construction, flooding and disposai of 
dredged material, and construction of new reçidential-recreation areas. Indirect 
impacts include changes in surface and sub-surface hydrology due to 
irnpoundment upstream, and diversion of surface water flows. 

Riverine Forest 

The riverine forest between Bratislava and Komarom consists of four major tree 
associations: Salici-Populetwm, Fraxino-Uimetum, Ulmo-Fraxinetum, and 
Crataegus danubiale, One of the most productive foreçts in this part of Europe, 
it supports an especially wide variety of bird life. Of the 60 species which nest 
there, 25 are considered to be rare or declining. The most extensive direct 
impact on the riverine foreçt appears to be construction at Dunakiliti, and the 
forest clearing necessary to create the reservoir pool. Other direct impacts will 
result from construction of residential/recreation areaç in the forested area 
directly below the Dunakiliti barrage, the construction of new dikes, and flooding 
at the upper end of the reservoir pool above the Nagymaros barrage. 
Published reports indicate to construct many small dams among and 
across the oxbows and side channets that border buth çides of the Danube 
between Dunakiliti and the power canal outlet. Their purpose is not clear and 
they will likely adversely impact both terrestial and aquatic ecosyçtems. 



Indirect impacts will result from reduced flow in the Danube downstream from 
the Dunakiliti impoundment, With diversion of water into the power canal, the 
existing Danube will be carrying, during average and low flow periods, only the 
fiow of the bulb turbine at Dunakiliti and çeepage from that site. Projected river 
fiow wiil diop from 2000 rn3/second to a minimum of 200 m3/second; the 
resulting conditions wiH simulate drought for the riverine forests, which have 
been shown to çtart to dry out at flow rates of 600 m3/second, sometimes with 
irreversible damage. Decline in the subsurface water tabla directly downstream 
from the Dunakiliti barrage to Nagymaros in Hungary and Cicov in 
Czechoslovakia will also have negative consequences. For example, the 
eastern edge of the Szigetkoz below the Dunakiliti barrage and adjacent to the 
Danube is within the area predicted to experience a 5 to 6 meter depression in 
groundwater levels. Portions of the Szigetkoz were designated as a Landscape 
Protected Area in 1986, established to protect the characteristic landscape of 
the fleodplain. It is our understanding that an irrigation syçtem is planned to 
mitigate the adverse effects on groundwater depletion, but adequate informztion 
was not available for our team to evaluate the effectiveness of this approach. 

In the normal course of events, the riverine forest, oxbow lakes, and side 
channels act as sites where flood waters depoçit sediment and associdteci 
nutrients on an annual basis. A portion of these are incorporated into the 
substrate of the forests and wetlands, taken up by the vegetation and 
transformed inta gases and insoluble cornpounds. In this fashion the rrverine 
forests and wetlands act to maintain water qualiiy in the Danube. Loss of this 
natural treatment means that p'ollutants will more readily collect in sediments 
behind the dams and require costly removal--and treatment--by artificial 
measures The no-cost water treatment function will now be transferred ES cn 
mpense to be met by artificial treatrnent plants up or downstream. In addition, 
lobver fertility due to reduced flooding in the Old Danube channel will probably 
elirninate some tree species, with a change in forest composition toward the 
less productive foreçtç types found on drier upland sites. Small river tributaries 
are especially dependent on allochthonous inputs (inputs derived from the 
Wrrounding watershed and not generated internaliy within the river) of energy 
and nutrients. It will be important to establish which tree and bird species zre 
most sensitive to change, and to incorporate them asfactors in a management 
and monitoring system. 

Mitigation of impacts on the riverine forest ecosystern will be difkult. It may be 
possible to establiçh some forest regenerafion plots that resemble the natural 
community either in the narrower Danube floodway or on sites constructed fr0m 
dredged material. However, it appears likely that there will be a major net Ioss 
of riverine forest. Alternative sites for residential-recreation development should 
be selected to eliminate further destruction of the forest çommunity. 



As much as possible, the river banks and floodplain should be managed to 
provide corridors and tsavel lands for terrestial and aquatic wildlife and fish, 
connecting natural areas together across lands uçed more intensively by 
humans. This may be accomplished, in part, by restricting development close 
to the river to thoçe activities that are truly water-dependent. Boat marinas 
require waterfront development; homes and çhopç, white they may be desirable 
near the water, do not have to occupy waterfront locations. Creative 
engineering and fandscaping design can often provide naturaf corridors even 
where human activity is intense. 

Sensitive and cornplex management of water releases will be the most irnporlant 
and effective means t o  reduce adverse impacts on the riverine forest and 
aquatic ecosystems. The Dunakiliti barrage is being conçtructed in a rnanner 
that will permit release of çignificant amounts of water to achieve rnitigatiflg 
objectives. Several sources of water can be managed to reduce the impacts: 
seepage canal flows, çrnall turbine flows, releases above needs for hydropower 
and navigation, and release of excessive flood flows. lt will not be sufficient. 
however, to simply release water at tiwes when there happens ta be flow 
exçeeding one or two project objectives: he arnount of water to be releaved 
needs to be timed in concert with the seasonal Iiie cycle requirements of the 
most sensitive aquatic and riverine forest species The fact that there are 
several sources of fjow suggests a greater opportunity to design accepteble 
release strategies. To achieve this will require a timely and reliable set of drta 
from monitoring points, plus an inforrnztion management 2nd modeling syçtem 
to develop, produce, and lest alternative water rnznagement options. This ivill 
need ta be incorporated into the daily management of the entire systern from 
Dunakiliti and Nagyrnaros. 

Wetlands of International lmportanca 

The series of oxbow lakes and side channels thât occur in several locations 
along the Czechoslavakian side of the Danube have been Iisted in the 
UNEP/IUCN (United Nations Environment Progrcm /International Union for the 
Conservation of Nature and Natural Resources) Directov of Wetlands of 
International Importance in the Western Palearctic, lncluded are the ox bo w 
lakes and side channels at Dedinçky ostrov (island), lsreakov, Cicov, Maly 
ostrov, Velky Lel, and Apali, These natural areas are enriched by river water 
high in calcium carbonate through periodic silt deposition during flooding- They 
are rich in game anirnals and are important bteeding sites, especially for 
cormorants, purple heron, great white heron, pochard, and bearded tit. 
Assàciated with these natural areas are the reçenie at Zlatna na Ostrave, 
protecting the rare Great Bustard, and the reserve near Bos proteçting the 
threatened white-tailed sea eagle. 





Table 1. PERCENT COMPOSITION OF THE COMMERCIAL FISHERIES 

River strefchl 

Species Name Cornmon Name 1 2 3 4 

Abramis brama danubi Bream 
Acipenser rutken us Sterlet 
Aspius aspius Rapfern 
Barbus barbus Barbet 
Silurus glanis Sheatfiçh 

Total Riverine 

Anguilla anguilla European Eei 
Carassius carasçius Crucian Carp 
Cyprinus carpio Common Carp 
Esox lucius Cornmon Pike 
letalurus nebu Channel Catfish 
Stizostedion lucioperca Pike-perch 
Tinca tinca Tench 

Total RiverineSLacustrine 

'~nnual fish catch for last decade on: 
1. Whole Hungarian Danube Section 
2. Slovakian-Hungarian Section 
3. Szigetkoz Section 
4. Mosoni-Danube Section 



Dunakiliti Reservoir: Jhe Dunakiliti barrage will create a 16 to 20 km long 
reçevnir. hnlding 240 million m3at maximum storage, wim-ai éstimated flushing 
raxè oi 48 holr~s. Maximum depth will be 16 meters above the present river 
depth. Because the resenioir outfiow will be from the surface, this depth rnay 
be sufiïcient for stratification to occur and for anaerobic conditions to deyelop in 
the isolated bottom waters, although the short residence time of water makes a 
detailed hydrological analyçis necessary. 

lmpoundment usually results in the demiçe of fish species dependent on a lotic 
or running water environment, and the increase--oflen explosive in the first few 
years--of fiçh species typical of lakes. Many of the most abundant species 
existing in the Danube are those able to exist only in ffowing waters. Severai 
species normally found in the Hungarian section of the Danube require sand or 
grave1 bottom habitat for spawning. Suçh habitat wili not exist in the Dunakiliti 
impoundment. Others require a stable shoreline water depth during spawning. 
Sirnilarly, these species will not successfully reproduce because of the iarge 
daily fluctuations in water level reçulting from operation of the Bos power dant 
for peak power. ln addition, the high rate of sediment deposition (5 to 9 
cm/year) will blanket spawning areas that occur below the level of water 
fluctuation. The most abundant Ientic or lake fish species in the Danubj is t h i  
carp. lnterestingly, the carp is considered less desirable in the United States 
and the best available management technique to control or eradicate the carp is 
to fluctilaf~ the wafer level during the spawning season. Clearfy, water level 
fluctuztion inherent in barrage operation will hâve the same effect in the 
Dunzkiliti Resenioir. r hus ,  the fishery resource in the impoundment will be 
largely restricted to fish which may move temporarify downstream from riverin? 
areas zbove the reservoir, or those which rnay be iniroduced by man. 

Mitigation measures might indudi sediment control in selected potential 
reservoir spawning areas, conversron to continuous power generation to zvoid 
water I~vel fiuctuations, or ternporary switching ta continuous operation during 
the major spawning period. If hydrological modeling--or empirical evidence aiter 
barrage operations begin--Indicates anaerobic conditions are developing in 
bottom waters, limited reiease of bottom water, mixed with sufficient surlac6 
water to avoid dissolvecl oxygen problemç downstream, should be practiced: 
Mitigative measures cannot restore strictly riverine species to this stretch, but 
appropriate measures çhould provide a reasonable lacustrine fishery. 

Szigetkb'z Region: q e  Szigetkoz region accounts for 80 percent of fish 
spawning and is home to 14.1 percent of the commercial fish catch in the 
Hungarian çtretch of the D a n i i h  Elirninating the flow of water necessay t0 
SUppoFt the floodplain ecosyçtem will undermine the productive base of the 
entire river. 



Functioning of the BNB system relies on peak flow. If the turbines at 56s were 
to produce electricity constantly, the present minimum fiew through the 
Szigetkiiz could be rnaintained, reducing what is con2idered to be the most 
detrimental of al1 the project" enviriromenta1 effects. Seduction in average flow 
will cut spawning rates; Iack of recruitment will lower standing crops of fiçh in 
the Szigetkoz as welf as in the main river channel. Water diverled through the 
canal wiil mean that the normal river flow through the Szigetkoz, the Iast . 

remaining shallows on the Danube, will be reduced to approximateiy 1.5 to 7 
percent of the presenf average flow. Jhere is some question as to whether this 
flow will be sufficient during the dry seaçon to maintain running water in the 
Szigetkoz stretch or to support populations of fish and other aquatic organisms. 
Expected alteration of the groundwater jevel in the region will further seduce 
groundwater seepage supply to lower regions of the Szigetkoz, and because 
the upper groundwater layers are somewhat polluted, may furfher degrade 
water quality. 

Main River below the Power Canal, the Nagymaros Barrage, and 
Downstrearn: Below the confluence of the power canal with the Danube at 
Komarorn, the primary effect of the Dunakuiti-66s barrages will be to increase 
water depth and water level fluctuations. i o  generate peak power loads, water 
released through the canal will need to be 1.5 meters above its natural level. 
This will require the banks of the river as far as Nagyrnaros be built up to 
cornpensate for these regular surges. Not only will this interrupi the natural 
functioning aestheticç of the river, but the erosive forces of water against the 
river banks will result in soi1 erosion and increased siltation clogging the natural 
bank infiltration system. If the pulse from water releaçed at 80s can be 
observed 200 km downstrearn at Nagymaros, it is Iikely that the region just 
below the 06s dam will be severely impacted. Silt and grave1 will be deposited 
downstream where the water is sufficiently slowed by the Nagymaros barrage. 
The sediment laad, however, will only be that which occurs in the scouring zone 
immediately below the power canal confluence. No major impacts on 'the 
fisheries are expected from the operation af the Nagymaras barrage beçauçe 
sediment deposition and water level fluctuation wifl be less than in the Dunakiliti 
barrage, and the area iç not considered a primary spawning area. 

Agriculturai Lands 

The Little Plain iç a highly productive agricultural area, supporting both large 
farrns and smaller cooperafives. There was not çuffiçient time nor information 
available during our trip to assess the direct effects of fiooding or construction 
on agricultural lands. Nonefhelesç, çorne important points stand out. Nearly 
100 square km in Hungary and Czechoslovakia wilf be lost to construction or 



inundation by the BNB project; nearly 50 percent of this is prime agricultuAl 
land. The canal diversion will result in a lowering of the watertable by 5 to 6 
meters, resulting in groundwafer depression that afiects area wells. This could 
make irrigation necessary for some agricultural enterprises; while most of the 
larger farrnç are already irrigated, the largest threat is to the small cooperaiive 
farms that provide the majority of local market produce. Since the reported rate 
at which subsurface water rnoves laterally in this region iç unusually high, 
changes in the amount and quality of water entering the subsurface aquifers in 
thiç area could have marked impacts on the future viability of farrning. Lack of 
time and information prevented our evaluation of the proposed irrigation systern. 

In addition to areaç predicted to experience groundwater depression are those 
' 

where groundwater levels are expected to riçe due to the higher head in the 
reçeniair pool above Dunakiliti. Again, insufficient time and information 
prevented us from assessing how this rnight affect farming. Generally, wetter 
sites delay spring planting and may limit the growing season or types of crops 
grow?. Construction of higher and new dikes dong the river are deçigned to 
protect farmlands now subject to flooding and thus mitigate losses due to 
project construction. It will be important to assess the magnitude of this effect. 

Peatlands and the Mosoni-Danube Flows 

The large aquifer under the Little Hungarian Plain, including Szigetkoz and the 
Mosoni-Danube, is one through which large volumes of water pass at high rates 
eif transmissivity. The systern discharges to the surface in the IargepatSands 
that lie south of Mosonrnagyar~vir. 

An eievated head in the Dunaklifi reservoir may lead to increased surface 
discharge of groundwater a i  this site, increasing surface saturation over long 
periods. Flows in the drainage ditches and seceiving canals and rivers would 
likely increase. The confluence of the drainage patterns appears to be located 
ne& the city of Gyor. The consequences of tthis event cannot be predicted with - 

the data available in Our  visit, but the implications for area vegetation and 
agricultural operations need to be examineci. Because wetlands will be lost in 
other regions of the project, the potential for using any increased discharge to 
restore wetlands here should be explored as a rnitigation measure. Restoration 
of former wetland sites offers a much higher probability of success than do 
efforts to creafe replacement wetlands on sites whose çoils were not formed 
under sat~rated conditions. 



~ Needed Leaal Documents and Economic Data 

Professor Robert D. Yaro 
Ecologia 
Northampton, Massachuserts, USA 

Armand0 Carbonell 
Ecologia 
Northampton, Maçsachuçetts, USA 

There are significant gaps in the information which has been provided to us on 
both legal and econornic issues. ln order to complete a quantitative economic 
evaluation of program options, we need access to the data on project costs and 
benefits previouçly requested on several occasions. Furthermore, no 
rneaningful legal analysis çan be performed in the absence of camplete official 
copies of al1 relevant treaties, international agreements, and contracts. 



Annex 7 

HUNGARIAN ACADEMY OF SCIENCES, REWRT ON ENVIRONMENTAL, ECOLOGICAL, W A ~  QUALITY AND 
SEISMIC IMPACTS OF THE NAGYMAROS BARRAGE CONSTRUC~ION OR ITS CANCELLATIDN, BUDAPEST, 

23 JUNE 1989 

Background 

As a request of the Council of Ministers the chairman of the Academy undertook to participate in the 
further analysis of the environmental impacts concerning the suspension of the Nagymaros consmctions. 
The chairman of the Acaderny formed a t e m p o r q  committee to detail the report. The committee acted 
in h e e  taskforces: 

- hydrobiological and water quality (quatic ecosystems) 

- land ecology (land ecosysterns), and 

- geological and seismic experts participated in the job. 

The task of the Temporary Cornmittee was first to analyse the environmental, ecological and seismic 
impacts expected in the event of the abandonment of the Nagymaros Barrage construction. 

Initial conditions 

Pnor ta the formulation and testing of the opinions the Cornmittee stated, that: 

- The evaluatian of impacts caused by the Nagymaros construction complex çan only be analysed 
with a consideration for the whole barrage system including the impacts of the DunakiIiti reservoir, 
Gakikovo barrage and the power canal. 

- The abandonment of the Nagymaros construction complex leads to a situation totaIly different 
from the planned one (further groundwater recession, formation of reefs and fords), which were not 
anticipated by any technical alternatives. 

- The Danube, a river which can be characteriseci by the chain of effect mechanisms, is a 
sophisticated, ever changing (discharge, flow velocity, contamination, etc.) ecokogical system, 
consequently no one parameter must be exclusively taken into account and taken as constant and 
absolute. 

- It is very easy to reach such limits in the case of a prognosis of the ecological and environmental 
impacts and consequences from where no further exact conclusions can be drawn because of the lack of 
knowledge. 

- A greakr emphasis has to be given to the tirne factor during the assessrnent of the ecological 
impacts. It determines the integration and the consecutiveness of the processes, therefore rnodels with a 
short time scale can give results different from reality. 

In spite of emphasising the complexity of the envitonmental impacts, and in order to underline the 
importance of the different factors the hydrobiological, water quality and land ecological impacts were 
separately discussed in a sirnilar way to the geological consequences and the seismic questions. 

1.1. Hydrobiological and water quality standpoints 

The most important water quality problems concerning the Gahikovo-Nagymaros Barrage Sysrem 
(Barrage Systern) have been discussed already in the final report of the UNDPWFI0jOW-l project 
entitled "Representacive basins for water quality control in Hungary" of 1976. In spite of this a wide 
ranging revised report, deep enough to constitute an appropriate basis for decisions no1 yet elaborated. 
The "Environmental Impact of the Gnbcikovo-Nagymaros Barrage System" (Budapest, June 1985, 67 
pages, 25 tables and 19 figures} i s  imperfect and contains contradictions especially from the 



hydrobiological, bacteriological and water quality points of view. The eight main research areas 
determined in "5. Further Research Tasks" prove it too because five of them are related to water quality 
and hydrobiology. According to the "VIZITERV" collection entitled "Summaty of the Reports 
conceming the Danubian Barrage System" out of the 340 commissioned research studies only 24 reports 
dealt with water quality, (hydro)biologicaI and ecological topics without giving answers to the questions 
propounded. 

The above mentioned factors show, that even today there is no way of drawing water quality, or 
hydrogeological conclusions that require long term data based on a proper database. Similar to earlier 
statements the report can only be based on data de tmined  by other Danubian surveys carried out for 
different purposes or statements published in international journals, which can only be partly adapted. 

Evaluating the hydrobiological and water quality consequenees of the cancellation of the Nagymaros 
Barrage, it has to be emphasised, that the changes aYong the Szap-Nagymaros Danube stretch are 
basically determined by the impacts of the Gabcikovo Barrage and related construciions such as, 
ptirnarily, the Dunakiliti Reservoir, (where processes of self purification are accelerating and at the same 
time a darnagingly large amount of organic material is being produced) and the diversion canal. 

Research on certain parts of the issues - such as, for example, research on microbiology - have not yet 
k e n  begun, though attention was drawn to them. These are among others the bacteriological, 
virological, toxic aspects and the effect of the covering soi1 Iayer and wood rernaining in the Dunakiliti 
Resewoir or the evaluation of the micro-bacteriological metabolism. 

In the event of the abandonment of the Nagymaros Barrage no damaging environmental impact caused 
by the lower flow veloçity, the permanent high water and the peak operation of the Nagymaros Barrage 
wiH occur along the appmximately 100 km long Danube seetch above Nagymaros. According to this, in 
the constantly flowing water the amount of algae arriving frorn the upper, Gabcikovo constructions and 
which is significantly more than the present amount (depending on temperature, discharge etc. changing 
species variety and changing characteristics and quantity of rnetabolism) will not result in a damaging 
over production. Without the peak operation the biologically definite negative impacts of the repeated 
daily water level fluctuation will not occur along both sides of the mentioned 190 km long section. 
Together with it the darnaging impact of the damrning and contra flows caused by the peak load time 
operation at the mouth of the old-Danube, Moson-Danube and VAg also will not take place, The lack of 
the permanently high water level together with a water regime more in line with the present situation, and 
the seasonal changing water level conditions (for example: regularly occurring low waters with shallower 
riverbed sections) provide more versatile living conditions, richer in species, and provide for the sumival 
of a more valuable flora and fauna. 

In the case of the abandonment of the Nagymaros barrage the peak operation - according to the original 
plans - can not be practised. Processes significant in the self purification of the bioIogically very active 
river bank sections will rernain undisturbed. Several negative impacts disturbing to fish species 
reproduction would not occur, because spawn laid down along the bank and larvae and issues staying 
there cannot endure the silting and the water level fluctuation caused by the peak load time operation. In 
the event of the abandonment of the Nagymaros Barrage the non occurrence of these impacts damaging 
for fish biology would significantly affect the stock of the stretch below Nagymaros. 

The abandonment of the Nagymaros Barrage wouId have a beneficial influence from a water quality + 

point of view on the water intake used for the drinking water supply, and according to a certain group of 
the experts, it will even be good for the bank-filtered water intake. (According to other experts the 
barrage system does not darnage the bank-filtered water intake at Budapest.) 

It is generally very difficult to know the modification of the bank-filtering processes owing to the peak 
operation. As a consequence of the simultaneous presence of the water disturbance and the silting, 
positive as well as negative impacts are expectabIe. In the case of the realisation of the Nagymaros 
Barrage the darnaging transformation (which would require certain necessary technological 



modifications) caused by  the silting of the polluting materials are mainly expected on the Ldbatlan- 
Nagymaros stretch . Impact on the downstream section is likely in the longer term, which would 
unfavourably influence certain parts of the Szentendre island wells. 

1.2. Land ecological points 

The land ecological impacts have partly pedological-agricultural and partly nature preservation and 
landsçape aesthetic characteristics. 

1.2.1. Pedological-agricultural-ecological impacts 

The expected pedological-agrîcultural-ecological impa~ts of the barrage system cause, first of all, 
modifications in the hydrological regime and in the physical, chemical and biological characteristics of 
the soi1s. Changes in the groundwater level influence the aerobic-anaerobic dynamics and water supply 
of the native and cultivated vegetation, while the pollution of the groundwater originating from different 
sources has an impact on the toxicity level of the soils. Avoidance of this environmental darnage requires 
certain indispensable and very big scale further investments, but no guarantee i s  available for the 
implementation of them. In the case of a shortage or absence of these additional investrnents: 

- the biochemical material balance of the soil changes unfavourably, 

- the biologicai activity and the productivity of the soils decreases , while the drought and excess 
water sensitivity of the soils increases , 
- the agro-ecological potential will decrease, or rather the production risk dependent on the weather 
will increase, - the soils' selfpurification capacity (decomposition of cancer causing carbon 
compounds, etc.) and its role in the absorption of toxic materials from the air (nimgen-oxides, polycyclic 
hydrocarbons, etc.) is decreased, 

- microbe colonies typical of fertile soils are destroyed, therefore the biological nitrogen absorption 
i s  decreased, the soil structure is ruined, and the yield dirninishes. 

It can be forecast for the soi1 water regime of the area in question, that where the present groundwater 
level is in the fine aquifer and where it is being lowered down to the grave1 layer because of the direct 
and indirect effects of the GNBS the water supply through capillary action in the root zone stops, the 
regime of the flood area (mainly flood forestry) changes, the water level of certain ox-bow takes and 
meanders is lowered, Because of this the organic matenal production of the mentioned area is being 
reduced and the already existing recreational situation is deteriorating. 

The impact caused to the soil moisture regime changes the material balance of the soils. The fomation 
of the strongIy carbonated, lime accumulation levels, 'full of mites' layers, or even limestone pads change 
the soils to shallow, easily-lied and very drought sensitive soils. The deteriofation of the soil structures 
and the mineralization of the vegetational residuals is k i n g  accelerated in the area of decreasing 
groundwater. The dynamics are moving toward the liquidisation of the soil. The fine mineral particles 
washed out from the covering layer result in a shallow tilth. The air content of the soils becornes low, 
anaerobic processes bcome dominant, fomation of lime accumulation layers and secondary 
solidification might happen. 

It was not taken into account during - and aftet -the planning of the barrage system, which kind of layers 
which would be penetrated by the rising groundwater, though the surface of the rising groundwater is a 
very intensive microbiological reaction zone . Impacts like this can cause cemented layers, toxtc zones 
etc. 

1.2.2. Values of nature conservation and landscape aesthetics 

The construction of the barrage system endangers sesious nature protection and Iandscape aesthetic 
values at Nagyrnaros and upstream of Nagymaros at KornArom as far as the siirroundings of 
Koppbymonostor and in the greater part of the Szigetktiz regions. Impact reports concerning these 



topics were very limited in space and dealt only with a minor part of the flora and fauna. The significant 
degradation of the biocenosis owing to the likely changing hydrodynamic circumstances is definite . The 
developed counwies are well aware of the fact, that the flora and fauna are a very valuable and 
irreplaceable part of the national heritage . Many successful social rnovements have proved, the 
importance of this and have worked for the rescue of many areas, for example, the salvation of the unique 
flood plain forestry along the Austrian Danube reach (Hainburg rntivement). The value of the flora and 
fauna can hardly be forecast in advance or expressed in financial terms , though the practical benefits of 
certain species is not in doubt. The speckled alder of the Szigetkoz adapted to the local circumstances 
and valuable even from the forestry point of view is a good example. It was left out of the monitoring 
system. 

The expectable restructuring of the vegetation will be accompanied not only by the disappearance of 
species. One of the great discoveries of modem biology is the genetiç variety of the wild flora and fauna. 
This variety ensures the adaptation capability of the species. In the case of any sudden change millions 
of gene formations having unpredictable values disappear for ever. The same loss may lead to the 
operational disturbance of the ecosystems, which would induce further degradation processes and which 
might be enlarged by the Nagymaros consmictions. 

The versatility of the landscape is seen esseiitially Shrough the border sections of the cultivation branches, 
land uses or in other words through the so called rnargins. The characteristics of the Danubian landscape 
are deterrnined by the gallery zone along the Danube. To denude both sides of the 70 km reach of the 
Danube (between Komirom and Nagymaros) or in other words, the clearance of the forestry in the zone 
of the gallery will not take place in the event of abandonment of the Nagymaros Barrage and the dam 
construction along the river bank. 

The joining line ktween the Danube and its surrounding area, the confrontational surface, is the river 
bank. The quality of the river bank, its characteristics undoubtedly influence the establishment of the 
covering vegetation and the possible usage of the bank zone area. The existing gravel bank is equally 
appropriate for rnooring and ensuring the human-Danube contact. In the case of a abandonment of the 
Nagymaros Barrage the bank will remain natural, untouched and no deep dope protected by a riprap dam 
alien to the landscape will appear dong an approximately 70 km long Danubian siretch and in the 
recreational zone of the Danube band. 

1.3, Geological and seismic standpoints 

Researches done to date are not enough to judge the seismic safety of Nagymaros construction within the 
mentioned areas. 

1.3.1. Geological information 

During the work a tentative attempt was made as far as passible to deterrnine the level of available 
geological infmat ion,  including also the applied geology. 

Research and exploration have been continued since 1951 and a certain section of the design work was 
documentecl in "summary repns" (OVF Viziterv, 1967, Vizitew 1978, KBA 1981, BME 1989). A total 
survey of the documents, progress reports, exploration data and basic design material from the libraries 
serving as background information for these reports, of course, was not possible because of the short time 
available . A serious insufficiency is that the comprehensive geological report analysing the whole area 
of the barrage system, and the detailed map showing the deepness of the gravel layer below îhe surface 
were not available. 

Maps containing geological infmat ion with scale 25090 for the wider m a ,  2000 for the design area, 
and 500 for the construction area were in appropriate condition. The level of geological and applied 
geological information was sufficient for design purposes. Some times it was possible to detect that the 
basic geological and applied geological data were used in the next phase of the design process. The 
regularity of this could be proved only with the help of fvrther examinations. 



The ongoing pedological examinations (pedological-tectonic and applied geological survey of rhe 
Nagymaros construction pic, hydrogeological monitoring of Szigetkbz, Esztergom, auxiliary aerophotos 
and their evaluations, usage of the complex pedological mapping's results of the Kisalfold) could answer 
three questions if needed : 

- identification of the geological conditions under the Nagymaros construction (structural bmders, 
volcanic contact zones), 

- the impact of backwater on flood control, groundwater changes and the karstic water systern in the 
Dunlintdli-kozkphegység (with special attention to the area of Srigetkoz, Tati-sziget-Dorog, Esztergom, 
Lepence-volgy) and in addition the impact on the present situation caused by mining, 

- the impact of the abandonment of the Nagymaros Barrage on the hydrogeological conditions of 
the area affectai by the barrage system. 

1.3,2. Seismic situation 

The impact of earthquake is taken into account differently in the design and construction practice of 
certain countries. The recomrnendations of the M1.04.133-8 1 Construction Technical Directives are 
standard in Hungary. In accordance with this document both the Gabcikovo and Nagymaros Barrages 
belong to the 1. çlass category from the seismic point of view, considering that "it is a national interest to 
avoid their damage". 

Complying with the international practice the assessment of the earthquake risk has to be detemined on 
the bases of geological-geophysical examinations executed using unified regulations (The assessment and 
rnitigation of earthquake risk, UNESCO ISBN 92-3-101451-X, Building Construction under Seismic 
Conditions in Balkan Region, UNIDO, Vienna, 1984, Proceedings of the 8th European Conference on 
Earthquake Engineering, EAEE, Lisbon, 1986, etc.). The geological, geophysical and geodetical 
methds  of determination of the seismic parameters necessary for the design are known, the examinations 
çan be carrieci out. 

The seismic conditions needed for the design of the bmage were detemined with consideration for the 
valid international expectations by the Czechoslouak-Hungarian expert meeting held in Bratislava in 23- 
25 November 1965. The expected values of intensity were determined an the bases of the historical (first 
of al1 the Komhom 1763) quake information. But the inspection did not cover the Nagymaros region. 
The expert report contains the intensity scale and the reIevant acceleration Mercalli-Cancani -Siegerg 
(MCS) values which were valid at that time (and changed significantly since owing to the introduction of 
the Medvegyev-Sponheuer-Kmik /MSK-641 scale) only along the Danube as fat as the national border. 
After this no important seismic examinations were performed by the Hungarian side. No newer Slovak 
results are knawn. 

In certain cases (the total review of the cornplete set of documents used during the planning was not 
possible because of the short available tirne) the movement, velocity and acceleration data used during 
planning are significantly different from the values accepted today (see table, where the values of the 
I4754/9 report entitled "The consideration of the seismicity in the stability examinations of the Danubian 
Barrage systern" /page no. 151 are çompared to the data recommended today ). Impacts of these on the 
design documentations of the barrage system have to be examined. 



Design data 
Scale acceleration 

cm/s2 

7 12-25 

8 25-50 

9 50-100 

10 190-200 

Data accepted presently 

Scale acceleration 

velwity 
movement 

velocity 
movement 

The seismology and within it the prognosis of the expected quakes have developed a lot during the past, 
alrnost quarter, of a century, since the expert meeting at Bratislava, It was proved that planning based on 
the intensities and accelerations derived from known quakes was not satisfactory. The modem seismic 
parameters have to be calculated using complex geological, geophysical and geodetical experiments. The 
expected time requirement of the scientific geo-examinations can only be determinecl on the bases of the 
analysis of the existing information. Without hem only the assurnptions most conservative in the 
seismology - construction cos€ increasing - can be used. In accordance with it the expected intensity in 
the Nagymaros (and Gabcikovo) regions on the basis of the available seismic catalogue and seismic maps 
ranges between 9.0-10.0 (Hungarian Earthquake Catalogue 1456- 19861 by T. Zsiros, P. Monus, L. Toth, 
Budapest, 1988, Seismic zoning map of Czechoslovakia-version 1987 by V. Kamik at al., Studa geoph. 
et geod. 32, 144- 150, 1488, Scheme of earthquake provinces, by V. Kamik, Z. Schenkova, V.I. Bune, 
Prague, 1978). 

2. Suggestions 

- The implementation of the waste water ireatment construction programme precondition of the full 
operation of the barrage system has been senously delayed both from the Czechoslovak and Hungarian 
sides. Tt is obvious, that in the event of the cancellation of the Nagymaros Barrage the timing of the 
construction of the waste water matment plants can be prolonged according to the carrying capacity of 
the national economy. In contradiction to the purification of domestic waste water, the treatrnent of a 
significant portion of industrial waste water has to be in any case resolved in both countries. This, among 
other things, decreases the further increase of the toxic matenal load. A new conclusion is, that even in 
the case of the implementation of these there is no way to avoid the water quality detenaration owing to 
the inevitable intensive growth of algae following the filling up of the Dunakiliti resemoit. 

- If the Nagymaros Barrage is implernented an increased detention time has to be aEIowed for . 
Consequently the further deterioration of the water body trophicity conditions and srnaller or larger , 
unwanted sedimentation is expected. Rotting processes can occur in rhe fermentation layer (sapropel) 
located in the sedimentation zones which also contain toxic material . These, (though onEy localIy 
ocsurring) anaerobic regions can be the starting points of the heaIth deterioraîing processes. The 
deveIopment of these zones in the event of the abandonment of the Nagymaros Barrage would be very 



limited. The production of toxic material has to be prevented so much the more, because even a very 
limited arnount of these materials can cause serious health degradation. 

- A certain part of the heaEth deteriorating material dissolved from the inen asphalt lining of the power 
canal in the event of the abandonment of the Nagymaros Barrage can fa11 into anaerabic circumstances, 
where toxicity is increased and depending on the reservoir operation and the water regime or on the 
disturbance caused by dredging can pass directly downstream. The human-biological impact of the 
dissolved materials from the asphalt have not yet been analysed. The dissolving impact, durable and 
grave risk primarily from drinking water supply point of view, has to be analysed. 

- In the case of the abandonment of the Nagyrnaros Barrage the Gabcikovo Barrage - with different 
operational orders - can be used even in the fom of a peak operation. This option has to be excluded 
because of hydrobiological, ecological, water quality control points of view. 

- Owing to the abandonment of the Nagymaros Barrage the operadon of the Gabcikovo Barrage will be 
modified, consequently water fluctuation will be decreased, the flow conditions and sedimentation will 
be changed in the Dunakiliti reservoir. Knowing these modifications, their impacts on the Szap- 
Nagymaros stretch have to be evaluated from a hydrobiological and water quality point of view. The 
impacts of the possible or necessary interventions a1ong the upstream stretch have to be analysed too, for 
example the riverbed regulation or feed water supply of the Old-Danube or the water constnictions 
necessary on the left hand side Wibutaries (dredging, river bank regirlation). 

- If the barrage system is constructed only in part (without the Nagyrnaros constnictions), and with no 
peak load time operation, then the damaging environmental impacts will not occur in the Nagymaros 
region and, rnoreover they will be reduced aEong the upstream stretch as well. Construction to regulate 
groundwater conditions and to prevent the further degradation of the groundwater will become necessary. 
The realisation of these is not an economic alternative but an ecological precondition of the systems 
operation. 

- The bank re-shaping without any tree as it is in the plans is a mockery of the landscape aesttietics and 
land ecology. The planting of trees - where it is possible from a flood control point of view - is suggested 
to break the line of the bank construction and to fit it into the landscape. 

- The measuring results of an at least five-year monitoring period following the completion of the 
Gabcikovo construction are indispensable to the trustworthy prognosis of the ecological impacts of the 
barrage sysrem. There is undoubtedly a need for the establishment and regular operation of a 
comprehensive monitoring system, which must be much more developed than at present . The 
examination of biological indicator objects that çan sensitively indicate the changes happening in the 
environment, neglecred till today, have to be included. 

- A perspective of the industrial developrnent in the region affected by the barrage system was not made 
either in Slovakia or in our country . The expectable pollution impacts of the industry cao not be judged 
and the restrictive instructions pertaining organically to the long terni operation of the barrage system can 
not be formulated. It is suggested the industrial development plans are prepared as soon as possible. 

- The integration of the geo-sciences into the necessary monitoring system is necessary in the areas of 
geo-environment protection, hydrogeological-sedimentological sensor systerns, the regular 
aerogeological tracing, pedological observations with geophysical penetration equipment, and dam 
protection observation using dispatcher system. The observation systerns capable of storing weak 
seismic signals has special importance. Their construction is suggested in a network with the co- 
operation of the Czechoslavak partner. 

- Et seems to be necessary to prepare a summary report on the whole barrage system (and as a variant in 
the event of the cancellation of the Nagyrnaros Barrage) on the comprehensive geological-tectonic, 
applied geological, hydrogeological, environment pedological, regional pollution sensitivity, and the 
transmissibility examinations of the first geological Iayer under the soil. This report has to be managed 



by an expert team, perhaps supplemented with plans, and on the basis of these a selection of decision 
milestones and decisions at appropriate levels are necessary. 

- Because of the imperfect seismic examinations the estimated intensity relevant to the region has to be 
supposed to be between 9.00 and 10.00. These rates are too high, therefore the more accurate 
detemination of the seismic risk with the hclp of a cornplex geological-geaphysical-geodetid 
examination is necessary, whiçh would, for sure, allow a better prognosis. It would be advisable to 
examine the possibility of Czechoslovak-Hunganan scientific CO-operation on this question. 

- The three possible consequences caused by an earthquake in the region of the barrage have to be 
analysed in detail: 

There has to be an analysis of the kind of damage which can be caused in the dynamiçally reacting 
constniction by quakes with different intensities, and in addition the extent of modifications in initial 
conditions caused by the presently accepted new movernent, velocity and acceleration values. 

The flood passing downstrearn caused by the breaking of the barrage orland the openidg of the land body 
has to be modelled with a consideration of the nverbed material transport and its sedirnentation elsewhere 
along the total Nagymatos - Budapest reach. 

The rnising of the upstream water level owing to Ihe accidental locking of the barrage has to be analysed 
and the possibly necessary averting actions have to be elaborated. (The results of the Slovak calculations 
and mode1 experiments related to the Gabcikovo and Dunakiliti constructions IVUYH, Pozsonyl are not 
avaiIable.) 

It can be sstated, that the environmental, ecological and water quaIity impacts were not taken into account 
properly during the design and cons&uction period until today. Because of the complexity of the 
ecological processes and the lack of the rneasured data and the relevant calculations the environmental 
impacts can oot be evaluated . 
The data of the monitoring systern newly operating on a very lirnited area are not enough to forecast the 
impacts probably occurring over a longer tem. In order to widen and to make the data more frequent a 
further muIti-year examination is necessary to decrease the further degradation of the water quality 
playing a dominant role in this question. The expected water quality influences equally the aquatic 
ecosystems, the soils and the recreational and iourist land-use. 

The risk is greatest to the drinking water supply. The deterioration of the Danubian water quality 
jeopardises the Iiving conditions of three million people living in Hungarian territory. 

23 June 1989, Budapest 
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The C o u n c i l  of M i n i s t e r s  h a s  suspended  t h e  c o n s t r u c t i o n  

operations of t h e  865-NAGYMAROÇ B A R R A G E  i n  t h e  vicinity 

of Nagyrnaros b y  its R e s o l u t i o n s  Nos. 1071/1989 and 3205/1989; 

t h e n  t h e  preparatory a c t i v i t i e s  for t h e  change o f  c o u r s e  

i n  t h e  Dunakiliti r e g i o n  h a v e  a l s o  b e e n  ç u s p e n d e d .  The 

s u s p e n s i o n  p e r i o d  was t o  end on Octaber 3 1 ,  1 9 0 9  i n  b o t h  

c a s e s .  A t  t h e  same tirne a d e c r e e  was passed d e m a n d i n g  t h a t  

a p p r o p r i a t e  conmittees of specialists s h o u l d ,  n e a n w h i l e ,  

r ev i ew  t h e  r isks a n d  t h e  darnage t h a t  may be  c a u s e d  b y  t h e  

i m p l e m e n t a t i o n  and t h e  o p e r a t i o n  o f  t h e  B5s-Nagymaros E a r r a g e .  

The appraisal of the a n a l y s i s ,  p e r f o r m e d  d u r i n g  

t h e  mon ths  of suspens ion " ,  has justified t h e  decision si n c e  

i t  i d e n t i f i e d  a t t e n d a n t  risks. E v i d e n t l y ,  t h e  p a s t  few 

months h a v e  n c t  been  l o n g  enouch t o  c a r r y  o u t  h i t h e r t o  

n e q l e c t e d  a n a l y s i s  i n  a numbet o f  i s s u e s  a r  t o  d r a w  f i n a l  

ccnclusinns. M e v c r t h e l e s s ,  t h i s  p e r i o d  has b e e n   na e n o u ~ h  

for a c c n p r e h e n s i v e  assessrnent  of t h e  c u r s e n t  s i t u a t i o n .  

Backoceund 

A l 1  t h e  information a v a i l a b l e  as w e l l  as t h e  a n a l y s e s  and . 
c o m m e n t 5  b y  professionals made t h e  Government  of  H u n g a r y  

to r e a l i s e  t h a t  i t  i s  absclutely n e c e s s a r y  t o  a v e i d  b o t h  

t h e  i n d i r e c t  d a n g e r s  and t h e  inappropriately i d e n t i f i e d  

r i s k s  a r i s i n g  f r o m  the peak-time o p e r a t i o n  af t h e  86s- 

Nagymaros  B a r r a g e  (BF40) and t o  increase t h e  v o l u m e  of  water 

f l o w i n g  t h r o u g h  t h e  Old Oanube.The i m m e d i a t e  s u s p e n s i o n  

of  the  work was based on t h e  i d e a  t o  a v o i d  pressure due 

t o  irreversible technological o p e r a t i o n s  while a r r i v i n g  

a t  t h e  f i n a l  decision a b o u t  c o n t i n u i n g  or stopping con- 

struction. There was a sirnilar i d e a  behind suspending 

~ p e r a t i o n s  in t h e  O u n a k i l i t i  r e g i o n  w i t h  r e s p e c t  t a  t h e  

change ~f course. 
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E v e n  t h e  b u i l d e r s  of  ~ h e  b a r r a g e  t h ~ u g h t  t h a t  possible 

peak-time o p e r a t i o n  should be a l l o w e d  o n l y  sub j ec t  t o  c e r t a i n  

c o n d i t i o n s  and t h e  results of fu r t h e r  analyses. This c o n d i t i o n  

was accepted by P a r l i a m e n t  d u r i n g  its s e s s i o n  in O c t o b e r ,  

1988. However, t h e  time frarne r e q u i r e d  t o  rnarshal  fac t s  
of  j u s t i f i c a t i o n  for t h e  p e a k - t i m c  o p e r a t i o n  vas s o  w i d e  

t h a t  t h e  i d e a  of  e i t h e r  postponing o r  c a n c e l l i n g  t h e  N a g y -  

m a r o s  r e s e r v u i r  was r i g h t f u l l y  r a i s e d .  T h i s  led t o  t h e  

s u s p e n s i o n  o f  t h e  construction a t  N a g y m a r o s  i n  M a y  of 1989 

and t n e  acceleratien of s u o p l e m e n t i n g  ç c i e n t i f i c  studies 

and  a n a l y s e s  !including disciplines s u c h  as b i o l o g y ,  h y d r o -  

l o g y ,  ç e i s m o l o g y  and f i e l d s  l i k e  sewage p u r i f i c a t - o n  and 

t h e  e n v i r o n m e n t )  a s . - u e l l  as e v a l u a t i n g  r i s k  f a c t o r s .  

Ç u r r e n t  a n a l y s e s  h a v e  indicated t h a t   th^ r e s e r v o i r  

constructed a t  O u n a k i l i t i  f o r  t h e  p u r p o s e s  o f  peak-time 

o p e r a t i o n ,  b u t  a l r e a d y  f o u n d  superfluous f o r  n o r m a l  ope -  

r a t i o n ,  wou ld  pose  an immense e n v i r o n e e n t a l  r i s k  e v e n  in 

t h e  c o u r s e  o f  c o n t i n u o u s  o p e r a t i o n  U l t i m a t e l y ,  i t  i s  

r e a l i ç e d  t h a t  t h e  &NB is c a u g h t  up in a v i c i o u ç  c i r c l e  

o f  trying t o  do a w a y  w i t h  t h e  r i sks  arising from i t s  

c o n s t r t i c t i c n ;  t h e r e f o r e  ç o m p l e t e  r e v e r s i b i l i t y  needs  t o  

b e  r rv iewed as well. 

As a r e s u l t  o f  t h e  deciçions a b o u t  s u s p e n s i o n ,  t h e  

G o v e r m e n t ' s  freedom t o  deliberate increased n o t  o n l y  w i t h  

r e s p e c t  t o  t h e  i s sue  of t h e  b a r r a g e  b u t  an o p p o r t u n i t y  
1 

h a s  been c r e a t e d  t o  r e c o n s i d e r  t h e  utilisation of t h e  Danube 

a l o n g  t h e  l i n e s  of a cornprehensive and new c o n c e p t  and 

t o  b e t t e r  h a r m o n i s e  t h i s  with o v e r a l l  national i n t e r e s t s  

and the changing p r i o r i t i e s .  

- 



The d n b a t e :  as o ld  a s  t h e  c o n s t r u c t i o n  h i ç t a r y  o f  t h e  B N E ,  

h z s  gone on a s r a l l e l  w i t h  t h e  change of a p p r o a c h  i n  t h e  world. 

Thc l a s t  decade h a s  w i t n e s s e d  t h e  a p p r e c i a t i o n  o f  t h e  e n v i -  

r o n m e n t  a n d  o t h e r  i n t a n g i b l e  a s s e t s  i n  t h e  world. A t  t h e  

same t i m e ,  t h e  p r e s t i g e  o f  m a t e r i a l - i n t e n s i v e  p r o d u c t i o n  

p r o c e s s e s  w i t h  law energy  e f f i c i e n c y  has been d e v a l u e d .  The 

c h a n g e  i n  a p p r o a c h e s  has led t o  t h e  r e v a l u a t i e n  o f  t h e  e n e r g y  

p r o d u c t i o n  c o n c e p t s .  

The H u n g a r i o n  P a r l i a m e n t  p a s ç e d  i t s  d e c i - S i o n  i n  1988 

w i t h  a v i e w  t o  t he  r . is ing '  i m p o r t a n c e  o f  p r o t e c t i n g  d i m i n i s h i n g  

n a t u r a l  r e s o u r c e s  whereby  e c o l o ç i c a l  considerations were 

g i v e n  p r i o r i t y  o v e r  e c o n o m i c  ones .  N e v e r t h e l e s s ,  i t  is d o u b t -  

f u l  w h e t h e r  p r o f i t a b l e  o p e r a t i o n  i s  p o s s i b l e  a t  a l l ,  c o n -  

s i d e r i n g  t h e  scientific f a c t s  a n d  f i g u r e s  a v a i l a b l e .  Even 

i f  o n l y  a minimum d i s c h a r g e  i s  g u a r a n t e e d  i n  t h e  Old Danube. 

regarded as necessary by  t h e  Hunga rian Academy of S c i  e n c e ç  
3 ( a p p r o x i m a t e l y  6 0 0  m / s ) ,  t h e  e x p e d i e n c y  o f  operating t h e  

06s  B a r r a g e  f o r  energy g e n e r a t i o n  is  i m m e d i a t e l y  put i n t o  

q u e s t i o n  a l t h o u g h  the d i s c h a r g e  i n d i c a t e d  a b o v e  i s  f a c  f r o m  

b e i n g  s u f f i c i e n t  t o  s a t i ç f y  t h e  n e c e s s a r y  e c o n o l o g i c a l  con-  

ditions. 

As i n d i c a t e d  b y  t h e  e i z o l o g i c a l  a n a l y s e s ,  t h e  d e t r i m e n t a l  

c o n s e c u e n c e s  of  a h y d r o - e l e c t r i c  b a r r a g e  sys tern  a r e  i r r e v e r s i b l e  

i n  most  o f  t h e  cases.  A f u l l - r a n g e  a s s e s s r n e n t  is r e n d e r e d  

even  more d i f f i c u l t  b y  t h e  f a c t  t h a t  t h e  1 7 0  km-long b a r r a g e  

s y s t e m ,  c o m p r i s i n g  t w o  dams, is 1 o c a t e d . i n  a p l a i n  t h e r e f o t e  

t h e  area under i t s  d j F e c t  and  i n d i r e c t  impact  is e s p e c i a l l y  

l a r g e .  The u n f a v o u f a b l e  t r e n d  i n  p r e d i c t a b l e  e n v i r o n m e n t a l  

c h a n g e s  c a n  be c l e a r l y  p r a j e c t e d  f o r  any  mode o f  o p e r a t i o n ,  

chosen f o r  t h e  b a r r a g e ,  c o n s i d e r i n g  t h e  w e l l - k n o w n ,  i n t e r -  

n a t i o n a l  examples  of  h y d r o - e l e c t r i c  s t a t i o n s  i n  p l a i n s .  



1 However ,  t h e  f o l l o w i n g  issues carry s p e c i a l  i m p o r t a n c e :  

- t h e  u n d i s p u t a b l e  d e t e r i o r a t i o n  i n  t h e  c o n d i t i o n s  
of obtaining and s u p p l y i n g  p o t a b l e  w a t e r ;  

- a d e t e r i o r a t i o n  i n  t h e  s e l f - p u r i f y i n g  c a p a b i l i t i e s  

of  t h e  r i v e r  and a consequential decline i n  water 
q u a l i t y  a s  a r e s u l t  of e u t r o p h i s a t i o n  which has 

been  p r o v e n  to i n c r ea se  ( a n d  wh ich  may even  i m p a c t  

t h e  s e c t i o n  of t h e  r i v e r  even  u n d e r  B u d a p e s t ! ) ;  

- t h e  decimation, e v e n  the d e ç t r u c t i o n .  o f  t h e  n a t u r a l  

f l ~ r a  and f a u n a ;  and 

- t h e  d i s a p p e a r a n c e  or t h e  d r a m a t i c  t r a n s f o r m a t i o n  

of t h e  historie and n a t u r a l  l a n d s c a p e  u h o l e  v a l u e  

has a p p r e c i a t e d  s u b ç t a n t i a l l y  t h e s e  d a y s .  

As a result of d i u e r t i n g  t h e  Oanuba t o  one ç i d e  i n t o  an i n s u l a t e d  

by -pass  c a n a l  and t h e  r e s e r v o i r  c o n s t r ~ c t i o n ~ t h e  w a t e r  and 

n u t r i e n t  s u p p l y  i n  t h e  s e i l  is changed substantially, and o v e r  

a l o n g e r  p e r i o d  even t h e  s t r u c t u r e  o f  t h e  s o i 1  would be c h a n g e d .  

The p r o p o s e d  s u p p l e m e n t a r y  w a t e r  r e p l a c e m e n t  s.ysternç c a n  

o n l y  r e d u c e  t h e  impact w h i l e  l o c a l  p o t a b l e  w a t e r  r e s e r v e s  

would  remain u n s h i e l d e d  against andropogenic contamination. 

As opposed t o  hydrological c o n d i t i a n s  t h a t  change d y n a r n i c a l l y  

w i t h  t h e  s e a s o n s  under n a t u r a l  conditions, a stationary s t a t u s  

w o u l d  emerge whereas  such  dynamic changes a r e  c r u c i a l  elements 

f o r  the eco-sys tems  a l o n g  the r i v e r  and t h e y  a r e  a l s o  v i t a l  

f o r  t h e i r  survival a s  i n d i c a t e d ,  among others, i n  a s t u d y  

by t h e  World Widelife Fund (wWF) .  The or=i.ginal dynamic s t a t u s  

c a n n o t  be m a i n t a i n e d  e v e n  with t h e  most  e x p e n s i v e  w a t e r  re- 
p l a c e m e n t  method,  o n c e  t h e  b y - p a s s  c a n a l  is opened. The una-  

nimous v i e w  o f  i n d e p e n d e n t  specialists w i t h  no t i e s  w h a t s o e v e r  t e  





i n d i c a t e d  i n  a document by  t h e  Ministry of t h e  ~ n v i r o n m e n t  

and Water M a n a g e m e n t ,  d a t e d  July 1989, t h e  m o n i t o r i n g  sys tem 

s t i l l  ï e q u i r e d  e x t e n t i o n s .  

P r o t e c t i o n  of p o t a b l e  waters l 

T o d a y ,  as many a s  3 million p e o p l e  are a l r e a d y  affected in 

H u n g a r y  b y  endangered  p o t a b l e  w a t e r  supplies. T h e r e f o r e ,  

H u n g a r y  has l o n g - t e r m ,  v e s t e d  i n t e r e s t ç  i n  p r o t e c t i n g  

h e r  p o t a b l e  water  s u p p l i e s  t o  b e  d e r i v e d  f r o m  b a n k - f i l t r a t i o n  

w e l l s  a l o n g  t h e  Danube. 

W a t e r  s u p p l i e s  f r o m  b a n k - f i l t r a t i o n  wells a l o n g  t h e  

b a n k s  o f  t h e  D a n u b e ,  i n  t h e  P o z s o n y  (Bratislava)-Budapest 

r e ~ i o n  b e l o n g i n g  t a  H u n g a r y  and  a f f e c t e d  b y  t h e  B N B ,  h a v e  
3 

been  e s t i m a t e d  t o  b e  1 . 9 7  m i l l i o n  rn / d a y  ( r e c e n t  s t u d i e s  

h a v e  ç u g g e ç t e d  even  higher f i g u r e s ) ,  o f  which w a t e r  p u r i -  
3 f i c a t i z n  g l a n t s  p r o d u c e  a p p r o x i m a t e l y  1 . 0  m i l l i o n  m / d a y  

of p o t a b l e  water. In H u n g a r y ,  t h e  t o t a l  wolume of w a t e r ,  

d e r i v e d  f r o m  b a n k - f i l t r a t i o n  w e l l s ,  a c ç o u n t  for 4 2 %  o f  a l l  

t h e  w a t e r s  d e r i v e d  fram sub-soi1 w a t e r s ,  stratigraphie w a t e r s  

and karst w a t e r s ,  (Çee Figure 1) 

The importance of b a n k - f i l t r a t i o n ,  as a p p o s e d  t a  

o t h e r  water p r o d u c t i o n  m e t h o d s ,  lies i n  t h e  f a c t  t h a t  goed 

q u a l i t y  p o t a b l e  water can be  produced a t  less c o s t  and w i t h  

x a t - r  reglacornent  c o m i n g  from a r e l a t i v e l y  smaller area t h a n  

i n  t h e  case of surface w a t e r  collection. 

The r e s e rvo i r  dams w o u l d  d r a m a t i c a l l y  transform t h e  

o r i g i n a l  hydrological conditions of t h e  Danube t h e r e f o r e  t h e y  

w o u l d  darnage t h e  p h y s i c a l ,  chernical and b i o l o g i c a l  filtra- 

tion c a p a b i l i t i e s  of the river b e d .  Experiences w i t h  r e s p e c t  



t o  hydro-electric s t a t i o n s  h l t h e r t o  c c n s t r u c t e d  o n  t h e  D a n u b e  

in b u s t r i a  and Y u g o s l a v i a  h a v e  i n d i c a t e d  t h a t  t he  p r o c e s s e s  

t r i g g e r e d  by t h e  c o n s t r u c t i o n  and t h e  commissioning of t h e  

3 N H  w o u l d  h a v e  an u n f a v o u r a b l e  impact b o t h  on t he  q u a n t i t y  

and the q u a l i t y  of potable w a t e r s  produced. I t  is t o  be n o t e d  

t h a t  the preparatory operations of t h e  basin for the Nagymaroç 

b a r r a g e  h a v e  significantly c u t  p o t a b l e  w a t e r  p r o d u c t i o n ,  

e n v i s a g e d  t o  s u p p l y  B u d a p e s t .  In c a ç e  the ON5 p r o j e c t  i s  

i m p l e n e n i e d ,  w a t e r  p r o d u c t i o n  w i t h  bank f i l t r a t i o n  i n  t h e  

Szisetkoz a r e 2  w o u l d  be  completely l o ç t  as a potential p a s s i -  

b i l i t y .  I n  t h e  a r e a  of t h e  S m a l l  P l a i n ,  t h e  q u a l i t y  of the 

h i t h e r t o  perfect u n d e r g o u n d  n a t e r  reserves would be  e n d a n g e r e d  

a l t h o u g h  t h i s  c o n s t i t u t e s  t h e  s i n g l e  s u b s t a n t i a l  p o t a b l e  

w a t e r  r e ç e r v e  f o r  H u n g a r y  and Czochoslovakia a l i k e .  

A s h o r t a g e  in bank-filtration waters would add t o  

t h e  a l r e a d y  s i g n i f i c a n t  e n v i r o n m e n t a l  s t r e s s  o f  t h e  p o p u l a -  

t i o n  a f f e c t e d ;  it weuld  a l s o  c a u s e  substantial economic  d a m a g e  

i f  e i t h e r  t h e  output of w a t e r  p u r i f i c a t i o n  r e q u i r e d  or I t ç  

c o m p l e x i t y  w o u l d  i n c r e a s e  w h i c h  w o u l d  m e a n  a t h r e e  t o  e i g h t -  

f o l d  i n c r e a s e  i n  c u r r e n t  w a t e r  p r o d u c t i o n  costs, s u b j e c t  

t a  t h e  w a t e r  p u r i f i c a t i o n  p r o c e d u r e s .  When d r a w i n g  up a 

r e a l i s t i c  ç o c i o - e c o n o m i ç  b a l a n c e  f o r  t h e  b a r c a g e  sys tem,  

t h e  projected consequences  m u s t  be  t a k e n  into a c c o u n t  as 

elernents of r i s k ,  t o g e t h e r  with t h e  c o s t - i n c r e a s i n g  factors 

a r n o u n t i n g  t o  m a n y  t e n s  of b i l l i o n s  of forints. 

The  a p p r e c i a t i o n  of p o t a b l e  w a t e r  reserves i s  s u p p o r t e d  

by  t h e  f a c t  t h a t  a t  t h e  end o f  1984  one of t h e  r e a s o n s  for 

t h e  C z e c h o s l o v a k  Government  t o  c o mplain for t h e  c o n s t r u c t i o n  

of t h e  Hainburg hydro -e l ec t r i c  s t a t i o n  was mat i t  w o u l d  

have  c u t  ootabl:: water  reserves  i n  t h e  regions a l o n g  the 

Oanube 2nd the M o r a v a .  



I t  i s  to b e  n o t e d  t h a t  Austria c a n  rely more h e a v i l y  
on t h e  w a t e r  r e se rves  i n  t h a  A l p s  b o t h  i n  t h e  p r e s e n t  a n d  

t h e  f u t u r e .  C o n v e r s e l y ,  bank f i l t r a t i o n  w a t e r  r e s e r v e s ,  

derived f rom t h e  affected s t r e t c h  of  t h e  D a n u b e ,  c o n s t i t u t e  

t h e  most  s i g n i f i c a n t  w a t e r  r e s o u r c e s  of H u n g a r y ,  satisfying 

upto 6 0 %  of  t o t a l  demand b o t h  i n  the c u r r e n t  state of t h e  

r i v e r  abd in t h e  f u t u r e  a s  well. I n  a d d i t i o n ,  t h e  bank f i l t r a -  - 
tien method  i s  t h e  c h e a p e s t  a n d  t h e  s a f e s t  o f  a l l  t h e  p o s s i b l e  
w a t e r  p r o d u c t i o n  a l t e r n a t i v e s .  E v e n  i f  t h e  a f f z c t e d  s e c t i o n  

o f  t h e  Oanube i s  f u l l y  e x p l o i t e d  a s  a p o t z n t i a l  sou rce  o f  

enzrgy generatian, i t  c a n  y i e l d  o n l y  3% of  t h e  t o t a l  electricity 

d e c a n d  a t  b e s t ,  w h i l e  t h e  B N B  i s  t h e  moçt  e x p e n s i v e  project 

of  a l 1  t h e  p o s s i b l e  a l t e r n a t i v e s  f o r  e l e c t r i ç i t y  generation 

P r i m a r i l y  i n  t h e  i n t e r e s t  of  H u n g a r y ,  water  s u p p l y  

tasks and functions s h o u l d  be  expanded t o  i n c l u d e  micre- 

b i o l o g i c a l ,  P a t o g e n  bacteriological a n d  v i r o l o g i c a l  t e s t s  

w h i c h  h a v e  been d i ç r e g a r d e d  u p  t i l l  now. Intarnational ex-  - 
p e r i e n c e s  h a v é  i n d i c a t e d  t h a t  a s  a r e s u l t  o f  s t o r i n g  water 

under  c o n d i t i o n s  t o  b e  corne characteristic on t h e  Danube, 

d e t r i m e n t a l  anaerobic-decornpusitien w o u l d  c o m m e n c e  and t h e  

sed imen t s  accumulated i n  t h e  r e s e r v o i r s  weuld  h o s t  micro- 

b i o l o g i c a l  p r o c e s s e s  t h a t  rnay be  p a r t i a l l y  d e t r i m e n t a l  t o  

h e a l t h .  S i r n i l a r l y ,  t h e  i m p a c t  of t h e  s u b s t a n c e s ,  dissaiving 

from t h e  u n d e r w a t e r  asphalt i n s u l a t i o n ,  u p o n  w a t e r  q u a l i t y  

and human h e a l t h  is u n c l e a r .  

As s u p p o r t e d  by the l a t e s t  s c i e n t i f i c  f i n d i n g s ,  t h e r e  

is  e v e r y  j u s t i f i c a t i o n  t o  b e  w o r r i e d  a b o u t  p r o j e c t e d  g l o b a l  

warming ( i e .  t h e  "Glass--house effectM).-As p r u j e c t e d ,  water 
reserves c a n  be  e x p e c t e d  t o  fa11 i n  t h e  l a n d b o u n d ,  c e n t r a l  

s ec t ions  of c o n t i n e n t s  a s  we?l a s  i n  t h e  C a r p a t h i a n - b a s i n .  

T h e r e f o r e ,  n o t  evcn  rninor damage t o  available water  rese rves  
should b s  allowed a s  no rep lacemen t  c a n  be f o u n d  under 

- - 



realistic conditions anywhere .  

Hater  q u a l i t y  and s e w a g e  treatmeht 

In a d d i t i o n  t o  e n d a n g e r i n g  t h e  p o t a b l e  w a t e s  s u p p l y ,  t h e  

operation of t h e  b a r r a g e  would a l s o  l e a d  t o  d e t e r i o r a t i o n  

in w a t e r  q u a l i t y  ( e u t r o p h i s a t i o n ,  t h e  p r o l i f e r a t i o n  of a l g a e ) ,  

w h i c h  h a v e  b e e n  pointed out uith a m y l e  e m p h a s i s  b y  ç e v e r a l  

co rnn i t t e e s  of çpecialists. U n f a v o u r a b l e  c h a n g e s  i n  water 

q u a l i t y  a r e  a m p l i f i e #  b y  e x t e r n a l  s o u r c e s  o f  c o n t a m i n a t i o n .  

As a r e s u l t  of a d r o p  i n  t h e  w a t e r ' ç  f l o w  velocity. suspendzd 

particles w o ~ l d  s e t t l e  en masse in t h e  r e s e r v o i r s  (approxi- 

ma t e l y  2 . 5  m i l l i o n  m 3  a l o n e  i n  t h e  Dunakiliti reservoir) .PZ0 7 e P . X .  

The concentration of c c n t a m i n a n t ç  i n  t h e  s e t t l i n g  mud w o u l d  

increesz n a n y f c l d .  ( S e c  F i g u r e  2 )  

If the c o n s t r u c t i o n  of t h e  BNB is t o  b e  c o n t i n u e d ,  

h i n 3 l p  ~ x ? e n s i v e  o p e r a t i o n s  w o u l d  need  to b e  c a r r i e d  out 50 

t h a t  w a t e r  q u a l i t y  i n  t h e  Danube w o u l d  n o t  d e t e r i o r a t e  a s  a 

r e s u l t  o f  t h e  c o n s t r u c t i o n  and the o p e r a t i o n  of t h e  f a c i l i t y  

in k e e p i n g  w i t h  the n u t u a l  c o m m i t m e n t s  undertaken in t h e  

a g r e e m e n t  s i o n e d  b y  t h e  two  Govecnments .  Refocc damming up 

t h e  wetcr. seuane collection, biological and ,  i n  sornc c a s e s ,  

chenical p u r i f i c a t i o n  s h e u l d  be t a k e n  care  of a v e r  t h e  e n t i r e  

c a t c h m e n t  area on b o t h  s i d e s ,  t h a t  is in Czechoslovakia and 

i n  Hungary .  W h i l e  m a k i n g  a r r a n g e m e n t s  for discharging, 

collecting and t r e a t i n g  communal sewage,  a r r a n g e m e n t s  s h o u l d  

be  made concurrently t o  p u r i f y  i n d u s t r i a l  wastes  as well. 

A l s o ,  p r o v i s i o n s  shou ld  be made either t o  e l i m i n a t e  or to 

c o n t a i n  s p o t - l i k e  and diffuse sources of c o n t a m i n a t i o n  ( s u c h  

as legal a n d  illegal u a s t e  d e p o s i t s  and f e r t i l i z e r s ,  pesticides 

a n d  herbicides, respectively) t h a t  e n d a n g e r  t h e  q u a l i t y  of 

w a t e r  i n  the Oanube and i t s  t r i b u t a r i e s  s i n c e  t h e ~ e  do n o t  



e n t z r  t h e  sewage d i s p o s a 1  n e t w o r k .  I t  i s  a well-known f a c t  

t h a t  b o t h  countries h a v e  f a l l e n  b e h i n d  c o n s i d e t a b l y  in t h e -  
i m p l e m e n t a t i o n  o f  t he  sewage treatrnent p r o j e c t ;  t h i s  provides 

f u r t h e r  j u s t i f i c a t i o n  f o r  t h e  p o s t ~ o n e m e n t  o f  c o n r n i s s i o n i n g  

t h e  b a r r a g e .  

I R  k e e p i n g  with t h e  cornmon, C O - o r d i n a t e d  p l a n ,  i n v e s t -  

m e n t  p r o j ~ c t s  w i t h  respect to w a s t e w a t e r  p u r i f i c a t i o n  a r e  

r e g a r d e d  a s  n a t i o n a l  i n v e s t n e n t s .  He s t i l l  d o  n o t  h a v e  ç u f f i -  

c i e n t  i n f o r m a t i o n  a b o u t  t h e  v o l u m e  of  was t ewa te r s  generated 

o v e r  t h e  entire ca tchmen t  a r e a  o n  t h e  C z e c h o s l o v a k  s i d e .  

H o i d e v e r ,  the estirnates i n d i c d t e  t h a t  due  t o  t h e  s i z e  of t h e  

c a t c h m e n t  a r e a ,  t h e  dençity o f  p o p u l a t i o n  and  i n d . u s t r i a l i ç a t i o n  

i n  t h e  r e g i o n , c o n t a m i n a t i o n  t o  come f rom t h e  o t h e r  s i d e  is 

m a n v  t i m e s  b l g g e c  t h a n  t h a t  t o  come from H u n g a r y .  

The p r o t e c t i o n <  of  t h e  p o t a b l e  w a t e r  r e s e r v e s  a n d  w a t e r  

q u a l i t y  i ç  drfined a s  a . g r ~ c o n d i t i a n  t u  i n p l e m e n t i n y  and 

c o m r n i s s i o n i n g  t h e  b a r r a g e  u n d e r  S e c t i o n  15  o f  t h e  Agreement 

s i gned bv  the t w o  G o v e r n m e n t s .  Volume 0 7 . 0 2  o f  t h e  summacy 

D £  t h e  Cornmon Agreed P l a n ,  referred t o  u n d e r  S e c t i o n  15, 

defines t h a t  "purification fzcilities s h a u l d  he b u i l t  on 

t h e  t e r r i t o r i e s  c f  t h e  S o c i a l i s t  F e d e r a l  R e p u b l i c  o f  Czecho- 

s l o v a k i ~  a n d  t h e  H u n g a r i a n  P e o p l e ' s  R e p u b l i c  a t  a l 1  sources 

of c c n t a m i n a t i o n  t h a t  f l o w  i n t o  t h e  Danube;  t h e  q u a l i t y  of  

w a t e r  in t h e  t r i b u t a r i e s  should be i m p r o v e d  . . .", I t  i s  t o  

be  çeen  f rom a document b y  t h e  Ministry of the E n v i r o n m e n t  

and Water Management ,  i s s u e d  i n  J u l y ,  1989 u n d e r  t h e  title 

" D e t e r m i n i n g  g u a r a n t e e s  and a c t i o n s  t u  be t a k e n  t o  p r e v e n t  

t h e  d e t e r i o r a t i o n  of w a t e r  q u a l i t y  in the Danube" t h a t  we 

h a v e  a l l  but i n f o r m a t i v e  d a t a  about w a s t e w a t e r  p u r i f i c a t i o n  

p l a n s  in C z e c h o s l o v a k i a  and t h e  w a s t e w a t e r  p u r i f i c a t i o n  p r o g r a m  

for t h e  M o r a v a ' s  c a t c h m e n t  a r e a  i s  r n i s s i n g ,  a l t h o u g h  t h i s  



is r e g a r d e d  as h a v i n g  ç r i t i c a l  i m p o r t a n c e .  F i g u r e  3 p r o v i d e ç  

i n f o r m a t i o n  about  t h e  deg ree  of u n p u r i f i c a t i o n  o f  wastewaters 
i n  G y 6 r - S o p r o n  and Kornarom Counties w h i c h  are  rnost heavily 

a f f z ç t e d  b y  t h e  BNH i n  Hungary.  

A l l  t h e  a s p e c t s  of  wastewater purification need t o  

b e  rev iewed.  I n  o r d e r  t o  protect t h e  q u a l i t y  o f  w a t e r  i n  

t h e  N â ~ y n a r o s  reservoir u r g e n t  scwage p u r i f i c a t i o n  p r o j e c t s  

w o u l d  nzed  t o  b e  p o s t p o n e d  i n  o t h e r  p a r t s  of  t h e  c o u n t r y  

w h i l e  c o n s t r u c t i n g  w a s t e k ~ a t e r  p u r i f i c a t i o n  facilities b y  t h e  

t i m e  the  b a r r s g e  is cornmiss ioncd w h i c h ,  a l t h o u g h  n o t  s u p e r -  

f t u a u s ,  c o u l d  b e  b u i l t  oves s e v e r a l  d e c a d e s  c o n s i d e r i n g  t h e  

e x p l o i t a t i o n  of t h e  D a n u b e ' s  n a t u r a l ,  s e l f - p u r i f i c a t i o n  c a p a -  

b i l i t i e s .  The c o s t s  of t h e s e  ç u p p l e m e n t a r y  p r o j e c t s  a r e  in 

t h e  t e n  b i l l i o n  r a n g e .  

The i n t e r n a t i o n a l  t e a m  of  consultants from t h e  Warld 

W i d e l i f e  Fund, t h e  u l d e s t  and the m o s t  p r e s t i o i o u s  i n t e r n a t i o n a l  

e n v i r o n m e n t a l i s t  o r g a n i s a t i o n ,  c a l l c d  attention t o  t h e  e c o l o -  

g i c a l  d a n s e c s  w i t h  s p e c i a l  e m p h a s i s  i n  i t s  r e p o r t  p r e p a r e d  

i n  response  t o  a n  o f f i c i a 1  H u n g a r i a n  request. C o n s i d e r i n g  

a l l  t h e  e c o l o g i c a l  a s p e c t s  çurnnar i zed  a b o v e ,  t h e  t e a m  o f  

C z e c h o s l o v a k ,  E a ç t - G e r m a n ,  U e ç t - G e r r n a n ,  Austrian a n d  F r e n c h  

c o n s u l t a n t s  h a v e  p r o p o s e d  t h a t  t h e  b e s t  s o l u t i o n  would be 

t o  h a l t  t h e  c o n s t r u c t i o n  o f  t h e  R N 0  c o r n p l e t e l y .  

G e o l o g i ç s l  and seismoloqical r i sks  

When. r e v i a w i n g  the technological and technical conditions 

and r equ i r emen t s  w i t h  r e s p e c t  t o  t h e  c o n s t r u c t i o n  a n d  t h e  

o p e r a t i o n  of  t h e  BNB, i t  is  t o  be n o t e d  f r o r n - t h e  ongo ing  

p r o ï z s s i o n a l  d e b a t e  t h a t  d e f i c i e n c i e s  began t o  c r o p  up a s  
e a r l y  a s  i n  t h e  d e s i g n  p h a s e .  F u r t h e r  a n a l y s e s  a r e  r e q u i r e d  



b e c a u s e  o f  t h e  i n s u f f i c i e n c y  of t h e  geologiçal a n d  s e i s m o l o g i c a l  

s t u d i e s .  They d o  n o t  n e c e ç s a r i l y  c o n s t i t u t e  f a c t e r s  t h a t  

w o u l d  preclude e i t h e r  t h e  construction o r  t h e  operation o f  

t h e  faciiity; n e v e r t h e l e s s  i t  is  i r n p e r a t i v e  t o  t a k e  them 

into consideration. As no a p p r o p r i a t e  b a s i c  r e sea rch  h a s  

been  d o n e  i t  i s  q u e s t i o n a b l e  w h e t h e r  t h e  d i m e n s i e n s  d e s i g n e d  

t o  offer enhanced s e c u r i t y  would  n o t  i m p l y  such  inçrements 

i n  c o s t  t h a t  would p u t  t h e  o v e r a l l  p r o f i t a b i l i t y  of t h e  f a c i l i t y ,  

s e t  f o r t h  i n  t h e  o r i g i n a l  concept, into q u e s t i o n ,  

Th2 absencl o f  a n a l y s e s  h a s  r a i s e d  d i r e  p r o b l e m ç  in 

t h e  N a s y m a r o s  r ~ z i o n  a s  w e l l ,  c o n s i d e r i n g  t h e  e x p e r i e ~ i c e ç  

a f t c r  t h e  r o n s t r u c t i o n  p i t  was o p e n e d .  H o w e v e r ,  t h e r e  i s  

n o  d o c u m e n t a t i o n  a v a i l a b l e  t o  assess  t h e  i r h o l e  o f  t h e  BNEI 

f rom a g e o l e g i c o l  and g e o - p h y s i c a l  a s p e c t .  H o w e v e r ,  t h e  r e ç u l t s  

o f  r e s e a r c h ,  performcd in H u n g a r y  a n d  C z ~ c h o s l o v a k i a ,  h a v e  

n o t  b e e n  c e n s o l i d a t e d  up t o  t h i ç  d a y .  I t  wou ld  b e  a b s o l u t e l y  

n e c e s s a r y  t o  p e r f o r n  a conplex geo l o g i c a l  a n a l y s i s  (including 

t e ç t o n i c ,  s e i s m o l o g i c a l ,  c i v i l  e n g i n e e r i n g ,  h y d r o g e o l o g i c a l  

and e n v i r o n m e n t a l - g e o g r a p h i c a l  analyses) across t h e  e n t i r e  

i m p a c t  area o f  t h e  b a r r a g e  s y s t e m .  In  k e e p i n g  w i t h  t h e  cornmon 

v i e w  d e v e l o p e d  d u r i n g  t h e  negotiations of H u n g a r i a n  and 

Czechoslovak s F e c i a l i s t s ,  t h e  design3 f o r  a co rnp lex  nonitaring 

s y s t e m  s h o u l d  be e l a b a r a t e d  c o n c u r r e n t l y  t o  keep t r a c k  o f  

a l 1  t he  necessary f a c t o r s .  

T h e  s e t  o f  o u t s t a n d i n g  q u e s t i o n s  s t i l l  includeç t h e  

i s s u e  o f  how t o  s a v e  t h e  archeological relics found i n  t h e  

v i c i n i t y  o f  Esz te rgom.  The uncertainties with respect to 

technological issues also cal1 f o r  a p o s t p o n e m e n t  of t h e  

o p e r a t i o n s ;  t h e y  do n o t ,  unde r  a n y  circumstances, s u p p o r t  

t h e  i m m u d i a t e  c o n t i n u a t i o n  o f  t h e  c o n s t r u c t i o n  w i t h  a n  un- 

arnended cancep t .  



Cornplex u t i l i s a t i o n  of t h e  Danube 

When e l a b o r a t i n g  the technological solutions, t h e  d e s i g n e r s  

w e r e  r e f z r r i n g  t o  t h e  principle of cornplex Oanube utilisation. 

This included energy g e n e r a t i o n ,  f l o o d  protection, the impro-  

vernent of n a v i g a t i o n  and t o w n  d e v e l o p m e n t .  u o w e v e r ,  i t  mus* 

be  s e e n  c l e a r l y  f h a t  t h e  t e c h n e i e g i c a l  i m p l e m e n t a t i o n  of the 

BNB a t  the e n v i s a g e d  c o s t  and  In t h e  p l a n n e d  d i r n e n t i o n s ,  i e .  

d a m m i n g  the w a t e r ,  c o n s t r u c t i o n  of t h e  r e s e r v o i r  and a ba r rage  

s y s t e m  t o  b e  o p e r a t e d  at peak t i m e s ,  h a s  only been  justified 

b y  t h e  a s p e c t s  o f  e n e r g y  g e n e r a t i o n .  Al1 o t h e r  o b j e c t i v e s  

( such  a s  f l o o d  p r o t e c t i o n  a n d  b e t t e r  n a v i g a t i o n )  c o u l d  b e  

a c h i z v e d  a t  rnuch less c o s t ,  w i t h  o t h e r  technical s o l u t i o n s  

a n d  l e s s  s t r e s s  t o  t h e  e n v i r o n m e n t  and w i t h  a d i f f e r e n t  t i m i n g  

C o n c u r r e n t l y  w i t h  t h e  p r o n o u n c e d  a d v a n t a g e s  f o r  f l o o d  

p r o t e c t i o n  ( e g . :  h i g h e r  dams, d a m  reinfercement o r  t h e  d i s t r i -  

b u t i o n  o f  h i g h  f l o o d s  be tween  t h e  by-pass canal and t h e  r iver-  

b e d  o f  t h e  O l d  Oanube, new p e r i l s  a r e  a l s o  c r e a t e d .  They  

i n c l u d e  damming w a t e r  b e t w e e n  E s z t e r g o m  a n d  Nagyrnaros :bave 

t h e  h i g h e ç t  e v e r  flood l e v e l  and t h e  huge volume of wate r  

b o t h  i n  t h e  r e s e r v o i r  and t h e  by-pass c a n a l  rlsing 6-16 m 

a b o v e  a v e r a g e  e l e v a t i o n s  i n  t h e  v i c i n i t y .  A s p e c i a l ,  h i t h e r t o  

u n e x p l o r e d  r i s k  a r i s e s  f r o m  t h e  f a c t  t h a t  t h e  Q u n a k i l i t i  
r e s e r v o i r  must  h o l d  r e t a i n e d  water even a t  b . t i r n e  when t r y i n g  

3 t o  s p l i t  t h e  h i g h e s t  f l o o d s  ( a t  1 0 , 0 0 0  m / S I ,  If t h e  dam lj 
w o u l d  c o l l a p s e  or some a c c i d e n t  would  o c c u r  ( e g . :  a wave 

of radio-active contamination w o u l d  surge t h r a u g h  a s  a r e s u l t  

of an a c c i d e n t  i n  a n u c l e a r  power stati.1 i m p l y i n g  t h a t  

water  i n  t he  r e s e r v o i r  would h a v e  t o  b e  discharged, a f l o o d  

w a v e  w o u l d  be  c r e a t e d  which w o u l d  exceed  the h i g h e s t  e v e r  

flood en t h e  river. And t h e  flood dams f o r  protection a g a i n s t  

such ~ v ~ n t s  h a v e  n o t  been built. 



The conditions f o r  navigation a l o n g  t h e  Danube can 

be i m p r o v e d  without ccnstructing t h e  b a r r a g e  s y s t e m  by c o -  

ordinating n a t u r a l  endowments w i t h  technical façilities. 

At this p o i n t  i t  is t o  b e  considered that Hungary has no 

v e s t e d  interests in e x o r b i t a n t  f i n a n c i a l  outlays. The 25 

dm navigation depth, recornrnended b y  t h e  Danube Commission 

fer t h e  non-dammed sections of the Danube, is more t han  

t h e  d e p t h  t o  b e  ever achieved o v e r  c e r t a i n  sections of  t h e  

Oanube-Idizin -Rhine w a t e r w a y  , now under construction. The 35 - 
dm n a v i g a t i ~ n  d e p t h ,  t o  be  a ç h i e v e d  b y  damming t h e  river 

w i t h  the b a r r a g e  system, i s  a d v a n t a g e o u s  for s h i p s  w i t h  a 

l a r g e  d r a u g h t  a; t h e y  c a n  n e g o t i a t e  t h e  Bratislava 

port ( t h e r e b y  r e d u c i n g  t h e  significance of t h e  Csepel Free 

P o r t ) .  9 u e  t o  the c o m p a s i t i o n  of h e r  fleet, H u n g a r y ' s  i n t e r e s t  

in i t  5s n e g l i g i b l e .  F o r  us  i t  is m o r e  i m p o r t a n t  to develop 

a c o n c E p t  f o r  t h e  development o f  n a v i g a t i o n  i n  accordance 

w i t h  the demands and the prioritieç of t o d a y .  Due to hitherto 

u n f a v o u r a b l e  e x p e r i e n c e s ,  f u t u r e  e f f o r t ç  a t  r i v e r  r e g u l a t i o n  

will have t o  b e  geared to bank f i l t r a t i o n  a s p e c t s ,  c e n s i d e r i n g  

b a t h  the w a t e r  p r o d u c t i o n  p l a n t s  a l r e a d y  i n  operation and 

t h e  a r e a s  of potential w a t e r  reserves. 

Hhen r e v i e w i n g  a scheme o f  camplex Danube u t i l i s a t i o n ,  
t h e r e  m a y  b e  several occasions when we w i l l  b e  f a c e d  w i t h  

i s s u e s  that need t o  b e  a d d r e s s e d  a t  macro l e v e l  and t h e i r  

unilateral contemplation from a single s ec to r - e r i en t ed  sr 

barrage-oriented aspec t  could l e a d  t o  e x p r e s s l y  erroneous 

conclusions. This a p p l i e s  primarily t o  t h e  energy balance .  

\g 
Evidently, earlier calculations only reconed with 

t he  need  t o  make up for lost energy and t o  ensure f u l l  s u b -  

stitution for lost energy- generating c a p a c i t i e s .  One of t he  

m a j o r  a r g u m e n t s ,  r a i sed  a s  l i t t l e  as  a year ago by the  builders, 



was t h a t  between 1992 and 1995 t h e r e  will be e s p e c i a l l y  great 

need for t h e  b a r r a g e  systern in Hungary's eneryy network. 

0 y  now, houever, i t  has become e v i d e n t  that t h e r e  i s  absolutely 
n o  need f o r  increases in e n e r g y  generating capacities in 

Hungary's energy  n e t w o r k  up till 1 9 9 5  because of t h e  reserves 

a l r e a d y  available. Other e s t i r n a t e s  indicate t h a t  n e i t h e r  

t h e  whole  v o l u m e  n o r  a p a r t  of t h e  e n e r g y  t o  be generated 

b y  t h e  b a r r a g e  sys te rn  w i l l  he r e q u i r e d  b y  t h e  economy,  provided 

t h a t  r e s t r u c t u r i n g  g e t ç  o f f  t h e  g r o u n d .  In any  c a s e ,  t h i s  

o f f  c r s  an o p p o r t u n i t y  t o  consider p r i ~ r  ri co rn rn i t t i ng  r e s o u r c e s  

w h e t h e r  t h e y  c o u l d  b e  p u t  t o  seme more e f f e c t i v e  u s e  i n  some 

~ t h e r  s e c t o r  of t h e  economy d h i l e  facilitating r e d u c t i o n s  

i n  t h e  c o u n t r y ' s  e n e r g y  c o n s u m p t i o n .  

Economic  a n a l y s i ç  

The c o n t i n u a t i o n  o r  t h e  cancellation of the construction 

of t h c  5 a r r a g e  s y ~ t e r n > i =  nc t  a n  cc~nornic  ~ s s u e .  Up t u  t h i s  d a y ,  

decisions h a v e  been  made a t  environmental-ecological and 

socio-oolitical l e v e l ç  i n  p c w e r - g r o u p s ,  and t h e  f a t e  of  the 

h y d r o - - e l o c t r i c  s t a t i o n  will c o n t i n u e  t o  be  d e c i d e d  a t  t h e  

same l e v e l s .  The economic a s p e c t  i n  t h i s  whole issue has 

m o r e  t o  d o  w i t h  macro-econornic  conçiderations t h a t  w i t h  m i c ~ o -  

economic efficiency. A s ,  a t  f i r s t ,  i t  has been c l a i m e d  for 

lang th a t  t h e  p r a j e c t  h a s  econamic  a d v a n t a g e s  t u  o f f e r ,  then 

t h e  argument was c h a n g e d  to sugges t  t h a t  although no p r o f i -  
t a b i l i t y  can b e  p r o v e n ,  cancellation w o u l d  mean s u b s t a n t i a l  

additional burden for t h e  country, i t  i s  a l s o  justified $0 

i n c l u d e  this i s s u e  arnong t h e  ones t o  be reviewed b y  the  s p e -  

c i a l i s t s .  

The b l u e p r i n t s  for the O N 0  envisage t h e  c o n s t r u c t i c n  

of t i f0 hydro-electric stations and e n e r g y  generation in peak 

periods. The p r e l i m i n a r y  documentation, compiled f o r  t h i s  



p u r p o s e ,  s a t i s f y  c u r r e n t  p r a c t i c e s  w i t h  respect t e  l a r g e -  

s c a l e  i n v e s t i n e n t  p r o j e c t s  w h i c h  means t h a t  cos t s  h a v e  been 

r o u t i n e l y  u n d e r e s t i r n a t e d  a n d  t h e  p l a n s  failed t a  p i n p o i n t  

a nurnber o f  the difficulties and consequenees of t h e  c o n -  

struction project. As has been c u s t o m a r y ,  d e f i c i e n c i e s  have  

corne t o  l i g h t  i n  the c o u r s e  o f  p r o j e c t  i r n p l e m e n t a t i o n  a t  

s t a g e s  when t h e  a n l y  w a y  o u t  the t r a p  is t o  g o  o n  w i t h  it 

a l 1  w h i l e  t h e  scope  o f  t h e  t a s k  expands  a n d  c o s t s  a r e  s o a r i n ~ .  

However ,  because o f  i t s  s l o w  s t a r t ,  t h e  c o n s t r u c t i o n  

of t h e  B N 9  g o t  i n t o  a peculiar s i t u a t i o n :  t h e  need f o c  correc-  

t i o n ,  t h e  u n i d e n t i f i e d  consequences  as e x t r a  r e q u i r e m e n t s  

f o r  o r o v i s i o n s  have  a r i s e d  a t  a tirne when t h e  p c o j e c t  w a s  

n o t  y e t  i r r e v e r s i b l e .  I n  l i n e  w i t h  t h e  c u s t o m a r y  rules of  

t h e  game, t h e  c o n t r a c t o r  w a ç  t o  f i g h t  f o r  e x t r a  f i n a n c i n g  

a l t h o u g h  he c o u l d  n o t  possibly do so a t  t h e  t i m e .  T h e r e f o r e .  

t h e  c o n t r a c t o r  was c a u g h t  up w i t h  an  u n s u s t a i n a b l e  statement 

u p  t a  t h i s  d a y  i n d i c a t i n g  t h a t  no  a d d i t i o n a l  f i n a n c i n g  is 

r e q u i r e d  f o r  t h e  c o n s t r u c t i o n  of  t h e  BNB.  I n c r e a ç i ? ~  in c o s t s  

h a v e  s o  f a r  been a t t r i b u t e d  t o  i n f l a t i o n a r y  r e a s o n s  and Fe- 

f e r e n c e s  have  been made l a t e r  t o  t h e  b a s e  y e a r  considered. 

The d o c u m e n t ,  preçented b y  the M i n i s t r y  o f  t h e  E n v i r o n m e n t  

and W a t e r  Management i n  O c t o b e r  1 9 8 8 ,  i n d i c a t e d  HUF 20 h i l l i o n  

o n l y  in o u t s t a n d i n g  orovisions. 

The actual scope of  t h e  p r o j e c t  i s  ç t i l l  u n c l e a r  even 

i n  t h e  l a t e s t  document b y  t h e  M l n i s t r y  of  t h e  E n v i r o n m e n t  

and Water  Ma'nagemsn't: t h e  e ç o l o g i c a l ,  seismological and o t h e r  

f a c t o r s  and t he  consequential r e q u i r e m e n t s  c a l 1  for a r e v i s i o n  

o f  t h e  b l u e p r i n t s  but t h e  a t t e n d a n t  f i n a n c i a l  a spec t s  a r e  

a c k n o w l e d g e d  by t h e  Ministry o n l y  i n  t h e  c a s e  of c a n c e l l a t i o n  

o r  s u t p e n s i o n  and n o t  i n  the c a s e  of c o n t i n u a t i o n  Nevertheless 

t h e  o u t s t a n d i n g  c o s t s  o f  t h e  p r o j e c t  h a v e  j u m p e d  t o  appraxima- 

tely H U F  40 b i l l i o n  ( a t  1908 base p r i c e s )  and even the M i n i s t r y  



h a v e  ceased  t o  c l a i m  t h a t  t h e  p r o j e c t  is profitable. T h i s  

makes i t  sound a l l  t h e  weirdest when t h e  Ministry prornKes 

t o  g e n e r a t e  b u d g e t a r y  r e v e n u e s  of  a b o u t  HWF 100 billion b y  

t a x i n g  a w a y  the profits "in e x c e s s  of 8 % "  t o  b e  d e r i v e d  f r o m  

a n o n - p r o f i t a b l e  p r o j e c t ,  i f  operated, which s u g g e s t s  t h a t  

t h e  c o n t i n u a t i o n  of t h e  p r o j e ç t  is m D r e  f a v o u r a b l e  than  a n y -  

t h i n g  else. Such c a l c u l a t i o n s  a r e  n o t  s i r n p l y  e r r o n e o u s !  They 

a r e  replete w i t h  b i a s e d  d i s t o r t i o n s  a n d  substantial cast 

i t e m s  a r e  disregarded i n  them. 

The p r o f i t a b i l i t y  a n a l y s e s ,  o c e p a c e d  b y  t h e  c o r n m i t t e e .  

h a v e  r e v i e w e d  t h e  c a s e s  of " C o n t i n u i n g  or cancelling t h e  

N a g y m a r o s  P r o j e c t "  I n  a c c o r d a n c e  w i t h  t h e  s i t u a t i o n  a r i s i n g  

after t h e  s u s p e n s i o n  o f  the o p e f a t i o n s  i n  M a y .  A l t h o u g h  t h e  

a n a l y s e s  were done on t h e  b a s i s  o f  t h e  i n i t i a l  d a t a .  r e c e i v e d  

from t h e  M i n i s t r y  o f  E n v i r o n m e n t  and W a t e r  Management  (MEWM) ,  

t h e  r e s u l t s  h a v e  i n d i c a t e d  i n  b l a c k  and w h i t e  t h a t  n o t  e v e n  

micro-econornic efficiençy, i n t e r p r e t e d  i n  a n a r r o y J  s e n s e .  

c a n  j u s t i f y  t h e  c o n t i n u a t i o n  of  t h e  p r o j e c t .  

Considering t h e  f i g u r e s  i n  t h i s  document  

- t h e  cancellation o f  t h e  ~ a g ~ r n a r o ç  p r o j e c t  i s  slightly 

rn,ore f a v o u r a b l e ,  i f  p r o j e c t  c o s t s  a r e  t a k e n  i n t o  

a c c o u n t  up t o  1995 ( a t  HUF 4 4 . 2  b i l l i o n  a t  1988 

p r i c e s ,  a s  against HUF 4 6 . 1  b i l l i o n ) ,  

- As r e g a r d s  t o t a l  p r e j e c t  c o s t s ,  t h e  c o n t i n u a t i o n  

is sornewhat m o r e  f a v o u r a b l e  ( a t  HUF 5 0 . 1  billion 

3 s  againts HUF 46.1 b i l l i o n ) .  

(Ba th  scenarios i n c l u d e  t h e  HUF 2 3 . 3  b i l l i o n ,  spent  up t o  
this day as  well a s  the cos t s  of wa s t e w a t e r  purification 

p l a n t s  t o  be f i n a n c e d  from t h e  budget  and t h e  p r o j e c t  c o s t s  

of power s t a t i o n s  t o  be b u i l t  as s u b s t i t u t e s  i n  case  o f  can- 

c e l l a t i o n . )  



- H o w e v e r ,  when c o m p a r i n g  c o s t s  and b e n e f i t s ,  c a n ç e l l a -  

t i o n  loeks slightly more t e m p t i n g  ( a  differençe 

o f  HUF 15.3 billion at 1988 p r i c e s  a s  a g a i n s t  HUF 

5 . 0  b i l l i o n ;  b u t  a s  b e n e f i t s  acc rue  in a s t a g g e r e d  - 
pattern over  t ime,  t h e  " a d v a n t a g e "  would a m o u n t  

o n l y  t u  a l o s s  of HUF -14.0 - (-19.0) i n s t e a d  ef 

HUF - 1 6 . 0  - ( - 2 0 . 0 )  b i l l i o n .  / F i g u r e s  received w i t h  

a 7% d i s c o u n t  f a c t o r  a r e  shown i n  F i g u r e  4 . / )  

- The consolidated, e x p e n d i t u r e s  a n d  r e v e n u e s ,  b a l a n c e  

of t h e  budget for the i m p l e m e n t a t i o n  and t h e  o p e r a t i o n  

o f  t h e  p r o j e c t  is s o m e w h a t  m o r e  f a v o u r a b l e  i f  t h e  

p r o j e c t  is c a n c e l l e d  ( a t  HUF -31.0 billion as a g a i n s t  

H U F  - 7 1 . 0  billion). 

i Each a n d  e v e r y  i t e m  i n c l u d e s  t h e  v a l u e s  c a l c u l a t e d  on t h e  

b a s i s  o f  t h e  t e c h n o l o g i c a l  r e q u i r e m e n t s  and e x c l u d e s  e s t i m a t e s  

f o r  d a m a g e s  a s  we will r e q u e s t  amendments to t h e  a g r e e m e n t s  

ç i g n e d  b e t w e e n  gove rnmen ts .  The t e r m i n a t i o n  of t h e  c o n t r a c t  

' c o n c l u d e d  w i t h  t h e  Austrian p a r t y ,  w h e t h e r  effected a f t e r  

t h e  s u s p e n s i o n  or t h e  c a n c e l l a t i o n  o f  t h e  Nagyrnaros p r o j e c t ,  

w o u l d  r e s u l t  i n  p a y m e n t  o b l i g a t i o n s  ( u p t o  a b o u t  HUF 10 bi l l i o n )  
! 

a s  s o o n  a s  t h e  n e g o t i a t i o n s  a r e  e n d e d ,  sresumably i n  t h r e e  
1 

yea r s '  time. 

I t  is t o  be no ted  t h a t  t h e  a b o v e  figures r e l a t e  t o  

a h y d r o - e l e c t r i c  s t a t i o n  t o  be o p e r a t e d  i n  p e a k  t i r n e s ,  a s  

s e t  f o r t h  i n  t h e  o r i g i n a l  p l a n s ;  d r o p p i n g  t h e  i d e a  of peak- 

time o p e r a t i o n  i m p l i e s  a c l e a r  bias of  H U F  1 3  b i l l i o n  

f o r  t h e  c o s t s  .of t h e  c o n t i n u a t i o n  s c e n a r i o .  A sirnilar drop  

i n  b e n e f i t s  w o u l d  be caused i f  d i s c h a r g e  i n  t h e  O l d  O a n u b e  

is t o  be' r n a i n t a i n e d .  



As indicated b y  t h e  calculation, t h e  rnost disadvantageous 

s c e n a r i o  i s  the p o s t p o n e m e n t  of d e c i s i o n s  for a n  uncertain 

p e r i o d  of  t irne, i e .  the s u s p e n s i o n  o f  either t h e  Nagymaros 

o r  t h e  B6s P r o j e c t s  f o r  a l o n g e r  period. A l 1  in a l l ,  t h e  

calculations h a v e  shown t h a t  t h e  cance l l a t i - on  of t h e  Nagyrna- 

r o s  Ba r r age  would g e n e r a t e  l e s s  i n  losses i n  t h e  s h o r t  term 
( i e .  between 1 9 8 9 - 9 5 )  than t h e  c o n t i n u a t i o n  of  t h e  p r a j e c t  
and i t  w o u l d  r e l e a s e  r e s o u r c e s  i m m e d i a t e l y .  H o w e v e r ,  t h e  

l o n g - t e r m  a n a l y s e s  h a v e  n o t  p r ~ d u c e d  s u b s t a n t i a l  d i f f e r e n c e s  

b e t w e e n  t h e  s c e n a r i o s  w i t h i n  t h e  p e r m i s s i b l e  e r r o r  r a n g e  

i n  t h e  c a l c u l a t i o n s .  T t  must be  e v i d e n f  f r o m  t h i s  f a c t  t h a t  

micro-economic e < f i c i e n c y ,  i n t e r p r e t e d  in a n a r r o w  s e n s e ,  

c a n n o t  b e  q u o t e d  t o  justify t h e  continuation o f  t h e  Nagymaros 

p r o  j e c t .  

I f  w e  manage t o  r i ç e  a b o v e  an e x ç l u s i v e l y  " p o w e r s t a t i o n  

o r i e n t e d "  v i e w  and adopt a more c o r n p l e x  and comprehençive 

a p p r o a c h  of national p r i o r i t i e s  and r e s o u r c e  a l l o c a t i o n ,  

t h e  cornolete c a n c e l l a t i o n  of t h e  Nagymaros  P r o j e c t  would 

becomc econamically more f a v o u r a b l e  in t h e  l o n g  run. 

The traditional cost/benefit a n a l y s i s  was used as 

t h e  m e t h o d  f o r  t h e  econornic analysis. With t h i s  rnethod certain 

factors t h a t  a r e  d i f f i c u l t  or e v e n  impossible t o  translate 

into financial terrns canno t  be  t a k e n  i n t o  consideration a l t h o u g h  

t h e y  are i m p o r t a n t  for d e c i s i o n  m a k i n g  (such as risk and 

uncertainty). Pr ia r  t o  undertaking risks, the f e a s i b i l i t y  

of t e c h n i c a l  s o l u t i o n s  and an a c c e p t a b l e  risk level should 

be defined and an econornic analysis of t h e  u n d e r l y i n g  techno- 

logisal solutions s h e u l d  be performed. In the case of the 
EN8 p r o j e c t ,  a s u b s t a n t i a l  segment of t h e  r i sks  were realized 
o n l y  after project implementation had been ~ t a r t e d  a l t h o u g h  

a risk containment strategy s h o u l d  have been reeded in the  
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p r e p a r a t e r y  p h a s e ,  l e a d i n g  u p  t o  t h e  decision, which o b v i o u s l y  

w o u l d  have  led t o  d i f f e r e n t  results. 

And l a s t  b u t  n o t  least, e m p l o y m e n t  p r o b l e m s  shou ld  

also be d i s c u s s e d  while reviewing t h e  profitability issue, 

w h i c h  has  been r a i s e d  a number of tirnes w i t h  respect  t o  t h e  

c o n s t r u c t i o n  of t h e  b a r r a g e  ( s i m i l a r l y  to the A u s t r i a n  T r a d e  

U n i o n  Federation's demagog i c  a r g u m e n t s  in f a v o u r  o f  t h e  con-  

s t r u c t i o n  of t h e  Ha inburg  B a r r a g e ) .  A l t h o u g h  it is acknowledged - 
t h a t  employment is a r e a l l y  s e r i o u s  p r o b l e m  o f  restructuring, 

e m p l o y m e n t  i n  general a n d  e f f i c i e n t  e r n p l o y m e n t  - i n  p a r t i ~ u l a r  

ç h o u l d  be a c h i e v e d  w i t h i n  a new economic s t r u c t u r e ;  t h e r e f o r e  - 
i t  i s  e r r o n e o u s  and d e c e p t i v e  t o  c l a i m  t h a t  t h e  j o b s  of  p e o p l e  

e r n p l o y e d  b y  t h e  b a r r a g e  project a r e  o n l y  linked to t h e  B N B .  

A n y w a y ,  much c h e a p e r  j o b s  c o u l d  b e  c r e a t e d  from a clearly 

e r n p l o y m e n t  p o l i c y  p o i n t  o f  v i e w  l a t  l e a s t  t h o s e  wou ld  n o t  

c a u s e  e c o n o m i c  and e n v i r o n m e n t a l  d a m a g e ) .  

I n t e r n a t i o n a l  l e g a l  i m p l i c a t i o n s  

As a r e s u l t  o f  t h e  change i n  a p p r o a c h ,  a p p a r e n t  f r o m  t h e  

r e s o l u t i o n s  of  t h e  P a r l i a m e n t  and t h e  Gowernment, d o u b t s  

a n d  o b j e c t i o n s  a g a i n s t  t h e  c o n t i n u a t i o n  o f  t h e  project i n  

a c c o r d a n c e  w i t h  t h e  o r i g i n a l  d e s i g n s  w i t h o u t  any  ad jus tmentç  

h a v e  been  a c c e n t u a t e d .  They could n o t  be  n e u t r a l i z e d  e i t h e r  

by r a i s i n r j  e c o l o g i c a l - t e c h n o l o g i c a l  o r  econornic a r g u m e n t s .  

Then,  the major argument i n  f a v o u r  of  p r o j e c t  c o n t i n u a t i o n  

was shifted towards  references t o  i n t e r n a t i o n a l  o b l i g a t i o n s  

a n d  t h e  presumable substantial damages p a y a b l e  i f  s u c h  i n t e r -  

n a t i o n a l  o b l i g a t i o n s  a r e  n o t  f u l f i l l e d .  Here, t o  s e p a r a t e  

sets of o b l i g a t i o n s  a r e  involved: one s e t  a r i s i n g  from t h e  

c o n t r a c t s  concluded by Hunga r i an  a n d  A u s t r i a n  companies, 



t h e  o t h e r  s e t  a r i s i n g  f r o m  t h e  a g r e e m e n t  between t h e  Hunga r i an  

a n d  C z e c h o s l o v a k  Governments .  

The c o n t r a c t ,  conc luded  t h e  O O K W ,  t h e  A u s t r i a n  c o n t r a c t o r ,  
wowld automatiçally l o s e  v a l i d i t y  a f t e r  six rnonths from t h e  

d a t e  o f  p r o j e c t  s u s p e n s i o n  o n  May 1 3 ,  u n l e s s  t h e  Government  

would d e c i d e  about  t h e  c o n t i n u a t i o n  of  t h e  construction ope-  

r a t i o n s  a t  Nagymaros, a p p r o v e d  b y  P a r l i a m e n t .  From a legal 

p o i n t  of v i e w ,  any  o t h e r  d e c i s i o n  ( e x t e n s i o n  o f  t h e  s u s p e n s i o n  

o r  f i n a l  c a n c e l l a t i o n )  would h a v e  t h e  same i m p a c t .  If s o ,  

a r b i t r a t i o n  a w a r d s  will cornpel H u n g a r i a n  compan ies  t o  honour  

t h e i r  o b l i g a t i o n s  t o  p a y  d a m a g e s .  As seen f r o m  i n t e r n a t i o n a l  

e x p e r i e n c e s ,  s u ç h  a n  award  c a n  be e x p e c t e d ' t o  b e  b r o u g h t  in 

a t  t h e  end a f  a b o u t  t h r e e  y e a r s  of l i t i g a t i o n .  As t h e  a g r e e -  

ments a b o u t  d e l i v e r i n g  e l e c t r i c i t y  w i l l  r e m a i n  i n  f o r c e ,  

a m a j o r  p a r t  o f  o u r  payrnent  o b l i g a t i o n s  can  be  e x p e c t e d  t o  

be c o n v e r t e d  i n t o  s u p p l y i n g  eleçtticity a s  a r e s u l t  of a n  

a g r e e m e n t  t o  b e  made w i t h  t h e  A u s t r i a n  p a r t y .  

The outcome o f  t h e  s i t u a t i o n  w i t h  r e s p e c t  t o  t h e  A g r e e -  

ment  be tween  t h e  Hungar ian  a n d  t h e  C z e c h o s l o v a k  Governrnents 

depends on t h e  r e s u l t s  of  t h e  n e g o t i a t i e n s  b e t w e e n  t h e  two  

p a r t i e s .  

I f  c o n t r a c t u a l  o b l i g a t i o n s  a r e  fulfilled, s u s t a i n e d  

a r g u m e n t s  w i l l  a r i s e  due t o  t h e  d i f f e r e n c e s  i n  a s s e s s i n g  

t h e  c o n d i t i o n s  of o p e r a t i n g  t h e  b a r r a g e  sy s t em.  O b v i o u s l y ,  

a l o n g - t e r m  s u s p e n s i o n  o f  t h e  c o n s t r u c t i o n ,  i e .  t h e  e v a s i o n  

o f  a c l e a r - c u t  decision w i l l  g e n e r a t e  Oension. Howeve r ,  t e n s i o n  

would also a r i s e  i n  b i l a t e r a l  r e l a t i o n s  i f  peak- t ime  o p e ~ a t i o n  

of  t h e  aldB is e x c l u d e d  and, a s  a c o n s e q u e n c e ,  t h e  o p e r a t i o n s  

a t  N a g y r n ~ r o s  a r e  c a n c e l l e d  f o r  good. Su, t e n s i o n  is u n a v o i d a b l e  

i n  e i t h e r  c a s e .  



Should t h e  Hungarian Government o p t  for t h e  latter 

solution, i t  could initiate negotiations about t h e  amendment 

of the i n t e r - g o v e r n m e n t a l  a g r e e m e n t s  with r e f e r e n c e  to the 
c i r ç u m s t a n c e s ,  set forth a b o v e .  I t  could indicate t h e  can-  

ç e l l a t i o n  o f  the Nagyrnaros Barrage and the  postponement of 

t h e  change of course a t  the Dunakility-Kortvélyes Reservoir 

as t h e  o ' b j e c t i v e  of  t h e  negotiations. Shou ld  t h e  other nego- 

tiating p a r t y  b e  unwilling t o  a c c e p t  such arnendments,  t h e  

Hungarian Government could pass a unilateral decision about 

the termination of construction o p e r a t i o n s  at t h e  Nagymaros  

B a r r a g e  and t h e  p o s t p o n e m e n t  o f  t h e  c h a n g e  of c o u r s e ,  w h i l e  

r e f e r r i n g  t o  t h e  r nu tua l  violation of certain c o n t r a c t u a l  

obligations and t h e  emergence of an enviconmental emergency. 

Ç o n s e q u e n t l y ,  a legal dispute would a r i s e  b e t w e e n  

t h e  two  p a r t i e s .  The crux ef  such  legal d i s p u t e s  is t h a t  

one  of the p a r t i e s ,  in this c a s e  the C z e c h o s l o v a k  party, 

f i n d s  i t ~ e l f  i n  a s i t u a t i o n  w h e r e  i t  is bound t o  make a 

c o m p r o m i s e .  In o t h e r  words, sooner or l a t e r  i t  w i l l  have _ 
to g i v e  i n  and negotiate. There  i s  n o  c o u r t  in to d a y ' s  i n t e r -  

n a t i o n a l  l e g a l  system t h a t  w o u l d  b e  a b l e  t o  decide  a b o u t  

such l e g a l  d i s p u t e s  w i t h o u t  the c o n s e n t  of t h e  parties i n v u l v e d ,  

i e .  t o  compel  H u n g a r y  t o  construct t h e  barrage. T ~ P  Czecho- 

slovak Governmen t  has elementary interest in reaching a 

compromise  as t h i s  is t h e  only way i t  can h o p e  to recover 
some o f  i t s  l o s s e s .  

T h i s  d e c i s i o n  s h o u l d  be accompanied by t h e  Hungarian 

p a r t y k  e f f o r t s  a t  arnending the agreemen t  whose probable 

impact i s  discu'çsed in a summary b y  t h e  Ministry of J u s t i c e  

as well as the accompanying annexes.  

t 

Dn,balance i t  is t o  be  n o t e d  t h a t  we can  e x p e c t  t o  

be f a c e d .  with a legal dispute over a g r e a t  m a n y  years 'with 



an u n c e r t a i n  outcarne. H o w e v e r ,  t h e  negotiating position o f  

t h e  H u n g a r i a n  p a r t y  i s  r e i n f o r c e d  b y  the Tact t h a t  t h e  provisions 

u n d e r  S e c t i o n s  15  and 1 9  of t h e  i n t e r - g o v e r n m e n t a l  a g r e e m e n t  

h a v e  n o t  been f u l f i l l e d .  T h e  l e n g t h y  l e g a l  d i s p u t e  will r e l e a s e  

u s  f r o m  any i rnmediate or s h o r t - t e r m  payment obligation. In 

a c c o r d a n c e  with t h e  c u r r e n t i a n d  r o u t i n e  practice arnong C M E A -  

countries we a r e  o b l i g e d  t a  h o n o u r  o b l i g a t i o n s  t o  pay  d a m a g e s  

only t o  the e x t e n t  and i n  t h e  f o r m  a c k n o w l e d g e d  b y  u s ,  e v e n  

i n  t h e  l o n g  r u n .  

As r e g a r d s  t h e  f i n a n c i a l  consequences  of d r o p p i n g  

t h e  N a g y m a r a s  hydro-electric s t a t i o n ,  t h e  p a r t i e s  affected 

~ u s t  corne t o  a g r e e m e n t .  T h e r e f o r e  t h e  Hungarian Government 

w i l l  be s t r a d d l e d  b y  f i n a n c i a l  obligations o n l y  t o  the  e x t e n t  

it a c k n o w l e d g e s  them.  Noone c a n  compe l  t h e  Government  t o  

s a t i s f y  Czechoslovak de m a n d s  i t  d o e s  n o t  recogniçe as j u s t i f i e d .  

With respect to i n t e r n a t i o n a l  r e l a t i o n s ,  s t a t e s  w i t h  fioancial 

o b l i g a t i o n s  a r e  in a b e t t e r  negotiating p o s i t i o n  t h a n  t h o s e  

w i t h  claims. 

As r e g a r d s  t h e  f i n a n c i a l  consequences,  t h e  followiog 

p r i n ê r y  f a c t o r s  s h o u l d  b,: cnnçidered: 

( a )  f l y  cancelling t h e  Nagyrnaros B a r r a g e ,  b o t h  parties 

w o u l d  have l o s s e s  l i e ,  n o t  o n l y  C z e c h o ç l o v a k i a )  

and such a d e c i s i o n  wou ld  c a r r y  a d v a n t a g e s  as well. 

(Certain o p e r ô t i n g  a n d  m a i n t e n a n c e  c o ç t s  w o u l d  n o t  

be  i n c u r r e d  a l o n g  with s o m e  e n v i r o n m e n t a l  invest- 

ments,  etc.) I n  t h e  agreement to be made, t h e  n e t  

difference of t h e  d i s a d v a n t a g e s  and a d v a n t a g e s  s h o u l d  

be considered t h a t  accrue t o  t h e  two p a r t i e s  involved. 

( b )  L o s s e s - t o  be incur red  by t he  C z e c h o s l o v a k  party 

s h p u l d  b e  p r o v e n  b y  t h e  C z e c h o s l o v a k  Government 
I I 

h i l e  t h e  Hungarian p a r t y  s h o u l d  indicate  how much 



of t hese  losseç it is going t o  acknowledge. A l 1  

p r o j e c t  e l e r n e n t s  t h a t  becbme superfluous as a r e s u l t  

o f  t h e  c a n ç e l l a t l o n  of t h e  N a g y m a r o s  B a r r a g e  can 

be  i n c l u d e d  as  loss items in addition to t h o s e  t h a t  

cannot  be  p u t  to some o t h e r  use. Investments t o  --. 
J e  c a r r i e d  out i n  C s e c h c s l o v a k i a  w i t h  t h e  o b j e c t i v e  

t o  make up f o r  l o s t  e l e c t r i c i t y  c a n n o t  be r e g a r d e d  

a s  e i t h e r  l o s s  or damage t h e r e f o r e  c o m p e n s a t i o n  

f o r  them is o u t  of the q u e s t i o n .  

( c )  The c o n c e p t  o f ~ " u n r e a 1 i s e d  p r o f i t s "  iç unknown i n  

t h e  l e g a l  p r a c t i c e s  o f  t h e  socialiçt c o u n t r i e ç ,  

t h e r e f o r e  C z e c h o s l a v a k  c l a i m s  to t h a t  e f f e c t  a r e  

u n f o u n d e d .  

Cd) There is no s i n g l e ,  a c c e p t e d  and l e g a l  rneans o f  

payrnent  i n  use  b e t w e e n  t h e  t w o  countries. This implies 

that payrnent  o b l i g a t i o n s  incurred b y  t h e  Hungarian 

p a r t y  cannot be  s e t t l e d  by t r a n s f e r r i n g  a c e r t a i n  

anoun t  of rnoney immediately. The o n l y  o p t i o n  a v a i l -  

able is for t h e  Hungarian p a r t y  te deliver g o o d s  

a b e v e  t h e  " a g r e e d  q u o t a " ,  t h e  a n n u a l  vo lume  of w h i c h  

will depend on Czechoslovak demand and t h e  supply 

capacities af  the Hungarian cornpanies. C o n s e q u e n t i y ,  

i t  rnay t a k e  l o n g  y e a r s  f o r  t h e  Hungarian i n s t a l m e n t s  

t o  r u n  o u t .  O f  c o u r s e ,  we are n o t  obliged t o  make 

p a y m e n t  i n  c o n v e r t i b l e  çurrency. 

(el Shifting t h e  r o u t e  o f  n a v i g a t i o n  o n  the Danube t o  

Chechoslovak t e r r i t o r y  would seriously v i o l a t e  t h e  

Paris Peace T r e a t y  a n d ,  i n d i r e c t l y , - t h e  T r i a n o n  

Peace  T r e a t y  as  well, a l o n g  w i t h  t h e  Bilateral Agree- 

me'nt of 1976  on River i3orders and t h e  1 9 7 7  Agree- 

ment between t h e  two Governments. Most probably 



than n o t ,  t h e  river would n o t  be  d e f l e c t e d  a s  i t  

would p o s e  s e v e r e  environmental risks f o r  Czecho -  

s l o v a k i a  t o o ,  and technical- feasibility is a l s a  

questionable. 



, SUHMARY 

The Government'ç decisions about suspending construction a c t i -  

v i t i e s  a t  t h e  BBs-Nagyrnaros Barrage have corne at a t i m e  of 

a world-wide change i n  a p p r o a c h e s ,  g i v e n  p r i o r i t y  t o  t h e  

protection af t h e  environment and n a t u r a l  resources. 

I n  accordance w i t h  t h e  unanimaus v i e w s  of i n d e p e n d e n t  

ç p e c i a l i s t s  w i t h  no tieç whatsoever  t o  t h e  b a r r a g e  p r o j e c t  

t h e  o v e r a l l  e c o l o g i c a l  i m p a c t  o f  t h e  SNE is c l e a r l y  n e g a t i v e .  

The s i t u a t i o n  i s  further e x a c e r b a t e d  b y  t h e  fact t h a t  t h e  

v o l u m e  of possible damage c a n n o t  be r e co rded  a s  t h e  appraisal 

o f  t he  cur ren t  s t a t u s  i s  a l s a  extrenely d e f i c i e n t .  

The risk o f  e n d a n g e r i n g  p o t a b l e  water r e s e r v e ç  is 

especially l a r g e  and i r npe rmiç s ib l e .  The construction activities 

i n  t h e  Nagymaros region o f  t h e  R N 0  ha; a l r e a d y  h a d  a d e t r i -  

m e n t a l  e f f e c t  o n  w a t e r  production and s u p p l y  in B u d a p e s t .  

As for t he  f u t u r e ,  bank-filtration wells as well a s  t h e  l a r g e s t  

u n d e r g r o u n d  f r e s h w a t e r  r e s e r v e s  o f  E u r o p e  may also be en-  

d a n g e r e d  

Nastewater purification, as demanded b o t h  i n  t h e  O c t o b e r ,  

1988 resolution b y  Parliament and under the a p p r o p r i a t e  

sections of t h e  inter-governmental agreement a s  t h e  precondi- 

tion t o  damming the w a t e r s ,  has not been  implemented, In 

the case of certain tributaries, already in .a c ritical state 

t e g . :  t h e  Morava), n o t  even the w a s t e w a t e r  p u r i f i c a t i o n  plans 

a r e  known. I n . v i e w  o f  t h e  p r o j e c t e d  environmental p e r i l s  

and risks, the optimum solution would  'be t o  terminate a l 1  
the c o n s t r u c t i o n  activities o f  t h e  HNB ProSect  f o r  good.  

'+ . 



With  r e s p e c t  t o  certain issues conce rn ing  the t e c h n o -  

l o g i c a l  s a f e t y  of t h e  8N0 p r o j e c t ,  n o  d e c i s i o n  can  be  made 

a s  o n l y  insufficient p r e l i m i n a r y  t e s t  and a n a l y s i s  d a t a  are  

a v a i l a b l e .  There  is no gelological and  hephysical dadumenta- 

tion a v a i i a b l e  t o  assess  t h e  w h o l e  of t h e  8 N B ,  t h e r e f o r e  

i t  is i m p o s s i b l e  ta a p p r a i s e  t h e  possibilities for safe 

di rnens ion ing  a n d  t h e  econornic i m p a c t s  t h e r e o f .  

No solution h a s  been  f o u n d  a s  y e t  t o  p r o v i d e  sufficient 

d i s c h a r g e  i n  t h e  O l d  Danube o r  t o  s a v e  t h e  archeological 

r e l i e s  u n e a r t h e d  i n  t h e  E s z t e r g o m  r e g i o n .  Such o u t s t a n d i n g  

q u e s t i o n s  c a n n o t ,  i n  a n y  w a y ,  be  i n t e r p r e t e d  t o  s u p p o r t  t h e  

c o n t i n u a t i o n  o f  t h e  p r o j e c t  without a n y  change in t h e  u n d e r -  

l y i n g  c o n c e p t .  

The i d e a s  w i t h  r e s p e c t  t o  t h e  c o m p l e x  utilisaiton 

o f  t h e  Danube  c a n n o t  j u s t i f y  so huge and c o m p l e x  t e c h n i c a l  

s o l u t i o n 5  w l t h  such  e x o r b i t a n t  c o s t ç  a s  t h e  c o n s t r u c t i o n  

o f  h y d r o - e l e c t r i c  s t a t i o n s  c o m b i n e d  w i t h G r e s e r v o i r s  i n  o r d e r  

t u  improve  the  conditions f o r  f l o o d  c o n t r o l  and n a v i g a t i o n .  

B o t h  t h e  designers a n d  the contractors h a v e  quo ted  p o i n t s  

e x c l u s i v e l y  f r o m  a n  energy p r o d u c t i o n  c o n c e p t  w h i c h  has ,  

r n e a n i v h i l e ,  become o u t d a t e d .  A"J t h e  same t i rne,  t h e  M i n i s t r y  

of  I n d u s t r y  ha5 indicated that- the eeergy i n d u u t r y  s t a t e d  

a t  a l 1  t h e  s t a g e s  of  t h e  d e c i s i o n - m a k i n g  p r a c e s s  t h a t  t h e  

i m p l e r n e n t a t i ~ n  o f  t h e  p r o j e c t  is unnecessary for the p u r p o s e s  

of  e n e r g y  generation a n d  o n l y  6 0 %  o f  t h e  projeci c o s t s  c a n  

b e  b o r n  p r o f i t a b l y  b y  t h e  electricity generating sector, 

The e l e c t r i c i , t , y  g e n e r a t i n g  s e c t o r  h a s  a l w a y s  had  a number  --- 
of  ef f i c i e w t .  i u b s t i t u t e s  t~ ' the  p r o  j e c t .  The re fo re ,  i m p l e -  

m e n t a t i o n  ciuld o n l y  be  j u s t i f  i e d  i f  t h e  p r o f i t a b l e  u t i l i -  

s a t i e n  o f  t h e  o t h e r  40?-  of t h e  p r o j e c t  c e u l d  be s u p p o r t e d  

by a d v a n t a g e s  t o  be a c h i e v e d  i n  o t h e r  s e c t o r s .  C o n s i d e r i n g  



t h e s e  reserves, indentified in Hungary's energy network ,  

t h e  energy g e n e r a t i n g  c a p a c i t i e s  o f  t h e  hydro-electric station 

are  n o t  r e q u i r e d  a t  a l 1  in t h e  s h o r t  r u n ;  t h e  proposed  gene- 

r a t i n g  c a p a c i t i e s  can be  substituted b y  o t h e r s  in t h e  l o n g  

r u n  as  well ,  w i t h  s p e c i a l  regard t o  t h e  f a c t  t h a t  s t a r t i n g  
f r o m  1995  most  of t h e  electricity g e n e r a t e d  by the BN0 would 

h a v e  t o  be used  t o  repay a l o a n  in kind. 

The e c o n o m i c  a n a l y s e s  p r e p a r e d  indicate t h a t  b o t h  

t h e  c o n t i n u a t i o n  and t h e  cancellation a f  the construction 

ac t i v i  ties w o u l d  g e n e r a t e  losses which a r e  t h e  i r n n e d i a t e  r e s u l  t 
o f  t h e  r 4 0 n - p r o f i t a b i l i t y  OS t h e  p r o j e c t .  F r o m  an economic 

p o i n t  of v i e w ,  the l e a s t  f a v o u r a b l e  option i s  t h e  l o n g - t e r m  

s u s p e n s i o n  of  t h e  o p e r a t i o n s .  I n  t h e  s h o r t - t e r m ,  t h e  f i n a l  

c a n c e l l a t i o n  o f  t h e  c o n s t r u c t i o n  a c t i v i t i e s  a t  N a g y m a r o s  

i ç  more f a v o u r a b l e  w h i l e  i n  t h e  l o n g  r u n  t h e r e  i s  no s i g n i -  

f i c a n t  differenee arnong t h e  d i f f e r e n t  s c e n a r i o s .  Howeve r ,  - 
cancellation w o u l d  g i v e  g r e a t e r  freedom t o  t h e  Governrnen t  

t a  make up i t s  m i n d  a b o u t  a different o r d e r  of national 

p r o j e c t  p r i o r i t i e s .  

As t ime goes  b y ,  t h e  continuation of c o n s t r u c t i o n  
is j u s t i f i e d  only by r e f e r e n c e s  t o  international obligations 

a n d  the d a n g e r s  of having to p a y  damages.  We rnust f a c e  t h e  

l e g a l  c a n s e q u e n c e s  arising from t h e  termination of some of 
t h e  c o n t r a c t s  be tween  H u n g a r i a n  and  A u s t r i a n  companies; our  
e b l i g a t i o n s  to p a y  damages will h a v e  t o  be honoured  a t  a 

t i m e  t h r e e  years from now, following t h e  c o - o r d i n a t o r y  meet- 
i n g s  a n d  t h e  award b y  t h e  a r b i t r a t o r s  and most o f  t h e  obli- 

gations c o u l d  be satisfied by  s u p p l y i n g  electricity. 

With r e s p e c t  t o  t h e  ~ z e c h o s l o v ~ k  p a r t y ,  ne must  .mak'e' 

efforts t o  amerid t h e  i n t e r - g o v e r r i m e n t a l  agreement. ~ h o u l d  

t h e  Czechoslovak p a r t y  be unwilling t o  make a compromise, 



t h e  H u n g a r i a n  p a r t y  would be  cornpelled t o  unilateral a e t i o n ,  

referring t a  t h e  non-per fo rmance of c e r t a i n  essential pro-  
v i s i o n s  i n  t h e  i n t e r g o v e r n m e n t a l  agreement a n d  t h e  emergence 
o f  an e c o l o g i c a l  e m e r g e n c y .  I n  the c o u r s e  of the  l e g a l  
dispute, arising a s  a result, t h e  Hunga r i an  p a r t y  cannot  

be cornpel led  t o  a c c e p t  a n d  honour c la i rns  f o r  damages i t  d o e s  

n o t  acknowledge .  

S h o u l d  t h e  H u n g a r i a n  G o v e r n r n e n t  d e c i d e  i n  f a v o u r  o f  

c a n c e l l i n g  c o n s t r u c t i o n  a c t i v i t i e s  a t  N a g y m a r o s ,  i t  m u s t  

r e ckon  w i t h  t h e  t a s k s  arising from t h e  cornp lex  regulation 

o f  t h e  B O S - N a g y m a r o s - d u d a p e s t  s e c t i o n  o f  t h e  D a n u b e  a s  well 

a s  t h e  o p e r a t i o n s  w i t h  r e s p e c t  to p o t a b l e  w a t e r  p r o d u c t i o n ,  

n a v i g a b i l i t y  a n d  t h e  r e s t o r a t i o n  o f  t h e  work p i t  a t  Nagy- 

ma r o s  . I n  o r d e r  t o  i d e n t i f y  the technologica l ly  rnost acceptable and most 

s u i t a b l e  s o l u t i o n s ,  t h e  G o v e r n r n e n t  ç h o u l d  s e t  up a n  a p p c o -  

p r i a t e  cornmi t t e e .  



RECOMMENDATIONS 

T h e  Cornmittee h e r e b y  p r o p o s e s  t o  t h e  C o u n c i l  o f  Ministers 

t h a t  it s h o u l d  t a k e  a preliminary s t a n c e ,  r e j e c t i n g  t h e  peak- 

tirne o p e r a t i a n  of the BNB and, a s  a c o n s e q u e n c e ,  c a n c e l l i n g  

t h e  Nagymaros Barrage and suspend ing  t h e  operations wi th  

r e s p e c t  t o  t h e  c h a n g e  o f  course a t  t h e  D u n a k i l i t i - K o r t v é l y e s  

Reservoir. The  elabaration of the e c e l o g i c a l  g a u r a n t e e s  a n d  

t h e  optimum o p e r a t i o n  of t h e  Bos h y d r o - e l e c t r i c  s t a t i o n  a s  

w e l l  a s  t h e  c o n c l u s i o n  o f  a n  a p p r o p r i a t e  a g r e e m e n t  w i t h  t h e  

C z e c h o s l o v a k  p a r t y  would constituts t h e  p r e c o n d i t o n s  t o  

such  a c h a n g e  o f  c o u r s e .  

The Cornmi t tee  a l s o  proposes t h a t ,  i n  p r e p a r a t i o n  f o c  
a m e e t i n g  o f  t h e  Hungar lan  and C z e c h o s l o v a k  Prime Ministers, 

t h e  Council of  M l n i s t e r s  should a u t h o r i s e  t he  D e p u t y  Prime 

M i n i s t e r  on the basis o f  S e c t i o n  3 of Resolution No. 9 / 1 9 8 9  

( V . 1 3 . )  b y  t he  P a r l i a m e n t  t u  begin negotiationç w i t h  t h e  

C r e c h e ç l o v a k  p a r t y  imrnediately a b o u t  the c o n d i t i o n s  f o r  t h e  

amendment of the 1977  i n t e r - g o v e r n r n e n t a l  agreement a l o n g  

t h e  l i n e  s u g g e s t e d  a b o v e .  

Further, the C o m m i t t e e  also p r o p o s e s  t h a t  t h e  C o u n c i l  

o f M i n i s t e r s  should present i t s  proposais t u  Parliament s u b j e c t  

t o  t h e  outcome of t h e  Hungarian Creçhoslovak n e g o t i a t i o n ç  

and t h e  t i m i n g  of t he  m e e t i n g  be tween  the Hungarian and  t h e  

Czechaç lovak  Prime Ministers. 

The C o u n c i l  o f  Ministers s h o u l d  s e t  up a cornmit tee .  

headed by a Government ~ o r n m l s s i o n e r ,  t o  e l a b o r a t e  t h e  undes-  

l y i n g  c o n d i t i o n s  f o r  such  change of course. 



F i n a l l y ;  t h e  Cornmit tee proposes  t h a t  s u i t a b l e  t e c h n i c a l  

c o r n m i t t e e s  s h o u l d  elaborate t h e  t e c h n o l o g i c a l  t a s k s ,  a r i s i n g  

f r o m  t h e  f i n a l  c a n c e l l a t i o n  o f  t h e  c o n s t r u c t i o n  operations 

a t  t h e  Nagymaros Barrage .  

P é t e r  H a r d i  

Head of t h e  C o r n m i t t e e  

of Independent Specialists 
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OUTPUT f lY  WATER U T I L I T I E S  Br SOURCES OF WATER 

Percent 

water water 
1.129 O .  009  1.014 o. 1131 O .  271 million m3/day 

Figure 1 

Source :  The utilisation and p r o t e c t i o n s  of wa te r  r e se rves  . 

KSH K V M ,  B u d a p e s t ,  1 9 8 8 ,  p .  2 1  



THE R E L A T I V E ,  AVERAGE CONCENTRATION OF C E R T A I N  

CONTAMINANT5 IN THE RIVER BED 

Percen t  

Percent  

1 .  M e r c u r y  b .  Chromium 7 .  Manganese 
2 .  C a d m i u m  5. Arsenic  8 . '  T o t a l  o r g a n i c .  m a t t e r  
3 .  L e a d  6 .  Iron 9 .  0 1 1  and g r e a s e  

! I Source :  W a t e r  M a n a g e m e n t  B u l l e t i n  
1 I 

Budapest, 2 9 8 8 .  V o l .  a ,  o .  5 4 3  



Million rn 3 

WASTEWATER PURIFICATION I N  GYOR-SOPRON AND 

KUMAROM COUNTIES I N  1986 

Figure 3 

Source: The u t i l i s a t i o n  and t h e  protect ion of water reserves 

KSH-Km, Budapest, 1988. p. 33 

Properly purif ied 

Partially p u r i f i d  

Not purified 
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CONTINUATION DR CANCELLATION OF THE NAGYMAROS BARRAGE 

AT PRESENT VALUE ( a t  a 7% discount) 

Continuation Cancellation 

Figure 4 

Oevelopment 

Operation 

Yield 

Result 

S o u r c e :  IIJc Cornmittee r e p o r t ,  drawn up on t h e  b a s i s  of  
Resolution ND. 3205/1989.(VII.20.) b y  t h e  Council of 

Ministers,  d a t e d  Augus t  1989  



EN0 EXPORT BALANCE 

in w i n t e r ,  a t  medium discharge 

EN0 FXPORT BALANCE 
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BNB EXPORT BALANCE 

in winter, a t  minimum discharge 

r-'1 ,++. ., ,'::: 
4 2 ,  , ? A  '.', - - ... , .< . .  . : . . .  Hungary's s h a r e  i n  t h e  barrage 

Electricity genera ted  in other 

power s t a t i o n s ,  t o  be e x p a r t e d  

Source :  Austrian-Hungarian agreements', 

D r .  B é l a  P o t e c z :  Energy p~sslbilities, modes of 

operation and management 
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INTRODUCTION 

.Contexte et but du rapport 

Ce rapport d'opinion présente les r é s u l t a t s  d'une 

évaluation par Hydro-Québec International de certains 

aspects de l'aménagement hydroélectrique de Gabcikovo. 

La réalisation du complexe h y d r a u l i q u e  de Eabcikovo- 

Nagymaros sur le fleuve Danube fait s u i t e  a une e n t e n t e  

i n t e r v e n u e  en 1977 e n t r e  les gouvernements de Tchéco- 

Slovaquie et de Hongr i e .  Ce complexe a buts  multiples 

vise 2 produire l'énergie hydroélectrique, a améliorer 

la navigation et à f o u r n i r  une protection accrue aux 

inondations. II composte deux aménagements: ~ a b c i k o v o  

avec une centrale de p o i n t e  d e  720 MW située en 

t e r r i to i re  slovaque, 4 5  km à l'aval de Bratislava, et 

Nagymaros, une centrale au fil de l'eau de 160 mi 
située a 120 km plus a l k v a l ,  près  de 30 km a u  no rd  de 

Budapes t  . 

Les travaux de construction ont débute en 1978. 

L'échéancier prévoit la m i s e  en service de la première 

t u r b i n e  de la centrale Gabcikovo pour 1 9 9 0  et 

l'achevement du complexe pour 1994. 

En 1989, le gouvernement Hongro i s  a semis en q u e s t i o n  

la pertinence du p r o j e t  et a décide de suspendre  les 

travaux s u r  son t e r r i t o i r e .  A la s u i t e  de c e t t e  

décision, l a  Tcheco-siovaquie s'est vu c o n t r a i n t e  de 

r a l e n t i r  les travaux en d é p i t  du fait que prés de 95% 

du p r o j e t  Gabcikovo e s t  réalisé et que plus de 20 

milliards de courones tchéco-slovaques o n t  eté 

investis. Et récemment, 1 ' op in ion  pub1 igue en Tcheco- 

Slovaquie a soulevé certaines questions concernant 

l'exploitation de cette centrale. 



Le présent rapport  se veut donc une réponse aux 

préoccupations du Ministère par rappor t  a la mise en 

exploitation du projet  Gabcikovo. 

1 . 2 .  Mandat dtHydro-Québec International 

Le mandat fait suite a une convention de c o o p é r a t i o n  

t e c h n i q u e  in t ervenue  a Bratislava le 7 septembre 1990 

entre Hydro-Québec International (HQI) et le M i n i s t è r e  

des Eaux et des  Forêts de la République Slovaque. Le 

mandat c o n f i e  c o n s i s t a i t  a p r o d u i r e  une o p i n i o n  sur : 

- la contamination de l a  nappe, 
- la méthodologie de prévisions de la variation du 

niveau de la nappe, 
- la s é c u r i t é  des infrastructures de retenue 

- les études environnementales e x i s t a n t e s  

Dans le cadre de ce mandat, Hydro-Québec International 

a évalué globalement les  études relatives aux q u a t r e  

s u j e t s  précités. En particulier, elle a t r a i t e  de la 

conception des ouvrageç et des méthodologies ernployees 

l o r s  des différentes phases d'êtude du p r o j e t .  De 

plus, e l l e  a porté un jugement s u r  l'ensemble d e s  

études consultées pour s'assurer qu'elles r e s p e c t e n t  

les regles de l'art et les s t a n d a r d s  internationaux. 

1.3 Déroulement de la mission 

Une deleqat ion d'experts dlHydro-Québec International a 

s é j o u r n é  en Tchéco-Slovaquie du 8 octobre au 7 novembre 

1990. E l l e  a eu l'occasion de  rencont re r  t o u s  les 

spécialistes slovaques qui ont travaillé au p r o j e t  et 

de  visiter les sites et les ouvrages s ' y  r a p p o r t a n t .  



1.3.1 Présentation du projet et visites des installations 

Les séances de présentation du projet d'aménagement 

hydroélectrique de Gabcikovo se sont tenues dans les 

locaux d'Hydroconsult a Bratislava les 15 et 16 octobre 

1990. Au cours de ces séances, les spécialistes 

slovaques rattachés à différentes institutions ont 

présenté l'essentiel du projet. 

Ceux-ci ont présenté aux experts d'Hydro-Québec 

International des études dans les disciplines 

suivantes: géologie, géotechnique, hydrologie, 

hydrogéologie, hydrogéo-chimie, conception des ouvrages 

de retenue et environnement. 

Les 17 et 18 octobre 1990, la délégation dlHydro-Québec 

I n t e r n a t i o n a l  a v i s i t e  le complexe Gabcikovo. Elle 

était accompagnée des spécialistes et des concepteurs 

slovaques. C e t t e  visite sur le terrain a permis de 

voir chaque ouvrage de gén ie  civil du p r o j e t .  Elle a 

été .aussi l'occasion de discussions s u r  le c o n t e n u  d e s  

nombreuses études et recherches réalisées dans le cadre 

de ce projet (geclogie, hydrageologie, conception, 

environnement, e tc . ) .  Les experts dfHydro-Quebec 

International ont visite les ouvrages et les s i t e s  

suivants : 

- le réservoir Krusov 

- l e s  digues  de l a  rive gauche et de la rive d r o i t e  

du réservoir Hrusov (seulement sur le territoire 

de la Tchéco-Slovaquie) 
- la zone du développement touristique s u r  La r i v e  

d r o i t e  du réservoir Hrusov 
- . le c a n a l  d'amenke et la d igue  s u r  la rive gauche 

- l a  digue et l e s  ouvrages s u r  la rive d r o i t e  du 

c a n a l  d'amenée 



- l'emplacement envisage de la fermeture  du Danube 

e n t r e  la Tcheco-Slovaquie et la Hongrie 
- la zone d'inondation entre le Danube et le c a n a l  

d ' amenée 
- la centrale ~abcikovo et les  écluses 

- le canal de fuite 

1 :  

Le 2 2  octobre 1990, la délégation a pu v i s i t e r  le site 

de l'aménagement de Nagymasos en Hongrie, la rive 

droite du Danube jusqu'a Dunakiliti et l'ouvrage de 

con t rô l e  de D u n a k i l i t i .  

Le 2 novembre 1990,' les experts d'Hydra-Québec 

International o n t  également effectué une seconde v i s i t e  

d u  complexe Gabcikovo et de tous ses ouvrages. 

1.3,2 ~ r g a n i s m e s  et spéc ia l i s te s  slovaques r e n c o n t r e s  

Pour pouvoir réaliser cette étude d'opinion, les  

exper t s  dfHydro-Québec International ont r e n c o n t r e  p l u s  

de quarante  spécialiktes slovaques qui ont travaille a 

titres divers, au p k o j e t  d'aménagement Gabcikovo. Ces 

specialistes proviennent de seize (16) organismes 

differents (bureaux d'études, i n s t i t u t  de recherches,  

université, e t c . ) .  La l i s t e  détaillée des personnes 

rencontrées et les  noms d e s  organismes qu'ils 

représentent, sont en annexe B du rapport .  Dans chaque 

specialite et domaine d'intérgt, l e s  experts d'Hydra- 

Québec International o n t  e u  des d i s c u s s i o n s  

a p p r o f o n d i e s  avec les s p é c i a l i s t e s  slovaques concernés.  

Ils ont également effectué une revue sommaire des  

documents  soumis  afin de verifier les p o i n t s  d ' i n t é r ê t  

n o t é s  lors des discussions. 



Par ailleurs, les  experts d'~ydro-Québec International 

o n t  visité le bureau d'ingénieurs-conseils de VIZITERV 

â Budapest et l - ~ c l e  technique supérieure tchèque à 

Brno, pour voir le systeme de moni to r ing  m i s  au point 
pour le proje t .  

1 . 4  Développement historique des travaux d'aménagement sur 
le Danube 

Le développement des pro je t ç  d'aménagement des eaux et 

des ouvrages hydroélectriques sur le Danube et dans son 

bassin versant  est étroitement lie a l'augmentation de 

populations des  régions qu'il traverse, A leur economie 

et a l e u r  développement culturel et technologique. 

Les premiers travaux effectues s u r  le Danube datent de 

l'Empire Romain. Ce n'est qiie plus tard, vers la fin 

du xvf11~ siëcle, a l o r s  que la population avait 

sensiblement augmente et que l e s  relations cornmesclales 

sur le Danube é t a i e n t  désormais bien établies, qu'on a 

procedé a d e s  mesures plus impor t an te s .  

L e s  vallées du Danube sont souvent  inondées et 

marécageuses. Elles sont de plus en plus occupées par 

l'agriculture et la population. L'utilisation des 

ressources pour l'alimentation en eau potable de la 

population, d e s  animaux et de l'industrie, peur 

1' irrigation, et pour la production d'énergie ne c e s s e  

d'augmentes. Afin de faire face aux besoins 

identifiés, on a c o n s t r u i t  un grand nombre d'ouvrages 

hydrauliqueç et de sys t emes  d'aménagement des eaux qui 

ont modifie considérablement le profil du Danube et s o n  

c o u r s .  



Aujourd'hui, on ne peut plus mettre en valeur le Danube 

sans concertation des états qu' il traverse. Pour 

planifier et exécuter les grands projets, il est plus 

que jamais nécessaire d'informer les pays voisins, de 

coordonner les efforts, d'ritablir des accords ou méme 

de procéder a la réalisation de nombreux travaux en 

commun. 

A p a r t i r  de 1950, de nombreux ouvrages hydrauliques ont 

vu le j o u r  sur le Danube. Ces bar rages  sont presque 

toujours des installations polyvalentes importantes qui 

servent t a n t  à la navigation fluviale qu'a la 

production d'énergie et à la protection contre l e s  

inondations. 

1.4-1  articular ri tés d'un aménagement hydraulique entre 
~ratislava et Palkovicovo 

Le Danube, après avoir t r ave r sé  l a  zone étroite e n t r e  

les Petites Carpates et les collines de Leitha, 

c o n t i n u e  son cours  e n  aval de Bratfslava a t r a v e r s  le 

bassin de Komarno. Le fleuve a laisse ici des  d e p b t s  

de graviers sableux en forme de cône d'alluvions é p a i s .  

L'épaisseur de ces dépôts alluvionnaires immédiatement 

en aval de B r a t i s l a v a  atteint prês de 15 m et aux 

alentours de Gabcikovo (45 km en aval de Bratislava) 

environ 300 m. 

Dans la section entre ~ratislava et PaLkoviçovo (km 

1810), le gradient du Danube est de 3 5  a 4 0  crn/h. Par 

la s u i t e ,  vers l'aval, le p r o f i l  du Danube change 

brusquement A 13 cm/km. Plus loin ce t te  pente diminue 

encore jusqutà 10 c m / k m  et même 6 cm/km. Ce changement 

brusque de  la pente résulte en un dép8 t  de 600 000 rn3 

de7gravier en moyenne par an. Des dépôts sont  la cause 



de la désagrégation du fleuve en îlots de grav iers  et 

en branches  secondaires du cours d'eau.  

Le Danube dans le secteur de Bratislava à Palkovicovo 

coule s u r  "le dos" du cône alluvial, c'est-a-dire à un 

niveau plus élevé que le terrain avois inant  ( f ig. 12) . 
Histor iquement ,  l o r s  des  crues l'eau sort de sont lit 

peu profond e t  inonde l a  large plaine danubienne sur 

les deux c0tes. Avec l'augmentation de la population 

d a n s  la p l a i n e  et le développement economique p l u s  

marque, l a  p o p u l a t i o n  a commence a b a t i r  des digues de 

p ra t ec t ion  s u r  les deux côtes du fleuve et pendant  la 

seconde moitié du l g e  siécie une l i g n e  c o n t i n u e  de 

d é f e n s e  a été c o n s t r u i t e .  

La défense contre les inondations n'était ni totale ni 

durable. Le dépôt continuel d'alluvions surélevant le 

lit du fleuve et par conséquent le niveau d'eau, la 

hauteur relative des d i g u e s  s'est trouvée. inadéquate. 

Des ruptures de digues et des i n o n d a t i o n s  

catastrophiques en sont réçulteeç. En 1965, les d i g u e s  

danubiennes on été largement détruites lors d'une crue 

exceptionnelle. 

D%uttre part, la réalisation d'une voie navigable dans 

le secteur compris  e n t r e  Bratislava, et Palkovicovo 

s e l o n  l e s  normes  de la commission du Danube rencontre 

des difficultés majeures. s u i t e  a u n e  accumulation de 

depots graveleux dans le lit, des  bas-fonds e t  d e s  

s e u i l s  aux profondeurs  insuffisantes se  sont formes. 

Malgré des travaux de régularisation de grande  

envergure réalises a d e s  coûts très éelvés, on n'arrive 

pas a réaliser un chenal de navigation qui respecte les 

normes. Aussi, l'entretien de ce secteur coute d i x  

fois p l u s  cher par  kilomètre que pour taus les autres 

secteurs du Danube. 



E n f i n ,  compte tenu de la nécessité de fournir une 

protection adéquate aux inondations, .et suite aux 

études technico-économiques, il a été décide de lier la 

reconstruction des d i g u e s  un aménagement hydraulique 

a buts m u l t i p l e s ,  intégrant :  des, ouvrages de generation 

hydroélectrique et de navigation. Le complexe 

Gabcikovo-Nagymaros entrepris conjointement par  l e s  

gouvernements de Tcheco-Slovaquie et de Hongrie en a 

été le résultat. 

1.4.2 Caraeteristiqsies hydrologiques du Danube à Bratislava 

L e s  principales données hydrauliques du Danube  à 

Bratislava (km 1869) sont les suivantes : 

- débit moyen a n n u e l  2 0 2 5  me/s 

- débit minimum observe (en 1948) 570 n 3 / s  

- débit rnaixmum observé (en 1954) 10 2 5 4  m 3 / s  

- d é b i t  de crue centennale Q 1 % 10 6 0 0  m 2 / s  
- d é b i t  de c r u e  millennale estime 

à Q 0,1% 13 0 0 0  m3/ç 

- d é b i t  de crue decimillennale 

estimé Q O , O L  % 15 0 0 0  m 3 / s  

A Bratislava, le Danube c h a r r i e  un grand  volume de 

matières solides dont la q u a n t i t e  moyenne pour une 

pér iode  de 50 a n s  a été estimée à 632 000 rn3 p a r  a n .  

La q u a n t i t é  de çédiments en suspension I r a n s p o r l e e  

v a r i e  entre 2,5 et 10,O millions de tonnes p a r  a n .  

1 . 5 .  Description générale de l'aménagement de ~ a b c i k o v o -  

Nagymaros 

Tel que décrit dans le rapport  de synthese f o u r n i  a 

Rydro-Québec International pour fins de cette étude 



(HYCO, 1990), l'aménagement commun hong ro- 

tchécoslovaque du Danube, dont la centrale de Gabcikovo 

constitue le p a l i e r  amont,  exploitera un t r oncon  long 

de 217 km, entre l'extrémité en amont de la retenue de 

Hrusov et lrextrêrnit@ en aval de l'approfondissement du 

lit du fleuve a Budapest. Le complexe hydroélectrique 

utilisera une dénivellation comprise entre  33 m et 31 m 

( s u i v a n t  le d é b i t )  en deux paliers soit : 

- l a  c e n t r a l e  de Eabcikovo (h = 23,8 m) o p é r a n t  en 

pointe; 

- la cen t ra l e  de Nagymaros (Fi = 8,9 m) operant  au 

fil de l'eau 

1.5.1 Caractéristiques hydraul iques  de l'aménagement de 

~abcikavo 

P l u s i e u r s  v a r i a n t e s  ont été considérées et suite aux 

choix de la solution d é f i n i t i v e ,  les bureaux d'études 

ont effectué les calculs h y d r a u l i q u e s  détailles 

suivants : 

- barrage  de D u n a k i l i t i  (un modèle r e d u i t  et un 

modèle pour d e s  v a r i a n t e s  de. l a  f e rme tu re  du 

lit du Danube) ; 

- canal dlarnenGe (modele r é d u i t ) ;  

- centrale d e  Gabcikovo (un  modéfe r é d u i t  pou r  

l'ensemble des ouvrages) ; 

- canal de fuite (modèles  physiques et 

mathématiques). 

L e s  d é b i t s  naturels du Danube seront 

emmagasinés dans la retenue de Hrusov. Une 

partie des d é b i t s  (tout d'abord e n t r e  50 à 

200 m 3 / s  initialement p révu  e t  ma in t enan t  



augmente à 350 m3/ç) sera déversée dans 

l'ancien lit du Danube. 

Le volume d'emrnagasinement dans la retenue 

entre les cotes 130,19 et 131,lQ m (niveau 

normal de retenue) sera turbine pendant les  

heures de pointe a la centrale de Gabcikovo 

équipée pour  Q = 3 360 a 5 200 m3/s. 

ExceptionnelLement, le niveau de la retenue 

peut descendre a la cote 129,60 m. La durée  de 

f a  p o i n t e  va r i e r a  d'après le débit disponible 

entr ,e  4 et 16 heures par j o u r .  Lorsque le débit 

est superieur a 3 000 m3/s, la centrale peut 

fonctionner mème pendant la nuit j usgu ' a 
atteindre le régime de fonctionnement continu 

sous le niveau normal de la retenue 

(fonctionnement au fil de l'eau). 

Dans l'ancien lit du  Danube le d é b i t  réserve 

d'environ de 3 5 0  m 3 / s  sera déversé  par les 

ouvrages  de c o n t r ô l e  de Dunakiliti d'une f a ç o n  

constante ( la capacité de d é b i t  de 

l'ouvrage est de 9 7 7 0  m 3 / s ) .  Afin de 

maintenir le plan d'eau du Danube a un  n i v e a u  

constant correspondant  au d é b i t  de 1 340 m 3 / s  

(comme avant la m i s e  en service de 

l'aménagement), quatre ( 4 )  seuils transversaux 

seront construits dans le lit du fleuve. La 

dénivellation entre le niveau en aval et en 

amont des s e u i l s  sera d'environ 1 m; avec la 

v i t e s s e  moyenne d'ecoulement de 0,5 m / s .  Une ou 

deux fois par  semaine, cet a n c i e n  lit sera lave 

pendant  quelques heures pa r  un débit s'élevant 

à quelques 1 300 m3/ç pour éliminer de dépôts 

limoneux accumulés au fond. Le système de 

méandres peut être également alimente en eau 



d'une part par l'ouvrage de prise d'eau situe a 

l'entrée du canal d'amenée dans la d i g u e  de 

raccordement et d'autre part par la g a l e r i e  

passant sous le fond du canal d'amenée au point 

kilométrique 4,00 du canal. En plus, il y a 

possibilité de repomper les  débits d'appoint du 

c a n a l  de f u i t e .  

1.5.2 Aménagement de  Gabcikovo 

L'aménagement hydro-électrique de Gabcikovo 

comprend, de l'amont vers l'aval, l e s  ouvrages  

suivants : 

- réservoir  de nrusov - ~unakiliti; 
- ouvrage de regulateur de Dunakiliti; 
- c a n a l  d'amenée; 

- c e n t r a l e  et d o u b l e  é c l u s e  à Gabc ikovo ;  

- c a n a l  de fuite; 

- ouvrages d'aménagement de l'ànclen lit du 

Danube ; 

- ouvrages d'aménagement en aval du canal de 

f u i t e .  

1.5.2.1 Réservoir de HruBov - ~unakiliti, 

Le réservoir est situe a l'aval de Bratislava 

et occupe le tronçon du Danube entre les points 

kilométriques 1842 et 1858. 1 a u r a  une 

longueur de 24 km et s'étendra sur une 

superficie de 51 km2 c o n s t i t u a n t  a i n s i  le p l a n  

d'eau artificiel le plus important du pays. Le 

volume total de  retenue sera de 200,106 m3 dont 

48.10~ m 3 .  (la tranche supérieure de 1 m 

d'épaisseur) seront utilisês pour La production 

de l'énergie de pointe. 



i 

L e s  d igues  e n  terre d'une l o n g u e u r  totale de 

52,6 km (dont 4 2 , 6  km sur le territoire 

tchécoslovaque) ont  un volume de 12,6. 106 m3. . 

L e s  f u i t e s  provenant  de la retenue seront 

drainées  vers l'aval pa r  les  contre-canaux 

longeant Les digues .  Ils ont @te conçus pour un 

d ë b i t  d'infiltration de 45 m3/s. 

1.5.2.2 Ouvrage de régulateur de Dunakiliti 

L'ouvrage est situé sur le fleuve au point 

kilométrique 1842 et remplit plusieurs 

fonctions : 

- relever et maintenir le n i v e a u  d'eau a l a  

cote de La retenue normale de la c e n t r a l e ;  

- évacuer les d é b i t s  excédant la çapac i t e  du 

canal d'amenée; 

- p e r m e t t r e  à la navigation de franchir 

l'ouvrage pendant la m i s e  en service d e  

1 'aménagement ( d u r a n t  e n v i r o n  6 mois) ; 

- alimenter l'ancien lit  du  fleuve: 

- le cas échéant, faciliter l'évacuation de 

glaces de la retenue vers le lit n a t u r e l  du 

Danube. 

L'ouvrage de c o n t r ô l e  est c o n s t i t u é  de  six ( 6 )  

p a s s e s  de  2 4  m de largeur et d'une éc lu se  de  24  

x 125 m de surface u t i l e .  L e s  vannes - segments 
ferment les passes sur une hauteur de 11'3 m. 

Elles se composent d'un corps principal de 8,0 

m de  h a u t e u r  et d'un clapet r a b a t t a b l e ,  haut de  

J , 3  m. 



L'ouvrage est fondé  s u r  d e s  couches  

alluvionnaires sablo-graveleuses dont 

l'épaisseur e s t  d'environ 200 m. Les t ravaux de 

f o n d a t i o n  ont été effectues sous la protection 

d ' u n e  cuvette étanche de 60 000m2. 

1.5.2.3 Canal dramenée 

Le c a n a l  d'amenée de 1 7  km de l o n g u e u r  p rend  

s o n  d e p a r t  dans la retenue de H r u s o v  et s e r t  

a dériver un  débit moyen de 4 0 0 0  ri13 v e r s  l a  

centrale de ~ a b ç i k o v o  avec u n e  v i t e s s e  d e  1 , O  

n / s .  P e n d a n t  les p o i n t e s  ce  debit v a r i e r a  

cependant entre 3 6 7 0  et 5 100 r n 3 J s .  E n  p e r i o d t  

de crues, l e  d é b i t  p e u t  atteindre l a  c a p a c i t e  

limite du c a n a l ,  soit 5 2 7 0  n3 a l a  v i t e s s e  

1,5 m / s .  

En m ë m e  temps, il c o n s t i t u e  u n e  voie navigable 

r e l i a n t  l a  r e t e n u e  a u  canal de f u i t e .  Le 

volume d'eau dans  le c a n a l  à débit n u l  e s t  d e  

6 6 .  106 rn3 dant 8 . 1 0 ~  m 3  s o n t  utilisables pou r  

l a  pointe. 

Le fond d u  c a n a l  se trouve approximativement à 

l a  cote du terrain naturel. s a  l a r g e u r  e s t  

variable e t  la conception en a @te faite de 

sorte que l a  vitesse maximale pendan t  le 

fonctionnement en paiiile de la centrale ne 

dépasse  pas  1'3 m/s. S a  largeur  varie: 

A partir du p o i n t  k i l o m é t r i q u e  16,0 jusquJa l a  

centrale ,  la largeur du fond du c a n a l  d i m i n u e  



progressivement pour atteindre la largeur de la 

centrale et l e s  é c l u s e s .  

Les digues sont hornogeneç, constituées de 

matériaux graveleux cornpactés avec une hautear 

gui varie entre 11 et 18 m au-dessus du t e r r a i n  

naturel. L'élévation de la crete est à la cote 

132,10 m soit avec 2 rn de revanche. L'élément 

d'étanchéité e s t  constitue par  un écran en 

béton bitumineux i n c l i n e  dans 1 : 2 .  La p e n t e  

aval e s t  de 1 : 2 d a n s  la partie supérieure et 

de 1 : 3 plus bas. La l a r g e u r  d e  la crete est 
d e  6 m. 

Le fond du c a n a l  est imperméabilisé sur la 

totalité de sa su r f ace  (7. lo6 m3) p a r  une 

membrane en PVC plastifiée de 0,G mm et 

assemblée par  s o u d u r e  en bande de 1 , 3  rn de 

largeur.  La membrane est posée  sur le terrain 

en place, nivelé et compaclé. 

Dans la p a r t i e  supkrieure la membrane est 

protégée par 8 0  cm de m a t é r i a u x  sablo- 

graveleux, stabilises sur 15 cm d'épaisseur p a r  

d u  ciment (technique Road-mix). 

1 . 5 . 2 . 4  Centrale 

La c e n t r a l e  de Gabcikovo, avec u n e  p u i s s a n c e  

totale installée totale de 720 MW, est situee a 

l'ouest du  village d e  Cabcikovo. 

La chute brute pou r  Q = O sera de 2 3 , 8  m. La 

production moyenne annuelle sera de 2 6 5 0  GWh 

et à la p o i n t e ,  de 1 470 GWh. Le t a u x  moyen 

d'utilisation sera d e  4 3  %. 



La centrale peut opérer égaiement "au fil de 

l'eau", sans le b a s s i n  de Nagymaros. Dans ce 

cas, l a  production moyenne annuelle sléleverait 

5 2 980 GWh. Cependant, la valeur de l'énergie 

produite d i m i n u e r a i t .  

La c e n t r a l e  cornprend 8 groupes à a x e  vertical 

de 90 MW chacun. Les turbines de type Kaplan, 

d'un diamétre de 9,3 rn, sont équipées pour un 

d é b i t  de 4 2 0  à 630 rn3/s. Le d ê b i t  peut être 

é l e v é  à 6 6 0  m 3 / s  l o r s  de l'évacuation des 

grandes crues.  

Pour assurer la navigation, une écluse composée 

de deux sas de 275  m de l o n g u e u r  et de 34 m de 

largeur sera installée. Ces dimensions 

permettent de  f r a n c h i r  la chute maximale de 

2 3 , 6  n a un convoi pousse compose de 9 bateaux 

et d ' u n  remorqueur dép laçan t  au total 26 000 t 

sous un tirant de 3,5 m. L'ecluse e s t  f o n d e e  

sur d e s  alluvions sablo-graveleuses a 

l'intérieur d'une cuvet te  é t a n c h e  de 8 , 3  h a  de  

s u p e r f i c i e  dont le p o i n t  le p l u s  b a s  e s t  c a l e  a 

45 m sous le niveau du t e r r a i n  ( 4 3  m scus le 

niveau de l a  nappe phreatique). 

1.5.2.5 Cana l  de f u i t e  

Le canal  de f u i t e  a une longueur de 8,2 km 

et u n e  largeur de 185 m, et est dimensionne 

de sorte que le d é b i t  normal de 4 000 m 3 / s  

s o i t  évacué a une v i te s se  de 1,0 m / s  et le 

débit exceptionnel de 5 270 m J / s  2 une vitesse 

de 1 , 2  m / s .  L e s  eaux seront évacuées dans le 

lit du Danube qui sera dragué au  p o i n t  



kilometrique 18 11 prés de Palkovicovo. La 

profondeur  du canal près de  La centrale sera de 

- 1 8  m, et d iminue ra  vers l'aval. La variation du 

plan d'eau pendant le fonctionnement de la 

centrale sera de  5,14 m en 6 heures. Cette 

variation peut cependant atteindre une valeur 

théor ique de 12,8 m correspondant la d i f f e -  

rence du niveau du plan d'eau pour Qmax = 

Ql000 - 

1.5.2.6 Aménagement d e  l'ancien lit du Danube 

Lors du p r o j e t  o r i g i n a l  e n t r e  l'ouvrage de 

contrele de D u n a k i l i t i  et le p o i n t  de 

restitution du canal, soit sur une longueur 

de 31 km e n v i r o n ,  le lit du Danube n'écoulera 

normalement qu'un débit entre 50 et 200 m 3 / s  

augmente éventuellement d'une certaine quantite 

, des eaux d'infiltration p r o v e n a n t  d u  canal 

d'amenée. Le b u t  de l'alimentation du lit est 

de rétablir des c o n d i t i o n s  biologiques normales 

et de modifier le lit 3 l'évacuation des crues 

dépassant la capacité du d é b i t  du  cana l .  

E n t r e  1988 et 1990, la conception a été 

modifiée pour  l a  z o n e  dJinnondation et le 

système de méandres.  C e t t e  region mérite u n e  

attention toute particulière du point d e  vue de 

la pro t ec t i on  des forets a l l u v i a l e s  et du 

m a i n t i e n  de conditions naturelles pour  la 

pisciculture. 

A cet ef fet ,  l'Institut de Recherche 

Hydraulique a r é a l i s é  une etude q u i  a s e r v i  de 

base pour un proje t  dé protection de  

l'environnement a l'aide d8intesventions 



t e chn iques  v a l a b l e s .  E t a n t  donné que la 

conception originale ne p r é v o y a i t  qu'un débit 

entre 50 et 200 rn3/s, le niveau moyen du p l a n  

d'eau dans l'ancien lit ~ Q b a i ç s e r a i t  de 3 a 4 

m et:, conséquemment, drainerait la nappe 

phreatique de la région v o i s i n e .  

Pour assurer l'alimentatian de cette région, on 

a construit une prise d'eau avec une capacite 

d e  234 m 3 / s .  La prise dfeau déversera 50 m3/s 

d'une façon permanente et sera équipee d ' u n e  

microcentrale qui permettra d'exploiter u n e  

c h u t e  dont la hauteur est de 6 m. 

La nouvelle c o n c e p t i o n  p r é v o i t  egalement la 

construction de 4 seuils deversant s  en 

e n r o c h e m e n t  qui permettraient de surélever le 

plan d'eau à un niveau correspondant  au  d e b i t  

moyen de 1 340 m 3 / s .  Ce n iveau  sera assuré  p a r  

un débit de 3 5 0  m 3 / s .  

1.5.2.7 Approfondissement du lit du fleuve à l'aval de 

Ifembouchure du canal de f u i t e  

Pour p r o f i t e r  mieux de la chute disponible s u r  

le tronçon aménage, le lit actuel du Danube 

sera appro fond i  s u r  une section d'environ 2 0  

km, a l'aval du point de raccordement du c a n a l  

au f l euve .  L'excavation d'environ 2 0  m i l l i o n s  

de métres cubes de matériaux alluvionnaires 

sera f a i t  de sorte que le débit normal de 4 000 

m3Js passera  1 ,7  m plus bas que dans le lit 

a c t u e l .  

 approfondissement du lit du Danube est 

proposé entre Palkovicovo e t  Gonyu e n  Hongrie 



du PK 1791,2 jusqu'au PX 1810,7 s u r  un tronçon 

de 19,4 km. 

1.5.3 Aménagement de Nagymaros 

L'emplacement de la centrale Nagymaros se 

trouve dans une région géologiquement et 

morphalogiquement très favorable. Le roc 

volcanique (andésite) est pratiquement en 

surface, ce qui o f f r e  d e s  c o n d i t i o n s  de 

fondations très avantageuses. Le s i te  se trouve 

au PK 1696, entièrement sur le territoire 

hongrois. 

La longueur du réservoir sera de 123 km, avec 

une élévation d u  niveau d'eau de près de 109 m. 

La superficie de l a  retenue normale sera 100 

km2, avec un volume total de 5 5 0  hm3 e n  

utilisant u n  volume utile de 60 hm3. 

Pour  l a  protection d e s  terrains le l ong  de l a  
re tenue ,  a n  p r é v o i t  la reconstruction des 

anciennes digues et La construction de 

nouvelles digues d'une longueur totale de 152 

km en territoire tchécoslovaque et de 47 km en 

territoire hongrois. 

La centrale aura six (6) groupes bulbes a axe 

horizontal. La chute brute (à débit nul) sera 

8,9 m. Le d é b i t  d'équipement 2 800 m 3 / s  et la 

puissance installée de 158 MW, avec une 

produc t ion  annuelle moyenne de 1 025 GWh. 





2 . 0  PREVISIONS DES VARIATIONS ET DE LA CONTAMINATION DE LA NAPPE. 

2.1 Introduction. 

2 . 1 . 1  Rappe l  du mandat. 

Dans l e  cadre de l'étude d'opinion d 'HQI ,  deux aspects  des impacts 

potentiels du projet s u r  la nappe o n t  f a i t  l ' o b j e t  d'une é tude 

particulière. Ce son t ,  d ' u n e  part, la méthodologie de prédiction des 

impacts du p r o j e t  sur l e s  niveaux de la n a p p e  d'eau souterraine et 

d'autre part, la méthodologie de p r é v i s i o n  des variations d e  la 

q u a l  i t é  de 1 ' e a u  souter ra ine .  Dans ce  dernier a s p e c t ,  nous nous 

prononcerons de f açon  pré1 imi n a i r e  et qual i tative sur 1 es i m p a c t s  

appréhendés  du p r o j e t .  

2.1.2 C o n t e x t e  social 

E n  a b o r d a n t  l a  question des i m p a c t s  a p p r é h e n d é s  du projet sur les 

p a u x  souterraines, il importe de présenter briévement cer ta ins  

é l É m e n t s  d e  la situation sociale c o n c e r n z n t  les e a u x  souterraines. 

En effet, le p r o j e t  e s t  construit sur un important a q u i f è r e  qut 

f o u r n i t  l ' e a u  de consommation 1 u n e  p a r t i e  impor tan te  de la S l o v a q u i e  

et en particulier à Bratislava. Dans c e t t e  région, des  événements 

p a s s é s  ont rendu la population très s e n s i b l e  aux r i s q u e s  é v e n t u e l s  

ou appréhendés de détérioration de 1 a qual  i t é  d e s  e a u x  souterraines. 

Dans  ce c o n t e x t e ,  e t  en sachant  que l e  p r o j e t  a u r a  un impac t  

indéniable sur la nappe, des  craintes spécifiques o n t  é t é  formulées 

f a c e  au p r o j e t .  C ' e s t  afin de répondre à ces  craintes que plusieurs 

é t u d e s  o n t  été entreprises dans le cadre du projet et c ' e s t  aussi 

d a n s  ce c o n t e x t e  que c e r t a i n s  objectifs de la mission d'HQI visent 

a donner une opinion extérieure et i m p a r t i a l e  s u r  les résultats des 

é tudes  et sur l e s  effets appréhendés du pro je t .  



2.2 Sommaire des cond i t ions  naturelles e t  actuelles 

2.2.1 Préambule 

Avant de présenter les i m p a c t s  du p r o j e t  Gabcikovo sur l a  nappe e t  

d'évaluer 1 es méthodes d'analyse e t  les  solutions proposées, i 1 

importe de f a i r e  un rappel des condi t ions naturelles. Celles qui  

nous i n té ressent  pour la prévision de la nappe sont la morphologie 

et 1 'hydrologie, 1 a géologie, 1 'hydrogéologie ( 1  imites et paramètres 

hydraul  iques), l a  q u a i  i t é  de l ' e au  souterraine, et le regim? zctuel 

d'exploitation de I 'eau souterraine. Le présent  sommaire des 

conditions naturelles e s t  préparé i p a r t i r  du résume préparé par 

Hydroconsul t et des informations recuei 11 ies 1 ors des r e n c o n t r e s  et 

de  l a  c o n s u l t a t i o n  des documents soumis. Ce sommaire ne v i s e  pas à 

présenter les données en entier mais: plutôt a donner un aperçu 

gén€ral des conditions a c t u e l  les  gouvernant 1 a nappe d'eau 

souter ra ine .  Pour ne pas  al ourdir 1 e t e x t e ,  les sources d' inforniation 

s o n t  ind iquées dans le t e x t e  par les abbréviations des noms des 

o r g a n i s m e s  mises entre parenthèses. 

2 . 2 . 2  Milieu physique 

Le p r o j e t  de Gabc ikovo  est situé au milieu de la plaine du Danube. 

Cet te  p l a i n e  e s t  une c u v e t t e  bordée de collines de t o u s  les cotes .  

Elle présente une f a i b l e  pente d'ouest e n  est et son élevation varie 

de 135 rn a l 'ouest  à 110 m à l'est. Le Danube coule au milieu de la 

plaine et son lit la domine de 1 à 3 m. Cette surélévation du I l t  du 

f l e u v e  resul te du depot continuel des  sédiments gross iers  cha r r i é s  

dans u n  1 i t endigué progressivement d e p u i s  1 e 15érne siécl e .  



Hydrologie 

Le régime h y d r o l o g i q u e  de l a  r é g i o n  p e u t  ë t r e  d é f i n i  comme b imoda l .  

D'une p a r t ,  l e s  c rues  du Danube se produisent '  de m a i  à j u i l l e t  s u i t e  

à l a  f o n t e  d e s  ne iges  des g l a c i e r s  a l p i n s .  D ' a u t r e  p a r t ,  l a  

p l u v i o m é t r i e  e s t  maximale au printemps ( f é v r i e r  - mars) e t  peu de 

' p l u i e  tombe d u r a n t  l a  sa ison  de v é g é t a t i o n  ( ma i  - aoû t ) .  Le b i l a n  

d ' é v a p o t r a n s p i r a t i o n  e s t  en d é f i c i t .  

Oes v a r i a t i o n s  de ce  rég ime son t  cependant observées avec des c rues  

de f o n t e  en mars e t  des crues rapides a s s o c i é e s  au foehn en décembre 

[ TBO] .  

Lors des c rues ,  dépendant de leur ampleur,  l e  f l e u v e  déborde s e s  

be rges  endiguées pour  inonder 1 e s  t e r r a i n s  v o i s i n s .  

En t o u t  temps,  l e  Danube a un cours rapide e t  ses  e a u x  sont  a g i t é e s  

e t  généra lement  b i e n  aérées.  Ce n ' e s t  cependant p a s  l e  c a s  des b r a s  

m o r t s  q u i  n ' o n t  de cou ran ts  que d u r a n t  l e s  c r u e s  majeures .  

L e  f l e u v e  t ranspor te  une f o r t e  q u a n t i  te de m a t é r i a u x  p a r  c h a r r i a g e  

e t / o u  sa1 t a t i o n  ( e n v i r o n  500000 m3/an) e t  une m a s s e  impor tante  de 

séd iments  en suspension ( 6000000 T/an) q u i  se t r a d u i t  cepend in t  p a r  

une f a i  b i e  t e n e u r  de sol i des  dans 1 'eau (-40mg/L). EqDB]  

Géologie 

t a  p l  a i  n e  du Danube e s t  1 ' e x p r e s s i o n  morpho1 og ique  d ' u n  b a s s i n  

d 'e f f ond remen t  complexe qui  e s t  a c t i f  depuis  l e  T e r t i a i r e  (Néogène). 

Le b a s s i n  e s t  comblé p a r  des épaisseurs v a r i a b l e s  de séd iments .  Au 

centre (p rès  de Gabcikovo) on observe p l u s  de 5 000 m de sédiments 

m a r i n s  e t  con t i nen taux .  L a  p a r t i e  s u p é r i e u r e  des dépô ts  d a t e  du 

Q u a t e r n a i r e  e t / ou  de l a  f i n  d u  Néogène e t  c ' e s t  c e t t e  p a r t i e  q u i  nous 

i nteresse.  



t e s  dépôts  q u a t e r n a i r e s  sont  f o r m é s  p a r  l e s  a l l u v i o n s  du Danube. 

L 'épa isseu r  t o t a l e  des a l l u v i o n s  v a r i e  de p r é s  de 300 rn au centre 

(Eabcikovo) à p r è s  de 10 ou 15 m en b o r d u r e  ( B r a t i s l a v a  1 'ouest  ou 

Komarno à 1 "est). La part j e  p r o f o n d e  du b a s s i n  s 'é tend de Samorin 

à Pa l  kov i covo .  Les  a l l u v i o n s  s o n t  p r i n c i p a l e m e n t  des g r a v i e r s  e t  des 

s a b l e s  avec une moindre  p r o p o r t i o n  de l i m o n s  sableux ( s i 1  t e t  a r g i l e )  

e t  de  mat  i è r e  organ ique.  

On observe une d i m i n u a t i o n  de l a  t a i l l e  des g r a i n s  d ' o u e s t  en e s t  e t  

1  e s  d é p i t s  sont hétérogènes e t  d i s c o n t i n u s  ( s i t u a t i o n  t y p i q u e  

d ' a l l u v i o n s ) .  On c o n s i d è r e  que l a  p a r t i e  supérieure ( 5  à 10 m )  des  

d é p i t s  posséde une p l u s  f o r t e  p r o p o r t i o n  de l imans. 

L e s  f o r m a t i o n s  sous-jacentes s o n t  des roches compactes ou a r g i l e u s e s  

b i e n  q u ' o n  a i t  300 m de sables néogènes sous Gabcikovo [ I G H P ,  HYCO, 

e t c ] .  

1 2 . 2 . 3  Mouvement des eaux s o u t e r r a i n e s  

Hydros t r a t  i g r a p h i  e e t  p r o p r i é t é s  hydraul  i ques 

L 'ensemble des sédiments q u a t e r n a i r e s  e s t  c o n s i d é r é  comme une s s u l e  

u n i  t é  h y d r o s t r a t i g r a p h i  que b i e n  que 1 ocal ement des h o r i z o n s  moins 

perméab les  s o i e n t  p r é s e n t s .  En sur face ,  on observe une couche 

d i s c o n t i n u e  de l imons  ou de s a b l e s  f i n s  p l u s  au m o i n s  s i l t eux .  En 

pro fondeur ,  il e s t  présumé que d e  t e l s  h o r i z o n s  s i  1 teux 1  e n t i c u l  a i r e s  

sont dispersés  au t r a v e r s  de l a  masse des  dépôts a l l u v i a u x  [ IGHP, 

SKPZP] . Les  f o rma t  i o n s  néogènes s o u s - j a c e n t e s  sont cons idé rées  comme 

u n  aqu i t a r d  ou un aqui  cl ude.  

Jusqu'a d i x  types de m a t é r i a u x  o n t  é t é  d é f i n i s  dans 1 ' a i r e  du p r o j e t  

, [ IGHP] . Par mesure d e  s imp l  i f i c a t i a n ,  ces m a t é r i a u x  sont  reg roupés  

en t r o i s  c l a s s e s  : Tes l imons ,  l e s  s a b l e s  e t  l e s  graviers. 



Les l imons son t  faits de s i  1 t avec les p r o p o r t i o n s  v a r i a b l e s  d'argile 

( j u s q u ' a  25 % au maximum), de s a b l e  fin et de m a t i e r e  organique ( 1  

à 5 %) . Des sa1 s taurbeux avec jusqu' à 80 % de m a t i è r e  o rgan ique  son t  

a u s s i  observés l oca lemen t  dans 1  es bras m o r t s .  Les conductivités 

hydraul i ques  déterminées en laboratoire sur les 1 imons va r i en t  de 1 0 - ~  

m/s à IO-' m/s .  Les essais en place f a i t s  dans l a  zone des méandres 

démont rent  des va leu rs  de c o n d u c t i v i t é  h y d r a u l  i q u e  m in ima les  de 3.5 

x 10-7 à 1 . 2  x 1 0 - ~  m/s e t  des  moyennes de 4 x lK6 à 3 x IO-' m / s  

[ IGHP]  . 

Les  s a b l e s  montrent des v a l e u r s  de c o n d u c t i v i t é  h y d r a u l  i que de 

l'ordre de 1 0 - ~  à IO-' m / s .  Les graviers  p r é s e n t e n t  une conductivité 

hydrau l  ique moyenne de 3 . 8 . ~  10-3 m/s [ I G H P J  . 11 e s t  bon de r a p p e l e r  

que  ces graviers son t  r e l a t i v e m e n t  u n i f o r m e s  e t  arrondis, ce qu i  

e x p l i q u e  leur Forte conductivité. 

Avec l e s  v a r i a t i o n s  d ' é p a i s s e u r  e t  de g r a n u l  ometrie des alluvions, 

l a  transmissivi té d e  1 ' a q u i f e r e  v a r i e  de deux o r d r e s  de grandeur au 

t r a v e r s  de l a  r é g i o n  de Z i t n y  O s t r o v .  Près de Bratislava et a l'est 

dti Pa l kov i covo ,  l a  t r a n s m i s s i v i t é  est de l ' o r d r e  de 1om2 m2/s.  

Au centre d u  b a s s i n ,  i . e .  de  Hamuliakovo à l ' oues t  Gabcikovo a 

1 ' e s t  à Lehn ice  au nord ,  l a  t r a n s m i s s i v i t é  e s t  s u p é r i e u r e  à 1 m2/s e t  

a t t e i n t  mëme 7oçalement l l m Z / s .  E n t r e  ces deux zones, les 

transrnissivitér s o n t  de l ' o r d r e  de 0 . 1  à 1.0 mZ/s [ I G H P ] . (  Voir 

f i g u r e  3). 

Régime de l a  nappe 

L ' a q u i f è r e  des a ?  l u v i o n s  q u a t e r n a i r e s  de Z i  tny O s t r o v  e s t  rechargé 

en majeure p a r t i e  p a r  les e a u x  d u  Danube et en moindre p a r t i e  par le 

s u r p l u s  de p r é c i p i t a t i o n  des mois  d ' h i v e r .  Le g r o s  de 1  'écou lement  

dans l ' a q u i f é r e  se f a i t  A partir d u  Danube vers  l e s  bords de l a  

v a l l é e  e t  d'ouest  en est {figure 4). Une moindre  proportion de 



l'alimentation de l'aquifère p r o v i e n t  des infiltrations à partir des  

pluies d'hiver. 

A p r o x i m i t é  de Bratislava, la nappe se trouve de 5 à 7 m sous la 

surface a l o r s  q u ' e l l e  affleure le terrain è l ' e s t  de Gabcikovo. Les  

fluctuations annuelles des n iveaux  piézornétriques sont maximales en 

bordure du Danube (jusqu'à 7 rn) mais plus loin du Danube on observe 

des fluctuations généralement inférieures à 2 m. Ces fluctuations 

sont même inférieures à 1 rn dans l ' e s t .  Les activités humaines 

d'exploitation d e  1 'eau modifient localement les n i v e ~ u x  de 1 a nappe 

de même que l e s  canaux d'irrigation dans l'ouest e t  les canaux de 

drainage dans l'est. Les fluctuations de l a  nappe se transmettent 
d'ouest en e s t  du bassin sur une période de 6 mois apres  les crues 

du Danube e t  le gradient régional est de près de 0.5 m/krn. On estime 

que le débit moyen d ' i n f i l t r a t i o n  a pa r t i r  du Danube e s t  d e  10 1 

2 5  m3/s [VUVH] . Cependant on avance des c h i f f r e s  de vo lumes  

d'infiltrations moyennes de près de 40 m 3 / s  pour le segment du Danube 

allant de Bratislava à Kormarno [TBDJ et les d é b i t s  d'infiltration 

en  temps de c rue  s a n t  estimés a plus de 100 m3/s .  

2 . 2 . 4  Q u a l i t é d e  l ' e a u d u ~ a n u b d e t  des sédiments 

Eau de  surface 

L 'eau  du Danube contient une minéralisation modérée (300 -400 mg/L) 

qvi v a r i e  avec les débits de façon inverse. La qual i t é  de l'eau 

s'am61 iore  depuis 10 ans en raison de la construction d e  nombreuses 

stations de traitement d 'eau  usée et d'effluents industriels e n  

amont. Néanmoins, 1 ' eau  de M a l y  Dunaj é t a i t  de moins bonne qual i te 

car elle a reçu durant de nombreuses années les re je t s  d'égoit d e  

B r a t i s l a v a  [POE] .  ta qual i t é  de 1 %au des canaux de drainage dans 
l'est de Zitny Ortrov e s t  dégradée p a r  les activités agricoles. 

L'eau du Danube est le r e f l e t  des a c t i v i t é s  présentes sur  les t e r r e s  

q u 9  il dra ine .  La pl us grande p a r t i e  du terri t o i  re dsai né est occupée 



par des ter res  agricoles et des zones urbaines. La partie la plus 

rapprochée de son bassin compte l e s  rég ions  u r b a i n e s  de Bratislava 

et de Vienne avec l es  zones~industrielles de Linz  e n  Autriche e t  du 

b a s s i n  de 1 a Moravie en Tchéco-Slovaquie. 

Malgré'le degré d 'occupa t ion  du bassin ,  la qualité de l ' e a u  d u  Danube 

doit être d é c r i t e  comme relativement bonne c a r  on n ' y  decelle pas  de 

contamination très sér ieuse.  A t i t r e  de r é f é r e n c e ,  des données 

secentes sur l a  q u a l i t é  de l ' e a u  sont p o r t é e s  a u  tab leau  1 qu i  

présente  l e s  résultats des leves mensuels effectués en 1988 e t  1989 

à l a  s t a t i o n  de Hrusov en ava l  de B r a t i s l a v a .  [SHPZU, PDE] .  



TABLEAU 1 

QUALITE DE L'EAU DU DANUBE A HRUSOV, 



Des études et des relevés faits sur d'autres segments du Danube (i .e. 

en aval  en Hongrie) démontrent des qualités d'eau comparables a ce  

que montre le tableau 1. 

Tel le quelle, - 1 ' e a u  rencontre 1 a pl upart des normes de 1 'eau potabl e. 

On r a p p o r t e  une amélioration graduelle de la qualité de l'eau d e p u i s  

que des u s i n e s  d'épuration d'eau usée sont construites en amont 

(Vienne, Bratislava). 

Des variations s a i  sonni eres sont  observées  qui semblent  rel i ées  en 

grande partie aux changements de d é b i t  du fleuve. La qua1 ite d e  I 'eau 

est moindre en hiver  à l'étiage et elle e s t  meilleure à l'été d u r a n t  

la crue.  [ POB, Int. Conf ... Danube] 

T r è s  peu de données sont disponibles sur l e s  contaminants organiques 

dans l'eau. Cependant, i l  est appa ren t  que peu de contarninantr  

organiques ( hydrocarbures divers)  sont présents en sol u t i o n  dans 

l'eau. Cet é t a t  de fait n 'es t  pas surprenant c a r  la p l u p a r t  des 

hydrocarbures ( moins d k n e  surabondance due  a un déversement 

m a j e u r )  auront tendance à é t r e  détruits r a p i d e m e n t  dans l ' e a u  

oxygénée e t / o u  adsorbés sur ?es séd iments  en  suspension. 

Le pH é levé  de l ' eau  e t  sa dure té  f o n t  a u s s i  que l a  s o l u b i l  i t e  des  

métaux e s t  b a s s e  et que les métaux f i x e s  sur les particules en 

ruspension ne sont pas f a c i  1 ement  remobil i s é e s .  [ Zekeova] 

Qualité des sédiments 

La q u a l i t é  des sédiments a é t é  évaluée par des prélèvements d e  

sédiments de fond du fleuve. Aucune analyse de sédiments en 

suspension n'était disponible lors de l'etude. Les résultats 

disponibles i n c l u e n t  des fractions pl u s  grossières qui tendent à 

diluer les contaminants adsorbés sur les particules très F ines  et su r  

1 a matière organique. 



O'après  les prélèvements d'eau f a i t s  en 1989 à l a  section de Hrusov, 

l'eau du Danube cont ien t  en moyenne 35mg/t de mat ié re  en sgspension 

d o n t  llmg est fait de matiére organique ( i  . e .  c ' e s t  l a  p e r t e  de masse 

à 600 C) [ PDB].  

Les  analyses de l a  f r a c t i o n  de moins de lmm des sédiments p r é l e v é s  

e n t r e  B r a t i s l a v a  e t  S z o b ,  e n t r e  novembre 1989 e t  janvier 1990, sont  
I 

résumés au t a b l e a u  2 [VUVH]. On d o i t  no te r  que ces ana l yses  ne 

représentent qu'un indice de  l a  qual  i t é  des s é d i r n e n ~ s  c a r  un nombre 

1 i m i t é  de pré lèvements  e t  analyses sont i n c l u s  en r a i s o n  de l a  date  

récen te  du démarrage du programme de contri1 e de qua l  i t é .  



TABLEAU 2 

~ U A L I T ~  DES SÉDIMENTS DU DANUBE EN SLOVAQUIE. 

C r i  teres  de qualité des sédiments 



La consultation de ce  t a b l e a u  permet de constater que la charge d e  

métaux iourds dans les sédiments ne semble pas élevée. 

Des analyses q u a n t i t a t i v e s  de sédiments faites en Hongrie durant ? a  

mëme p é r i  ode démontrent des conçentrati ons en métaux 1 ourds 

comparables. Comme ces dernières analyses ont é t é  f a i t e s  sur d iverses  

fractions granulométriques, on peut y observer de pl us fo r t e s  teneurs 

en m é t a u x  et en huiles et graisses sur  les f r a c t i o n s  plus fines ( 

< g o u m )  s e  rapprochant de la tail le des particules en suspension. [ 

Int. Conf. Water P o l . .  . Danube] 

P o u r  fins de comparaison, les valeurs des critères de  contamination 

des sédiments d ' e a u  de s u r f a c e ,  pour l a  province de 1 'Ontar io  au 

Canada, sont données. Ces cri teres ont été é laborés  par le ministere 
d e  l'Environnement de l'Ontario ( MOE) en vue dzs organismes 

benthiques d a n s  l e s  s i d i n e n t s ;  ces c r i t è r e s  sont proviso i res  

( j u i l l e t ,  1990) .  L a  consultation de ce tableau permet de cons t a t e r  

que l a  charge de métaux  l o u r d s  e t  les contaminants mesurés dans le 

sédiment sont  proches des 1 imites inférieures de c e s  c r i t è r e s .  Seule 

la t e n e u r  de Hg approche  1 es valeurs jugées cri t i q u e s  pour 1 a f a u n e  

b2n th ique .  

L e s  valeurs  des c r i t è r e s  de n i v e z u  B du guide d'évaluation des 

terrains contaminés du mi n i  s te re  de 1 Tnvironnement  du Québec  

(F.IENVIQ) sont a i n s i  p o r t é e s  sur l e  même tableau. Pour information 

sommaire, le n i v e a u  B correspond aux teneurs  de  contaminants 

auxquelles des études p lus poussées sont recommandées; ces cri teres 

n e  s o n t  cependant pas conçus pour des  sédiments m a i s  pour des s o l s .  



2.2.5 Qualité del'eau souterra ine 

t a  qua1 i t é  de 1 'eau  souterraine var ie  régionalement e t  localement 

sel on plusieurs modes d i  fferents r é s u l t a n t  des a c t i v i t é s  humaines 

ou des variations naturel les : agriculture, industries, 

aggl ornérations, recharge,  e t c .  

L'activité agricole e s t  une source majeu re  de contami nation sur  

1 'ensemble de Z i t n y  Ostrov  où on observe 1 a présence de nitrates à 

des teneurs élevées (au deli des normes de l'eau p o t a b l e )  jusqu'à des 

p r o f o n d e u r s  de l'ordre de 40 m. Ces nitrates proviennent d'engrais 

q u i  sont l e s s i v é s  du sol  et entrainés dans  la nappe p a r  l e s  

précipïtations saisonières. C e t t e  contamination est  a b s e n t e  sous les 

zones non cultivées e n  bordure du Danube. 

Certaines i n d u s t r i e s  provoquent des contaminations 1 oca les  d e  1 a 

n a p p e ;  mentionnons 1 e complexe pétrochimique de Slovnaft oii des 

p e r t e s  de p r o d u i t s  ont e n t r a i n é  l a  contamination des puits alimentant 

1 ' e s t  de B r a t i s l a v a  entre 1970 et 1975. Des mesures remkdiatrices 

s o n t  en cou rs  a c e t  endroit d e p u i s  c e t t e  d a t e .  

Les variations naturel les du sous-sol  entrainent des probl emes 

d'exploitation a ce r t a ins  e n d r o i t s  en particulier avec les teneurs 
de Fe et Mn. En exemple, mentionnons le champ de cap tage  de Cuïiovo 

ou l e  procédé Vyredox (marque déposée)  e s t  utilise pour diminuer la 

t e n e u r  en manganèse. 11 ne s'agit cependan t  pas 1à d ' u n  cas  de 

contamination m a i s  p l u t o t  d'une v a r i a t i o n  naturelle de la q u a l i t é  de 

l'eau. I l  e s t  à noter que seulement la moitié des p u i t s  d e  ce champ 

de captage sont présentement affectés par des problèmes de manganèse 

[ V K B ]  . 



La p a r t i e  de Zi tny Ostrov si tuée a p rox im i t é  de Brati s ?  a v a  en borE:~t.e 

du Maly Dunaj e s t  affectée p a r  l ' i n f i l t r a t i o n  d'eau contaminée ,111 

provenance de l a  rivière qui recevait les eaux usées de B r a t i s l ~ v J  

de même que de l a  zone u rba i ne  qu i  comprend de multiples soui-cc5 

ponc tue l les .  11 en résulte une augmentation marquée des teneurs  

totales en subs tances  d i s s o u t e s  e t  en chlorures et en su1 fates. 

H o r s  ces nombreuses v a r i a t i o n s  loca l  es e t  r é g i o n a l e s ,  1 ' C J U  

s o u t e r r a i  n e  p e u t  é t r e  c a r a c t e r i  sée comme carbonatée cal  c i q u e  a v e c  u f l  

t a u x  de minéralisation moyen (300 - 400 m g / L ) .  

Pour illustrer la q u a l i t é  d e  l'eau s o u t e r r a i n e  de l a  r é g i o n ,  Itls 

ana lyses  pour  t r o i s  sites d'observation ( e n t r e  2 et 3 niveaux poui' 

chaque s i  te) s o n t  présentées a u  tableau 3. Voir 1 a f i g u r e  3 p o u r  1.1 

localisation des points d e  p r é l è v e m e n t .  



TABLEAU 3 

EXEMPLES DE QUALITÉ D'EAU SOUTERRAINE SOUS ZITNY OSTOV 



2 . 2 . 6  E x p l o i t a t i o n  de l ' e a u  souterraine 

L'exploi tatian de 1 ' a q u i f è r e  du Z i  tny Ostrov se fait présentement au 
rythme d'environ 7- m3/s alors que la c a p a c i t é  totale de 1 'aqui f é re  

est estjmée a environ 18 rn3/s. L'estimation de 18 m3/s ne concerne 

cependant que le v o l  ume e t  aucune étude n'a démontre que la qua1 i te 

de t o u t e  c e t t e  eau serait acceptable .  

E n v i r o n  l a  m o i t i é  d u  d é b i t  exploité actuellement sert 

l'alimentation de Bratislava. Le reste sert a 1 "Iimentatior: d'au':t'e; 

communautés ou a des fins industrielles ou agricoles. Les  p r i n c i p a u x  

c e n t r e s  de captage son t  (pour  B r a t i  sl a v a l  : S i h o t  ( 1  m3 /s ) ,  Pecensky 

Les  (0,4 rn3/s)  (taus les deux en infiltration induite du O a n u b e ) ,  

Cufiovo ou Oztrovne Lucky (1 m3/s), Ka1 i nkovo (0,6 m3/s), S a m o r i n  (0,s 

m3/s)  ( c e s  deux centres exportent  de 1 "eau a Bratislava) et Gabcikovo 

0,8 mys. 

Les  p u i t s  de contrôle hyd rau l i que  de  la contamination à S l o v n a f t  

provoquent  un cône de rabattement tres i m p o r t a n t  au voisinage de 

Bratislava. 

Un nouveau cent re  d e  captage est proposé a Dobrohost e n  bordure C U  

Danube où la çapacl té t héo r i que  e s t  e s t i m é e  a jusqu'a 10 m'/s a p r é s  

1 e rempl i ssage du réservoi r [SKPZP,SHbIU, VKB,VSTBj . 

2 .3  Probl éma t i que 

2.3 .1  E f f e t s  présumés du projet sur les eaux 

E f f e t s  s u r  le niveau de la nappe 

La création de la retenue de Hrusov va résul ter en la mise en  p l a c e  

de l'équivalent d'un é t a t  de crue permanent avec une t é t e  d ' e a u  

é levée  sur un territoire de p r è s  de 50 km2. Cet état va  



considérablement augmenter 1 a recharge de 1 'aqui fè re  e t  on prévoi t 

q u ' i l  en r é s u l t e r a  un  rehaussement s u b s t a n t i e l  du niveau de l a  nappe 

dans l ' oues t  de Zi tny Ostrov.  

En a v a l  de  l a  re tenue ,  l a  quasi d i s p a r i t i o n  des crues dans  l a  zone 

d ' inonda t ion  e t  l ' e f f e t  d r a i n a n t  du canal de f u i t e  ( s i t u é  sous l e  

n iveau  actuel de l a  n a p p e )  von t  provoquer un r a b a t t e m e n t  g é n é r a l i s e  

de la surface de l a  nappe [VSTB] .  

V a r i  atians temporel 1 es 

Avec l e  temps, i l  e s t  prévu  qu'une p a r t i e  d u  réservoir v a  s 'envaser .  

L ' a c c u m u l a t i o n  des sédiments va provoquer une d i m i n u t i o n  de la 

perméabilité d u  fond e t  en conséquence une diminution de 

l'infiltration. C e t t e  d i m i n u t i o t i  d e  l'infiltration e n t r a i n e r a  une 

b a i s s e  graduelle du niveau de l a  nappe et une diminution du débit 

exploitable dans 1 a nappe [HYCO] . 

Qua1 i te de 1 ' e a u  du Danube 

A c t u e l l e m e n t ,  on p r é v o i t  que l a  création de la r e t e n u e  d e  Hrusov 

en t ra inera  une déterioration de l a  q u alité de l'eau p a r  u n e  baisse 

de 1 a t e n e u r  en oxygène a cause d'une agitation moindre. 

Aucune p r é d i c t i o n  n'a é t é  formulée q u a n t  à l ' e f f e t  de l a  croissance 

d 'a lgues qui  pourra se  p r o d u i r e  dans l e  réservoir  s u i  t e  a l a  m i  se en 

eau [ PDBJ . I l  est probable que les algues se mu1 t i p l  ieront dans  l e s  

sec teurs  à f a i b l e  cou ran t  en r a i s o n  de l a  faible profondeur  de  1 ' eau  

et d e  l a  disponibilité des n u t r i m e n t s  dans l'eau. la c r o i s s a n c e  

d ' a l g u e s  pourra augmenter 1 ocal ernent ou temporel 1 ement l a teneur en 

oxygéne dissouds mais la décomposition de ces a lgues  provoquera i 
d ' a u t r e s  temps une b a i s s e  de l a  t e n e u r  en oxygène. 



2.3.2 Impacts des effets présumés 

2.3.2.1 Impac ts  des changements de niveaux 

La  pl a i n e  de débordement s i  t uée  entre le bar rage  de Dunaki l i t i et la 

restitution à Pal kovicovo sera drainée et i l  en r é s u l t e r a  une 

m o d i f i c a t i o n  majeure de I ' é q u i l  i b r e  biologique de cette region. 

le rabattement de la nappe a l'aval du p r o j e t  pourra être binéfique 

pour l'agriculture dans ce t te  r ég i on  ou I E  d r a i n a g e  î s t  r e q u i s .  

Cependant, dans le cadre de l 'aménagement de Nagymaros, des coupures  

étanches ont ét4 c o n s t r u i t e s  tout le long du Danube et de s e s  

a f  f 1 uen ts . Ces aménagements provoqueront 1 e rehaussement d e  1 a nappe 

dans c e s  e n d r o i t s ,  et pourront ainsi nuire a l'a~riculture a moins 

d e  mesures correctrices. 

O a n s  un premier temps, il e s t  prévu que l e  réservoir permettra uiie 

augmentation s u b s t a n t i e l  le du volume d'eau exploitable d a n s  les 

alluvions de Zitny Ostrov. On prévoit même presque doubler le volume 

exploitable de t a  nappe et un projet de captage majeur e s t  ainsi 

prévu à Dobrohost [VSTB,  S K P Z P ] .  Avec l e  temps, s i  aucune mesure 

correctrice n'est entreprise, on prévort que le colrn?tage o u  

réservoir provoquera une diminution du volume d ' e a u  disponible dans 

1 a nappe de Z i  t n y  Ostrov. 

2.3.2.2 Impacts potentiels sur la q u a l i t é  de l ' e a u  souterraine 

Voies de contamination actuelles 

Rappelons que 1 ' infiltration d'eau du Danube fournit 1 a majeure 

partie de l'alimentation de la nappe, m a i s  une partie moindre de 

1 'al i r n e n t a t i o n  p rov i en t  des préci p i  tations hi vernal e s ,  des  

i n f i l  trations d'eau du Haly Ounaj (en aval de Bratislava) et des eaux 

d '  irrigation dans le Z i  tny O s t r o v .  



Les  analyses des eaux souterraines peu p r o f o n d e s  (O a 30 rn de la 

surface de la nappe) mon t ren t  une minéral i sa t ion  (SO,, Cl, NO,) élevée 

par r a p p o r t  aux eaux p l u s  pro fondes ( tab leau  3) .  Donc, dans le 

régime actuel, i l  est év iden t  que deux sources principales de 

c o n t a m i n a t i o n  des eaux sou te r ra ines  existent; en provenance des 

a c t i v i t é s  humaines e t  i n d u s t r i e l  les au voisinage des centres urbains 

( B r a t i s l a v a )  e t  d u  l e s s i v a g e  du s o l  des engrais et pesticides sur les 

terres agricol es. 

Des a n a l y s e s  de chromatographie en phase gazeuse et s p e c t o m é t r i e  de 

masse (GCMS} i n d i q u e n t  que les teneurs en composés organiques e n  

t r ace  (hydrocarbures ch1 ores ,  pesticides, etc. ) s o n t  sous l e s  1 i m i t e s  

de dé tec t i on .  Compte tenu  du peu de données d i spon ib l es ,  on p e u t  

é m e t t r e  1 ' hypothése que 1 es processus d ' a d z o r p t i o n  e t  dégradation 

biologique o n t  1 ieu dans le sol, ce qu i  atténue l a  concentration des 

con tam inan ts  en s o l u t i o n .  

l a  troisième v o i e  de contamination possible est a s s o c i é e  aux eaux 

d' i n f i  i t r a t i o n  du Danube. Cependant, tel que di sçuté précédemment, 

l'eau d u  Danube filtrée est de bonne qualité e t  c ' e s t  ce que l'on 

c o n s t a t e  aux captages de  Sihot e t  Pecensky Les. 

Seuls  l e s  sédiments t r a n s p o r t é s  en suspens ion  m o n t r e n t  des indices 

de c o n t a m i n a t i o n  en métaux lourds (As, Cd, Cr, Cu, Hg, Fe ,  Mn, N i ,  

Pb, Zn) et en hydrocarbures divers  en t r a c e s .  Ces sédiments 

représentent  donc une source potentielle de contamination de ? a  

nappe. 

Dans les c o n d i t i o n s  d'aération qu i  existent dans le fleuve, ? a  

saturation en oxygène assure que le fer  e t  l e  manganése demeurent a 

1 ' é t a t  oxydé et se t r o u v e n t  sous forme de p r é c i p i t é s  en phase sol i d e .  

Dans  ces conditions, les autres métaux et matières organ iques  en 

traces dans le fleuve son t  normalement adsorbes à l a  s u r f a c e  des 

sédiments f i n s  e t  des colloïdes ou complexés avec  la rnatlere 



organique. En vue de la bonne qual i té de 1 ' eau  s o u t e r r a i n e  explo i tée  

dans l'aquifère Zitny Ostrov à proximité du Danube, i l  e s t  évident  

que 1 ' a p p o r t  de cantaminants p a r  les i n f i l t r a t i o n s  du Dandbe n'est 

pas  un phénomène important dans le régime ac tue l .  

Risques  de contamination à p a r t i r  du r é s e r v o i r  

D a n s  le régime actue l ,  l a  p l u p a r t  des sédiments sont  t r a n s p o r t é s  p l u s  

en a v a l  e t  s'accumulent dans l a  region du p r o j e t  seu lemen t  pendant 

les périodes de crue.  Dans l e  régime hydraul  ique du proje t  

Gabcikovo-Nagymaros, i l  e s t  prévu que les séd imen ts  fins vont 

s'accumuler au fond du  réservoir .  T e l  que discuté c i  h a u t ,  ces 

s é d i m e n t s  p o r t e n t  des métaux lourds et des  hydrocarbures en t r a c e s  

en provenance des a c t i v i t é s  industrielles e t  urbaines en amon t  . I l  
est prévisible qu'une augmentation du v o l  urne des sedirnents 

o rgan iques ,  due à l'augmentation de l'activite biologique, se 

p r o d u i r a  également . 

Une hypothèse de dégradation de ? a  qual  i t é  de 1 'eau souterraine a é t é  

proposée. Cette hypothèse s t i p u l e  que les eaux  au fond du réservoir 

pourraient devenir reductri ces s u i  te a l a consommation d'oxygéne 

dissous p a r  oxydation de la m a t i è r e  organique. Par la s u i t e ,  on 

prévoit la mise en so lu t ion  des métaux l o u r d s  et des  contaminant5 

organiques. 

2 . 4  P r é d i c t i o n  e t  suivi de la nappe et mesures correctives proposées 

2 . 4 . 1  Méthode de prédiction de la variation du niveau de l a nappe  

Dans l e  cadre du proje t  Gabcikavo, une é tude  sur modèle a é t é  f a i t e  

afin de p r é d i r e  les variations à l o n g  terme de l a  nappe.  Le modè le  

u t i  1 i s é  est un modèle ana log ique  électrique e t  p r e n d  comme conditions 

1 irni t e s  les niveaux  des p l a n s  d 'eau (Duna j ,  Maly Dunaj, V a h )  et un 

é t a t  moyen de la nappe [VSTB]. t a  simulation e s t  f a i t e  p o u r  u n  régime 



permanent de nappe en écoulement d'ouest en est .  L ' o b j e c t i f  du 

modèle est  d'évaluer 1 'effet d u  changement de n i v e a u  a la mise en 

service et à long terme. Certa ines 1 im i tes  sont reconnues a l a  

simulation car  l e s  variations des s u r f a c e s  d'infiltration en crue ne 

sont  pas  r e p r o d u i t e s  p a r  le  modéle e t  l ' e f f e t  de l a  montée de 1 ' eau  

dans les couches supérieures en crue n'est pas p r i s  en compte [ V S T B ] .  

C'est a u s s i  un modéle q u i  r e p r o d u i t  le régime permanent .  Il ne peu t  

donc pas prédire les variations tempore l  les l o r s  de l a  m ise  en eau 

et du colmatage p r o g r e s s i f  du bassin Hrusov.  Ce sont l à  des 1 i m i t e s  

n ~ t h o d o l o g i q u e s  communes q u i  FI' i n f i r m e n t  pas l a qua1 i t é  d~ modèle. 

V S T B  p ropose  de rep rend re  une p a r t i e  des s i m u l a t i o n s  sur modèle 

mathématique a f i n  d ' é t u d i e r  les phénomènes t r a n s i t o i r e s .  

Le c o e f f i c i e n t  d'infiltration a u  fond du futur b a s s i n  a é t é  e s t i m e  

à p a r t i r  des observations des niveaux d ' e a u  dans le f l e u v e  et l a  

nappe à d ive rses  périodes [VUVH].  On estime ainsi que  le d é b i t  

d ' i n f i l t r a t i o n  s t a b i l i s é  a p r è s  l a  mise en e a u  sera d'environ 120 m3/s 

p o u r  l e b a s s i n  Hrusov. D i v e r s e s  hypothèses de c o e f f i c i e n t  

d '  infiltration sont t es tées  pour é v a l u e r  1 ' e f f e t  du co lmatage du f o n d  

du b a s s i n  de re tenue .  On prévoit que le d é b i t  d ' i n f i l t r a t i o n  sera 

r é d u i t  a moins de 15 mys après  5 a n s  au maximum s i  aucune mesure 

c o r r e c t i v e  n'est e n t r e p r i  s e .  

On p r é t e n d  que l a  précision de p r é d i c t i o n  du modèle est de 0,s m.  

C e t t e  p r é c i s i o n  ou marge  d'erreur est admise en r a i s o n  de l'gtat 

dynamique de l a  nappe où les régimes des crues du Danube e t  des 

p r é c i p i t a t i o n s  ne son t  pas t ynchron isés  [VUVH].  

2 . 4 . 2  M o n i t o r i n g  

En vertu d u  règ lement  169 du 21/11/1975 Vyhlaska, TBD e s t  tenu de 

mettre en p l a c e ,  e n t r e t e n i r  e t  f a i r e  Je s u i v i  d 'un  réseau de 

survei 1 l a n c e  pour f i n  de séçuri té des ouvrages, Ce réseau comprend 

un total de p r é s  de 1000 p u i t s  d'observation qu i  ont  été m i s  en  place 



pour  contrôler les niveaux d'eau l e  long des ouvrages [TBD,HYCOJ. UR 

nombre comparable d'ouvrages ont é t e  mis  en p l ace  du co té  Hongrois 

[ V i z l t e r v ] .  Environ v ing t  p u i t s  d 'observa t ion  o n t  a u s s i  é t é  m i s  en 

place e t  échantillonnés pour c o n t r 8 l e r  l a  q u a l i t é  de l ' e a u  

sou te r ra i ne  [TBD]. La m a j o r i t é  des pu i t s  d'observation sont  crep inés 

e n t r e  10 e t  15 rn de profondeur.  

Outre l e  réseau qu i  d o i t  être observé p a r  TBD, env i r on  600 p o i n t s  

d'observat ions sont con t rô l és  par  SHMU sur 1  'ensemble du Z i  t ny  

Ostrov. Près des champs de captage,  on t rouve  uii nombre l i m i t e  de 

p u i t s  d 'abserva t ion  à niveaux mu1 t i p l e s  a t t e i g n a n t  150m de p r o f o n d e u r  

[TBD]. Les r e l e v é s  de ce  réseau sont f a i t s  p a r  des organ ismes t e l  

IGHP e t  l e s  données sont c e n t r a l i s é e s  à SHMU (Centsum Mon i t o r i ng  

P r i  rodneho Pros t r ed i a  Uzemia P r i l  ah1 eho k Vodnemu Die1 u na Ounaj  i ) 

où un système de ges t i on  de données i n f o rma t i que  e s t  en v o i e  d 'ê t re  

m i s  sur p i e d  [ S H M U ] .  Dans c e  réseau, on note c e r t a i n s  p u i t s  ou un 

s u i v i  des niveaux e s t  f a i t  depuis  p l u s  de t r e n t e  ans. 

2 . 4 . 3  Méthode de c o n t r ô l e  de l a  nappe 

A f i n  de c o n t r o l e r  l e  n iveau de l a  nappe e t  a u s s i  pour l a  sécurité 

des ouvrages, des contrecanaux de dra inage sont  prévus aux p i e d s  des 

d igues .  Lorsque l e s  canaux n ' a t t e i g n e n t  pas l e s  g r a v i e r s ,  i l  e s t  

prévu d ' a j ou te r  des p u i t s  de décharge l e  l ong  des d i g u e s .  Le système 

de dra inage e s t  conçu en vue de ma in ten i r  l e  n iveau  de l a  nappe à une 

profondeur  min imale de 1 ,Sm sous l a  sur face  du so l .  11 e s t  proposé 

d ' u t i l i s e r  l ' e a u  captée p a r  ces canaux pour  a l imen te r  l e s  canaux 

d ' i r r i g a t i o n  ou r e l â c h e r  de l ' e a u  dans l a  zone des méandres 

abandonnés [ H Y C O j .  

En r a i s o n  du colmatage éventuel  prévu du fond du reservoir (temps d e  

colmatage e s t i m é  i n f é r i e u r  à 5 ans ) ,  des f o u i l l e s  d ' i n f i l t r a t i o n  sant 

prévues sous 1  e r é s e r v o i  r. Ces feuil l e s  seron t  agrandies chaque année 

2 i n  de c o n t r e r  l e u r  colmatage propre e t  a t t e i n d r o n t  une profondeur  



de 15 m dans les graviers.  La longueur totale prévue des f o u i l l e s  e s t  

de pres de 5 km e t  leur excavat ion annuelle peu t  ê t r e  répétée d u r a n t  

100 a n s .  La concept ion de ces  f o u i l l e s  d ' i n f i l t r a t i o n  repose sur les 

études hydrauliques f a i t e s  sur modèle a Brno [VSTB, HYCO].  

Dans l a  zone e s t  du p r o j e t ,  de Palkov icovo à Z l a t na ,  pres de 700 

pu i t s  de pompage sont  prévus a f i n  de con t reca r re r  l ' e f f e t  de 

1 'endiguement avec  coupure 1 e long d u  Danube [ IGHP] . 

N a p p e  d a n s  les méandres 

Pour main ten i r  l e  niveau de l a  nappe sous l e s  t e r r e s  émergées entre 

les méandres à 1 ' a v a l  de Dunaki 1  i t i  , il e s t  proposé de rel àche r  de 

1 'eau dans l e s  méandres. C e t t e  eau  d e v r a  recharger  l a  napp2 p a r  

i n f i l t r a t i o n ;  il e s t  cependant prévu  que l e s  1 i t s  des méandres se ron t  

colmatés après 4 ans .  Après ce colmatage, i l  e s t  proposé de  rel icher 

de f o r t s  volumes d'eau a f i n  d y n o n d e r  les  terres concernées pour de 

c o u r t e s  pér iodes.  Ces inondat ions dev ra i en t  permet t re  de recharger 

l a  nappe sous ces te r res  [HYCO, V S T B ] .  

E s s a i s  de colmatage en c h a n t i e r  

Une expérience de colmatage a été é l a b o r é e  p a r  une équipe sous l a  

d i r e c t i o n  de VSTB. Dans ce programme de t e r r a i n ,  une série de 

colonnes, de 3 rn de h a u t  e t  1 m diamètre, rempl ies  de sédiment du l i t  

actuel du Danube, ont e t é  i r igées .  Ensuite, l ' e a u  d'un b r a s  m o r t  du 

Danube était pompée et s'infiltrait t r a v e r s  la colonne pendant 

p l us i eu r s  semaines. La d i m i n u t i o n  graduel l e  du taux d' i n f i  1 t r a t i o n  

e t  quelques paramètres géochimiques o n t  é t é  s u i v i s .  Les r é s u l t a t s  

p r i nc i paux  i nd i quen t  : 

1. un colmatage complet après un c e r t a i n  temps 

2. une d i m i n u t i o n  de oxygène dissouds de 7-10 à < 1 rng/l, 

3 .  1 e développement de cond i t i ons  réductrices 



4. la conversion NO3 à NH,+ (NO,- de OR4 à 0.02 e t  NH,+ de 0.32 

à 0.94 rng/L) 

5. destruction de b a c t é r i e s  (Col iJml de 80 à O; Psychrofi1ni/nl de 

40 O00 à 200). 

Ces resul t a t s  démontrent que des conditions réductrices se 

développent dans  1 es sédiments. Ces résu l ta t s  montrent également que 

ces conditions réductrices augmentent avec la diminution du t a u x  

d'infiltration et s o n t  apparamment plus importantes avec une 

colmatation complète. I l  apparait donc que 1 a mobil isatioc 

potentielle des çontaminants métalliques se fait parallèlement a L n e  

b a i s s e  de perméabilité. 

Dans l e  c o n t e x t e  du projet oh des inquiétudes sur la qualité d e  l'eau 

o n t  é té  formulées, un proje t  de gestion g l o b a l e  de 1 ' a qu i f è r e  de 

Zi tny Ostrov a été préparé. Dans le. cadre  de ce  p r o j e t ,  une équipe 

de PFUKB élabore un modéle mathématique en di f f e r e n c e s  finies. 

L'objectif de ce  modèle est de prédire la variation de la q u a l i t é  de 

l 'eau dans l 'aqui fere associées au p r o j e t  et aux autres phénomènes 

agissant sur la qua1 i té de l 'eau souterrai ne de 1 a reg ion. Le modèle 

v i s e  e n t r e  autres A simuler la mise en solution des contaminants er 

provenance du réservoir et leur transport dans la nappe de Zitny 

Ostrov . 

Egalement, ce  programme vise la modélisation de t o u s  les processus 

géochimi ques, biologiques et hydrologiques q u i  agissent dans 1 a 
nappe .  La modélisation d o i t  s e  faire dans trois dimensions et en 

régime transitoire. Le modéle à construire d o i t  donc p rendre  compte 

de 1 'écoulement souterrain sur un grand territoire, de la dispersion 

des espèces en sol u t  ion, des réactions ch im iques  d'équil ibre entre 

1 ' e a u  e t  les f o rmat ions ,  des  transformations biochimiques , e t  taus 



ces phénomènes doivent être s i m u l e s  sirnul tanément dans le domaine du 

temps.  

Jusqu'à  maintenant ,  seul le code d'écoulement du rnodéle a été  é c r i t .  

La p a r t i e  géochlmique n'a pas encore été élaborée. 

2 . 5  OP IN I O N  

2.5.1 Prêdictions hydrau l iques 

L'étude de  l a  variation f u t u r e  du niveau de la nappe  comprend 

plusieurs aspects  qui m é r i t e n t  chacun une discussion sommaire. 

En premier lieu, l a  définition des paramètres hydrauliques a é t é  

effectuée à travers un s é r i e  de travaux menés p a r  diver;  organismes 

i m p l i q u é s  s o i t  d a n s  les études d'approvisionnement en e a u ,  s o i t  dans 

les études associées au projet Gabcikovo. Le genre  d'essais e f f e c t u é s  

(pompages, essais de perméabilité, suivi d e  la piézométrie et des 
régimes des crues) et leur nombre de même que  leur interprétation o n t  

été f a i t s  d'une façon t r é s  a c c e p t a b l e  selon les standards 

internationaux. Nous devons méme signaler de nombreux c a s  ou les 

hydrogéol ogues c o n s u l  tés o n t  fait preuve d' i ngéniosi t e .  

En second lieu, afin de définir un régime stationnaire p o u r  une nappe 

con t inue?  lement en changement, une é tude mathématique d e s  variations 
piézométriques a été faite à VSTB. C ' e s t  1; une approche originale 

que nous n'avons pas évaluée dans  s e s  d é t a i l ; ,  mais q u i  nous a p p a r a î t  

fondée dans ses principes. 

En t r o i s i è m e  lieu, la simulation de la nappe a é t é  f a i t e  sur un 

rnodéle analogique de résistances électriques à Brno . Ce genre de 

modèle est  maintenant peu utilisé, m a i s  avec la d i s p o n i b i l i t é  des 

ordinateurs de 1 'époque (k tude te rm i  née en 1975),  c ' é t a i t  une méthode 
appropriée. Dans l ' approche  d e  la modélisation, on a d'abord procédé 



à un ca lage  p a r  simulation des conditions de régime permanent ( tel 

que défini précédemment). 

L e s  conditions limites o n t  é t é  d é f i n i e s  en fonc t ion  des frontières 
hydraul i q u e s  de 1 'aquifere ( r i v i è r e s ,  barrières hydraul iques, e tc .  ) . 
Une attention particulière semble avoir été apportée a définir les 

conditions limites. L 'é tape  du calage du modele semble avoir été 

f a i t e  soigneusement et de façon  correcte. 

Pour 1 a modél isation de prédiction, des hypatheses de coefficient 

ci' inf i l tration o n t  é t é  formul ees de façon rel ati vernent él aborbe de 

mëme que leurs variations dans le temps. 

Cet aspect de l a  modélisation peut prêter à d i s c u s s i o n ,  cependant  

p l u s i e u r s  hypotheses o n t  é t é  s imu lées  afin de parer aux incertitudes. 

Une tel le approche es t  l a démarche généralement recommandée et 

acceptée dans le; cas où des i n c e r t i t u d e s  e x i s t e n t .  L ' o p i n i o n  qui se 

dégage est que les simulations ( pour la prédiction des variations 

de n iveau  de la nappe de Zitny Ostrov) o n t  @ t e  faites selon des 

standards internationaux même si des irnperféctions m i  nevres 

demeuren t .  HQI j u g e  donc que les p r é v i s i o n s  globales f a i t e s  à p a r t i r  

de ces simulations s o n t  raisonnables. 

S i  une étude similaire é t a i t  entreprise aujourd'hui, la s i m u l a t i o n  

numérique serait cependant prkferée.  En e f f e t ,  la simulation 

numérique est maintenant p l u s  f a c i l e  d'util isation et demontre une 

plus grande flexibilité; de plus, l e s  hypothèses y sont  généralement 

pl us e x p l  ici t e s .  - 
En quatrieme lieu, l'évaluation des paramètres d'infiltration p o u r  

l a  modélisation du bassin a été faite essentiellement par 

rétroanalyse d' inondations p a s s é e s .  C e t t e  approche est val i d e ,  mais 

HO1 aurait préféré voir un plus grand effort de quantification des  

paramétres d'infiltration potentiel f e  p a r  le biais d'essais sur le 



terrain combinés à une bonne c a r t o g r a p h i e  ( avec photographies 

aériennes) et un traitement g é o s t a t i  s t i q u e  des données . 

En cinquiéme lieu, depuis 1988, une nouvel l e  étude a été entreprise 

a f i n  de trouver une s o l u t i o n  1 l 'assèchement potentiel des zones des 

méandres abandonnes. C e t t e  é t u d e  a compris des e s s a i s  de colmatation 

sur place avec des colonnes mobiles. Ces e s s a i s  démontrent une 

a p p r o c h e  i n t é r e s s a n t e  qu i  a du mérite. Avec ces e s s a i s ,  des 

simulations numériques ont été e f f ec tuées  a f i n  de p r é d i r e  l e s  e f f e t s  

l o c a u x  sur la nappe des i n o n d a t i o n s  a r t i f i c i e l l e s  de courte durGe q u i  

s o n t  p r o p o s é e s  pou r  a7 i rnenter  l a n a p p e .  L'approche d 2  rnodél i s a t  i on 

locale ainsi suivie est correcte  pour l'évaluation d e  phénomènes 

locaux. Cependant, HQI ne peu t  p a s  se prononcer sur  le programme 

u t i l i s e  dans c e t t e  modélisation 

2 . 5 . 2  M o n i t o r i n g  

L e  programme e t  les moyens de suivi de 1 a nappe proposés e t  mis  en 

o e u v r e  peuvent ê t r e  qua1 r f i é s  d '  irnprersi onnants b i e n  que  que lques  

l z c u n e s  soient r e l e v é e s .  Les  lacunes n o t é e s  s o n t  de t r o i s  t ypes .  

En pregier l i eu ,  l e  réseau piézornétrique est limité En p r o f o n d e u r  et 

ne comporte que peu de points sous 20 m de p r o f o n d e u r  alors que l a  

pu issance de l'aquifere a t t e i n t  300 m p a r  endroit. 

En second 1 ieu, l e  réseau et l e  programme de relevés ~ v a n t  la m i s e  

en eau d u  réservoir n ' a  p a s  été conçu en vue de b i e n  documenter  le 

régime qualitatif et p iézo rné t r i que  de l a  nappe dans le v o i s i n a g e  du 

Danube et sous le futur réservoir H r u s o v .  Spécifiquement, on manque 

d e  p o i n t s  d 'obse rva t i on  à c o t é  des digues du r é s e r v o i r ,  De t e l s  

points s e r v i r a i e n t  à dbceler l e  plus tôt possible une éventuelle 

contarninat ion en provenance d u  f o n d  d u  réservoir. 



En t r o  i s i  ème 1  i eu ,' 1 e programme de con  tr6l  e de qua1 i té de l a nappe 

semble moins b i e n '  élaboré que l e  con t r e l e  piézométrique d o n t  l a  

p r e m i è r e  f o n c t i o n  es t  la s é c u r i t é  d e s  ouvrages. Les e f f o r t s  de s u i v i  

semblent d i s p e r s é s  entre d i v e r s  organismes don t  1 a c o o r d i n a t i o n  n ' e s t  

p a s  évidente. 

Une observation se dégage de I 'ensemble des e n t r e v u e s  et d e s  

documents c o n s u l t é s  : l e s  t e c h n i c i e n s  e t  l e s  t r a v i u x  f o n t  

oénéra lement  preuve d 'une compétence e t  d'un s o u c i  du détail élevés. 

Cependant, on obse rve  un manque de communicat ion e n t r e  l e s  divers 

organismes impliques de mëme qu'une subdivision poussée des t a c h e s .  

Un t e l  é t a t ,  s i  l a  perception e s t  j u s t e ,  p r é s e n t e  i e  r i s q u e  d'une 

lenteur de réactior i n a c c e p t a b l e  en cas de phénomène négatif. Par 

exemple, les données d e  niveau d ' e a u  e t  de  qualité d c i v e n t  ë t r e  

r e l e v é e s  p a r  un organisme (IGHP) et c o m p i l é e s  par un a u t r e  (SHHU) ; 

SHFlU p r o d u i t  ensu i  t e  des sommai res  annuels de  données e t  ne produit 

d'zutres rapports  que sur  réception d ' u n e  demande expl ici t e  d'un 

orcanisme p a y e u r .  Dans ce c a s ,  on  risque de n e  c o n s t a t e r  des  

t e n d a n c e s  n é f a s t e s  qu'apres un an au minimum. 

2 . 5 . 4  Risque de contamination suite i l a  submersion d ' h y d r o c a r b u r e s  

Certains o n t  exprimé des craintes c o n c e r n a n t ,  la submers i on  de 

skdirnents contaminés dans 1  e f u t u r  réservoi r  Hrusov. Les  s u b s t ~ n c e s  

c ~ a i n t e s  sont des hydrocarbures ( non s p é c i f i é s )  q u i  s e  se ra i en t  

accumulés dans l e s  sédiments déposés dans  l e s  bras morts l o r s  des 

c r u e s .  S i  de t e l l e s  accumulations o n t  eu l i e u ,  i l  p a r a i t  peu probable 

qu'elles soit effectivement demeurées en p l a c e .  En e f f e t ,  les  

sédiments en q u e s t i o n  s o n t  peu p r o f o n d s  e t  exposés a l ' a i r ,  
1 ' a c t i v i t é  b i o l o g i q u e  dans ces sédiments est é l e v é e  et l a  température 

moyenne annuel l e  e s t  r e l a t i v e m e n t  élevée; t ous  ces f ac t eu r s  f o n t  que 

les prcicessus de biodégradation sont  favorisés dans cet 



environnement. 11 en résulte que la plupart des hydrocarbures 

devraient être  dégradés et ne pas s'accumuler. L e s  substances 

susceptibles de s'accumuler sont les métaux et leur s o r t  n'est  p a s  

documenté en détai 1. Enfin, on doit se rappeler  que 1 es hydrocarbures 

sont relativement peu solubles dans l ' eau  et que les composés 

susceptibles de s'accumuler dans un tel environnement o n t  

généralement une f o r t e  tendance a s'adsorber sur les fractions f i n e s  

et la m a t i è r e  o rgan ique  des sols. 

2.5.5 Eléments d'évaluation des risques d e c o n t a m i n a t i o n  de la n a p p e  

2 . 5 . 5 . 1  Analyse des séd iments  du Danube 

t ' é t u d e  sur la qualité des sédiments du f leuve n ' a  p a s  d é f i n i  tous 

les paramètre's de contamination poss ib les  d a n s  le futur réservoir. 

En p l u s  des métaux lourds, on ne trouve que trois hydrocarbures dans 

le programme de monitoring des sédiments. Une gamme dhanalyses de 

composés organiques pl us  1 arge e s t  nécessaire pour mi eux caracteri ser  

la fraction organique des sédiments. D'ai l  l e u r s ,  u n e  étude 

a p p r o f o n d i e  de 1 a qual  i té des sédiments en suspension dans  le Danube, 

zpparament d é j à  en t r ep r i s e  m a i s  encore sans resul t a t s  disponibles, 

s e r a  d'importance majeure. 

2.5.5.2 Étude des c a s  similaires 

D ' a u t r e s  études géochimiques sur  la q u a l  i té des sédiments et de 1 'eau 

du Danube ont été faites dans les pays voisins. Mentionnons à t i t r e  , 

d'exempl e : "Proceedings of t h e  International Conference on Water 

Pollution Control in the Basin of the River Danube", N o v i  S a d ,  

Yugoslavia. B i e n  que cer ta ins  s o i e n t  c o n s c i e n t s  de ces  é t u d e s ,  i l  e s t  

nécessaire de les incorporer dans une étude d'impact potentiel du 

projet Gabci kovo-Nagymaros. Aussi, sur  1 a r i v i è r e  Vah, des  .barrages 

et des réservoirs existent qu i  pourraient servir d'analogies 

potentielles des i m p a c t s  environnementaux. 



P a r  exemple, l 'aménagement de Piestany sur l a  r i v i è r e  Vah et les eaux 

souterraines de Orahovce f o u r n i s s e n t  une tel le analogie potentiel le. 

A première vue, 1 es quelques données géochimiques f o u r n i e s  n'y 

indiquent aucune c o ~ t a m i n a t i o n  de l a  nappe. 

2.5.5.3 Essais de c o l n a t a c s  

Les expé r i ences  de terrain s o n t  l a  meilleut-e f a p n  de s i m u l e r  l e s  

p r o c e s s u s  g é o c h i m i q u e s  q u i  se produiront au f o n d  du réservoir. Les  

résultats de l a  première s é r i e  d ' e x p é r i e n c e s  de colmatage indiquent 

cl a i r m e n t  1 a f o r m a t i o n  de c o n d i t i o n s  réductrices dans 1 ' eau  

d '  i n  f i  1 t r a t i o n .  t.lal heureusement, 1 ' e f f e t  sur  1 a solubil i t é  des métaux 

l o u r d s  n 'a  p a s  é t f  examiné. Une étude p l u s  cornplete d e v r a i t  aussi 

i ncl ui-e des ? n a l y s e s  de  n a t i é r e  d i s s o u t e  i no rgan ique  e t  organique 

afin de prédire 1 2  nobil ité des  contaminants e t  l e u r  t r a n s p o r t  v e r s  

l a  nzppe.  

C e p e n d a n t ,  1 es resul t a t s  suggèrent  que ces condi t i  ons r é d u c t r i c e s  

aucncntent  a v e c  1 2  diminution de p e r m é a b i l i t é .  Cet e f f e t  tend à 

d i n i n u e r  l e  t rans?ar - t  de c o n t a n i n a n t s  vers  l a  nappe.  

A f i n  de pouvoir a p p r é c i e r  de f açon  q u a l i t a t i v e  l e s  r i s q u e s  de 

c o n t a m i n a t i o n  de l a  nappe a pa r t i r  des s é d i m e n t s  du Danube, il 

i m p o r t e  de d é c r i r e  brievernent les p rocessus  géochirn iques s u s ~ e p t i b l e s  

d ' z g i r  dans le fond du f u t u r  r é s e i - v o i r .  

Métaux lourds 

Une hypothése de contamination par mobilisation des métaux lourds a 

é té  décri te précédemment. A f i n  d'évaluer c e t t e  hypothèse ,  examinons 

l e s  procesius géochimiques. Le tableau 2 montre  des teneurs  en Fe et 

M n  a s s e z  élevées (fer de 4210 a 26500 mgJkg; manganèse de  198 a 1671) 



dans les sédiments. Avec les  cond i t i ons  géochimiques actuel les  dans 
l e  Danube (O2 d i s s o u s  proche de l a  s a t u r a t i o n ) ,  t o u t  l e  f e r  e t  l e  

manganèse se t r o u v e n t  a l'état oxydé ( Fe(I1I) e t  Mn(IV)),  e t  

p r é c i  p i  t é  en phase sol i d e  (oxyhydroxide) i n s o l u b l e .  Cependant, ces 

éléments se transforment en é t a t  réduit dans les  cond i t ions  de redox 

avancées (Eh- -50 mV). 

Dans l e s  eaux de s u r f a c e ,  l e  plomb e s t  en é t a t  Pb(E1). 11 e s t  peu 

soluble a cause de sa capac i t é  d ' a d s o r p t i o n  aux s u r f a c e s  sol i d e s  

(matière organique, c o l l o i d e s ,  argiles, oxyhydroxides). Dans : e s  

conditions réductrices, Pb reste normalement en é t a t  oxydé e t  

s'adsorbe facilement aux çompl e x ~ s  organiques, argi 1 es e t  c o l  1 o l d e s  

Le chrome ( C r ( V 1 )  et l ' a r s e n i c  ( A s ( V )  peuvent  se r édu i r e  dans les 

conditions réductrices. As(II1) est p l u s  m o b i l e ,  mais i 1 forme 

f a c i l e m e n t  des complexes organiques. Cr(II1) e s t  moins  rbobile  que 

Cr(V1)  à cause de l a  basse solubil i t é  de  s e s  hydroxyde$. Les  a u t r e s  

m é t a u x  lourds sont moins s e n s i b l e s  aux c o n d i t i o n s  redox  e t  demeurent . 

p r è s  des l im i t e s  de  détection dans l'eau en é t a n t  f i x e s  pzr  : 

i . 1 a sol u b i  l i t é  des  p h a s e s  hydroxy-carbona tes  

i i .  complexes métal-organiques 

iii. a d s o r p t i o n  aux solides (o rgan iques ,  a r g i l e s  et colloides, 

axyhydroxydes de f e r  e t  de manganèse) qui portent général e m ~ n  t 

une charge n é g a t i v e  a 1 a surface. 

D'zilleurs, plusieurs c a t i o n s ,  dont l e  Zn, Co, Cd, e t  Pb,  se t r o u v ~ n t  

souven t  CO-précipi t é s  en oxyhydroxyde de fer et de  nangznése. Les 

c a r a c t e r i  stiques; géoch imiques des contaminants organiques v a r i e n t  

beaucoup, mais généra lement  1 eurs teneurs en p h a s e  aqueuse san t 

a t t é n u é e s  par adsorption a u x  p a r t i c u l e s  d ' a r g i l e ,  limon et matiere 

organ ique  sol ide. 



Dans la colonne' de sédiments au fond d u  réservoir, 

l ' approv is ionnement  d'oxygène est 1 imité, ce qui entraine une s é r i e  

de processus géoch i m i  ques : 

j ,  1 kxyqkée  dissous est consommé par 1 'oxydation des matières 

organiques (produites dans 1 e réservoir ou transportées par le 
fleuve) 

ii. l ' o x y d a t i o n d e m a t i é r e o r g a n i q u e c a n t ~ n u e e n  utilisant N 0 3 p u i s  

50, 
iii. les conditions redox deviennent réductrices 

i v .  conversion de Fe3t  a Fez+ et Mn4+ à Mn2t ( 6 t a t s  so lub le s  e t  

mobiles). 

Les autres métaux n e  sont  pas  s i  sensibles aux changements redox. 

La mobilisation des métaux lourds, a ? a  fin, est liée avec la 

capacité d'adsorption et de complexation dans l e s  sédiments ( 

incluant 'la matière organique non-oxydée, les arg i l es  et les 

col loides). 

Afin dé prédire l a  solubilité des contaminants dans ces conditions 

r é d u c t r i c e s ,  i 1 f a u t  examiner la capac i té  d'adsorption des sédiments 

à la lumière des expériences en chantier. O'zilleurs, selon cette 

hypothèse, le taux de sédimentation de matière fine dans le réservoir 

doit être assez important pour soutenir ses processus géochimi ques. 

Contaminants organiques (hydrocarbures) 

Les caractéristiques géochimiques des hydrocarbures varient beaucoup, 

mais généralement f eurs t eneurs  en phase aqueuse s o n t  at ténuées p a r  

adsorption a la phase sol i d e  de l a  m a t i è r e  organique. , Leur état 
chimique e t  leur mobilité ne sont pas a f f e c t é s  p a r  les processus d e  



redox. l e s  s o l u b i l i t é s  des contaminant5 organiques s o n t .  f o n c t i o n  

de : 

a. l a  teneur dans l a  phase so l  i d e  (sédiment) 

b. l e  c o e f f i c i e n t  de d i s t r i b u t i o n  oc tano l  -eau (Ka-") ( r appo r t  de 
s o l u b i l  i té en oc tano l  et en eau) 

c l e  pourcentage de m a t i è r e  organique s o l i d e  t o t a l e  dans l e  

sédiment 

d .  laporositédusédiment 

Un c a l c u l  avec  ces paramétres pour un hydrocarbure donné peut 

indiquer sa teneur en phase aqueuse. A t i t r e  d'exemple: 

Teneur dans  l e  sédiment [sec) = 0.1 mg/kg ( t a b l e a u  2 )  

= 0.2 mg/l sédiment sa tu ré  

Coefficient de d i s t r i b u t i o n ,  KO-- = 106-02 ( 1  i térature)  
Pourcentage de matière organique t o t a l e  - 35% pour  l e  sédiment e t  

poresi té - 30% 
Donc : Teneur dans eau interstitielle (eau d' infiltration en contact 

avec ces sédiments) pourra ê t r e  de: 

l 

ce qui est très en-dessous des limites admissibles pour l ' e a u  
i potab le .  



2.5.6 t v a l u a t i o n  qual i t a t i v e  du r isque  de contaminat ion 

Dans les  sect ions précédentes, nous avons decri t sommairement 1 es 

conditions physiques de l a  nappe de Zi tny  Ostrov dans l a  zone du 

p r o j e t  de mëme que l a  qual i t é  de 1 'eau e t  les  modes de contaminat ion 

possibles. Nous avons aussi  revu e t  discuté divers aspects du p r o j e t  

de mème que les processus ggochimiques susceptibles d ' a f f e c t e r  la 

qualité de l ' e a u .  

S u i t e  à c e t t e  analyse sommaire, i l nous apparait  que l e s  r i sques  de 

déterioration de la qual i t é  de l'eau sont  f a i b l e s .  Les pr incipaux 

arguments en faveur de c e t t e  op in ion  sont les suivants:  

1 'eau i n f i l  tree du Danube sur de cour tes  d is tances  e s t  de bonne 

qual i té (voir captages de B r a t i s l a v a )  

- l a m o b i l i s a t i o n é v e n t u e l 1 e d e s m é t a u x d a n s l e s s e d i m e n t s s e r a  

contrecarrée p a r  la baisse de p e r m é a b i l i t é  des sédiments  e t  

l ' a p p o r t  d 'eau r a p i d e  e t  massi f  dans 1 "aquifère à partir d e s  

fouilles au fond du réservoir. 

- aucuneév idenced 'hydrocarbureçmobi l e sn 'aé tédéce l l éedans  

la zone du r é s e r v o i r  

- les nappes a l l u v i a l e s  comparables montrent peu de cas de 
contamination dans ces c o n d i t i o n s .  

t e  seul phénomène suscept  i b l  e de détériorer 1 a qual i t é  serai t 1 a 

mobilisation du f er  et manganèse e t  c e t t e  kventual i t é  p e u t  n'étre que 

lointaine en r a i s o n  de I h p p p o t  rapide d ' e a u  au fond des f o u i l l e s  

d'infiltration. Dans la pire des éventualités, le f e r  et l e  

manganèse sont faciles à r e t i r e r  de l ' e a u  et ne posent pas  de r i s q u e  

pour l a  santé.  



2.5.7 Modélisation Géochimique 

Une modé l isa t ion  mathématique du système géochimique ( à base 

thermodynamique) 1 i ée  à 1 'écoulement d'eaux soute r ra ines ,  comme 

proposé, e s t  un programme de recherche trés ambitieux. te but d'un 

tel programme, au bout  de plusieurs années de t r a v a i l ,  serait le 
rnodéle lui-même p l u t o t  que la prédiction de l ' impact  sur l a  nappe. 

ta consommation de matière organique dans les sédi inents p a r  les 

processus b io l og i ques  causera des changements au sys tème redox. Ces 

changements géochimiques peuvent provoquer la mise en solutions des 

métaux 1 ourds et contaminants organiques. Par c o n t r e ,  1 a m a t i è r e  

organique, argiles et autre sédiments fins ont une grande c a p a c i t é  

d'atténuation pour 1 es contaminants par 1 ' e f f e t  d'adsorption. C e t  

effet est d i f f é r e n t  pour  chaque élément et contaminant organique. L e s  

processus biologiques exacts  son t  mal connus en général, e t  sont 

di fferents  pour chaque système géochimique organique e t  inorganique. 

La réalisation d'un t e l  modéle suppose 1 a solution de mu1 tiples 

équat ions d'équilibre et d'écoulement pour l'hydrodynamique sur un 

ensemble d'éléments rectangulaires aux d imens ions variables 

simultanément à 1 a résol ution d'équat ions de transport et d'équi 1 ibre 

geoc h i m i  que pour de nombreux parame tres . La réal i s a t  i on ma thématique 

d'un tel modèle sera tres difficile et la simulation résultante 

r i s q u e  d'etre impossib le  a vérifier.  La c a p a c i t é  de ca lcu l  r e q u i s e  

est énor~e. Enf in ,  les processus chimiques et biologiqhes impl i qués  

ne sont pas suffisamment connus pour f a i r e  l'objet d'une d e s c r i p t i o n  

mathématique quantitative. 

Pour les f i n s  du projet, un programme limité de modélisation à deux 

dimensions à partir des données géochimiques des expériences de 

colmatation e s t  recommandée ( v o i r  sect ion 2.5.5.3). Une telle étude 

s e r a i t  plus facile à monter e t  aiderait à 1 ' é v a l u a t i o n  des impacts. 



Le p o t e n t i e l  d ' a t t é n u a t i o n  dans l'aquifère lu i -même n'a p a s  été 

évalué dans le cadre des études d' impact.  II e x i s t e  dans les strates 

de 1 'aqui  fére Zi tny Ostrov des couches de sable si 1 t e u x  et aussi d e s  

couches de tourbe. La capacité d'adsorption élevée des couches de 

sédiments f i ns  sert A atténuer le mouvement des métaux lourds et 

con t a m i  nan t s ergani ques dans 1 a nappe. 

2.5.8 Mesures préventives 

Dragage du f o n d  du réservoir 

11 est prévu d ' a v o i r  des fouilles d ' i n f i l t s a ~ i o n  dans le fond C U  

réservoir a f i n  de m a i n t e n i r  une alimentation c o n s t a n t e  de la nappe. 

Ces f ou i  1 1  es pourront servir également a réduire  1 a contamination 

potentielle de la nappe. L'infiltration par cette v o i e  peut r é d u i f - 2  

le g r a d i e n t  a travers 1 a col onne de sédiments ,  ou se déve loppen t  1 es 
conditions réductrices et l a  m i s e  en s o l u t i o n  p o s s i b l e  d?s 

contaminants. 

Collecte de Pétrole 

Deux s t a t i o n s  seront construites dans l e  réservoi r  en v u e  d'enlev?r 

l e s  nappes de p é t r o l e  à l a  surface de 1 ' eau  . Cette mesure a i d e r 2  i 

améliorer la qua1 ité des sédiments aux bordures e t  au fond du 

réservoir en assurant une protection en cas d'épandage a c c i d e n t e l .  

2.6 Recommandations 

Sui te  à l'étude sommaire de certains aspects du p r o j e t  Gabcikovo-  

Nagymaroç, H Q I  formule quelques recommandat ions pour 1 a s u i  te des 

travaux ou des études. Ces recammandatians v i s e n t  a améliorer les 

connaissances- acquises ou à apporter des ajustements a c e r t a i n s  des 

programmes de travaux prévus dans le cadre du projet. La mise en  

opuvre des recommandations i c i  p résen tées  d e v r a i t  ,permettre de 



vérifier les hypothèses formulées et de sécuriser les autorités en 

fournissant des réponses aux inquiétudes de 1 a population. 

2.6 .1 .  Caractérisation complète du fond du futur réservoir 

A f i n  de mieux cerner les conditions d'infiltration dans le Fit du 

futur bassin Hrusov, nous recommandons que des  investigations 

supp1,émentai res so ien t  entreprises. Ces investigations devraient 

comprendre 1 es éléments suivants : 

- car tographie  des divers types de sols par  sondages e t  

photographie aérienne. 

- réalisation d ' u n e  campagne d'essais de perrnéabi 1 i t é  dans 

d i v e r s e s  zones .  

- intégration des données acquises p a r  géostatistique ou une 

autre méthode visant à permettre une e ~ a l  u a t i o n  quantitative 

des coéfficients d'infiltration effectifs et de ' l eurs  

variations. 

L e s  investigations devron t  ëtre complétées p a r  la définition de la 

qua1 ité des sols afin d e  vérifier l a  présence présumée de r é s i d u s  

d'hydrocarbures ou autres contaminants .  

2.6.2 Réseau de monitoring 

Trois types de modifications sont suggérées aux programme de 

monitoring. D'une p a r t ,  i l  e s t  proposé de modifier l e  réseau en lui 
a jou tan t  un nombre modeste de p u i t s  d'observation profonds pénétrant 

l'aquifère sur t ou te  s a  puissance ou jusqu'a une p ro fondeur  de 60 m 

sous les captages les plus profonds. D'autre p a r t ,  i l  e s t  propose 

de compl6ter la banque de données sur 1 ' é t a t  avant  mise en eau en 

obtenant plus d'information sur la qualité des eaux sous le futur 
réservoir. C e t t e  dernière recommandation pourra se m a t é r i  a l  iser g r a c e  

à une s é r i e  de sondages où 1 'eau serait échanti I l  onnée.  



Troisièmement, il est suggéré d ' a j o u t e r  au réseau de rnoni t o r i  ng de 

qual  i t e  d'eau quelques p o i n t s  le long des digues,  le p l u s  prés du  

réservoir possible. Ces p o i n t s  serviraient a déceler t o u t e  trace de 
contamination potentielle dans la nappe, avant de s'écouler vers les 

champs de captage ou a u t r e s  ouvrages. 

2.6.3 Essais de colmatages - Deuxième Phase 

Nous comprennons que le Centre de Recherche Hydraul i que  I i a t i o n a l  se 

chargera d'une deuxième série d ' e s s a i s  de colmatage au mois 32 mai 

1991. Nous recommandons, en premier  lieu, que ce programme d ' e s s a i s  

soit devancé au mois de mars, s i  p o s s i b l e ,  a f i n  d 'ob ten i r  les 

résultats le plus t 9 t  possible. Dans ce nouveau programme, i l  e s t  

conse i l  lé d'entreprendre une étude g e o c h i m i  que pl us d é t a i  1 1  Ce, avec  

les mesures s u i v a n t e s  : 

1.  pH, Eh (redox)2) su1 phure (H,S) 

2. alkalinité 
1 

3 .  nutriments (NO,, NO,, NH,, PO,) 

4 .  métaux lourds d issous  ( A s ,  Cd, Cr ,  Cu, Fe, Mn, Hg, I l i ,  Pb, Zn) 

5. ions majeurs (Na, K, Ca, Mg, Cl, SO,, F, Br) 

6. matière organique (BOD, COD) 

7 .  hydrocarbures, contaminants organiques 

Un tel p r o f i l  géochimique sera d'une grande u t i l  i té pour 1 ' e v a l u a t i o n  

de l'impact kventuel sur l a  nappe des sédiments qui s'accumuleront 

au fond d u  r é s e r v o i r .  

2 .6 .4  ftude des cas analogues 

Des informations existent au sujet de la q u a l i t é  des sédiments et 

1  'eau d u  Danube et de la q u a l  i t é  de 1 'eau de la nappe en Slovaquie. 

11 est plus que probable que des in format ions  similaires existent 

pour l e  Danube dans l es  pays voisins (e .g .  Autriche) ou pour  d'autres 



rivières (e .g .  Rivière Vah). Mentionnons aussi que le Rhin et le 

Rhône sont  des fleuves qu i  présentent des conditions comparables A 
de nombreux points de vue et qui sont bordés par des aquifères 

importants. Une étude de 1 a littérature scientifique est recommandée 
a f i n  de résumer et comparer ces informations afin de mieux comprendre 

les impacts potentiels du réservoir sur la nappe.  

2.6.5 Étudede prédiction d'impact sur l a q u a l i t é d e  la nappe 

Dans le cadre de l'évaluation d'impact du projet et a f i n  de répondre 

aux inquiétudes soulevées, i l  est propose de faire une étude de 

s y n t h e s e  pour éva luer  l'impact probable du projet sur la qua1 i te de 

1 'eau souterraine. 

Cette étude deu.ra intégrer les données acquises . par  l a  

caractérisation du fond d u  réservoir, les e s s a i s  d e  colmatage, 

l'étude des analogues recommandés c i - h a u t .  De p l u s ,  d2s données 

géochimiques et hydrodynamique5 devront être acqui ses po u r  e v a l  uer 

le potentiel d'atténuation de 1 'aquifère. 

Cette étude pourra être complétée par la simulation sirr codeles  

mathématiques de certains phénomènes. L ' o b j e c t i f  de te? 1 es 

simulations sera de mieux évaluer les fourchettes de va leurs  que 

pourra ient  prendre divers  paramètres (cas mei 1 leur et cas p i r e )  . 

A partir des résultats d'expériences de terrain (discutés a u  

çhapi tre 2 . 4 . 5 ) ,  un programme de modél i sation pour ra  etre é l  aboré. 

De t e l l e s  données de c h a n t i e r  représentent au mieux le systéme 

géochimique des sédiments et de la nappe. Des modèles de transport 

en deux dimensions existent et pourraient s'adapter aux conf igua t  ions 

et paramètres de l'aquifère Zitny Ostrov. En utilisant les paramètres 

geochimiques fournis par les expériences de colmatage comme 

conditions l i m i t e s  du modèle, une étude de simulation en deux 

dimensions prédirait les scénar ios d' impacts poss ib les  et probables 



(cas meilleur et cas le pire) .  En répétant  l ' e x e r c i c e  pour plusieurs 

sect ions et en plan,  on peut examiner les processus d'adsorpt ion,  

advection e t  dispersion des contaminants p o t e n t i e l s  dans 1 ' a q u i f è r e  

Z i  t n y  Ostrov. 

En parallèle, une s i m u l a t i o n  géochimique peut  être f a i t e ,  afin de 

corroborer 1 es résul t a t s  des expéri ences. Par exempl e , 1 es codes 

mathématiques WATEQF et PHREEQUE,  él aborés par 1 e s  chercheurs du 

USGS, t ra i ten t  les données géochirniques inorganiques,  en cal  cul a n t  

l a  s o l u b i l  i té des phases  aqueuses e t  sol ides des métaux lourds. En 

particulier, les  phases de carbonate ,  de suiphure e t  des hydroxides 

d e  métaux lourds sont très insolubles, e t  tendent  à 1 i m i t e r  l e s  
teneurs de ces métaux ( e . 9 .  Pb, Ni et Zn). Cependant, ces codes  

n'adressent pas  3 es processus de compl e x a t  i on organique n i  

d'adsorption. 



- - - 

LA S É C U R I ~  DES W R A S w U C m S  DE 
RETENUE, COTE TCHECO-SLOVAQUE 



3 .  LA SECURITÉ DES INFRASTRUCTURES DE RETENUE COTE TCH~COSLOVAQUE 

3.1.  Introduction 

Le projet Gabci kovo-Nagymaros y i s e  a aménager l e  f l e u v e  Danube 

a f i n  d'assurer, a travers un aménagement hydraulique à but  

' mu1 t i p l e ,  une sécur i té  accrue cont re  les  crues. La lutte 

contre les crues a commencé des 1740 par un endiguement 

p a r t i e l  et p r o g r e s s i f  cherchant  a assurer la protection des 
agglomérations. L'endiguement systématique n'a débuté que sur 

l a  période 1876 à 1899; un renforcement progressif était 

e f f e c t u é  de 1901 à 1958 par rehaussement et élargissement des 
d igues  (fig. 10). La crue de 1965, qu i  provoqua des d é g â t s  

considerabl e s ,  necessi tai t un renforcement supplémentaire 

q u ' i l  fut décidé d'intégrer au p r o j e t  de Gabcikovo - 
Nagymavos. Ce p r o j e t  impl i q u e  la construction des  ouvrages de 

retenue suivants (fig.2), sur lesquels a p o r t é  la p r é s e n t e  

é tude d ' o p i n i o n :  

- Les  d igues de fermeture du réservoir de Hrusev,  en  amont, 

dont le vo lume ( e t  donc l e  t racé  des ouvrages de retenue) 

é t a i t  imposé  pour assurer 1 e fonctionnement de la centra le  

de Gabc i kovo  en énergie de p o i n t e .  

- Les digues du cana l  d'amenée qu i  assurent la dérivation des 

eaux vers la c e n t r a l e  de Gabc ikovo.  

- Les d igues existantes avant la r é a l i s a t i o n  du p r o j e t ,  q u i  

conservent toujours un rôle de protection c o n t r e  1 es crues. 

Un ouvrage  de régulation à Dunakil i ti permet tant  d'évacuer 

l e s  d4bi  ts de crue ne pouvant ètre évacués par la centrale 
de Gabc i k o v o  . 

- Un canal de f u i t e  et de restitution en a v a l  d e  l a  c e n t r a l e  

de Gabcikovo.  



L a  p r o t e c t i o n  c o n t r e  l e s  crues s'effectue non pas à t r a v e r s  un 

s tockage  des c rues  mais  a t r a v e r s  un renforcement  de 

1 'endiguement.  Les ouvragez de r e t e n u e  q u ' i m p l i q u e  l e  projet, 

son t  sens ib lement  pl  us impor tan ts  que ceux qu" a u r a i  t 

n é c e s s i t é  un s i m p l e  endiguement du 1 it naturel du Danube. Il y 

a donc l i e u  de s'assurer que ces ouvrages n ' a p p o r t e n t  pas de 

r i s q u e s  supp l  ementa i res  1 i é s  à 1  e u r  e x p l o i t a t i o n ,  

S u i t e  aux i n o n d a t i o n s  de 1965, un i m p o r t a n t  travail d ' a n a l y s e  

des causes de r u p t u r e  des d i g u e s  é t a i t  e n t r e p r i s  e t  m o n t r a i t  

c l a i r e m e n t  que l a  cause é t a i t  1  i é e  a des phénomènes d ' é r o s i o n  

i n t e r n e  ( rena rds )  au n i v e a u  des f o n d a t i o n s  q u i  é t a i e n t  

c o n s t i t u é e s  p a r  l e s  a l  l u v i o n s  du Danube. Les mani f e s t a t i o r i s  

de ces phénomènes e x i s t a i e n t  a l o r s  pra t i quemen t  t o u t  l e  long 

des d igues  e x i s t a n t e s  en a v a l  de D u n a k i l i t i .  Au d r o i t  du 

b a s s i n  de  retenue de Hrusov, ces m a n i f e s t a t i o n s  é t a i e n t  moins 

abondantes b i e n  que 1  'on y r e t r o u v e  les  mêmes a l l u v i o n s ;  p a r  

c o n t r e ,  des débordements de d i g u e s  y a v a i e n t  dé jà  é t é  observés  

1  o r s  de 1 a f o r m a t i o n  de b a r r i è r e s  de g l a c e .  

Ces a l l u v i o n s  comprennent, en s u r f a c e ,  des m a t é r i  aux s i  1 t e u x  

e t  sab leux  p a r t i c u l  i è r e m e n t  s e n s i b l e s  a 1  ' éros i o n  i n t e r n e  

r e p o s a n t  sur une p u i s s a n t e  couche grave leuse el le -même 

ç a r a ç t é r i  sée p a r  une matrice sab leuse - p o t e n t i e l l e m e n t  

i n s t a b l e .  

On se penchera donc p l u s  p a r t i c u l i è r e m e n t  s u r  l ' a n a l y s e  de l a  

s é c u r i t é  des ouvrages de r e t enue  qu i  s o n t  de t a i l l e  modeste e t  

s u r  l e s  d i s p o s i t i f s  de protection prévus v i s  a v i s  de ces 

phénomènes. Ceci e s t  p a r t i  cul i è remen t  i m p o r t a n t  p o u r  1 es 

ouvrages du b a s s i n  de r e t e n u e  Hrusov pou r  lequel on a adopte  

une s o l u t i o n  qu i  accepte les  écou lements  s o u t e r r a i n s  a f i n ,  en 

p a r t i c u l  ier ,  de permettre une a l  i r n e n t a t i o n  de 1 a p u i s s a n t e  

nappe a q u i f é r e  q u i  caraltéri se ces alluvions. 



De p lus ,  l e s  matériaux sens ib les  (sab les  e t  s i l t s )  aux 

phénomenes d'érosion interne étant en général sensibles aux 

e f f e t s  sismiques, on a p p r é c i e r a  la prise en compte des 

phénomènes de 1 i quéfact i on dans 1 a conception des ouvrages 
bien que l e  contexte  de s é i s m i c i t é  y s o i t  de fa ib le  a rnodh-6. 

3.2. Travaux de reconnaissance 

3 . 2 . 1  Contexte  géologique et sismique 

L'ensemble des ouvrages du projet de Gabci kovo s'étendent sur 

une distance d'environ 40 km suivant un a x e  t r a n s v e r s a l  à la 

structure de graben qu i  va  des m a s s i f s  des Alpes de l ' e s t  et 

des Petites Carpates, marquant le r e l i e f  de la région de 

Bratislava, jusqu'a la r ég ion  de Komarno où le rocher remonte 

( f i g .  5). Au f u r  e t  à mesure de l'effondrement d e  la 

5tructure, le remplissage sédimentaire se développait tout 

d'abord par les s é r i e s  du néogéne q u i  atteignent une p u i s s a n c e  

de l 'ordre de 5 000 rn au droit de Gabci kovo, puis par les 

a l  1 uvi ons gravel euses quaternaires qui défi n i  ssen t  1 a 

morpho log ie  a c t u e l l e  du d e l t a  continental. Ces alluvions qui 

a t te ignen t  300 m d'épaisseur au droit de Gabci kovo ont  pu se 
développer  dans la partie inférieure suivant un mode F l u v i o -  

glaciaire, p u i s  principalement suivant un mode fluvial. D a n s  

1 e s  zones touchant les ouvrages, ces  al 1 uvions gravel l euses  

sont recouvertes d'une couche d e  matériaux argileux, limoneux, 

sableux ou organiques, d'épaisseur et de nature variable. 

L'analyse des  nombreux forages  profonds ou relevés 

géophysiques a permis d'établir en 1967 une bonne description 
de la structure profonde du graben pour  localiser le système 

de f a i l l e s  qui a f f e c t e  les épaisseurs d'alluvionr 

graveleuses. Ces données on t  en particul ier é t é  u t i  1 i sées 

pour la localisation de l'ouvrage de Gabcikovo. E l l e s  

m o n t r e n t  que ces  fai 1 les peuven t  jouer vraisemblablement à 

n o t r e  époque.  Pour l e  moment i l  n'a p a s  e t é  établi dc 

relation e n t r e  ces données et ccllcs de néotectonique. 



Du point de vue s ismique,  l e s  cata logues de  sismicité 

historique é t a b l  is en 1975-1978 permettent  de f o u r n i r  une 

description extrêmement déta i l l ée  de 1ocaIisation des séismes 

et leurs e f f e t s  sur la période s'étendant  de l ' a n  1 400 à nos 
jours. Les données associées à l a  region montrent que, sur 

cette pér iode  d 'observat ion,  les épicentres susceptibles 

d'influencer l e  projet se s i t u e n t  soit dans la région d e s  

Alpes  de 1 ' E s t  e t  des Petites Carpates a p rox imi té  de 

Bratislava soit dans l a  rég ion  de Kornarno, ( f i g . 6 )  

vraisemblablement en 1 i a i s o n  avec l e s  zones de remontée du 

soc l e  rocheux, bien qu'il ne nous a i t  pas é té  présenté de 

car tograph ie  m e t t a n t  ou cherchant i m e t t r e  une relation en t re  

la séismicité et la t e c t o n i q u e .  Les ca ta logues  d e  seisme 

montrent une certaine ry thmic i  te dans I 'açtivi te, s u i v a n t  des  

périodes de 190 à 200 a n s .  D e s  c o n t o u r s  d'iso-intensité ne 

montrent pas d'amplification des signaux au d r o i t  de l a  

structure de graben (toute épaisseur de matéri aux meubles), 

intéressant les ouvrages.  Ainsi le séisme destructeur q u i  a 

secoué la région d e  Komarno en 1763, bien que r e s sen t i  t r è s  

loin, n ' a u r a i t  f a i t  des dommages, dont certains p o u v a i e n t  é t r e  

a t t r i b u e s  à l a  l iquefaction des alluvjons de s u r f a c e ,  que d a o s  

l ' a  zone é p i c e n t r a l e  où le socle se s i t u e  a faible profandeur .  

Sur la base de ces donnees, les intensités maximales 

envisagées pour l a  conception du projet  étaient de 6 M.C.S.(*) 

sur l a  zone du p r o j e t  e t  de 7 M . C . S .  en voisinage d e  

B r a t i s l a v a  et Kosmarno aux deux extrérni t é s .  La correl ation 

entre les intensités en échelle M.C.S. et les accélérations 

maximales utilisées en 1965 pour l a  conception amena i t  à 

envisager des accélérations maximales  de 0,010 g pour une 

intensité de 6 M.C.S. e t  de 0,025 g pour une i n t e n s i t é  de 7 

M.C.S. Une révision de la c a r t e  de zonage des i n t e n s i t é s  
maximal es suivant les échel 1 es M . S . K .  (*) (qui constituent une 

norme européenne) préparée en 1987 par M .  Broucek, pour  l e s  

f i n s  de l'établissement d ' u n  code de la construction, indiquc 
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des intensités de V I  pour la zone du projet et V I 1  pour les 

zones v o i s i n e s  de Brat i sl ava e t  Komarno ( f i  g .6). l a  

corrélation des accélérations avec les intensités maximales, 

recommandées par M. Broucek, conduit  à des valeurs de 0,035 g 

pour l ' i n t e n s i t é  V I  M . S . K .  e t  de 0,075 g pour l'intensité V I I  

M.S.K. Ces valeurs sont sensiblement plus élevées que celles 

envisagées lors de la conception et sont en accord avec  l e s  

va leurs  ut i l i sées  ailleurs. 

Note: €chelles d ' i n tens i t é :  M.C.S. = Mercalli-Cancanni-Sieberg 

M. S.K. - Medvedev- Sponhener-Karni k 

l 3 . 2 . 2 .  Reconnaissance au droit des ouvrages 

Des investigations géologiques, dont deux principal e s  

campagnes en 1965 et 1975, ont été effectuées suivant un méme 

p r i n c i p e  au droit des  d igues  de retenue d u  bassin Hrusov et 

du cana l  d'amenée,  du c a n a l  de f u i  t e  de G a b c i k o v o  e t  sur les 

digues existantes: 

- reconnaissance à l'aide de puits et de t a r i è r e s  a main de 

1 a couche de sur face recouvrant les al l uvi ons graveleuses 

s u i v a n t  un maillage approximatif de  100 x 50 m. Au cours 

de ces travaux les échantillons étaient p r é l e v é s  aux f i n s  

d ' e s s a i s  en laboratoire : identification, granulométrie, 

compressibilité, rksistance et perméabilité. Ces e s s a i s  en 

laboratoire étaient complétés par des essais i n  situ dans 

les puits a 1 'aide d ' e s s a i s  de perméabi? i té, de déformat ion 

à la p l a q u e ,  de cisaillement sur les alluvions graveleuses. 

- reconnaissance à 1 'a ide  de forages de 30 m de profondeur en 

1965 espacés de 500 métres environ (en 1975 ces fo rages 

avaient entre 10 et 20 rn de profondeur). Ces forages ,  q u i  

ont permis un échantillonnage plus profond de la couche de 

surface,  étaient p o u r s u i v i s  dans les  g r a v i e r s  à l ' a b r i  d'u. 

t u b a g e  de g ros  diamétre permettant le pré lèvement  en 



cont inu  des é c h a n t i l l o n s  remanies ( à  l ' a i d e  d'un 

échantillonneur 4 soupape). Ces échantillons étaient 

ensui te analysés du p o i n t  de vue granulometrique. 

Des perméabil i t h  é t a i e n t  déterminées à partir d'essais en 

bout  de tubage; des mesures de perméabilité plus globales 

étaient effectuées à partir des essais de pompage. 

Cette méthodologie est bien  adaptée au contex te  géolog ique 

decri t pl us haut et aux probl emes posés pour la concept i o n  des 

ouvrages.  Elle comporte cependant certains inconvénients: 

- les tarières a main lorsque e f f e c t u é e s  sous l a  nappe 

peuvent f a u s s e r  les résul tats de l a stratigraphie; 

- l e s  f o r a g e s  à l a  soupape peuvent masquer des intercalations 

sableuses ou 1 imoneuses dans 1 es horizons grave1 1 eux; 

- l e s  données de densi t e  pour  les matériaux s i  t ués  sous l a  

nappe ne son t  p a s  a c c e s s i b l e s .  

En c e  qu i  concerne la reconnaissance des horizons gravelleux, 

la comparaison entre les données de forage et e s s a i s  avec  les 
terrains rencontrés lors de 1 ' e x é c u t i o n  des f o u i  11 es de 

l'ouvrage de Gabcikavo tend à montrer que cec i  n'a eu que peu 

d'importance d ' a p r è s  (IGHP). Les essais de v i tesse  

d'écoulement üu mic romou l ine t  de type de ceux effectués dans 

les forages de la centrale d e  Gabcikovo permettent de mieux 

é v a l u e r  l 'importance de ces intercalations. 

En ce qui concerne la détermination de la densité des 

matériaux en pl a r e ,  des e s s a i s  au psnétromètre dynamique 

Borros ont été e f f e c t u é s  en 1981 afin de l ' é v a l u e r  d 'une  f a ç o n  

indirecte  la densité des maté r iaux  en place.  Ces données o n t  



posé des problèmes de c o r r é l a t i o n  stratigraphiqcie avec l e s  

sondages voisins; elles n'ont donc été utilisées qu'à titre de 

caractérisation des t e r r a i n s  v i s  a v i s  des problèmes de 

liquéfaction. Ce problème de corrélation peut être lié s o i t  

au premier point soulevé plus haut, s o i t  à une interprétation 

trop rigide des e s s a i s  de p é n é t r a t i o n  en terme de 

stratigraphie, 

, Les  données obtenues l o r s  des deux premières campagnes ont  été 

compilées sous forme de profils transversaux e t  1 ongi tudinaux 

qui  mettent en evidence u n e  assez grande variabil i t é  des 

caractéristiques de 1 a couche de s u r f a c e .  

Au s u j e t  de l'analyse des phénomènes d ' é r o s i o n  i n t e r n e s ,  on 

d o i t  noter l'étude importante effectuée p a r  IGHP sur les 

phénornknes de renard se développant lors de l a  c rue  d e  1965 

( f i g . 7 ) .  l e s  é t u d e s  en laboratoire ou i n  s i t u  d e s t i n é e s  a 

a n a l y s e r  l e  développement de ces phénomènes su i ven t  

d i f f é r e n t e s  conditions. Les r é s u l t a t s  variables obtenus 

deyraient toutefois p e r m e t t r e  de b i e n  a p p r é c i e r  1 e 

comportement des ouvrages lors de l a  mise en e a u .  l e s  e s s a i s  

de colmatage GEOXEST qui  sont les derniers  e f f e c t u e s  en  d a t e  

apportent également des renseignements p r é c i e u x  à e x p l o i t e r  

pour les études géotechniques. 

Digue de la retenue de Hrusov 

Conception 

Les ouvrages de l a  retenue de Hrusov s'étendent sur 25 km en 

r i v e  gauche, d u  km O au début d u  canal de dérivation au km 25 

où les t r a v a u x  de renforcement  du p r o j e t  de Gabcikova 

s'arritent. L'élévation de la crête des ouvrages e s t  définie 

a i n s i :  



- Ou Km O au Km 18 1  e n iveau  maximum du r é s e r v o i r  e s t  d é f i n i  

p a r  1  e n i  veau correspondant au d é b i t  maximum d'expl o i  t a t  i on 

de l a  c e n t r a l e  de Gabcikovo, car lors des crues l a  m i s e  en 

fonctionnement de l'ouvrage de D u n a k i l i t i  y ent ra îne  des 

n iveaux  infh-ieurs.  L ' é l é v a t i o n  de l a  crête e s t  d é f i n i e  

pour a s s u r e r  une p r o t e c t i o n  s u f f i s a n t e  v i s - à - v i s  des 

vagues. 

- En amont du Km 18 (qui  co r respond  approx imat ivement  au 

p o i n t  k i l o m é t r i q u e  1856 du l i t  du Danube a c t u e l )  l e s  

d igues  r e t i e n n e n t  l a  c r u e ;  ç%st-à-dire l e  n i v e a u  d 'eau  

lors des crues s ' é l e v e  au-dessus du n i v e a u  de 

l ' e x p l o i t a t i o n  des r e s e r v a i r s .  l ' é l é v a t i o n  de l a  s r ë t e  e s t  

d é f i n i e  p o u r  assu re r  une revanche de 1,5 rn v i s - a - v i s  de l a  

crue centenna le ,  0,50 rn v i s - à - v i s  de l a  c r u e  m i l l e n a l e  

(Hydroconsul  t )  . 

L a  concep t i on  d e s  digues en t e r r e  au n i v e a u  de l a  p r o t e c t i o n  

c o n t r e  l ' é r o s i o n  i n t e r n e  au s e i n  des f o n d a t i o n s  s u i t  l e  mërne 

p r i n c i p e  ( f i g . 9 )  q u i  consis te  a a s s u r e r  une F o n g u e u r  minimum 

d 'écou lement  d ' e n v i r o n  v i n g t  f a i s  l a  cha rge  d"âu a f i n  de 

l i m i t e r  l e s  g r a d i e n t s  dans l e s  grav i e r s  e t  d ' e l i m i n e r  les 

g r a d i e n t s  de sortie au p i e d  de l a  digue  q u i  furent  l a  cause 

p r i n c i p a l e  des r u p t u r e s  de d i g u e  l o r s  des c rues  p récéden tes .  

Ce d i s p o s i t i f  e s t  conséquent avec l a  d é c i s i o n  de se s e r v i r  du 

b a s s i n  de re tenue  comme zone de réal i m e n t a t i o n  de l a  nappe. 11 

comprend: un t a p i s  étanche à 1  'amont t e r m i n e  p a r  une c l e f  ou 

un éc ran  d ' é t a n c h i i t é  t r a v e r s a n t  1  es n iveaux s i  1 t e &  e t  

sableux de s u r f a c e  jusqu'au g r a v i e r ,  e t  un d r a i n  ouve r t  (ou 

c o n t r e - c a n a l )  i 1  ' ava l  de 5 m de p r o f o n d e u r  a t t e i g n a n t  l e  même 

n i v e a u  de g r a v i e r ,  complé té  p a r  des p u i t s  de décharge l o r s q u e  

1  a profondeur  du d r a i n  é t a i t  i n s u f f  i si lnte.  Des recha rges  

é t a n t  prévues en amont ou  en a v a l  l o rsque  nécessaire, l e s  

r e m b l a i s  ou l e s  t a p i s  amont o n t  é t é  conçus de façon  à 

s ' a d a p t e r  au n iveau de s o J l i c i t a t i o n  p revu  e t  i o p t i m i s e s  

l ' u t i l i s a t i o n  des m a t é r i a u x  : 



- du km O au km 5 ,  oh les charges d'eau peuvent atteindre de 

8 à 10 m, le corps de digue e s t  constitué de tout-venant 

graveleux étanché à l 'amont  par un parement bitumineux qu i  

const i tue  kgalement l e  t a p i s  étanche a 1 'amont. Pour pl us de 

sécurité, ce  tapis e s t  complété par un tapis en limon à 

l'amont sur toute l'étendue du canal. Dans les zones de 

terrains compressibles, une substitution partiel le des 
terrains accompagnée d'une préconsol idation a é t é  effectuee 
sous la p a r t i e  amont du remblais a f i n  de diminuer les 

tassements pouvant affecter 1 e parement en béton bi turnineux. 

- du km 5 au km 13, où les charges hydrauliques maximales 

passent  de 4 a 8 mètres, une coupe i d e n t i q u e  à ce1 le du 

tron~on précédent  était prévue et une modification a é té  

a p p o r t é e  durant la construction en vue d'optimiser 

l'utilisation des m a t é r i a u x  impermeables pour rencontrer la 

décision d'exécuter des t r a n c h é e s  d'infiltration a 

l'intérieur de la retenue. Cette modification a consiste a 

mettre en place un noyau argileux incliné sur le parement  

amont muni de f i l t r e s  en géotextile, une protection en 

dallots en bé tons  contre les  vagues reposant s u r  un coussin 

de granulaire enveloppé dans des géotextiles. l e  t a p i s  

étanche en amont est c o n s t i t u é  de m a t é r i a u x  a r g i l e u x  d'une 

épaisseur variable modulée s u i  v a n t  1 a n a t u r e  d u  tapis 

naturel constitue par les matériaux en place. 

- du km 13 au km 18, où la charge hydraulique e s t  de 1 'ordre 

de 4 mètres, les digues étaient construites suivant un 

p r i n c i p e  semblable, à I ' e x c e p t i o n  de 1 a protection con t re  

les vagues; une berme était constituée au-dessus du niveau 

du réservoir avec  une protection en gravier. 

- du km 18 au km 21, où les digues a v a i e n t  ét6 reconstruites 

des 1965 pour protéger les installations industrielles ( a  

l'aide d'une concep t ion  semblable a l'exception du filtre 



aval  qui avait é t é  constitué en sable), les travaux 

consistaient en un renforcement de la berme amont, une 

surélévation de la crête et le creusement de la tranchée de 

drainage a v a l .  

- du km ZI au km 25, l ' é l é v a t i o n  des terrains n 'a  pas 

nécessité le creusement de la t ranchée a v a l .  

Notons que le d r a i n  aval a été protégé par un géotextile, a u  

niveau des matériaux f i n s  de surface, puis recouvert d'une 

couche de g r a v i e r .  La fondation du remblai de gravier a é t é  

couverte cl' une couche de 1 imon compacté légèrement i ncl inée, 

un d r a i n  collecteur de pied  était prévu pour c o l l e c t e r  les 

e a u x  d'infiltration, Des regards situes au p i e d  aval 

p e r m e t t e n t  de suivre les écoulements et de mesures les d é b i t s .  

Ce système de surveillance e s t  complété par un imposant  

d i s p o s i t i f  de piézometres s i t u é  au niveau de la couche 

graveleuse de fonda t ion  s u i v a n t  un espacement de 100 m è t r e s  au 

pied ava l  et complé té  tous l e s  500 m e t r e s  p a r  

l ' i n s t r u m e n t a t i o n  de p r o f i l s  transverszux. C e s  piézornetres 

s o n t  d e  g r o s  diamètres et permettent l'installation de 

d i s p o s i t i f  de mesure automatique de nlveau d'eau, des 

prélèvements d'échantillons, des mesures de v i t e s s e  

d'écsulement. Les  drains aval permettent la mesure des débits 

et l'observation de la nature des eaux d'infiltration. Des 

seuils variables permettent de controler les niveaux dans les 

c o n t r e - c a n a u x  avec un espacement d'environ 3 km; ils 
pourraient en généra l  permettre de réduire les charges d ' e a u  

citées plus haut, de deux mêtres, en laissant remonter le 

niveau d 9 a a  dans l e s  dra ins .  

En rive droite, les ouvrages construits pour  le projet 

s'étendent du km O i la frontière hongroise (au km 13); ils 

sont  de conception semblable à celle de l a  rive gauche, a 
l ' e x c e p t i o n  de la protection de pentes du drain a v a l  a é t é  

c o n s t i t u é e  exclusivement en gravier  m a i s  avec une plus grande 



épaisseur. Notons qu'en amont, près de Petrzal k a ,  des écrans 

efl paroi moulée ont é t4  utilisés en r a i s o n  de la proximi te  du 

substratum étanche et de l 'espace disponible qui était 

insuffisant pour le creusement du contre-canal. 

La concept ion de ces ouvrages a été  optimisée a partir des 
calculs de déformation et de stabil i té cl assique pour vérifier 

les coefficients de sécurité normalement prévus pour ce type 

d'ouvrage. Une attention particulière a été apportée pour 

simuler 1 es conditions d'écoulement suivant di fferentes 

combinai sons de perméabi l i té e t  d'épaisseur pour une sér ie  de 

matériaux imperméables, suivis de sable 1 imoneux, p u i s  de 

graviers t r è s  permeabl es recouvrant une couche profonde de 

g r a v i e r s  m o i n s  perméables munis de coefficient d'anisotropie 

moyen. Les simulations ont cherché a vérifier s i  les 

g rad ien t s  l o c a u x  étaient dans  des limites a d m i s s i b l e s .  Les 

c a l c u l s  o n t  pris en compte les valeurs mesurées  en forage et 

cel l e s  provenant de relevés plus g l o b a u x  d 'écou lement ,  ce qui 

2 conduit à des valeurs de permeabil i té légèrement plus 

f a i b l e s  que les valeurs l e s  plus f o r t e s  mesurées par forages. 

Ces i-esultats ont été confrontés avec l ~ x p e r r i n c e  a c q u i s e  

dans les niveaux graveleux,  en particulier lors de la c r u e  de 

1965. Cette c r u e  a é t é  extremernent b i e n  documentée en ce qui 

concerne la fréquence des phénomènes de renard en fonction de  

;a d i s t a n c e  du pied de l a  digue alors  que des charges de 

l 'ordre de 2 métres p o u v a i e n t  ëtre appliquées (fig.7). Les 

v a r i a t i o n s  toujours poçsi bles de condi t i e n s  géologiques 

justifiaient l 'important systeme d'auscultation p r é v u  dans  1 a 

conception, qui sera en mesure de noter les a n o m a l i e s  de 

comportement. Lorsque le concept de tranchées d i infi 1 tration, 

situe a l'intérieur du réservoir, a été développé, des  
distances minimum de 200 a 509 mètres o n t  été respectées vis- 

a-vis de l'extrémité amont du t a p i s .  

De plus, en 1982, des vérifications de stabilité des digues 

sous la so11icitation de secousses sismiques o n t  été 



effectuées au n i v e a u  de la liquéfaction possible des sab les  

silteux. Ces calculs ont  été basfis sur des d e n s i t é s  relatives 

estimdes à partir des e s s a i s  de penGtrations dynamiques 

s u i v a n t  plusieurs méthodes, dont l a  méthode s i m p l i f i é e  de Seed 

et l d r i s s  qui  est la méthode généralement ut i l i sée  en Amérique 

d u  Nord pour ce  type de problème. À partir de ces calculs, 

1 'accélération maximale susceptible de provoquer ce t y p e  de 

phénomènes était éva luée .  Cette valeur lorsque comparée aux 

accélérations envisagées alors, à partir des intensités M. 5.C. 

(mëme en les majorant d'une unité) montrait que ces phénomènes 

n'étaient pas a craindre, comme l'indiquaient les données 

historiques. Les dernières valeurs d'accélération envisagées 

a p a r t i r  des intensités M.K.S. montrent que l ' o n  ne 

disposerait pas du degré de sécurité e n v i s a g é  comme indique 

plus hau t .  Notons qu'en raison de ce r t a ins  doutes lors de 

1 'interprétation des essais de pénétration dynamique des 

valeurs pessimistes de densi té ont été envisagées . 
3.3.2 Construction 

Les t r a v a u x  de construction ont été menés a partir de p l a n s  

a d a p t e s  à la conception envisagée,  en particulier pour la 

construction d u  t a p i s ,  conçu pour s 'adap te r  a des conditions 

de terrain assez variables. Un profil longitudinal était. 

établi a partir des résultats des campagnes de reconnaissance. 

Des prof i l s  transversaux étaient établis tous les 50 mètres 
affichant l e s  données de sondage obtenues lors des 

reconnaissances ainsi que 1 es é p a i s s e u r s  de t a p i s  rariabl es et 

t o u t  traitement p a r t i c u l i e r  des f o n d a t i o n s .  Ces p l  ans é t a i e n t  

accompagnés de spécifications t echn iques  qui faisaient appel 

aux normes standard e x i s t a n t e s  ou définissant de façon plus 

precise les travaux spéciaux lorsque r e q u i s .  tes cri teres  de 

fuseaux granulométriques et les paramètres de compactage y 

étaient s p é c i f i é s .  

Le contrale des t r a v a u x  était ef fec tue  de façon permanente par 

un représentant du concepteur . Lorsque des mod i f i  ca t i ons aux 



t r avaux  se présentaient, elles é t a i e n t  soumi ses au concepteur 

pour approbation. Le contrôle de la q u a l i t é  é t a i t  effectué 

par le laboratoire de 1 'entrepreneur pour les e s s a i s  de 

r o u t i n e .  De plus, un laboratoire du minis tère  de la 

Const ruc t ion  e f f e c t u a i t  le contrôle des essais  de 

1 'entrepreneur et les essa is  spéciaux prescrits par le maître- 

d'oeuvre. Ces e s s a i s  é t a i e n t  consignés dans des rapports 
établ i s suivant des fréquences plus élevées, présentant 1 es 

données sous forme de statistiques. Lors de la remise des 

lots de travaux, leur approbat ion e t a i t  soumise à 

1 'approbation de ce même 1 aboratoire. 

L'exécution des tranchées a v a l  et de t a  clef amont faisait 

l'objet d'une inspection. I l  n'est cependant pas clair si cela 

a permis un relevé précis des conditions de stratigraphie 

rencontrées. Pour 1 e contrôle du compactage, l a  def  inilion 

des spécifications é t a i t  p réc isée  en fonction de la nature des 

matériaux. Dans Fe cas du tout venant gravelleux, ce dern ie r  a 

f a i t  1 ' o b j e t  de planches  d ' e s s a i s  p r é a l a b l e s .  

En plus des repères de nivellement p l i c e s  régulièrement en 

crëte, des relevés de tassement systématiques o n t  é t é  

effectués dans l e s  zones de r e m b l a i s  les plus élevées entre 

les km O e t  5 à p a r t i r  de cellules de tassement hydraul  i q u e s  

qu i  é t a i e n t  doublées en t r o i s  points de la fondation. Bien 

que ces données n'aient pas été contrôlées par d'autres t y p e s  

de relevés comme des plaques de tassement ,  les résultats 

p a r a i s s e n t  cohérents avec 1 a progression des rembl a i s .  1 l s 
montrent des tassements v a r i a n t  entre 5 et 30 cm, qui se 

développaient relativement rapidement et etaient s t a b i  l i sés 

1 ors de 1 a m i s e  en place du parement bitumineux. 

3.3.3 Auscultation et inspection lors de la m i s e  en eau et 

exploitation 

Le consul tant (Hydroconsu? t) est en train de final iser 1 e 

programme de suivi lors de la mise en eau et de l'exploitation 



p o u r  l e  bureau t e c h n i q u e  (TBD) chargé d'effectuer ce s u i v i  

pour l e  compte du m a î t r e  d'ouvrage {Podov ie  Ounaja). 

11 est prévu,en p a r t i c u l i e r ,  de f a i r e  un s u i v i  des piezométres 

s u r  une p é r i o d e  d'un an avant l a  mise en eau, Aucun r a p p o r t  

permettant de j u g e r  des mesures effectuées sur ces p i  ézometres 

m i s  en place en 1989 n'avait encore été produ i t .  B i e n  qu'un 

systime automat ique de mesure de p iézomet res  s o i t  p révu ,  il ne 

d e v r a i t  pas  être mis en place lors de la mise en eau.  11 e s t  

également prévu d'entrer les données recueillies d a n s  une base 

de données i n f o r m a t i q u e s .  

L o r s  des d i s c u s s i o n s  il a é t é  permis  de juger que 1 ' i n s p e c t i o n  

v i  sue1 l e  é t a i t  considérée a u s s i  importante que l e s  données 
I 

d'a'uscul t a t i o n .  

En cas d ' u r g e n c e ,  des s t o c k s  de g r a v i e r  e t  d e s  sacs de s a b l e  

son t  p r é v u s  pou r  se  pro téger  c o n t r e  des m a n i f e s t a t i o n s  

d ' é r o s i o n  apparaissant a u  p i e d  aval des digues. En cas 

d ' a f f a i s s e m e n t  en amont, il e s t  e n v i s a g e  d ' a v o i r  r e c o u r s  à des 

m a t é r i a u x  de type scories. 

Notons que le concep teu r  se fait du souci 1 1 'effet que s i  les 

travaux r e t a r d e n t  t r o p ,  ce r e t a r d  peut  e n t r a î n e r  des  e f f e t s  

n é f a s t e s  a l a  v é g é t a t i o n  s u r  l a  p a r t i e  submergée. 

Canal d'amenée 

Conception 

A f i n  d ' a s s u r e r  une meilleure s é c u r i t é  vis-à-vis des phénomènes 

d ' é r o s i o n  interne, la c o n c e p t i o n  d u  c a n a l  d'amenée qui d o i t  

s u b i r  des charges d 'eau compr ises  e n t r e  10 e t  15 m, au-dessus 

du fond du c a n a ? ,  repose su r  une étanchéi  te complète ( f i g  . 8) .  

Le c o r p s  du remblai était c o n s t i t u é  de s a b l e  et g r a v i e r  

étanché a l'amont par un parement de béton bitumineux et l e  



fond du c a n a l ,  quant à l u i ,  é t a i t  é tanché à l ' a i d e  d'une 

géomembrane. 

Le béton bitumineux é t a i t  prévu en deux couches p l a c é e s  

su ivan t  des d i r e c t i o n s  perpendiculaires, une premiere couche 

de b é t o n  poreux p u i s  une deuxième couche de b é t o n  étanche. La 

membrane de 0,6 mm é t a i t  p l a c é e  su r  un fond décape p u i s  

compacte, r e c o u v e r t  d 'une couche de 1 imon compacté p u i s  d'un 

g rave  c iment  t ype  roadmix e t  d 'une couche de g r a v i e r  

s é l e c t i o n n é  pour 1  i m i t e r  l e s  e f f e t s  du courant  ou des ancrages 

de n a v i r e s .  Des déta i l s  é t a i e n t  p révus  pour l e s  raccordements  

des deux t ypes  d ' é t a n c h é i t é ,  p renan t  en compte l a  présence de 

l a  r o u t e  de c o n z t r u c t i o n .  L a  j o n c t i o n  du t a p i s  avec l a  

s t r u c t u r e  de l a  c e n t r a l e  i n c l u t  des d é t a i l s  p e r m e t t a n t  l e s  

a jus temen ts  aux t a s s e m e n t s  d i f f é r e n t i e l s  : j o i n t s  d ' é t anché i t é  

noyés dans un béton b i tumineux p l a s t i q u e .  t.lotons que ces  

t y p e s  d 'é tanché i  t e  avec des m a t e r i  aux a r t i  f i c i  e l  s on t  d é j à  é t é  

u t i  1  l sés depu i s  p l u s i e u r s  années s u r  d ' a u t r e s  ouvrages en 

Tchéco-$1 ovaqu i  e, apparemment avec succès.  

P o u r  é v i t e r  l e s  tassements d i f f ë r e n t i e l s  sous l e  corps du 

remblais il é t a i t  p révu  une e x c a v a t i o n  t o t a l e  des terrains 

compressibles. Ceci e n t r a i n a n t  des e x c a v a t i o n s  sous l ' e a u ,  

l e s  m a t é r i a u x  de s u b s t i t u t  i o n  grave1 1  eux d e v a i e n t  ê t r e  

d e n s i f i é s  p a r  compactage dynamique, s u i t e  a des e s s a i s  

c o m p a r a t i f s  a v e c ' l a  v i  b r o f l o t t a t i o n .  

Les c a l c u l s  é t a i e n t  e f f e c t u é s  pour v e r i f i e r  l a  s t a b i l i t é  des 

r e m b l a i s ,  p r e n a n t  en compte des écoulements 1 i é s  à une f u i  t e  

é v e n t u e l  1 e .  Les c a l c u l s  de tassemen t  e f f e c t u é s  e n v i s a g e a i e n t  

l e s  tassements  sous l e  poids des remblais e t  l e  p o i d s  de l'eau 

a g i s s a n t  s u r  l a  membrane étanche.  

Les c a l c u l s  dynamiques (s i rnu l  a n t  l ' e f f e t  des s é i s m e s ) ,  du  méme 

type que ceux e f f e c t u é s  précédemment, o n t  montre une p l u s  

grande s é c u r i t é  sous l e  r e m b l a i  lui-même du f a i t  de  



1 "augmentation des contraintes ef fec t ives .  Oe pl us,  des 

calculs de déformation ont é t é  effectués p a r  des méthodes,. de 

type Newark et ont  montré que même pour des séismes très 
élevés, les  déformations étaient admissibles.  

Comme pour l e s  ouvrages de 1 a retenue Hrusov u n e  auscultation 
importante e s t  prévue a partir de piézomètres; les fossés  a v a l  

n'étant pas requi ç pour  l e  drainage ( 1  'étanchéité étant 

totale), ils permettent néanmoins le s u i v i  d u  comportement des 

ouvrages, Oe plus, des mesures de déformation par chariot 

inclinornétriques étaient prévues s u r  l e  paremint .amont; des 

r e l e v é s  de mouvement de crêtes et d u  fond  du^ canal étaient 

p révus  par al t imetrie. 

3 . 4 . 2  Construction 

Pour le traitement des zones compressibles, il est apparu 

préférable lors des t r a v a u x ,  d e  f a i r e  une excavation t o t a l e  

des materi aux (incluant les sables) jusqu'au gravier sous 

t o u t e  l'emprise de l a  digue. Le contrôle d u  compactage était 

e f f e c t u é  à l'aide du pénétromètre dynamique sur l a  base de 

critères de rési stances à 1 'enfoncement, défi ni s p a r  

corrélation avec les d e n s i t é s  en  p lace a partir de remblais 

d ' e s s a i .  Ces compilations prennent en compte l'effet de la 

nappe. Il semble que des résultats satisfaisants ont é t e  
obtenus à part quelques fines couches où avait pu se d é p o s e r  

quelques matériaux si l teux sous 1 ' e f f e t  de 1 a ségrégation. 

Les quelques résultats qui n o u s  ont é t é  présentes p o u r  des 

substitutions de faible épaisseur montrent qu'une rés i  s tance  

équivalente à celle des terrains en place é t a i t  obtenue. L e s  

mesures de tassement e f f e c t u é e s  conf i  m e n t  1 'efficacité d u  

t r a i t e m e n t :  l e s  valeurs obtenues, s i t u é e s  entre 2 e t  5 cm, 

sont beaucoup plus f a i b l e s  ,que celles obtenues sous les 
r e m b l a i s  moins é l e v é s  de la retenue Hrusov. 

Pour v é r i f i e r  les critères de cpnception, les éliments 

d'étanchéité é t a i e n t  control és s u i v a n t  des méthodes adaptées 



( r é c e p t i o n  des matéri aux par essais en laboratoire, 

vérification des j o i n t s  in si tu . .  .etc.). 

3 . 4 . 3  S u i v i  de comportement lors de la mise en eau et de l'exploitation 

Un programme d'auscultation et d'inspection s i m i  l a i  r e  a ce1 ui 

proposé pour le réservoir Hrusov  est en cours d'élaboration. 

Notons que 1 'aval de la c e n t r a l e  a également é t é  instrumente à 

1 'aide de nombreux p i e z o m & t r e s .  La centrale el 1 e-rnème fondée 

sur Les alluvions fait l'objet d 'une  i n s t r u m e n t a t i o n  

importante. 

Le programme de m i s e  en eau prévoit une mise en eau du 

réservoir H r u s o v  jurqu'à l'élévation 1 2 7  mèt res ,  d ' o c t o b r e  a 

décembre, l o r s  de l a  f e rme tu re  du D a n u b e  ( q u i  e s t  du ressor t  

de la partie hongroise). Le remplissage p r o g r e s s i f  d u  cana l  

e s t  p r é v u  de décembre a j a n v i e r  jusqu'au n i v e a u  1 2 2  m è t r e s ,  

p u i s  de janvier à mars jusqu'au niveau 128 mètres. L a  

première p é r i o d e  d o i t  servir i rempl ir le sana7 d'amenée à 

partir d'un s y s t è m e  de pompage, une protection partielle a 

l ' e n t r é e  permettant de vidanger le c a n a l  1 tout moment. Le 

remplissage final de 1 'ensemble se f a i t  de m a r s  a a v r i l  avant 

1 'arrivée des c r u e s .  

Le seuil de 1 'ouvrage de Ounakil i t i  se trouvent au n i v e a u  du 

lit actuel du Danube. II est donc possible de vidanger  

1 'ensemble a tout moment. 

S i  les déla is  a v a n t  la mise en eau s o n t  prolongés, des 

problémes pourraient surg i r  sous 1 ' a c t i o n  des animaux e t  des 

p l a n t e s  su r  l a  membrane; auss i  e s t  i l  actwelfement envisagé de 

r e m p l i r  partiellement le canal  a f i n  de limiter les effets 

n é f a s t e s .  



3 . 5 .  Canal de f u i t e  . 

Le canal de fujte, qui  correspond à une excavation d'une 

quinzaine de mètres de profondeur, sera soumis a des 

fluctuations rapides de niveau d%ea d'environ 5 métres lors 

de l'exploitation en énergie de p o i n t e .  Les pentes de ce 

canal ont été dimensionnees pour tenir compte de ces 

phénornénes de vidange rapide. Oans la zone de marnage, ces 

pentes  sont protégées p a r  un filtre d e  type Binet [mail le fine 

de l ' o r d r e  de 5 mm et maille g r o s s i è r e  de quelques 

centimetres) recouvert de gravier. Des réseaux d'écoulement 

ont été établis pour tenir compte de la vidange rap ide  en 

prenant en considération l'effet du d r a i n a g e  du gravier sur 

les couches si1 to-sableuses de sur face ,  ce qui c o n s t i t u e  des 

hypothéses réalistes dans la mesure où ces couches ne s o n t  pas  

t r o p  @ p a i s s e s .  

Oans c e r t a i n s  c a s  où ces  couches s o n t  plus épaisses, des 

instabilités l o c a l e s  peuvent  ëventuel lement e x i s t e r .  C ' e s t  

pour ces  raisons que les levées de retenue ont é t é  pl a c e e s  a 

une d i s t a n c e  raisonnable p o u r  limiter l ' e f f e t  d'une rupture 

é v e n t u e l l e .  De plus, l ' o n  a envisage une m i s e  en o p é r a t i o n  

progressive a f i n  de p e r m e t t r e  une certaine s t a b i l  isation des 

pentes. 

La réalisation du creusement du cana l  de f u i t e  a été e f f e c t u e e  

s a n s  prob lèmes  m a j e u r s ,  seul  ement que lques ruptures l oca l e s  

ont nécessite des r e c h a r g e s  en matériaux gravelleux. 

3.6 Digues existantes 

S u i t e  a la crue de 1965, les digues e x i s t a n t e s  situées entre 

les ouvrages de Dunakiliti et le canal de f u i t e  on t  fait 

l'objet de renforcements: relèvement de la c r e t e ,  endiguement 

du p i e d  aval pour diminuer l e s  g rad ien ts  de sortie des 

ecoule~cnts e t  canaux de dra inage.  



Pa mise en exploitation du pro j e t  de Gabcikovo entraînera par 

rappor t  à l'état naturel une réduction des n i v e a u x  d'eau 

d'environ 1 métre lors des crues centennales. Ceci impl ique 

une amélioration des condit ions de s t a b i l i t é  par un facteur de 
1 , 5  indépendemment des renforcements c i t é s  plus h a u t .  La 
partie des crues exceptionnel 1 es (du type déci  - m i  11 ennal e)  

véhiculees p a r  le 1 it existant du Danube i m p l  iqueral t alors 

des conditions moins d é f a v o r a b l e s  que celles connues lo rs  de 

l a  c rue  de 1965. 11 y aura lieu de s'assurer que les 

endiguements env isagés pour le relevernent des  eaux lors de 

l 'assèchement ne diminuent pas  sensiblement le degré de  

s é c u r i t é ,  en particulier dans les zones protégeant les 

v i l l a g e s  situés e n t r e  les levées et le canal de dérivation. 

Lors  des t r a v a u x  d'exécution de la centrale de Fabcikovo u n  

d i s p o s i t i f  de drainage par p u i t s  de reliche a é t é  installe au 

p i e d  des levées voisines et a montre son efficacité à la 

période des c r u e s .  
O 

3.7 Opinion 

La revue des  infrastructures de re tenue  présentée plus haut ,  permet 

de cons ta te r  qu'à l'état ac tue l  l e  pro je t  de Gabcikava o f f r e  d é j a  

une p r o t e c t i o n  accrue contre les crues. En exploitation, bien que ces 

ouvrages  a i e n t  é t é  conçus pour la crue millénale, la r evanche  prévue 
devrait permettre, moyennant certaines veri f icat ions ou a j u s t e m e n t s  

mineurs,  de se p ro téger  des crues plus élevées de l'ordre du 
d é c i m i  1 1 énal e en accord avec 1 e di mensionnemen t des ouvrages 
hydraul i q u e s .  La protection cont re  1 es crues except ionel les  e s t  a i n s i  

en accord avec l e s  régles généralement u t i l i s é e s  pour des 
évacuateurs de crue. Le p r o j e t  assurera donc un niveau de 

protection nettement amél ioré v i s - à - v i s  de 1 a période avant 1965, 

niveau que 1 'on devra s'efforcer de conserver  lors des modifications 

éventuelles, en particulier lors de l'aménagement de 1 'ancien 1 i t du 

Danube e n v i s a g e  dans les travaux de mitjgation. 



Les principes de conception des ouvrages ont p r i s  en compte la 

complex i té  de fonctionnement du p r o j e t  e t  les di f f i c i l e s  conditions 
de fonda t ion  des ouvrages de retenue. Leur appl i c a t i  on a nécessité 

une optimisation très poussée entre l'économie du p r o j e t  e t  la 

sécurité d e s  ouvrages, particul ièrernent en ce qu i  a trait à la 
suscepti bil i té à 1 'érosion interne des fondations alluvionnaires. 

Ainsi, 1 orsque 1 es charges hydraul iques dépassaient des val eurs de 
1 ' o rdre  de 8 a 10 métres, on a cherché a assurer une etanchéi té 

complète du fond de la retenue. Pour des têtes d 'eau  inférieures, on 

a pris des mesures importantes pour limiter les gradients 

d'écoulement qui s o n t  la cause première des phenoménes d'érosion 

i n t e r n e .  Ces mesures, appl iquées suite à une analyse  approfondie de 

ces  phenornéne: d a n s  les  ç o n d i  t i o n s  du s i  t e ,  s o n t  accompagnées de/ 

f acon  cohérente d ' u n  dispositif d'auscultation important adapte à un 

o u v r a g e  de grande longueur, où i 1 e x i s t e  toujours une p o s s i  bi l i té de 

rencontrer  1 oca l  ement  une conjuguaison de conditions défavorables. 

Les  données p r é s e n t é e s  t e l  1 es que décri tes plus hau t  ind iquen t  que 

les réparations é v e n t u e l l e s  seront d'ampleur l i m i t é e  et d e v r a i e n t  

a v o l r  peu d ' i m p a c t  sur  l e  p r o j e t .  

Les  plans et d e v i s  , l e u r  application et le con t ro l e  de qua1 ite 

correspondent en général a u x  standards appliques pour ce  type 

d'ouvrages. 

Le remplissage contrôlé et la possibil ite de vidange totale des 
o u v r a g e s ,  fou rn issen t  le degré de sécurité requis, à travers les 
possibil i t e s  de réparations que l 'on p o u r r a  toujours effectuer a 

temps en raison de l'auscultation prévue. Notons qu'il s'agit d'une 

p r é c a u t i o n  normale dans le cas de fondat ions difficiles en 

l'absence de coupure totale ou lorsque l'on a recours à des 

matériaux synthétiques de f a i b l e  épa isseur  p l u s  vulnérables que des 
matéri aux naturels aux défauts d 'exécu t ion  ou au v i e i  11 issement.  

Pour la surveillance lors de la mise en eau, les moyens necessaires 

necessa i res au suivi du comportement sont prévus  p o u r  p a l ?  i e r  aux 



défau ts  éventuels; des équipes expérimentées sont  disponibles pour 

les mettre en oeuvre dans des conditions q u i  ne devraient pas poser 

de probl emes majeurs vu les  d i s p o s i t i f s  adoptés. 

Par r a p p o r t  à l ' a u t o m a t i s a t i o n  et à l'informatisation des données, 

rappelons qu'il e s t  nécessaire de  décider très tot si l ' o n  désire 
les utiliser pour la courte p é r i o d e  de mise en eau  prévue. S i  l ' o n  

décidait d'y avoir recours, ce q u i  est possible, on doit se rappeler 

que  la mise au p o i n t  d'un t e l  sys tème n é c e s s i t e  un engagement 

important e n  temps et en argent. Un tel t r a v a i l  ne devrait, e n  

' e f f e t ,  en aucun cas  d i s s i p e r  les e f f o r t s  nécessaires pour assurer 

l ' i n s p e c t i o n  visuelle des ouvrages et l ' ana lyse  des données 

instrumentales. 

3.8 Recommandations 

Les commentaires présentés c i - d e s s o u s  , s u r  certains points, 

correspondent  a des d i s c u s s i o n s  courantes aans le c y c l e  normal d e  

r e v u e  de la conception a v a n t  la m i r e  en eau des  o u v r a g e s .  Cette 

revue e s t  particulierernent importante pou r  de tels projets où i l  

s'écoule un délai important en t re  les t i -avaux d e  reconna issance  et 

la m i s e  en eau.  On présente les p o i n t s  sur l esque ls  i l  nous p a r a i t  

nécessaire  de clarifier le d o s s i e r  de synthèse actuellement en cours 
d e  préparation pour  assurer un bon suivi des ouvrages et @galement 

pou t  v é r i f i e r  l e u r  sécur i t é  . 

3.8.1 Tenue des ouvrages  aux séismes 

Nous avons vu q u ' i l  é t a i t  nécessaire d e  revoir  l ' é v a l u a t i o n  du 

potentiel de 1 iquéfact i on des t e r r a i n s  de fondation. Ceci devrait 

ê t re  f a i t  à deux niveaux différents, soit: 

- P a r  la mise a jour des données de séismiçi te ayant servi a l a  

conception, Ceci  devrait porter sur la mise a j o u r  des catalogues 

de sé isme voisins pour la période de 1975 1 1990,11établissement 



de cartes associant épicentres et magnitude, Fa mise à jour des 

données tectoniques (incluant la néotectonique) en particulier à 

p a r t i r  des  données de télédetection (images satel l i t e s  ,photo 

aér iennes) .  Bien que ce type d'études s o i t  en général 'effectué 

pour des ouvrages de type  des centrales nucl &aires et qu'el les 

n'apportent pas toujours 1 es écl ai rci ssements recherchés , el 1 es 

nous parai ssent s o u h a i t a b l  es dans l e  contexte  de securi té 

recherché. El 1 e s  devraient permettre de compléter ce dossier avec 

les données d u  type de cel les  utilisées pour les analyses de 

1 iquéfaction qu i  font appel  aux corrélations rnagni t u d e s  e t  

distances aux épicentres. On gardera t o u j o u r s  en t ê t e  l e s  données 

d ' i n t e n s i t é  qu i  constituent, lo r sque  d i s p o n i b l e s  comme c'est 1 e 
c a s ,  les meilleurs éléments de jugement dans un contexte de 

f a i b l e  moyenne s é i  s m i c i t é .  

- Par la revue des évaluations des densités de matériaux 

susceptibles de 1 iquéfaction (sables si1 teux) : 

A partir des données existantes, i l  d e v r a i t  ê t r e  possible de 

procéde r  1 une m e i  1 l eure corrél a t i a n  des données de pénétration 

dynamique avec les données de s t r a t i g r a p h i e  obtenues lors des 

reçonnai s s a n c e s  géolog iques .  

Cec i  peut e t r e  effectué p a r  superposition des résul ta ts  de ces 

essais aux profil s 1 ongi tudinaux ou transversaux d é j a  établ i s  

pour le projet et devrait d'ailleurs s'inscrire dans la synthése 

des données recomrnandee pl us loin. 

S i  l ' o n  ne d i s p o s a i t  pas à 1 ' i s sue  de ce  travail d'une confiance 

suffisante dans la corrélatiori entre la résistance et la nature 

des  matériaux,on p o u r r a i t  procéder à des reeonnai ssanees de type 

"Standard Penetration Test" (qu i  permettent la corrélation 

directe des valeurs de résistance à la pénétration a 

l léchant i 1 lon récupéré), ou mieux,  de type pénétromètre statique 

(qui permet une description p l u s  fine de la stratigraphie) au 

voi s i  nage de f o r a g e s  exécu tés  précédemment. 



v-, 

t e s  quelques données qu i  ont é t é  présentées font  présumer qu'une 

telle revue ne devrait  pas  modifier les conclusions de la 

conception.Advenant qu'il n 'en  soit pas a i n s i ,  les conséquences en 

seront faibles pour le p r o j e t  peur les raisons suivantes:  

- Les i n t e n s i t é s  les plus  f o r t e s  se situent dans la zone du canal 

de f u i t e  ou b i e n  près de B r a t i s l a v a  où les ouvrages sont d u  type 

des levées contre ' la crue. Donc les probabilités d 'avo i r  une 

s i  mu1 tanéi té de crue et de s é i  sme excep t ionne l  s s o n t  pratiquement 

nulles. 

- L e s  digues les- pl.us élevées bordant le canal dhmeeee  sont à 

l'abri de tout risque du f a i t  de la substitution des m a t é r i a u x  

liquéfiables. 

- Les  parties les p l u s  faibles des  ouvrages v i s - à - v i s  des r i s q u e s  

de liquéfaction sont constituées par le p i e d  aval des ouv rages  et 

sur tout  p a r  les pentes des canaux de dra inage ,  car  i l s  s e n t  

soumis à de faibles contraintes e f f e c t i v e s .  

Un renforcement é v e n t u e l  p o u r r a i t  être d e f  i n i  s i  necessai re s u r  

la base de l'amplitude des t a s s e m e n t s  à envisager e t  d 'une 

stabilisation des m a t é r i a u x  1 i q u é f i e s  suivant l a  méthodologie 

présentée dans l'article de H.B. SEED intitulé "Design Problems 

i n  Soi1 Liquefaction" p u b l i e ' p a r  1 ' A S C E  en août 1987. S i  requis, 

ce  renforcement devrait être faci 1 ement exécuté a 1 ' a i d e  des 

rnatéri aux gravelleux qui seront disponibles en abondance 1 e r s  du 

draguage de la retenue. 

3.8.2 Surveillance des ouvrages lors de l a  m i s e  en eau 

I l  e s t  important de mettre i la disposition des équipes chargées d e  

1 a surve i 1 1  ance un document de synthése des données géotechniques . 
Un tel dossier e s t  actuellement en cours de préparation, m a i s  i l  

n ' e s t  j a m a i s  i n u t i l e  de r a p p e l e r  la nécessite d'un tel travail 

surtout pour un projet s'étendant sur une longue durée impliquant 



des équipes de surveillance diffkrentes de celles impliquées lors de 

la conception ou lors de l a  construction. 

Ce travail devrait comprendre à notre av is :  

- Une analyse des photos aériennes exlstantes a v a n t  les t r a v a u x ,  si 

disponibles , ou a défaut ,  aprés  exécution de nouveaux relevés 

q u i  seront de toutes façon u t i l e s  pour d'autres disciplines. 

Une telle pho to  interprétation pe rme t  souvent a t r a v e r s  une 

vision plus globale de fournir des  guides  i n t é r e s s a n t s  pour une 

mei 11 eure corrélat ion entre 1 es données ponctuel 1 e s  de forages .  

- Une m i s e  à jour des  profils long1 tudinaux et t r ansve rsaux  établis 

a l ' i s s u e  des reconnaissances a partir des données de 

c o n s t r u c t i o n  (informations fourni es par 1 'excavation des drains 

ava l  ou des c l e f s  amont,disposition des ouvrages  tels 

qu'exécutes.. . ) e t  des données obtenues 1 ors de la m i  s e  en p l a c e  

du reçeau d 'a 'uscul tati on, qui pourraient, par exernpl e, aider i 
compléter l e s  l o g s  de perméabilité. 

- Une revue synthétique des éléments de conception des d i g u e s ,  e n  

s'assurant d'y intégrer les d i s p o s i t i f s  des ouvrages de génie 

c i v i l  qui, en règle générale, peuvent constituer des zones de 

faiblesse et de plus, dans le présent cas, o n t  souvent  été f a i t s  

p a r  d'autres organismes ( d 2  la partie hongroise du p r o j e t ) .  

Cette revue cherchera définir des classes d e  surveillance 

propres aux différents tronçons de d igue ,  en f a i san t  ressortir 

1 es comportements défavorables, On ne devrait pas sous-estimer 1 a 

surveillance du t a p i s  amont des ouvrages qui  dans certains cas 

pourra être fortement sol 1 i c i  t é ,  nécess i  tant en cas de 

comportement defavorable le recours à un écran étanche de type  

p a r o i  mou1 ée. 

Une tel 1 e documentation devrai t  viser a permettre une interprétation 
r a p i d e  du comportement observé l o r s  de la m i s e  en eau, cec i  étant 



particul ièrement important pour 1 es digues de retenue du bassin 

Hrusov. Advenant un problème éventuel , i 1 sera nécessaire d'éval uer  

immédiatement les solutions les mieux adaptées sous l a  forme l a  p l u s  

d é f i n i t i v e  possible e t  d'apprécier p a r  voie de corrélation les zones 

sensibles oh l e  mëme type de comportement pourra étre rencontré. 

En t e r m i n a n t  rappelons que les délais encourus par le projet sont 

préoccupants et ne sont  pas favorables  du p o i n t  de vue d e  l a  

sécur i  M des  ouvrages: 

Le m a i n t i e n  pro1 ongé hors de 1 'eau des parties conçues pour un 

fonctionnement submergé risque d'en diminuer la durée de v i e  et 

d'augmenter les r i s q u e s  de d6gradation.Dans ce sens, une m i s e  en 

eau anticipée du cana l  d'amenée p a r a i t  une d i s p o s i t i o n  a 

considérer f o r t e m e n t ,  

La  mise en  eau des ouv rages  doit faire l'objet d'une c o n c e r t a t i o n  

importante avec l a  p a r t i e  hongroise  e t  devrait ë t r e  c o n d u i t e  d e  

façon à é v i t e r  t a u t e  opéra t ion  précipitée.Le d é l a i  d ' u n  an 

d i s p o n i b l e  a v a n t  l a  mise en e a u  prévue au  p l u s  t 8 t  i u  cours de 

l'hiver 1991-1992,  d e v r a i t  ë t r e  m i s  i p r o f i t  pour  s u i v r e  l e  

passage de l a  prochaine c r u e  e t  p r é p a r e r  l e s  d o s s i e r s ,  t e l  que 

recommandé p l u s  haut.  



ANALYSE DES É ~ E S  ENVIRONNEMENTALES 
CONCERNANT LE MUEU NATUREL ET 

LEMlLIE'fJH-uMArN 



4 .  Analyse des études envi ronnemental es concernant '1 e mi 1 i eu naturel 

e t  l e  milieu humain 

4 . 1  I n t r o d u c t i o n  

4 . 1 . 1  Rappel du  mandat 

En ce  q u i  concerne l e s  é tudes  e n v i  ronnemental  es q u i  ont  é t é  r é a l  i sees  

p o u r  l e  p r o j e t  Gabci kovo-Nagymaros, l e s  o b j e c t i f s  poursu iv i s  v i s a i e n t  a 

por ter  une o p i n i o n  sur l a  connaissance du m i l i e u ,  l ' i d e n t i f i c a t i o n  des  

sources  d'impacts, l ' é v a l u a t i o n  des impac ts ,  e t  l e s  mesures proposées .  

De p l u s ,  de r  recommandations deva ien t  ê t re  émises  s u r  l e s  mesures à 

p rend re  pour  l e s  impacts non c o n s i d é r é s  dans l e s  études e x i s t a n t e s .  

4 . 1 . 2  t- léthade de t r a v a i l  - 

L ' a n a l y s e  e f f e c t u é e  e t  l e s  o p i n i o n s  é m i s e s  sont basées  su r  l e s  rnéthsdes 

d ' é tudes  d ' i m p a c t s  pour  l e s  p r o j e t s  de c e n t r a l e s  u t i l  i s e e s  au  Quebec, 

Canada e t  dans l a  cornmunautk i n t e r n a t i o n a l e .  Le p r é s e n t  r a p p o r t  e s t  l e  

r é s u l t a t  de l a  c o n s u l t a t i o n  de documents synthèses  e t  des e n t r e v u e s  de 

personnes ressources r e n c o n t r é e s  sur p l a c e  e t  s u r  l a  t r a d u c t i o n  de  

quelques t e x t e s .  

Compte t e n u  du nombre de doss iers  e x i s t a n t $ ,  du maiique de t r a d u c t i o n s  

é c r i t e s  f r a n ç a i s e s  ou a n g l a i s e s  e t  de l a  d i f f i c u l t é ,  dans les d é l a i s  

imposés par 1  a m iss ion ,  de r e n c o n t r e r  p l u s i e u r s  speci  a l  i stes en 

env i ronnement ,  il s ' e s t  a v é r é  i m p o s s i b l e  d ' a c q u é r i r  une conna issance 

d é t a i l  l i e  des t r a v a u x  dé jà  réal i sés s u r  l e s  mu1 t i p l  es aspects des 

m i l i e u x  humains e t  b i o p h y s i q u e s .  Les e f f o r t s  ont  donc p o r t é  sur l a  

connaissance g l o b a l e  du p r o j e t  e t  sur une vue d'ensemble du m i l i e u  

env i ronnant  e t  de s a  p r o b l é m a t i q u e .  
I 



4 . 2  Description sommaire du mil ieu 

En sus de ce  qui a été dit en détail p l u s  haut, concernant le milieu 

naturel, i l  f a u t  ajouter que ce m i l i e u  traverse par le Danube e s t  mixte 

e t  para-urbain. On y p ra t i que  l'agriculture de f a ~ o n  i n t e n s i v e  de même 

que 1 'exploitation forestière. La région comprise e n t r e  l e  Danube 

(Duna j ) ,  le Petit Danube (Maly Dunaj) e t  le Vah se dénomme "Ile de Blé" 

( Z i t n y  Ostrov) , e t  on considère ses sols  à l'échelle nationale comme 

é t a n t  les plus fertiles pour  des f i n s  agricoles. 

Bien que l'urbanisation ne  soit extensive qu'à Bratislava, on retrouve 

une quinzaine de villes et villages dans la portion tchécoslovaque des 

rives du Danube, pour une p o p u l a t i o n  de plus d'un demi-million 

d'habitants, en incluant la ville de Bratislava. 

L e  f l e u v e  Oanube et s e s  rives, majoritairement c o l o n i s é e s  p a r  la f o r é t  

a l l u v i a l e ,  sont  également utiliser pour la pêche et l a  chasse. L a  zone 

des méandres e s t  particul i èrement reconnue pour sa r i c h e s s e  et sa 

diversité en  te rmes  végé ta l  et faunique; c e t t e  zone reve t  de plus un 

caractère d'unicité et de ra re té  au  p lan  biologique, non seulement cn 

~ c h e c o - 5 1  ovaqui e, mais dans  t o u t e  1 'Europe. 

Pour fins de nav iga t ion  internationale, un chenal dragué a é t é  aménage 

sur l e  Danube dans la région du projet. t e s  t r a i n s  de péniches  y 

transportent des  volumes i m p o r t a n t s  de cargo annuellement. 

4 . 3  Études e x i s t a n t e s  

4 . 3 . !  Historique des études 

En 1975, le groupe URBION (Institut d'urbanisme et d'aménagement du 

territoire de Brati sl a v a l  et 1 'Académie Slovaque des Sciences se 

v o y a i e n t  c o n f i e r  le mandat d'analyser le projet Gabcikovo-Nagymaros du 

point de vue environnement a l  . 



A cette époque, la conception t echn ique  était dé jà  finalisée. Leç 

t r a v a u x  de déboisement commencèrent en 1976, a l o r s  que 1 'étude 

d'environnement visait l a  description e t  1 ' ana l yse  de la situation, de 

+même que l ' é l abo ra t i on  de propositions v i s a n t  a éliminer les impacts. 

11 y a donc eu essentiellement deux é t u d e s  consécut ives dénommées 

"Bioprojet". En 1975, on a réalisé l a  définition d'un territoire 

d'influence du p r o j e t  (zone d 'é tude ) ,  de même que les i n v e n t a i r e s  du 

milieu biophysique. On y trouve également une analyse de 

l 'exploitation des ressources au p l a n  économique. En 1976, une brève  

ana lyse  des impacts ainsi que des propasi tions o n t  é t é  fournies. 

Le débu t  de l a  construction de l'ouvrage remonte à 1978, suite au 

déboisement du réservoir. 

Ent re  1976 et 1986, Hydroconsul  t était mandate pour intégrer l e s  

propositions fournies p a r  URBIOEI et l'Académie. des  Sc iences .  Plus 

d'une trentaine d'organismes ont a u s s i  col 1 abore a des  mandats 

sectoriels. A titre d'exemple, l'Institut d e  recherche sur 1 2  

fert i l  i t é  du sol s'occupait de l ' aspect  de l 'exp'toi kat  ion agricolz, 

incluant 1 a problématique de drainage et d'irrigation d e s  sols; 

1 ' I n s t i t u t  de recherche en foresterie étudiait la problématique 

d'exploitation f o r e s t i è r e ,  1 'optimisation de la production de b o i s  et 

l'état de s a n t é  des foréts; l'Académie des sciences traitait 

particul iérement des aspects  d'ordre biologique; 1 'Jnsti tut de 

recherche en hydraul i q u e  était chargé de caractériser 1 'écoulement des  

eaux du Danube et de ses principaux tributaires. D ' a u t r e s  organismes 

s'occupaient de monitoring, comme entre autres l'Institut 

d'liydrométeorologie charge du s u i v i  de l a  q u a l i t é  des  eaux de surface 

e t  de l a  nappe phréatique, ainsi que des données climatiques. 

En 1986, une a u t r e  e t u d e  a été réalisée dans le cadre du bioprojet. 

Cette  étude p o r t a i t  excl u s i  vernent sur 1 a zone de détournement du 

Danube, i n c l u a n t  le l i t  du f l e u v e  a i n s i  que toute la zone de méandres 

corr;pt.ise entre le f l e u v e  et l e  c a n a l .  L a  reche rche  et l'optimisation 

des ::lesut-es d ' a t t é n u a t i o n  se  poursu iven t  enco re  en 1990,  en t re  a u t r e s  



sur Ie concept de d é b i t  réservé dans la zone d e  detournement et des 

n i v e a u x  a maintenir pour assurer la pérennité d u  m i l i e u  biophysique et 

de son utilisation a des fins multiples .  

Au début d e  1930, une commission d'enquéte, mandatée par J e  ' 

gouvernement et réunissant 41 experts, a f o u r n i  une série d'opinions et 

de recommandations sur le p r o j e t  au p o i n t  d e  vue de l'environnement 

(rapport de synthèse, Hydroçonsul t, octobre 1990, c h a p i t r e  4.3.8). S i x  

thèmes ont été discutés, s o i t :  

- 1 'agriculture; 

- l'ichtyologie et l a  pêche; 

- la f o r ê t ,  l a  foresterie et l a  chasse ;  

- l a  protection de la nature et l'écologie; 

- les géosystemes,  l e  socio-économique et le développement urbain; 

- l ' hyd ro log ie ,  l a  climatologie e t  1 'hydrotechnique.  

Un groupe de l'Académie des Sciences se penche actuellement sur l a  zone 

en r i v e  gauche du réservoir et du canal de dérivation. L e u r  rdpport, 

dont les résultats n'étaient pas encore d ispon ib les ,  devait étre 

f i n a l i s é  en 1990. 1 1  s'agit d'une analyse globale d e  planification 

écologique du terri toi re, " L a n d s c a p e  Ecology Planning", appelée LANDEP. 

S i x  groupes d e  travail o n t  é t é  formés en 1990 par le gouvernement 

s l o v a q u e  pour analyser s e p t  variantes d u  p r o j e t .  Ces variantes vont  

d'un extrëme à 1 'autre, soit de l a  v a r i a n t e  initiale (Gabcikovo- 

Nagymaros) juiqu' à 1 a démof i tion complète aes ouvrages réa? i ses.  

Chaque groupe s'est vu attribuer les thèmes suivants: 

- lois internationales; 
- écologie et p r o d u c t i v i t é ;  

- écologie et environnement; 

- gestion des eaux; 

- techniques hydraul iques  et énergétiques; 

- économie et production. 



L e s  résultats devraient être connus et commentés par la Commission 

slovaque de l'environnement à la fin de l'année 1990. Ce t t e  dernière 

n'intervient date qu'en tant qu'observateur. 

Finalement,  Hydro-Québec International a é t é  informée que, b i e n  que 1 es 

études de la p a r t i e  slovaque aient comme limite la frontière du Danube, 

l e s  Hongrois ont produit des études équivalentes pour 1 eur territoire. 
Des  comi tés  et des  réunions se t e n a i e n t  entre les deux p a r t i e s  j u s q u ' à  

t o u t  recemmen t . 

4 . 3 . 2  Inventaires du milieu 

Les  informations suivantes ont été recueillies l o r s  des entrevues avec 

les r esponsab les  des Bioprojets de 1975-1976 e t  de 1986. Un ingénieur 

forestier et un agronome ont ê t é  egalernent rencontres en ce qui  

concerne 1 e s  aspects du p r o j e t  t o u c h a n t  1 eur di sci pl ine respective. 

4 .3 .2 .1  Zone d ' e t u d e  

Une é tude  spécifique a é t é  e f f e c t u é e  d a n s  l e  but  de c e r n e r  

l'influence du p r o j e t  au plan physique. A priori, c'est l'étendue 

des modifications de 1 a nappe p h r e a t  i q u e  appréhendées avec 

l ' e x p l o i t a t i o n  du p r o j e t  qu i  a s e r v i  de base a l a  délimitation de l a  

zone d ' é t u d e .  Les éléments qui ont été considérés pour d é t e r m i n e r  

la canfiguration de la zone d 'é tude  incluaient le c l i m a t ,  

1 'hydrologie, la g e o l o g i e  et la nature des sols ainsi que les 

1 imites administratives des communes et villages. 

Sans être e x p l  ici t e ,  1 a détermination du territoire d '  influence du 
p r o j e t  impliquait une, forme préliminaire d'identification des 
sources d'impact. A u s s i  1 2  zone d'etude a - t - e l l e  été subdivisée en 

cinq sous-zones a s s o c i é e s  aux caractéristiques techniques et 

hydrau l iques  du p r o j e t ,  soit: le réservoir Hrusov, le cana l  

d'amenée, l e  canal  de f u i  t e ,  l'ancien lit du Danube et ses méandres, 

e t  e n f i n  l a  p o r t i o n  à l ' a v a l  du canal de fuite. 



Malgré le f a i t  q u ' i l  n ' a i t  pas été p o s s i b l e  de réviser en détail 

tous les éléments analysés pour c e t t e  définition de la zone d 'é tude,  

c e t t e  dernière semble appropriée, du moins en ce  qu i  concerne 

l'influence physlque du p r o j e t .  

Suite 1 des d iscussions avec l 'Académie  des sciences,  la Facul te des 

sciences naturel 1 es et di f f e r e n t s  instituts, 1 e gouvernement 

slovaque décidait vers 1975 d'aller de 1 'avant  avec le concept de 

dérivation du Danube et commandait 1 es premiéres etudes 

e n v i  ronnemental e s .  

C e s  é tudes  o n t  é t é  c o n f i é e s  conjointement à 1 'Académie des sc iences 

e t  à l'UR010N. Elles visaient a évaluer  la solution technique 

retenue et à proposer des mesures pouvant éliminer les impacts sur 

1 'environnement. Le B i o p r o j e t  1975- 1976, ainsi dénommé, i n c l u a i t  

d 'abo rd  un v o l e t  inventaire et description du milieu e t ,  ensuite, la 
dé te rm ina t ion  des solutions pour optimiser l'intégration du p r o j e t  a 

l'environnement. 11 f a u t  rappeler ici que le concept du projet 

é t a n t  d é j à  choisi, aucune comparaison de v a r i a n t e s  n'était r e q u i s e  

pa r  le gouvernement au plan env i ronnementa l  . 

- climat; 
- hydrologie; 

- sol 5 ;  

- géologie; 
- g6omorphol ogi e; 
- v é g é t a t i o n ;  

- zoo log ie ;  

- hydrobi 01 o g i  e ; 
- hygiéne et épidémiologie; 

- conditions spatiales; 

- foresterie; 



- agriculture; 
- drainage et irrigation des terres; 
- pêche sportive (piscicul ture) ; 
- chasse;  

- q u a l i t é  de l'eau; 

- eaux usées; 

- esthétique du paysage. " 

(extrait de la t a b l e  des matière, Rioprojet 1975-76, vol 1) 

Mil ieu humain 

A propos du mil i e u  humain, 1 'exploitation des ressources naturel 1 es 

(agricül ture, expl ei tation forestière) fait l 'objet de descriptions 
détaillées et la connaissance des données de base semble 

a p p r o p r i é e .  

Les  types de pratiques culturales sont connues a l'aide de c a r t e s  

cadastrales régulièrement m i s e s  a jour, a l'échelle de 1: 2800, e t  

on dispose également d'un grand nombre de données sur le potentiel 

des sols,  la qualité des s o l s ,  le drainage e t  les systemes 

d'irrigation. 11 s'agit d'ailleurs d'une région particul iérement 

i m p o r t a n t e  au n i v e a u  de 1 'agriculture connue sous le nom de " 1 'ile 

de blé ". Les p r i n c i p a l e s  cultures sont celles du b?,é, de la 
betterave, du maïs, de l a  luzerne, de 1 'orge. On y , retrouve 

également des cultures d'arbres fruitiers et des v i g n o b l e s  de façon 

dispersée dans 1 e terri toi re. 

L ' e x p l o i t a t i o n  forestière e s t  également une activité économique 

importante dans le territoire. On t rouve une i n d u s t r i e  \, de 

fabrication de meubles à Brati $1 ava  principalement al imentee p a r  1 a 

coupe fores t i ere en provenance des méandres. 

L e s  rives du Danube sont utilisées pour la pêche e t  l a  chasse.  Les 

autres u t i  l i sations du terri t o l r e  jugees marginales sont peu 

détaillées, surtout en ce qui a trait a la villégiature. Par 



ailleurs t e s  documents de 1975-76 font peu état de la situation 

socio-économique et démographique de la population qui occupe la 

zone d'étude. Oe la même façon, on ne traite  pas de 1 'aménagement du 

terri taire, du nombre de v i l l a g e s ,  des structures administratives 

alors qu'une vingtaine de local i tés  se retrouvent dans la zone 

d'étude. 

Deux pages sont consacrées à 1 'analyse esthétique du paysage. Les 

éléments d i t s  "positifs" ou " n é g a t i f s "  de la composition du paysage 

o n t  été répertoriés et leur résultats s 'expr iment  en superficie. 

Il n'y a pas 'de  mention dans les documents synthèses quant la 

valeur patrimoniale de certaines zones ou au po ten t i e l  

archéologique. Cependant Hydro-Québec International a été informée 

que certaines recherches archéologiques auraient .4té faites par un 

i n s t i t u t  spécialisé. 

Mil ieu  biologique 

Le milieu biologique a é t é  é t u d i é  en rapport avec l'exploitation 

f aun ique  et forestikre. Bien que des données de superficies et de 

productivité s o i e n t  disponibles dans les c i n q  sous-zones  a l'étude, 

1 ' a c c e n t  des  é tudes  a été mis dans la portion de détournement du 

Danube, étant donné l'importance reconnue de la zone d e s  méandres en 

t e r m e s  de productivité faunique et forestière. 

Dans la zone des méandres, l a  végétation est bien documentée p a r  le 
biais des études pour  1 'exploitation forestière, s u r t o u t  en termes 

d'association d'espèces et de capacité de production à 1 'hectare. 

L'étude de la nappe phréa t ique  a aussi permis d'établir la 

profondeur préférentiel 1 e pour chaque groupement végétal . 

De façon générale, la f o r ê t  alluviale se compose en majeure p a r t i e  

d'associations de saules. et de peupliers, accompagnés ou remplacés, 

se lon l e  caractère d'humidité du sol, par du frène, de 1 'o rme e t  du 

chêne. Le saule  et surtout le peupl ier constituent les essences les 



plus recherchées au p l a n  de l ' e x p l o i t a t i o n  f o r e s t i è r e .  En e f f e t ,  l a  

croissance rapide de ces essences permet  de f o u r n i r  en moyenne de 15 

à 30 rn3/ha annue l lement .  Dans l a  zone des méandres, on e x p l o i t e  l a  
f o r ê t  à r a i s o n  de 5% de s a  super f i c ie  t o t a l e  sur une base annue l l e .  

On procède à des p l a n t a t i o n s  de s a u l e s  e t  de peupliers, e t  des 

essais  de p l a n t a t i o n s  d'autres essences sont également en cours. En 
e f f e t ,  l e  dragage c o n t i n u  du Danube pour  l a  nav iga t ion  ayant  

a b a i s s é  l e  n i v e a u  de l a  nappe p h r é a t i q u e  dans l e  secteur des 
méandres, on tente  a c t u e l  1  ement d ' é v a l u e r  1 a çroi ssance d e  d ' au t r e s  
espèces de m i l  i e u  p l u s  sec,  t o u t  de méme i n t é r e s s a n t e s  au p l a n  

économique, dans des  a i r e s  déboi zées e t  cl Ôturees,  appelées 

" B i o c e n t r e s " .  t e  niveau  de l a  nappe p h r é a t i q u e  e t  l 'évolution de l a  
v é g é t a t i o n  f o n t  également l ' ob je t  d'un s u i v i  r i g o u r e u x .  

Les i n fo rma t i ons  sur 1 a faune s o n t  nombreuses. Elles proviennent 

des  recol t e s  sport ives sompi lées annuel lernent par  d i v e r s e s  

a s s o c i a t i o n s  régionales de chasse e t  de pêche e t  don t  les  données 

sont  c e n t r a l i s é e s  au m i n i s t è r e  des Eaux e t  Forêts. Un pe rm is  est  

néress'aire pour e x p l o i t e r  ces ressou rces  dans des s e c t e u r s  b ien  

dé f i  n i  s e t  1 es c a p t u r e s  doivent  ê t r e  o b l  igatoi  rement  décl arees e t  

enregis t rées .  

Les chasseurs recherchent p a r t  i cu l  i e remen t  1 e c e r f  (deux espèces) ,  

l e  l a p i n ,  l e  f a i san  e t  l e  sang1 i e r .  Le réservoir  Hrusov, avec sa 

v é g é t a t i o n  en régénéra t ion ,  a i n s i  que l e  s e c t e u r  des méandres, 

c o n s t i t u e n t  l e s  m e i l l e u r s  s i t e s  pour  l a  p r a t i q u e  de c e t t e  a c t i v i t é ,  

comme e n  font f o j  l e s  nombreuses caches qu i  y sont érigées. 

D ' a u t r e  part, l e  Danube a b r i t e  quelque 63 espéces de po i ssons  e t  les 
méandres cons t i t uen t  1 e s i  t e  de reproduction par  excell ence pour  1 es 

espéces de poissons d'eau chaude.  Ca carpe e t  l e  b r o c h e t  s o n t  les  

espèces l e s  p l  us fréquemment p ichées.  La b iomasse  p l  ancton ique e t  

benth ique,  a i n s i  que 1 a biomasse p i s c i c o l e  r é c o l t é e  étant  connues, 

des c a l c u l s  t h é o r i q u e s  o n t  pe rm is  d'évaluer 1 a biomasse t o t a l e  

p o t e n t i e l  1 e  de faune i c h t y e n n e  dans d l  f f e r e n t s  secteurs à 1 ' é tude.  

Des données sont d i s p o n i b l e s  sur l a  contamination de  l a  chair des 



poissons, m a i s  aucun résultat n ' a  été i n c l u s  dan5 l e  Bioprojet, 

étant donné l'impact apparemment nul du projet sur cet  aspect. 

L ' e t a t  de contamination des espèces pgchges est jugé "normal ". 

Outre ces données de récol tes, i l  n'y aurait pas eu d'inventaire 

faunique spécifique sur le t e r r a i n .  Les espéces su je t tes  à 

l'exploitation ont néanmoins été assaciées i de grands ensembles 

d'habitats (aquatique, riverain, b o i s é ,  prairic, e t c . )  dont les 

s u p e r f i c i e s  sont calculées, mais i l  ne semble pas  y avoir de 

connaissances de base sur la densi té ou encore 1 'abondance des 

di verses  populations q u i  permettent de comparer certains secteurs 

autrement que par la pression de chasse ou de pêche. I l  s e r a i t  

intéressant d'acquérir ce  genre d'  information de faqon i mieux 

suivre l'état de santé des  populations et de juger des d i f f é r e n t s  

f a c t e u r s  l imitant l e u r  développement en termes d ' & v a l  uation des 

c o n d i t i o n s  du milieu et d'exploitation. 

Les  espèces rares ou menacées o n t  é t é  identifiées et local isees. 

Dans la zone des  méandres, mentionnons l'aigle-pêcheur et le 
coi-moran. Selon c e r t a i n e s  sources, cette derni è r e  espèce serait 

pratiquement d i s p a r u e  d e p u i s  la c o n s t r u c t i o n  d u  canal de  dérivation. 

Les insectes nuisibles pour l'homme ou vecteurs d e  maladie  s o n t  

identifiés en  rapport avec l'hyoiène du milieu et ses  utilisateurs. 

Le secteur des méandres c o n s t i t u e  d'ai 11 eurs ,  par 1 ' a b o n d a n c e  des 
eaux stagnantes des b r a s  m o r t s  du Danube, u n - s i t e  de c h o i x  pour l e  

développement. des moustiques. 

Tel que sou1 igné dans l a  section 2.0 de ce rapport, l a  qual l té de 

l'eau c o n s t i t u e - u n  des élements environnementaux les plus suivis  

dans le cadre de ces études, surtout en rapport avec la qua l  i té des 

eaux souterraines pour l'approvisionnement en eau potable de 

l'industrie et de l'agriculture. C e t t e  qualité de l ' eau  est  

également importante quant aux autres usages.associés à l'eau, s o i t  

p a r  exempl e 1 a baignade ou l a v i e  aqua t i que. 



I l  f a u t  en f i n  souligner que l ' a s p e c t  de conservation de la nature 

n ' e s t  considéré qu'en rapport avec Pa pérennité de 1 'exploitation 

économique des r e s s o u r c e s  végétales et fauniques. Certains groupes, 

souhaiteraient que la zone de méandres reçoive un statut de parc 

national, où 1 a conserva t ion  des écosystemes serait intégrale, et 1 a 
pêche, 1 a chasse  et 1 'exploitation f o r e s t i è r e  interdi tes. D'autre 
part, plusieurs secteurs le long du Danube ont été proposes comme 

réserve faunique par les auteurs du Bioprojet. 11 serait en e f f e t  

souhaitable, étant donné le caractère d'unicité et de rareté de la 

zone des méandres, d i  harmoniser la conservation avec I 'exploitation 

de la nature. Des recherches et des propositions devraient être 

ef fec tuées  en ce sens .  

4 . 3 . 2 . 3 .  Bioprojet 1986 

Le Bioprajet de 1986 a m i s  l'emphase exclusivement sur la zone de 

détournement du Danube, incluant l'ancien lit du fleuve et ses  

méandres. Cet appro fond i s semen t  des é t u d e s  f a i  sait su i  te aux 

recommandations d a t a n t  de 1976, suite a la rkalisation de l ' o u v r a g e  

de Ounakil iti . I l  e s t  à n o t e r  que la zone d e  méandres incluse dans 

c e t t e  portion du Danube e s t  considérée comme un mil ieu unique dans 

toute 1 a Tchéco-Sl ovaquie, voire même dans toute 1 'Europe. 

Ce p r o j e t  p o r t a i t  a u s s i  sur la recherche de'solutions à la coupure 

de d é b i t ,  débouchant sur des recommandations spéçi  f iques.  Pour 

cela, i l  y a eu une mise à jour des données de base  dans le secteur 

des méandres. A titre d'exemple, on t r o u v e  des données concernant 

1 'évolution 'démographique, l e s  a ç t  ivi tés économiques de même qu'une 

analyse sur 1 ' e x p l o i t a t i o n  des ressources pour les t r o i s  v i l  1 ages en 

rive droite du canal de dérivation. Contrairement à 1 'é tude de 1975- 

76 où ces données avaient peu d'importance, on met aujourd'hui en 

interrelation 1 a baisse démographique appréhendée de 35% , 
1 '@vol  ut ion de 1 a pyramide d'âge, et les modi fications économiques 

du secteur sui te  a la construction de Gabcikovo. Les inventaires du 

m i l  ieu naturel ont également été raffinés et plusieurs zones 

eçol ogiques on t  été détermi n é e s .  

@ 



4 . 3 . 2 . 4  Planification de 1 'aménagement du territoire 

Une méthodologie particulière a été'développée p a r  Je centre des 

études biologiques e t  écologiques de 1 'Academie des Sciences de la 
S l o v a q u i e .  II s'agit d'une base de données et d'un système 

d'informations graphiques appelés la méthode LANDEP inspirée du 

concept de " Landscape Ecology ". Cette approche e s t  i ssue  de 

pl'usieurs di scipl ines comme 1 a f o r e s  teri e, 1 'aménagement f aun ique ,  

et 1 a géographie .  Le concept  v i s e  essentiel 1 ement à reconnai tre 

l'interrelation entre les activités humaines et le milieu n a t u r e l  de 

mëme que les nouveaux équilibres qui s ' é t a b l  issent entre les deux. 

L'équipe du groupe de recherche slovaque travaille s u r  ce p r o j e t  

depuis le début des  années 1980 et, se lon  les i n f o r m a t i o n s  obtenues, 

a u r a i t  influence le contenu du B i o p r o j e t  de 1986. L'ensemble du 

territoire du p r o j e t  cite d o i t  ëtre ana lysé  p a r  l'Académie des  

S c i e n c e s  et une priorite a été donné i la r i v e  gauche du réservoir 

Hrusov et du c a n a l  de dérivation. L e s  résultats d e v r a i e n t  ë t r e  

connus a la fin de 1990. 

Rien que cette méthode a i d e  a planifier l'utilisation d u  territoire, 
* 

elle ne constitue pas une méthode d'évaluation d'impact pour un 

projet  précis. 

4 . 3 . 3  Identification des sources d'impacts 

L '  identification des sources d '  impacts e s t  une étape particul iérernent 

importante à 1 'intérieur d'une démarche propre aux évaluations 

environnemental es de projet. Cet te  phase permet de déterminer toutes 

les activités détaillées liées a la cons t ruc t ion ,  i la presence de 

l'ouvrage et à son exploitation susceptibles de créer des impacts,  e t  

c e c i  en relation avec les éléments du m i l i e u  qui peuvent i t r e  modifiés. 

Piu3ieurs méthodes peuvent ëtre utilisées e t  c e l l e  préconisée par 

Hydro-Québec revet une forme matriciel le ou sant définies en abcisse 

t ous  les éléments du mil feu naturel et humain susçept ib l .es  d'être 



touchés p a r  le p r o j e t ,  et en ordonnée t ou tes  les activités associées à 

la construction, la présence et l'exploitation des ouvrages .  

-Aucun chapitre des documents-synthèses consul tés ne couvre 

l 'identification sys témat ique des impacts. Par contre, la définition 

m$me de la zone d ' é t u d e  et son découpage en cinq sous-zones 

impl iquaient une connaissance impl ici te des sources d' impacts. De 1 a 

même façon, des 41 érnents de compréhension apparaissent dans 1 'analyse 

du milieu et dans 1 'élaboration des mesures. Par ailleurs, lors des 

entrevues, 1 es di fferents intervenants semblaient très conscient r des 

i m p a c t s  générés  p a r  les aménagements. 

Compte tenu de l'importance de cette é tape ,  i l  demeure important de 
d r e s s e r  une l i s t e  des sources d'impacts, qu i  permettra de visualiser et 

d e  rendre systémat ique la relation de cause  a e f f e t  p r o p r e  a 

l'évaluation d'impacts. 

4.3.4 Èvaluatian des  i m p a c t s  

a )  Hethodologie s u i v i e :  

Les  pertes de supe r f i c i e s  {agricoles, forestiéres, fauniques, e t c ) ;  ont 

é t é  éva luées  pour chaque zone du p r o j e t ,  en l'occurençe: le réservoir 

Hrusov, le canal d'amenée, l e  canal  de f u i t e ,  l a  zone des  meandres et 

la portion a v a l  du c a n a l  de f u i t e  (voir résumé-synthése, chapitre 4 ) .  

Une évaluation sommai re  coüts-bénéfices a é t é  produite par r a p p o r t  au 

volet exploitation des  ressources.  Cette estimation a été faite en 
couronnes et n'a pas servi à la comparai  son d'alternatives. L'ensemble 

du p r o j e t  a également é t é  soumis a une analyse économique en raison des 

objectifs multiples de l'aménagement: soit l a  navigation, le con t ro l e  

des i nonda t ions  et l'aménagement hydroélectrique. 

Pour chaque é l é m e n t  du milieu inventorié dans les études de 1975, une 

a n a l y s e  du milieu en relation avec le p r o j e t  a été réalisée e t  a f a i t  

l'objet d'un tome parmi les documents produits en 1476. On parle bien  

d ' u n e  analyse et non pas d'une évaluatlon.des impacts  sur le milieu, ce 



qu i  e s t  t réç  différent au point de vue méthodologique. 

D'après les documents consul tés et lez entrevues réal ~ S & S  i 1 n 'y a pas 

.d'estimation faite sur la durée, la portée (ponctuelle, locale, 

régionale), la s i g n i f i c a t i o n  (fort, moyen, faible), et 1 '  importance de 

l'impact. Parallèlement, les éléments du milieu ne semble pas avoir 

f a i t  1 ' o b j e t  d'une priorisation ou encore d'une analyse de sensibilité. 
Les lmpacts jugés de faible importance ou ceux pour lesquels aucune 

mesure d'atténuation ne pouvait ë t r e  élaborée, n14taient pas 

documentés. Une partie de 1 'évaluation des i m p a c t s  est d i  spersee dans 

les recommandations et les mesures d'atténuation. Les aménagements 

proposés sont j u s t i f i é s  par l'impact appréhendé. M a i s  i l  n'est p a s  

possible de dresser  une liste d'impacts en relation avec leur 

importance r e l a t i v e .  T o u t e f o i s ,  b i e n  que non eunlicite, 

l'identification des en jeux  les p l u s  importants semble a d e q u a ~ e .  soit 

l e  régime des eaux  souterraines en rapport avec la qua1 i t e  de 1 ' e a u  et 

la p r o d u c t i v i t é  agricole et forestière, de merne que  1' importance des 

m é a n d r e s .  

L a  v a l o r i s a t i o n  des éléments par l e s  publics n'a pas non p l u s  é t é  

considérée dans un e x e r c i c e  de pondération. Par exemple  les 

préoccupations de certains groupes à propos d e  la conservation 

p o u r r a i t  être intégrée à l'évaluation des  i m p a c t s .  

b j  Impacts considérés: 
Peu d'éléments o n t  été relevés à propos  de 1 ' é v a l u a t i o n  des  impacts sur 

le milieu humain, notamment en  ce qui  a trait aux i m p a c t s  sociaux, à 

1 'aménagement du territoire, au mil jeu v i s u e l .  Les impacts socio- 

économiques portaient e x c l  usi vernent sur 1 'exploitation économique des  
ressources, la production et 1 a productivité du mil ieu (agriculture, 

e x p l o i t a t i o n  forestière). 

Selon les informations obtenues,  1 ' e va lua tSan  des impacts n'a p o r t e  que 

sur l e  projet  a sa phase exploitation. Aucun impac t  n ' a  été  associé au 

temps écoulé  entre la construction du canal de d é r i v a t i o n  et du 

réset-voir Hrusov  et la mise en e a u .  De façon évidente, cet élément 



pourrait faire 1 'objet  d'analyse car il y a clairement des impacts 

perceptibl es l i es a c e t t e  construction d'autant  pl US importants que 

tous les aménagements et mesures n ' o n t  pas été  mis en oeuvre pour 

-pal1 ier aux e f f e t s  n é g a t i f s .  

D'autre part, s i  les @tudes récentes o n t  m i s  1 'accent sur la zone de 

méandres en raison de sen importance au p l a n  végétal et faun ique,  i l  
semble que les a u t r e s  zones d'étude aient été mises de co té  depuis le 

B i o p r o j e t  de 1975-1976 quant a 1 'évaluation des impacts du p r o j e t .  Par 

exemple, aucune des  i n f o r m a t i o n s  r e c u e i  11 ies ne f a i t  mention des 

impacts des variations du niveau d'eau dans le réservoir H r u s o v ,  

variations associées a l'exploitation de p o i n t e  envisagée, s i  ce n 'est  

que pour  la navigation. L'aspect visuel, l a  sécuri te du pub1 i c  aux 

abords  du réservoir, les p o p u l a t i o n s  de poissons et la contamination de 

?eur c h a i r  a i n s i  que l'éventualité de prolifération d ' a l g u e s  et de 

'dégagement d'odeurs dans l e s  zones d 'eau  calme du réservoir rie semblent  

pas a v o i r  é t é  t r a i t e s  directement. 

I l  en  est de mëme pour le secteur du Danube situé en aval du cznal  de 

fui t e  qui subira des fluctuations f r é q u e n t e s  du niveau d'eau. Plalgré 

le fait que l'excavation p révue  du lit d u  Danube abaisse le n i v e a u  et 

limite l 'ampleur des inondations, aucun impact  de l a  gestion de l a  

centrale de Gabcikovo dans cette zone ,  e n t r e  a u t r e s  sur la foré t  

alluviale, l'aspect visuel, la q u a l i t é  de vie des r é s i d e n t s  riverains 

et la pëche sportive, n 'a  é t é  sou levé.  M i s  a p a r t  les superficies de 

f o r ê t  à debaiser et l e -  calcul économique du bo is  à récupérer, 

l'importance du déboisement en t an t  que perte globale de forêt 
al l u v i a l e  n'a pas été evalyée. La protection des terres contre les 

for tes  crues,  la qual i té  de I'approvisionnement en eau pour  sa 

consommation e t  1 e drainage agricole constituent des éléments 

importants qu i  ont été grandement considerés dans 1 'analyse du projet .  

De façon générale, o u t r e  l e s  pertes économiques 1 iées à 1 'cccupat ion du 

territoire p a r  le projet e t  les aspects de qualité des eaux 

s o u t e r r a i n e s ,  1 ' information fournie n ' a  pas  permis de juger  des  impacts 



directs ou indirects a s s o c i é s  à la gest ion  courante des débits et des 

niveaux sur les différents aspects de l'environnement. 

4 . 4  Analyse des mesures proposées 

4 . 4 . 1  Mesures initiales 

Le rgsul t a t  d'une e v a l  uation d' i m p a c t s  consiste habi  tue11 ement en 

I'élaboration de mesures d'atténuation ou l'effort consenti doit ëtre 

équivalent en principe, a la signification ou à l'importance de 

l'impact. 

En 1976 un volume complet de l'étude du Bioprojet a été consacre à l a  
proposition de mesures d'atténuation. Au-delà d e  deux cents mesures 

d'atténuation ont é t é  élaborées. Plusieurs propositions concernent 

1 ' identification d'études complémentaires pour certains domaines 

p a r t  i c u l  iers ou 2ncore pour 1 'aménagement de zones speci f i q u e s  

(aménagements réçréo-touristiques). 

l e s  differents intervenants et la revue d e  la bittérature a permis de 

dégager quatre  aménagements majeurs  qui ont fait l ' o b j e t  d 'ana lyses  

comp lémen ta i r es :  

-l'aménagement ricréo-touristique de la tete du réservoir Wrusov 

-les aménagements recréo-touristiques entre les trois villages isolés 

en r i v e  droite du canal d'amenée 
-les aménagements en rive gauche du canal de dérivation; 
- l e s  aménagements écologiques dans la zone de méandres et dans' l'ancien 
lit du Danube. 

Les a u t r e s  mesures dhtttéuation sont t rès  général e s ,  f i xen t  des 

objectifs à rencontrer  e t  identifient les superficies concernées. El les 
sont localisées selon les cinq sous-zones déjà  identifiées et sont 

présentées s e l o n  les di f ferentes étapes de construction: avant, pendant 
e t  après .  



t'information obtenue n'a pas permis de préciser quelles mesures on t  

é t é  m i  ses en appl ication parmi 1 es quelques deux cen ts  recommandations 

préconisées en 1976. 11 sera i t  donc appropr ié d'en dresser uii bi 1 an par 

- rappor t  aux impacts i d e n t i f i é s .  Compte tenu de l'état d'avancement du 

dossier, i 1 s e r a i t  souhaitable d'effectuer une vérification de 

l 'appl ication des diverses mesures proposées dans  les é t u d e s .  

4 - 4  - 2  Aménagement récreo-touristique de 1 a sone amont du reservoi r Hrusov 

Un plan d'ensemble pour  un aménagement récréo-touristique a é t é  é l a b o r é  

en 1988 pour la zone en  rive droite de la tête du réservoir  Hrusov. 

Selon 1 es informations obtenues en ent revue,  1 'élaboration des 

propositions n'était pas basée sur les impacts  du projet Gabcicovo 

mais plutôt s u r  1 e s  problkmes urbani s t i q u e s  de la nouvel 1 e extension de 

la ville de Bratislava, en rive droite du Danube, appelée Petrzalka. I l  

e s t  cependant évident, que p a r  la même occasion, c e c i  permettait de 

r e m e t t r e  en  valeur des portions affectées. A i n s i  c e  plan de 

développement récreat i f redonnait des espaces aux c i t o y e n s  de ce 

sec teur  oc d e s  é d i f i c e s  en hauteur o n t  é t é  construits sans p r é v o i r  de 

p a r c s  à l'interieui. de la sone résidentielle. Les  p r é v i s i o n s  d e  

fréquentation ont e t 6  etabl i e s  a 15,000 personnes pour une zone urbaine 

de 150,000 habitants. 

C'aménagement est a i n s i  localisé sur les rives du Danube en amont du 

réservoir sur un espace de d i x  kilomètres de longueur p a r  500 mètres de 

largeur Une portion de ce  territoire e s t  actuel lement  b o i s é e  et une 

digue c o n t r e  les inondations protège la moitié de cette supe r f i c i e .  

L'autre m o i t i é  peut donc être inondée lors des crues printanieres Les 

constructions de bâtiments sont 1 i m i t é e s  à 1 a p a r t i e  protégée.  

En zone inondable, les aménagements s u i v a n t s  sont prévus: des tennis, 

un g o l f ,  une' p i s t e  cyclable pour les enfants, un b a s s i n  de navigation 

(aviron et canotage) et de baignade avec une a i r e  de pique-nique, une 

zone de pkche avec 1 b&naqement de q u a i s  dans le bassin et, sur le 

Danube,  des petites i l e s  pour la récréation. 



Dans la p o r t i o n  protégée, d 'aut res  aménagements sont prévus: un centre 

d'équitation pour des compétitions régionales, un parc, un s tade  

municipal pour les s p o r t s  organisés, un centre de s p o r t s  

universitaires, un cimetière , une s t a t i o n  d'épuration et un p o s t e  de 

transformation d'électricité. Des stationnements sont  également prévus 

afin de f a c i l  iter 1 'accès aux diverses installations. 

Après  une analyse sommaire, i l  appert que set aménagement soit 

relativement lourd pour la c a p a c i t é  écologique de cette zone, t o u t  au 

moins dans la partie inondable. Par a i l l e u r s ,  on peu t  également 

s'interroger sur les principes urbanistiques qui  ont g u i d é  un tel 

regroupement d'  infrastructures séparées de 1 a zone résidentiel le par 

une route r é g i o n a l e .  11 serait sûrement souhaitable d'el aborer  une 

alternative qui p o u r r a i t  être comparés et même soumise a l a  

c o n s u l t a t i o n  pub1 ique.  Oes méthodes propres aux concepts  de "Landscape 

Ecology", tel qu'utilisées par l'Académie des Sc iences  de la Slovaquie, 

ou à la matrice d ' a t t e i n t e  des o b j e c t i f s  (Hill 1968) pour ra ien t  ëtre 

utilisees a titre d'aide a la p r i s e  de décision. Un des critères qui 

d e v r a i t  ëtre respecté est l a  c a p a c i t é  de suppor t  du m i l i e u .  

4 . 4  - 3  Aménagement récréa-touri stique en ri ce  d r o i t e  du canal d e  deri v a t  ion 

(villages .isolés) 

La construction du canal de dérivation a provoque l'isolement d'un 

l a r g e  t e r r i t o i r e  d'une qu inza ine  de kilomètres qui c o n s t i t u e  maintenant 

une île bardée au sud p a r  l e  Danube e t  au nord par le c a n a l .  L'étude de  

1986 démontrai t  une détérioration économique et démographique pour les 

trois villages i s o l é s  et la n é c e s s i t é  de t r o u v e r  une solution à ce 

p r o b l  ème. 

L 'une  des solutions é labo rées  pour  c r é e r  des emplois et pour redonner 
3 ce secteur une dynamique économique consistait en l'aménagement d 'une  

zone touristique i n t e n s i v e  loca l  i sée entre deux vi 11 ages sur l e  

pourtour de deux anciens bancs d%mprunts. Des complexes hoteliers sent 

prévus a u t o u r  de ces deux b a s s i n s  qu i  sont voués à la p r a t i q u e  de 



s p a r t s  nau t i ques .  La c a p a c i t é  max imale  de ce complexe a été  fix4e à 

6550 v i s i t e u r s  occupants exc luan t  1  e nombre d e  v i s i t e u r s  q u o t i d i e n s  e t  

l e  personne l  requi s pour 1 'exploitation des hôtel S .  

I I  est également prévu de d o t e r  l e  v i l l a g e  c e n t r a l  de serv ices  a u t a n t  

commerciaux que soc iaux .  Un centre d'artisanat est prévu e t  des 

i n s t a l l a t i o n s  sai sonn ie res  sont p l a n i f i é e s .  Ce v i l l a g e  sera par  

ail leurs relié a la terre ferme par un traversier. Il est egalement 

prévu f a v o r i s e r  ? a  c o n s t r u c t i o n  de c h a l e t s  et la restauration de 

r é s i d e n c e s  dans l es trois v i l l a g e s .  

Ce p l a n  d'aménagement n'a pas é t é  soumis i une é v a l u a t i o n  

envi ronnementale pour  analyser 1 a c a p a c i t é  éco log ique du m i l  i eu de 

suppor te r  un t e l  p r o j e t .  Aucune a l  ternative n'a été  analysée. Il a é t é  

mentionné que ce  projet a é t é  soumis la population e t  que ces 

derniers é t a i e n t  s u r t o u t  en accord avec les équipements de s e r v i c e s .  

Cependant l es groupes écologiques o n t  c o n t e s t é  1 'aménagement. L ' a n a l y s e  

des  impacts s o c i a u x  semblen t  éga lement  avoir é t é  n é g l i g é e  (changement 

de vocation des v i  1 1  ages, p r e s s i o n  du développement sur I 'agricul ture) . 

Ce t y p e  d'aménagement peut egalement créer des p r e s s i o n s  sur l e  m i l i e u  

v i a  l a  pêche e t  l a  chasse ,  l ' a c c è s  au site étant fccilité. Aucune 

mesure de  c o n t r o l e  additionnelle n'est prévue. 

I l  e s t  possible que ce p l a n  soit une bonne solution mais, compte t e n u  

des 1  acunes analytiques dans un m i  1  ieu a u s s i  sensible du p o i n t  de vue 

t a n t  éco log ique  que s o c i a l ,  F 1  est d i f f i c i l e  de se prononcer. 11 

s e r a i t  souhaitable d'élaborer des variantes et de les soumettre a 

comparai son. 11 e s t  poss i  b lement  encore envi sageable d e  mettre de 

l'avant des s o l u t i o n s  p l u s  légeres du p o i n t  de vue de l 'aménagement en  

ayant en tête l e  r e s p e c t  de n o u v e l l e s  v a l e u r s  de c o n s e r v a t i o n .  t e s  

infrastructures touristiques p o u r r a i e n t  étre un peu p l u s  réparties dans 

le territoire (en rive gauche du canal ,  par exemple). 



4.4 - 4  Aménagements récréo- touristiques sur 1 a rive gauche du cana? de 

dérivation 

~ e ;  complexes récreo-touristiques sont également prévus s u r  la rive 

gauche du canal de d é r i v a t i o n .  En e f f e t ,  i l  e s t  démontré q u ' i l  y a un 

potentiel de développement de sources thermal es qui permettrait un 

développement touristique important. Les o b j e c t i f s  qui sont f i xés  dans 

le cadre de la planification régionale de 1 'aménagement du territoire 

privilégient les villages à proximité de la digue du canal de 

dérivation pour  atténuer 1 es impacts dit "psycho1 og iques"  du c a n a l .  

P l u s i e u r s  complexes h o t e l  iers sont prévus. 

L'exploitation de la rive gauche du canal  de dérivation peut s'averer 

intéressante mais i l  ne faudrait pas  d é l a i s s e r  d e s  aménagements q u i  

v i s e n t  a c o n t r e r  l e s  impacts importants au  point de vue v i s u e l  re l i é s  

a l a  d i g u e  du c a n a l .  En ce sens,  i l  s e r a i t  souhaitable d'aménager une 

bande b o i  sée de  même qu'un pa rc  1 inéaire le l o n g  des con t re -canaux .  

4.4.5 Projet d'aménagement de  l a  zone de détournement 

Suite au détournement  des eaux  dans le canal de Gabcikovo,  

1 'abaissement du niveau 'd'eau d u  Danube et 1 'assèchement de Fa zone de 

méandres a suscité de nombreuses études pour remédier notamment aux 

impac t s  su r  le drainage souterrain et maintenir la foret a l  1 v v i a l  e pour 
1 'exploitation forestière, l a  chasse  et la pëche. 

Selon les informations obtenues ,  les mesures mises de 1 'avant dés 1975 

et particulièrement développées de 1988 à ce  j o u r  son t  l e s  suivantes: 

- un d é b i t  minimum g a r a n t i  de 350 m3/s en tout temps dans l ' a n c i e n  1 i t  

du Danube, déversé par 1 'ouvrage de Dunaki l i ti ; 

- le .déversernent hebdomadaire d'un d4bi  t de 1300 rn3/s par ce rnëme 

ouvrage pour e l  iminer la séd imen ta t ion  f i n e  dans le 1 i t du fleuve 



- 'la c o n s t r u c t i o n  de quatre seuils dans le lit du Danube pour l e  

maintien du niveau du fleuve et de la nappe  phréatique des méandres 

avoisinants; 

- une passe à poissons adjacente a l'écluse de l'ouvrage de Ounakil j t i ;  

le même projet proposé pour la centrale de Gabcikovo a été abandonné 

du fait que les poissons pourraient  emprunter l'écluse pour  remonter 

le canal et accéder au réservoir Hrusov; 

- la construction d'un ouvrage régulateur dans le canal d e  G a b c i k o v ~  
3 pouvan t  déverser un minimum g a r a n t i  en tout t e m p s  de 20 a 50 m /s 

dans l a  p a r t i e  amont des méandres. Ce debi t sera i-evi se selon le 

colmatage du so l  qu i  sera suivi en phase exploitation du projet. I l  
3 pourrait être élevé à 140 ou à un m a x i m u m  de 234 m / s  plusieurs f o i s  

par année, d u r a n t  la s a i s o n  de  croissance de l a  végétation, de f a con  

1 optimiser la production piscicole et forestière. A noter que 

normalement , c e s  meandres  ne  s o n t  inondés çompl ètement qu 'env i ron  une 

fois a t ous  les deux ans. Selon l ' av i s  des experts consul tés, c e t t e  

g e s t i o n  procurerait des candi t i  ons d'écoulement am41 iorées par 

rapport aux conditions actuelles, en évitant e n t r e  autres l a  

stagnation d e  l'eau dans  c e r t a i n s  méandres e t  l ' aaséchernen t  d ' a u t r e s  

portions de  c e u x - c i ;  

- une digue surmontée d'une r o u t e  d 'accès le long de l ' a n c i e n  l i t  d u  

Danube pour contenir l 'eau déversée p a r  1 'ouvrage régula teur  dans l e s  

méandres, e t  pour limiter l e s  inondations l i ées  aux f o r t e s  crues. 

C e t t e  digue posséderait des seuil s abaissés p e r m e t t a n t  1 e passage des 

po issons du lit du Danube vers les méandres lorsque le d é b i t  évacue 

dans ce fleuve atteint 1300 m 3 / s ,  soit en l 'occurence une f o i s  p a r  

semaine en p r a t i q u e  couran te ;  

- construction de six'seuils dans les méandres pour c o n s e r v e r  un n i v e a u  

adéquat de la nappe phriatique se lon  les besoins. Ces seuils sont  

émergés avec  une partie plus basse permettant le passage des  

po issons,  e t  comprennent  des  ouver tu res  pour le contrôle du niveau 

d ' e a u ;  



Les efforts techniques consentis pour l e  m a i n t i e n  du niveau d'eau dans 

l e s  bras du Danube démontrent  bien 1 'importance reconnue d u  secteur des 

méandres. On s'interroge toutefois sur le degré d'artificialisation de 

ce secteur naturel une fois t o u s  ces ouvrages érigés. Par a i l l e u r s ,  
bien que tous l e s  usages l i é s  à l ' e a u  dans le secteur des méandres 

a i e n t  été identifiés et leurs exigences connues en termes de niveaux à 

maintenir à des pér iodes  définies dans l'année, i l  n'a pas é té  p a s s i b l e  

de juger  du mode de gestion courante qu i  sera a p p l  i quée p r é c  i sémen t et 
concrétement à 1 'intérieur d'une année pour s a t i s f a i r e  ces besoins. I l  

e s t  clair toutefois que ' 1 ' e x p l o i t a t i o n  forestière e s t  nettement 

privilégiée, au détriment de l'aspect conservation. A u s s i  la 

regenération du peupl  i e r  est-el l e  souhaitée dans 1 es méandres, et les 

niveaux de conception des s e u i l s  ont été choisis en ce  s e n s .  

Pour s'assurer de la mise en application de toutes ces mesures ,  i l  
\ . serait souhaitable qu' une seule équ ipe multidisciplinaire s o i t  c h a r g e  

d'intégrer les objectifs reliés a u x  mu1 tiples usages proposes d u  

s e c t e u r  de détournement pendant les diverses périodes de 1 'année. La 

gestion courante du complexe s'en trouvera f a c i l i t e .  

Oe p l u s ,  un système de s u i v i  de  l a  végétation et d e  la faune d e v r a i t  

immédiatement être m i s  e n  p l a c e ,  parallèlement a c e l u i  déjà existant 

pour l'évolution de la nappe pbreatique. Cette s u r v e i l l a n c e  

permettrait d 'une part de mettre à j o u r  1 es  conna i ssances  sur 1 e mi 1 ieu 

biologique l u i  -même en termes de végétation, f r ayè res ,  faune t e r res t re  
e t  avienne, de r a f f i n e r  la connaissance des exigences de chaque 

élément, et enfin de suivre leur évolution autrement que par leur 

exploitation, ce  qui permettrait de reagir plus rapidement des que des 

modifications d'habitats sont observées. L'harmonisation et 

1 'intégration d e s  différents usages, tant du p o i n t  de vue de 

I 'exploitation que de la conserva t ion  des ressources biologiques, 

s e r a i e n t  egal ement fort  souhaitables. 



4.5 Opinion 

La conception du projet Gabci kovo-Nagymaros remonte à pl us d' une 

v ing ta i ne  d>anees. 11 va de soi qu'à c e t t e  époque, 1 'intégration des 

préoccupations envi ronnemental es revêtaient moins ci' importance 

qu'actuel lement, et cespartout dans le monde. A cet égard, des études 

envi ronnemental es ont été entreprises paral lélement a 1 a construction 

des ouvrages du complexe, soit vers  l'année 1975. La s o l u t i o n  

techn ique etant d é j a  c h o i s i e ,  ces études ne po r t a i en t  donc pas sur une 

comparai son d e  variantes, m a i s  b i e n  pl u t 8 t  sur I 'optimisation du projet 

r e t e n u .  En ce  sens, les études réalisées a c e t t e  époque é t a i e n t  

comparables a celles qui f u r e n t  effectuées en Amérique du Nord, sur le 

territoire de la B a i e  James par exemple. 

De f a ~ o n  généra le ,  1 es p r i n c i p a u x  enjeux envi ronnementaux c o n s i d é r é s  

dans c e s  é tudes  o n t  trait surtout 3 la qua1 i te et la propagation de la 

nappe d ' e a u  souterraine liée l'agriculture, l'exploitation 

forestière, l'industrie et l'approvisionnement en eau p o t a b l e .  Pour 

ces a spec t s ,  l e s  données de base semblent nombreuses et font I ' o b j e t  de 

p l u s i e u r s  a n a l y s e s .  11 c o n v i e n t  t o u t e f o i s  de mentionner que c e s  

e l  éfiients ont  é t é  étudiés presqu'excl usivement en r a p p o r t  avec leur 

exploitation économique. 

4uant à 1 'évaluation des impac ts  du p r o j e t ,  elle ne respecte pas un 

cadre méthodolagique précis. En e f f e t ,  I ' i d e n t i f i c a t i o n  des sources 

d' impacts ainsi que les impacts eux-mëmes ne se retrouvent pas de f açon  

s y s t é m a t i q u e  et expl i c i  te dans les différents  rapports de synthèse 

consul t é s .  Les impacts se retrouvent p l u t ô t  dans 1 a défi ni tion d e  1 a 

zone d'étude et dans les mesures proposées. Ces mesures proposees 

relevent plus d'un objectif de m i s e  en valeur d u  milieu que de 

1 'atténuation ou t a  correction des impac ts  appréhendés. Certaines 

d ' e n t r e  e l l e s  visent notamment la résolution de problèmes liés 2 
1 'aménagement du t e r r i  t o i  r e ,  a l o r s  que d'autres identifient des  études 

compl emen ta i r e s  ou encore demeurent t r e ç  général e s .  



En somme, pour l'ensemble du p r o j e t ,  t r o i s  thèmes pr inc ipaux se 

dégagent: les effets sur le régime des eaux s o u t e r r a i n e s ,  la 

conservation e t  la mise en valeur de la zone de détournement et 

1Iaménagement des abords du réservoir e t  du canal d'amenée. 

Ca q u e s t i o n  des eaux souterra ines e s t  d é j l  traitée dans le c h a p i t r e  2 

de ce r a p p o r t .  Pour ce qui e s t  des deux a u t r e s  thèmes, i J y aura 1 i e u ,  

pour bien répondre aux inquiétudes seul evées par rapport à 

t'environnement, d'effectuer une m i s e  a j o u r  des études e x i s t a n t e s  en 
m e t t a n t  l 'emphase sur l'analyse systématique des impacts et 

d'entreprendre  une v a l  jdation des mesures d ' a t t é n u a t i o n  et de 1 a m i  se 

en valeur proposées pour le projet. Une telle m i s e  a j o u r  et une tel le 

validation doivent être entreprises immédiatement car ses  resul tats 

seraient p e r t i n e n t s  aux discussions concernant la mise en exploitation 

de la centrale Gabcikovo. Cependant, i l  n'est pas nécessaire que t o u t e s  

les études soient terminées a v a n t  une mire en exploitation c a r  

certaines d é c i s i o n s ,  concernant par exemple l'aménagement de débits 

résiduels dans la zone du détournement,  d o i v e n t  être basées sur le 

monitoring des conditions d'exploitation. 

4 . 6  Recommandations 

Pour bien répondre a u x  préoccupations concernant l'environnement pou r  

le projet Gabcikovo, Hydro-Québec International recommande 

essentiel 1 ement une m i  se a jour des études e x i  s t a n t e s ,  une é v a l u a t i o n  

systématique des impac t s ,  une val i d a t i o n  des mesures d'atténuation et 

de la mise en valeur proposée  pour le territoire à l'ktude ainsi qu'un 

programme de suivi environnemental s u i  te a l a  mise en service de la 

centrale. Pl u s  préc isément ,  11 e s t  recommande de: 

4.6.1 Données de base 

- mett re a jour les données de base pour t o u s  l e s  éléments 

e n v i  ronnemen t aux  humai ns e t  naturel s , compte tenu du temps 4coul é 

entre la r é a l i s a t i o n  des études initiales le début de l a  
cons truçtion, e t  1 'éventuel le m i  se en service des ouvrages.  Cette 



mise a jour s e r a i t  facilitée du fait que l a  m a j o r 1  té des données sont 

disponibles sur une base  annuel le (exploitation agricole et 

forestiére, uti 1 i sation du territoire, qua1 i té de l 'eau souterraine, 

e t c . )  et que,  par conséquent, peu d'études sector ie l  l e s  exhaustives 

s e r a i e n t  requises; 

\ 
- effectuer un inventaire faunique pour  la r ég i on  du détournement 

p e r m e t t a n t  d'itablir des connaissances de base sur l a  densité ou 

l'abondance des di'verses populations e t ,  a i n s i ,  de suivre l'état de 

s a n t é  des popula t ions:  e t  de juger des différents facteurs limitant 

1 e u r  dével oppement . 

4.6.2 gvaluation des impacts 

- développer une a p p r o c h e  globale et intégrée de t o u t  le territoire 

touche p a r  le projet, incluant le riservoir Hrusov,  l e  canal 

d'amenée, le c a n a l  de f u i t e ,  l'ancien l i t  d u  Danube, s e s  méandres,  la 

p o r t i o n  a v a l  du cana l  d e  f u i t e ,  et l e  b i e f  Nagymaros, de mëme que les 

g r a n d s  ensembles territoriaux dont ils font p a r t i e ;  

- e f f e c t u e r  un examen env i  ronnemental c o m p a r a t i f ,  sel on une 

méthodologie international ement reconnue des vari antes retenues sui te 

aux recommandat ions  des  groupes  de travail sur l e s  s e p t  s c é n a r i o s  

d' aménagement actuel l ement envisagés. Avec 1 'ensemble des mi s e s  a 

jour recommandées, c e t t e  évaluation d e v r a i t  pouvoir se faire assez  

rap idement ;  

- reprendre, sur la base  des données récentes et de façon sys téma t ique ,  

1 ' é v a l u a t i o n  des impacts, en mettant 1 'accent sur la ,présence 

a c t u e l l e  des équipements, leur exploitation en termes de fluctuations 

des débits et niveaux d ' e a u ,  l'état du milieu (par exemple, la 

réutilisation actuelle du réservoir Hrusov  pour la chasse)  et en 

tenant compte aussi de la sensibilité de chaque élément 

envi ronnemen t a 1  ; 



- intégrer une quantification, ou tout au moins une qualification des 

impacts ,  tant directs qu'indirects, en r a p p o r t  avec leur durée, leur 
intensité et 1 eur por tée;  

- tenir compte des valeurs sociales concernant entre autres la 

conservation de 1 a nature,  Pa récréation extensive et I ' a s p e c t  

v i  sue1 ; 

- évaluer de façon détaillée les e f f e t s  de l a  gestion d e  pointe 

envisagée,  et ce particul ièrement en ce qui  concerne les d i f f e r e n t s  

usages du réservoir Hrusov e t  de  la portion du Danube à l ' a v a l  du 
canal de f u i t e ;  une comparaison d 'ordre  envi.ronnementa1 e n t r e  la 

g e s t i o n  de pointe et au  fil de l'eau serait souhaitable; 

- faire de l'information publique se ra i t  souhaitable avant  la mise en 

service des ouvrages.  Certaines propositions d'aménagement paurraient 

même faire l ' o b j e t  de  c o n s u l t a t i o n s .  Une transparence comple te  au 

n iveau  de 1 a divulgation der impacts e s t  recommandée. L'évaluation 

comparative des  variantes, t a n t  sur les plans t e c h n i q u e  qu'économique 

e t  environnemental pourrait ê t r e  soumise lors de ces çeances 

d ' i n f o r m a t i o n  ou de consul t a t i a n .  

4.6.3 Validation des mesures proposées et de la mise en valeur proposée 

- réviser les mesures proposées a la lumière de l'importance des 
impacts i d e n t i f i e s  et selon des  valeurs sociales privilégiées; 

- intégrer l e s  préoccupations env i ronnement  ales ainsi que 1 e s  

recommandations a toutes les étapes du projet .e t  ce  pou r  l 'ensemble 

des aménagements ; 

- élaborer un mode de gestion preci s des niveaux et  des débits, dans 1 e 

temps et l'espace, pour l e  secteur de l'ancien lit du Danube e t  des 

meandres,  qui intégre les differentes utilisations de cette zone et 
revoir les mesures proposées de f açon  à harmoniser les concepts de 

consei-vat  ion du mi 1 ieu naturel et de récréation e x t e n s i v e ;  



- r é v i s e r  l e s  aménagements proposés a des f i n s  récréo-touristiques dans 

le secteur des v i l l a g e s  i s o l é s  par  l e  canal de d é r i v a t i o n ,  et 

améliorer l ' a c c e s s i b i l i t é  à ces villages; 

- r e v o i r  les p r o p o s i t i o n s  d'aménagement récreatif intensif à l a  tête d u  
' réservoir Hrusov en f o n c t i o n  des nouveaux critéres d'aménagement, 

tels l a  récréation ex tens ive ,  l a  conservation d u  milieu naturel e t  

les n o u v e l l e s  v a l e u r s  sociales; 

- revoir le concept  et l a  p l a n i f i c a t i o n  der  mesures récréatives 

proposées  p o u r  les  v i l l a g e s  a d j a c e n t s  en rive gauche du cana l  de 

dé r t  v a t  i o n  en ce qu i  concerne notamment les aménagements r é c r é o -  

tout-i s t i q u e s  1  i e s  aux sources  thermales; 

- m e t t r e  en v a l e u r  l e  c a n a l  de dérivation p a r  des aménagements 

paysaoei-s, des accès  aux r i v e s  d u  canal pour  l a  randonnée pédestre  et 

le c y c l i s m e  et un p a r c  linéaire sur la digue de f açon  a é t e n d r e  

l ' u t i l i s a t i o n  r é c r é a t i v e  a u  maximum e t  a l i m i t e r  l ' a f f l u e n c e  a des 

s i t e s  t - e s t r ' e i n t s .  

4 . 6 . 4  S u i v i  environnemental 

- é l a b o r e r  d e  façon préc ise  un plan intégré de s u r v e i l l a n c e  des t r a v a u x  

qu i  res tent  à e f f e c t u e r  a i n s i  qu'un programme de s u i v i  

environnemental en vue  de valider l ' é v a l u a t i o n  aes  impacts  e t  de 

f a i r e  l e s  ç o r r e c t i a n s  qu i  s ' imposen t  de façon immédiate.  A ce sujet, 

il s e r a i t  impor tant  qu'un seul organisme formé des d i f f é r e n t s  

spécialistes concernes dans le domaine n a t u r e l  et humain s o i t  

responsable de c e t t e  é tape;  

- é l a b o r e r  un mode de s u i v i  environnemental s u p p l i m e n t a i r e  e t  i n t é g r é  a 

celui de l a  nappe phréatique qui t i e n t  compte des aspects 

phytosocialogiques et fauniques de la zone d e  méandres, en r e l a t i o n  

avec l e s  nouveaux concepts  d'aménagement; 



- e f f ec tue r  un s u i v i  r igoureux de 1 ' u t i l i s a t i o n  du secteur des méandres 

p a r  les  visiteurs s u i t e  à l a  m i s e  en place des aménagements 

r é c r é a t i f s  d a n s  l a  zone de méandres, de façon a prendre immédiatement 

1 e s  mesures qui  s '  imposent pour l a  sauvegarde du milieu naturel e t  de 

s a  productivité; 
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geo techn i  cal e n g i n e e r i n g  

Vplyv h l a d i n  p o v r c h o v ~ c h  a 
podzernnpch vôd na  v l a h o v G  
b i  1 anc iu  p6dy v i nundovanom 
Gzemi p r i  s t a r o m  k o r y t e  - 
Mapovan ie  pokryvnqch v r s t i e v  
a urrenie hydropedoparametrov 
R 05-531-139-03.02 - zaverecna 
sprava etapy ciast.ulohy 
ev.c.14 ( 2  k s )  

Mapa i z o l  i n i  genet  i c k j c h  
koeficientov zitného Ostrova 
1 : 50 000 

~ e c o n n a i  s s a n c e .  ouvraqeç  de retenue 

IGHP I i l i n a  VD GA, d e r i v a c n y  kanai  A , &  
- i n z .  geo7og. p r i eskum 06/65 

. . 

IGHP B r a t i s l a v a  VDD - Zdrz Hrusov  A,B 
i n 2  . g eo l  og. p r i eskum , 09/65 

IGHP B r a t  i $1 ava SVD GN, s t upen  Gabc i kovo 
inz-geolog. prieskum 1975 

I G H P  Bratislava SVD GN, zdrz  Hrusov - 
Dunak i l  i t i  1 1 / 7 5  



IGHP B r a t i s l a v a  Dopl ne n i e  uda j o v  najnovsimi 1965 
vysiedkarni prieskumnych prac  

IGHP [ r a t  i s l  ava Zdrz Hrusov - 
doplnok k rajonizlcii 
1 .  etapy 11/75 

IGHP Kosice SVD GN, km 0,O - 4 ,O CS 
P e n e t r a ~ n é  skusky 198 1  

IGHP B r a t i  $1 ava S U I  GN, vaf ia  VEGA 
0bj.c 1-41.102 - ochrana s t a v .  
jamy proti  podz. vodlm I I . s t . ,  
s t a v .  j a m a  - p o d r o b n j  prieskum, 
rea l  i r a c n a  dokumentaci a 05/85 

IGHP Bratislava SVO GN, stupeh G A ,  plav.kornory 
0bj.c. 1-43.102 - 

real i z a ~ n a  dokumentacia 01/86 

IGHP B r a t i s l a v a  SVD GN, pr i vodnp  k a n i l  
ob j . c .1 -36 .115  a 215 - 
sondy pre meran i e prcdeni a 
podz . v8d - r e a l  i z.  dokum. 12/89 

I G H P  Bratislava SV0 Gf4, zar.na meranie a 
pozor .  - poz.sondy - l , ~ ,  
p r i v . k a n i l ,  prava  s t r a n a ,  
ob j . c .1 -36 .204  -real.dokum. 12/89 

IGHP Bratislava SVD GN,  p r i v .  kanal , pozorovacie 
sondy,ll.~., o b j . ~ .  1 - 3 6 . 1 1 8  
a 218 - r e a l  .dokum. 12/89 

IGHP B r a t i s l a v a  Vplyv v 9 s k y t u  rasel i no -  
i l o v i  tého sivrstvia na z a k l a -  
dan ie  ç t . G A  - geolog-pr. S Z P  1983 

V V B  + OVIBER SVD G N  
0-7-3 Podklady stGdie 
0.7.1.1 Podklady, inz-geolog.  

prieskum, sijhrrina sprava 1978 

Etudes e t  p l a n s ,  ouvraqes de retenue 

IGHP Bratislava SVD GN, o b j . 5 0  1-64.215 

V O I S  Bratislava Zhutnovaci a skuska vysokeho 
zisypu hl b i  nnpm zhut i iova~om 
typu RF 3000/46 Fy Ferro- 
k o n z u l t  l . ~ .  - c i a s t k o v j  
vystup s t .  Clohy 198 1 



VUT Brno 
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1.1 - speci  f i c k é  problémy zhutnovan ia  
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nenie s t r kového  zasypu pod 
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B r a t i s l a v a  s tavbe VdGA - vyhodnotenie 

real i z a c i e  12/35 

Doprastav B r a t i s l a v a  SVD Ounaj - pokusné useky 
pre posudenie moznost i  r e a -  
1 i z a c i e  p l  astoveho tesnen i  a 04/80 

SVST - Katedra S p r l v a  o r i e s e n i  c i a s t k e v e j  
geotechn i  ky u l o h y  S-52-547-008-00-02/16-T 

Sivislosti s t a b ' i l  i t y  d u n a j -  
s k j c h  remin 04/73 

Techn. a skGs.Ustav S p r i v a  O v9s ledkoch k v a l  i t y  
s t a v e b n j  - S t i t n a  stav.prac na SVD GN, za r o k  
s k U s o b n a 8 r a t i s l a v a  1983 03/84 

II Prehl adna sprava O vjskurnoch, 
v j r o b n o  a Uradnokon t ro l  n j c h  
skiskach p r i  k o t i t r o l e  k v a l  i t y  
stav-pric na SV0 GN 
za 1 . p o l r o k  1987 07/87 

S p r l v a  O vjs ledkoch v k v a l  i t e  
s t a v .  prac  na SV0 GN, z a  rok 
t 985 01/87 



P r i v o d n l  kana l  - p r i l  . 
20420 - E 82076 2/2 

II _ Posudenie zemin z povrcha- 
v4çh v r s t i e v  PK na  nebez-  
pec i e  i c h  n a b o b t n a n i a  po 
n a s j t e n i  vodou 
Zdrz Hrusov 
G .  0 .1  . I l .  101:105 

S V S T  Rrat is l  a v a  Stupen Gabcikovo-Parametre 
pohybu podzemnej vody pred 
napustan im prevodneho Canada 

HYCO Erati sl ava ( S V 0  GN, spreukizna dokumen- 
(1ng.Bano) t a c i a  k SE 1981 

- S t a b i l  i t n é  a konst rukcné 
r i  esen i e hradzi  zdrze 
Hrusov - O u n a k i l i t i  TP 

- s t a b i l  i t n é  a konst rukcné 
r i e s e n i  e h radz i  p r i v .  
kanaïa  TP 

- P r e s e t r e n i e  s t a b i  1 i ty 
svahov a ochrannpch h r i d z i  
odpad. kanil a  TP 

HYCO B r a t i s l a v a  Seizmicka s t a b i l i t a  zernnpch 
( I n g . H o b s t  CSc.) h radz i  p r i v .  k a n i l  a V D  GA - 

techn. pomoc p r e  konzul t i c  i e  
so ZSSR TP 

HYCO %rat  I s l  a v a  S V 0  GN, p r i v . k a n i 1  - up rava  
( 1 n g . l o m a j )  p o d l o z i  a k a n i l  ov4ch hradzi 

- techn. s p r l v a  

HYCO B r a t i s l a v a  SVD GN, p r i v - k a n i l  - l a b o r .  
( p g .   rego or) a terenne skusky ob jemov jch  

h rno tnos t i  s t r k o v  - d o p l n .  
geol . p r i c e  

H Y C O  B r a t i s l a v a  SVD GN, p r i v .  kana1 
(1ng.Comaj) Srnerni ca pre postup s t a v .  

pric p r i  vprnene p o d l o z i a  
h r i d z i  priv.kanila 

Vodné toky B r a t i s l a v a  Povoden na  Dunaj i  
MLVH Praha v r. 1965 

HYCO B r a t i s l a v a  P r i v o d n j  k a n l l  - upravy  
r ï ivodného svahu k a n i l o v e j  
hradze p r i l  . 17731 - 
G 10447 tIl P 



HYCO B r a t i s l a v a  

HDS B r a t i s l a v a  

I G H P  8 r a t i  s l  ava  

IGHP - N t  _ 

IGHP - " - 

I G H P  - " - 

IGHP &rat  i sl ava 

IGHP - 4 1  

IGHP - " - 

HY DROCONSULT 

VUVH Bratislava 

p r i l  . 16038 - D50039, 
050043 - 5/13 V P 
pril . 16289 - 059024, 
059029 V P 
p r i l .  16667 - D71789, 
794, 795 - 6/22 VP 
p r i l  . 16480 - D65109 VP 
pri  1 . 17406 - 093062, 
Dg3063 - 26/69 VP 
p r i l  . 21029 - Hg8 OVP 

G-N p r o j e c t ,  
ECOLOGY VERSUS ECONOMY 

Vjstavba podzemnjch stien 
na s t u p n i  G a b ~ i k o v o  

Poznatky z overovania 
t e s n o s t i  vane D I U  st .GA 
- geolog.pr. 1987 

Overenie tesnos t i  vane  
VEGA - geol .Pr .  1986 

T I E F E  BAUGRUBEN FUR D I E  
WASSERKRAFTWERKE G a b ~ i k o v o ;  
DEEP FOUNDATION P I T S  FOR THE 
Gabeikovo HYDROPOWER PLANT ISEO 

Vysl edky p o l  ' n j c h  zal'ato- 
vacich a smykavjch skusak 
V - 2 . 4  ( 1 - 3 )  a 

Zhut f iovac i  vel'kopokus 
V - 2 .4  ( 1 - 3 )  c l  02/77 

SVD GN, d e r i v a ~ n j  k a n l l  pre 
HC GA - pod robn j  pr ieskum - 
s p r i v a  06/65 

HYBROUZOL GABEIKOVO - 
ruskp t e x t  03/82 

Aménagement hydraul  i que de 
Eabcikovo-Nagymaros 
Rapport de synthèse 03/30 

Hydrol ogické  a hydrotechnické 
r i e s e n i a  regulovania hladiny 
podzemnej vody pozdl zstarého 
k o r y t a  O u n a j a  pod ha tou  Dunaki l i t i , 
rezortni v jskurnn i  uloha 
R 05 -531 -139 -00  1989 



V V  B r a t ' i  sl  ava Sus t a v a  Vodnych die1 Gabci kovo 03/90 
Nagymaros, çiaskova sprava  O 

dohlade j r o c a s  vys tavby  na VD 
Gabci kovo C.  7 pocas 

VYWVSH Brno Overen ie  funkci e ramennej sus tavy  
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Dunaja pod hatou Dunaki 1 i ti . 
Posideni e vpl yvu na h l  ad i ny podzem- 
n j ch  v i d  v prilahlom izemi 1990 
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Monitorinq 

V V  Bratislava SVO GN, YOGA, c i a s t k o v a  
sprdva O doh lade  pocas 
v j s t a v b y  ~ ; 7  ra  obdobie+ 
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V E - g r a f i c k i  c a s t  
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Annex 10 

GOVERNMENT OF THE WUNGARIAN REPUBLIC, STANDPOINT OF THE GOVERNMENT OF THE HUNGARIAN 
REPUBLIC AND THE HUNGARIAN ACADEMY OF SCENCES CONCERNING THE ECOLOGICAL AND 

ENVIRONMENTAL IMPACTS OF THE GAEKIKOVO BARRAGE, BUDAPEST, 22 APRIL 199 1 

Basic principles to be taken into account in the review of the expected ecological risks caused by the 
operation of the barrage: 

1. The dynamic equilibrium of the Danube and the surrounding water systern was fomed after the last 
glacial period. Tt has not been significantly disturbed for ten thousand years. According to the plan, the 
Danube will be elevated, moved and directed into a Iined canal. There is no evidence that this move will 
not have potentially h m f u l  consequences. 

2. The Danube is a sophisticated, ever changing ecologicat system. ConsequentIy, no 
parameter(discharge, flow velocity, contamination, etc ...) c m  be taken as constant to the excIusion of 
others. 

3. The limits of ecological and environmental fore~asts, from where no further accurate conclusions can 
be made, is quickly reached because the research and examinations are lacking. 

4. Time must be taken into greater account in the assessrnent of ecological impact. It determines the 
combination and sequence of processes. Models with short time scales may predict results that are quite 
different from reality. 

The ecological and environmental consequences of the operatiori of the Gabcikovo Barrage will be 
primarily caused by the hydrological, hydraulic and by changes in the pollution levels of water that it will 
affect. The interactions of these changes with each other will result in even more drastic consequences. 

(A) Result of the important, the water velocity in the resewoirs will decrease, stagnant areas will 
develop, piling of sedimentation will accelerate and groundwater levels will rise. 

Expected risks: 

1, Owing to (i) the decrease in Stream velocity in the reservoir and in the main meam, (ii) separation 
from the tributaries and (iii) the construction technology of the new banks, severe degradation of the 
ecosystem is expected, while a nutrient surplus (S,P) increases eutrophicatian and the damaging 
production of organic materials. The self purification capacity of the water along the river stretch 
concemed is decreasing. 

2. The anaerobic processes are gradually becoming dominant in the sediment at the bottom. This i s  
apparent even on the sutfaceof the water and as a result of it seriously damaging anaerobic, fermenting 
bacterial decomposition and rotting can occur, and the organic and non organic industrial contaminants 
can infiltrate into the metabolic biological product. 

3. Gene damaging, rnutagenic, cnrcinogenic and teratogen metabolic side products are entering the water 
and sediment is transfoming into a dangerous, industrial sewage-sludge-with rotting characteristics of 
decay. 

4. The biological filter Iayer formai on the surface of the bottom sediment is being severely darnaged, 
therefore sedimentation indirectly also pollutes the wakr of the bank-filtered wells . 
5. In the damned up territories and in its connected areas the soi1 becomes il1 ventilated, the anaerobic 
processes become dominant, the danger of waterlogging is increasing, and secondary solidization is able 
to occur in the area with bad drainage conditions primarily on the Ieft side of the Danube, East of the 
mouth of the Vag, along the backwaters and the related area. 



6. Because of the speciaI hydrogeological condition of the 'Szigetkoz and Zitny Ostrov (çontinually fed 
from the Danube, this is a grave1 aquifer with high transmissivity in some places and a thickness of over 
350 metres ) the damaging material reaching the groundwater will eventually pollute the total subsurface 
water resources (in a few decades). The planned, regular dredging of the accumulated silt will not only 
be damaging for the quality of the surface water but, by desboying the filtering layer, the intrusion of 
organic micro polluters and microorgmisrns into the groundwater will be possible. 

7. , n e  several thousand square metre asphalt surface of the dam of the power canal and the reservoir at 
Dunakiliti wiil lx covered by epibiotic bacterium. The catalyzing effect of these bacterium can 
contribute significantly to the transfer of cancer causing polycyclic and aromatic coal compounds passing 
from the asphalt into the water. 

(B) Water supplementation and moisture content of the flood plains in th old Danulie's abandoned bed 
and along surrounding areas will decrease and the groundwater level may also decrease as a result of the 
siphoning of groundwater. 

Expected risks: 

1. Swampy areas are being formed in the abandoned water bed where the tree type vegetation is 
becoming weedy. 

2. The mineralisation of the decaying vegetable matter is k i n g  accelerated, the organic content of the 
soils is decreasing, the danger of the leaching of nutrients and the deterioration of the soi1 structure i s  
k ing  increased. 

3. The water supply through capillarity into the root zone stops where the present groundwater level is in 
the fine aquifer and is being lowered down to the grave1 layer because of the barrage, consequently the 
yield, or more exactly the security of the yield of the cultivated vegetation is significantly decreased. The 
drought sensitivity of the area has increased too and the regular water supply of the flood plain forest is 
changing. 

4. The quality of the water supply used to compensate for groundwater recession and dependent on the 
nourishing raw water supply and the situation of the colmatage in the flood plain is deteriorating the 
quantity of the total water resources stored there. 

(Cl The Changes in the bydrodynamic situation and the displacement of the bio-geochemical processes 
thereby induced, and the deterioration in water quality will lead to the impoverishment and the 
degradation of the ecosy stem. 

Expected risks: 

1. The present connected flood plain ecosystem will à e  broken into isolated areas, the organic matenal 
pduct ivi ty  of the vegetation is decreasing, and woodland ecosystems adnpted to oxygen rich water will 
be seriously degraded. 

2. The composition of the ecosystems is k i n g  displaced, the pattern of them will be restruchired over a 
short period and during this process the diversity (numkr of species and their genetic variety) will 
decrease which means a significant degradation. 

3. The rapid changes will destroy numerous (likely millions of) gene variants over the affecteci area for 
ever. This endangers the adaptability of the remaining members of the ecosystem which is critically 
important in the rnodified environment. 

4. The planned water supply system inmeases the disturbance caused in the flora and fauna population. 
This, through the degradation of their growing space, leads to a lower reproduction capability. 



5. Fry and spawn deposited aIong the bank owing to the unnatutal circumstances can not endure the flow 
changes and the silting. Consequentiy the fish population is decreasing and its composition is 
significantl y rnodified. 

ID) Frorn a geological point of view, is the lack of knowledge regarding the region represents the 
greatest rîsk. Numerous preparatory and planning steps (for exampIe environmental impact assessment, 
technical design) can only lead to valid results if this information is available. 

1. No geoIogica1 or geophysical documentation of the area affected by the Gabcikovo Barrage was ever 
prepared. The rnajority of the necessary research concerning this probIem is still lacking. A further 
problem is that there has been no integrsirion of research carried out by the Hungarian and the 
Czechoslovak sides so far. 

2. A specific problem is the seismic question related to the Gabcikovo barrage. The seismic values 
agreed upon in the Joint Contractual Plan are not acceptable. Because of the lack of the necessary 
examinations it is not possible to give n valid answer to the seismic questions. 

Budapest, 22 April 1991 
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1. Mucha and E. Paulikova 

Ground water quality in the 
Danlsbian Io wland do wn wards 
from Bratislava 

fhe majority of ground water In the ~wer Danuba lowland area downstream of Bratislava hi oxiduing conditions and is 
of high qualhy, urable for water supply wifhoui additional freatment. 
The area has baen influenced by human aciivkies. Straighiening and dredging the river b d ,  closing the Danuix branch 
systern, construction d dams upstream Irom Bratislava, etc.. has reçulied in erosion and deepening of the river bed and 
substantial lowering of the graund water level. Dirert industrial and egricultural pallutton of aquirers hb b&n observad 
Under these conditions the hydraulic structure at Gabcikwo was constructed, Its influence on ground watec and the 
whola scosysrem, especially riverside vegetation, can be negative bvt also positive. 

Water in rivers, lakes, and ground water from 
springs and weUs with natural oxidizing conditions, if 
noi directly poliuted, is usually of a wazer qualig suit- 
able for drinking without additional ueatment. At ihe 
beginning of the 20th ce-ntury in Europe oxidising con- 
ditions prevaüed in nearty al1 shailow alluvial aquiiers, 
Nowadays, in some European regions, one can satceIy 
drink water duectly from a weU. contamination and 
degradaiion of ground water is also detecred in ihe Slo- 
vak river Danube area. Protection of drinking-qualily 
ground waler resources is the present a h  of engineer- 
ing and ecological approaches to water resourçes in 
the area. 

THE STATE OF GROUMD WATER QUALlTY 

Water 01 unpolluted mountainous rivers and lakes  
generaliy has cixidizing conditions due to the dissolu- 
tion of oxygen frorn the atmosphere and the absence 
or eutrophication. According to the hydrogeologicaI 
conditions present, ground water can either have mi- 
dizing or  reducing conditions. Oxidizing conditions are 
often present in uncontaminated surfaçe regions and 
regions of traditional agriculture and forestty activi- 
ties. Under such conditions ground water is replen- 
tshed with oxygen-rich water and m t h  atmospheric 
oxygen transported through the soi1 and the unsaiu- 
raied zone above the capillary fringe. In regions where 
water which recharges the aquiîer contains organic 
mmpounds and liitle or na  oxygen, or oxygen is no1 
transporled to the ground water level, the aguiler 
becornes anaerobic. The oxygen-consuming agent iç 

generaliy the organic matter, which iç mainly rha result 
of human activîty. SimiIarly, the changes in the oxygen 
inpui via the unsatura'ted zone and throughout the 
places where the river bed infiltration takes place, are 
Usually aused  by human actMty, for example, by river 
regula tions. 

The majority of ground waler in the river Danube 
lowland area downstream of Bratislaw has oxidizing 
conditions and  is of a high quality, usable for waier 
supply without addirional treatmeni. The total avail- 
able was esrimaied at 20 m31s and approximately 3 
m3/s has atready becn used for water supply. 

WHAT DOES G00D GROUND WATER QUALlPY 
MEAM? 

Ground waler can be protected against pollution 
by appropriale prohibiting regulaiions, removing the 
pollution sources, rernoving the poiiutants by remedial 
actions and by restricting the propagation of pollutanis. 
Additional remedial measures are usually expensive. 

Waier quality can be degraded $y changing oxi- 
dizing condiricns lo  reducing ones. nie solubiiiv of 
oxygen in waier iç compararively low (about 10 rngfl). 
This is why Che presence of even srnaIl arnountç of 
organic carbon o r  oxygen~onsuming substances due to 
their oxidation, consumes the free oxygen and water 
conditions becorne reducing. If not al1 of the  or- 
ganic carbon has been consumed by this iu oxidation 
continues, taking the necessary onygen from nitrates 
and oxygen-containing co rnpunds  of trivalent iron, 
ietravalent manganese and' sulfates. These eomponents 
are almost alwaqs present in water or rock. Nir'tates 
and sulfates a r e  cornparatively harmIess and, accord- 
ing to the Czechoslovak standard (CSN 75 7111- 
Dtinking Water), their content Î n  drinking water can 
be 50 and 250 rngfl ,  respectively. The uimpounds of 
trivalent iron and ietravalent manganese are, under 
oxidizing conditions, insoluble. Under reducing condi- 
tions, and in the p raence  of organic rnetier, nitrites, 
ammonium salts and îree ammonia, hydrogen sulfide, 
and soluble bivalent forms of iron and manganese are 
formed, whose permitted contents (according to CSN 
75 7111) a r e  onIf0.1, 0.5, 0.01, 0.01, 0.3 and 0.1 rngtl, 
respectively. This mean$ that, just by a change in redox 



Figure Y. The Ziiny Dsrrovarea. 1 = Gabcikovo:power station, navigation Iock and mad bridge; 2 = HtusovDunaki!i& weir; 3 = suppl 
canal; 4 = Hrusov reservoir; 5 = Sihot waler supply; 6 = Brarislava cast1e.- 7 = canal dredging; 8 = Slovnafi oil refineiy. 

conditions, originally harmless waier can be tuined 
in10 ground water which is no1 suitable for supply with- 
oui treaiment. This change ais0 occun easily in the 
area downstream of Bratislaw. 

PROBLEMS OCCURRIMF IN M E  RIVER DANUBE 
LOWLANDS 

The River Danube IowIands, called the Zitny Os- 
trov area (Fig. l), and the adjacent ierrirories in 
Hungary have been influenced by hurnan activiiies 
since ancient limes. Srraighiening ihe river, closing 
its meanders, dredging the river bed, mining gravel, 
aising and closing the Danube branch sysiem thresh- 
olds, and stream controlling structures, al! cairied out 
mainly in order to improve navigation, caused further 
changes in the region. Construction of dams upsirearn 
from Bratislava has changed the relation of suspendeci 
material to bed load. In partirular sand and gravel 
movement has been decreased. h a resulr of al1 
these measures the ermion of rhe river bed down- 
stream from Bratislava and a subçtantial lowering of 
the ground water level (caused partialiy also by the 
hydraulic proteciion of ground water againsi pollution 
frorn the Slovnaft oil r e f i n e ~ )  has been noted. A drop 
in ihe ground water IeveI @y 3-6 m) has resulied in 
a changed landscape, with the drying up of riverside 
forests downsrream of Bratislava, and degradation and 
drying up of the river branch system. These processes 
have affected fish and foresi ecoIogy and have had 
a negaiive influence on ground water and soi1 and 
jncreased ihe necessity for irrigaiion. 

The Danube iç a very dynamic river with high 
Ilow rate and greai water level fluciuaiions. The min- 
imum, average and maximum flow rates observed in 
Bratislava are 570, 2025 and 10254 m3/s, respectively 

and the ampli tude of ihe water level fluctuation is ovc 
8 m. The slope of the river Danube downstrearn c 
Braiislava is from 0.03 Io 0.011% and at Gabcikov 
[rom 0.02 to 0.03%. The sieep slope and high flor 
rate mean ihai the river bed consists mainly of gravc 
and coarse sand, almost wiihout any solid organic mai 
ter. The waier in the Danube is of a rather g o o ~  
quality, il iç nearly fuUy saturated with oxygen an1 
it has cornparaiïveIy small values of biologial oxyge 
demand (BOD) p b l e  1). During infilrration of sucl 
waier, any organic maiter is oxidized but the grounr 
waier siill coniains oxygen in concentrations suficien 
for ihe prevention of reducing condilions. Apari fror! 
the sreep slope, water a t  ihe river bottom k kept i i  

moiion due  lo the variability of the fiow rate, so theri 
is no clogging (c~lrnatation) of the bottom (homi i( 
be caused, for example, by artficial recharge). 

As far as the ground water is wnmrned, the are: 
shows some peculiaritim. Downstream from Braiislav; 
the river Danube forms an "inland delta". This mean 
that, alter having passed the granite threshoId situater 
beneath Bratislava castle, the River Danube Aows ove 

TABLE 1. Sshcted chemical components of the Danube water a 
Hrusov 

Parameter 

PH 
0 2  
BOP5 
CODm 
N 0 3  

N 4  
PO4 
NH4 
soi 

Minimum 
[ms/l) 

7.99 
7.20 
1.50 
3.20 
6.75 
0.05 
0.11 
0.02 

27.60 

Maximum 
( m d l  ' - 

BOD = biological oxygen demand; COD - chemical oxygen de 
rnand. 



Distance 1mm the Danuoc l km1 

Fipure 2 Amplitude of gmrind warar Ievel flucruation wirh drstence fmm the River Danube. 

her own sediments. In the upper part of the Zitny 
Osuov a r a ,  the river bed of the Danube is situated 
higher than the surrounding area. Water from the 
River Danube can, therefore, permanencly infitirace 
into the aquifer and renew the ground water resources. 
The p u n d  water flow is comparatively fast (about 
1-3 mlday, sornetimes even mare). As a consequence 
of tectonic processes, the hyer of river grave1 attains 
extraordtdinarily grea: thickness. In BraIislava it is 15 m, 
a t  Samorin 120 m, in the surrtiundings of Gabcikovo 
it surpasses 350 m and towards Komarno it diminishes 
again to 10 m. The watcr infiltrated in the upper part 
of the Ziiny Ostrov area Rows in the lower part back 
into the Danube and channels. The great amplitude of 
the water level fluctuations in the Danube also causes a 
great fluctuation in ground water levek (Fig. 2), which 
enables it  to be supplied naturally wiih acmospheric 
oxygn In Ihe past the Rivcr Danubc rneandered, the 
ground water level was closc to the surface and the 
whole area was excrernely fcrtile. In spite of numerous 
adverse effects and intensive agricultura1 production, 
the ground water in the upper and ceniral part of the 
Zitny Ostrov area is stiiI generalty 01 excellent quality. 
This can k explained by the fact that the ground water 
level ~ u c t u a h  over a large area, which has ensured 
no1 only the transport of the atmospheric cixygen into 
the ground but also its transfcr to deeper layers, thus 
presening oxidizing conditions m e r  a cornparatively 
extensive area. 

Ground water in ihis area is partially polluted 
directly by industrial waste from Bratislava and its sur- 
roundings, and indirecily by, for exarnplc, sulfates and 
olher air polIution. Apart from this, the ground water 
is polluted by unsuitable agriculrural iechnology and 
irrigation, inappropriate w a t e  deposiis, the absence of 
m e r a g e ,  and the filling of the oId meanders by waste 
material, among others, 

fluence on ground water and the whole eaosystem, 
especiaIiy riverside vegetation, mn be negative but iJ 
a h  sometimes posiiive. 

The proposed Hrusov reservoir, which forms part 
of the Gabcikovo hydraulic structure, threatens ground 
waier for the foiiowing reasons: 

(1) 'Fhere is a possibility of eutrophication in the 
reservoir in the same way that, in the old river bed, me- 
anders and branches mused a greater concentration of 
organic matter. From the poinc of view of ground wa- 
ter, euirophiwtion in the Danube wiil have a negative 
influence on ihe qualiiy of infiltraieci water. 

Stagnation and slowly fiowing water show a ten- 
dency to eutrophication, where there are enough nuiri- 
ents and correct temperature and light conditions. In 
the projected resewoir these conditions will exist. 

(2) Fine sedimenls containhg organic malter wiU 
be deposited in the resewoir. This wili result in con- 
surnption of oxygen during infiltration, a higher organic 
matter content in ground water and consequent teduc- 
ing condiiions. The recent flow regime in the river 
Danubc at, lac example, the Sihot Istand and d o m -  
streatn of Bratislava ensures a concinuous infiltraiion 
resulting in good quality of ground water. 

(3) CIogging of the reservoir will occur. Afier 
a while the cIogging wilI becorne widespread and a 
furtber drop in the ground water level in the upper 
part of the area may occur. 

(4) 'Ihe water level fluctuations in the reservoir wiU ' 

be reduced (to approximately 1 m) and, due to the 
influence of infiltration canals, g o u n d  water level will 
stagnate. This wiIl decrease the amount of atmosphenc 
oxygen trançported to the aquifcr. 

Due to the ahove-mentioned reasons it will he nec- 
essary io take in10 account the costs of the constniction 
of warer supply treaiment plants, the higher cmt of ir- 
rigation, artificial: inlîitration, dredging in the reservoir, 
disposal of settled fine sediments, e t c  

THE GABÇIKOVO HYDRAULIG STRUCTURE 

POSSIBLE SOLUïïONS 
In the past the river ecrisysiem and the whole low- 

land a r a  altered greatly as ground water and river Basic m a u r e s ,  ensuring minimal eutrophication, 
levels fluctuated. The hydraulic structure a l  Gabcikovo awiding unwanted sedimentailon and ensuring river 
ws i m p e d  on rhis unsatisfadory siiuation. Its in- bed permeabiüty, are: 



(1) Maintaining the River Danube hi@ water qual- 
iry (which meam carrying out m s i e  water ireatment, 
construction af sewage systems, opiimization of agri- 
cultural technology, imgation and feriilizer applica- 
tion). 

(2) lnfluencing the river bed sedimentation by en- 
suring river water flow velocities are as high as possi- 
bIe. Correct flow velocities and iheir convol have to be 
determined experimenially and by modeliing. 

(3) Forchg the fluctuation of ground water levek. 
Under the conditions in which the hydraulic struc- 

ture will work while not generating peak power, it 
is possible to resolve the negative influence of the 
reservoir and to rninimize the ecological risks, even 
to improve the recent siruaiion. By optimization of 
the water flow to the supply canal, for example, by 
the adaptation of the reservoir shape, Row control- 
hng structures, islands, elongaiion of the supply canal, 
seeking the optimal position and cunsiructicin of ihe 
weir, as well as weir management from the point of 
view of the bed load, it w u l d  be possible to gain some 
additional emtogical benefits. Benefits woutd consisi of 
irnprovernent In the receni water regime in rhe river- 
side forest and its spread iowards Bratislava. In the 
adapied resewoir the sedimentaiion prmesses uiuld 
be opiimited in order to salis@ the fuiure ground wa- 
!er infiltration requiremenis. By means of a correctly 
projecied weir, sedimentation processes could be grad- 
uaIly adjusted so that the reccnt bed boltom w ~ u l d  
rise. All the proposed rneasures, together with the 
opening of ihe branch syscem, could contribute 10 the 
irnprovernent of riverside fores&, ihe branch sysicrn 
and agriculture, as well as to the ground water. Seri- 
o u  consideration must be gïven to the optimization 
of agricultura1 activities, especially in respect of the 
ground water and a definition of water supply terriiory, 
which should be strictly protected. Apart from this, 
wasre water treaimeni plants should be built, waste de- 
p i t s  removed and environmenrally friendly practiceç 
followed. 

DANUBIAN LOWLAND-EC PHARE PROJECT 

The problems in the Zitny Ostrov a r a  are corn- 
plex, because the grovnd w a e r  is not only influenced 
by operation of the hydraulic srructure, In  this çonnec- 
tion the ground water plays a crucial role, mol on@ for 
ihe drinking water supply, bu? for ecoIogica1 questions 
as WU. The problems are  extraordinarily cornplex, 
interdisciplinary in their tiasis, unique from the ex- 
pert point of view and of enreme importance for rhe 
whole of Slovakia. In November 1990 an interirn group 
"Ground Water" at the Eiculty of Natural Sciences of 
the Comenius University in Bratisiaw was esrablirbed. 
This group deaïs with the quwriom of ground water 
in this area. There is also a diance to involve the 

best World experts in th& work through ihe PHARE 
program of ihe European Community. At preseni, in- 
iermiional tender documents are  being drawn up. The 
work, with international participaiion, should start a t  
the end of 1991. ~ h e  goal of this project is to bring to- 
gether research and survey organizations to  m-operate 
in research on the ecology of surface waler and grtiund 
water, mainly by a study of iheir biochernical systems 
and ihe construciion of a model. The will be to solve 
a set of practical problems in the area hterconnected 
with the ground water, and to prepare a correct impact 
assessrnent model, which wilI enable authorities to  en- 
sure the protection of natvral resourçes and balanced 
ecological dwelopment, as well as optimizing decision 
making and management. 

The rnodelling rnethod was chosen as the basis for 
the  solution of probtems connecied with ground wa- 
ter because it can render the best information about 
various interacting factors, iheir variability and the 
space requiremen~s of the system. The mcdel will en- 
able examination of differeni proposed solutions and 
opiimizarion of cesulis. A deta iled threedirnensional 
ground water flow and qualiry model, interçonnccted 
wilh an  agriculiural mode1 and models 01 river and 
reservoir behaviour could refiect the MT~OUS possible 
problems. The set of rnodcls wilI also serve for ground 
water manaEement, agriculiural production, building 
aciivitics, ground water proicciion, ground water level 
control, management of the wcir, etc. We do not want 
io investigate ihe influence of the difiercnt variables (if 
the hydraulic structure, bu1 to look for a solution by ihe 
opposite procedure. ?b ensure defined goals (ground 
water quality, ground water level, scdirnenration pro- 
cesses, etc.) we wani lo seek an  opiirnal solution for 
the adaptation of the resetvoir, weir, agricultural pro- 
duction arid control of sedimentation processes in the 
old River Danube bed downstream from the weir, so 
ihat the recent negative changes may be graduaUr im- 
proved. Use of hydraulic structure couId bring benefils 
not only for power suppty bu1 al50 for ecology. 

The hydraulic structure can be used for the soIulion 
of problems existing in the Danube lawland, but a n  
alro exacerbate them. In any case, i t  Is nemssary to 
look first a t  prwiding optimum ecological conditions, 
espeçiaIly where ground water is concerned. A symbio- 
sis, or  artificial ecological equilibrium, acceptable for 
both nature and man can surely be found. We must 
admit that, in the Z iny  Ostrov area, an  acceptable eco- 
logical equilibrium did noi exîst prior to starting the 
cunsrruction of the hydraulic structure. Let us, there- 
fore, utiIize the hydraulic suuclure for ihe protection 
of the nacure. Perhap  il will now succeed in obtaining 
general approval. If the hydraulic structure is not put 
into operation the major ecologiaI problems of ihis 
area, e s p ~ i a l l y  presemtion of ground water quality 
wili still not be solved. 
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THE DANUBE.., 
FOR WHOM AND FOR WHAT? 

THE GABCPKOVO D A M :  
A T E X T B O O K  C A S E  

Equipe Cousteau 

Septembcr 1992 

Equipe Cousteou, association regie par la loi de 190 1 . 
kcionnarnent Fondation Cousteau, modification rendue nécessaire par les lois du 23 juillet 1987 et du 4 iuillet 199 
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The Danube ... For Wliorri nttdfor M'hot? 
The Ga1icihvo darn: a ~exlbook case - Scplcrnbcr 1992 

SUMMARY 

The first con tacts that the Equipe Cousteau had witli the Gabcikavo dam date back to 
September 1990, when Captain Cousteau flew down the Danube by helicopter. Seen 
from the sky, this niajor branch canal strongly resembles a scar cutting through the 
alluvial forest. 

The problern posed by Gabcikovo is one of the key points in our expertise on the Danube 
as it lias typicaI features. It covers a wide range of sectors (touching on facets such as 
energy, rransportatiori, waler resources a ~ i d  the protection of natural ecosystems) and 
illustraies the coinplexity of environmental probIems within die coniext of a wide range of 
ecological, poli iical (nritiorial and inieriiaiioiial}, econotnic and social challenges and the 
need IO mat tlleni i i i  ail o\ferall riianriet. 

The Gabcikovo dain is tiow tiewly conipIeted nrid ijiis rieeds io be taken inio account. 
l i i s  does not necessririly Ineari diai a11 has k e n  decided aiid that the situation is iherefore 
irreparable. A cenain nuniber of alleniauve solutions are possible, if the rneans are given 
to acliieve tlic~ir. %lie ctioice we niake will ~ieed io Lake the iinpact of the dam, as 
curreriiiy desjgncd, iind a iiiiintier of diifererit nltcriintives iriro accouiit, as well as  lie sole 
tliar the d;un could play iri ~ h e  ecorioriiies of i l le  Daiiubc countries, Czech arid Slovak 
Republics. Tliis evaluatioti of ihe ectiriotiiic irireresi of tlie dam, êssciilialiy the productioii 
of electriçiiy, and iiicreased n;ivigatiotial ~io~siliiliiies, should be treared as a preliniiiiary 
approach used to guide ilie clioice of alternatives whjch wiIl need to be siudied in a more 
detaild riianrier 

The air11 of [bis rcprirt is iioi to of fer  tecliiiicril studies of Ille iilipacis caused Liy ilie 
Gabcikovo dam arid tlie alierriative solutions, bu[ rather to sisnply offer an analysis and 
assessiiietit b a s 4  on accessible docuiiierits aiid our field experience. 

Huwcvcr, we do urfcr ;iii ovcr;ill ctirisidcr;iliciri o f  [tic adv;iriiages of ilie datii i i i  icniis of 
producuori of elccuiciiy and iricreascd iiavigaiioii. 

The Iiistory of this daln gocs back soine tinie üs tlie iriitiiil work were beguii at the 
beginning of the 1950s. Silice then. a vast nuinkr of modifications have been made to its 
teclinical design and, i n  the Iast few years, tIie dam has been marked by major confIjcts, 
borh within and outside ilie courirry. 

At preseni, tfie situation is at a standstill. The Hungarians have denounced the rreaty 
linking tliern to the Czechoslovaks and tliese larier have been carrying out work to make is 
possible to fil1 the darii wi thout Hiingcin:irr cooperaiion. 
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The impacts 

The dam has major potential impacts on the environmeni. The most serious ihreats 
conceni the quality of the agtrifer in tbis region, the largesr in central Europe. and the 
integrity of the alluvial ecosqstems dong the banks of this part of the Danube, diverted by 
the p r o j e  Ttiese two systemç are of p t  ecologid and economic interest. 

The controversid discussions between experts, from whatever camp, concerning these 
impacts and îheir consequences show a clear lack of environmental studies. The Slovak 
Environmental Commission has impliçitly recognised this failure by irnposing 
19conditions which determine the issuing of the building permission for the 
"provisional" solution (alternative "Cm). These conditions are no less than a complete 
progsamme for a vast impact study. 

Whether it k the initial project or alternative "C" it had never been question that these 
environmentai studies could lead to major project modifications. Insofar as alternative 
"CR is concerned, the t ine p e r d  impsed for the application of the conditions (1 year 
between the decision to build and fiIling the d m  with water) make it questionable as to the 
senouness d these studies and whether there was redly any point to them. 

A certain number of questians still exist as ta the safeiy of these works and tkieir capacity 
to prevent flmding. 

This dam is a factor in the internaiionai tension existing berween Slovakia and Hungary. 
as well as between a nationd probIern between the Hunprian minoriry and the Slovakç in 
a region of the world where there tbere are dready too many problem. 

Could Ihe econornic advamps of the dam, which might well counterbalance the negative 
points g v e n  above. justify the precipitate filling of the dam? 

Production of electricity 

ÇzechosIovaicta and Slovakia are characterised by a major overconsumption of energy and 
electricity, a fact which hampers their current difficult ewnomic development 

Effortç made in l e m  of energy efficjency could allow these countnes to reach energy 
intensities comparable with those in Europe today by the year 2010. Electricity 
consurnption would then be lo~ver thm ils present level: bei'ng about 23 TWh less for ail 
of Czechoslovakia and 6.5 TWh less for Slovakia 

Within ths context, the electricity prduced by Gabcikovo would meet no future needç 
and be of no interest in quantitative terms. 

The capital inveçted in Gabcikovo ha been removed from other seciors ~vhich are far 
more crucial to the country's econorny. Although it is not possible to go back on the 
initial investments, part of the 5.7 billion Çrowns (1.3 billion Francs. 260 mitlion US$) 
recently earmarked for the construction of alternative "C" could have been used for 
economidly affordable operations aimed at improving the efficient use of electriçity, 
leading to energy savings at least equal to the electricity producd by Gabcikovo. The 
difierencc could have been used to modernise i n d u s t e  nhich, in turn, ivould lead to 
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greater eiiergy savirigs, tlius creating capital for new investtneiits. This solution would 
have crented a dyriainic approach iavowable to reviving the counq's economy. 

The value of Gabcikovo as a substitute to existing sources of eIecfricity (thermal and 
iiuclear) can only be evaluated within a frarnework of a general redefinition of the 
counny's etiergy slrategy. In  any case, it remairis a highly inarginal source in quantitative 
terins. 

Navigaf iori 

Navigational probletns essentially coricern tlie Vienna-IIiidapest sector but, in itself, 
Galicjkovo is not capable of resolving ilieni. This sitnple fact sliould be sufficient to 
show that Gabcikovo is of rio value iri tenns of tiavigiitiorr. 

If we look ai slie problem witliiii a larger frariieivork,,where Gabcrkovo represerits part of 
a system airned at irnproving navigation coriditioiis, there would be a need to build fous 
additional dams, represeniirig a 1 bilIioti dollar irivestrnerit, beitig 707 miliiori dollars witli 
value updaied at 870. 

On the cither linrid, !lie ndvniitnges iri [enlis of 113vig3ti~)11 w~)uld n f t n i ~ l  art overnll atriotrtit 
of 75.3 iiiilliori dol1;rr by rlie ycar 2020. III tipdritcd values, ttiese ndvarit;iges would 
xriount tci 180 niillion dollars iri tlie lower hypothesis and 360 million dollars in the 
Iiypothcsis wliere a irlorc geiierriliscd view of the advarit3gcs is tahcii into accouni. 

The dcvelopinent of the Vienria-Budapest sector offers tio direct for navigation as 
ttle iii tcrnal profit riire is rieg:irive. 'l'lie itripiict of iliese irivesiriienis on the overatl 
producrivity of ihe flcet js fa. irorn bciiig rniiiii.ri;il but, at a ninxirnurn of 2.5%, dws  noi 
represent a significnrit lcvel or lirofiiiitiiliiy. 

'The only direct betieficiary of tliese developinents would trie the Austrian iron arid steel 
industq which would be able to use therii IO es~ablish n strategic posiiiotiing in the sector. 

An irivestment made i n  Huiigary and Slovakia which would inost benefit Ausuia cannol 
be considered a main priority. III oilier words, ihis ~vould create a pxadoxical situation 
wheretiy Slovakiari invesunenrs in tlie coiisrruction of Gatxikovo would endanger its owii 
iron and s~eel induslry. 

On the other Iiaricf, tlie analysis shows tliai i t  i s  esseiitial, iiiexpensive arid profitable IO 

irivesr in the smctures around tlie Daiiube. 

It is clear tliat if it were question to build Gabcikovo today, it wouId never be built. The 
risks it would represent for tIie environment, for a =source as important as drinking water 
and fm safety, as well as the weakness of the ecooomic arguments, represent a 
sufficiently clear-cut evaluation. 
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But Gabcikovo is tiearly cornpleid arld Biis rtiust tic iakeii iriio üccouiit. 

Despite this, nolhing justifies the cumni nisti to make ilie dam operational. The quesuons 
raised are too important to let tliein simply be skimriied over. 

The possible alternative solulions dcsrrme io be givcn a reff ective and in-dep th arialysis. 
Al1 the ecological. techriical, swial atid ecoiiomic aspecu ~seed lo k cxefully exarnincd. 

This objective reanalysis would be a good opportunity to niake up for ~ h e  lack of 
democracy that presided over [lie deçisioris coiicerning Gabcikovo, wliether from the oId 
or ~ h e  cumnt executive powcrs. Tci acctirnpf ish i t  sccttis io us that inicniaiiorial arliitratioii 
is needed 10 eliminate tlie probleiiis generated by tlie lerised relations between tlie two 
states culicerr~d. 

IVe  rectiitirriend l t ia l  work br. stoylicd or1 Gabcikovo arid îtiat a rrioraloriurn 
be called. TIiIs would nialtc it possibIe io set uli a niul1i;disciplinary and 
interiialiori~l study comrniltee \i.liich would brin:: îrigcttier experts froni Ille 
two irnplicated counlries aIoiigside experts rclio are bot11 neutral and 
itidepetidcrit. 

This cerziiiiittee would Eie respotisible for ~rialciiig a detailrid, untiurried 
a~ ia lys is  of 311 llie possible altcrtlalives fur t l i iç  iirojecl. Tlie range of 
possibilities arc pnrficularly t r ide :iç Llicre are no priority ccoriorriic 
iiilercsts at  stakc, Tbc coiiiiiiitlce's work sliould be accoi~i~iaiiicd by niajor 
etforts e na de to iriforrii and discuss tlie nltetiialivcç wilh flie vripulatioii 
livirig aloiig t l ie  r i v e r  \vlio \vil1 bc rlirccll~ iniplicatcd by the cflccts tir the 
dani aiid ils fulurc. 
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LARGE DAMS 

For many years, both tlie public and the decision-makers have seen dams in a particuIarly 
positive light. 

Hydmelectricity is an attractive energy source. Apart from being clteap because nature 
benevolcntly ensures irs constarit renewal and nori-polluting in ternis of sulphurjc 
ernissions or the long-life radioactive waste from other types of power stations,-it aEso 
offers a great deal of flexibility in teniis of its use. T'tiese qualities have led ii 10 be seen as 
a "clean", aiid even "ecological", power sotirce. 

The reservair Iükes cicnted by dams aIso represeiit a waier reserve for irrigation, making it  
possible to increase agriculturrtl production and overcorne cliriiatic uncenainties. 

Dams have rneaiit tlie erid of catasrropliic flwdirig. By being regulated and domcsticated, 
rivers no loiiger inipede human aciivities by uncxpecied rises or falls. On the contrary, 
tliey becoriie econoniic dcvclopri-iciit vectors arid, niore particularly, a practical arid 
judicious Karisport ;ir;is. 

Firially, diiins, particu1;irIy Iarge orics, are riiitjor wrirk wliich somciimes assume Pliaraoli- 
like proportions (sucli as tlie Aswati darii) iet~uiriiig ~riassive invcszinent. Tliese 
charricieristics erisure, for olivious reasons, that ttiey aie backed by invesiors and large 
cornpanies as well as by ppoliticnl decision-niakers for wliorri it is :in opposiuriit y to leave a 
rriark on tticir coutitry's fuiui-e ([lie A S W ~ I I  daiii, for iiisiarice, led to.ilie creatioii of Lake 
Nasser). 

Over die Irisi few yews, die exliericrice acclilired oii 111c older dams and die progress niade 
in tenns of river ecology have sornewliat tariiislicd ihis proud repulatien. We Iiave 
progressjvely, and sotnetjiiies speciacularly, discovcrcd that tliese types of river 
developments can Iiave serious coeisequences, suc11 as [lie euuophication of artificial 
lakcs, the upsetting of river dynarnics (where the niaiii conseguences are ille progressive 
hollowing out of tlie riverbed and ihe downsiicarn erosiori of die banks}, contamination of 
groundwater tables arid drinkiiig waier reserves, modification to the quality of farmland, 
drying out of naturally watery areas, local climatic modifications, etc... Mechanical 
delerioration s e v e ~ l y  disturbs river ecosystems, acting iii  syiiergy with chernical pollution 
and increasing its impact. Unli ke pollurion, ~nechariical deterioration is both permanent 
and iheversilile, wliich worseris iis long ierm consequetices. 

Ir1 addition, the benefits expected from datns do not aiways compensate their harmful 
effeçts. Production of electrici t y  often falls below forecasts, the excessive use of 
pesticides aiid fertilisers and ille salification of farmland can cance1 out the benefits offered 
by irrigation and, alihough tliere is less flooding, tfiose thar occur can have disastrous 
corisequences. 

Tlie balance slieet, once establislied in a realistic mariner, are not necessarily positive. 

The Gabcikovo dam fits perfecily into this scenario. Its construction was fîrst mooted in 
the 1950s,its capaciiy was increased during tlie f ~ s t  oil crisis and it is now being built in 
an economic and politiçal context iIiat lias been completely transformed and created high 
contraversies. 



The Danube ... For Wlioin andfor Whal? < .  

The Gabcikovo datt~: o [cribook cast! - Seplrrrriber 1992 

GAUCIKOVO AND ?'HE COUS'I'EAU 'I'EAM 

The first contacts that the Equipe Cousteau hrid with ihe Gabcikovo dam date back to 
Sepiember 1990 ivben Capiain Cousteau niade a helicopter flighi down the Danube. Seen 
from ahve,  the major branch canal strotigly resctribles a scas cuttirig ihrough the alluvial 
forest. 

This wns the slnnirlg poirit of ari inierest iri [lie sitiinlioit whicIi led ro the writing of the 
present report. 

Since tliat tirsr visit, we rn;tdc oilier irips IO S1ov;iki:i i n  nuiuitin 1990 and sunimer 1991. 
We visite4 the site, niet tlic people living along ~lic river, qriestioiied specialists in the 
Iiydraulics aiid ecoIogy scciors, aiid fiIriied deriiorisrraiioiis Itcld by those opposirig the 
consuuciion of tlic d ; l l~ i .  

Ttie study made of Galicikovo is oiie of ihe tnairi poiiits of our expert survey of iiie 
Danube, as ihe probletns have iypical ieatures. l t  clearly illusuaics the çornplexity of die 
envirorimental probIcms aiid tlie large nutiiticr of issues a i  stake, be tliey ecological, 
political (doinestic and inrerriaiiorial), eçoiiornic or social, and the need to treat dieni in  ati 
overall niatirier. 

AIMS OF l 'HE IlEI'OII'I' 

hlost iiripacr siudies, cvcii wlieti carricd out riccordiilg to ttie legisla~iori i i i  force i n  
Wesicrri count;,ics, sirnliiy ev:iliinte ilie coriser~ucriccs i1i:it ilic structure beirig surveyed 
could hiive on the ciivironiiicrit :ilid proliosc cori1pcris;iiory incasures. I i  is rare ihat a 
counter-exyicriisc evaluaies [lie very selcv~irice oI [lie objccrivcs ihai [lie suucritre airris io 
achievc, or seeks out alteriiativc solutioiis io offcr ilie satiie erid result, usilig iiiearis less 
limiful io tlie cnviroririicrit. I'lie need fo r  itiis iylie of upswe;~~i eevaluatiori is cnicinl wliesi 
il cornes to ihe effccts of rn;ijor work wliich, orice buili, are irrcversibte. 

Iiisofar as Gabcikovo is coriccriied, i t  is cIcu ttirit iliis prelirnjnary phase has not gotten 
beyond wishfuI thirikiiig. Ii sliriuld also be added ihat everi liad it existed, i t  would now 
be totally obsoIcte, giveri rapid cliriiigcs itiat have taken place iri t11ese counries over ihe 
Iaçi îew yexs. 

Tlie Gabcikovo dain is iiow riearIy finislied and i t  is iiiiporiant that this be taken into 
acçount. Nevenhelcss, noihitig has been irreniediiibly decided and ô cerlaiii nurnber of 
alternative solutions remain possible, if the mearis exist to briiig them about. The choices 
to be made need IO jnclude the impact of the dain iii  its current design configuration as 
well as the different altemalives and tlie role tliat the darn could play in tlie economies of 
the Danube countries, Czech and SIovak Republies. This evaluation of tlie eco~iomic 
interest of the dam, being essentialIr trie producrjon of eIectriçiry and increased 
navigational potential, should be treated as a prelimjnary step which wiIl tlien be used in  
heIping to clioose the different potential al~ertiatives, once these have been rtudied iri 
grealer derail. 
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The aim of tllis report is not to offer a technical study of the impacts made by the 
Gabcikovo dams and the alternative solutions. It is simply an analysis and an assessrnent 
based on ac~tssible documents atid OUT owa field experience. 

However, we do offer an overall consideration of the value of the dam in terms of 
elecn-icity production and increased navigation. 



BACICGROUND AND DESCRIPTION 
OF THE GABCIICOVO DAM 
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BACKGROUND 

The idea of developing this portian of the Danube, which acts as a frontjer between 
Hungary and Czechoslovakia, goes back to the beginning of the 1950s. At that time it 
was incorporated inio a much wider sçheine aimed at developi~ig international river-borne 
trade by linking ttie Rhine, Maine and the Danube. Tlie consmction of this project would 
m&e ii possible io sail from the Black Sea to the Norih Sea without intemption. 

Soviet pressure was imporinrii i n  the deveiopiile~lt of itie project as ttie possibility of 
bringing I q e  stiips this far up tlie Dariube wris of grcat ~ r i i l i t n q  and stralegic interest. 

The first aim was tlrerefore iliiit of tratisporiatiori. At rliat tirne, the production of 
electricity oii tliis riexly flat part of the Danube was rrot corrsidered of atiy great interest. 

The oil aises led to a differeiit npproacli. At tlie begiiliiiiig of die 1970s, tlie prducrioti 
of electncity became tlie main objective and ihe dam project has been enlarged io fully 
assume this production furiction. The hydroeleçiric statiori planried for [lie Danube was 
enlarged aiid relocated at Gabcikovo, wtiich in turii led io t tie creation of a ~iiajor branch 
canal and ihe Hrusov ieservoir. The devcloprrierit of [lie Danube for nnvigatiorial 
Iiurposes was rclcgnted to third ~irisiiiciri. Iichirid i l ie pteveritio~i of floodi~ig. 

Tlie iiiiergovernnieninl coriiract for tlie coris~ructioii of tliis riew projecl was sigried ori 
16th Seprembcr 1977. I t  plaiincd for the conimissioriirig of trie Gabcikovo dam ir i  1986 
atid tlie crcation of a secorid power S ~ ; ~ I ~ O I I  : ~ t  Nngyriinioç i n  1989. 

198 1 : Due to firi;inciaI difficuliies, Iliiiigary stoppcd ilie work aiid proposed ~liar 
they be suspeiided for n 10 yeas peririd. CzechosIovakia began work or] its 
side of the fro~iticr. 

1983: - A pratocol was sigi~ed uri 1 Otli  Oc tciber iti I'ragiie betweeii tlie two c~iuriuies 
iri order 10 pcisrpune the crid of rtie woik by 5 yenrs, wiiti tlic l i r i~i t  diiie iixed 
for 1995. 

- In Deceriiber, the study comriiiriee set up by [lie Hungariaii Academy of 
Sciences subrnitred ii report in which i r  underliried rhe insufficiencies af the 
techriical, ecological and economic studies, and concluded [hat it would be 
reasonable io delay the constructioir of the dari1 by a sigtiificant periad, to 
tiiodify the plans and even abandon Die project once and for all. This report 
was ]lot laken iriio account by the autIioriries arid its publication was 
forbidden. 

1985: Begirining of the protest rnovements against ille Gabcikovo-Nagymaros 
project in.Hungwy. 

1986: A contract was signed in May between Hungary and an Ausnfan Company, 
Donaukraftwerke. This conuact stated that 70% of the Hungarian work 
would be provjded by this corilpariy and that the Austrian investments would 
be reimbursed iii electricity over a 20 year p e n d  (2f3rds of the Hungahn  
part of the electrici ty produced at Gabcikovo would be used to service this 
debt). 



The Danube ... For Whont and for iVhar? 
The Gabcibvo doin: a rcrrliook case - Scpremlicr 199.2 

19813: In Ociober, rhc Huiigariaii parliament confirnied that work would be 
c~ntinued at Nagyrnaros bur that tliey would be subject to strict conditions in 
tenns of erivirot~menral proteaion. 

1989: - On the 6th February in Budapest, the two countsies agreed to rnodify the 
date fixed for rhe end of constniçtion work and deiay it until 1994. 

- Tenrporary stoppage of work at Nagyrnaros iri May and the same decision 
raken in  July for ille Dunakiliti dam which was to divert water towards the 
Gabcikovo dam. 

- A WWF study i n  August underIitied tlie negative.efiects uf the project on 
the erivirotirnelit aiid concluded tIint [lie technical and ecological data was 
jnsufficient to justify coritinuing !lie work. This organisation proposed a 
inini~iium 3 year irioratoriutii. 

- Two meetings look place iii l u l y  ;irid Septeniber beiween expens froni the 
two counlries. 'I'liey agreed on the poteniial risks of the projcct, but rlot on 
tlieir conseqiiences or un trie possibility of compensating for them by t3kiiig 
appropriaie nieasurcs. 

- 011 i I ie 3 1 si Oçtober, the Huiigwinn parliaineist auihorised die governrrient io 
:iinend tIie 1977 rcaiy so tha t  Nagyrri;iros could be fiiially abnndoned and tliat 
the corislnictiori of Duriakiliii be subjeci to env  ironineiital guar6mtees. 

Ill90 : - I n  Fcliruary, iii iinswcr to a letter Srom ilie Hungrui:in authorities coiifinning 
the nliandonirig of trie Nngyrn,vos prtljcct and proposirig a renegotiation of the 
1977 trenly, die Czeçh aiiihorities accepied the renegotiation on the condition 
~hat the Gabcikovo dani be filled itî 199 1 (wliich presupposed ~ h e  completion 
uf die Dunakiliti facility). Tlie Huirgririans reiteriited iheir propasal in May by 
dernanding ilirit work be sioliped at Ga bcikovo. 

- In Noverilber, Hringaly aiid Austria agreed ciri ilie corripensation conditions 
for tiie Austrian companies having suifered from the abaidonment of the 
Nagynims project. 

1991: - In April, the Hungarian parliament adopted a resdution whereby the 
govemmeni was orily rnandated to negotiate the cancelIauon of the 1977 treaty 
and return tlie siies to their initial caridition. 

- On the 23rd July, ;lie governmeiit of ~ h e  Slovak Republic, foIIowed or1 the 
25th by the federal governrnetit of the Czech arid SIovak republics, basing 
themselves on the report prepared by Slovak experts, approved the work for 
alternative "CH. This solution was cliosen amongst 7 others (ranging from 
retention of die initial project to retuniing the sites io their initial condition) and 
aIlowed for the filling of Gabcikovo withoiit Hungarian cooperation, by 
lirniring ihe site perimeter of the project to Slovak tenitory. 

- On the 30tli October, the SIovak Environmental Commission gave 
constructiori permission for alternative "CM, whilst formulating 19 conditioiis 
(see anriexe) that had to necessarily lx filled pnor to starLing up the work. 
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- I8tIi Novernber: begiiining of work. 

- In Deçember, the I-lungarians sent a nurnber of ultimatums to the Czechs 
demanding suspension of the work. 

1992: - On the 26th February, the  Hungarian auihorities gave the Czechs a one 
month period to suspend the work, ottierwise ihey wouId unilaterally 
denourice h e  1977 treaiy. 

- Tlie Europea~i Conirnunities Cominission submitied an offer of assistarice 
to the two countries. Ir proposed tlie setiing up of a tnpartiie conirnittee of 
experts (Huiigq,  Czechoslovaha, Europe) wliich would ruIe on the future 
of Gabcikovo. lliis proposal was coridirional on ttie reception of an official 
request frorn the two countries and an assurance rhac neitlier of the iwo 
parties would begin work that could briiig prejudice to bear on the aciions 
wliich ~niglit be underiakeii or1 tlie basis of [lie sesufis of tlie stiidies can-ied 
out by tliis coriiiiiiiiee. 

- The two goveriiirrents rripidly sciit ari officia1 request arid ulideriook to 
respcct ilic coriclusioiis reiiched by thc coniiniliee. 

- 
- The secorid coriditioii was siibjcct IO ü diifererir iiiterprctaiiori. The 
1-Iurigziriliris corisidered tlirit the work slioufd ,be stopped, wliilsi tl~c 
Czechoslovnks ctiniinucd to corisiruct nlieriiative "Cu, corisidcnng it as 
provisional aiid uiidertiikiiig to disinaritle ttie construçtioiis i f  they wcre 
coritr;iq to itie coriclusioiis rcaçlied by rhe corntniiiee. 

- 25ih May 1993: tlie EIungariiiri goverririieiit unilaieraIly terniirintcd die 1977 
ueaty. 

To date (Septern ber 1992), ttie siiuaiiori reniaiils blocked ai this point. The forihcoriiing 
independence of Slovakin is riiilikely to make ttie Slovak position any more flexible and 
the filling of alierriative " C  is stjll anticipaied for Octolier 1992. V i e  EEC has witlidrawn 
and is waiting for the two goveriiments to prove that ihey really intend to resolve the 
problern. 
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DESCRIPTION 

Tlie Gakikovo d:i111 is Iocaled or] the 1-Iungariari-Slovlik secior of ~e Danube (sce general 
Iocaijori n~ap). 

In tlie iniiial dcsigri, tlie systeiil iticluded a set of dikes coiitaiiiiiig ttie reseruoir, a darit at 
Dunakiliti (in Huiigruy) blockiiig ttie Danube and divertjiig water iownrds the supply 
canaI, a hydroelecfric station at Giibcikovo, an ou tlet canal retuming water to tlie Danube 
at km 1811. 

Alternative " C  consisis of a new dam ar Cunovo (in Slovakia) and new dikes mudifying 
the riglit bank of the reservoir, li~niting its perimeier to within Slovak temtory (see 
diagnm}. 
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, - - IC CI IdUNGARY 

Altcniaiivc "C" reservciir 

1 i i i i i ; i l  projrci rçscrvoir 

Alteriiaiive "CH w3s cliosen liy iIie S1ov:lk aiitliorities froiil aniongsi 7 possible solurioris: 

- Alteniative A: ~ t i e  iniii:il projecl: coriipletion of i t ie Gabcikovo atid 
Nrigyrnriros wui-k, wirh peak flow opcrritiori. 
- Alterriritive B: WOI-k compleied at Cribcikovo arid Dunakiliti, but Nagymxos 
rio[ bujlt. Dairi working çon[inuously. 
- Alrernativc C: 1;ind peririieter li~iiited io Czeclioslovak territory ariJ avoidiiig 
[he Duriakiliii daiii. 

. - Alternative D: the reservoir is onrit~ed, the main canal is extended to the 
entrance io Bratislava. Production of elecnicity is mainraineci. Weirs are insralled 
on the old river bed to lirnit falls i i i  ihe waier lcvel and in die groundwaier tabIe. 
- Alternative E: snme sysiem as the previous alternative, but the carial d y  
being used for navigaiiorr. mie flow retiiined for ihe old Danube river bed would 
then be sufficien; to avoid tlie installatiori of wirs. 
- Alteniarive F: tfiis represenls [tic status quo, the work are not coniple tcd and 
the consmetions are lefi as they are. 
- Alternative G: [lie siie is retunied to jts original coridition after destruction of 
the existing cons~mctioris. 
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Tlie methoé used to determirie this choice is as foIlows (Liska (Hydroconsulr), see 
annexes; Sibl (Slovak group for defence of the environment)): 6 speçialised commissions 
classified die 7 alternatives in furictior, of the foIlowing points of view: 

..................... - internatior~al relations and law (coefficient of 73, 
- influence on water resources ....................... (coeffiderit of 7), 

........ - econornic feasibility ........................ : (coefficient of 6), 
- influence on tlie environmerit ...................... (coefficient of 6), 

.................... - social and psychical influences (coefficient of'3), 
.... - feasibility and nsks represented by the work (coefficient of 3), 

......................... - hygiene and epiderniology (coefficient of 31, 
.......... - preference expresse4 by the contracror.. (cwificie~it of 1). 

Those responsible for the various coriiriiissjons defined rhe criteria to be evaluated and 
proposed baIaricing coe fficieii ts aitri buied to each point of view (in parentheses above). 
Mr. Liska cmied out tlie final evaluation and classification. lt should be said tliat those 
responsfbIe for the comniissioris and Mr. Liska were eidiçr dircçily or indirecdy linked to 
the designers arid builders of the dam. No iiidependeiit expens parricipated in this 
evalurir ion. 

AltIiougli ihe iriethod used riiay rrppear surprising, die saIiie caiiriot bc sajd for the resulu! 

Gribcikovo was i n  iti;rlIy desiçried to olicrare ciri a péiik flow biisis, witli watec beirig siored 
in the reservoir for part of rhe day aiid [lien relensed at a Iiigh flow rate to produce 
elcctricjly wllen tlie deriiarid w:is at iis Iiighest. Thc Nagyniaros dam was to be used 
dowrismani to alisorb the wave ciiused by tlie miissive rclease of waler. 

Withoiit Nagymaros. i t  coiild riiity ilieoretically be used on a continua1 flow basis, 
NeverilieIess, the project Ilianagers decided thrit i t  could Eie used oti a peak flow basis 
when tlie Flow rare exceeded 1,203 m3/s. Tliis solution is also applicable to 
alternative "Cu. 

The instalIed 720 MW power corresporids to thal required to oyerate on a peak flow basis 
for flow rates rangiiig from 4,000 io 5,000 ni31s. TIiey cannot be justified for a 
coritinuous flow operation. But as the turbines were ready, the buiIders decided to install 
al1 of theiii. They could be used when the flow rate made it possible. 

The production of electricity rintjcipaied for tlie difierelit situations are shown in  the table 
beIow. They will be shared with Hungary oii a pro-rata basis in function of the 
investnients made by each country. 
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Productioii of eleclricily nraticipated in j ~ r i t c ~ i a r i  of ilic diffcrcitl 
coiifiguratioiis. I TWIi . =  109 KWJr 
For a l t e r ~ ~ a f i i ~ e  "Cm: ' 

1: before insiallaiioit of frarisversal rveirs iir llre old river bed, 
2: after irislallalioia (sec explanalions oit pages 25 aiid 26). 
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ANALMSIS AND ASSESMENTS 
OP IMPACTS 
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SITE BOUNDARY 

Coverhg 51.5 km2 (between km 1842 and 28681, the catcliment lake will be the largest in 
Europe. AI1 rrees on the site of ihe future reservoir have been felled which implies that 
even if the surface m a  of the reservoir for altemarive "C" is only half as Iarge, the Iand 
impact remains the same. Most of this region was covered by alluvial forest and 
represented a leisure area for the inhabitants of Bratislava and the surrounding region. 
Certain of ihe destroyed areas represented weI1-known areas of F a t  interest in  tenns of 
their flora and fauna. 

In tIieis synihesis report (41, the project rtinnagers createà a difference betweeri 
"teriiporary" arid "periiianent" occupatiori, witliout defining tlie significaiice of iliese 
terms. Data is giveii for botli couritries and for al1 work. Viese are as follows: 

Alihoug Es tlic Dariube's salid wnsre i s  already reduced by Gernian and Austriari dams 
located upstream, [lie river ar tliis Ievel still h-anspons 6.9 niillion tons of sedimerit a year. 
PCm of ~tiis load, precisely estini;iied at 68.1 - 73.4% by tlie conwact tnanagers (41, will be 
deposited or] ihe reservoir lied. Tllis dcliosit wilI riot Ise ünifoniiIy spread and range froin 
a few cen~inieues iii the c;ilrii ;rcciirriiiIaliori zoiies io ri feiv niilliinetres in Inore turbulerit 
zones. 

I t  sliould be noted t1i:it henvy riietiils and Iiydroc~buiis iuc nbsorbed by rhis sedirneni, as 
can be seen by clle analyses (3). 

The extraction of tliis sediment will become necessary as fsoni 2010. The cost of the 
work will be compensated by the use of tiie sediment for public work and to enrich arable 
land (5). An additional coilstraining cost could iriiewene if the pollution level (particularly 
the heavy nietal content) niade it difficulr to use aiid store these materials. 

Condition n o  10 imposed by the Slovak Enviroiiniental Commission (concetning the 
construc tjon of alternative "C", wliich requires that "rlre storage of scdimciit drcdgedfio~n 
rlte bed of rhe reservoir Ise outside rhe Zitny Ostrov prorecrion zone, in a form 
guaranreeing the prorectiott of rllie qualiry of rhe soi1 atzd uiderground water sources", 
proves that this hypothesis has even been considered by the project managers. Al1 of 
which gives a very poor inip~ssion of the quality expected from the sediment that they 
expect to fînd on the reservoir bed 
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Anodier proposed solution, wliich eiivisages a massive flushiiig out of the sediment to the 
bed of the old Danube, would have disasuous effects on the ecosystems. 

nie Iack of sedirnent dowristreain h m  rhe dams would increase tlie erosion caused by the 
river. Sediment deposited at ihis level would be picked up and deposited further 
downsmam, causing modifications ta the river bycirdynarnics even further downstrearn. 
The bed would holiow out and the norina1 water level would fa11 ("'incision" 
phenoinenon). This reduced waier level wouid lead 10 a depression of the groundwaier 
iable and a progressive dryiiig out of the pcriplieral iloodable arens, caused by reduced 
frequericy and exrent of floodiiig (sec beIow). 

~ ALTERATION TC) WATER QUALITY IN THE RESEKVOIK 

The reduced speed of [lie curreiit, ihe resiilting iricrensed teniwraiure and ihe clarification 
of the waier through settlcrnent nf solid londs, favoiirs the development of algae. Their 
growtli is fed by nutrients (riitrates arid phosphates) conrained iii the water origiiiating 
from dorncstic wnsle arid leacliiiig frum fann Iniid. 

This eutropliicatiori coiild becrinie çr iiiclil ;ilid sericiiisly rediice the oxygen conrent of t h e  
warer, parriçula~ly iri ciiliii cir sli;iIlow ;mas. 

Ttie deterioration of tlie exogerious arid endogerious orgaiiic matfer (product of the 
eiitrophication) settled or1 tlie bed can çreate anaerobic and reducidg conditions. This 
niec1i;itiisni is furtiier eiicournged liy ttic abserice of ivnier niovcriicrit arid leads to a vertical 
stratificarioii and confirienicrit pT the lower Inyers. 

lMPACT ON WATIJV RESOURCES 

III its flow from a i1iouiit;iirious regici11 dowti IO thc plailis wuund Bratislav;~, iIie Danube 
lias, over its geological hisiory, creaied ihe largest alluvial tabIe reservoir in Europe, 
representing 14 kni3 of drinkiiig waier. 'Ttie atluifcrs to either side of the border, Zitny 
Ostrov (wheat island) i n  Sltivakin and Szigetkiz in Hungary, have a capacity of 
approximately 1 milliori cubic irieue pcr driy. On one side, ttiey suppIy Bratislava arid its 
surrounding region, and rcpresent a providenlial poteniial resource for the Ilungarians 
who are having to corne terrns with caritinuing reduction in tlie capacities of their water 
catchments, some of which now Iiave pollutiori problerns. This aquifer could supply 60% 
of Hungary's dnnking waier. 

The increased water height cornpresses zlie filtering seditnentary Iayer, separating the river 
£rom the aquifer. Tlie irnmediate effect of this i s  to increase the flow of warer percolating 
througli the aquifer. Thus. the actual flow rate of 10 to 40 m3/5 (depending on sources) 
between Bratislava and Koniarno would be increased to 120 m3/s after filling of the 
~servo'ir. The catchment capaciry wouId increase from IO m31s to 16 m3/s. 
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This mechanisrn is progressively cancelleé out by tlie setilernent of fine particles (due to 
the reduced water velodty) which bIock this naturai filter. One estirnates that the 
infiltration fiow would faII from 120 to 15 1~131s over a five year pend.  In the long tem, 
the drinking water resources obtained through this filtration would be quantitatively 
reduced (3). 

To cornpensate for this blocking, it suggesied chat infiltration borehoIes could be   na de in 
the reservoir to perniit large quaritities af w t e r  to enter tlie aquifer. 

The underground water in ihe Zitny Ostrov regioii are already polluted by riitrates 
produced by agricullural açlivities. The conteiiis exeeed nonnal dnnking water standards 
in certain areas. Indusuies cause tociil containinlition, suclr as the SIovnaft petsocliemical 
coniplex which contarninated tlie weIls suyplyitig tlie area zo [lie east of Bratislava between 
1970 arid 1975 (3). 

The creation of a reserroir coula Iead to the contamination of underground water as the 
pressure exerciseé on rhe polluted deposited sedinients couId force the poI1utants through 
the filtering layer and ~Iius contriniinaie the aquifer. If reducing conditions developed in 
the sedimenmry Iayer (see above), the heavy metals adsorbed arid fixed to the deposited 
sedirnents çould be ~iioved eveii furtlier ~Iirough ilie intcrstitinl waters and contaminate the 
uriderlyirig g~ ouiidwaicr tiilile. 

To study tIiis hypotliesis, on-site cloggirig lests were carried out. These showed a 
cornplete ciogging after a certain period, a reduction in  dissulved oxygen (frorn 7-10 10 
less than 1 mgA) and tlie developnient of reduction conditions (3). The contatiiination of 
the gsouiidwater table by Iieavy nietals can ilierefore not Se discounted and is even 
probiitile. 

According io thc autliors, infiIlration excavations could reduce or remove lhese risks by 
locally eliminating ihis reducing layer and by providing more oxygenated waler. 
Neverllieless, they do not indicate what the consequerices of these excavations might be 
on the efficiency of the naiural filter. The question remains as to whether tlicy might not 
in fact make it easier for poilutants to penetrate. 

IMPACT ON FARMLAND 

Upsirea~n, the filling of tlie reservoir would lead to a rise in  rhe groundwater table Ievel in 
the surrounding area. The average rise is estiinared at 0.5 rn and this would lead to a 
permanently fiooded condition over a 50 km2 area (3). The quality of the soi1 would be 
appreciably rnodifîed, with consequences io the naturaf environment as weIl as to 
farmlarid and agriculturd practices. 

Downstrearn, the puridwaier table would fa11 (3, 41, but die onIy values availabie are 
those provided by the Ecologia group (2): 2.5 m. This fall would bnng h e  average level 
of the mble down to its Iower exvernes where capillary phenornena is not possible (see 
diagrain). 
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. ............................................................ .- Humus 

............. Fine sand .............. 

Gravel-Pebbles 

Tliis region, called the "islarid of wheat" (Slovak temtory) is particularly favourable for 
agriculture, despite low rainfall, due ro the darnpriess caused by the groundwater table. 

Sorne indications sIiow that 26,000 hectares of farrnland would be dried out with 
subsequent corisidemble production losses. Tliis provision iri naiural water would need ro 
be coniperisated by resrricting and costly irrigarioa sysieins. . 

IMPACT ON ECOSYSrTEMS 

In tenns of the resentoir, al1 populations, especially the fis11 population, will be affecte4 
by the transforniatioti of tlieir habitats. Al1 îsestiwnter species or species requiring th'e 
presence of saiid or gnvel duririg their cycles will I-ie elimiiiated arid replaced by lacusirine 
or more opponunist speçies. 

The work also represent ail obstacle for migratirig species, sliould there be any left! 
Nonetheless, a fish ladder is io be provided at Dunakiliii (which will not be used if 
alternative "CM iç buili) and n sirnilar project was abandoned for the Gabcikova station 
because the fish çould use rlie lock (i t rvas not explained wliellier or not they would have 
to pay a 1011 to use it). 

The oId Danutic. 

However, the most important impact is that concernirig the 31 km of the river located 
between km 1842 and 18 1 1 which will be bypassed by the development. If alternative 
"C" is built, this portion will be extended to 41 km between km 1852 and km 181 1. It 
is envisaged, as staied by condition n08 imposed by the Slovak Environmental 
Commission, that this rnoving back of the dam by 10 km would accentuaie the draining of 
die groundwater table from ihe old riverbed. 

This area corresponds to a fossil delta of tlie Danube and is characterized by the 
development of a dense and cornplex network of interconnected secondary channels and 
oxbowS. The minor rocky batlks of the bed and the flood proteclion dike demarcate an 
"active" alluvial plain sub~nitied to regular f l d n g  which covers 4,000 ha, 70% of whicli 
is used for willow and poplar pIantations and 30% being covered by water. This region, 
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wliose vitality depends on regular Il oodirig, is ülready affecied by the Ioweritig of the 
average level of tIie river FoIIowing i ts dredgiiig to irnprove navjgritiori. 

It is unanirnously recogrlis~d tliat tlie geoniorplioIogica1 atid ecological charaçt'eristiçs of 
this area inake i t  a river sysiern that is quile unique i n  the centra1 European 
environnielit (6, 4 ) .  

Tlie "active" alluvial plains also :~roviJe an inlporlant self-purifying function for the 
surface arid undergrourid waters, and 1;irgeIy conditioris die richriess of the rivers as tliey 
m indispensable to tIie viral cycles of a large nurnber of aquatic species (6). 

Tlie currcrit rivesage 2,000 I I Y ~ / S  flow of ilie river (~iiiiiiriiurn of GUO-700 1n3Js) will be 
corisideratily rcduced in  wlint çoiiid be cnlIed the "old Dii~ulie" oiice the dam is operaiiiig. 
Urider pressure froiii protest tiioverileiits, the rcserved flow and the ariticipaied 
conipensatiori methods were rriodified. Initially, the reserved flow represented 50- 
200 rii3/s witliout any conipensntion tiieasures and the riverbed would liave been lowered 
by 3 io 4 rn, draining rlie groundwater iable. As froni 1988 and until rece~itly, a 
groundivaler table refilling sysleril Iiad becn desigiied ivli ich corisisied Iii (3, 4): 

' * 
- A guaraii~eed rzscrve floiv of 350 iri3/s. 
- Tlie creatiori of rockfill weirs iiiaking i t  possiliIe IO triaintriiri a water level with a 
350 rn3/s flciw, çorresyionditig to a riariira1 i low ol 1,340 r1i3/s. 

- A wcckly discliayge ol 1,300 i1i3/s IO clr i i i~i  awiiy i l ie riric sediriic~it wliicti, iii 

nssociniiori i rrj l l i    lie dikcs, rcpicscriis 1i iinrusril flotv or 2,200 in3/s. 

If  ihe airri of die susresii were really iu coriili;il liic CiIl iii die lcvel of die groundwnier table, 
it noiietlieless rcniriirrs uncIear wherlicr i i  would guarariiee tlic integrity of [lie aIIuvial 
ecosystem. The flowing river would becorne a succession of lakes containing sragnant 
wüter whicli would be swept tliruugli by ilie daily disclirrges ürid wlieie overflo\vs would 
be artificially controlled. Tlie consulted docunicnts presenung tliis systern (3 ,4)  iricluded 
iio irrforrnation as to irs impact on die ecusysienis. 

' 

The constructioii of tliese weirs rcrluires tlte cooperation of ilie two frontier couriuies. 
The coriflici thai ciirrently exists betweeri theni is riot propitious Io diis type of cwperacion 
and, iii  al1 probribiiity, will de1:iy tfie work. In tlie riiearirime, il~ere is a need to ensure a 
reserve flow grcaler than tlie forecast 350 m%, to tlie detriinent of the production of 
elecuicity. Iri ils condition rioP 8, ihe Slovak Envirorirneriial Cornmission indicated that this 
flow should be between 1,300 and 1,500 ni% for haii of die year ( M m h  to Sepreniber), 
which is fat- from negligible. This pürticuiarly direct level of cornpetition between 
ecological and economic iiiteresis has had a nurii ber of corisequences, especially silice it 
would be easy to Lilame tlie responsibility for any lack of waicr in the old Danube bed on 
the Hungarians, by accusing tliern of Iiaviiig prcvented the iristallation of weirs. 
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Recreational and tourist developrnen t s  

Because they appenr to be of seçondary importance, the recreational and rourisi 
developments forecast for the project are ofien neglecied in tems of their impact. l i e y  
include (3): 

- Over a I O  kni by 500 m smip along [lie banks of the Danube upsmam from ihe 
reservoir, wirli haIf of this area being in a floodable zone: sports infrastructures, 
boating area, flflsliing area, sindl recreatioiial: islands on die Danube. 

-On the right bank of the branch canal which has become a 15 km jxland 
following construction work: developrnerii of an interisive tourisi area, creation 
of Iiotel corriplexes with a maximutil capacity of 6,550 visifors, social and 
conlrnercial facilities ü ~ i d  encouragertient in  itie creation and renovation of 
residences. 

- On the lcft barik of rlie canal: crealion of sccrealiorial and lounsl corriplexes i n  
liaison with tlie potcritiril developrnerit of balneological stations. 

In  its report (pages 100-103), HYDRO-QUEBEC INTERNATIONAL states thar ttiese 
developments appear to be ratfier too great, given the ecological capacities of the 
environments iinder consideration, that ihe develapiiierit plans appear to have been 
prepared witliout having bec11 sul-i~riirted to ail eiiviroririietiiiil evaluation and ttiat no 
alreri~nuves Ii;ive bceri :itinlyscd. 

R l S K S  0 1 7  ACCIDENTS 

Gcological aiid scisii i ic risks 

Hungariaii specialists dtnw atteiition to [lie lack of data in the gcological and seisriiic 
sectors and to the nutiibcr of risks existing due to this lack. They pmicularly criticize (1): 

- The insufiiciericy of tlie prelitriiiiary geological studies. 
- Tlie non-integratinn of Hungarian and Slovak research which was separately 
carried out. 
- nie fact thrit Gabciksvo is built nexr zo a geologiçally young f~uli .  
- Tlie uncertai~ities coriceming the position of rhe frontier between the Alpine 
and the Trans-Danube tectonic plate. 
- Tiie underestimation of seismic risks. 
- The insufficient safety of tlie reservoir dikes, particularly due to the risks of 
"land liquificatiort" risks. 

It is beyond our cornpetences to arbitrate a dispute in this sector and, consequenrly, we 
turn to the HYDRO-QUEBEC INTERNATIONAL experts report (1990) which states 
(p.79): "it was necessary ru review the evaluariorr of the potenrial subsoil liquificarion.. . 
By rlte updaring of the seismic dara used during the design phase. .. The updating of 
recroizic data. By rlte review of rlre evaluarioiis of rhe densiries of marerials rliar rniglzr be 
subjecr ru liquficatioii ". 

We do not know if these rneasureç were taken. 
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However, the reports specifies (p.8 1): "Tize elcmcrtfs of dora preserited rnake one presume 
rlrar suclr a review would rror modijj tlie design coiiclusions" 

Fjnally, a Iast poirit (p.83):  "tlte dclays irzcurred by 11re projeet arc wortying aiid are tior 
favourable fro~n a work saféty point of vieiu: 

- The prolonged niainraining our of warer of if11e paris designed for submerged 
operarion risk rcduciug rlieir operational lives and increasina the risk of 
deferiorariori. 

Tu rliis erid, an anticipatory fillirtg oJ r l~e supply cunol should be seriously 
comidcrcd. 
- Tlie fillirig oftlrc ii101-k wirfi walcr slzoilld be subjca lo a grear deal ofplntzning 
wirh the Huiigarinir yarrics niid bc carricd ord iir suc11 a way as tu avoid any 
prccipirnLc aaioiis ..." 

Ta conclude, we believe that over aiid above die icchiiical discussions and conipetences of 
the Slovak engineers which we do not question, ihe,delays jncurred by iIie project, the 
difficulties that Hungarians and Slovaks have in  caoperatiiig with one another and the 
curreiit desire to rush through ihe construction of alternative "C" (includirig the 
construction of liew dikes), does nut iepreserit a favourütile çoniexr for sctting up ttie 
Iiighest Ievels of safety. 

A furllier question mark ties over the reliabjlity of the system in iews of its design, to 
ensure protection against fioodiilg. Dy splitting ~ h e  flow jnto two, i t  should provide better 
protection from "noni~al" floodiiig. 

NevertIieIess, as explairied by Mr. Liska, rcpresenting tlie HYDROCONSULT fim, the 
project manager, in ariswer to my q~iesliuns (see a~iitexes): "Maii's ocriviries upsrream 
from Brolislava: deforcstatiori of nroiutraiiis, conrtrucrioiz of homes, reductiori in the 
permealiility of rhe soi1 aird reductioit of jloodit~g, Iiave caused inçreased Jow artd a 
reduccd narural rctarition Icvel. As a resuir, [lie flooding high wnrer levels are rising ... 
The Augicrr 1991 flood lias bceri evaluarcd and Oie Icvel wax nzuclr higher tlwn i n  rlte pasr 
(up tu I riietre)." 

This statement admits tlie fail ure of the developrnents in proteciing against flooding (bere 
are more than 40 danis uystreain from Bratislava) and designates the causes: increased 
surfacewaier and reduction of buffer zones to absorb the floods. The result is an increased 
amplitude of flooding and more serious corisequences. 

This impIies two points insofar as Gabcikovo is concemed: 

- Can we be sure that the increased amplitude of flowting (recent phenornenon) wiii 
not lead to the capacities of the systern being exceeded (old project) in exceptional 
circumstances? As the volume of water transits through the branch canal at a height 
of 18 rn above p u n d  lerel, any overflowing could have senous consequences. 

- Inasmuch as the sysiem contributes to reducing the buffer flooding areas, it 
participales in  increasing flooding downstrearn. As a result, what happens at the 
junction between rhe old riverkd and the outlet canal? 



The Danube ... For WIEOI~I  undlor IYIIuI? 
The Gaticikovo dam: a lextbook co,rc - Scpfcttiber 1992 

The efficiency of tlie systeni alsa deperids or] the way i t  is aperaied and on the cornpetition 
between the funçtions to be provided: tlie production of eleçtricity requires the reservoir 10 

be full but the protection from flooding is more efficient if tlie ieservoir is empty and can 
absorb part of the flow. The increased surface waler and thé amplitude of the flmds 
described above contribute to increasirig tlie propagation of f l d  waves, and this limits 
the operator's çapacity to anticipate situations. As the surface area of alternative "C" is 
reduced by half, i ts absorption capacity is reduced by the çame arnoirnt. 

The recent experience, pmicularly in the Khine, has shown the failure of systerns airned at 
controlling flooding. The six of Gabcikovo makes it  even Inore important tIiat these risks 
be analysed as far as is Iiumanly possible. Tlie SZovnk Enrironrnental Commission agrees 
with rhis point orview, as sliowil by its coi~ditioris 15 and 19 (see annexes). 

Tlie project mariapers atiticipate thai khe dam will lx able to operare on a peak flow brtsis if 
tlie flow rate exceeds 1,200 m3/s, although the dowtistreain sysiems. have not yet been 
built. Wlien questioned on this subject, Mr. Liska (Hydroconsult) confirmed ttiis 
hypothesis but did nor indicate wliedier any sfudies hnd k e n  carried out on die inipacts of 
this type of optraiioii (see aiinexes). 

SOCIAL AIVU POLITICAL IMPAC'I'S 

Ttie corisrructiori of flie dain Iiriç Iiad direct inip;icts on the adjoiniiig populations. 250 
families have liad to move ri~id their Iiouses desiroyed. The sinall vilkges of Dobrohorsr, 
Vojka and Bodisky, Imated between the bralich canal aiid the Danube rive, bank will have 
to suffer the difficulties of beiiig isolated once ihe canal Îs Filled, inasniuch as iliey will 
have io use a boat [O  reach the rest of [Ire region. The forecast triurist developnieiits iinply 
radical niodificlition io lifestyles wtiich, for a large part, will exclude the existing 
populations. As we were riMe to see, the exodus has already beguri. 

Gabcikovo has also modified the social dimate i n  the region. The unhappiness of the 
local people. submitted to ttie negativz eifecis of the project and excluded from the 
decision-making process (both berore and since the political transformaiion of the 
country's poIitics), is a factor thar heightens social tensions. This is aggravated by the 
current political recuperation, manifested by [lie fact that tlie local residents are mostly 
made up of the Hungatian ethnic minority. Tlieir protests are tlierefose interpreted by 
certain iiationalisric political factioris as beiiig "ariti-Slovak" activities. 

Gabcikovo has been a key element in ihe political relations b e t w e n  the Czech and Slovalr 
republics. For the Iatter, the more impoverished seçtor of the federation, this dam 
represented a factor in their economic weaIth, their independence in lems of power (in 
1989 Slovakia only produced 82% of di¢ power it consumed) and Eheir nationd pride. 

It might well be thought that as far as the Czechs and the federal authorities were 
concerned, Gabcikovo was a good sacrifice lo make to avoid the Federation being broken 
up. This mjghi partially explain the Federation's alignment amund the Slovak positions 
during negotiations wiih the Hungarians. 
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The announced partition of CzechosIovakia has done rioihing to resolve the problem, 
inasmuch as there is now a need to negotiate tlie rights to ~ h e  revenue produced by this 
dam (production of electricity) which was partiaIIy financed by federal r'unds. 

Finally, Gabcikovo is a source of tension between Hungary and Czeçhoslovakia and/or 
Slovakia. The conflict between the two governrnents associateci in irs construction, and 
whicli led to ~ h e  unilateral termiiiatioii of the treaty linking tIiern to Hungary, bas 
developed on the back of historic bitterriesç. 

The construclion of alteniative "C" risks seeing ihis coiiflict raise its head once more as 
Hungarian experts see it as being a violadon of intemaiional Iaw and, in particular, a de 
facto niodificatioii of the frontier (1). In fact, die Triarion meaty fixes the frontier as being 
the niairi navigatiori ciiannel, which will now be modified. The Slovaks challenge lhis 
interpretation arid die dispute will either be settled by negoriahoris between the two parties 
(50 far, badly starid) or by iniernatiorinlly recognised authorities. 

I 0 The C U I I . F ~ ~ ~ I C K ~ O I ~  of rlrc rilini fias Iiad t~iajor ii~?/wcrs oii r l~c  ef~viroii~iie~rt, brtr ils jilliiig 
oid opcruiioit risk corrsiiig ciior i?iurc se rio il.^ i~trpocfs. I 

@ The /rius[ suioits r1irrnf.r caiicc~i~ rl~c r/uuliiy of lltc acyili$cr LI rllis regicni, tlie Iurge.sf 
cctirral Eiiropc, as ii~cII as the itircgriry of iiic al1ili)ini ccos~i~ier?is along the Iintrks 
ilic Danilbc ii!l~ct.c ir lius bceti divcrred .by rlic projca. Tlre rivu sysreiits reprcscnt 
~tiujar ccoin~iciul ami ecoimi?tiç iirrcrcsr. 

A cerraits niurrbcr of qucsriorls rciriaiii cuncerttiiig 11re safctj of lhese ii~ork aiid rllcir 
capacity IO ari~icijlatefloodit~~. 

49 The discwsioris bcnuccri rite expcrrsfroni Liotlt camps conceniirrg rliese irripacts atzd 
rhcir cotrscqucnces, alriiough higldy poleinic, slrow a lack Li ciiviroiurreiilal srudies. 
Tlie SIovak Eiiviroiwienrnl Coi?ii?iissioil has i17iplicilly recog~~ised diïs faiIirre by 
iniposing 19 condirions wlricli detcrmiiie rlic issuitzg of the buildirrg pcrniissioir for rtre 
'jJrovisionaI" soliirioii (alreri~orive "C"). These coiidiriairs ore i w Iess tlraii a coi?rplerc 
progrartune for a vas1 irrzl)oa sndy . 

4) The role of rlicse eiiviroiv?icilral studies wcre, itz any case, iiinired us rfiere was never 
any question rhat lltey could scriousiy modifi rlte projccr. ln addition, rlie rime period 
imposed on flic srtdics reconunendcd by [lie Slovak Enviromtenral Convnissioii (1  
year) places the seriouness of rheir conclusions in quesrion. 

1 

1 

O Gabcikovo also has social and diploinaric impacts wlrich iteed tu be very seriously 
cmrsidcrcd. Ir rcpreseilrs a major rettsioii itt a par1 of tlre world rltut already has 

i 
eilouglt probiems. 



The Danube ... For IVlturn ondfnr M'lin[? 
7'he Galrcikovo doin: a rexiliook crl.rc - Scl>ietttlrer 1992 

GABCIKOVO AND THE 
PRODUCTION OF ELECTRICITY 
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It should fust be reiteraied ihat at the very beginning, the project did not integrate the 
production of electricity. The modifications made at tlte beginning of the 1970s to 
introduce this function had major çonsequences as it raised the total cost by 40% and 
largely increased ihe environmental impacts. 

In the documents supplied by tlie HYDROCONSULT firm anaiysing the economic value 
of the dam (4.5), the production of electricjry is considered as a net profit. However, this 
is only me if it rneets a qualifitative need borii now and iri the future and if ~ h e  production 
is coherent with the most applicable energy strategy. 1s this tme for Gabcikwo? To 
nnswer this question, we need to analyse the counoy's present and future energy policy. 

The data given below is extracted frorn tiie "Energy in the Danubian Countnes - Cumnt 
Situation and OutIooks - Energy Policy Proposais" report, written by the Internarional 
Concil on Energy (ICE), within the frainework of the Equipe Cousleau programme "The 
Danube ... For Whom and for Whrit?" (7). 

PRODUCTION AND CONSUMI'TION OF ENERGY IN CZECH 
AND SLOVAIC REPUBLICS 

Czechoslovakia l ias rriaos ligiiiie resources (8.4 billioii [uns, i i r i l f  of wIiich being 
economicnlly exp1oit:tble) and coal (1 billioii tons), niost of wliich is:found in ~tie Czech 
repubIic. TIiere is Iitrle oil, but a natural gis field, estirnared at-15-20'billi.b< culsic rnetrcs, 
Ilas recentiy been discovered iri Slovakia. 

The exploitable Iiydmelectric poten1i:il is estiinri~cd ;it 108G3 GWh, of which 2650 GWh 
prodticed by the Danube. 68% of tliis potential is lmated i n  Slovakia (7360 GWh), 
irictuding al1 of the Danube's poretirial. 

Resowces in orfier reriewalile energy sources is fairly poor, but could be developed in die 
biornass seclor. 

Czecfioslovakia providcs CU% of its energy corisuriiptiorr, tlie rest being irnported, with 
nearl y al1 of this (90%) fronl ihe ex-USSR. In  ternis of eleciricity, net irnports represent 
2.6 TWh (109-KWh), beitig 2.9% of toial production in 1989 for Czechoslovakia and 
1 TWh, beirig 4.1%, for Slovakiri. 

The niain prirnary energy source is coal (57% of total coiisumption) and then. in  order: 
oi1 (2 1.1 %), gas (1 2.5%), iiuclear (8.7%), hydroelectricity (0.5%). Total consuriiption 
of p n m q  energy in 1989 represented 73.7 millioris toe (toi1 of oil eguivaIent), being a 
consumption per capita of 4.64 toe and greater than that of western Gemany (4.44) 
which is the largest consumer in the EEC. 

The prirnary energy intensity (primary consumptionlGNP) is equaI to 0.80, being twice 
tliat of easlern Gemany (0.40) and ihree times that of Imly (0.26). 
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Total elecuicity production in 1990 was 86.8 TWh (for tlie fmt urne a reduction of ihe 
previous year's production: 89.2 in  1989), of which I l %  pravided by industry, in 
Çzeçhoslovakia, and 24.1 TWh in Slovakia. The main source of eIectricity in 
Czechoslovakia is themic coal, whilst nuclear eiiergy is more important in Sl'ovakia (SR 
diagram below). Hydroelecmic production in 1990 represented 4 W h  in Czechoslovakia 
and 2.5 TWh i n  Slovakia beirig, in both cases, just over 30% of the economically 
exploitable poten tial. 

# THERMAL 
HYDRAULlC 

Drcakdo irrr of eleclricily prodrr clioir nccortfirig lu surirces iri 1990 (Source: 
Czeclioslo vakiari sfnfisiicnl yenr-book) 

Tlic filial consumptioii of electricity (iota1 cunsuriiptiori rninus transport Iosses arid self- 
consurnption by ttie statioi~s) i r~ 1989 was 8 5  TWIi, riiost uf which king  used by iridusuy 
(59.2%). 

Sirnilady to energy, electric iritensiry is very high: 0.92, bcing two to three Unles greater 
ilian the vaIues of EEC countries (westeni Gennany: 0.56, ItaIy: 0.36). 

The essenrial point is therefore the overconsuniption of energy and eleciricity. This is the 
sesuIr of the previous energy policy which was brrsed arourid production and resulted in  a 
low level of efficiency in  ierms of production and consumption systems. This 
overconsurnption is a heavy weight to bear in the country's current transformations. It is 
incompatible with a mder t i  econorny. 
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FORECASTS: ANALYSZS AND DISCUSSION 

The federaI energy authorities forecast (1991) two scenarios for the development of 
consumption: a "high" correspondirig to favriurable economic conjuncture and a "low" 
corresponding to a particularly unfavourable conjunc tu rc  These are developed in the 
following table, to which we have added the corresporiding elecuic intensity values. 

Accordhg to these scenarios, the electric inrensity will reduce a little over the next 
15 years but reniain far gserrter tlian current European values or, in the worst case, 
canUnue IO remain abnornially high. In both cascs, the overconsumption of elecrricity 
will represent an unacceptrible burden for the ecanainy, which itself has a great parential. 

In comparisori with the abave, the scenario d~veloped by ICE corresponds with the 
hypothesis that stares ihat the electric intensity i n  2010 will be the sarne as the current 
European staridard (0.5C1) (see table), with a 2% GNP growth from 1992 io 2000, then 
3% from 2000 to 2010. This aim is rcasonalile and could be attained by setting up a 
rational electricity use progarriiiie (7). 

The result is a 23 TWIi reduclion in firial co~isuriiptiori liy 2010, being around 30%. ïïiis 
reduction is even gry ie r  i n  absolutc values in teriris of produciion: 26 W h .  ,If the same 
reductjon rate is applied io Slovak productiori, a savings of 6.5 TWh is obuined. 
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BENEFITS OF GADCIX<OVO 

Does Gabcikovo mcet the quariiilative iiecds for tlie future? 

As shown above, Czech and Slovak RepubIics do not need &y more electricity up to 
2010 or even beyond. From this point of view, Gabcikovo serves no purpose. 

1s Gabcikovo colierent witli the iiiost reIevaiit eriergy strategy? 

Priority actions in renns of energy sliould be aitned towards rnriking the greatest savings. 
At k s t ,  Gabcikovo will only produce between a quarter arid a fifth of the savirigs that 
Slovakia might be able ro attnin according to aur scenano (see table below). In terms of 
our calcularions, we have excludcd ttie hypoihesis of a sliared production with the Czech 
republic folIowing partition. 

Tlie crerition of Iiew produciioii sources tias a double negaiive effect: 
- It acçenttiates overprodiictian. 

Relation wirh pussililc 
savings up ro 2010 i n  
Slovakia (6,5 W h ) .  
Relation wiili possible 
savirigs up IO 2010 iti 

Czeclioslovakia (23 TWIi). 

- It deviales financiiig ivliich could be irivesred iii  fiir more importarit activities, 
siicli as nlmiertiisirlg itidustry. 

To illustraie diis Iarrer poirit, we offer a si~iiplified but demonstralive example: what would 
be the consequences of replacing lightbulbs in Czech and Siovak Republics by "low 
consumption" lightbulbs? We have carried out a feasibility study for this type of 
operation in Bulgaria, and have retairied [lie princjples for iliis exainple. 

Gabcik.prodlictiori 
iriiual project 

witliout Nagyniaros 
1.7 TWh 

20% 

7% 

The initial hypoihesis is ~ h a t  resideiiiial Iigliting in Czechoslovakia uses 75 W 
incandescent bultis, witti orle bulb per iiihabiinnr (coiiditions met i n  Bulgiwia), used for an 
average of 5 hours a day. 

Al1 these lightbulbs are replaced by 18 W "low consumption" Iightbulbs p d u c i n g  an 
equivalent amount of ljglit. 

Alternative "C" 
withour tliresliolds 

1,15 TWii 

18% 

5% 

The electricity Company makes the initial investment atid replaces the 1ightbuIbs. It 
reimburses itself on the users' bills by not taking the reduced consumpuon into account 
(the electricity bill does not go up for the consumers), The given cost of the bulb 
corresponds to a bulk purchase, but could be seduced if local production was dereloped 
or created. 

Alternative "C" - 

with thresholds 

2 TWIi 

31% 

9% 
A 
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Tiie calculation elements and results are given in tlie followitig table. 

lt crin be seeri ~ l i ; i t  if a billiori n ~ i d  ;i h;ilf Crowris ivcrc invcsred i n  Slovakia (xound 364 
rnillioir Fraiics or 73 niillion $), ilic followiiig ciiergy savirigs would be niade: 

- Approxi~nately tlie power of Gabcikovo iri its coritiiiual ilow configuralion. 
Uur unlike rlie dam's produciiori, the savirigs would iiearly 411 be rriade duririg 
[Iic pe;& p e n d ,  as people Iighl iheir tioriies in tlie evening. 
- Depcndirig or] [lie cori fig iiratioii, lia1 f ru rluarler of iis energy production. 

Tlie iiiiiitil iiivcsrnient is i-eiriibiirsed in  tirider t w o  yeiirs or1 tlie liasis of the sales yrice to 
private iiidividuals duritig peak lieriocl (soiirce: l'ariffs of Electrical Eriergy in 
Czeclioslovlckia, ApriE 199 1 - Czech Power Work, Prague). 

I t  is clearIy niore advarii:igeous Io iiivesl i n  ilie ecoriotily rallier ttirin iri produçtioii. A new 
power station, whedier i t  be gns ruri (cheapesi solutiori) or tiuclear (the rnost expensive), 
producing a quanti ty of elecuicity equal to diat saved, would represent an investrnent 5 to 
10 times greater, whilst retaining an idcntical service (ligtitiiig) to the consumer. The 
difierence could lie allocated ~o the moderriisation of industry which, i n  iurn, would 
generace greaier energy savirigs arid lead to gre;itcr ainouiit of capira1 beirig freed to jrtmp- 
siart the country's economy. 

lliis type of operation woulcl also iiiake ir possible io develop new teçlinologies, 
producing prducts that çould be exporied to ilie east as welt as to the Wes t .  FinalIy, 
unIike the corislructioii of ri riew source of productioii whicli does no mare than bet on 
futurc developments, ihis operation ensures ~Ii : i t  srivirigs semain the same no niaiter what 
devefoprnerirs there are in future requirements and production cos&. 

Gabcikovo cari ttierefore oiily Lie of interest as a substitution to an existi~ig 
source, in ottier ~vords replaciiig 1Iierinal or riuclear slalions. 
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The themal stations in Slovakia produçed 9.5 TWh in  1990, including industrial 
instaIlations (source: Czechaslovakian sia tistical year-book). Gabcikovo could replace 
14 to 25% of this production. 

It mjght be considered ihat in the çurrent situation, Slovakia would do better to use its 
own lignite resources which are sufficieni to supply its power stations. The advantage of 
the sulistiturion is therefore essentially environmentally based. 

Therefore, in order 10 evaluate the situatioii, there is n need to compare the respective 
environmental effects of tlie dam as againsr a 14 to 25% reduction of the total pollution 
generated by tlie thermal stations. This exescise falls oucside the scope of our 
investigation, but shouId take into account the fact thai. ihe mdemisation of thermal 
stations through tIie iriuoduction of more efficierit and less polluiing technologies is, in 
any  case, inevitable. 

Insofar as nucIear stations are concerned, SIovakia has 4 VVER-430 reactors alElohunice, 
two of which will be closed in mid-1992 açcordinglto tlie statement made by the Czech 
aurliorities in June 1990 (8). Four reactors, curreiitIy being built at Mochovce, are the 
object of an EDF contract to erisuse rliat they comply witt~ European stnndards (9). We do 
iiot know whnt tlie effects u t  pmition wilI Iiave on the above points. 

~ 111 al], tlie Slovakian nsiclear srntions pmduced 12 I W t i  in 1990. 

The tisks linked to the operation of old reactow and the prolilerns linked to waste 
rilanagement dernand careful examiriation of al1 replacement possibilities. Nevertlieless, 
the produciion level ofiered by Gabcikovo is largely insufficien; atid cannot be realisticaliy 
seen as a replacenierit. In  addition, rhe current construction of four,new reactorç 
coriipletely çori~adicts this pcissibility. 

ALTERNATIVES 

Major efforts being made in ienns of the rational use of electricity çould rnake it possible 
to d u c e  needs and remove some of the energy constraints shackEing the economy. There 
would then be a greater freedorn in  [lie choice of energy sources and the weight they 
would Iiave iri balancing lhe country's energy resources. 

Basirig itself on i ts scenario. the ICE proposes a deveIopnierir in the Cxch energy balance 
up 10 2010. The broad outlines are as follows: 

- Reduced use of coal whilst retaining a cenain production lerel allocated to the 
production of electnci ty or heat, using high performance technologies (fluidized 
bed). 
- Development of renewabIe energies and, in particular srnall hydroelecuiç plants, 
die biomass (which has a potentiaI of 3 miIIion toe). 

- Reduced oiI consumption, with use limited 10 transportation. 

-- Developrnent of gas use, particularly for producing electricity, with diversification 
of suppIy sources (Norway. maybe Algeria, the future Iran-Europe gas Iine, 
exploiiation of reserves discovered in Slovakia}. 
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- Ne new nuclear reactors should be built after tbe conirnissioning of Mochovce; 
he priority aim for capital should be io modernise industry. 

eT11e Czecit atid Slovak rep~iblics are çlraracrerised 11y a parricularijr fiigrr 
overçorisuinprioii o j  cciirgy atid elecrriciry ivliicli cxaccrliures flic dvficuirics 
ciicouiirercd iri dtvcln~iiiig tlicir cco?ioi;liics. 

@ Efforts i~iade in rcnrrc of ciicrgy cficieiicy coitld alloiv flicse cowrrries lo arlniii cticrgy 
iirlrrr~i!ies coivrparnlrle with fhosc ~hnr crrrsctirly cxisr Li Europe hy 2010. Elecrriciry 
coi~szrrnprioii wo~ild t/~eii be lowcr ilian irs currctii lcvcl:  25 TWlt fur ali 
Czeciioslaii~kia atid 6.5 TWli fur Slovakia. 

In rhis conrexr, rhc ciccrriciry prod~iced by Gabcikovo nteers tio requirenierirs for riie 
fI~fr~re alid is ivorrlrless iii lcrins ofquandry. 

8 Tlie cnpilal iiiiicsfcd i i i  Gabcikovo Iins been ~irlirracrcdjroi~i acrioiis rliar are jar itiore 
inq~orlatil ro !lie corlrirry's cmilomy. Alrlmiq~li i f  is nor possitilc ro fedirecr the iiiirially 
invesrcd capirul, part of r l ~ c  5.7 biiliair Cruwiis (1.3 billioii FraiicF,'260 niillioil 
 dollar.^) receiirly eartirarked for 11rc coiisvircriotr ofnlrerrintive "Co could have becri 
uscid 10 curry onr opcrarions ro ii-i~prove flic cflcieticy of ecoiwmically profirable 
eicçlricicy prodricrioii iiisrallnrioiis. Tiiw ivould have led to eiiergy Savitlgs ar Ieasr 
eguul 10 rizc Gabcikovo produccioii. Tlie differeticc could have beeii earniarkcd for 
niodcriiisitig itidilsrry wliiclr, itl runi, wuuld leod ru grcatcr energy savings arid thus 
provide capirnl for iiciv iirvestinettts. Titis soIufioti ivould Iiave set up a dytruniic 
fuvouriirg rhe rcvivnl of tlte country's ecoirofiiy. 

8 T l ~ e  value of Gabcikovo as a source of energy sulistiruriilg exisling soiirces (lficrm 
atid nuclenr) cati otrly be evaluared witliitt rhe frantsrwork of art overall redefirrilion 
rlie cowttry's energy srratcgy. Not~ctirelcss,  it iuould appcar  fo be relative 
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INTRODUCTION 

Evaluating the advaniages of a projeci ljke Gabcikovo requires ail overall assessrnent 
whiçh includes the following phases: 

- Clearly set out tIie existing traffic hiiidrances caused by bad navigational 
condj tions and define the developinents atid iiivesinieiits sequired to rernedy ihe 
probIems. 
- Establish a forecast on the poiential future traffic using tlie Danube, taking the 
developing economies of the Iocal populatioris atid [lie opening of the Rhine- 
Main-Datiube caria1 into account. Ttiis wilI ~iiake it possible to defirie the 
quanhiy of mffic iliat will use 1he river aç a resuli of die developments. 
- Evaluate (lie profits to lie gaiiied froin the increased traffic and the 
improvemerits tliat would be made to the fleei ColIowing the developnieriis, and 
identify the beneficiaries. 
- Conipare thesc profits with tlic costs of ilie developrnents in order ro calculare 
tlie profitaliiiity arid ~tieir ecooornic arid social eificiericy. 

. .. 
This assessirient was srudied nliiliiri ilie frati~ewurk of a progranime, "The Danuk..: For 
Wlioni arid for Wliat?", defined by ihe Equipe Coustcau arid carrjed out tiy Rtr ïce Sriltnj: 
"The future of navigation oti the Dariube" (8). We bascd ourselves on this srudy to 
prepare this cliapier. 

IDENTIFICATION OIT NAVIGA'I'JONAL I-IINDRANCES AND 
NECESSAHY DEVULOI'MENTS 

The navigatioiiril coriditiotis or] tlie Driiiube are ~Iiaracicristic of itiose to be found oii a 
river where large seçtioiis Fiave free-flowiiig ciirrents. S;iiidbariks, alluvial deposits and 
rocky beds crc;iiç iliresholds wheie tlie deliih caii lic uiider tliat recorrirneridcd by tlie 
Danube Commission (see diagrain). 
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Gauges recoiti ineiided by tire Darru be Cornrnissioli (source: Routier du 
Dari u be) 

The main probfems are caused by the Hungarian-Slovak and the SIovak sectors as the 
recornmended depth (25 dni) is only attained 35% of the days of the year. These 
problerns are lürtlier exacerbaied as they occur during periods when other sectors of the 
Dariube are navigable. 

The inain area where a respect of the Danube Commission recommendations represent a 
clear advantage is on tlie Vierina-Budapest botdeneck. 

The thresholds do ~iot  just concern the seciar to be developed by Gabcikovo (km 1858- 
I Xll), as a nurnber of ottier sectors lie downsiream from this section (see Routier du 
Datiube). Ttiey would even be worseried by ilie creation of tlie dam, due to a lowered 
dowristream water Ievel and flie presence of rocky riverbeds which make dredging 
difficul t. 

Iri itself, Gabcikovo does not resolve navigatioii probleriis aiid tliis siinple assessrnent 
sliould lx sufficierit to sliow tIiat Gabcikovo is not a factor in ienns of navigatioii. 

However, we need to go ir~to greater deiail. 'Ttie developnient of the ~anub~'bott leneck 
requires major work lo guarüniee tlie desired depths. According to the Danube 
Curnmission, tliey would need to iticlude a set of 4 dams equipped with double locks, 
iocated next ro Yieniia, Hainbusg, Wolsfthal aiid Nagyrnaros. These work, excluding 
Gakikovo and electricity production invesrtnents, would sepresent a hiilion dollars, k i n g  
707 rniliiori, widi value upkited at 8%. 

These values were calculated for loçks aiid dams corresponding to the cbaracteristics 
irnposed by the Dariube Corntnissicin, usirig siriilile estirnation calculations used in France 
and on tiie basis of 1990 FrericIi prices. 

PROSPECTIVE ANALYSlS OF THE FUTURE TRAFFIC ON 
THE DANUBE 

One of the characteristics of counuies giviiig onto riie Danube is the hypemphy of the 
transport systerns in compatison witti western counuies. Tlie traffic leveI is cotnparable 
with chat in  European countries, whilst the GDP is 3 to 5 rimes lawer. To maintain the 
level of transport iritensity (TrarisportlGDP) at its current level up to 2020 is difficult to 
imagine. For a country like Czechoslovakia, uaffic wauld then be comparable to ttiat 
which currently exists in France and this would be enomously expensive and difficult to 
accept in such a srnail area. l t  is far more probable that the transport level wili match that 
of EEC standards. 

En addition, it  is possible to forecast that the essential transport needs in the future will be 
for flexible, well orgatiised and rapid transportation sysiems. This particularly requires 
the devélopment of road and, to a Iesser extent, rail infrashctures tu make it possible to 
meet the needs of the interna1 markets. 
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The developrnent of mffic along the Danube will depend oti the futm of cenain branches 
of activity representing i ts poteniial commercial basis. The challenges offered by the 
future of these straiegic factors are detiiiled in the study prepared by P. Salini, which we 
have used herc for the Bratislava and Sl'ovakian regions. 

The river maffic in Slovakia Rpresents 8 million tons, of whiçh 2.5 milIion involving 
international maffic. The rernainder concerns local trade (sand and gravel) over an average 
distance of 19 km. Slovakia essentially usm-the-Da+he to impm minerals and scrap iron 
from the ex-Soviet U~ijon and 10 re-expo&?crap if011 arid metals to Rei. Izmail and, more 
particularly, Liriz. 

Tiie curre~it use of the Danube is lherefore concentraied or1 two market segments: building 
materials and the Czech steel industry. This latter still receives 80% of its ore from the ex- 
Soviet Union and 1.3 niillian tons is transported Liy t he  Danube. Its developrnent 
(modernisation rarher tlran expansiori) should increase tlie quantity of ore irnposted by 
boat. Despite ~ h i s ,  its future is cxiremely precarious as oriiy the iron and steel industry iri 
Kosice and easiern Slovakia would appear to reniain cotnpeiitive in today's context. 
However, its geogsapliical positiori exdudes use of die Danube. 

In addition, the Linz bon alid steel iridustry is in  cornpelitioii wi~h the Czech i o n  and sreel 
industries. This leads to n pwadoxical situaiion wliereby die two potential traffic flows on 
tlie Danube are in contradiction. 1f rt~e Linz iron arid steel indristq develops and increases 
iu ore traffic on die river, ttie Czech iroii arid steel industr-y as well as its associated mafric 
would be cndar~gered. 

To conclude, i t  is probable in the future tliat ore (1.3 inilliorr tons) wili nu longer be 
trarisported along the Danube and rIint tliere will be a growih i n  tlie irfiporiation of seini- 
finished laminated producls (0.5 to 1 niillion tons) following~tlie penetration of the Linz 
iron and steel induslry iiito tlie Czech market. The growth of local traffic ought to 
coritiriue as lorig as the river diversioii work have rioi been cornpleted. However, ttiis 
local traffic will decline uncc work are coiriplcicd (the voliiriie of transporied materials 
between 198 1 and 1990 is estiriiaied at 20 rriiIlioii culiic rnetres for the sector coriceming 
Czechoslovakia). 

The transport of cars could grow following tlie agreement sigried between VAG and the 
Bratislavske Automobilov Zadovy cortipany but will nevcnheIess only reptesent a low 
tonnage. 

In his conclusions on the future maffic along die Datiube, P. Salirii sutes thar: 

- The developrnent of ilie Danube arrery will be direçted towards tiic Nonh Sea. 

- The role played by tlie improvements to riavigational conditions is limited. It is 
conçentrated on the Vienna-Budapest bortleneck and is reIatively uiiimpomnt 
beyond that poirir wIien seen in reIatioiz to the overall traffic movement. 

- The potential for developmetit is noi entirely sure due to cornpeiition from 
other foms of uansport, especially by rail, which will probably increase. The 
inmduction or transferral of traffic is far frorn sure. 
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In overd1 temis, the ü-affiç will incrense from 34.7 billion tonskm in  1989 to 55.5 billion 
tons/km in.2020. 11 billion tonsikm shall be introduced or transferred over io other 
transportation systerns as a sesult of the developrnents, and the remainder of the gain wiIl 
sirnply be due to economic growth, 

ECONOMIC EVALUATION OF TIiE DEVELOPMENTS 

The orera.all traffic iieeds to be Groken dowrl inio lhree caregories: 

- Traffic which gain very liitle froni tlie ncw developments on tIie Danube, 
panjculmly between Vierina and Biidapest. 
- Traffic whicli will coritiiiue ici use tlie Danube but will benefit from the 
developments as these will make it possible to use more laden and frequent 
convoys. This advantage was eslimared by examinjrig the difference ktween the 
cos? price for vessels traiisporiing 2,500 torrs and vessels and convoys 
transporririg up IO 8,000 tons. 

- Traffic inrroduced or transfcrred to otlicr iorrnç c ~ f  transport. The standard 
forrriula is lo consider t l i ~ i t  tlie adv;iriilige is etlual io tlie ha i t  product of the 
diverge~ice of ihe geiicralised triinsportatiori cos1 Eiy ihe irafiic under 
consider~tion. 

I t  is tberefore possible io evri[uate the overall cost of the adYantages fdr navigation 
rcsultirig from a ~hcoretically coinplete developmerit of tlie river htrleneck. 

For ihe rcfcrcnce year urider cor~siderntion, 2020, r l le sutn represents 78.3 niillion dollars, 
33.2 for trdffic inuoduced or trarisfcrred due te the developments (3rd category) and 45.1 
Tor the advarirages li~iked io iricreased prduçiiviiy of ilie ffeeis (2nd çaiegory). 

I t  shotild Lie reiieriiied that [lie developmerit work represent a suni of 707 million dollars, 
with an updated value of 8%. The çhosen hypothesiç is die starting up of a11 development 
work iri 2000, aiid a progressive increase i n  traffic over ihat same period. Tiie çost of 
Gabcikovo is not takeii into account. 

We can therefore, using updated values, compare this sum with the advantages offered to 
navfgauon. The advantages are evaluated at 180 nillior~ dollars, using the hypothesis that 
onIy tlie direct advnntages Iinked to the developrnen t of the Vienna-Budapest secior are 
taken into account, arid at 360 nlilljon dollars using tlie llypothesis that a more overall 
leveI of advniitüges is used (see table). 

As a result and up to 2020, the advantages for navigation represent 50% at best of the 
atnount of tlie requked work. 
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= 360-707 million 

The developnient of tIie Vierina-Budapest sector does not represent any direct level of 
profitability for iiavigat ion: tlie iriiernd profit raie is riegativc. 

Ttie imp;ict of tliese iriveslirieiits on tlie overrill produclivity of the fleel is far [rom 
t~egligible but does not offcr 31iy sigiiific~i~i profit: ;i iiiaxiiirurir of 2.5%. 

'I'he l-rerzeficiarics 

Tlie awaiicd advaiitnges offercd by ~tie deveIo1irnerit uf [lie Viennn-Budripesf Secior do riot 
include al1 cout~trics giviiig onto tlre D;iiiube. 'I'he two rn:iiti berieficiary zones are tlie CIS 
(Ukraine arid Mold:ivia) n~id Roiiiariia (ils ngriculiiire arid ihe pori of Corista~izn) for 
expons and Aiisrria and ils iiori aiid sicei iridlislriril coiiiplcx fur iniporis. Over ai14 above 
rliese two zories, tlie 1itirigari:iri ;iiid Serb ecoiioiiries Iiopc io capiure soiiie of iliesc 
profits. 

FIowevcr, tliesc iidvaritnges :ire oiily reiilly srrülcgic wlieri i t  ctinies zo iIie Austriati irori 
arid sieel iridusrry 3s rtiis is where i t  posiiioils itself oii the ceritral Eurupean niarker, a 
sectvr which may well represetit its loiig ienri survival. Tlie ordy way for ttiis iron and 
steel indusiry, located 1,700 kni froni ils two siipply port, to retain its advriniage is to 
irnprove truisportritioit systeilis. In fact, tlie RMD c;irial, far îroin leading to niore traffic 
ori ~ h e  Danube as has al1 too olreri beeri clairned, wiIl siniply create a liiglier ItveI of 
competiiion. The jiotei11i;il of iricreüsed traffic iowards ihe Eaçl and ihe West do not add 
up iogettier, tlie trëffic will firid iiself divided. A s1iglir ciifference iii fees çould Ierid traffic 
to useone port railier [han anodier. 

We are led to a prirridox wliereby what ihe dcvelopers of tfie darn Iiave advanced as ari 
econoniic advantage (iniproved ~irivigational coriditions) will in fact lead to e1idarige1-ing 
and açceleratiiig tlie decline of ihe Slovak iron and steel industry diie IO tlie competitiori 
offered by Ljriz. This is a clcar exarnple of ari oversirnpIified Iogic in terrils of ecoiiomic 
evaluation. 
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Priority investinents 

A more ovemI1 assessrnent needs to be made of ihe transport systems in this part of the 
world. 

The deveIopment of exchanges between countnes in this region and with the rest of 
Eump demands an impnant level of investment into infrastnicture network. The lack of 
bridges, h p t e d  roads and railway lines meeting European technical standards is such that 
the priorities become self-evidenr. 

The needs also concern port infras~ructures whic h, at present, are either inefficient or 
deficient. Massive jiivestnients are required jn these areas and should also concern the 
accesses to the port installarioils. To equip tlie porcs, link [hem 10 their surrounding 
regions, favour the setting up of transport orgaiiisation netwosk able to ded with grouped 
cargoes and distribution, could weIl be more important thün making investments in the 
river itseI f. 

If tlre aini is 10 econon-iically develop the Daiiube and give it a chance of survival, then 
tliere is a nced IO invest iri the structures arourid ihe Danube. 
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Navigarioml proli/cms essentielly cuncenl rlre Vieilna-Budapest secror and, in itself, 
Gabcikovo caiiiror resolve ~ h e m .  This elcmenrary slarenlent is sufJicienl to slww rllarm 
Gabcikovo senies na puq~iriosg iii ternis of mvigarioit. I 

I 
@ Ta resolvc rhe probleim, tl~ere is a need to liuild 4 daitis. This repreJeiits a I billion $ 

irzvc,s,i-iiriettr, bei~ig 707 irzillion $ hased oii voirics icpdarcd ar 8%. 

@ On ifre orlrcr Iiand, rlic advaiirnges for riavigazioiz would arraiir ail overoIL ginount o 
78.3 niillioii $ Iiy 2020. 1i1 updared valucs, rlrese advatltages wauld rcprcsenr 180 
millioii $ i n  rlrc loiver liyj~orlicsis and 360 riiilliorr $ iri r/~e hyputliesis ivJrere a niore 
overuil view of rlie advnizrages is fukeit inro accouiir. 1 

@ T l i ~  d ~ v e l ~ ~ ~ i ? t c ~ ~ t  of tllre Vien,ia-Budopesr secror does not offer airy direcr profit for 
iravigarioti: tlrc iiirert~alprofir rare is ~iegarive. Tfte ittrl~acr of iltese itivesn?ieiirs ori rlre 
uvcrallproducrivi~ of rlreJccf is far froni ncgligible but dow ilac oflcr ariy significa~il 
projir levcl: n rrini-i?irrtni of2.5%. 

8 Tlic oiily direcr i~eircJciur)~ frorn rl~cse devclojiniciirs wouid @e rlic Ailsrrirrrt irort atid 
steel iiidusrry for wlioi?i tltcy ivauld (1fl.r powcrJul pusiriori for #c furrire. Ir niighr 
rlzcti, /'y offcriiil: dirccr coirr~~cririi)n, etrdutipr aiid accelerate rlie dccl'iife'o f rlic Slovak 
iron and sreci i1d1i.~fry. 

@ Hrirvcver, I ~ E  uiinly.~i$ .~linii<r llfcrl il is csserrlirrl, iiicx~~crisive aiid prajiralilc to iiivcsl 
iri rlic .îKrllCrllrCJ aroirrd d i e  Daiiirl)~. 
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ASPECTS FIN A N  CIERS 

1 Quelies-ont Çté les sources de financement du projet depuis son origine, et quel type 
de contrat lie les investisseurs, Ies gouvernements Tchèques et Slovaques, les 
enmprises qui réalisent le projet ? 

2 Qud est le coût total du projet aujourd'hui ? 
11 y a cenaines différences dans les documents que vous m'avez fournis : dani Ie 
"rapport de synthèse" oti parle de 25 billions (109) de Kcs, alors que dans 
'"Gabcikovo-Nagymaros projecr - basic inforinarions about iiç açtual state alid 
perspecrives" ai1 annonce 20 billioiis de Kcs. Quel est le boii chiffre ? 

3 . Quels sotit les colifs anriuels des iniérEis ccirrespundriril aux sornrties prEtées ? 
Dms "Gabcikovo-Nagyi~~aros I I ~ O ~ C C I  - basic iiifoniiatioiis about iis actual state 
and perspectives" page 28, vous annoncer 2 billioiis de Kcs par an ("eoclr year of 
dclay causes a loss excecdiiig tivo billioii Kcs oiily oit iitreresrs"). Ce chiffre 
parait mès élevé, le corifim~ez vous ? 

4 Quels soiit les nionraiifs des dtdoiiiageriierils rt5clainéç par les Tchécoslovaques et 
les Autnctiiens aux Horigrois pour avoir interronipu les travaux de Ieiir côié ? 

l'ai lu dans Urie revue sj~L:ci:ilisée clu'il s'agissait de 3,52 biIlions de $ pour les 
Tc!iéçosEov:iqiies er 1,296 liillioris de $ polir les Auirictiiens. Ces sotnriies 
p;iraissent très ClevCes (erivii-riii 5 fois le cofit torril des travaux) : les confinnez 
vous ou s'agit-il d'iirie en-enr ? 

5 Quel est le coGt estinié de la realisaiion de I'üllernniive C ? 
Il y a I i  des iiiforn~;~tions coiitradicioires : M. Holcik (lors de la réuniori du 
24/2/92) nous a dit 8,s billions de Kcs, vous iirinoncez 5,7 billions dans "Tlic 
Gabcikovo-Nagyirinro.~ projjecl - lnlcsr dcvclopnieiirs in I Y Pl" ,  et le rapport de 
synthèse dlHydroconsult indique 2 billions de Kcs. Quel est le bon çliiffre ? 

6 Eirint donriC les diffiçulrés écoriuriiiques cliie traverse 1:i Tcliécoslovaquie, de telles 
sommes soiit-elles disporiibles pour U r i e  soluiiciri diie "ieiii~iorüirc", et quelles sont 
les sources de financetnenu envisagées '? 

P R O C E S S U S  DE UEC1SION 

7 Pouvez-vous nous expliqlier comment sotii prises les décisions concernant 
Gabcikovo : attribution des financetnents, choix iechniques, dtiînition des &tudes 
d'impact ? Quels sont les orgariistnes conipéterizs et quels sont les rôles respeciifs 
des gouverriernerits Féddrd et Slovaque dans ces processus de décision ? 

8 L'alternative C a  616 choisie parmi 7 autres solutjons : Comment ce choix a t-il été 
fait, selon quelle métliode et queis critères d'évaluatiori, quels paranrètres ont-été 
pris en compte, et qui  a réalisé ce travail ? 

9 LR choix de l'alternative C est-il définiiif, ou d'autres solutions sont-elles eiicore 2t 
1 'étudr: ? 
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IO Quelles sont la puissance installée et la production d'élecLricité pdvues dans le ca& 
de I'alremative C ? Et selon quels calculs ces previsions ont-elles tté faites ? 

S 1 Envisage t-on de faire foiictionner Gabcikovo en mode de pointe dans le cadre de 
l'alternative C, et si oui une étude d'impact a t-elle &té faite sur les conséquences 
pour l'environnement de ce mode de foiictionnemerit ? 

12 Pourriez vous m 'indiquer de façon détaillée les éléments de calcul de la rerimbilité de 
Gabcikovo eii ce qui coricenie la productioti d'élecnicité ? 

N A V I G A T I O N  

13 Si la créntiori du grand canal fricilire la navjgatioh, les problèmes sont aggravés en 
itv31 (creusernerit du l i t  et préseiice de seuils roclieux) : çommeiit ce probICnie 
pouvait-Eire risoIu drirss le cadre de I1aliem;itive C ? 

14 Selon quel mode de calcul a-t-on evalué les béiiefices consécutifs A l'amélioration 
des conditions de navigation sur le secteur de Gabcikovo, pour les économies 
Tchèques et SIovaques ? 

PIZOTECTION C O N T R E  LES C R U E S  

15 Depuis 1965 le Danube a beaucoup cllange, il a eii prirriculier été amériagé de façon 
importante en arnorit de Bratislava avec des dispositifs de régulation des crues. Dans 
ces riouvelles coiiditioiis, les risques d'innoridniion sont-ils les mêmes aujourd'hui ? 

En Ao9t 1991, il y a C U  une crue ceriténale : a t'on fait une étude sur les 
coiidquences de cette crue pour évalucr les cliangements survenus depuis 1965 
eri ce q u i  concerne les risques d'innciiidalions dans le secteur de Gabcikovo ? 

16 Dans Ie cas d'urie crue intponaiiie : 
- Si un problénie technique à la cetitrale de Gabcikovo limite l'écoulenient de 
l'eau, n'y a t-il pas un risque à faire transiter des d6bits considérables à 18 rn 
au dessus du niveau du sol dails le grand canal ? 
- Si les débits sont séparés en deux entre le canai et l'ancien lit du Danube, 
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17 La Commission Slovaque pour I'Erivironnenient a prescrit 19 points qui devraierit 
être respectés avant la mise en route de l'alternative C : 

- Comment se fait-il que Ies travaux aient déjà commencé alors que les 19 
conditions n'ont pas encore kit5 Ltudiées ? 
- Le respect de ces coriditions inipligue la réalisation de mesures 
compcnsaroires iniportantes et coûteuses : a-t-oii évalue les coûts ile ces 
mesures ? Quels soril-ils ? A t-on pris eti conipte ces coûts dans les calculs de 
renrabiliré de Gabcikuvo ? 



R e ~ a n ~ t ~ c r  a u x -  q u e 5 t i ~ ~ n ~  

d ~ t  Farada*icirt Cousteau d e  3;- 4- -2 

ASPELTS FINRhlCrmS : 

1 -  h r c e s  d e  financement du ~ r p d e t  : le budget du M i n i s t P r e  des 

Eaux et d e s  ~ a r @ k s  de la Ré~ublique Slovasue. Le Ministére Fédgral 

des Finances a r P p a r t i  chaque an le5 reçsaurces financidres en t re  

les reçsorts. Un c o n t r a t  f i n a n c i é r  entre les  gouvernements 

Tchéque et Slovaque n 'a jamais e x i s t e .  

2. Çorït total actuel du p r o j e t  11941> *: e n  milliard K t s  

- p r o j e t  = r i g i n a l ,  p a r t i e  CSFR 30,44 

- p r o j e t  a r i g i n n l ,  p a r t i e  des travaux au lieu d e  RH O, 42 

- p r o t ~ r t i o n  rantre les crues 0,20 
ne - mesures environmintaies dans le Ilt a n c i e h  0,41 

- çolution t e r n 7 - j u s q u ' A  la mise en apPra t lan  (el.l-Y,0) 2,56 

- ~ o l u t i o n  temporair-2, a c h é v e m ~ n t  des b a r r a g e s  [el. lJ1,l) 2,12 

- u s i n e  hydraélertrique (&ventuelle) 2,71 

- total 28,86 

Le "Rappo r t  d e  ç y n t h é s e l '  donne les caats au nlvpau de 1989 

118,4.109 KEç - v.p.57) et le c h i f r e  25.LOP Ktts ( p . 6 3  com~rend 

a u s s i  les i n t 8 r S t s  pendant la r o n s t r u c t i o n .  

3. C&ts annuels de5 i n t & r & t s  : z e r o ,  parce que jusqu' h i c i  le 

+inancement a & t P  sans. prats.  L e s  pertes in terca la i res  nous 

ralrulons avec un taux  d 'escorn~te d e  5 X . 
4. H a n t a n k  d e  d é d o m m a g e m e n t  : D1apr&s n u k r e s  i n f  ornat ians ,  la RH 

d ~ v a i t  payer  h l'Autriche 2-9 milliard Schilling d a n s  la forme de 

1 ' é n e r g i e  é2eckrique 1,2 IWh/an d e p u i s  1994 .A 2013. La somme dps 

d&darnmagements pour  ESFR n'est pas encore complète .  Mais 

seulement la v a l e u r  de L8&nergie perdue (si on abando& le 

proje+)  est de 6.109 f iEs /an ,  e n v i r o n .  Caplkalis&e avec un tau,: d e  

8 paureen t, ca - f a i t  75 mil l i a r d  KEs. bvec les c o d t s  de5 i n v e s t i s -  

semen tç nécessaires, pmur assurer la p r o t e c t i o n  ton t r e  les crues 

arn8liarat ion des c a n d i t i o n ~  de navigat ion sur Le Danube et V.ith 

( t o u t  a &te inclu dan!? l e  p r a j e t  G+N) et avec I e s  autres bénéyi- 

:es perdues, les pertes peuvent m o n t e r  A une somme proche A 100 

nillfard KEs, ce que représente 3,s milliard US$. 
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5. Cm3-k eskirné d e  la réal isat iun de l'alternative C : 

Les chiffres indisuQs d a n s  le p o i n t  2.. c o r r e s p o n d e n t  avec las 

chi f fres  de M . H u l E i k .  La somme 537 milliard K t s  est s a n s  usine 
1. 

hydroélectrique, qu an va r8aLiser seulementr si .la RH ne va 

changer son a v i s ,  ni aPrés la m i s e  en operat tan de Oabtik~vo. 

6. CaQk approprie d'une solutian temporaire : E t a n t  donné Igs 

d l f  f i t u l  k&s économiques de CSFR, naus ne pouvons p a s  perdrP 6 

milliard K E s  Par an. Naus avans e s 5 ~ u é  Presque trdis ans ,  de 

trnuver une  s o l u t i o n  commun& parce que mus n a  considérons pas la 

solution C t o m m e  idgale, m a i s  nous n'avons pas un autre  c h o i x .  

Les sources des - f i n a n c e s  mur cette solution vant ë t r e  prêts, qui 

peuvent Btre r e ~ a Y B 8  dans délavs assez courts. 

PROCESSUS DE D E C I S I D M  

7- R83e  des gauvernements dans le processus d e  décision : 

D'aprés la r é p a r t i t i a n s  des compétences, Le développement des 

reçsource enerqet iques  a p p a r t i e n t  aux souvarnements na tianales, 

mais dans le cas d 'un inves tisscmen t i n t e r n a t i o n a l ,  le H i n ï s  t P r e  

F&dera 1 des A f f a i r e s  Etransérss e s t  compétente Pour les 

n & c l c t i a t i r i n s  hi latéral es. C& la raison, pourqa i  les .dPeisionç 

san t p r i s  dans taus les deux gouvernemen ks. 

3. C h o i x  de 1 ' a l t e r n a t i v e  optimala ; 

Taus les snlutions a l t e r n a t i v e s  on t  étd évaluées d a n s  six 

e ~ m m i s i o n s  spécial iség,  des po in t3  de VUE s u i v a n t s  : 

- rélatians et loi internationales ( p o i d s  7)- 

- influence sur les ressourcas de l'eau souter ra ine ( p o i d s  7), 

- faisabilité économique (paids 61, 

- l'influence h l 'environnement ( p o i d s  5, par Min. a ï e v é  A 6 ) ,  

- les influences sociales et psvchisues  ( p o i d s  3 ) .  

- possibilités et risques de la réalisation ( p a i d s  31, 

- l'hygéne et Opidemiologie Ipoidç 51, 

- preference de l'entrspreneur lpaids 1). 

Les c h e f s  des commiçf~ns respectifs o n t  invent&, ils mPme5, les 

cr i tPres  Bvaluéç et ils o n t  prapose auççi les poids d e s  

cr ik&res.  L ' B v a l u ~ k i u n  des alternatives a été fait par m o i ,  en- 
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e 
semble avec les c h e f s  des rornmisionç s ~ ~ c i a ~ i s E .  Avant d,e pr&- - 
çent$$e r a p p o r t  au gouvernement, la Ninistére des Eaux et des 

Forets a ausmenté le poids du c r i t P s e  envirc%entaf et des res- 

sDurceç des P a L I X  souterraines. La solution optimale a été 

I'a1t.R (d ' aprés  l a  Traits&>, puis laalt.C, la s e u E  qui a été 

réalinable sans coopération d e  la RH et faisable é e ~ n o m i q u e m e n t .  

9 .  Le choix, est-il d & P i n i t i f  ? 

Si 1 'Hongrie c h a n g e r a i t  son avis et arceptet-ait un campramis, 

ç ' auvrz ra i t  aussi l a  ~assibilit$ B - f i n i r  ansemble Gabtikovo et 

a journer  la d é c i s i o n  de l 'ac hévernent de Nagymaros. 

10. Paramétres  é n e r g a t i  sues de 1 ' al ternative C : 

- puissance i n ç t a l b e  720 Mi4 

- praductlon d'electricité annuelle - premiers ans 1,34 T w ~  

- aprés la çonstr.des seulles d a n s  le lit a n c i e n  2,Z3 TWh. 

11. Mode de fonctionnement d'usine, a1C.C : 

O n  n'envisage pas l e  fonct ionnement en mode de p a i n t e ,  sans 

14exfs$ence de Naqymaros. Mais, quand les debits surpinssent 1100 

- 1200 m3ç-i i  le surplus on peut s tocke r  dans le reservair et 

I d c h e r  p ~ n d a n t  la j a u r n g ,  dans la fdrrne d'une onde rnodér8e. 

12. El&menks de calcul d e  r e n t a b i l i t é  : 

?ri:< de 'T ' e lee tr i c i t é  (au niveau d:Ü p r i x  da  I ' f rnpor t  ? r 2 Ktç/kWh, 

p a r t i e  e p p a r t e n a n t e  CÇFR ( d ' a ~ r g s  les cof i t s )  8 5 2 . .  

c a d t s  d'opération - 0,8 po&ent des codts  d ' i n v e s t i s s e m e n t .  

13. Ptobl&meç de n a v i g a t i o n  en aval de GabCikava : 

Les probl8meç de n a v i g a t i d n  p@uvent gtre salu& s eu le ment par le 

cornplex des aménagements G + N. C'est u n e  des raisons, pourquoi 

l'article 1 Traite parLe "d'un invest isçement  cammun . 
C O I T I P ~ ~  de deux arn8nagementë hydrauliques GabClkovu et Nagymaros 

s u i  fon t  une unité, inseparable en fanctian." Lui, qui veut 5&a- 
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r e ?  cet unité, devait refléchir les cons8quences et PrQPoÇer une 

solution. La p a r t l e  H o n s r a i s e  n ' a  pas proposé aucune solution 

pour le raç d"abandonnement t o t a l  du Projet,  ni pour la naviga- 

t i o n ,  n i  pour  la p r a t s c t i a n  can t ra  les c r u e s .  M a i s  les problémes 

avec la n a v i g a t i o n  en aval  de Gabfikova, n e  sont p a s  l i P s  spé- 

ciallement avec l'alternative C. 

14. B & n & f i c e s  d e  P'amélieration des ronc i i t i ons  de navigation : 

Dans 'évaluatian économique du Projet, f a i t e  en 1980, on a 

calculé seulement avec des bgnéfices d r  CÇPD (cornpanie 

trh$coslovaque d e  naviqatibn). OR a estime ces bénéflres A une 

valeur 5,4 K Z r ; / t  dans le secteur de Gabtikava et 2.7 IClts/t dans 

le secteur de Nagymaros, Le valume des marchandises t rans .por t&e  

million t o n n e s ) ,  dans le5 h d r i z o n s  di-Ff&ren& an a est im8 

çarnrne s u i ?  : 1990 1995 ZOO0 2050 

V o l u m e  total transporté 14 04 20,63 5 0 , Z I  60,71 

P a r t i e  de ESPD (pau 'cent l  7,OO 9, $0 12,OO 72,OO 

vol urne transport& par E s ~ n  0,98 , Y , 6 4  15,36 

RPn&ficeç calculés (million K t ç / a n )  7,94 15,87 29-46 108.18 

D'apré~ n o t r e  a v i s ,  les bénéfices sant sauestiméç. Nous n'avans 

pas supposé la collection des t axes  d e s  bateaux &=rangares  pas- 

sant  les écluses. Les b é n k f i c e ç  de n a v i g a t i o n  o n t  fait une partie 

m o i n d r e  d e s  bénéfices t o t a u x  ( e n v i r o n  2 pourcent ) .  

PRDTEETION CONTRE LES CRUES 

15. Leç risques d'innondaki~n, ont-ils chany& depuis l I b 5  ? 

f' 

Les a c t i v k t & s  de l'homme amont de Bratislava : d e f o r e s t a t i o n  des 

mon tagneç, cons truckion des m a i s o n s ,  r é d u c t i c n  de permgabili t é  + 
des scrrfaces da I IBs et r é d u c t i o n  de5 + b o n d a t i o n s -  c a u s e n t  une 

augmentat ion d'écoulement et r g d u c t i o n  d e  la r é t e n t i o n  naturelle. 

Donc les p o i n t s  des crues m a n t e n t .  Ces salid~s sedimentés 

silrhauss&t le niveau du t e r r a i n  de I ' i  l a n d a t i o n .  Pendant chaque 

crue ,  la d & g r a $ a t i c n  du -sorssal p a r  suffssian s'asgrave - le nom- 

b r e  des "renards1'  st Itur diarngtres s'agrandent, la d é b i t  d e  

I'eau infiltré m e n t e .  La crue d'aa8t 5991 a et@ evaluee. Le n i -  
1 

veau dbau a étib beaucoctp plus haut comme a v a n t  ( J U ~ ~ U ' A  1 m). 
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16. Passage d'une crue important  : 

11 y a h u i t  growes h la  centrale - la prohabilit& d'avoir un 

prabl&me tethnique A   lu sieur es sroupes e s t  t r & S  faible. Mais, 
une partie s i g n i t i c a n t  du débit, peut Mx-e lâchée par Les deux 

&çLuses de largeur de 2 x 54 m .  La passibilit& de divider le 

d é b i t  deç crues, permet de 18cher une demie du d e b i t  plus r a p i d e -  

ment p a r  le c a n a I ,  pendan t  sue l'autre demie se t ransforme par  la 

re ten  tion n a t u r e l  le de l ' i n n o n d a t i o n .  Canme Ca, on p e u t  modérer - 
l a  tBte de Ia crue. 

IMPACTS SUR L'EhlVIRONNEMENT 

i f .  19 condi t ions  d e  la Cammission Slmvasue de L'Environnement : 

Toutes les conditians préscri t e s ,  deva i en t  $tre W u i t t g e s  avant 

3: mise d e  G a b ç i  kevo en cpéra L i o n ,  Les mesures rompensataires 

s o n t  inclus p a r t i e l  lemen t dznç 1 es co8 ts d ' investissement, 

partiellement dans le valume abbaissB d e  l'electricité produ i te  

Fendant les preniierç ans d"op8ration. OR a ajouté au b u d a e t  de 

projet environ une miIliarde KEs Four la ranst$uct jon des 

s t a t i o n s  d ' @ p u r a t i o n  de Bratislava ( ce t&  d r o i t e )  et d'autre 

v i . l l e ç  et vif Iages lelong d e  Danube.  La r e c h e r c h e  concernant 

l'eau s o u t e r r a i n e  de la region d a n u b i ~ n n e  - fait en caop&ratian 

avec d e s  firmes d a n o i s  et hollandaise - e s t  f inanch  par le pro- 

çkamme PHARE 

18. Chelles sesiont-fla les consésuances d'abandonnement du 

Ga bEf kovn A I ' environnement 7 

Le prorassus d'et-osion du l i t  de Danube va t on t i nue r .  Pendant la 

dern ihra  decade des années, Le niveau des debits  bas s8abba&8 

jusqu'8 de 1 , s  m.  L' abba*ement correspondant d e s  eaux s e u t ~ r r a i -  

nes a cau& çgchage des; furé ts  voisin? tassement a d d i t i ~ n n a l  du 

t e r r a i n ,  causant d e s  fissures des maisons. Les niveaux d'eau ab- 

baissés empirent aussi l'açcPs diffiefl au port de Bratislava. Si 

1 ' érasion va emporter la couche épaiçse des graviers suart i res 

a v a l  d e  Bratislava, l'explaçion d'érasian des formatians f i n s  
tertiaires, peut créer une chu te d 'eau arrgtant la navigatian O 
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19. Quelles pravisions a-t-un asçure danç le projet de GabEik~vo 

wr maintenir -la nature danubienne dans une meilleur condikian 3 

On a canstruit une  pr ise d'eau au début  du  canal, s u i  permet d a  

lacher sant3nuelIement 30 m 3 r i  dans le systhme des bras rnarts et 

m a i n t e n i r  une h u m i d i t é  optimal des sols, cantr81&e p a r  Le 

manitar ing.  Un barrage mobi l  permet 15.: augmenter ce d é b i t  jusqu à. 

240 mas-i, ce que va  permettre de créer une :!-~nundatjon 

artificielle de 80 pourCent du t e r r a i n  en t re  le Danube et des 

d i g u e s  anciennes. Une autre p r i s e  permet de lacher 

conti~uPllement un d é b i t  de 20 ~ Z S - ~  au Mosony Danube et diluer 

son forte pal l u t i o n .  Par l a  barrage ( D u n a k i l i t i  ou Eilistov) , un 
d&bit moyen de 600 - 1300 m s r i  va as5urec au début da 

ï ' o p k r a t i o n ,  le niveau d'eau nécessaire dans le L i t  ancien du 
be 

Danube, PbUr B v i t e r  l ' e f f e t  dra inage  de l i t  v i d e .  Dn prevoi t  une 

conç t ruc t ion  des sauilles (~urnme sur la Rhin)  'qui v o n t  ascurer un 

niveau d'eau correspondant au d a b i t  d e  1350 m 3 s - 1 ,  mais avec un 

débit Ibché du barrage seuIement 350 m 3 s - A .  La diminuation d e 4  

chute moyenne d u  Danube va arreter  d é f i n l t i v e r n e n t  l e  procesaus 

n u i s i b l e '  d ' é r o ~ . i a n .  

20. E k a t  actuel et i m p a c t  envisage de (;abEfkovu aux eaux 

çouterraineç de la région ? 

t e s  eaux souterraines s o n t  alimentaes de la serrt ian de Danube 

en t re  les k m  1649 - 1866, DÙ les couches asuiféres montent  au 

niveau d u  l i t ,  f ~ r m &  va r  des qraviPres perméables. Le volume 

d'eau, q ~ t i  alimente les reçsaurces ~auterraineç est en prksent  

2 - B mss-i. ~ a i n t x t ,  on utilisa seulement 2 , Q  - 2,s m 3 s - L m  si 

on veu t  augmenter l'utilisation h 15 m 3 s - 1  en 2015, sans 

Gabefkavo, c'est impoçs ib le .  La caurhc superficielle d e  l'eau 

%outerraine,  f usqua& une  profondeur de 40 m est s i  poluée, qu'on 

ne peut  pas l'utiliser ni paur i r r i g a t i u n  EA prbsent ,  en a b s e n c e  

de sources meilleurs, on l 'utilise, e n r i c h i s s a n t  le sol par P O P -  

l u a n t s ) . .  LE! r e s e r v ~ i r  va augmenter I'inffltration, surhausser le 

niveau d'-eau s a u t e r r a i n e  aval de Bratislava et procurer en abcn- 

dance I 'eau propre dans 16s canaux d ' i n f  iltratiun. L'eau du 

r e s e r v o i r  va a 1 imen t e r  en p r & f  érenca La couche super7 icial le de 



l'eau souterraine, parce que le c o e f f i c i e M  de perméabilit& dans 

la d i r s r t l o n  hocizontate est environ d i x  fois plus grande comme 

dans la direction verticale (les cauches de qualité différents 

e x i s t e n t  sans. se mBlaneer, depuis des dizaines des années'). 

21 exiçke une pcsçibi Z i t& t h g o r i - q u e  da con  t a m i n a t i a n  des eaux 

souterraines par Les sddimen ts urganiques du reservoir, Mais 

pra t iquement ,  Les c o n d i t i o n s  sur le Danube m e  vont  pas permettre 

1"eutrephlsation da laau dans le reservo i r  (bon q u a l i t & ,  tempéra- 

ture b a s ,  haut quant i té  d6xus&ne, court delai  de retent ion, hauts 

d é b i t s  en t et b a s s ~ ç  en h i v e r ) ,  qui conditinnne p e r t e  

d'osygéne et les reactions réduct ives produisçants la pallution. 

Les prernisra résttl t a t s  des & ~ ' U ~ E ? Ç  et de la tas de r e c h e r c h e ,  fait 

en col laboration avec des firmes oues t -Europ&en un t preuvées, 

su' on peut e-FfectFvemen t in f luencer  les processuses de ç é d i m e n t a -  

+ion et d' i n 7 i l t r a t i a n  dans u n e  manibre dés irée ,  donc, la menace 

d'une cataçtraphe ri ' e ç t  p a s  actuelle, 

Misuslav B. -Li9Ka 

Vodohosp~dArska vdstavba, Bratislava 
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