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In connection with trilateral negotiations held in London 
on October 28 between the European Commission (CEC), the 
Czech and Slovak Federative Republic (ÇSFR) and Hungary on 
Variant C of t h e  Gabcikovo-Naparos projeçt  it was 
decided to carry o u t  a Fact  ind di hg Mission composed of 
one expert from each of t h e  three parties. 

The Mission m e t  first t h e  on October 2 9  in G y o r ,  carried 
out an on-site inspection of the ongoing work on October 
30 a n d  held the concluding meetings in Bratislava on 
October 30-31, 1992. 

Very significant construction activitieç are presently 
going on. The scheduled completion of the Gabcikovo 
complex and  t h e  s t r u c t u r e s  nf t h e  v a r i a n t  C project are 
s u m a r i z e d  below : 

T h e  design flood disçharge f o r  the f i n a l  Variant C iç 
based on a 10,000 year flood event, whereas  a 100 year (1 
% risk of per  year) is accepted during t h e  construction 
per iod .  

According to the çcheduled cornpletion the structures are  
expected to be ready and f u l l y  fortified to resist the 
design flood w i t h o u t  large damages as fallows: - November 15, 1992: Winter design flood (6000 m3/s) 
- March 1, 1993: Summer design flood (IO600 rnJ/s} 



I t  is technically possible to direct t h e  main part of t h e  
discharge to the old Danube around January 1,.1993. 

Should a flood occur now before t h e  cennecting dams a n d  
dike are fully f o r t i £ i e d ,  t h e  c o n s t r u c t i o n s  could be 
damaged £rom erosion. 

It is not  likely that a flood would give rise to an 
extraosdinary flooding hazard in areas outside t h e  main 
exis t i n g  dikes . 
The c loçure  of t h e  Danube and t h e  subsequent separation of 
t h e  flow into t w o  parts resulting in smaller discharge in 
t h e  Danube ha6 had significant immediate environmental 
impacts (groundwater and floodplain ecology) as well as a 
termination of the navigation fo r  a period of 
approximately 11 days. 

In theory ,  the ongoing activitieç with Variant C could be 
removed, However, in practise this will cause significant 
env i ronmenta l  problems. T h e  cost of removing the 
structures are roughly estirnated to at Least 30 % of t h e  
construction costs .  

R number of possible scenarioç are descr ibed in t h e  
report. Scenar ios  f o r  stopping of work for 1, 3 and 12 
months and of alternative operation s t ra tegies  (directinq 
t h e  m a i n  discharge to o l d  Danube or to Gabcikovo) have 
been elaborated with respect to which work haç to be 
completed to psotect  t h e  s t r u c t u r e s  against flood as  well 
as to environmental impacts. The d i f f e r e n t  scenarios have 
f u r t h e m o r e  d i f f e r e n t  organisational and economical 
implications. 

The rnembers of the mission agree to the c o n t e n t  of the 
Mission Report. I n  a d d i t i o n ,  b o t h  the CSFR and the 
Hungarian representative. have prepared separate 
statements, enclosed as appendices E and F of Mission 
Report, containing more specific proposals. 



a .  ZPTRODUCTION 

Paragraph 1 of the Agreed Minutes of the ~ e e t i n g  between 
tha European Commissfon ( C E C ) ,  t h e  Czech and Slovak 
Fedsratiwe Republic (CSFR) and Hungary on 28th bctober 
1992 an t h e  GabcLkovo/Nagymaros Project reads as followa: 

Tt was agreed t h a t  al1 works on V a r i a n t  C o f  the  
Cabcikovo/Nagymaros prcject will be stopped at a 
date specified by the EC Corniasion on t h e  baais of 
t h e  f a c t  f i n d i n g  r n i ~ s i o n  composed of one expert Erom 
each s i d e  (Commieeion, CÇFR and Hungary),  taking 
i n t a  aecount the riek of damage to existhng 
s t ruc tures  i n c l u d i n g  havigation, of ecological 
damage to the regian and of f loading ( S p s i n g  1993 or 
~ u d d e n  surges) as w e l l  as ~f ecologieal damage to 
t h e  region, The m i s s i o n  shall report as soun as 
possible, but  n a t  l a t e r  than Saturuay October 31st 
at 12 naon. 

The CSFR undertakes ta guarantee to maintain t h e  
whole ("whole" means not iess than 95 8 )  traditional 
q u a n t i t y  of water into the whdle o l d  Danube river 
bed, including t h e  section between Rajka and 
Palkovicovo, and to refrain frorn operatihg the pawer 
plant, " 

The Eollowing three experts have been appointed tc 
constitute t h e  Fact Finding Miss ion:  

* CEC: Mr. Jens C h r i s t i a n  Reg.sgeard, C h i e f  
Hydrologist, ~ a n i s h  ~ydraulic lnstîtuke (Team 
Leader ) 

* CSFR: Profeasor, Dr. Igor Mucha, F a c u l t y  of Natural 
S c i e n c e ,  Comenius University, Bratia lava. 

* Hungary Dr. Péter Bekanyl, Managing Director, VLTUKI 
C o n s u l t  Bt, Budapest. 

The fhree experte were assioted by colLeagaea as lieted in 
Appendix A .  The Fact Finding Mission meet f i r s t  tirne on 
Thursday, October 29 in the afternoon i n  Gyor, Hungary. On 
Friday, Oetober 30 an on-s i te  inspection of t h e  ongoing 
wdrk . waa made and the coneludkng meetings ware heLd in 
Bratislava on Oetcber 30-31. 



2 .  STATWS OF OHGOING WORK 

The m i s s i o n  carried o u t  an on-site inspect ion  of t h e  
ongoing work on Friday rnorning, October 30, 1992. 

In both countries t h e  original plans for the Gabcikovo 
sçheme ( see  enclosed brochure)  is eompleted except for t h e  
closure of t h e  Danube river at Dunakiliti and t h e  

(1) Completion of t h e  hydropower s t a t i on  (installation 
and testing of turbines) at Gabcikovo. 

V a r i a n t  C çonsists of a complex of structures. The 
construction of these are p l a n n e d  f o r  two phases. The 
structures include (see the sketch in ~ppendix B): 

By-pass weir çontrolling t h e  flow into the r iver  
Danube. 
Dam closing the Danubian river bed and connect ing 
dams/dike . 
S h l p  lock f o r  smaller ç h i p s .  
Spillway w e i r ,  
Hydropower station. 
Floodplain weir (weir in the inundation). 
I n t a k e  structure for the Moçoni Danube. 
Intake structure in the power canal .  

The c o n s t r u c t i o n  of t h e  structures 1 , 2 , J ,  7 and 8 are 
included in Phase 1, while t h e  remaining 4,5  and  6 are a 
p a r t  of Phase 2 .  

T h e  status of t h e  work is a s  follows: 

(X) Hvdro~ower station (HEPI and s h i p  locks  at Gabcikovo 

The HEP is designed for peak power production. The lanned P 8 t u r b i n e s  have a nominal capaci ty  of 4,000 m /S. A t  
present f i v e  t u r b i n e s  and generatorç are being installed, 
the remaining t h r e e  turbines are not planned f o r  
installation in t h e  near future. 

Turbine no 7 is being tested in t h e s e  days at half 
capacity producing 40 MW power with a discharge around 200 
m 3 / s .  Turbine no 8 has been tested hydraulically but not 
yet electrically . The r e m a i n i n g  three t u r b i n e s  are 
c u r r e n t l y  undergoing a hydraulic testing programme. T h e  
t e s t i n g  programme allows f o r  discharges to be between 80 
and 120 m3/s. .. 
The £ive turbines and generators are planned to be fully 
tested and dellvered by t h e  con t rac to r  to the investor 
ready,for power production according to following t i m e  
schedule : 

turbine no T : 1-11-1992 



turbine no 8 : 1-12-1992 
turbine no 6 : 1- 1-1993 
t u r b i n e  no 5 : 1- 2-1993 
t u r b i n e  no 4 : 1- 3-1993 

Br high water the maximum capacity is approxhately 610 
rn /s per turbine. 

At the preferred opera t iona l  water level of 131.1 m as1 
(ref erence baltic msl) the design head is approximately 22 
m. 

The two s h i p  l o c k s  (each 34 m wide and 275  rn long) has a 
total capacity of 1970 m3/ç when open. With f ive turbines 
operationally installed the total combined hydraulic 
capac i ty  of t h e  turbines and locks are thus: 

5 x 610 m3/s + 1970 m3/ç => 5020  m3/s. 
If more turbines are  installed the capacity of the canal  
of approximately 5200 mJ/s will be t h e  flood discharge 
L i m i t e d  by the v e l o c i t y  in t h e  power canal. 

121 D a m  closing t h e  Danube r i v e r  bed and connectins 
d a m s / d i k e  

The closure of t h e  Danube river bed started on October 2 3 ,  
when t h e  discharge was at a low of 800 m3/ç. The cloçure 
was completed on October 27. T h e  crest level of the dam on 
the day of on-site inspection was approximately 131 m asl. 
The dam is not y e t  fully t i g h t e n e d  l e ak ing  w a t e r  approx 
150 m3/s. During t h e  f i e l d  visit t h e  water l e v e l  in the 
reservoir varied between 128.8 and 129.0 m as l .  

T h e  connecting d i k e  between t h e  downstream (d/s ) part of 
t h e  reçervois and t h e  left hand side of the Danube is 
c u r r e n t l y  n a t  f u l l y  f a r t i f i e d .  There r ema ins  çtill 10 3 of 
the dike to be s t r e n g t h e n e d  to w i t h s t a n d  waves. The 
c o n n e c t i n g  dams between the w ê i r s  are n o t  y e t  f inished and 
need tu be f o r t i f i e d  several places. Completion of t h e  
work on t h e  dams a n d  dike iç planned to be f i n i s h e d  by m i d  
of November. 

Bv-waçs weir c o n t r o l l i n a  the flow into t h e  r i ve r  
Danube 

T h e  flow into t h e  r i v e r  Danube £rom the reservoir  is lead 
via t h i s  w e i r .  

The  w e i r  c a n s i s t s  of four tanter gates each 18 m w i à e  w i t h  
sill level at 126.5 m as l .  The maximum hydraulic capacity 
of the weir a t  the reservoir water level 131.0 m as1  is 
1460 m3/s, whereas t h e  capacity ks approximately 700 m3/s 
at a water level of 129.0 rn asl. 

To repa i r  t h e  bottom protection and river s i d e s  d/s t h e  



weir it was closed totally on Oct. 29. It will De opened 
not  later t h a n  O c t  31, 

The w e i r  is expected t o  be f u l l y  operational by the end of 
Deeember 1992, but can u n t i l  then be operated by temporary 
measu.res . 

.17) Flood e l a i n  weir I w e i r  in t h e  inundatiwni 

The weir consists of 20 t a n t e r  gates each 24 m wide w i t h  
si11 level at 128.0 m asl. 

A t  present none of t h e  gates can be operated and on ly  four 
gates has,the f u l l  hydraulic capacity.  Due to the level of 
the terrain d / s  the w e i r ,  16 gates h a s  a reduced capacity. 
A srnall part of t h e  c o n c r e t e  works are not y e t  f i n i s h e d .  
The e n t i r e  structure is planned to be fully operational by 
the end of 1992. 

When finalized each of the gateç has a hydraulic capacity 
of 230 m 3 / s  ( t o t a l  capacity if the w e i r  is 4600 rn3/ç) at 
the maximum water leveh of 131.1 m a s l .  The capaci ty  a t  a 
water level of 129.0 rn as1 is estirnated to be 60 m3/s per  
gate. 

In f r o n t  of t h e  gates  a temporary non-fortified p r o t e c t i v e  
d i k e  h a s  been established with a crest level at 129.5 m 
asL. It is planned to be h e i g h t e n e d  to the l e v e l  130.5 rn 
as1 early November. When the dike is eroded or removed in 
case of h i g h  wa te r  Level, t h e  w e i r  ha5 a t  t h e  moment a 
discharge capaci ty  of 2340 m 3 / s  corresponding to a water 
level of 131.1 m as1 because of the high ground level 
downstream the weir. 

(81 Intake s t r u c t u r e  at entrance to t h e  Mosoni Danube 

In the intake s t r u c t u r e  for the Mosoni Danube a smala 
hydropower s t a t i o n  with t w o  t u r b i n e s  h a s  been constructed 
with a bypaçs capacity of 25 m 3 / s  corresponding to a water 
level of 131.1 m a s 1  and 2 0  m3/s at 129 m a s l .  T h e  concrete 
works a t  t h e  cons t ruc t ion  a re  n o t  completed but a by-pass 
c o n s i s t i n g  of t w a  pipes iç in basic ready for  opera t ional  
use. Installation of the turbines will not be çompleted 
for a longer period. water to t h e  Mosoni Danube can be 
suppl ied  when t h e  prepared supply canal on  Slovak 
t e r r i t o r y  is connected to the Mosoni Danube on Hunaarian 
t e r r i t o r y .  T h i s  work is planed to be compieted by ~o;ember 
1, 1 9 9 2 .  

191 J n t a k e  s t r u c t u r e  in Dower canal .  

The intake structure located in the power canal allowing 
f o r  a maxlmum discharge of 250  h J / s  t5 be supplied to a 





3. PDTENTïAL F m D I N G  RISKS OF THE EXISTING STRUCTURES OF 
VARIMT C. 

The design f lood  discharge for t hev  project var i an t  C 
(including phase 1 and 2 )  is based on a 10000 year flood 
e v e n t ,  i . e .  a risk of 0.01% to occur w l t h i n  a year. 

For the c o n s t r u c t i o n  period usually a l a r g e r  r i s k  than 
0.01% is accepted. Assuming a 1% r i s k  per year as 
acceptable d u r i n g  the construction period (100 year flood 
event) the correçponding design f lood discharge depending  
o n  t h e  period of the year Is: 

- Full year : 10600 m3/ç 
- Summer season (March - October) : 10600 m3/s 
- Winter season (October - March) : 6000 m3/ç 

Hence, the flooding r i s k  of stopping the work dependç on 
t h e  period during which the work will be stopped. For 
example s topp ing  t h e  works for 15 dayç in November u n t i l  
a final decision is made (either r e s t a r t  construction work 
w i t h  continued completion/fortif i c a t i o n  of s t r u c t u r e s  or 
f i n a l  abandonment and hence no more consideration ta 
damage risks t a  structures) r e q u i r e s  one (lower) l e v e l  of 
finalization of t h e  present s t r u c t u r e s  before it i s  
poss ib le  t o  stop t h e  work, while stopping the work fo r  
m o r e  than a year while i n t e r n a t i o n a l  arbitration takes 
place requises another (hiqher) level of finalization. 

The flood discharge capacities of the s t r u c t u r e s  are 
summarized in the table i n  Appendix C f o r  s i x  different 
stages w i t h  regard to degree of finalization of the 
structures and water level in the r e se rvo i r .  The  key 
f igures  are as follows: 

1. discharge capacity on the 30-10-1992 at the 
waterlevel 129.0 m as1 i s  3 1 2 0  m3/s 

2. discharge capacity on the 30-10-1992 at the 
waterlevel 131.1 m as1 is 6655 m3/s 

3 .  discharge capacity on t h e  15-11-1992 at the 
waterlevel 131.1 m as1 , i s  7 2 6 5  m3/s 

4 .  discharge capacity on t h e  01-01-1993 at the 
water level  131.1 m as1 is 10135 m 3 / s  

5. discharge capacity on the 01-03-1992 at t h e  
waterlevel 131.1 m as1 is 11500 m3/ç 

6. discharge capacity on t h e  31-42-1995 at t h e  
waterlevel 131.1 m as1 is 19385 m / s  

In the period u n t i l  January 1993 the water level in the 
reservoir is planned ta b è  operated between 128 and 129 m 
a s l ,  allowing f o r  navigation. In case of a f lood i n  t h i s  





In t h e  following both t h e  immediate and t h e  longer term 
effects of t h e  ongoing work  are being assessed. 

4 . 1  Hydrological and uatex management aspects 

As a consequence of the ongoing works the Danube discharge 
is separated i n  two parts, one part supplied to the 
navigation channel and power canal l e ad ing  to Gabcikovo 
a n d  the other part going into t h e  existing Danube bed 
through the by-pass weir. Because the gates of the 
temporary w e i r  are not yet operational, it is n o t  possible 
Sully to govern t h e  water flow and separation between t h e  
two p a r t s .  

The water management p o s s i b i l i t i e s  are restricted u n t i l  
the variouç parts of the hydraulic structures are fully 
cornpleted. The future management capabilities of t h e  
d i f fe ren t  structures may be çummarized as followsr 

* By-pass weirr:  When the four gateç are made fully 
operational, discharges can be varied f r o m  O m3/ç to 
1460 m3//ç. 

x Saillway weir:  When t h e  spillway w e i r  is 
constructed, a discharge of up ts approximaéely 5000 
mS/s can be lead through the weir . Under non-f looding 
o p e r a t i o n  i t  i s  poss ib le  t o  operate t h e  gateç 
individually and Vary the discharge between O m3/ç 
and 5000 m 3 / s .  

T h e  si11 level of t h e  weir is at 120.5 rn as1 t h i s  
impl ies  that it is possible by flushing the 
reservoir to create f lows sirnilar ta pre-reservoir 
conditions in the d/s river Danube. 

* Hvdsopower unit: The discharge can be regulated up 
to 1300 m3/s. 

* Flood   la in weir (weir in the i n u n d a t i o n  area): When 
t h e  20 gates at the w e i r  on the f lood  p l a i n  become 
operational and t h e  other remaining 'construction 
works related to the weir are finalized, the 
discharge in to  t h e  existing Danube can be varied 
from O m3/s to 4,600 m 3 / s .  

* I n t a k e  s t r u c t u r e  fo r  Mosoni Danube: When this gate 
is put into opera t ion  the dischar e into t h e  Mosoni 4 D a ~ u b e  can be varied up to 25 rn /s throughout the 
year. At preçent t h e r e  is no f l o w  from the Danube to 
the Mosoni Danube, 

* I n t a k e  structure in power canal dike: When thiç 
structure is completed is will be possible to divert 



up to 250 m3/s f rom t h e  pcwer canal to a river a m  
close to Dobrohost. 

A f t e r  completion of va r i an t  C the full complex of 
s t r u c t u r e s  can provide comprehensive possibilities for 
regulating t h e  discharges both i n  low f l o w  and flood 
s i tuat ions .  

4.2  Environmental impacts 

The major envisonmental consequencea are related to the 
groundwater resources and to t h e  ecology in t h e  floodplain 
connected to the existing Danube. B o t h  t h e  g r o u n d w a t e r  
system and t h e  floodplain ecology is heavily dependent on 
the water level (and i t s  variation) in t h e  existing Danube 
river, 

Im~acts for  uraundwater in aeneral and floodwlain ecolosv. 

The immediate effects o n  t h e  aroundwater of a smaller 
discharge i n  the Danube is a lowering of the groundwater 
table in the areas close to the river at bath the Czecho- 
4 l o v a k i a n  and the Hungarian sides. Such lawering of t h e  
ground w a t e r  table will have negative impacts o n  the 
f loodp la in  ecology ( s e e  below) and to some extent also on , 

the agriculture. The long term effects may include changes 
in the ground water quality. 

The effects an floodplain ecolosy is a result buth of the 
lowering af the groundwater table, resulting in poorer 
water aupply t o  the  'riverside v e g e t a t i o n ,  and  of a lesç 
frequent i n u n d a t i o n  of t h e  f lood plain. 

Thus, t h e  environmental impacts of reducing t h e  discharge 
in the Danube are negative, u n l e s s  proper rernedial a c t i o n s  
are taken. CÇFR h a s  inc luded  a budget of 2 . 4  billion CSK 
f o r  construction of underwater s t r u c t u r e s  as part of Phase 
2 of t h e  V a r i a n t  C .  B e l o w  is i n d i ç a t e d  some possible 
elements i n  a scheme for remedial measures: 

* Small u n d e r w a t e r  w e i r s  i n  t h e  main  rivers to 
increase the water levels. This can ensure that the 
groundwater table will not be lowered in average 
over t h e .  

* Gate operation to Vary disçharges, so that a main 
part of the dynamics of the hydrological system with 
water t a b l e  fluctuations can be maintained. 

e Opeping of t h e  connection between the m a i n  Danube 
çhannel and t h e  side channels (meanders). Today 
theçe connect ions  has ( f o r  navigat ion purpoae) been 
cornpletely closed for discharges les6 than 2000 rn3/s. 
The dynamics in these stagnant river ams is poor 



r e s u l t i n g  in periods w i t h  very poor w a t e r  quality. 

x Rdding of dredged material f rom the reservoir to t h e  
river thereby reducing the potential bed erosion and 
increasing the w a t e r  level. 

Such remedial measures are made possible because the 
navigation at t h i s  r e a ç h  now can take place in the 
artificial channel instead of in the Danube. 

The exact impact on t h e  groundwater  and the floodplain 
ecology as well as  on the rernedial ac t ions  cannot be 
quantified accurately  w i t h o u t  detailed stvdies and  without 
cloçe cooperation between CSFR and Hungary. W i t h i n  t h e  
f ramework  of the angoing PHARE project "Danubian Lowland - 
Ground Water Model" such investigations will be carried 

out for the Slovakian areas. 

Implementation of such rernedial a c t i o n s  can s t a r t  now but  
can n o t  function optimally until t h e  fully regulation 
poçsibilities of t h e  hydraulic structures are ready. It is 
stronqly recornmended t o  c a r r y  o u t  some of t h e  s h p l e r  
m e a s u r e s  as soon as  pos s ib l e  and at t h e  sarne t h e  t o  c a r r y  
o u t  comprehensive investigations on how m o s t  opt imal ly  t o  
optimise t h e  environmental impacts. Such investigations 
should be carried out i n  c lose  cooperation between t h e  t w o  
cauntries. 

Immediate impacts obçerved in  Hunoarv 

A s  a r e s u l t  of the c losure  of the Danube the discharge in 
t h e  main c h a n n e l  of the Danube decreased from 800-990 m3/s 
on October 2 4  to 227 m3/s a t  Rajka and 356 m3/s at 
Dunaremete on October 2 8  (see Appendix D). 

Due to t h e  sudden drop of the disç'harge in the main 
channel the wate r  level decreased by 3.0 m at 1850 r h  a n d  
by 2 . 4  m at 1825 r k m  in less than 4 days. 

Some effecés of the decrease of the river water level are: - the side branches have been cut of £rem the main 
channel; 

- t h e  water from the downstream part of the side 
branches disappeared immediately; 

- the ground water table has decreased. As a result of 
this higher energy consumption may be r e q u i r e d  for 
pumping of groundwater at Feketeerdo (the water 
supply of Mosanmagyardvar). The present water çupply 
at Dunakiliti, DarnGzseli and Rajka are d i r e c t l y  
threatened as  the abstraction is.based on dug wells 
having  l imited depth; - d u e  t o  t h e  very sudden drop of the river water level 
the embankments, the parallel training structures 
and other  r i v e r  training works have at some places 





4 .3  Havigat ion 

As a consequence of t h e  ongoing workç t h e  navigation r o u t e  
in the exiat ing Danube navigation channel  has been closed. 
Instead the new navigation channel and power canal w i t h  
the navigation locks  at Gabcikovo are being opened, 

The bed l eve l  in the navigation channel is at the 
shallowest point 125.5 m asl. The ship locks ut Gabcikovo 
ha8 a threshold of 123.0 m asl. Aecording to the Danube 
Commission design criteria a m i n i m u m  water level of 129.0 
m asl. in the upstream part of the ehannel and 126.5 m 
asl.in t h e  downstream part is required for navigation.  

It is planned to open t h e  channel £or navigation on 
Novembes 3 1992. Thus, the h e d i a t e  impact of the ongoing 
works is t h e  disruption of navigation for  the period from 
October 23 to November 3 ,  1992. 

When t h e  navigation channel is operational the navigation 
s h o u l d  be improved as compared to t h e  previous s i t u a t i o n ,  
because t h e  water depths will be larger than in t h e  
existing Danube and the ships will save a part of the 
energy required f o r  t r anspor t ,  
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5 .  1-RSXBILITY OF ONGOIBG ACTIVITIES 'AHD COSTS OF 
RESTORING PRE-DAM STATUS QUO 

In principle,  t h e  ongoing activities w i t h  variant C could 
be reversed, T h e  structures, excluding some of t h e  
underground parts  like sheet pkling and injections, could 
in theory be removed. The cost of removing the structures 
are roughly estimated ta at l eas t  30 % of t h e  construction 
cests. T h e r e  will be negative environmental effects dur lng  
t h e  dernolition of the structures and t h e  deposition of the 
waste materials. 

It is therefore relevant to evaluate under which 
circumstances the Variant C s t ructures  could have only 
insignificant and very local effects if they are n o t  fully 
removed. Such " f u n c t i o n a l  reversibilityu is possible for 
a scenario l i k e :  

* I f  the Dunakiliti weir and the other structures on 
Hungariao territory are being operated according to 
the original p l a n s  the gates in t h e  Variant C 
structures can be kept  f u l l y  open and will not have 
any significant effect. 



6 .  IMPACT ASÇESSMENT FOR VARIOUS SCEHARIOS OF 
STOPPIBG/FINALIZING THE WORK AND OPERATIOI OPTIONS 

Ln this chapter impact assessments are carried out for 
various scenarios of stopping t h e  work and various 
operation posaibilities. The scenarios are divided into 
structural and operational ones, the f i rs t  primarily 
related to flood damage risks and the last one rnainly 
related t o  environmental issues. 

T h e  fallowing three s t r u c t u r a l  scenarias are considered: 

1 The work will be stapped for a period of no longer  
than one month, until a f i n a l  solution is found .  

II The work will be stopped for a period of no longer 
than three months, until a final solution is f o u n d .  

III The work will be stopped for a period of one year 
allowing international arbitration to take place. 

The f o l l o w i n g  three opera t iona l  options are considered: 

A The "whole" traditional quantity of water is 
d i r ec t ed  i n t o  t h e  o l d  Danube r i v e r  bed. 

B The main part of t h e  water is diverted to Gabcikovo, 
only maintaining a m i n i m u m  flow in the old Danube of 
600 m3/s. 

C A combination of A and B 

T h e  f o l l o w i n g  combinations of s t r u c t u r a l  and operational 
seenarias are t e c b n i c a l l y  possible: 

- I + B  
I + C  

- II + f3 - II + C - III + A 
- III + B - III + ç 

For a l l  scenarios t h e  following two points applies: 

* Some of the immediate and local environmenta l  
impacts can to some extent be remediated by f u l l y  
reverçible measures s u c h  as  moving of so i l ç ,  
p l a n t i n g  of trees, e t c .  The Mission recommends such 
measures to be implemented as soon as  possible. 

* W i t h  regard t o  t h e  dates mentioned i n  the structural 
scenar ios  (sections 6.1 - 6.3) t h e y  should be t a k e n  
as indications only. Basically, the Mission is 
descr ibing w h i c h  constructions have to be cclmpleted 
in order to obtain the necessary protection against 



flood damages to the s t r u c t u r e s .  The dates are hence 
baçed on work schedules f o r  t h e  project 
im~lementation as i n f o m e d  by the designers and 
technicians ef the contractor.  The Mission cannot 
exactly assess whether  the contractor can con£ orm 
w i t h  theae t ime schedules; however it is reaiized 
that there are considerable uncertainties related to 
such type of work. 

6.1 Structural scenario 1: Work stopped for duration of one 
month 

Structural aspects 

To allow the works to be stopped f o r  a per iod of one month 
in t h e  coming w i n t e r  season and accepting a design flood 
discharge of 6009 m3/s (1 % r i s k  of exceedance) t h e  
following works  on t h e  s t r u c t u r e s  have to be completed: 

- Fortification of the dams and dike. 
- Erosion p r o t e c t i o n  downstream the inundation w e i r  

( a s  f a r  a s  possible). 

A ç c o r d i n g  to t h e  rlnfomed p ro j ec t  p l a n s  it should be 
possible to c a r r y  out this work by November 15 1993. 

Other aspects 

Stopping the work f o r  o n e  month  a n d  maintaining t h e  
organisation (2500 working perçons, 400 t r u c k s ,  etc.) f o r  
reçurn ing  the work, i f  that is decided, has some 
considerable  organisa t ional  and financial i m p l i c a t i o n s .  

6 - 2  Structural  scenario PI: Work çtopped for duration of up to 
three months 

This is £rom a t e c h n i c a l  p o i n t  of view t h e  Longest  
possible per iod the work çan be çtopped i n  t h e  coming 
w i n t e r  until a final s o l u t i o n  is decided upon. U n l e s s ,  it 
is then decided t o  f i n a l l y  stop t h e  work and a b a n d o n  the 
hydrau l ie  structures the w o r k  must c o n t i n u e  i n  order t o  be 
prepared f o r  the potential summer flood. 

Structural aspects 

TO allow the works to be stopped f o r  a p e r i o d  of u p  t o  
three months  i n  t h e  coming w i n t e r  season and accepting a 
design £lood discharge of 6000 m 3 / s  t h e  f o l l o w i n g  w o r k s  on 
t h e  structures have to be completed: 

- Fortification of the dams and dike. 
- Erosion protection downstream the i n u n d a t i o n  w e i r  



(as far as possible). 

According to the inforrned project plans iti should be 
possible to carry out this work by November 15 1993. 

However, açcording to t h e  in£ormed work schedules it will 
not be possible ta stop the testing and preparation of the 
turbines 'for operational use for more than one month; 
otherwise the number of turbines  tented and ready for 
operational use cannot be increased to f i v e  by t h e  a t a r t  
of March 1993. 

Other  aspects 

According to t h e  informed project p lans  cornpletion of t h e  
neceçsary s t r u c t u r a l  work (except at Gabcikovo) requises 
two months of work. Stopping the work at the earlieçt 
possible date (approximately 15 November 1 9 9 2 )  and 
resuming it three months l a t e r  haç significantly larger 
organisational and f i nanc ia l  implications than stopping 
for  one manth (Scenario I), and it may n o t  be practically 
feas ib le .  It is therefore recommended that the necessary 
structural works be cornpleted (1 January ,  1993 according 
to the informed project p l a n s ) ,  before t h e  three  months 
stopping of work.  

6.3 Structural  scenario I I I :  Work stopped for duration of one 
year 

Considering a one year period for stopping of work to be 
a t r a n s i t i o n  period equivalent Ifrom the point of view of 
r i s k  to s t r u c t u r e  darnages) to the c o n s t r u c t i o n  period, a 
yearly design flood discharge of 10600 m3/s (1% r i ç k  of 
exceedance) ean be applied. 

However, for longes periods t b a n  one year of stopping t h e  
work, t h e  structures can be considered to be in a more 
permanent state; hence t h e  r i s k  level corresponding t o  
0.01% shauld be used as the bas is  for the design fiood. 
Flood protection against such a design flood of 15000 m3/s 
t h u s  requires construction af the Phase 2 s t r u c t u r e s  of 
the Variant C. Consequently, one year is t h e  longest 
period fo r  stopping of work u n t i l  a final s o l u t i o n  is 
f ound. 

. .: 

To allow t h e  works4to be stopped for a period of one year 
and accepting a design flood discharge of 10600 m3/s the 
following works of the structures have to  be completed 
(further to Scenario 1): 



- The downstream area of the inundation weir including 
protection works. - The concrete works in f r o n t  of the openings of t h e  
i n u n d a t i o n  weir in order to make it poss ib l e  to 
close t h e  opening w i t h  beams. - The number of turbines fully tested and ready for 
operational use m u s t  be increased to £ive. 

According to t h e  infomed project plans it should be 
possible to complete t he  turbine work by March 1, 1993 and 
t h e  other 'wosk  by J a n u a r y  1, 1993. 

Stopping of construction works for  one year would s e s u l t  
i n  a significant amount of extra cost due to amongs t  
o t h e r s  existing contracts. The  extra coats w i l l  be 
considerably lower if 15 gates of the i n u n d a t i o n  weir vil1 
be completsd instead of the second measure mentioned 
above, 

6 . 4  Operational scenario A :  "whole" discharge back to the old 
Danube 

T e c h n i c a l  aspects 

Technically, the main part of the Danube discharge can be 
directed into the existing r i v e r  bed t h r o u g b  the by-pass 
weir and the floodplain weir unde r  the structural 
conditions correspondlng to Scenario III. The exceptions 
for directing all discharge into the old Danube are:  

* Some discharge will be required for operat ing the 
n a v i g a t i o n a l  l o c k s .  The amount of w a k e r  requi red  t o  
fil1 one ship lock is approx. 175000 m3,  i n  the 
projeçts plans 40 passages are assumed every day. 
This r e s u l t s  in an average daily discharge of 81 
m3 J S ,  w h i c h  ç a n n o t  f low to t h e  old Danube. 

* Çome add i t i ona l  discharge vil1 be required f o r  
testing turbines and generators in Gabçikovo. 

* During flood opera t ion  a s i g n i f  i c a n t  discharge has 
to go through Gabcikovo, see the table in Appendix 
C .  

Environmental impacts I 

This operation w i l l  ensure basically statuç quo in t h e  old 
Danube, i . e .  there will only be m i n o r  impacts on the 
floodplain ecology and groundwater systems in general. 

D i r e c t i n g  a l 1  discharge to t h e  old Danube will, on t h e  



other hand, result in a major threat to the Sarnorin Wates 
Works, which produces a main part of the water supply f o r  
Bratislava. This threat is asçociated to stagnant water 
a n d  algal growth in the downstream pa r t  af t h e  reservoir. 
Hence t h i s  effect wi21 be a e r i o u s  in the growth season 
during  summer. 

Other asDects 

N o t  utilizing the hydropower plant at Gabcikava at a l 1  
(except in flood situations) has significant direct 
economical losçes a s  compared to the çcenario B .  

5 Operational scenario 8 :  Main part of water direeted to 
Gabcikovo 

Ln this scenario a high operational priority is g iven  to 
hydropower generat ion.  A minimum discharge to the o l d  
Danube of 6 0 0  rn3/s in the winter seaçon and 1200 m3/s in 
the s u m m e r  seaçon is assurned. 

T e c h n i c a l  aspects  

This operational scenario is possible both in  connect ion 
with t h e  s t r u c t u r a l  scenar ios  1, I I  a n d  III. 

E n v i r o n m e n t a l  impacts 1 
This operation will result in immediate negative 
environmental impacts f o r  t h e  floodplain ecology and  t h e  
groundwate r  systemç near t h e  Danube. 

Directing a main part of the discharge to ~abcikovo will, 
o n  the other hand, most likely ensure the groundwater 
quality at Sarnorin,  a n d  hence t h e  w a t e r  supply f o r  
Bratislava. 

6 . 6  Operational scenario C: Combination of A and B involving 
a t rade  off  between d i f f e r e n t  interests 

Realizing that both operational scena r io s  A and  B result 
in serious env i ronmen ta l  damages to t h e  region it is 
relevant to investigate alternative operation policies 
where a trade off i s  made between t h e  different key 
interests repreçented in A and B. This calls f o r  
optimization of operation p o l i c i e s .  

R possible element, which amongçt others could be 
investigated further are, in a flexible way, to Vary 
between operations A and B according to the situations in 
the Danube flood plain and the Samosin reservoir. This 



could e . g ,  irnply that t h e  whole  discharge to t h e  old 
Danube be maintained 3-5 days per week, f lush ing  of the 
Samorin Reservoir and hydropower product ion be done for  2- 
4 days per week. 

It should be emphasized that it is not necessarily simple 
to achieve at t h e  most optimal operation strategy and that 
it will most likely be more complex than t h e  absve 
example. However, t h e  mission believes that it would be 
possible to define more optimal scenarios maintaining t he  
major pa r t  of the advantages of A and B and at t h e  same 
t h e  not c o n t a i n i n g  the m a i n  disadvantages of A and B. 
Realizing that the largest environmental damages will n o t  
occur u n t i l :  the coming surnrner season (af ter March 1993 ) , 
t h e  mission strongly recommendç to carry o u t  s t u d i e s  f o r  
op t imiza t ion  of the operation w i t h i n  t h e  corning few 
mont hs . 
In addition to t h e  above non-structural ac t ion ,  it is 
emphasized that a more f i n a l  optimization with full weight 
to the ecological conditions most likely includes a range 
of regulation measures within the flood pla in  area itself . 
The recommended detailed investigations for such rneasures 
and subsequent implementation will take a few years. 

Both the short term and long tem s t u d i e ç  as well as the 
subçequent implementations should take place in close 
cooperation between CSFR and Hungary. 

Bratislava, October 31, 1992 
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DIS-GE CAPACITIES [ m 3 / s  OF UTERUATIVE C. 
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mis document is an attached part of the f ina l  report of the Façt  

Finding Mission on Variant C of the Gabciko.vo - Nagymaros 

Project, elaborated by the three experts who have been appointed 

by the CEC to constitute the Fact Finding Mission. This document 

is elaborated to express the standpoint o f  the Csecho-Slovakian 

part of the Fact Finding Mission and is signed separately. 

Czecho-Slovak part of the Faet Finding Mission generally agreed 

with the f a c t s  which are expressed in the Main F a c t  Finding 

Document. 

In the Introduction of the main document of the Fact  Finding 

Mission there 5s statement, written as a pseamble, from the 

Minutes of the Meeting between the EC, CSFR and Huhgary held on 

28th O c t  . 1992 on the Gabcikovo-Magymaros Projeçt . These Minutes 
are presented as a v a l i d  documents. A part of the Fact Finding 

Mission document applles these Minutes as basis for variouç 

scenar ios  of s topp ing / f ina l i z lng  the Gabcikava scheme. 

The Minutes are n o t  yet approved by Federal and Slovak Government 

and therefore it i s  n o t  p o s s i b l e  to recognize it as terms o f  

refesences for the Mission. It is technically not possible "to 

guarantee to maintain t h e  whole (not less than 95 %)  traditional 

quantity of  water i n t o  the whole old Danube riverbed". 

Taking into account the risk of damage of  e x l s t i n g  structures, 

including navigation facilities, ecological damage, f l o o d i n g  

risk, it is not .poss ib le  to stop "al1  works" u n t i l  the a l1  d ikes  

are f o r t i f i e d  at the projected l e v e l .  By-pass weir controlling 

the f l o w  i n t o  t h e  river  must be fully operational and the flood 

pla in  weir in inundation should be a t  l eas t  on the left side 

ready for operation. The service roads should be ready and 

surrounding area tldied up. 

Czecho-Slovak part of the Fact Pinding ~ission cannot accept 

scenarios i n  chapter 6 of the Main document if there are çome 

risks according to damage of objects of the structure, r i sk  of a 

flood, arising navigation problems and endangering of ground 

water quality. Czeçho-Slovak part cannot accept  additional 

expenses, arising from changes of type of work, changes of the 

project and changes i n  the operational management. 



AS an acceptable scenarso for the trilateral negotiation 

follciwing proposal is presented. At a date specified by t he  EC 

çommission On the basks of the Fact Finding Mission the 

Czecho-Çlovakia will s t o p  works on Variant  C as specified: 

- work on ship lock,  

- work on spillway weir and hydropower s t a t i o n  ( for  t r a n s f e r  of 

sheet ice ) , 
- assembly of electric generators on the turbines No.,l, 2 ,  3, 

- assembly of five flood plain weir tanter g a t e s .  

A l 1  t h i s  work can be stopped lmmediately during the work of the 

t r i l a t e r a l  group of experts, but the i n t e r r u p t i o n  of work can be 

only until July 1993. 

All t h e  necessary fortification wocks on by-pass weir, flood 

pf ain weir, intake structure for Mosoni Danube, intake s t r u c t u r e  

in power cana l  dike will progress  until their final completion. 

All the finishing arrangement of surface, roads, inundation area 

behind the flood plain weir will be finalized. The goal of this 

work is to obtain fully operational structures for management of 

discharges and m a i n t a i n i n g  water levels. 

According to the operational options inc luded  in t h e  chapter 6 

and taking into account  ecologîcal, financial, navigational and 

flooding op t imiza t ion  a combined varia-nt of op t imiza t i on  o f  water 

dlversion to Gabcikovo and old Danube r iver  bed and maintaining 

the water levels will be used. According to the Tseaty on the 

border rivers from 1976 (article 3 and point 2 )  the water will be 

divided equally between the old Danube river bed and pawer canal. 

During floodç water wlll be optimally distributed between old 

Danube' river bed and power canal to Lower potential risk of 

flooding doastream from Bratislava. During the whole period data 

for further optimization work on Hungarian and Slovakian s i d e s  

vil1 be c o l l e c t e d  t o  lower environmental risks as much as 

possible and eventual to improve t he  pre-dam conditions. 

~ n i v .  prof. Igor Mucha 



Dessenting voice: The Fact F i d i n g  Miesion aeseesed the bunediate effects of 
the c o n s t r u c t i o n  of Variant C. However t h e  statementa of t h e  report are 
c o r r e c t ,  due to d i f f e r e n t  interpretation of the'~erms of Referenee stated in 
the Aggreed Minutes of t h e  Meeting between t h e  EC, the CSFR and Hungary on 
29th October I include a ecena r io  which 1 believe corresponds to the intent 
of t h o s e  who signed t h a t  Aggseernent. 

Structural scenario I V :  Work stopped inmiediatelly and t h e  discharge put back 
into t h e  Danube 

Thia ecenario corresponds to the first point of the Aggreed Minutes  of t h e  
Meeting between t h e  Européan Corniesion, t h e  CSFR and Hungary on 29th october. 
The basic idea ie to stop al1  worke on Variant C of t h e  ~abeikovo/~agymaros 
project and t o  r o u t e  t h e  "whole" t r a d i t i o n a l  q u a n t i t y  of water i n t o  t h e  Danube 
at Rajka .  

It is envisaged t h a t  al1  work should be stopped immediatelly except what i s  
ment to menta in  s t a b i l i t y  of structures and to hprove  the d i s c h a r g e  c a p a c i t y  
of t h e  w e i r  i n  i nunda t ion ,  

Wosk to be complet& in a short period: 
- ~omplete~reopening of the by-paes weir; - cornpletibn of t h e  bed protection dounstream of t h e  firat 4 open ings  of t h e  

weir i n  i nunda t ion ;  
- c o n n e c t i o n  of t h e  f irst  4 openinge of the w e i r  i n  i n u n d a t i o n  t o  t h e  

Danube; 
- completion of the water intake for t h e  noson i  Danube; 
- open ing  of t h e  first 4 openings by  removing the protective dyke on the 

upstream p a r t .  

The work to be stopped include: - c o n s t r u c t i o n  of t h e  closure af  t h e  Danube a t  Cunovo; 
- c o n s t r u c t i o n  of t h e  weir, power s t a t i o n  and s h i p  lock complex; 
- comple t ion  o f  t a n t e r  gates of the by-pass weir; - rnounting of t a n t e r  gates on the weir i n  inundation. 

The work that can go on: - p r o t e c t i o n  work on t h e  t a i l  water of the by-paes w i e r ;  
- bed protection on the cloeure dam if it wae neçeaeary; - completion of t h e  rest o f  t h e  openings by f i n i s h i n g  t h e  concrete work of 

the runways at the upetream part of the s t r u c t u r e ,  t h e  bed p r o t e c t i o n  down 
stream and the excavat ion of t h e  connecting channel to  t h e  Danube; - opening t h e  s t r u c t u r e e  one by one, t w o  by t w o  etc.  as eoon as t h e y  a r e  
ready. 

By c a r r y i n g  out t h i s  p r o j e c t  t h e  discharge capacity of t h e  e x i s t i n g  s t r u c t u r e s  
of Alternative C w i l l  be increased from the immediat 600 m3/e ( exc lud ing  t h e  
l e a k a g e  th rough  the cloeure of the Danube; approx 150-200m3/s) at a water 
level of 129 m a.a.1. to approximately 600+20*60=1800 m3/e at t h e  eame water 
level. The  discharge c a p a c i t y  of t h e  weire can be increased  by increasing t h e  
water level in the reservoir but in t h i e  case some addi t iona l  work ( i . e .  
fortification of dykea) should be cornpleted. 

P&er Bakony i 
Hungary 
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INTRODUCTION 1. 

A t  a meeting heLd in London on 28th October, 1992 -between 
t h e  European ~ommission (CECI, the Czech and Slovak 
Federative Republic (CÇER) and  the Republic of Hungary an 
agreement was reached regarding the Gabcikovo/Nagymaras 
P r o j e c t ,  cf. Appendix A .  In accordance with the Agreed 
Minutes from this meeting a Fact Einding M i s s i o n  composed 
of one expert from each side (EC, CSFR and Hungary)  
submi t ted  a report on October 31, 1992, /Re£ l/ and t h e  
p r e s e n t  Working Group was formed. 

The Terms of References for the  Working Group are given in ' 

Appendix B. The Working Group has a f t e r  c o n s u l t a t i o n  w i t h  
M r .  Pablo ~enevides, D i r e c t o r  DGI, ~ommission of the 
European Communities made t h e  Eollowing clarifications of 
the Scope of Work in the T p r m s  of References: 

* An assessrnent of the need f o r  t h e  CSFR to make the 
closure of the Danube a f t e r  Oc tobe r  22 l i e s  outside 
the Scope of Work. However, t h e  issue is partly 
d e a l t  with i n  Section 3.1 of the report. 

* Assessrnent  of eas th  quake r i ç k  and p s t e n t i a l  damaqe 
lies outside t h e  Terms of References. 

* The term "exist4 ricj (pre-dam) c o n d i t i o n s "  ref ers to 
the situation before çtarting tu opera te  Variant C 
(October 2 2 ,  1 9 9 2 )  as far as point (iii) in the 
Scope of Work is concesned, whereas it refers t o  the 
s i t u a t i o n  beiore canstsuction of t h e  Gabcikovo works 
as far  a s  p o i n t  (iv) in the Scope of Work is 

rn-il. 

T h e  Working Grohp is composed of t h e  f o l l o w i n g  s i x  
exper ts  : 

CEC : . J e n s  Christian Refsgaard, C h i e f  
Hydrologist, Danish Hydraulic Xnstitute, 
Denmark (Team Leade r )  . 

Mr. J a n  M. Van Gees t ,  Director, DHV 
E n v i r o n n e n t  and I n f r a s t r u c t u r e ,  The 
Netherlands. 

Mr:Jahann s ç h r e i n e r ,  Director, Norddeuitsche 
Na tu r schu tzakademie ,  Germany. 

Professor, D r .  Heinz L o f f l e r ,  Head of 
Zool~gical Department, University of Vienna, 
Austria. 
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* CSFR: Professor, Dr. lgor Mucha, Faculty of Natural 
Science, cornenius University, Bratislava. 

* Hungary Professor, Dr. Gabor V i d a ,  Head of Department 
of Genetics, Eotvos L. ~niversity, Budapest. 

Professor Loffler jo ined the  group on November 15, while 
the other five members were pqesent throughout t h e  period. 
The s i x  experts were assiçted by colleagues as listed in 
~ p p e n d i x  C. The Working Group had its first forma1 meeting 
on Novernber 9, 1992 in Bratislava. Field inspections were 
carried o u t  on November 9, 10 and 2 2  bcrth in Czecho- 
Slovakia and in Hungary. During the per iod  November 9 - 1 4  
t h e  Working Group worked in Bratislava and during t h e  
period November 15 - 23 in Budapest. 

The Working G r o u p  h a s  obta ined  a l 1  relevant data and 
information requested from t h e  two Governmentç. The report 
is based on t h i s  in format ion ,  

I J .  nmcmbcr 1992 - 



2 .  VARIANT C STRUCTURES AND STATU5 OF ONGOING BORK ' 

The Fact Finding ~ission {FFM) , cf R e f .  / l/ , carr'ied out 
an on-site inspection of the ongoing work on 

(a) October 30, 1992 

The Working Group (WG) v i s i t e d  the site of the 
construction twice, namely on 

(b) November 9,  1992 

( c )  November 2 2 ,  1992, i . e .  one day after the deadline 
deç ided  by t h e  EL f o r  stopping t h e  construction. 

In addition, data h a s  been obtained from reports, 
designers, c o n s t r u c t o r s  and  from meetings w i t h  t h e  person  
in charge af t h e  construction work (Mr, J. Binder). A 
s ta tenen t  from Mr. Binder on the s t a t u ç  of work as p e r  
November 21, 1992 is enclosed as Appendix D. The s t a t u s  of 

a r e  summarised in this chapter. 
d t h e  work including t h e  f a c t s  observed on t e thr'ee v i s i t s  

In both countries t h e  o r i g i n a l  s t r u c t u r e s  for the 
Gabcikovo çcherne are completed except f o r  t h e  closure of 
the Danube river at ~unakiliti and the 

(1) Completion of the hydropower s t a t i o n  ( i n s t a l l a t i o n  
and  t e s t i n g  of turbines) at Gabcikovo.  

Variant C consists of a cornplex of structures', located in 
Czecho-Slovakia within the area of the  o r i g i n a l  v a r i a n t  A .  
T h e  construction of t h e s e  are  planned £'or t w o  phases. The  
structures include ( s e e  t h e  sketch i n  Appendix E): 

( 2 )  By-pass  weir controlling t h e  flow into t h e  r i v e r  
Danube. 

(3) Dam çlosing the Danubian river bed. 
(4) Flaodplain w e i r  (weir in the inundation). 
(5) Intake structure f o r  t h e  Mosoni Danube. 
(6) I n t a k e  s t r u c t u r e  i n  t h e  power c a n a l .  
(7) E a r t h  barrageç/dikes connecting s t r u c t u r e s  

( 8 )  S h i p  lack f o r  snaller s h i p s  ( i 5  m x 80 n ) .  
(9) Spillway weir. 
(10) Hydropdwer station. 

The.constsuction af t h e  structures 1 - 7 are included in 
Phase 1, while t h e  remaining 8 - 10 are a part of Phase  2 
scheduled f o r  construction 1993-95. 



The  statuç of the work was as follows: 

(21 Hydrowower s t a t i o n  (HEP)  and ship l o c k s  at Gabcikovo 

T h e  HEP is designed for Peak power p roduc t ion .  The planned 
s turbines have a nomina l  capacity of 4 , 0 0 0  m / s ,  A t  
preçent five turbines and g e n e r a t o r s  are  be ing  installed, 
t h e  remaining three turbines a r e  n o t  planned f o r  
completian in t h e  near future.' By h i g h  head t h e  maximum 
capac i ty  is approxirnately 610 m 3 / s  per turbine. A t  t h e  
designed operational water level of 131.1 m a s l .  
(reference Baltic msl) the design head is approximately 22 
m. 

Al1 turbines need a period, depending of the discharge in 
the channel, f o r  operational testing, because t h e  whole 
equipment is a prototype. 

The t w o ,  ship locks (each 34 m wide and 2 7 5  m long) h a s  a 
total hydraulic capacity of 1970 m ' j s  when open. With f i v e  
turbines o p e r a t i o n a l l y  i n s t a l l e d  t h e  t o t a l  combined 
hydraulic c a p a c i t y  o f  t h e  t u r b i n e s  and l s c k s  are thus: 

5 x 610 m 3 / s  + 1970 m 3 / s  => 5Q20 m 3 / s .  
If more t u r b i n e s  are installed the capacity of the canal  
o f  approximately 5200 m 3 / s  will be the flood discharge 
l i m i t e d  by the velacity in t h e  power canal. 

(a) FFM v i s i t  on October 30: 

- T u r b i n e  na 7 was being tested at h a l f  capacity 

producing 49 MW power with a d i s c h a r g e  a r o u n d  2 0 0  
m 3 / s .  Turbine no 8 had been testeà hydraulically but 
not yet electrically. The r e m a i n i n g  three turbines 
were undergoing a hydraulic t e s t i n g  programme. The 
testing programme allows f o r  discharges to be 
between 80 and  120 m 3 / s .  

(b) WG v i s i t  on November 9: 

- The head v a r i e d  between 14.9 a n d  17.6 n ,  and  the 

upstream water l e v e l  va r i ed  between 127.17 n a n d  
128.12 m. 

- O n e  of the s h i p  locks were opened f o r  traffic while 
t h e  o t h e r  o n e  was be ing  repaired after having been 
darnaged by some debris. - 

T h e  status on November 12, accordirig tu information from 
Mr. J .  Binder, di rec tor  Water Economy Construction, was 
that t u r b ï n e s '  No. 4 & ï ' w e r e  being electrically tested at 
about 2/3 c a p a c i t y  (61 MW each) . ~ u x b i n e  fio. 8 was 
undetgoing h~draulic testing at a discharge of 8 0  nJ/s. 
Turbines  No. 6 & 5 a r e  scheduled ta be ready for 
elertrical testlnq by the end of November and 
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hydraulically tested by t h e  end of December 1992 

(c) WG v i s i t  on November 22: 

- one af t h e  shiplocks was operating while the other 
one was being tested af ter  a period of r e p a i r .  Two 
of t h e  turbines uere operated w i t h  a discharge of 
5 0 0  and IO0 m 3 / s  respectively. Bottom protection 
downçtream of the power p l a n t  was being carried o u t .  
The water levelç varied between 127.98 and 128.37 m 
asl. upstream and 113.08 and  112.28 m asl. 
downstream cf t h e  power p l a n t  from 7 to 13 hours. 

- Although it iç not a part of V a r i a n t  C but has an 
effect on its o p e r a t i o n  it is mentioned t h a t  at the 
o u t l e t  of t h e  downstream canal  (at 1811 rkm on the 
Danube) t h e  c los ing  dam was being removed. About  213 
of it had been removed and accord ing  to t h e  
judgement of t h e  Working Group it may take abou t  two 
months more to semove t h e  dam completely.  

(2) C l o s u r e  of t h e  Danube 

The  c l o s u s e  of t h e  Danube river bed s t a r t e d  on October 2 3  
and w a s  completed on October 27. One week earlier t h e  
discharge  w a s  at a law of about 8 5 0  m3/ç, while it 
increased from 1400 to 1860 m 3 / s  during the period of 
closure. 

(a) FFM v i s i t  on October 30: 

- The crest level of t h e  dam was approximately 131 m 
a s l .  T h e  dam was not yet fully tightened leaking 
water approx 150 n 3 / s .  The  water level  i n  t h e  
reçervair varied b e t w e e n  128.8 a n d  129.0 h a s l .  

(b) WG v i ç i t  on Novenber 9 :  

- T h e  creçt level of the c loçu re  had been raised to 
132,8 m as1. T h e  width of t h e  crest was about 4 0  m. 
T h e r e  was very little l eakage  t h r o u g h  t h e  closure. 
The structure was beinq prepared f o r  t i q h t e n i n g  and 
l e a k a g e a c b n t x o l  by a v e r t i c a l  imperneable Wall and 
s t o n y  wave protection. 

- The water level in t h e  reservoir was between 128.65 
and 1 2 8  . B O  m a s l .  



(c) WG v i s i t  on November 22: 

- There waç about 5-10 rn3/s leakage th rough  the right 
third of t h e  c l o s u r e .  It is much more than t h e  
leakage seen on November 9.  On t h e  left-downstream 
side of t h e  closure an about  30-40 m wide grave1 dam 
was built - to prevent leakage - which covered 2/3 
of the *dam width. 

. i c c ~ r d i n g  to information from Mr. J. Binder (November 12) 
t h e  rernaining work except the stony wave protection is 
scheduled to be completed by January 1, 1993, but will be 
delayed if freezing occurs  before t h e n .  

(31 By-pass weir c o n t s - o l l k n s  the flow into t h e  river 
Danube 

The flow into the river Danube from t h e  reservoir iç lead 
via  this weir. 

The weir consists of f o u r  tainter 'gates each 18 m wide 
with sill level at 126.5 m asl. The  maximum hydraulic 
capacity of the weir at the r e se rvo i r  water l e v e l  131.0 m 
a ç l .  is 1460 m 3 / s ,  whereas the capacity is approximately 
6 5 0  m 3 / s  at a water level of 129.0 m a s l .  

Due to unexpeçtedly  difficult geological conditions large 
eroçion problems have been experienced a t  the bottom and 
river ç i d e s  downstream the weir. Therefore, additional 
fortification is being carried out, and  the full operation 
of the weir with maximum possible discharges have been 
delayed.  

( a )  FFM v i s i t  on October  30: 

- To repair t h e  bottom p r o t e c t i o n  and river sides t h e  

weir was closed totally on O c t .  29 - 30. 

(b) WG visit on Movenber 9: 

- Fortification of t h e  downstream bed protection waç 

carried o u t  while discharging about 300 n'/ç i n t o  t h e  
Danube. 

Accosding .to 'information from My. J. B i n d e r  (November 1.2) 
the psotect  ion w o r k s  are  g r a d u a l l y  pràgressing , so t h a t  
the structure is expected ta e n a b l e  a flow of- abaut 600 
mJ/s  under daily circumstançes on November 2 P and about 800 
m4 J S  on November 25, 1992 (if wprk c o n t i n u e s )  . The work .is 
scheduled to be completed by J a n u a r y  1, 1 9 9 3 ,  50 t h a t  a 
maximum discharge of 1460 m3/s, depeAnding on the reservoir 
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water level, can paçs. 

(c) WG v i ç i t  on Novernber 22: 

- A barge of about 50 m length sank i n  f r o n t  of the 
by-pass weir cl~çing two and a h a l f  of the openings.  
The water waç spilling over the barge psoviding some 
water for t h e  t w o  fully blocked openings while in 
the third opening t h e  water was both spilling over 
the barge and r u n n i n g  besides it: The fourth gate - 
which waç not blocked by the barge - w a s  completely 
closed. 

- Protection work was going on - similarly to the 
situation experienced during t h e  previous viçits - 
on the spillway of the by-pass weir. According ta 
Mr. B i n d e r  t h e  works would be finished within the 
next two dayç.  

The four tainter gates a r e  expected ta be f u l l y  
operational by the end of December 1992, but can until 
then be operated by temporary measures. 

l 14L Flood   la in w e i r  (weir in t h e  inundation) 

The weir conçiçtç of 20 t a i n t e r  gates each 2 4  m w i d e  w i t h  
si11 level at 128.0 m a s l .  When finalized each of the 
gates has  a hydraulic capacity of 230 m ' / s  ( t o t a l  capacity 
if the weir is 4600 m 3 / s )  at t h e  maximum water l e v e l  of 
131.1 m asl. The capacity at a water level of 129.0 m a s 1  
is estirnated to be 60 m 3 / s  per gate. 

In front of the qates a temporary non-fortified p r o t e d i v e  
dike has been established. When the dike Is eroded or 
removed in case of h i g h  water level, t h e  weir h a s  a 
discharge c a p a c i t y  ranqing from 2500 Lo 4000 m 3 / s  
corresponding tu a water level of 131.1 m a s l ,  depending 
on the actual ground level downstream the veir. 

T h e  floodplain weir and t h e  bottom protection were 
originally designed for use o n l y  in flood situations (few 
days per year). This des ign  h a s  been rnodified as a r e s u l t  
of the London Meeting to allow daily use. Along the Danube 
r i g h t  bank a. spillway is under construction and the 
downstream bed will be pro tec ted  with  additional 100,000 
mS stone. T h i s  wark is çcheduled to be completed by J a n u a r y  
1, 1993. 
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- None of t h e  gates c o u l d  be operated and only four 
gates had the f u l l  hydraulic capaci ty.  Due to t h e  
level of t h e  terrain downstream t h e  w e i r ,  1 6  gates 
had a reduced capacity. A small part of the concrete 
works were not yet finished. 

(b) WG v i s i t  on November 9: 

- 10 gates were being prepared f o r  opening. Upstream 
bed protection was completed; downstream bed 
protection w a s  not y e t  completed and the t a i l  w a t e r  
channel waç being dug out and protected. 

- The  creçt level of the temporary d i k e  in f r o n t  of 
t h e  gateç was a t  130.5 m a s l .  

According to information from Mr. J. Binder (November 12) 
- t h e  tail water c h a n n e l  would be ready by J a n u a r y  1, 1993, 
whereupon al1 t h e  20 gates can be opened f o r  d a i l y  use. 
Açcording to schedule t h e  ent i re  temporary dike will be 
abolished by January 15, 1993. 

(c) WG visit on November 2 2 :  

- 15 of the tainter g a t e s  wese mounted, but t h e  
concrete work was n o t  done. Five of t h e  tainter ' 

gates were l y i n g  beh ind  the openings on t h e  ground. 

- 10 of the openings had an about 10 m wide bed 
p r o t e c t i o n  on  t h e  downstrearn s i d e .  It was to be 
elongated to have 50 m w i d t h .  T h e  rest of the gates  
had no tail-water protection. 

- The road on t o p  o f  t h e  s t r u c t u r e  vas ready, covered 
with a s p h a l t .  

- The protective easth dan upçtream t h e  s t r u c t u r e  was 

widened  and h e i g h t e n e d  to about 131 m a s l .  

(51 I n t a k e  s t r u c t u r e  at entrance to the ~ o s o n i  Danube 

In the intake s t r u c t u r e  f o r  -the Flosoni Danube a srnall 
hydropower s t a t i o n  w i t h  two t u r b i n e s  has  been constructed 
with a bypass capacity of 25 m 3 / s  correspondinq to a w a t e r  
l e v e l  of 131.1 m a s 1  and 20 m f / s  'at 129 m asl. T h e  concrete 
works at the construction are not completed but a by-pass 
consisting of two pipes i? used operationally. 
Installation of t h e  turbines will not be completed for  a 
longer period. A supply canal on SlovAk t e r r i t o r y  is 
connected to t h e . M o s o n i  Danube on Hungarian territory. 



Discharge to the Mosoni Danube started on October 30, 1992 
w i t h  about 10 m 3 / s .  After lining of the supply  canal 
(çcheduled f o r  completion by November 1) the discharge can 
be increased ta 20 m 3 / s .  The e n t i r e  structure, except  t h e  
power station, is scheduled for completion by March 1993. 

(6) I n t a k e  structure in power c a n a l .  

The intake s t r u c t u r e  located i n  t h e  power cana l  allowing 
f o r  a maximum discharge  of 234 m 3 / s  to be supplied to a 
rives  arm in the left bank of t h e  floodplain downstream 
t h e  Dunakiliti weir close  to Dobrohost is cornpleted. Si11 
level of the structure is at 128 .5  m a s l .  

A channel connecting the structure and t h e  downstream 
river arm on t h e  Slovak s i d e  was being dug (November 9 ) .  
As a temporary measuse two pipes of 1.2 rn d i a n e t e r  were 
used to provide about 7 m f / s  discharge. 

T h e  entire work is scheduled to be completed by .April 1, 
1993. 

I 171 Earth dams/dikes connectins structures 

The  c o n n e c t i n g  dike between t h e  downstream part of the 
r e s e r v o i r  and  t h e  left hand side o f  t h e  Danube is 
c u r r e n t l y  n o t  f u l l y  fortified. 

I (b) WG v i s i t  on  Novenber 9: 

T h e r e  remains still 10 % of the d i k e  to be 
strengthened to withstand waves. T h e  connecting dams 
between the weirs are not yet finished and  need to 
be fortified s e v e r a l  p l a c e s .  Completion of t h e  wosk 
on t h e  dams and d i k e  1s p l a n n e d  to be finished by 
m i d  of Novenber.  

I * 
(c) WG v i s i t  on Novenber 2 2 :  

- The wave protection of the l e f t  bank dike haà been 
completed except at two places ,  where a feu tens of 
meter p r o t e c t i o n  was missing. 

The road on top of t h e  dams will be completed by J a n u a r y  
1, 1993. 

The wave protection of the protective dike upstrearn of the 
future structures (Na. 8 , 9  and 10) and  t h e  earth barrages 
an the left a n d  r i g h t  hand side of the intake structure 
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3 .  ASSESSMENT OF THE NEED AND URGENCY OF THE STRUCTURES IN 
FLOOD SITUATIONS AND WATER MANAGEMENT POSSXBXLITIES IN 
DAILY OPERATION 

In t h i s  chapter an assessrnent is made of t h e  need and 
urgency of the s t r u c t u r e s  in the light of t h e  p o t e n t i a l  
flooding r i s k ,  including the risk of causing damage to 
a l r eady  conçtzucted parts. Fur thermore ,  the  w a t e r  
management p o s s i b i l i t i e s  i n  daily ope ra t i on  of the 
s t r u c t u r e s  are described. 

3.1 Flood discharge capacities of structures 

~ h e  design flood discharge  f o r  t h e  preject  var iant  C 
( i n c l u d i n g  phase i and  2) is based on a 10000 year flood 
event ,  i , e .  a r i s k  of 0.01% t o  occur within a yea r .  

Fos t h e  c o n s t r u c t i o n  per iod  usually a l a r g e r  risk than 
0.01% is accepted,  Assuming a 1% risk per  year as 
acceptable during the c o n s t r u c t i o n  period (100 year flood 
even t )  t h e  corresponding d e s i g n  flood discharge depending 
on the period of t h e  year is: 

- ~ u l l  y e a r  : 10600 m 3 / s  
- Surnmer season (March - October) : 10600 m3/s 
- Winter season (October - Masch) : 6 0 0 0  m 3 / s  

Hence, the f l o o d i n g  risk of stopping the work depends  on 
the period during whiçh the work will be çtopped. For 
example stopping t h e  works for some period during the 
winter seaçon requires one (lower) level of finalization 
o f  t h e  present structures  before it is possible to stop 
t h e  work, while stopping t h e  work f o r  more t h a n  a y e a r  
( e . g .  while international arbitratian and f u r t h e r  studies 
take place )  requires another {higher) level of 
finalization. 

The flood discharge capacities of the ~ a r i a n t ' ~  structures 
and  the Gabcikovo conplex are çunmarized i n  the t a b l e  i n  
Appendix F f o r  àifferent s t a g e s  with regard to degree of 
finalization of t h e  s t r u c t u r e s  and waker level i n  the 
reservoir. The key figures are  a s  follows: 



From a cornparison of the above t ab l e  and t h e  design flood 
discharges of 6000 and 10600 m 3 / s  for w i n t e r  and summer 
seasons, respectively, it appears that t h e  situation by 
January 1, 1993 is expected to be equivalent to t h e  pre- 
dam (1991) situation, However, it is also no t i ced  that t h e  
flood discharge capacity on October 20,  1992 was 
insuffiçient to pass a summer design f lood .  If a f l o o d  
larger than the discharge capacity should occur ,  it will 
cause damage to structures and may in addition cause a 
threat to areas o u t s i d e  the main existing d i k e s  due to 
backwater e f f ec t s  from t h e  structures. 

In the period until January 1993 t h e  water level in the 
reservoir is p l à n n e d  to be operated between 128 and 130 m 
asl, allowing f o r  navigation. I n  case of a flood in this 
period the water level c o u l d  r i s e  up to the water level 
131.1 rn a ç l .  A f t e r  t h i s  period the water l e v e l  is planned 
to be operated close to the desired 131.1 rn a s l .  

In a p o s s i b l e  flood situation sorne of the not y e t  finished 
structures migh t  be damaged depending of the peak and , 
duration of the flood. 

i 
Should a flood occur now before t h e  remaining 10 5 of t h e  
d i k e  between t h e  downstream p a r t  of the reservoir and the 
left hand side of the Danube is protected againçt waves I 

t h e  d i k e  c o u l d  be damaged from e ro s ion .  T h e  unprotected 
dams at Cunovo c o n n e c t i n g  t h e  s t r u c t u r e s  cou ld  likewise be 
damaged due to eroçion. Protection of the floodplain 
behind the flaodplain weir is not yet c a r r i e d  o u t  and 
during a f l o o d  it w i l l  erode. The stability of the  weir 
will however n o t  be i n  inmediate danger. parts of t h e  
side-protection of t h e  by-pass  weir could ç u f f e r  as well, 
t h i s  construction is however being fortified at t h e  moment 
so this riçk is o n l y  eminent f o r  a f e w  days from this 
date. 

The p r o t e c t i o n  of the floodplain behind t h e  floodplain 
weir w a ~ ~ b e i n g  carried.out durinq t h e  second field visit 
(November,:,,?) , . and it is scheduled. f o r  completion by J a n u a r y  
1, 1993 ;-,' 

A f t e r  completion of the dike and the by-pass weir the 
w i n t e r  100 years flood cah pass the s - t r u c t u r e s .  



When the dike, by-pass weir and floodplain w e i r  is 
finished (end of 1992) the hydraulic capacity of variant  
c equals Q,,,,,,. To meet the design criterion Q O . O l ~ , y w r  Phase 
2 has to be completed. 

As concerning t h e  flooding risk in general it is n o t  
l i k e l y  t h a t  a flood occurring af ter  January 1, 1993 would 
give rise to an extraordinàry flooding hazard i n  areaç 
o u t s i d e  t h e  main exiçting d i k e s .  

Although not directly related ta t h e  works of Variant C 
the moçt flood endangered reach of the Danube in the area 
of interest is t h e  left hand s i d e  between Palkovicovo 
(milage km 1811) and Medvedov (milage km 1806) due to 
extensive çiltation and l a c k  of dredging. 

3.2 Water management possibilitieç 

The Gabcikovo complex can segula te  the discharge between 
8 0  m3/ç (neceçsary f o r  sh ip locks )  and 5200 m 3 / s  (maximum 
admissible discharge in the power channel), 

upon completion the weirs of the Phase I of Variant C 
(Moçoni Danube weir, f loodplain weir, and by-pass weir) 
can r e g u l a t e  a discharge between O and 6100 m 3 / s  depending 
on the water level in the reservoir a s  followç: 

The i n t a k e  s t r u c t u r e  i n  the yower c h a n n e l  c a n  r e g u l a t e  a 
discharge between O and 2 3 4  n - / s  at a water level of 131.1 
m açl. (from A p r i l  1993). 



4 .  REYERSIBILITY OF ONGOING ACTIVITIES AND COSTS OF RESTORING 
. PRE-DAM STATUS QUO 

In principle, the ongoing activities w i t h  Variant C could 
be reversed. The structures, ex~luding some of the 
underground parts l i k e  sheet piling and injections, could 
in t heo ry  be removed. The cost of removing the structures 
are roughly estimated to at leaçt 30 % of the construction 
costs. There will be some negative environmental effects 
during t h e  dernol i t ion of the  structures and t h e  d e p o s i t i o n  
of t h e  waçte materials. 

It is therefore relevant to evaluate under which 
circumstances the Variant C structures could have only 
insignificant and very local hydraulic effects if they are 
not fully removed. Such "f unctional r e v e r s i b i l i t y r r  is 
possible f o r  a scena r io  Pike :  

* If the Dunakiliti weir on Hungarian territory are 
being operated according to the original p l a n s  the 
gates in the V a r i a n t  C s t r u c t u r e s  can be kept fully 
open and will n o t  have any signifiçant effèct. 

* If the Danube c l o s u r e  iç removed and  t h e  "wholel' 
discharge is routed back to the Danube. 

The technical possibilitieç to sernove t h e  Danube c l o s u r e  
or to give t h e  Danube a new by-pass weir a r e  described in 
Section 8 . 4  
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~ h e s e  r ive r  regulation warkç le t  to deliberate and natural 
cutting off and bundling of river branches i n t o  one main, 
çtraightened and heavily fortified channel for navigation. 
This rernaining çhannel is characterized by rapid water 
level fluctuations and very large stream ~ e l o c i t i e ~  (1.3 - 
2.3 m/s at medium and 0.8 - 1.8 mJs at low flow 

situations) . The cut off branches are only activated at 
higher diçchargeç. 

w i t h i n  the r i v e r  branches many small weirs and dams were 
b u i l t ,  so most of them behave l i k e  cascade sys temç at low 
.discharge. Soma of them are continuausly overflowinq, 
while others may have dry and s t a g n a n t  sections dependinq 
upon groundwater seepage and infiltration. 

Key figures illustrating t h e  discharge regime of the 
Danube a r e  given in the table below based on the 1901-50 
discharge time series at Bratislava, ref /Il/: 

Discharge characteristic Discharge value II 
Average 

Month w i t h  min. average flow 
Month with max. average fkow 

The  discharge regime at B r a t i s l a v a  i ç  characterized by the 
d u r a t i o n  curve shown in Appendix G-2.  The relation between 
discharge and water level in t h e  floodplain is shown f o r  
the site Dunarenete i n  Appendix C - 3 .  Sone key f i g u r e s  of 
importance for the  floodplain are shown  in the following 
table: 

2025 

144 1 (Deçember) 
2 7 8 5  (Juni) 

- 

Typical low flow 
(average of a n n u a l  minimums) 

Typical h i g h  flow 
(average of annual maximums) 

8 4 8 

5316 



- ' A  factor of particular importance f o r  both the floodplain 
ecology ahd the qsoundwater regime is t h e  river dynamics, 
which can $e characterized by some key parameters given in 
the following t w o  t ab les :  

II Annul sum of wabr lcvc1 f l u c m i i a <  bzscd 1 23 ra 
m Ir-&ily masurcrncnu 

Parmcrcr chzra~krizing wivllcr lcvrl 

flucdtions 
Walrr l c v c l  variation c>lculatrd for 
Dunarrmc!s 198Cc89 II 

The Mosoni Danube is p r e s e n t l y  not receiving water fren the main 
Danube for 2-3 monthç p e r  year. 

AMUI suni or waicr lcvcl fluctrutims bsmi 
on i&&ily masiircrncnu 

14 ni 



5.2 ~rbsion and sedimentation in river system 

The main channel has been significantly lowered due to 
erosion caused by a combinatian af several factors: 

- dam construction in  ust tria in t h e  last decades 
resulting in a sediment deficit; 

- excavation of grave1 downstream of Bratislava; 

- natural erosion due to the very h i g h  v e l o c i t i e s  i n  
the straightened and narrowed navigation channe l ;  
and 

- prevention of bank erosion due to fortification of 
r i v e r  bankç. 

Today, erosion takes  lace between Bratislava and  
Sap/Palkovicovo, downstsearn from where the eroded material 
sedirnentç (and has to be dredged).  

In some places  t h e  river bed h a s  been 1ow.ered more than 
two meters ,  leading to lower graundwater levels, 
occasional dryinq out of river branches ( e - g .  downçtrearn 
of Bratislava) and less f l u s h i n g  of m o s t  r i v e r  b r a n c h e s .  
The lowering of t h e  riverbed d u s i n g  the paç t  30 yea r s  h a s  
been particularly l a rge  between Bratislava and  Ra jka .  It 
is es t imated  to be about 0.8 meter at ~abcikovo and near 
Bratislava about 1.5 meter. 

According t o  Hungasian measurements t h e  q u a n t i t y  and  
, concentrations of suçpended load on t h e  Danube r each  

between Rajka and Medve s h o w  a d e c r e a s i n g  trend, s e e  the 
figure in Appendix G - 4 .  

5 .3  surface water quality 

T h e  Danube water q u a 1  ity c a n  according to ~ungarian 
classification be categorized as f st c l a s s  regarding the 
rna jor i ty  of t h e  components, as 2nd class regarding pH, 
orthophosphate, nitrite, BOD and 3rd class w i t h  regard to 
bacter ia  and some h e a v i l y  degradable substances such as 
e . g . hydrocarbons . 

T h e  parameters f o r  oxygen c o n t e n t  And organis carbon shows 
a slightly irnproving trend, w h ï l e  deteriorating trends 
e x i ç t .  for n i t r a t e  and heavily degradable materia-1s. 

Due to h i g h  oxygen c o n t e n t ,  low organic carbon contents 
and t h e  ve ry  small q u a n t i t i e q  of f i n e  grained s e d i m e n t s  
the surface water quality is generally well suited f o r  



river bank infiltration, which is the major source of 
water supply along the  Danube between Bratislava and 
Budapest. 

The water quality of the s i d e  branches d i f f e r s  E r o m  that 
of the main Danube channel due to the much lower 
velocities and periodç and places with stagnant water. In 
dries years a negative trend has been observed w i t h  h igh  
pH, high organic  matter and low oxygen c o n t e n t s .  

T h e  major sources of water pollution are Morava and 
Bratislava. 

5 . 4  cround water regime 

T h e  ground w a t e r  regime is to a large extent determined by 
the permeability of t h e  main river channel and the 
variations in river water table. On the reach between 
B r a t i s l a v a  and Komarno an  estirnated 10 - 20 m 3 / s  
infiltrates to gravel aquifers on the ~lovakian ç ide  and 
8 - 9 m 3 / s  between ~ a j k a  and Medve on the Hungarian s i d e .  
T h i s  c o n s t i t u t e s  one of the largeçt ground water resources 
in Central Europe. Due to the very large permeabilities in 
the g r a v e l  aquifer the groundwater flow rates are very 
high (1 - 3 m/day)  . 
The d e p t h  of the groundwater table is shown in Appendix G- 
S .  It g e n e r a l l y  shows  a d e p t h  of more than 5 meters close 
to Bratislava decreasing ta around 1 m at Medve. The trend 
over t h e  paçt 3 0  years h a s  been a decrease in ground  water 
tables ranging from a b o u t  2 meters around Bratislava to 
about zero at Komarno, see figure in Appendix G-6. This 
decrease is due to erosion of  the river bed. 

A very i m p o r t a n t  f e a t u r e  of t h e  ground water segine is the 
l a r g e  ground water level fluctuations generated by the 
dynamics of the r i v e r  water t a b l e .  This is illustraled by 
the figures in Appendix G-7,  where  the in£ l u e n c e  o f  t h e  
r i v e r  is e v i d e n t  f o r  distances u p  to 10 km. Ground w a t e r  
level fluctuations are important as a nechanisn f o r  
providing oxygen transfer through the soi1 horizons i n t o  
t h e  g round  water .  

5 . 5  Ground water quality 

The ground water quality in the area doninated by the . 
infiltration from t h e  Danube is i n  qeneral, i n  a good 
state. Thus, the quality of the groundwater abs t r ac t ed  
from the water works located close to the Danube is 
generally excellent. 



For  t h e  areas f a r t h e r  away from the r ive r ,  where t h e  
groundwater recharge partly originate from infiltration in 
agricultural and industrial areas,  there are some problems 
with ground water pollution from point sources  ( e - g .  from 
Slovnaft oil refinery starting i n  the 1 9 6 0 t s , l a n d f i l l s  and 
dumping sites) and from agrochemicalç. 

5.6 Fauna, flora and habitats in floodplain 

The determining and s u s t a i n i n g  factor of t h e  biota of the 
floodplain between Bratislava and Palkovicovo is t h e  
natural and periodic water fluctuation of the Danube. The 
ongoing (pre-dam) trend with lowering of the Danube water 
level, changes in the charaçter of the f l o o d  peaks, 
end ikemen t s ,  cutting off the çide branches upstream and 
fortification ef the main channel has stressed the biotic 
communities substantially d u r i n g  the last decades. 

As a result of past groundwater decrease some areas of 
saft alluvial forests have been turned into h a r d - a l l u v i a l  
forest .  The latter were o f t e n  cultivated with poplar and 
white willow. Furthermore, it is estimated that 
approximately 500 ha of the originally more than 2000 ha 
a r e  not alluvial forest  any  longer. In addition, forestry 
has  replaced many n a t u s a l  forests by p l a n t a t i o n s ,  where 
alien, i n t r o d u c e d  cultivars of poplar have been u s e d .  

The main characteristics of floodplain ecosystems is t h e i r  
mosaic structure and their dynamics  depending on natural 
water fluctuation. Due ta anthropogene effeçtç this 
s t r u c t u r e  and dynamicç was c o n s i d e r a b l y  disturbed and made 
the invaçion of solidago, Aster and impatiens s p e c i e s  
p o s ç i b l e .  

Compased to other reacheç of t h e  Danube hunan impacts, 
including t h o s e  mentioned above, have u n t i l  now n o t  been 
as l a rge  as elsewhere. Thuç, quite original h a b i t a t s  w i t h  
their t y p i c a l  f a u n a  a n d  flora çould survive between and 
outside the d i k e s .  Besides  a huge v a r i e t y  of aquatic, 
semiaquatic and terrestrial associations t h e  p r i n c i p a l  
cha rac t e r  of t h e  l a n d s ç a p e  is given by t h e  soft- and 
hardwood alluvial forests coverinq Large parts of the 
l a n d .  The alluvial forestç of the S z i q e t k o z  (2400 ha) a r e  
u n i q u e  because of their peculiar species composition owing 
to its subnontane features. Several hundreds of endangered 
and/or protekted spec i e s  here find s u i t a b l e  living 
conditions maintained by. t h e  h i g h  d i v e r s i t y  of habitats. 

As t h i s  type of alluvial forest almost c p n p l e t e l y  
disappeared from Europe, t h e  çiqnificance of Sziqetkoz 
from the p o i n t  of view of conserving Europe's n a t u s a l  
h e r i t a q e  is of. outstanding importance. 



5 . 7  Hydrological conditions for agriculture and forestry 

The annual r a i n f a l l  and evaporatlon amounts are of the 
same order of magnitude; however with significant 
d i f f e r e n t  seasonal variations. Thus it is rcquired w i t h  
some additional water supply to the vegetation during the 
summer season. This extra water supply has  traditionably 
been possible t h roughou t  t h e  area by vertically upwards 
flow in the capillary zone from the groundwater table to 
the root zone. The necesçary c o n d i t i o n s  f o r  this are that 
the groundwater table is not t o o  deep and that no 
(capillary breaking) grave1 layer is located in between. 

Hawever, p a r t l y  due  to the decrease in.graundwater tables 
during the past decadeç it haç been neceçsary to make 
artif icial irrigation for the a g r i c u l t u r e .  Thus, on the 
slovakian s i d e  a comprehensive network of surface w a t e r  
channels has been developed for irrigation purposes. 
However, artificial irrigation has its disadvantages as 
compared to the n a t u r a l  situatfon, because the downwards 
water flux causes a conçiderable leakage af nitrates and 
pesticides. 

The forestry conditions are also changinq due to the 
gradually decrease in ground water tables. In some forest 
areas  a t r a n s i t i o n  from dominantly wet soft inundation 
forest to less w e t  ha rd  i n u n d a t i o n  foseçt has occurred. 
This is espeçially the case in areas  close to Bratislava. 
A11 these changes ref lect  anthropogene i m p a c t s .  

In Szigetkoz the flood p l a i n  p o p l a r  stands represent the 
highest productivity i n  Hungary (30-40 m3/ha/year)  

5 . 8  Navigation 

According ts the Danube ~oamission the follawing minimum 
parameters are required in a r e a s ,  which a r e  not influenced 
by backwater effects from weirç: 

- w i d t h  180 n 
- depth 2.5 m 
- radius 1000 n 

D u r i n g  the 1992 autumn low flow conditions the nain 
navigat ion o b s t a c l e s  betueen ~ratiçlava and Palkovocovo 
were: 

* Five shallows with i n s u f f i c i e n t  d e p t h  between 
Bratislava and the site of the Variant C structures 
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* F u r t h e r  f ou r  rough sections between Cunovo and 
Palkavicovo 

The navigation conditions have been deteriorating in the 
area around Bratislava during  th^ p a s t  years as 
illustrated in the following t a b l e :  

Between Dunakiliti and AsvSnyrar6 s i x  p o r t s  a r e  ç i t u a t e d .  
3 5  - 4 0  d i p s  are loaded or unloaded each year in theçe 
ports,  

, 

Year 

(Seurct: Ccskeslovtnski PIavbi 
Dunijrka) 

1980 
1981 
1982 
1983 
19 8 4 
1985 
1986 
1987 
1988 
19 8 9 
1990 
19 9 1 

Percentage of days 
with full navigat ion 
possibilities at 
Bratislava 
(wa te r  depth > 2.5 m) 

6 4 
8 8 
7 3  
61 
51 
6 5 
5 4  
66 
6 2 
50 
4 6  
40 

Index 
1'100' c o r c ~ ~ m d s  ro 1980 
condiucm) 

100 
137 
11 2 

9 5  
7 9  

101 
85 
1 O 3 
96 
7 7  
72 
6 3 



6 .  OBÇERVED IMMEDLATE IMPACTS OF THE GABCXKOVO VARIANT C 

çtudying t h e  impacts of variant C is cornplicated by the 
fact that a distinguishing of its effects from those of 
t h e  original project [Variant A )  cannot be done c l e a r l y  in 
a l 1  respects. The realization of variant C took place in 
t h e  area where the Variant A was planned and completed 
(with the exception of closing the Danube at Dunakiliti). 
Thuç, the pre-dam (= pre - impac t )  conditions are 
characterized by already built dikes and already removed 
soils and vegetation. I n  a d d i t i o n  to this, the 
construction of hydraulic structures of V a r i a n t  C h a s  been 
mcs t ly  çompleted. 

6.1 ~ i v e r  and discharge regime 

A f t e r  t h e  c l o s u r e  of t h e  Danube on October 25,  1992 the 
major part of the discharge has  been diverted to Gabcikovo 
and o n l y  a m i n a r  part to the Danube downstream the 
cloçure. According to Slovakian pro jec t .  plans it was 
p l a n n e d  to p u t  600 m 3 / s  i n t o  Danube. However, due to 
technical prablerns at the c o n s t r u c t i o n  site the Danube 
discharge  h a s  in p e r i o d ç  been kess than 300 m 3 / s ,  which is 
about 20% of t h e  average November discharge or 35% af the 
average of t h e  a n n u a l  minimum discharge. Discharge 
measurements carried out by Hungary downçtream t h e  closure 
are shown in Appendix H-1. 

T h e  reduced discharges have led to siqnificant decreaçeç 
in river water tables, typically by 2 - 3 meters as cah be 
seen fram t h e  Hungasian measurements displayed in Appendix 
H-2. Most of t h e  river arms had virtually no flows at t h e  
time just befose the closure of t h e  dam die t o  the low 
flow season. However, many of t h e m  are open  at t h e i s  
downstream c o n n e c t i o n  to the main river channel and had  
t h e r e f o r e  ( s t a g n a n t )  water due to backwater  e f f e c t s  from 
the main channel. I n  a l 1  cases the w a t e r  levels of t h e  
river arms has been negatively affected. 

The discharge in t h e  Moçoni Danube h a s  i n c r e a s e d ,  see the 
hydrograph in Appendix H - 3 .  

6 . 2  Erosion and sedimentation in r i v e r  system 

No specific observatianç have  been nade f o r  investigation 
of thls issue. However, the impacts on erosion and 
sedirnentation are  expec ted  to take place graduall~ and 
w i t h  signifisant effects over periods of years .  
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l 6.3 Surface water quality 

N o  specific o b s e r v a t i o n s  have been made f o r  investigation 
of this i s s u e .  However , the impacts on surface - Water 
q u a l i t y  are expected to occur mainly after t h e  winter 
season 

6 . 4  Ground water regime 

The following three f a c t o r s  have had çome immediate 
impacts on the ground water regime: 

* Higher surface  water levelç in the reservoir have 
caused an increase in ground water i n  areas n e a s  t h e  
reservoir. 

* L o w e r  water tab le s  in the r i v e r  downstream the 
closure have resulted i n  decrease of ground water 
levels in this area. 

+9 Hig-hes discharges and water levels in t h e  Moçoni 
Danube have caused a n  i n c r e a s e  i n  ground water 

. tables in nearby areas. 

These effects a r e  spreading t o  l a r g e r  areas w i t h  time, and  
i n  some areas t h e  effects of more of t h e  above factors are 
superimposed and to some degree ceunterbalancinq each 
other. T h i s  is illuçtsated by the ground water level 
observations shown in Appendix H - 4 .  

In çome villages in Hungary t h e  water supply iç b a s e d  on 
dug wells w i t h  l i m i t e d  dep th .  In some of these t h e  drap i n  
ground water table h a s  resulted i n  d r y i n g  out of t h e  
wellç. In the areas where the ground water abstraction is 
done from deeper wells, including the bank filtration 
schernes, no immediate effects on ground w a t e r  availability 
have occurred. 

6 . 5  Ground water quality 

Analyses of g round  water q u a l i t y  have so f a r  not i n d i c a t e d  
a n y  impact. However, t h i s  couid n o t  be expected either 
within this s h o r t  time period, 

6 . 6  Fauna, flora and h a b i t a t s  

puring t h e  workç on realiiing t h e  variant' A rnost of the 
valuable  h a b i t a t s  in the floodplain u p s t r e a m  ~unakiliti, 



except'the Danube (>5000 ha) were destroyed by digging of f  
or heaping up. This is in particular t h e  case f o r  t h e  
a l l u v i a l  forests between t h e  new d i k e s .  

In addition, the  operation of variant C has influenc'red the 
Danube seriously. There is a reduction of the discharge 
f o r  a reach of about 40 km downstream the dam to an 
extreme low level, which iç considerably lower t h a n  the 
ever recorded minimum. In connection with this flow 
velocities and w a t e r  depthç decreased to unnatural values 
and most s i d e  branches (about 100 km) dried o u t .  

This causes a huge irnmediate damage to a l 1  water organisrns 
especially those living in the s i d e  branches, e . g .  f ish 
and benthic organisms [mainly the mussels). The r e m a i n i n g  
s h a l l o w  waters fail as spawning grounds. If t h e  situation 
as  described above w i l l  continue u n t i l  t h e  beginning of 
t h é  v e g e t a t i o n  p e r i o d  most of the fauna and S l o r a  
depending on floodplain ecoçystem c o n d i t i o n s  will be 
heavily damaged and nay have resulted in the l o s s  of 
essential portions of populations and thus in reduction of 
qenetic diverçity and thus adaptibility. This especially 
concernç t h e  four areas that are already protected or a r e  
proposed to be pro tec ted  as n a t u r e  reserves. 

Imrnediate effects on f l o r a  e s p e ç i a l l y  water  f l o r a  cannot 
be e x c l u d e d .  

Upstream t h e  dam t h e  r i v e r  changes  to an impounded l a k e  
f o r  a l e n g t h  of 10 km with siqnificantly smaller flow 
velacities. T h u ç ,  the r i v e r  system will on this r e a c h  
change i t s  character. This causes a loss of many habitats 
for rheophil organisms. 

Constructing t h e  dam i n t e r r u p t e d  migration of f i s h  and 
many species of water insects so they cannot - sach  their 
reproduction zones  upstream. 

6.7 KydroZegicaL c o n d i t i o n s  f o r  agriculture and f o r e s t r y  

A s  a r e s u l t  of the changed ground water levels the 
h y d r o l o g i c a l  conditions for agriculture and f o r e s t r y  have 
changed. However, except f o r  fisheries this is psesuneably 
not h a v i n g  a n y  effect u n t i l  t h e  beginning of t h e  grow.ing 
s e a s o n .  

6 . 8  Maviga t i o n  

T h e  n a v i g a t i o n  route in the Danube main channcil  was closed 
on Octlober 23, 199.2. Xnstead t h e  new navigation çhannel 



w i t h  t h e  l o c k s  at Gabcikovo has  been opened. One of t h e  
two locks has been in routine ope ra t i on  since November 9 ,  
while the second was being t e s t e d  on November 2 2 ,  1992. 
The Working Group has not been a b l e  to o b t a i n  specific 
data on the number of ships, whiçh have passed thé l o e k s  
during t h e  past two weeks. 

The new c h a n n e l  and l o c k s  represent an improvemer.-. >f the 
navigation conditions with respect to t fcllowing 
f actorç: 

* No problems with shallow water depths any longer 
between Bratislava and Sap/Palkovicovo. 

* Shortes t r a v e l  times for barges between Bratislava 
and Komarno t / r .  

* Saving of energy. 

In the Danube downstream the dam, on the other hand, 
navigation has become virtually impossible. Thus, çhips 
cannot reach the harbours of Asv5nyrar6, D ~ n a r ~ m e t e  and 
Dunakiliti because of insufficient water depth. Thus 
Hungary h a s  lost 40 km international navigation route. 

6 . 9  other fac tors  

With the filling of the navigation canal the previously 
used raad connection between three villages o n  t h e  
Slovakian s i d e  and Bratislava h a s  been cut off. Thus 
today, Bratislava can be reached v i a  Gabcikovo dam, a 
detour of in one case 35 km. I n ç t e a d  a road on top of t h e  
Variant Ç structures, providing a 8 km çhorter c o n n e c t i o n  
to Bratislava, has  been prepared. l 

During the works on Variant A the topsoil Mas rernoved from 
an area of 5300 ha upstream ~unakiliti. This a r e a  will be 
f l o o d e d  f o r  the reservoir. Valuable  t y p e s  of soilç 
specific of the floodplains were loçt. 

Compared to the former w e t l a n d ç  the new reservoir will 
have çome influence on micro- and mesoclinate. Açcording 
to a study carried out by the Slovak Wydrometearological 
Inçtitute (SHMU) the effects are estimateci as snall. 
However, thece is a considerable uncertainty on t h i s  
issue. 

The c h a r a ç t e r  of t h e  scenery ups t ream t h e  dam bas been 
completely changed by the measures ~ r e ~ a z ' i h  V a r i a n t  à. 
Variant C created changes i n  landscape character upstream 
the dam as wekl as downstream. Upstrearn the dzm the 
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typical and h i g h l y  structured floodplain s cene ry  h a s  been 
lost. Downstream t h e  desiccated river branches and the 
remaining extent  of the Danube are obvious symptoms a£ t h e  
d e s t r u c t i o n  of the landscape, To some ex ten t  and in 
contraçt to the upstream situation t h e  character o f  the 
former floodplain could  be restored by enough water 
discharge in the Danube and remedial measures. As a 
substitute t h e  l a k e  (reservoir) has been çreated as a new 
element in the landscape. 
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7 .  OUTLINE OP POSSIBLE REMEDIAL MEASURES ON NEGATIVE 
ENVIRONMENTAL IMPACTS 

The construction of Variant C causes large impacts-on the 
environment. In this chapter some p o s s i b l e  measureç to 
avoid,  remediate or cornpensate t h e  negative impacts on t h e  
environment are outlined, It çhould be emphasized that the  
measures described in the following do not necessarily 
c o n s t i t u t e  recommendations of the working Group., It iç 
rather a list of measures ranging f r a m  substantial changes 
of. Variant c design to çmall additional measures. T h e  
specific combinations of these measures are presented in 
the various scenarios i n  chapter 8 and in t h e  
recommendations given in chapter 9.  

7.1 Restoring the f l o o d p l a i n  ecosystems in the reservoir area 

Between the left and r i g h t  side dikes floadplain 
ecosystems could be restored to a great extent between 
Bratislava and  Rajka by rernoving t h e  c l o s u r e  of the 
Danube. In addition, suitable measures can be t a k e n  to 
allow navigation through the navigation canal and  to s top  
bed eroçion in the Danube. If these r e s t a r a t i o n  rneasures 
are n a t  implemented o n l y  single problems downstream t h e  
dam could be handled a s  d e s c r i b e d  below. These, however, 
would not r e s u l t  i n  an overall envi~onmental improvement, 

7 . 2  Possible remedial measures for floodplain ecosystems 
downstream the Variant C dam 

7.2.1 Objectives f o r  creatinq a water reqime accord inq  ta 
n a t u r a l  conditions 

It has to be t h e  aim of remedial neasures in the 
floodpfains between Cunovo and Palkovicovo to reçtore the 
dynarnics of water  a n d  subçtra te  to the greatest possible 
e x t e n t  sesembling the n a t u r a l  conditions. This implies the 
splitting of the Danube discharge to the navigation canal 
and to the downstrean Danube. The latter cou-ld be restored 
.in that way t h a t  t h e  typical water leve1,hydrograph with 
flood periods and periods w i t h  1,ow water level is açhieved 
(perhaps in average at a çlightly lower level). 

Technical h e l ~  for startinq n a t u r a l  ~ r o c e ç s e s  . 
~ u r i n g  the l a ç t  decades the Channel system was changed t o  
a quite u n n a t u r a l  stage. A Danube discharge nearly as hiqh 



as in pre-dam conditions would n o t  be sufficient to 
improve t h e  ecological situation compared to October 1992. 
Meaçures could be t a k e n  to xeduce sole erosion and to 
çtart n a t u r a l  processes. 

Shallow under-water w e i r s  in the main channel situated in 
Iront of river branches could increase t h e  water 
level and  ensure that the  groundwater t a b l e  will n o t  
be lowered. 

Removing the thresholds between the main channel and the 
s i d e  b r a n c h e ç  will t h e n  enable çplitting up t h e  discharge 
so that t h e  flow velocity and the p ~ l l i ~ g  power will 
reduce. 

Removing t h e  fortifications from the banks of t h e  main 
channe l  will allow the river to saturate  its bed load 
deficiency by l a t e r a l  e ros ion .  

Al1 these measures together will initiate natusal 
processes that guarantee a s u f f i c i e n t  ground wate r  
recharge, a high diversity of ecosystems and a r e d u c t i o n  
of sole e ras ion .  

7.2.3 S u ~ p l y  methods for the side branch çys te rn  

If the p r i o r i t i e s  a r e  n o t  given to starting natural 
processes but rather tu guarantee sufficient ground water 
levels and/or continuous water supp ly  to the s i d e  branches 
a technical supply method c o u l d  be pointed out. 

There is a possibility to make small inlets/outlets in the 
weirs (between t h e  main chanmel and  t h e  side branches) 
w i t h  a sill level j u s t  above t h e  lowest n a v i g a t i o n  level. 

7.2.4 Addinq dredqed qravel 

To avoid bed erosion directly downstrean the dam dredged 
grave1 from t h e  reservoir o r  the navigation canal can be 
added into the Danube downçtream t h e  weir. After 
completion of Phase  2 t h e  spillway wei,r w i t h  t h e  s i l l  
l e v e l  at 120.5 asl. (the same as i n  the existing river 
bed) can help to manage eroçion/sedimentation problens. 

7 . 2 . 5  Further measures on reducins. s o l e  erosion 

If the priarities are not g i v e n  to s t a r t  natural processes 
but rafher to reduce sole erosion, besicles adding of 



grave1 two technical methodç could be p o i n t e d  out. 

A possibility is to build belts of çcncrete in the sole of 
the main channel a t  right angles  to the flow d i r e c t i o n .  

- 
A further possibility exists in t h e  fortification of the 
river bed in reaçhes where sole ercsion is observed. 

7.3 Other r e m e d i a l  measures 

7.3.1 Fish pass  

To e n a b l e  fish migra t ion  a f i s h  pass can be constructed in 
combination w i t h  the bypass weir or t h e  spillway weir. 

7.3.2 Shape  meaçures in the reservoir 

To compensate t h e  l o s s  of f l o o d p l a i n  ecoçystems i n  t h e  
reçervoir çhape measures can be t a k e n  e ç p e c i a l l y  in t h e  
f a r t h e ç t  upstream p a r t  of the reservoir and i n  t h e  area 
near Bratislava, which is i n u n d a t e d  o n l y  o n e  or a few 
times per year. These measures should enlarge the 
i n u n d a t i a n  area and t h e  area w i t h  çhallow water a s  much as 
possible. Islands and peninsulas should be established 
w i t h i n  t h e  reservoir. 

Optimizins floodplain habitats o u t s i d e  t h e  area 
concerned 

To compensate t h e  lass of floodplain specific habitats in 
the area af t h e  reservoir measures could be taken to 
optimize damaged f l o o d p l a i n  h a b i t a t s  in t h e  area between 
Rajka and ~unakiliti, outside the r e ach  between Bratislava 
and Palkovicovo and by including some af t h e  forests  near 
the l e f  t d i k e  downstream Bratislava into t h e  inundation 
area. 

7 3 '4 L Preventinq neqative imwacts an infiltration water 
of the reservoir 

It is widely accepted that by l ~ w  velocitieç and because 
of the high n u t r i e n t  c o n t e n t s  t h e  water. quality in t h e  
reservoir is threatening especially a t  Samorin water works 
and the neighbouring area.  This threat i s  associated to 
stagnant water  and subsequcnt  eutrophication and çaprobic  
cgnditions in t h e  downstream part of t h e  reservoir. 



In order to increaçe the velocity t h e  navigation canal cari 
be narrowed ço that the velocity will be high enough to 
avoid sedimentation of dead algae material.  In addition to 
this it might  be neceçsary tu çeal t h e  ground of t h e  
reçervoir or the canal on p l a c e s  with t o o  kess v d o c i t y .  
Increasing of t h e  flow velocity can be achieved by 
lowering the water table too. 



8 AÇSESSMENT OP IMPACTS FOR VARIDUS WATER HANAGEMENT 
S C E N M I O S  

In this chapter impact assessmentç are outlined f o r  
various scenarios of water management. Each scenario iç 
prepared on the basis of a set of specified objectives. In 
the selection of objectives no c o n s t r a i n t s  have been 
imposed by previous plans  or agreements. It i~ emphasized 
that the members of the  Working Group no t  neçeçsarily 
agree to these objectives ; however the  Working Group 
agrees to the çubsequertt descriptions of technieal 

..-y 

possibilities,- ---environmental impacts, etc. For each 
scenario t h e  following aspects are described: 

* Objectives and priorities 

* Technical and water management aspectç 

* Possible time çchedule f o r  implementation 

* Impacts on discharges 

* Impacts on eroâion/sedimentation 

* Impacts on surface water q u a l i t y  

9c Impacts on ground water regime and quality 

* Impacts on f a u n a ,  f lo sa  and h a b i t a t s  

t Impacts on a g r i c u l t u r e  and forestry 

* Impacts on navigation 

* Other açpec,ts 

Some statistics describing t h e  river water levels and  
their fluctuations in the floodplain are presented in 
Appendix H, where also a summary table indicating impacts 
f o r  the various scenarios are presented. 

8 .1  Gcenarlo A: 9 5 %  of average discharge ta the Danube 
downstream the dam 

In this scenario no remedial rneasures are conçidered. 

8.1.x Obiectives and ~riorities 

The abjec t ive  to be achieved in this scenario is to 





The discharge at Bratislava (excluding t h e  infiltration to 
t h e  aquifers) whiçh is no t  directed into t h e  Danube 
consists of t h e  following parts: 

* Some discharge is required for operating the 
navigational lockç at Gabcikovo. 175,000 m3 is 
r e q u i r e d  to f il1 one çh ip  lock. With t h e  pro  'ected 3 40 passages per day,  t h i s  corresponds to 81 m / s .  

i Some additional discharge will be required for t h e  
coming monthç for testing turbines and generators at 
Gabcikovo. It is required that these are ready for  
use in case of large floodç. The Working Group has 
n o t  been a b l e  ta obtain specific information on 
exactly h o w  much water w i l l  be required f o r  this 
purpase . 

A 25 m 3 / s  is required f o r  Mosoni Danube. 

* Between 10 and 50 m3/s is usually diver ted  to Maly 
Danube at Bratislava with generally higher Elows 
during sumrnes seaçon for irrigation purposes.  

* There .will be çeepage £rom t h e  reservoir and the  
canal to the seepage canals .  This is estimated to be 
about 40 m 3 / s  initially decreasing to about 20 m 3 / s  
after same t i m e .  Some of this seepage  (estimated to 
5 m 3 / s )  is diver ted  into t h e  Mosoni Danube, and it iç 
possible to diver t  the remaining to the çide 
branches in the floodplain close to Dobrohorçt .  

In summary, in the pre-dam c o n d i t i o n s  t h e  discharge a t  a 
point just upstream the weir at Cunovo cor responds  to t h e  
Bratislava discharge  minus in average 30 m 3 / s .  O u t  of t h i s  
discharge today about 100 m 3 / s  is not directed into t h e  
Danube + t h e  Mosoni Danube. 

Possible time schedule f o r  irnalernentation 

According to t h e  informed project plans  cen na rio A will be 
technically possible fsom January 1, 1993. 
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8.1.4 Impacts on discharses and water levels 

The discharge required for testing the  t u r b i n e s  dur-ing the 
coming months is n o t  known exactly. The percentage of the 
discharge, whieh when testing of turbines is completed is 
directed to t h e  Danube appears in the  tab le  below f o r  
different flow conditions. - 

With the existing structures it will be p o s s i b l e  to çarry 
out t h i s  water management after J a n u a r y  1, 1993 f o r  
discharges up to t h e  maximum of 6400 m 3 / s .  During the 90 
year period 1901-90 a flood of 6400 m 3 / s  or higher was 1. 

experienced in 16 of t h e  yearç (approxirnately l1 5 year 
e v e n t " ) .  The discharge is higher than 6400 m 3 / s  in average 
f o r  less than 1 day per  year. 

T h e  situation f o r  the  Mosoni Danube is improved as 
compared to t h e  present (pre-dam) conditions because 
permanent discharge t h roughou t  the year is'now ensured. 

Dischgr to Dmubc + Mosoni 
Dmube ti % olprc-dun dischaqc ai 
Ciinovo 

Cbmtcritiic dixhzrgc 

According to resu l t s  from c a l c u l a t i o n s  for a 10-year 
period shown in Rppendix H t h e  reduction of the Danube 
discharge will reçult in a reduction of t h e  r i v e z  water 
table by 19 cm in average .  The range of w a t e r  table 
variations for the IO-year ~ e r i o d  changes  from 1-90 m - 
6.56 m in the pre-dam c o n d i t i o n s  ta 1.60 m - 6.51 m in 
Scenario A .  The dynarnics of the d i scha rge  and water level 
regime with t h e  characteristic fluctuation9 is preserved. 

Sumrncr mm& wiih minimum ilow 

Diwhame value b r d  on 
1901 - JO Bratislavi m o r d  
(m'la) 

However, it is not'ed that the water tables will be further 
reduced in t h e  coming years due to erosicn of the river 
bed downs t reaa  the,dam ( s e e  S u b s e c t i o n  8.1.6 b e l o w ) .  These 
effects will be l a r g e s t  just downçtream the c l o s u r e  and 
w i l L  g r a d u a l ï y  ' deçrease towards zera at the downçtream 
confluence w i t h  the n a v i g a t i o n  canal .  
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T h e  potential impacts on agriculture and forestry takes 
place th rough  changes in ground water tables. I n  ba th  
cases a ground water t a b l e  at t h e  bottom of t h e  root zone 
(or so close to t h e  r o o t  zone, t h a t  t h e r e  is no  gravel  I 
layer in between) is important. Deeper ground water tables 
may cause water  shortage/need f o r  irrigation, while h ighe r  
ground water tables may cause water logging. 

For t h e  agriculture t h e  increase in groundwater tables 
around the  reçervoir is positive, because the  ground water 
table here has dropped several meters to a level for which 
i r r i g a t i o n  is requised. The decrease i n  the areaç 
downstream t h e  dam part is generally negative, although 
the in f luence  on t he  Slovakian s i d e  may be counterbalanced 
through operation of the water tables in t h e  seepaqe canal  
n o r t h  of t h e  power c a n a l .  

For t h e  forestry, t h e  impac t s  of the decrease in ground 
water tables depend on t h e  depth of t h e  gravel l aye r .  I n  
some areas it may have some negative impact,  while in the 
major part of t h e  area the effect will be negligible. For 
some areas cl&@ t o  Mosoni Danube o r  the reçervoir the 
i nc rease  i n  ground water t a b l e s  may have pos i t ive  impact. 

8.1.10 Impacts on naviqation 

The nav iga t ion  can be ensured t h r o u g h  Gabcikovo. However, 
two problems w i l l  oçcur on  the seach between ~abcikovo and 
the downstream confluence paint a t  Sap/Palkovicova, d u e  to 
t h e  small discharge i n  the navigation canal :  

* The rnanoeuvrability f o r  ships are more difficult 
when paçsing fram almost stagnant ' w a t e r  to fast 
flowing water. This rnay require special remedial 
measures. 

t Dsedging will be required. 

Navigation an t h e  Danube downstream the dam between Conovo 
and Sap is possible locally. hhen Phase 2 of V a r i a n t  C is 
c o n s t r u c t e d  (1996), there is only a limitation for 
composite barges. 

8.1.11 Other asuectç 

The hydropower plant at Gabcikovo c a n n o t  be utilited. 



8 . 2  scenarie B: Main part of  water ta ~abcikavo 

No rernedial measureç are considered in this scenario.  .= 

8.2.1 obiectiveç and wriorities 

The objective to be achieved in this s c e n a r i o  is to 
rnaximize hydropower generation, given a c o n s t r a i n t  of a 
minimum discharge to the Danube and the Mosoni Danube. T h e  
minimum discharge to t h e  Danube is defined as 350 m 3 / s ,  
which is t h e  erder of magnitude of .d içcharge  recorded in 
t h e  Danube since the c losu re  of the Danube. 

8 . 2 . 2  Technical . 1 1  water manasenent aspects 

This scenario is poss ib l e  w i t h  the existing structures. 

8.2.3 Possible tirne schedule - for implernentat ian 

Splitting of the water with 350 m 3 / s  to Danube is poss ib l e  
from today: However, the full hydropower generation is no t  
expected to be possible u n t i l  J anuary  1, 1993. 

8 . 2 . 4  I m ~ a c t ç  on discharses and water levels 

This operation will resvlt in a continuation of the 
immediate negative impacts on discharges and river water 
levels experienced i n  the floodplain area, see  Chapter  6. 
According to the c a l c u l a t i o n s  for a 10-yea r  period çhown 
in Appendix H the average water  level w i l l  decrease by 
more than 3 m and t h e  dynamics  w i t h  t h e  characteristic 
fluctuations will almost di sappear .  

T h e  situation f o r  t h e  ~osoni Danube  iç improved as 
compared to t h e  present (pre-dam) c o n d i t i o n s ,  
because permanent discharge thrcughaut the  year is 
now ensured, 

Irnaacts on sedimentationleroçion 

A s  an effect  of t h e  reçervoir and the  açsociated-backwater 
ef fec t s ,  the' present eroçion at and just downçtream of 
Bratislava w i l l  decreaçe and maybe even be turned i n t o  
sedimentation. ~ h i s  is a p o s i t i v e  e f fec t .  



Scme of the suspended sed iment  load and  al1 the bed load 
will sediment in t h e  reservoi r .  1 

A t  t h e  Danube downstream t h e  dam erosion will decrease due 
to the decrease in ve loc i t i e s .  

8.2.6 Impacts on su r f ace  water qualitv 

Due to the throughflow in the reservoir (both t h e  upstream 
and the downstream ones), t h e  eutrophication will be 
çmaller as compared ta Scenar io  A, and will as compared to 
the inflowing flux of organic matter not add a significant 
contribution. On t h e  o t h e r  hand due ta t h e  sedimentation 
of suspended çediments containing organic material, the 
net change in organic mate r i a l  flowing through the 
structures into the downstream part of Danube may as ne11 
be a reductlan. The n e t  impact of the reservoir on t h e  
s u r f a c e  nater quality i n  the downstream Danube is expeeted 
to be negative for t h e  f i r s t  couple  of years and uncertain 
in the long term. 

On the other hand t h e  çmaller vebocities and much smaller 
depths in t h e  Danube downstream t h e  dam will result in 
significantly different (generally negatively) water 
q u a l i t y  c o n d i t i o n s  with regard t o  selfpurificatian, oxygen 
conditions, eutrophication, e t c .  

8.2.7 Impacts on graund water sesime and aualitv 

The ground water t a b l e  c lo ie  to t h e  reservoir will rise 
both at the  Hungarian and at the ~lovakian çide ,  while t h e  
amplitudes of the ground water t a b l e  fluctuations will be 
reduced. The higher gsound water tables repsesent  a 
positive ef fect ,  and if it is possible to m a i n t a i n  the 
dynamics of fluctuations (to some exrent possible t h r o u g h  
management of water t a b l e s  in seepage  c a n a l s  j u s t  outside 
t h e  reservoir) the ground water conditions will generally 
be improved in t he se  areaç. 

With regard t o  the c o n d i t i o n s  i n  t h e  fleodplain and 
asçociated areas on bo th  çides this ope ra t i on  w i l l  result 
in a c o n t i n u a t i o n  of t h e  immediate negative impacts 
experienced during the past w e e k s .  In t h e  longer term, t h e  
change in dynamics u i t h  much çmaller fluctuations may in 
addi- t ion  i n £  l u e n c e  the groundwater qua1 ity in a negat ive 
direction. 

Directànq a main p a r t  of the discharge to ~abcikovo will 
most l i k e l y  ensuse t h e  groundwater quality at ~ a r n o r i n ,  and - 





~avigation on t h e  Danube will be lirnited or lost. 

8.2.11 Other aspects 

Hydropower production at ~abçikovo iç possible. 



8 . 3  scenario C :  Management of Variant c as planned by the  
Slovak Commission for Envirament 

Remedial measures are considered in t h i s  scenario. 

8.3.1 Obiectives and arioritieç 

The objectives to be achieved in t h i ç  scenario are ta 
opt imize  the relation between hydropower generation and 
discharge to t h e  Danube and Mosoni Danube. The minimum 
discharge into Danube is def ined a s  600 m 3 / s  in the winter 
and 1300 to 1500 m 3 / s  in çummer period, whiçh is 
approximately a 5 0  % : 50 % çplit between t h e  power canal 
and the Danube. 

8.3.2 ~echnical and water manasement aspects 

Technical. aspects : 

This s c e n a r i o  can be initiated by use of t h e  existing 
Variant C structures. However, the full management 
poçsibilities require the construction of t h e  spillway 
weir, hydropower station and ship lock at Cunovo, 
scheduled under Phase 2 .  

Management aspects:  

The general ecologiçal requirementç in t h e  inundation area 
are prescribed by the Slovak Envisonmental Commission as 
follows: - To secure communication between the dead-branch 

system and the Danube in both wayç and to e n a b l e  t h e  
flow t h r o u g h  t h e  branches fsom Dobrohost tu 
Palkovicovo. Periodical inundation with river water 
according to t h e  natural regime of flows. 

- To çecure t h e  supply of water i n t o  Mosoni Danube 
according to conditions agreed by Czecho-Slovakia 
and Hungary in 1 9 4 8 ,  on t h e  base of Paris Peace 
t r e a t y  . - To secure t h e  n a t u r a l  phys io log ica l  processes of the 
actual flora of t h e  o l d  bed of t h e  Danube d u r i n g  t h e  
vegetation period (mainly from March to Çeptember), - To secure such a flow in t h e  o ld  river bed, which 
would enable  the ground water level to touch the 
soi.1 h o r i z o n  and t rh ich  would. thuç prevent the 
drainage effect of the river bed. - To secure a minimal flow in river Danube of 600 m J / s .  



Proposal: 

The main goal is to propose measures that the environment 
will be optimized by hydrological rneans. The  remedy 
measures çhould treat the immediate impacts and improve 
the long-term pre-dam processeç, e . g .  stoping the ground 
water l eve l  decrease, s t o p i n g  e r ros ion  i n  Bratislava, 
opt imiz  ing t h e  ground water level depth and fluctuation 
and rnaintaining acceptable conditions i n  Danube. 

Variant C - Phase  1 

I n  previous mode1 i n v e s t i g a t i o n s  a solution has been 
prepared f o r  the reach between rkm 1811 and 1842 of the 
Danube r i v e r  bed, according to which t h e  parallel section 
of the river bed i n  t h e  ford  sections is to be stibilized 
by building of under water  weirs (rock bottom thresholds) . 
These weirs have maximum height of 1.0 - 1.3 m above t h e  
e x i s t i n g  river bed bottam. 

The same solution is possible from rkm 1842 to rkm 
1851.75.  I n  t h i ç  p a r t  of Danube, hetween Rajka and 
Dunakiliti, it iç possible t5 use ~unakkliti weir to 
optirnize water and ground water levels. 

Xtems of P h a s e  1: 

- Water table in t h e  reservoir between  128.5 and  130 
m asl. - Construction of unde rwa te r  weirs. 

- Fortification of the tail of inundat ion w e i r .  
- Adding dredged gravel. 
- Using Dunakiliti f o r  water level management. 

Variant C - Phase 2 :  

Phase 2 consists of: 
- Completion of spillway weir, hydropower station and 

ship lock. - Openinq of c o n n e c t i o n s  between the main Danube canal 
and t h e  s i d e  branches. 

- Remaval of p a r t  of t h e  fortifications of t h e  banks 
in the main  Danube canal. 

- Monitoring, interpretation of d a t a  and f u r t h e r  
optimization. 

- Optimization 0.f the d i v i s i o n  of the discharge. 

T h e a f i r s t  and t h e  second  phase  r e q u i r e s  comprehensive 
monitoring of the effectç of t h e  reinedial meaçures, 
mathematical modekling and f u r t h e r  f i e l d  wotk and 
simulation s t u d i e s .  



8 . 3 . 3  T i m e  schedule f o r  im~lementatian. 

Phase 1 

The fortification work and t h e  construction of the 
underwater weirs can be carried out in three monthç. Tt is 
expected that the remedial measures can be earnpleted by 
s p r i n g  1993. 

P h a s e  2 

F u r t h e r  t e c h n i c a l  wosk, monitoring, f i e l d  work, modelling 
and studies should be done until the full o p e r a t i o n a l  
capacity of a l 1  structures is achieved. At this time 
definitive operational d i r e c t i v e s ,  monitoring and 
interpretation tools s h o u l d  be elaborated, It is expected 
that thiç phase will be completed by 1995. 

8 . 3 . 4  ~ m n a c t ç  on d i s c h a r s e s  and water l e v e i ç .  

The influence of underwater weirs on water levels and 
velocitieç according to discharge is similar to those 
outlined f o r  Scenario E in Çubsection 8.5.4. T h e  height of 
t h e  u n d e r  water w e i r s  s h o u l d  be optimised according to 
h e i q h t  of the opening of river branches  and possibilities 
of adding t h e  dredged gravel, A longitudinal s e c t i o n  of 
the Danube with and w i t h o u t  underwater w e i r s -  f o r  stone 
underwater weirs are shown i n  Appendix 1. YeLocities over 
and between weirs are also included i n  Appendix  1. 

Generally, t h e  height of weirs iç proposed from 1 to 2 
meters, Expected velocities are in the range Zrom 0.5 to 
2 . 7  m/s between weirs and from 0.9 t o  2.6 m / s  on top of 
the weirs. 

8 - 3 . 5  Impacts o n  erosion and sedimentation 

By operation of the reservoir during Phase 1 the erosion 
at Bratislava will not be stopped. R considerable part of 
the coarse sand and gravel will sed iment  in the upper p a r t  
of reservoir. 'This can be dredged and p u t  into t h e  Danube 
j u s t  downstream t h e  Cunovo weir. 

During  Phase  2 the present  eroçion at and j u ç t  downstrearn 
of Bratislava will decrease and may be everl be turned into 
sedimentation. T h i s  is a positive effect. 



Some o f  t h e  suspended load will s e d i m e n t  in the lower part 
of reservoir. For the  Danube b e t w e e n  Cunovo and 
Dunaremete, where the pre-dam c o n d i t i o n  was river bed 
eroçkon, erosion will be smaller. Adding grave1 under 
Cunovo will improve t h e  situation. Removal of r i v e r  bank 
fortifications will increaçe l a t e r a l  erosion and will 
together with underwater w e i r ç  result i n  increases of t h e  
river bottom. This will give more regularly distributed 
velocities along the Danube. 

For . h e  Danube between Sap and Komarno slight eroçion is 
expected, whlch is a pos i t ive  effect both for navigation 
and for flood protection of the downstream sec t ion  of 
Danube. 

Sedimentation proçess in the reservoir should be improved 
by optimizing discharge and hydraulic s t r u c t u r e s  inside 
t h e  reservoir. 

8.3.6 Surface water  quality 

The surface water quality will be influenced by the 
eutrophication and the sedimentation mainly i n  the 
downstream part of the reservoir. changing discharges 
between Danube and power canal can improve the s i t u a t i o n .  
Additional sesearch is needed on this i s s u e .  Due to t h e  
çedimentation the change of t h e  water quality downstream 
from ~ a b c i k o v o  iç expected to be negligible. Surface water 
quality c o u l d  improve a lço  because of opening the river 
branch system and thuç higher self purification 
capacities. 

8.3.7 Ground w a t e r  reqime and qualitv 

T h e  ground water table close te the reçervair will rise 
bath at Hungarian and Slovakian ç i d e .  This will generally 
improve the qround water depth  conditions in t h e s e  a reas .  

Downstream the Cunovo D a m  the river water  t a b l e  naintained 
to the p r e v i o u s  conditions by the u n d e r  water weirs and 
nearly the same ground w a t e r  level fluctuation w i l l  
generally ensure that t h e  ground water quality close to 
t h e  river Danube will n o t  be influenced. 

Assuming eutrophication in the downstream part  of the 
reseryokr will not be serious and flaw velocity will be 
inf luenced by hydraulic structures, ground water q u a l i t y  
will h o t  be influenced. To ensure ground water quality f o r  
long term period,  monitoring and a d d i t i o n a l  ç t u d i e s  are 
needed , 

13. rmrrnkr 1W1 Working Gimp on Yrnmi Cul rhr I i i k d u v u N ~ g )  tiirioi Friilccl 



l 8.3.8 Irn~acts on fauna, flora and habitats 

If it is possible to c a r r y  out t h e  cptimization w i t h  t h e  
r e ç u l t s  outlined above, the impacts on f auna ,  flora and 
habitats will be similar to those  described in ç ç e n a r i o  E, 
cf. ~ubsection 8 . 5 . 8 .  otherwise, t h e  impacts may be 
larger. 

8.3-9 Impacts on aqriculture and forestrv 

If  it is possible tc carry out the  optimization w i t h  the 
r e s u l t s  outlined above, the impacts on agriculture and 
forestry will be çimilar to those described in scena r io  E, 
cf Subsection 8 . 5 . 9 .  Otherwise the impacts may be larger. 

8.3.10 Impacts on naviqation 

Navigation will be ensured through Gabcikovo. There will 
be improvements with regard to: 
- time saving. - saving of energy* 
- improvement of depth in Bra t i s l ava  harbour. 
- i n c r e m e n t  of turnover. 

The completion of the ship lock (Phase  2 )  will e n a b l e  
n a v i g a t i o n  in the o l d  Danube r i v e r ,  when discharge  in t h e  
Danube will b e  higher than 2000 1~131s. A Minimum discharge 
into the Danube of 600 m 3 / s  enabfe s  navigation continuously 
f o r  ships with dip of about 1 - 1.4 meters. 

8.3.11 Other as~ects 

T h e  hydropower p l a n t  at ~ a b c i k o v o  will generate  
hydroelectric energy at reduced capacity. 



8 . 4  Scenario D: Danube redirected te the former river bed 

This scenario describes the revessibility. Various 
remedial measureç are conçidered. 

8 . 4 . 3  Objectives and priorities 

The objec%ives to be achieved in this scenario are to 
redirect t h e  Danube into its former bed, hence maintain - 
as much as it is possible both for law flow and  for the 
higher discharges - the conditions p r i o r  to t h e  closure of 
the  Danube ( i . e .  before 20 O c t .  1992) with regard to the 
f l oodp la in  ecology, ground water c o n d i t i o n ç  on b o t h  the 
Slovakian and Bungarian side and navigability of the 
Danube between Bratislava-Szap (Sap or Palkovicovo). 

I n  addition it is an objective to improve t h e  floodplain 
ecology by opening of s i d e  branches. 

This scena r io  gives higher priority only ta: - nature and environmental protection, 
- discharge to the Mossni Danube and t h e  Small Danube 

(Maky Duna j ) ,  - s a f e t y  of a l 1  existing structures (except  t h e  
closure of the Danube or other earth barragesjdykes 
of the system) . 

8.4.2 Technical and water manaqernent aspects 

The existing structures of Variant C do n o t  always allow 
t h e  redireetion of the 95% of t h e  discharge into the 
Danube. 

Technically it is possible to redirect  t h e  Danube to the 
former river bed. Tuo principally dif ferent approaches  
exist, namely by removing the closure in t h e  o l d  bed or by 
making a new river bed over some distance bypaçsing t h e  
closure. Some proposais prepared by Hungary a r e  encloçed 
in Appendix J. 

Al1 of the propoçed inteiventions would r equ i re  additional 
measures - like reinstatement of t h e  water s u p p l y  of the 
Mosoni Danube, bed protection e t c .  

Al1 of the rneasures can direct a d. i scharqe  of about 11000 
mJ/s  back into t h e  Danube. The split of it between the 
different structures and the new bed can be characterized: 

* By-pass weir. After h a v i n g  finished t h e  protection 
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work of t h e  downçtream energy dissipation bas in  it 
can  pass 1460 m3/s discharge at a reservoir level of 
131.1 m asl. 

Floodpla in  weir. When this structure will be 
operational it can take about 4600  m 3 / s  a t  131.1 m .  
asl. 

* The m a i n  (reopened) bed of t h e  Danube can - at about 
2 m h i g h e r  water level than the banks - take about 
5000 m 3 / s .  

In summary t h e  structures of Variant C plus the reopened 
Danube bed c a n  pass  a d e s i g n  f lood  during a temporary 
construction period (Q,,4,,, = 10600 m3/ç). However, for 
passing a final design flood (QO,Oia,yor = 15000 m 3 / s )  it will 
be r e q u i r e d  either to construct.the çpillway weir, planned 
f o r  Phase 2 of t h e  Variant C or to utilize t h e  power canal 
and the Gabcikovo complex as an additional flood spillway 
weir . 
The f r e ç h  water supply of the  side branches can be so lved  
by reopening t h e  upçtream ends of the branches at o r  
above the naviga t iona l  low f low. The correct sizing of 
t h e s e  openings would psovide enough water for t h e  
revitalization of t h e  s i d e  branches without disturbing t h e  
navigation and altering significantly the sediment and i c e  
c a r r y i n g  capac i ty  of the Danube. 

T h e  discharges which cannot be directed into the ~ a n u b e  
are 

- t h e  discharge to the Mosoni Danube and 
- the discharge to t h e  SmalJ Danube (Mèly Dunaj). 

8.4.3 Possible time schedule f o r  im~lementation 

The measures required to r ed i rec t  the Danube to the o l d  
river bed c a n  be implernented within 12 months. 

l u  Impac t s  on discharaes and water levels 

This sçenasio w i l l  assure t h e  pre-closure conditions 
(except  for d i s c h a r g e s  higher than llOdO m ' / s ;  i - e .  for 
discharges up to a 100 year  flood]. The impact of this 
change will have no a p p a r e n t  effect on the h y d r o l o q y ,  
morpholdqy and consequéntly on the water levels of this 
stretch. 

T h e  discharge to the Mosoni-Danube s h o u l d  be prov ided  by 
traditional means i.e. by dredging à c o n n e c t , i o n  canal to 



t h e  Danube. 

As the  discharge conditions i n  t h e  Danube will be t h e  same 
as before the  c l o s u r e  the ground water table will also 
r e t u r n  to pre-dan condi t ions  in both t h e  Slovakian and the 
~ungarian side. The dynamics of the discharge and ground 
watex regime w i l l  be maintained. 

8.1.5 Impacts on erosion/sedimentation 

Erosion/sedimentation will r e t u r n  to pre-c1oçur.e 
conditions both in the area of the Cunovo reservoir and 
donnstream ta it. I t .ra i ses  t h e  q u e s t i o n  of degrada t ion  of 
the main bed of t h e  Danube and as consequence t h e  water 
s u p p l y  of the side branches. Thiç problem should be 
salved . 

8 . 4 . 6  Surface water suality 

Surface water quality of t h e  pre-cloçure conditions will 
be preserved. The impreved flow thraugh the side branches  
will improve t h e  water quality of the side branches too. 

As t h e  downstream p a r t  of t h e  reservoir iç s t i l l  connected 
to t h e  upstream part it will xeceive water at h i g h e r  water 
levels. However, some of this water w i l l  not be able  to 
flow back and will cause stagnant water conditions. The 
possible effects of this s h o u l d  be s t u d i e d .  

8 . 4 . 7  Ground w a t e r  reqirne and aualitv 

The qround w a t e r  levels will return to pre-dam conditions. 
It will raise questions in t h e  reg ion  between   rat-isiava 
and Dunaremete, where the trend was u n f a v a u r a b l e  f o r  t h e  
last 30 years. 

8 . 4 . 8  I n ~ a c t s  on f a u n a ,  flora and h a b i t a t s  

Thiç scenario allaws t h e  restoration of floodplain 
h a b i t a t s  i n  most of the reservoir area. 

~ownskream the dam pre-dam conditions for fauna, f l o r a  and 
habitat can be restored. Navigation will p r e v e n t  
developing the floadplain conditions nearer to n a t u r e .  
Even t h e  dynarnics of s u b s t r a t e  as an important f a c t o r  
cannot be restored at the presence of navigation. 
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Reopening t h e  çide branches will brinq better conditions 
for fauna and f l o r a  than in t h e  pre-dam situation. Because 
of the completely reçtored facilities for f i s h  mig ra t i on  , 

this scenario gives the beçt possibilities for restoration 
of t h e  fiçh communities by natural processes .  

To maintain these better conditions for fauna, flora and 
habitats sole e ros ion  of t h e  Danube must be brought to 
tolerable values. 

8 . 4 . 9  Impacts on aqriculture and foreçtry 

 hé supposed p o s i t i v e  impacts of t h e  h igher  ground water 
levels near the reservoir  w i l l  d i s a p p e a r  but l i f e  will 
return to the pre-dam conditions. The better freçh  water 
supply of t h e  side branches will improve t h e  productivity 
of t h e  f r i n g e  forestç .  

8.4.10 I m p a c t s  on n a v i q a t i o n  

In connection with the final phase of the construction 
works reguired for redirecting the Danube to i ts  former 
bed, navigation will be stopped f o r  a period of about one 
month. 

Afterwards the pre-dam conditions would p r e v a i l .  It means 
that the navigation problems of the stretch between 
Bratislava and Budapes t  s h o u l d  be solved by traditional 
methods . 

8.4.11 O t h e r  aspects 

The hydropawer p l a n t  and t h e  ç h i p  locks at Gabçikovo  
cannot be used. 

The "power" canal, v h i c h  w i l l  be used as  spillway c a n a l  
fer  flood situations in average a couple of days p e r  
century, will still r e q u i r e  maintenance. 
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8 . 5  Scenario E: Step by s t e p  so lu t ion  

This scenario includes remedial rneasures, which are 
proposed for implementation in t w o  phases. 

8.5.1 Obiectives and p r i o r i t i e s  

The object ives  to be achieved in this scenario are to 
maintain t h e  water levels as well as the dynamics of both 
the surface water and the groundwater regimes downstream 
the dam according to the conditions prior to the closuse 
of the Danube, ta maintain t h e  ground water guality and to 
maintain almost the same water quality in the reservoir as 
it waç previouçly in t h e  Danube. 

Higher priorities a r e  given to: 

- maintaining the function of t h e  Variant c 
structures, - discharge to the Mosoni Danube, 

- navigation. 

Technical and water manaqement aspects 

The existing structures of variant C and t h e  structures of 
the Gabcikovo complex can manage t h e  water supply for  this 
scenario.  In order  to achieve the o b j e c t i v e s  remedial 
meaçuses are necessary. A s  well upstream in the reservoir 
and the navigation channel as in the Danube. The remedial 
rneasures are proposed to be implemented in'two p h a s e s  as 
followç: 

Phase 1: 

- ~owering of the water table in the reservoir to an 
operational level between 128.5 and 129 m asl. - Construction of a f i s h - p a s s  near t h e  by -pas s  weir 

- Construction of under-wates weirs. 
- Strengthening of t h e  tail p r o t e c t i o n  of t h e  

inundation weir (in execution). - Adding dredqed grave1 to the Danube downstream t h e  
Cunovo weis. 

Phase 2: 

- Narrowing  the navigation channel in the reçervoir - Sealing t h e  bottom of the reservois under a r e a s  with 
s t a g n a n t  water, 

- Opening of connections between the main Danube 



ehannel and the s i d e  branches. - Removing t h e  fortifications of the banks of the main 
Danube channel. - Optimizing floodplain h a b i t a t s  outside the areas  
concerned. - Shape measures in the reçervoir. 

The discharge which is not directed into t h e  downçtream 
Danube consistç of the following parts: 

Phase 1: 

(a)  A discharge required for the water quality in the 
downstream part of the reaervois and for avoiding 
ground water quakity problems for the Samorin water 
works. The key parameter in thiç regard is t h e  
v e l o c i t y  in the main c a n a l  in the downstream part of 
the reservoir. Assuming 0.35 m/ç to be çufficient, 
t h e  neceçsary discharge can  be estimated to 400 - 
600 m 3 / s  w i t h  larger values during t h e  summer season. 
A part of t h i s  d i s charqe  wilk be lost by seepage. 
The remaininq part Gan lx uscd for  locking of shipç 
and f o r  hydropower q e n e n .  

(b) By discharqeç in Bratislava h i g h e r  than 2500 ~ ' 1 s  
abou t  60 % kUll a few t i m e ç  during t h e  summer season 
be directed  to t h e  power c a n a l  in order to flush the 
reservoir. 

(c) During f l ood  situations in the  summer season the 4 0 0  
- 600 m 4 / s  w i l l  a few times be c u t  down to the 
discharge needed for the locking of ships in order 
to enable higher flood peaks to pass t h e  floodplain. 

A minimum discharge to t h e  Danube of a P P ~ a t e ~ y A 9 ! ~ s S ,  
(depending on t h e  waker level regime) should be 
guaranteed. 

When switching to/ f rom h i q h e r  d i s c h a r g e s  as outlined u n d e r  
' (b) and (ç) above it: must be ensured t h a t  t h e  dai l ly  water  

level f l u c t u a t i o n s  in t h e  Danube s t a y s  w i t h i n  t h e  n a t u r a l  
( pre-dam) reg i m e  . 

P h a s e  2 :  

The division of t h e  d i scharqe  h a s  to be optimized. T h i s  
r e q ~ i r e ç  comprehensive m o n i t o r i n g  of effects of the 
remedia l  .measUres, mathematical nodelling and further 
studies. As a r e s u i t  of t h e  Q - p t i m i z a t i o n  it may be 
specified that a f u r t h e r  part of t h e  U a n u k e d i s c h a r g e  c a n  
be direc t ed  ta the power canal, i f  it is p r o v e n  not ta be 
essential for the dynamicç 05  t h e  water regime in the 



f lood  p l a i n  after the completion of the Phase 2 remedial 
measures. 

8.5.3 Possible t ime scheduie f o r  irnplementation 

The construction of t h e  under-water weirs will take about 
f i v e  months. The starting date depends on decision date 
and t h e  t i m e  required f o r  obtaining the necessary legal 
permissions. ~ h u s ,  technically it would be possible t o  
çomplete 'al1 the remedial measureâ of Phase I by J u n e  
1993. 

The content of Phase 2 depends on the r e s u l t s  of necessary 
monitoring, modelling and studies to be carr ied o u t  durinq 
Phase 1. ' 

Impac t s  on discharqes  and water levelç 

For investigating the impacts of under-water weirs 
on the water levels and velocitieç mathematical  
madellin9 h a s  been carried out. A mcdel- already 
establ_içheg f o r  _-,Jhe river,  cf. ref /3 / , waz use$ 
t-aAing eight' under-wa2eY- . __- weirs with a h e i g h t  of 2 - - 
2.5 m i n f i o a c c o F t 7  . - .- .- -. .. 

On t h e  basis of the mode1 calculations a modified r a t i n g  
curve for Dunaremete has been prepared, se@ Appendix K. 
The velocities Vary between 0.6 - 2.1 m/s in between the 
weirs and 1.2 - 3.1 m/ç on t op  of the weirs as  cornpared to 
1.4 - 2.4 m/s in the pre-dam conditions. The water level 
variations f o r  a calculated 10-year period, Appendix H, 
indicate that t h e  effect of t h e  particularly chosen design 
iç a reduction i n  average water levels of 7 cm, and a 
preservation of t h e  fluctuation pattern. 

The results  show that t h e  desired effect of increasing the 
water l e v e l s  w i t h o u t  reducinq t h e  the velocities t o o  much 
and of preserving t h e  dynamics with the characteristic 
fluctuations is possible. However, an optimizaticn of t h e  
d e s i g n  will be required. 

The situation for the Masoni Danube iç i n p r o v e d  as 
compared to the present (pre-dam) conditions, because 
permanent discharge throughout the year is now ensured. 

8 . 5 . 5  Impacts on erosion/sedimentation 
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By operating t h e  reçervoir at water levels between usually 
128 and 129 m a ç l .  t h e  erosion at Bratislava will not be 
stopped. 

Çome of the suspended ç e d i m e n t  load and a l l  the bed load 
ni11 sediment in t h e  reservoir. 

For the Danube downstream t h e  reçervoir between Cunovo and 
Dunaremete, where the pre-dam condition was r ive r  bed 
esosion, it iç n o t  certain what the, eff  ects will be. On 
the o n e  hand the sediment concentrations of the inflowing 
water will decsease (=> erosion). On the other hand, the 
velocities in the main channel wilb decrease (=> 
sedimentation). However, when the bank fortifications be 
removed as part of Phase 2 ,  bank erosion will take  p l a c e  
and the river bed sedimentation may be expected. This is 
a positive effect. 

For the Danube between Dunaremete and Komarno, the present 
sedimentation c o n d i t i o n s  are expected to be changea to 
erosion, because the incoming flow carries less sediment 
concentrations. This is a p o s i t i v e  ef fect .  

Surface water aualitv 

The surface water q u a l i t y  w i l l  be i n f l u e n c e d  by the 
eutrophication and the sedimentation which will occur in 
the reservoir. In t h i s  regard the reservoir conditions 
will be significantly different in the upstream part, 
where a l 1  the  discharge passes and the downstrearn p a r t ,  
where o n l y  about 15% of the discharge o c c u r .  

Due to the  throughflow in t h e  upstrearn reservoir, the 
eutrophication will be limited here, and will as compared 
to the inflowing flux of organic matter not add a 
signifieant contribution. or; the o t h e r  hand due to the 
sedimentation of suçpended ç e d i n e n t s  c o n t a i n i n g  organic 
material, the net change i n  organic material f l o w i n g  
t h r o u g h  the s t r u c t u r e s  i n t o  t h e  downstream p a r t  of Danube 
may as well be a reducticn. T h u s ,  the impact on the 
surface water quality in the downstrearn Danube is expected 
to be negligible. 

Directing about 75% of the discharge to the Danube wi13, 
on the cther hand result in smaller veloeities. With e . g .  
600 m ' / ~  (Phase 1) during çumrner periods t h e  velocities 
will w i t h  a reçervoir water l e v ~ l  around 129 rn asl. be in 
t h e  order of 0.35 m/s in the main c a n a l .  This velocity is 
a t  the critically low s i d e  in order to avoid sedimentation 
af fine material. Furthermore, almost stagnant water may 
oceur in the part of t h e  reservoir o u t s i d e  the main cana.1,  
and flushing a couple of times during a summer rnay not be 



9 .  RECOMMEHDATIONS 

9.1 The question of reversibility 

Four - scenarios . a l 1  assume - the - CO-nt i ~ ~ p u s  e x i s t z ~ l c e  of the 
hydraulic s t r u c t u r e s  and use of -the a r t  if ic:hK cZn&l 
Eor navïgat ion with damrning iris-ihvakia. -- - - - --  - 

one of the five elaborated scenarios, scenario D, is baçed 
on the reversibility of the situation to a status' 
equivalent to the status before cloçing the Danube, by 
removal of some of t h e  variant C hydraulic s tructures .  

The choice between t h e s e  two f undamentally-_-d-iff eqent 
appoaïeheç cannot be made by the . ~ o ~ k i ~ ~ ~ ~ ~ u ~ ,  which just 
has pointed-' out- - t h g  various conseguences of adopting 
alternative objectives,. 

9 .2  Recommendations in case it is decided n o t  at t h i s  stage to 
redirect the Danube to its former river bed 

9.2.1 Approach and priorities 

However, independently of the above cho ice ,  the  Working 
Group has  the recommendations described in the following 
in case Scenario D should  not have been chosen. 

In t h e  past, the measures taken f o r  the n a v i g a t i o n  
constrained t h e  posçibilitieç f o r  t h e  development of t h e  
Danube and the f loodplain area. fi-ssurning-, the  -naxîgation .- - 
will no longer use t h e  main r i v e r  oiser-a length of 4 0  km - " .-__ . - - - - -. .. . - - 
a unique sîtüZfion*" 'h3s a r i s e n .  ~ n i ' t i a t e d  by technical 
measures the river and t h e  floodplain c a n  develop more 
naturally. 

However, realizing t h a t  cançiderable uncertainties are 
associated to prediction of impacts  of such major 
manipulations of natural ecosystemç and t h a t  many of t h e  
impacts may easily become irreverçible, t h e  working Group 
recommends a .cautj-ous and experimental approach,  where new 
developments be taken i n s e v e r a l  stepç-on the basis of 
precedinq and sirnultaneous compsehensive monitoring and 
s t u d i e s .  -. - -  - -  .. _ _ _  - 

In this process the  ork king Group recommends to g i ~ e  t h e  
h i g h e s t  priority to maintain or improve: 

* t h e  hydrological and ecological regime in the whole 
affected axea ,  especially in the downstream 



f l o o d p l a i n  area; * t h e  ground water quality; and 
ri the navigat ion,  

and ta g ive  a lower priority to: 

* the production of hydropower, and 
* the water quality in the downstream part of t h e  

reservoir. 

9.2.2 Water manasement for the comins months 

scenar io  A ( 9 5 %  - of the average discharge to the Danube 
u î i n g  t h e  - & x i ~  t ing structures) shou1d befollo-w& -qs_-soan 
as possible, but_ n q t -  _later-  than d a ~ a r y -  1, 1993. From 
~pril- - -- 1993 -- the water --. management should gradualiy s h i f t  to 

-A_---- - _ 
t h e  one d e s c r i b e d  Eie low.  

- -  

9.2.3 Water manasement f o r  the cominq yearls) 

By recommending the water manaqement f o r  t h e  period from 
A p r i l  1993 and t h e  Eollowing year(s) t h e  following two 
aspects  are emphasize2: 

* The exact  c o n t e n t  of t h e  water management cannot be 
described with t h e  p r e s e n t  knowledge. 

* F e  coming. yia_rIs}- s i ~ p ~ ~ l d , . .  Re-- c;ans_i-dered.- as 
t ehpofary  p e r i o d  - -- until a l ong  term s o l u t i o n  can be 
Ge-acchd- and the meaçures - -. --.. nece_çsary to u - n d e r t a k e i n  
this period should n o t  pre judqe possi51Ee - f i n a l  
s6ïukions. As basis f o r  deciding on the l ong  term 
A--- _ 
s o l u t i G n ;  in addition to l e g a l  and economic aspects, 
comprehensive monitoring, mathematical rnodel l ing and 
studies will be r e q ~ i r e d .  They are outlined in 
Subsect ion 9.2.5 below. 

The followinq a c t i o n s  are secommended: 

( a )  A combination of monitoring, mathematical rnodelling 
and s t u d i e s ,  as described in Subsection 9 . 2 . 4 ,  
s h o u l d  be initiated immediately. 

( b )  A Joint -Danube-Gabcikovo Copm@cee çernprised of 
repkesentat ives  from Hunqary, S l o v a k i a  and EC shou ld  
be established. This cornmittee s h o u l d ' h a v e  t h e  
authorïty to c a r r y  out t h e  following Easks: 

Technical supervision of the  existing 

. . 
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structures with regard to safety functioning. ~ * Preparation of a detailed operation manual 
p r e s c r i b i n g  how t h e  water management should be ' 

carried out. 

* control t h a t  the actual water operation is 
carried out in accordance with prescriptions 
given in the operation manual. 

* Reporting of any deviations from t h e  agseed 
water management o p e r a t i o n .  

* Reviewing the results of the monitoring, 
modellinq and studies carr ied  out and making 
the necessary adjustments to the water 
management t a k i n g  t h e  spec i f i ed  o b j e c t i v e s  
i n t o  account. 

(c) In the beginning of February, 1 9 9 3  t h e  details of - - -  ----A 

th_e remedial measureç and t h e  water'manaq,emen$-for 
the 1993 summer seaçon çhouId - be - 'decldea. This 
ç h o u l d ~ ~ ~ o ~ ~ o - n ~ f h e b a s ~ ~ ~ O f  fhë--iësiiïts . T - m  t h e  
monitoring, modelling and s t u d y  programme u n d e r t a k e n  
i n  the mean time, çee Subsection 9 . 2 . 4 .  

(a) Under-water weirs in t h e  Danube main c h a n n e l  should --- A - 
be c o n s t r u c t e d  f o r  some of the reach between Cunovo  
and Sap by April 1 9 9 3  The detailed d e s i g n  w i l l  be .-A 
dec ided  upon as describecl under (c). It is 
considered important to çtart with i rnp lementa t ion  of 
some 0 6  t h e  under -water  weirç a s  exoerimental sites 

- -- -- - .-. - - 
g n g r n o n i t a r e  theis effecJ2 ~ ï o r d e r  to more 
precisely e v a l u à t e f  heïr-design and f u n c t  ion. 1 t is 
emphasized that ynder-water -weirs are r e v e r s i b e  
measuses, because they can be removed without t o o  
b i g  psoblems, if it is later on decided to sedisect 
t h e  Danube ( and  the international navigation) to t h e  
former river bed (Sçenario D). 

( e )  ALtex -Ap-rjl 1993 the w a t e r  management s h o u l d  s h i f t  
towardç the one described under Phase L ofLÇcenario 

.K..  The e x a c t  content of this water  management policy 
will be decided as described under  (c). Tentatively, 
this is expected to imply that i n  the order of 25% 
of the d i s c h a r g e  (in average) be d i r e c t e d  towards 
Gabcikavo .  This is c o n s i d e r e d  necessary  in okdër-to- 
ensure t h e  qround water quality f o r  the 'çamorin 
Wa ter Works . However , -in-oydèr-to do-tKiÇ 'and 'Zt--€Fie 
same time _i-in-im i ze  -:the. l _ . ~ q s ç  ibl-e. damages f o r  the 
f l o o d p l a i n  ecosystemç it w i l l  be required to have 
constru.cted at . least-s~m_e of t h e  unde r -wa te r  wei.Ks -- - -- 
in the Danube main channel. 



( f )  On t h e  basis of the r e s u l t s  from t h e  monitoring, 
modelling and study programmes casried out during 

' t h e  summer season of 1993 the water manaqement for  _ _  ._- . -  - -  
the coming year s h o u l d  be reconçidered in NovembFr 
19 9 3. - D e m l ~ c g -  on'the--~e3ïi1ts-t%~s r n F f ë % ü l t - i ~  
dec~sions regarding more or les5 water: to the 
Danube, implementation of f u r t h e r  rernedial measures 
and modifications to existing o n e ç ,  need for  
modifications to the monitoring, modelling and study 
programme. 

9 . 2 . 4 .  Studies, m o n i t e r i n q  and ma themat i ca l  modellinq 
r e s u i x e d  as b a s i ç  f o r  water manaqement in 1943 

The following programme is recommended to be initiated 
immediately: 

(a)  Monitoring of t h e  effects  of the present'situation, 
which is likely to continue until t h e  end of 
December, with regard to: 

* Ground water quantity and quality. Many key 
parameters are already today being monitored. 
However, a supplementation w i t h  especially 
geoçhemical parameters from wellç close to (or 
w i t h i n )  t h e  reservoir iç required. 

* Sedirnenta t ion  in t h e  reservoir. 

* A n a l y s e s  of river a n d  r e s e r v o i r  sediments  with 
regard ta organic pollutantç and heavy metals. 

* S u r f a c e  w a t e s  q u a l i t y  i n c l u d i n q  
hydrobiological aspects. 

* Impact  on f a u n a ,  f l o r a  and habitats in the 
affected area. This çhould include a 
quantititive evaluation of loss of biomass, 
especially o f  nusselç. 

( b )  Optimization of t h e  d e s i g n s  of t h e  under-water weirs 
by use of mathematical modelling. The optimizatian 
should aim a t  p r e ç e r v i n g  t h e  pre-dam dynamic  regime 
with respec t  to water l e v e l  regime and should ensure 
that the, velocitles in the m a i n  channel are so large 
that t h e  river bed continue to consist of coarçe 
material. 

( C )  A s s e s s r n e n t  of t h e  riçk t a  t h e  ground water quality, 
in p a s t i c u l a r  between  t h e  reservoir and t h e  Samorin 
Water Works. This h a s  previouçly been studied but  
s h o u l d  be recnnçidered t a k i n g  t h e  new data into 
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acçount . 
9 . 2 . 5  s t u d i e s ,  monitorins and mathematical modellinq 

reauired for t h e  lons term 

T h e  following programme is secommended to be carried out 
within the coming 2-3 year period: 

(a)  Study aiming at establishment of a s e t  of ecological 
objectives f o r  the Danube floodplain landscape. This 
study must be carried o u t  in close interaction with 
dec i s ion  makers in the two countries. 

( b )  Establishment of a compsehensive mathematical 
modelling system coupled with the necessary data 
bases. This system s h o u l d  be fully tested and 
applied to some of t h e  most urgent water management 
problemç in a dialogue with the decision makers. The 
modelling system s h o u l d  cover the following aspects:  

- _  groundwater, including geochemistry, 
- unsaturated zone, including a g r i c u l t u r a l  

aspects,  - r i v e r  h y d r a u l i c s ,  i n c l u d i n g  
sedimentation/erosion and water qua' l i ty ,  

- reservoir  flow, sedimentation and water 
quality, and - fauna, f l o r a  and habitats in floodplain. 

with basically the çame specifications as under the 
ongoing PHARE project "Danubian Lowland - Ground 
Water Modell' except for more emphasis to floodplain 
ecological aspects and for equal coverage of the two  
countries. 

(c) Establishment of a comprehensive monitoring 
programme, specifically tailored to prov ide  t h e  
neceçsary d a t a  f o r  the problemç a s s o c i a t e d  w i t h  t h e  
proposed water management. This programme w i l l  be a 
sugplement to already exiçting general  programmes 
w i t h i n  t h e  following f i e l d s :  

* ground water quality; 

t reservoir conditions; 

* sedimentation and erosion; and 

h floodplain fauna, f l o r a  and h a b i t a t .  

(d) Studkeç  of the effects of under-water weirs and 
other semedial m a s u r e s .  

(el Collection of more information about  the reservoir ,  
@ . g .  the e x t e n t  of bituminouç elayerç and the 

1 passible contamination with benzpyrenes is 

.. . . 
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necesssary. 

( f )  Study of water quality of the n a v i g a t i o n  channel 
should be carried out for the estimation of cïrganic 
loading . 

( g )  Economical assessrnent. 

(h) Integration of t h e  above i n  a decision support 
s tudy , 
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Budapest, November 23, 1992 

Jens C. Refsgaard 

Johann ~chreiner ~ e i n z  Lof  f ler 
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1 APPENDIX A 

Agreed Minutes of the Meeting between the European ~ommission, 
the CÇFR and Hungary on 2 7 t h  October 1992 on the 

Gabçikovo/Naqymaros Project 



Agreed Minutes a 5  the M e ~ t i n g  betweon the Euro ecn Çomrnissiqri, the  CSFR and 
Hungary on 8 t h  October 1992 an the ~abcii<ova/Ra~ymamr Project.. 

1 )  I t was agreed t h a t  a l  T warks on v a r i a n t  C o f  the    ab ci kavo/Negymaros 
p r o j e c t  w i l l  be stopoed a t  a date s p e c i f i e d  by the EC Commissron on 
t h e  bas is  of t he  fac r  f i n d i n g  miss ion  composed o f  one expert  f rom 
e c h  s i  de (Cornmi ss ion,  CSFR and Hungary) . tak ing i n t o  account the  
risk of dsmaoe to e x i s t i n g  s t ruc tu res  includincj nav iga t i on ,  o f  
ecological  dcmâqe t o  t h e  reg ion  and of f l ood ing  (Sp r ing  1993 or  
sudden surges). The mission sha l l  report as soon as poss ib le .  bu t  
n o t  l a te r  than Saturday October 3 1 s t  a t  12 noon. 

The CSFR unéer t~kes ,  t o  guarantee t a  mai n t a i  n t h e  uho l  e* t r a d i  t i ~ n a l  
quanti t y  of water i n t o  the  whole.ald Danube riverned, including t h e  
section between Rajka snd Pal  kodrcobo, and t o  refrain f rom operating 
t h e  powerpl en t  . 

2 )  Awarkinggroup o f  experts s h z l l  be set up i r n m e d i a t e l y , . c o n s i s ~ o f  
three experts narn inc t~a by the  European Commission, assrsted by one 
expert apoainted by Hunafry avd the CSFR each. The three Commission 
experts s h ~ l  l be speci a11 sts r n respect1 v e l  y environmental mat te rs  , 
hydrolooy and water archirecture. 

3 )  The t ~ s k  o f  t h e  working g r o u o  w i  11 be t o :  

i 1 méke an on-si t e  inspect ion  of  t h e  structures o f  v a r i a n t  C; 

ii) assess the neod cnd urgency o f  t h e s e  structures in the j i g h t  o f  
t h e  p o t e n t i z l  f laad ino risk, i nc lud ing  the r i s k  o f  causrng 
darnage t a  alre~dy conslructed parts; 

iii) zssecs t he  imrnediate consequences/impacts o f  these  structurgs 
relating t o :  

* environment; 

* hydro log ics l  znd wéter rncnagenent zsperts;  

* n c v i o ~ t i o n ,  and 

i v l  assess t h e  r e v e r s i b i l i t y  o f  t h e s e  structures 2nd E s s e s s  the 
I 

c o s t  f o r  restoring the  s t a t u s  quo cnte, i . e . ,  t h e  s i t u ~ t i o n  
e x i r t i n g  p r i a r  t o  the  cons t ruc t i on  a i  t h e  don. 

The grouo w i l l  rerort i t s  f i n ~ i n o s  t o  t h e  Trilzterzl Meetln9 t o  
held i n  Brussel s cn a dst2 t a  be agrçod by the threo =rrier (wi t h i n  
15 d a y r ) ,  and sake rug~eriionr on u r g e n t  mearurer t o  t rken.  The 
f i  ndi ngs s h a l  1  f lot  pre:caic? !ne ev i  eence procuced w i  t h i n  the c o n t ~ x t  
a f  t b e  lerjel proconures ce tc r i ced  u n ~ e r  p a r q r q n  4 belcw,  

4)  00th the  CSFX E ~ C  Huncfri~n leles~tions exçretsed t ne i r  czxn i taen i  t o  
submi t the a i  scutz ccnn f r~a r ,  ,x i  t n  the GsBc'i kovoi?ic~:maras p r o j ~ r t  
w i t h  al  1 i t s  ascer;s, incl~bing legzl , finzncial anc ecologiczl 
elements, t o  binaing j n z e r n - t i o n ~ l  z r b i t r z t i o n  a r  t o  the  
I n t e r n a t i  on21 Caurt O; Justice. 

5 1  T h i s a g r e e f l e n t d c e s n o t p r e j c d c e t h e  legal 

Far the tzecb 2nd Slovak F e d ~ r z t i o n  D e l e ~ a t i o n  ....... ............. 

........... For t h e  Hungzrian Deleqation ......... 

For t h e  Eurooean Cornmi ssion 



Terrns of References for t h e  Working Group 



COMMISSION 
OF THE EUROPEAN 
COMMUNITIES 

Bnissels, October 29, 1992 
! 

Terms of Referencts 
Working Group of independent experts 

on the Gabcikovo-Nagymarus Dam 

k Working Gioup of experts ha been esfzblished consisting of three independent 
experts nominated by the Commission of the European Communities and one expert 
nominated by the Govemment of Hune- and one expert nominated by the Czecti and 
SIovrJc Federal Republic. 

The selected experts are specialists in environmental m e r s ,  hydrology and dam 
construction and other aspects related to building in water. 

The norninated experts are: 

+ Mr. Jens Christian Re&gagd, Tmm Lwder 
(Hydrologicai and environmentil asp-), Dankh Hydnulic h t i t u t e  

* m. Jobannes M. van Geest, 
(Engineering, navigation and economic asp&), DHV, T h e  Netherlands 

* Mr. Johann Schreinet, Noah Germm E~nvironmeot A d e m y ,  
('Environmental and ecologicol impaas) 

* One expert te be nomimted by Hung3ry 
r One expen to be n o m b t e d  by CSFR 

T b e  Gmup will work under the supervision and coodirarion of hic. Jeaç Christian 
Re&@ ( h m  L d e r ) .  

Shoa terni expertise could be pmvided by the Commissioo of the E m p a n  
C o m u n i t i a  in highly spwhlised aras if y u e s t e c i  by the T m  Lmder. 

n e  Woding Gmup will: 

i) Make an on-site inrptxtion of the structures of Variant C and describe the su te  of 
WO* 

ii) Assess the need and urgency of i h ~ e  s h - u m  in me; light of the potential 
fi ooding risk, including the nsk of cauring b g e  to M y  constmded pub;  

iii)Assess the ( imedia ie )  corisequenceslimpacts of thae  structures rehting to: 



Environment, covering: 

- Emsion and Sedimenbtion in River and River Resewoir Sysiem 
- Swface Water Quality 
- Ground Water Regime 
- Ground Waler Quaiity 
- River and Flood plain Ecology 

* Hydrologid and wter management a s p a  and 

* Navigation 

The assessrnent will be bxed  on an outline of existing @redan} conditions and 
hends. 

iv) Assess the reversibility of these stnictures and assess the cest of rwtoring the status 
quo ante, Le., the situation existing pnor to the  consrniction of the dam. 

v) Make sugg&ions for (urgent) masures and, if ueceswy, studies to be (under) 
taken to improve the present conditions. 

The Working Group wilI prepare a detailed and concise Final RepoR signed by al1 five 
participating experts. The Final Report wiIl contain a short executive summary. The 
Working Group will report its frndings to a Trilaterd Meeting berween the 
Commission of the European Communitie, CSFR and H u n g q  ia Bmsels, 
Navember 27, 1992. 

The Tem Leder  will on a reguIx bask inform the Çommissioo o f  the Europm 
Comrnlinitie, Mr. Pabh Benavides or his represen~iveç (Mmers. Guggenbuhl, 
Aldershoff and Shwboll) about pro- in work and potential pmblems. T h e  Tan 
Leader kll present aa (oral) report to Mr. Bemvides in Brussels Novernber 13, 1992. 

Tbe rnernbers of the Working Gmup un report only to the Commiçsion o f  the 
Eumpem Çommunitier. Public skdernents, participlion in p r s  conferrnces etc. is 
mictIy pmkbited and no persons not diregly involved should receive information on 
the work and pmgress. T h e  f i d  Report wil1 be confidentid untit otberwke decided by 
the Commission of the Europan Communjties. 

j copies of the Fiml Report should be mbrniaed to: 

Ur. Bemvides, D i e o r ,  Çonimission of the E m p m  Cqmmunities 
* Mr. Pitek Vice rninister for Foreign A&is of the CSFR - 

Mr. M ~ t o n y i ,  S e c r e y  of Staie for intemiornt  ~ o n o m i c  Relations of the 
Republic of H u n g q  



The Working Group will start its work November 6, 1992 at 10.00 Aiil at a location 
which will be communiwted later by the Commission o f  the European Communities. 

The Final Report should be submitted November 23, 1997 at f 6-00 PM. 

The Working Group should preseot i ts findinis tto the Trilateml Meeting amnged in 
Brussels on November 27, 1992. 

Location 

The WorEcing Group will work the first week in Bntislava and the second week at a 
suitrible location in Hungay. 

Gen eral 

AI1 relevant data and information shouId be msde available by the iwo Govemrnents to 
the Working Group, and any pioblerns in this respect should be reported immediately 
by the  Tram Lmder to the  Commission of the Europmn Communities. 

Can tacts: 

Mr. Bemvida 
Mr. Guggenbuhl 
Mr. Aldeshoff 
Mr. ShusbolI 

Pablo Benavides, 
Director 
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APPENDIX C 

Memberç of t h e  three deleqatfans assisting t h e  Working Group 



Members of t h e  three delesations: 

For the  En:ropean Commission : 

Jens Christian Refsgaard, C h i e f  Hydrologiçt, Daniçh 
Hydraulic Inçtitute 
(Member of Working Group) 

Jan M. Van Geeçt, ~ireçtor DHV ~nvironment and 
Infrastructure, The Netherlands 
(Member of Working Group)  

Johann Schreiner, D i r e c t o r ,  Norddeutsche 
Naturschutzakademie, Germany 
(Member of Working Group) 

Professor, Dr. Heinz L~ffLer, Head of ~ o o l o g i c a l  
Department, University of Vienna 
(Member of Workinq Group) 

For t h e  Czech and Slovak Federative ~epublic: 
I 

Igor Mucha, Façulty of N a t u r a l  Science, cornenius 
University, Bratislava 
(Member of Working Group) 

Stefan Molnar, Civil Eng inee r  

Juliuç Sutor, Soi1 Management Expert 

J a n  Cabel, Water Management Expert 

Jozef Fury, Water Management Expert 

Lubomïr Bansky, .Student, Comenius ~niversity 



For ~epublic of Hungary: 

Gabor Vida ,  Head of Department of cene t i cç ,  Eotvos L, 
University,  Budapest 
(Member of Working Group) 

Adrienne Hajosy, ~eophyçicist 

Ferenc Meçz,aros, Biologiçt 

Janos Gyurko, civil Engineer 

P a 1  Liebe, civil ~ngineer 

Péter Bakonyi, Civil Engineer Budapest. 



APPENDIX D 

Statement from J. sinder, Director Water Economy Construction 
on çtate of work. 



*r,,,",-,wkl,.,..n ab--# b A * %  " ? # m t # r  .tu 

PIE Yf ï lAYBt I  k PPEVAC'IIU $ 0 5 7 ~ ~ ~  
VODHICH D I ~ L  GABCIKOYO - H A O ~ M A ~ O S  

~epresen ta t i v  of t h e  Gaverncen t~ 
of the CSFR and Sloïal: R=?uhiik f o i  
t h e  waterwork Gabk:koi#n-Nayyrl.,srcs 
Ing. Owinik K a c i rl g e r 

1. Mi, P .  i?enavie& 
~ A X :  nn 37?i7s~%rns 
Fcmolloc Eclgiurn &ES) 

2 .  :.;K. Vcr: Geesi 
fax :  0G-361/1163~43 
R11rlap~5t - Hit:ig;iry 

@aSed on tac tezh~i:a7 i~tpecticn O: tF ,e  s t rx tu res  of the r c c a l l e d  v c r i a n t  C, 

realiscd hy tt ip k o r k l n g  g r m p  o? 22  t/aie~br.ï 1392, there w x  ~ ~ e a c k ~ e e   th^ fnllouing 

agrzenient abour: tDr3  ~ q e :  1 5 i r ~ n  LI st:.yc t ~ r a l  wcriis u n t i l  21  f lt i i le ,,Lic:. 1772 : 

Ail wo:hs on t r i e  ; :?i-~; i; ~111 be s c s p ~ n d e d ,  bes ides: 

1. I'lorks in re.nobir;g of :rie : c ' ~ ~ ~ r ~ z r i  ' J ~ S S E I  ~n~tre : l i i  ~ 7 f  the  hypasli ~ i : i r .  

2 .  Rcmeclial wnrk; nr: t t ic i , ! ~ i l l w a y  jrid tlali!-,s O! t he  bypasz.  

3 .  Works on t h €  s ~ a l i r i g  r i i  t h e  çlcsk.r? of t+e I januS~i charinpl . 
I tic s~isri~:nni ni i r ! c i z  imt cn:lisrri thc ~iorl.  5 on struc turcs of t i ; ~  u - i g i n d  

solution, a c z o r d i ~ ;  Io th2  a l i d  ! c e ê ï y .  

I n  the case cf i r , : r = ~ < ~ d  f i c a s  npcesiitatl~g the cse cf  ire vtci~ i~ inundâticn, 

nzcessary rnFasuezs ;i:11 L3LE t~ ee T : K ? ~  r,?erar ivcly a l s o  wi-hic t n o ~ t  5 t r u c t u r u s  

Ttic sczprisic11 c i  u I J C k . 5 ,  cLe.1 fr;r the tine c i  f i ~ e  da;,s, >:il: c ~ ~ s e  â d a i l y  

1055 p r e l i r ~ i n a r i l y  esti~ater t o  7 fiii h c 5  anr; i n  :;ip se$? :.if f l  y1-rs, t k ~  prnhanll i t .y 

üf d a m ~ ~ e s  fir, l;is-,?f s t r~~c;*j ryS 2 5  hi] 7 a5 i n  t?? nnxrui i ..-ri rpg i cn, w i  11 h~ 

atcarAinçly i x r : 3 7 r i t i .  



Discharge wpacity revierr of the structures. 

1, Litle Danube - continuosly . 50 m3/s 
2, Intake into Mosoni Danube - continuosly 20 mJ/s 

3, Bv-aass Weir 

3,l. At present d e r  repairing damage (ship and spillway) 300 mJ/s 
(rating curves eFweir are not ralid) 

3.2. After repairing damages and after stabilization of spiIlway 600 m3/s 
(alter January 1992) 

4, Weir in inundation 
These valuse are only valid if weir spill-way is completly fortifieci 
4.1. 20 segtirents: at water leveI 129.0 m asl. from 01/93 750 rn3/s 

ai water Ievel 130.0 rn al. from 03/93 2400 m3/s 
at water leveI 131.1 m asl. from 04193 4500 m3/s 

4.2. Durhg slttnrnerjloading 
at water level 131.5 m als. in  1993 6000 m'/s 

5 ,  Tntake structurc into river branch svstem 
5.1 Phiue 1 : 2 pipes of diamerer 1200 mm 7.1 m3/s 

continuosly fsom 12/92 . 
5.2 P h s e  2 : (canal into river branch sysrem) 

ai ivater level 131.1 rn asl. from 0 4 / 9 3  
accordinp to the need r n ~ ~ i m a l y  234 m3/s 

6, Shiri locks (at present and future) 
6.1 Navization through 1 lock : (continuosly) 

by-pass disçhaqe t h r o u ~ h  other lock at  water level diference: 
H= 16 in 510 m'ls 
H= 19 I I I  560 mJls 

6.2 Without nav ig~ t ion  : 1 by-pas  (canrin~osl>~) 
rit ivatsr lcvel 173.0 n~ . . . H I  16 tir 630 nr3/s 
at wnter IevrI 13 1.1 m . . . IJ= IY tii  7411 ni .'/s 

6.3 Weir aprration : 1 sh ip  lock 
a[ watcr lzvel 118.0 rn 640 mJ/s 

179.0 rn Y30 ni3/s 
131.3. ni 1311) rnJ/s 



In case of passing floods it is possible according to the CSFR n o m  to use one ship Io& 
for navigation and one for by-pass. If water is passi~ig trough by-pass durin,a we,b operation in 
the same ship lock chen discharge capacity will be : 

at H= 16 in 400 m3/s 

From ihis it is clear, that discharge capacirie ~f both ship l och  lwhen navigation is stopt) 
for passing of the big floods is at water Ievel 128.0 m 1040 m3/s 

129.0 m 1203 m3/s 
131.1 rn 1720 m3/s 

For passing through of higher discharges it is possible to use combinations of by-pass 
and weir operation on both ship locks, that means maximum discharge: 

at water level 128.0 m (2x400 + 2x640) 2050 m3/s 
at water Ievel 129.0 rn (2x400 + 2x830) 2460 m3/s 
ar water leveI 131.1 m (2x400 + 2x1320) 3440 m3/s 

Present : 2 agregates I OOO m'ls 
1 agregate 60 m3/s 
total: 1060 m3/s 

M~.rimal m o u n t  of water dischaç~e trough Gabckovo  ivater suucture ( hydropower 
plant and ship l o c h )  is lirnileg by r n ~ x i r n u m  dicharge of Poher  cand ar ivaitr Ievel 731.1 m as1. 
is 5000 m3/s. 



APPENDIX E 

Sketch of Variant C of Gabcikovo-Nagymaros 
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APPENDIX F 

Discharge capacit ieç  of variant C structures 



DISCHARGE CAPACITIES [ m 3 / s ]  OF VARIANT C .  
{accdrding ta t h e  scheduled completion and stated water  levels) 

GABCIKOVO COMPLEX 

Power station 

Mosoni weir 

ALTERNATID C PHASE 2 

* r under c o n t i s o u s  change during c o n s t r u c t i o n  



PLFPENDIX G 

Figures illustrating t h e  present  (pre-dam) state and trend in the area 

G-1 Overview map showing  l o c a t i o n s  referred to in report 

G-2 Discharge d u r a t i o n  curve far Bratislava 

G-3  Rating curve for i lunaremete 

G-4 Trend of annual suspended s e d i m e n t  measurementç at Rajka 
between 1965 and 1985 

G-5 Depth to ground water t a b l e s  

G-6 Change in ground water  t a b l e s  d u r i n g  the past decades 

G-7 Ground water level fluctuations 
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TREND OF ANNUAL SUSPENPED SEDIMENT MASSES 
AT RAJKA BFTWEEN 1956 AND 1985 

Trend : Ms =8348.32 -75.375, T 
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Figures illustrating the observed imrnediate impacts 

H - l  Diseharge.hydrographs., Qetober - Novèmber 1992 
H-2 Water level hydrographç 

H-3 Mosoni ~ a n u b e  discharge hydragraph 

H-4 Ground w a t e r  level hydsographç 
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LIPOT 9440 well 
4-500 rn from the Danube 













Summary of impacts for  different scenarios 



Water l e v e l  s ta t i s t i c s  for d i f f e r e n t  scenarios 
Based on D w a m e r e t e  1980-89 



SU-Y OF IMPACT ASSESÇMENTS FOR SCENARIOS- 



Figures illustrating Scenario C 





Velocily curves belween underwater weirs 





APPENDIX K 

Hungarian proposale fo r  redirecting the Danube to the former river bed 



Removai o f  the closure of the Danuhe. Under the present 
situation i t  is possible ta remove t h e  closure of t h e  Danube by 
the follawing measures: 

t b u i l d i n g  a protective dam on the downstream .side of t h e  
rlosure ( t h e  discharge in t h e  Danube may be seduced to 
350-500 mJ/s for  the most crit ical  period of t h e  
operat ion) .  

- - Removing t h e  big concrete/reck blocks from t h e  
.downstream side of the closure (it can be done under dry 
conditions), 

- - Rernoving t h e  t o p  sect ion  of the closure (above 128-129 
m asl), 

- - Opening a- c a n a l  in the m i d d l e  of the closure to let the 
water wash away the c losure ,  

- - Rernoving the remnants of the rlp-rap and dredging the 
fairway downstream of the closure as needed. 

- - E x c a v a t i o n  a n d  removal of t h e  material of the c e n t r a l  
s e c t i o n  of t h e  closu're while using the resulting 
upstream and downstream dams - parts of the closure - 
as protecting dams (the hard core of the dam can pe 
loasen up by c a r e f u l l y  directed explosionç if 
necessary). The grave1 removed can be used for the 
construction of a temporary psotective dam downstream. 

Simultaneously, the removal of the downstream and the 
upstream r i p - r a p  and concrete blocks a n d  the prepara t ion  

. of bore holes for explosives on the remaining pzrts of 
the dam c a n  be done. 

A f t e r  h a v i n g  finished the removal - respectiveiy 
weakening - of the stony protection u p s t r e m  and 
downstream t h e  remaining rocky material of t he  dams can 
ke demolished by t h o r o u g h l y  directed explosions. 

- - T h e  material uashed auay by  t h e  r iver .  can b e  dredged and  
the original f a i r g a y  Fan be restored. 

I f  t h e  preparation o f  the uork is appropriate and tbere 
is a s u f  f i c i e n t  n u d e r  of machines and vehicles present 
- Z h i g h  capacity beri'ng machines, 4 excavators uith a 
minimum 4 m' c a p a c i t y  each and truck in appropriate 
nvmber  - then t h e  time demand ef t h e  r e s t o r a t i o n  on the 
.dater uay çequires n o t  mare zhan 2 months. 

Sub-scenario. P 3  

Building a nev bed/path for  the Danube by: 

= Opening an about 200 m wide canal  a t  the place of the 
future power' plant, weir and ship l o c k  at Cunovo. Ir 
requises the corr&ction of the maln bed betveen the 1853 
and 1850 rkm. 



- - Opening the left bank dyke of t h e  Danube ( t h e  newky 
b u i l t  dyke between Dunakiliti and Cunovo on the left 

, bank of the Danube). It requires the removal of about 
2 km long dyke and the diversion of the Danube between 
1854 and 1850 rkm. 

- - Open ing  an about 300 m w i d e  canal between the weir in 
inundation and t h e  right bank o f  the reservoir at 
Cunovo. It requires the removal of t h e  water intake for 
the Hosoni Danube and the diversion of the Danube bed 
between the 1855 and 1848 rkm. 



SEPARATE STATEMENT OF IlllflGhRY 

To t h e  bes t of m y  knor~ledge  moç t of t h e  techiiical-scientFffc statementa 
presented in t h e  Workltig Grotip Repcirf, are  oii the uliols cori.eot;. Houever, 
consirilerltig t h e  etiorrnclnfi rairgl: QI ~cLrnt,.Vic rtiid t~clziiic.ril det.s\ilis ~ l i d  t he  
shortage of pooelk11U t,ieij t~ ~ L E C I I G F :  a~ld CO HEU^^ t.tlt,Il rn y col lenguee,  1 do 
iiob guarritrtioe o r  b ~ l l i ~  t l i r l i  r~epi: i t~~;II~LUt.y fi'r 1.31~ ~ : C P ' L . ~ C ~ H P R F Z  cf the t e x t ,  

1 -ilm et, t.nrIl cliffi-ineh t. jnrc.~:i.I. aiice bu mnir siioi~pi?~e !.s'il8 t.qd i i i  t lde report. 
Riverbed e r ~ a i c i i  1i4 a nil til:i- pi.rqllleni A G  t:vntpii.t'el! tc ~11~lr:~gl~~aZ q t 1 e ~ t i o n ~ .  
1 c-iiiiiot. s l i o r ~  t Ile i?pl,inil~ 1 11: v l c r t  QII  !lie r.tiinf piiiil grr~i~~i' ir~e q!iaUty 
iri coiiiiect.ioti t ~ l  t l i  trie, i - e R ~ ~ i . v r . i i ' .  Th? tl~icet. t -in t y 311d t h e  r i ~ k  of 
unforeseeii a s p e c t s  a r e  t,cl? ~ t * ~ ; l  t, 1.0 ~r ; . r :~pb  a ~j mple rnrx?eUlrig monitorhg 
6tr.a tegy,  C n i i ~ e q i i e i r ~ 1  V ,  1 tic ' ? , i l  J. ?~:~~pf.nI: le 6 t,., t.pgy ~ l i ~ l i l d ,  hi m y  opmon 
EP t o  r e  t u r i t  tn  t l i q  pi e-d?ni ,:t>ridi!.l~;*ii as  ~JPF~:LII:PI~ I . I I I O P ~  ~ ~ z e i i a r i o  D. AU 
tlie O tlier ~ c e ~ i a r i f ? f i  a I Y 1 0 1  Iilp,lily ?iiipt'rcU~: t,al.ble rqit t.r:c-%me. 

He do iiak ~ . ~ l i d ~ t . c  k c  tld 1,111 J' 3 1  1 ' -  II~.'!. .rlJ-lr: '~~et!. !.,:i F f.vl!y (ri11 t he  writtlon 
command of HL. Fablo F F I I ~  vi ' lec) i.lip ql.ies t inr i  t l a ~  if, i . ~ a P l y  h e v l t a b l e  to 
cornpleke tlie r l o f i t l t  9 rif i .h i  Li;iii1ihi i t i  f ~ ? C P  vf t.l)e flr:~Clit~g r i~lr B B  declared 
b y  the Gzerl io-Slovsl~ t 'a t . ty  (:il I lie 22114 of triil:?i I t ~ l ~ ! l ~ ~ ~ l i $ 8  of people 
haza ided) .  

BI T h e  i m ~ o 6 6 i b U k y  nf n'7Jiil ?ltiiiig k l i ~  "uliclo" q t i a i i t l t y  cf ua te r  hi tlie 
former i.evei-bed a s  ag t-e?? 1 1 1  t .11~ L ~ i i r j c l i  Ag t.?  men 1.. 

TIi? i i n ~ t ~ l k a b l e  ~1 r :~ r~ l . e  of t . 1 1 ~  1 1 . q l i i i I ~ ~ f  1 . 1 ~  1.p flri:rpij by val- ious 
i l i ( l ( l r m ~ i 1 ~  t e  6 ti-ilC!!.!i t ' c ~ , .  ' l ' l i ?  1 7 1  pnl: f l r l l ~ l l ~  9116 ~ P R ' P ) '  J ~ > F . ~ ? P  E t CCC!II.C~ R K e  
par t ly  dile tci tli~sri. A l !  tlie.;e m s k ~  i t  irnpnc~iG1~ t u  replace t h e  Danube- 
 rit,^^ F ( C C P F ~ , P ~  ~fllrlet' tll< L T I I ~ ~ ~ I I  A g r e ~ m r l ~ b .  

From amoiig t l i ~  hr ~ ~ 1 1 :  -~I,:[JII.': TI 0 1 2  WPI~  1:-11~I.r f Jilg ,if f f ? ! ~ ~ .  tai l i lel* ggike% 
t h e  Czecfio-Slcvak Fgt-Ly 1 t P F r p F ;  1 IJR 1 ~ J I ~ F  if mal i i ly  dl!? t o  unknçiwn 
geologicnl  clt+rurn~; 1,aniri~ t Iilr: r p a s - r i 1  tiq J S. E 1,n te(? 111 'lie document. 
Acc~rdtiq t a  m y  c y i j r ~ l ~ i i ,  I l  i r c i l  1 J r o i  y ~ J I ~ P  t , i~  fil;nt.f,ci?rnliigrj of tlie planning, 
Tli?6e h ~ v p  q l r e ~ \ d y  r r i i ~ ~ e g !  r 1 3 n t ?  F ~ : ' P L  o b L ~ ' 1 ~ L ~ r n ~ :  

- O u h g  t o  k l i? r l l r ~ c ~ ; e d  ! i ~ r r m ~ ; l o i . ~  F; ~ . ~ - ~ I c ! ~ . I L . ~ E  111rqp8111~ cf f ! . l n ~ t l o I d J l ~  t h e  
r l a k  of floodliig l n  e1.k.a t , mli7:Ei g t.ea t ~ r  t , l is i i  Iieic t.? r l 6 a i i r - ~ ,  Citr ta Landhg  
role i a  pis y ed l i y  i,li.: ii!icti 1 1..7f?ls ~~laiiiiliig aiid tzt?iic ti.i.il:t,iv~l~ of t h e  weir 
consist lng oi fmir taiiitei. .qa LES.  



- Tlie lcr iee & e v e r  t.ec~>i.r~tp~d sirt:~~.iiiclr~at.er ta.i.d?le l.~e tselaii D u i i ~ k F U ~ l  ~ n d  
A e v ~ n y r ~ r h  ha6 fllrtlicr ~ l , i i i l ;  by 0.5-1,S mctres. 

C) Tlie proh1,lem regardhg tlie ~ ~ i r s n t i c  ~ r i f e t y  of tlie dilies 

hccordhis tci hlis ii ka terneii 1; t f ie R G  t.erL~lz 2 cl3 p ~ g e  1 t.11~ B tiemfc! i'isks of 
variant C lias t iok 1:eeii F t ! i d i ~ r . l  1 : ~  th9  Wt2rJ;J~g C:L'OIIP 111 m i t e  of the 
I l~ i i~gar i~ t i  ~ P ~ I ~ P R  t.. tl/f 1 1  reg q 1.d t . 1 ~  t:1111e t.rl.;t: tll?!i 12f t . 1 ~  C W C ~ B  hl the area 
tlie valiie of ~eifirnit: riEl; IF J i i & 1 1 ~  tq 1.I1a11 tlia t, 1 2 1  flccdiitq, becnt.iee +lie elzhg 
of ),lie d i k e ~  cf +,lie tve ta tL  I . ~ E P ~ V C I Y  RHCI t t l r 3  1.11-98 t.ri-an C J I R ~ I H ~ ~  dieregarded 
t,he EU repenti E h4 t i ? I a ~ . r l ~  fini3 lh~~1?n)rnei~da b f l ? ~ i ~  (p.& IAEA S8f ety  SeKies 40, 
$Er-SC-SI). 

Theee coiicei-11s t r~1-o  s ! . r - c i i g l j r  I i J g l i l l a l i  t ed  tic.k (i i l ly I:~Y Hie IIiii18prian Party 
b i i  t hi tlie S t i td  y J7~~791'!. c a ~ * r l e ~ l  12il t. l ~ y  H~-cil .~~-(;l i irt ' l1t?~~ I ~ I T ~ ' ~ Y I ~ ~ ' ~ J L Y J ~  (lg8fl) on 
blolinlf cf tlip (!s~cli~isJ nval: \-il? ciruri l:t.~ir tr2tn.  Tlirce pr.l:*l?lrme Ftre trio f olded: 

$- I ~ ~ l d e t * ~ ~ t , i r n a f 4 1 : ~ i i  1'1 e e l c r n i ~  r . i ~ l c  i i i  +.lie area  ** f i l  tcrrsi t y  - a r r ~ l c  t.a ticiti re la  ticlrisliir, lsclr cf site effect 
s t ? i d l ? ~  

Iri 1990 the G e r - p I ~ ~ ~ s j c - ~ d  Iri.?tf ~ F I ~ P  r l f  tlir Hiirgsi.i,w~ A r - 4 r i e n ) ~ r  tif S c * l t ) ~ ~ e ~  and 
Sel~nlir- f ' rpar . tmi f i i  cf ( ; i r ~ f j ~ f l i a  F~.iir? I ~ ~ . I . ~ F ~ ~ F I P I !  -i ,1ei11k J11v~et.ig8tion of t h e  
e e i ~ m i c  i. ICI: 111 ?,lie L i l i 1 1 ~ 1 ; l i i i  I - (.;F~I;~:U;I:~,J~. T L  Y ? .  'l l i i r  t~r~~cmnieti?at,ioii f ~ i l e r l  
ah the C z ~ ~ l ~ ~ ~ l c ~ v ~ l ~ l ~ ~ ~  FR! I l 1  ! 1 1 ~ 1  ~ f f b l  e ~ i e  T A ~ I . J . ~ ~  V I I ~  8 pr~Lirnit~ary 
i n v e ~  klgstion i n  tlis q1te.c 1 I(:IZPI) ~;l.ll:jecl; a114 I P E I I ~ ! . P C ~  tlie follawhig 
c ~ l l ~ ~ ~ l ~ i ~ 1 l :  

Tlie liazarcl i o ~ l i i i i g  f t.r.ni klie ~iii~-let ~ ~ ; t i r n n  t.ed r.rlcnil,: t-ici; 1 1 . ~ 5  11ot d e d t  ~ i t h  
by tlie Worklng Grriiip Irr f;pj t- nf t.11.: f ~ r t  t l la  t i~lieri de t.~t.rnhdiig temporeiry 
precau t l o l i 6  these mus t, be ~ i ? i i ~ i f l ? ~ ~ d .  

Thc report I ~ T I I I C ~ P F  1 1 1 ~  ~ I I  1 -wr~rlle f,fc I J ~ ! . # Z ~ .  ~ 2 ~ 1 1 y 1 1 . 1 1 : ~  i v e ,  wlioee bas i c  
approaclies ai-? d i f I c i  PII t, 

One i~ t o  r e - e ~ ~ r i l i U ~ ; I ~  t.115 f: .~  Igi11.1 E. billt,~! t:f f , t ~  ~ig111.11:e ( F C P H R L ' ~ ~  Dl, whlle 
BU t h e  ct,Iipi. *tnt.j T ~ I F F ;  F I R E  !.~:i I r I 1111 t . 1 1 ~  ? I L  ??,.II. r:~.#ilr: t l - i1~*ted et,i.i.i~:turce 
uith tlie V R ~ I U I I F ;  f v 1 1 ~  t i ~ ~ l i c  n l i l l  1 II~Z ~ : l , i ~ r l ) '  cf  i3îi~.:l ~f rn!lrerl. Tlip Doiii.ibe and 
t h e  self-t.~g!iJa t h i g  ria kl.it.aI F Y F , ~ , ? ~  a t . ~ l i i i J  1.1, iit-c l i . t - ry l?re ' t !? le  v a l t ~ e 6  of 
Hungary. Tfdç ~ y s t , e m  RF; a r~li i i ly t;.giliia t l?p i - r ~ i i I r i !  prl !?y I i i i m . ~ i t i  rnfrFtiis, on the 
ottil-r .I i~ird,  !lie vnt . j l l l i ~ :  ~ . ~ : ~ . t i . ? i . j r . ~ ~ :  ~ ~ i ' ~ ~ ~ l ~ i i ! l i ~  pi+t:1\~1' mliiinuemetih refiir t,o 
p s r t l a l  elerneiif,~ o r i l y ,  alvl ulia 1, Jr: mcjre, I,lir: r e ~ , ? . ~ l ~  t . l~ig rnea11~ 9t'e 110t hl the  
Iiand of tiurigar y .  



During Mie scssioiia of the Worldririg Group telie foUouiiig effeets aiid factore 
of pfirnary importarice c o i ~ l d  n o t  be discussed,  1.c. 

- the feas ib i l l ty  of tlia ideas  in t h e  scenat-FOE, 
- t h e  enrf~rrabFUty of Llie desoi-i l~td Iiazards, - t h e  r i s k ~  arlsiiig frrrni t l ~  drar~I>acf;is of re~erirclies. 

AU ttieae cnii (iiily l x  p:i-farmrJ aiid io.~al~.ia ted r.rit.11 tIic Eiiviimonrnerital 
Impact A s e ~ s ~ m e i i f ;  acl:ept,eil 111 !.lie COLIII  t t . f e ~  cf EC. 

Ecologlcal e v a l u s  ticii: 

- None of t l i p  f l t ' e ~ ~ t i 1 , ~ ~ . 1  h i v f ~ : ~ g I r n l  " r n r ~ ' l ? l ~ "  rf~srl-flrifii$ t.lie t?cological 
B ~ , F \ ~ . I . M  vf the 9r.e.T i ? i i  1 : ~  11~~iirll.l1:i:i1.1 0 1:i11et  ii!t iiyatern, f i iey  AU C O H B ~ ~  
of R e c i + i e ~  CE u t i a i i ~ a * r . i l l  +~ i i f :r .+ . l i .~ i i r :  i:r ~ J n i i i l ? ' . o i . l  p i - c c e n ~ e e ,  and hence 
y I V  I I .  I I  . El:r~lr:pl.~:?.! PII~~.I?LL!HR l e  i~t.t"f_HelcaLl~ cornplex 
W i  $11 IICII-I~~)PA~' ~.iyir.?ni ILT. 1 11i 1.1i tr?.~nii. riliJi?li rt?e!ilt ei hi r l i a c i t . i c  bciiaviour, 
t , l l l . l~ ;it 1~ l l t ~ ~ l . e ~ : ~ ~ i : t .  al:J ?, 

- Tlier\bc~ve-m~ii~.l~~ii~~~i"rn~~~1~.Ie"~:irIy~ir~~r~~l.~i lire ~ r i 3 8 i ~ ~ i d e  t t i edkee ,  but 
t h e  ec.il~g1r.a 1, pt.~,:ccci-s n r 1 . 1 1 ~  5 x 1 ~ ~  51:;jz I . P ~ ~ P I ~  C R I I H O ~ ,  be d iscus~ed  
uithri t r t  t l ~ ~  areaG o i i  ~F;J~ IP  t , ) i e  r.iil<nz. OII t , l ~  ~ 1 1 1 1 5 1 -  I I ~ I I ~ ~ ,  we m l 1 8  t beer in mind . 
t h a t  a e l g i i i f j c a r i i ,  1 3 ,  i r ~ v i . i . t r i i i  nf !,lie ria tiir,al v a l u ~ o  and the  ec ,a logic~l  
p o t e n t h 1  of f,he 1 h;?x jc ; i r l , i . rs l ly otr t d d e  tlie dlhefl. 

Ad 6 . 6  T l i l s  a?.?? ii~; ~ x r ~ ~ ~ l , t ? f i ~ J J y  j r n p ~ ~ . k . ~ l l h  f ~ r  t.11~ civercririterhg 
ua t e r fou i .  Fr i t  tlils v- t.y 1.-asnri ~,IEP ~II~:I.I .IF;IPII cf t 3 i e  SzGe tkOz L l t ; ~  the  
Ramsar Crir ive i i  t l r ir i  1s J i i  F L . ~ ~ I + ~ E E .  

Ad 4.3 .R.  5 r : e t i ~ i . i r : ~  cf Z:a~.:<:rl 1:.111y r:.it !JIP ~:c!r~J:.t,,:!l ~f ~:.IIP ~el'l~~dic??fll us ter  
~ ~ I . I C ~ . I . I R . ~ ~ ~ I I  n111.l T J . ~  1 r. t: !,-1:1- 1 1 2 7 ~ 1 .  I I J I I  IP !.II? 112 t.r.lr.fil e ~ ~ . e y ~ t e r n %  are 
c l  1 I I  1 .  I I  : 1 . .  . ! F i . i ~ ~ l : I i i ~ m ( > i ' ~ ,  if' t . 1 ~  iiritural 
opt.im!im r?f . l ie  u i.t.!Fif:l..?ll,~ I : I : ~ I I ~ . L . I : I ~ ~ C ~  VRI!I,PR il$ i . i i i k l ~ n w ~ i  mqi-made 
optirnlz~ ~ J . T I I  l o  L m p r ? r . ~ . i  l:Ie, ( . : C Y I I G P ~ ~ I T I I  !.i y ,  f,t~e p f r p r f ; ~  of G C L ~ I ~ B ~ . ~ O  C 017 t h e  
f l o r s ,  f ~ i i . i i i a  aiid lial?i t:,a t:.c at .?  ! ~ l i v l l y  !!iipt~e'tfc kallk. 

K ,  



' APPENDIX M 

Statement by t h e  CSFR representative 



SCENARIO BASED ON TREATY BETWEEN REPUBLIC OF HUWGARY AND 
CZEÇH AND SLOVA.. FEDERAL REPUBLIC 

1. O b j e c t i v e s  and priorities 

Objective to be achieved in this s c e n a r i o  is to fulfill t he  
T r e a t y  betveen Republic of Eungary and Czech a n d  Çlovak F e d e r a l  
Republ ic .  Priorities are t h e  sane as in Scenar io  A .  

This proposal is b a s e d  on treaty between Republic of Hungary and  
Czech and Slovak Federal  R e p u b l i c  on 16 Seprember 1977 and  
reg is  te red  by, Hungarian s l d e  ar  Unired N a t i o n s  Organization in 
frame of United N a t i o n s  Trea ty  Ç e r i e s .  Thi ' s  Treaty cane into 
f o r c e  on 30 June 1978 (United Nat ions ,  vol. 1109, 1,17334). 

Joined T r e a t y  uas elaborated on basis of v i d e  r ange  of s t u d i e s ,  
investigalions and observarions including: 
- g e o l o g i ç a l  and  seismic conditions, a l s o  hydrological s i t u a t i o n  

i n  r iver  'Danube a n d  surrounding area (Danubian Lovland), 
- pre-dam regime o f  graund vater  and p r o g n o s i s  for  after-dam 

regime inc luding  unsaturated zone, 
- p o s s i b l e  i n f l u e n c e  of vater structure o p e r a t i o n  on graund vater  

q u a l i t y  (resources of d r i n k i n g  vater), 
- r i v e r  bed , eço log ica l  situation, area of f l o o d i n g  and 

inunda t ion, 
.- cqnprehensive area  p r o t e c t i ~ n  againsE f lood ,  
- nav iga t ion  problems solution, 
- usage of hydroenergetic p o t e n r i a l  of -the Danube between 

Bratislava and Budapest. 



Joined Treaty elaborated in 1977 i n c l u d e s  following m a i r  
structures: 

A/ Water structure system ~abcikovo 
- Brusov - Dunak i l i t y  reservoir (syçtem o f  dikes, seepag~ 

canals,  etc. 1, 
- weir Dunakility, 
.- pever canal, 
- structure Gabcikovo ( n a v i g a t i o n  loçks and pouer station), 
- spillway canal ,  
- dredging of river bed downstream of Palkovicovo, 
- modifications i n  old Danube r i v e r  bed Lo stop lowering 01 

ground vater t a b l e .  

B/ Water structure system Nagymaros 
- protection measures on CSFR territory related to Nagymarot 

structure system construction, 
- protection embankment of Danube and left s i d ~  

t r i b u t a r i e s  i n c l u d i n g  underground sheet p i l i n g ,  
- dewatering system on p r o t e c t e d  area Ifrom flood), 

i n c l u d i n g  purnping stations, 
- p r o t e c t i o n  measures on Rungarlan t e r r i t o r y ,  

- p r o t e c t i o n  embankment of Danube and right s i d e  
tributaries, 

- dewatering system on p r o t e c t e d  area (frorn flood), 
i n c l u d i n g  pumping s r a t i o n s ,  

- s r r u c t u r e  Nagymaros (ueis, navigation locks and power 
s t a t i o n ) ,  

- d r e d g i n g  of r i v e r  bed domstream of Nagymaros. 

Except above listed s t r u c t u r e s  f o l l o w i n g  problems vere solved on 
basis of n a t i o n a l  investments: 
- branch network syç tem i n  a r e a  o f  power cana l  on  left a n d  r i g h t  

s i d e s  o f  t h e  Danube inundation area, 
- eco log ica l  o p t i r n i z a t i o n  of use of Danubian  Lowland area 

affected by construction of Gabcikovo - Nagymaras Barrage 
System (~iopraject ) elaborated in 1 9 7 8 ,  dealing uith 
Czecho-Slovak t e r s i t o r y ,  

- vide area monitoring of D a n u b i a n  Lowland environnent affected 
by construction and  operation of barrage system.  

Works on structures realization s t a r t e d  according to the  Treaty 
p l a n s  on CSFR territory in 1978. 

A /  Water structure systern Gabcikovo 

1/ construcced structures 
- al1 s t r u c t u r e s  i n  Hrusov - D u n a k i l i t y , d a n  except  right side 

embankment in Szigeti Duna a rea  af  r i v e r  bed on Hungarian 
t e r r i t o r y ,  

- Dunakility ueir on ~ungarian territory e x c e p t  closure of 
Danube r i v e r  bed in km 1842, 

- .al1 s trucfures .of power cana$, i n c l u d i n g  i n t a R e  s tructure  
into l e f t  .side r i v e r  b ranch  system., 

- a l1  s t r u c t u r e s  o f  Gabcikovo s t ruc ture ,  from'8 aggregates of _ hydropover p l a n t ,  5 are f i n i s h e d  a n d  3 a r e  in h i g h  s t a t e  of 
construction, 

- a k l  s t r u c t u r e s  of s p i l i w a y  canal, 



- al1 par t s  of reservoir (seepage canals, dikes, e t c . ) .  

2 /  not yet constructed structures - dredging of river bed dovnstream from Sap (Palkovicovo), - modifications in old Danube river bed (underwater w e i r s )  
(both theçe structures were supposed to' be b u i l d  aceording 
to the Treaty by Hungarian s i d e ) .  

N o t  constructing water work Nagymaros in the r k m  1809 - 1708 vi l1  
have following negative effects: 

a /  Navigat ion 

By discharge 1200 m3/s at the rkm 1809 - 1803 moving Sand bankç 
and fords  wib l .  emerge, the depth of water wi31 be less than 2 m 
and navigation width will narrow to 120 m. To ensuse. nav iga t ion  
there will be necessary to realize some additional works ( e . g .  
dredging).. For the  same discharge  there exists sirnilar fords in 
rkm 1734 and 1722. In these locations the bottom c o n s i s t s  of hard 
rocks. 

b/ Flood 

Not dredging of t h e  r i v e r  bed $y Sap (Palkovicovo) i n  rkm 1820 - 
1800 uill cause that the  f l o o d  l e v e l s  w i l l .  be nuch higher than 
supposed by t h e  Treaty. Because o f  th i s  there were no supposed 
anti-flood measures. O n l y  for t h e  i l l u s t r a t i o n  the flood wave in 
1991 caused i nc rease  of water level to t h e  a l t i t u d e  117.29 m 
a . s . 1 .  D i s c h a r g e  during t h i s  flood was t h e  l e v e l  of 50 years 
recovery. Accordin,g to Treaty discharge corresponding to water 
level 117. 25 m a. S .  l. is 100-year' s recovery  flood. 

B /  Water s t r u c t u r e  system Nagymaros 

I/ conslruçted structures on CSFR t e r r i r o r y  r e l a t e d  te water 
s t r u c t u r e  Nagymaros 

- protection ernbankment of the Danube and l e f t  s i d e  
tributaries including underground sheet piling, 

- dewatering system on p r o t e c t e d  (fron flood) a rea  i n c l u d i n g  
pumping stations of which 80 % i s  c o n s t r u c t e d .  

We have no information about level of completion of protection 
neasures on Hungarian terrltory. 

2 /  not y e t  constructed structures 

- water structure Nagymaros (ueir, navigation locks and power 
s t a t i o n } ,  o n l y  protection enbankment and foundation pit vere 
done, 

- dredging of Danube r i v e r  bed under Nagynaros. 

R e a l i z a t i o n  of these structures vas supposed to be done by 
Hungarian s i d e .  

 aii ion al inves tmentç  structures: 
- modifications of brancb system accosding to t h e  o r i g i n a l  
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treaty is 80% done on both sides of the Danube, 

- some work proposed in Bioproject was done and f o r  completin 
works 2.4 billion CSK was reserved, 

- vide area monitoring system of af feeted  territory i 
constsucted and operational. 

Leual aspects 

According ta the  Treaty fram 197-7 f i r s t  aggr-egates  i n  watei 
structure Gabcikovo should be o p e r a t i o n a l  in 1986. 

In 1983  by Treaty between Hungary and CSFR t h e  d a t e  wher 
aggrey.ites should be operational was changed to 1990. On t 
Februaïy 1989 because of Rrrngarian side request was agreed Ir 
months shorter term f o r  aggregates to be operational. Term f o l  
cornpleting work on whole barrage system was s e t  to 1994, 
lncluding the Uagymaros water s t r u c t u r e .  

According to the Treaty  $ischarge from Dunakility to old Danube 
r i v e r  was c o n s t a n t l y  5 0  m / S .  

1 3  May 1989 Hungarian government  inf ormed CSFR government abou t  
s t o p p i n g  t h e  works on Nagymaros water structure. 

2 2  May 1990 Hungarian g o v e r n n e n  t i n f  ormed a b o u t  s topping a l 1  
works done by Hungasian side on vater s t r u c t u r e  Gabcikovo. 

19 May 1 9 9 2  Hungasian government re leased  i n f o r m a t i o n  about  one  
s i d e  a b o l i t i o n  of J o i n e d  Treaty between CSFR and Wungary from 
1977  b e g i n n i n g  2 5  May 1 9 9 2 .  

From t h e  f i r s t  day of s t o p p i n g  w o r k  Qn .water s t r u c t u r e  Nagymaros 
took place nunber of meet ings  be tween governrnents.  A l 1  psoposals 
s u g g e s t i n g  returning t o  t h e  original ereaty vere unsuccessful. 
Federal govesnment of CSFR by its resolution No. 7 9 4  dated 1 2  
December 1991 af ter last: unsuccessful meet ing  decided to build 
temporary structures only on CSFR territory v h i c h  will e n a b l e  
operation of Gabcikovo water structure (Varianr C). 

2. T e c h n i c a l  a n d  uater n a n a g e n e n t  a s p e c t s  

Technical ' proposal: 
a /  CSFR part insists on conpleting of vhole b a r r a g e  system 
a c c o r d i n g  t o  the conditions fson Treaty E r o n  1 9 7 7  (peek  power 
production from Gabcikovo). V a r i a n t  C enables complet ion of a l 1  
works as l i s t e d  i n  Treaty and a l 1  construc: 3n done on V a r i a n t  C 
are then vithout s i g n i f i c a n t  e f f e c t ,  i t  i s  ~ ' ~ n c t i o n a l l y  temporary 
solution until that stage. 

b/ We take i n t , o  consideration situation a f t e r  c losure  o f  Danube 
river bed in km 1851.73 and ve suggest to iealize supply of vater 
inta river branch network by these' neasures:  

1f immediate temporary s o l u t i o n  
- flow trough under water veir in Danube river bed 

approximately i n  place of o r i g i n a l  closure of Danube river 
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including navigation f a c i l i t i e s ,  e c o l o g i c a l  damage, floodic 
r i s k ,  it is not possible to stop "al1 works" until the  a l b  dike 
are f o r t f f i e d  at the projected l e v e l .  By-pass weir controllin 
the flow into the river must be f u l l y  . ope ra t iona l  and th 
f l oadpla in  weir in inundation should be ready for o p e r a t i o n .  ~h 
service roads should  be  ready and su r round ing  area tidied up, ~h 
b e s t  optimization solution will be reached if a l1  managemen 
tools  are ready. This means 
- i n t a k e  s tructure  into the Moçoni Danube, 
- weir in the inundation, 
- weir on the by-pass, 
- a t  least f i v e  tu rb ines  a t  Gabcikovo, 
- intake structure on power canal ,  
- aux2liary weir and laçk. 

The importance of these  s t ruc tu re s  is descr ibed in Ëact Findinç 
Mission. During the  winter ternposary manipulation t l m e  table i: 
v a l i d  (until 30 March, 1993). This manipulation time t a b l e  is s e t  
together that way that also 100-year's f lood can pass  th€ 
structures. 

blessures, studies and uater management for the following 
year 

For the following y e a r  it is necessary to elaborate manipulation 
t i m e  table which w i l l  be valid until the block of a u x i l i a r y  weir, 
l ock  and turbines is r eady .  This m a n i p u l a t i o n  time table s h a l l  
i n c l u d e  optimization of d i v i s i o n  of w a t e r  d i s c h a r g e .  

D e t a i l e d  monitoring of d i s c h a r g e ,  wates l e v e l s ,  ground water 
levels and ecological factors should be carsied out a n d  
evaluated to prepare background f o r  following optimization. A l 1  
measurements are c a r s i e d  o u t  on both sides a c c o r d i n g  to agreed 
m o n i t o r i n g  system ( e .  g. F i g .  8. 1). For evaluation o f  measured 
da t a  it is propose6 to create  rhe  çommon group, e . g .  undes  the 
status  o f  PHARE. 

Measures, s t u d i e s  and  water management f o r  t h e  longer term 
water management 

For t h e  long-tern studies of eco logy  related to water resources  
and management we a r e  p r o p o s i n g  to sign t h e  document expressing 
the  cooperaticn i n  the framevork of progran PHARE attached in 
f o l l o w i n g  pages. 
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Agreement on J o i n t  Çzecho-Slovakian and Hungarian Cooperat i o n  on 
t h e  PHARE - Environment Protection 

SURFACE WATER AND GROUND WATER MODEL OF DANLJBIAN L W L A N D  
BETWEEN GRATISLAVA A N D  KOMARNO: 

ECOLOG I Ç A L  HODEL O F  VATFR REÇOURCES AND MANAGEbfENP 

Ground water is one of the most important 05  supports for 
human life and f lora  and l a u n a  ln Dsnubian La.;iand, hu;n in 

Hungarian and S lovak  territory. The tr-ends i n  the quklity of 
ground u a t e r  are vorry ing.  Degradatiori  and pollution O C  l round 
w a t e r  is fat- m o r e  s e r i ous  t h a n  we thought and t h a t  t h e  qua1 ity of 
f he ground uater  i s  deteriorating f a s t e r  t h a n  has hitherCo been 
a s sumed .  

In order ta irnplement a s c i e n t  i f icall y b a s e d  ground ~ ' a L c r  c u ~ i L r o l  
p r o g r a m m e  in t h e  Oanubian  lo~land terr i  t o r y  i t neccszzr-y t h a t  
a scient if i c  research programme w i  11 t.e an common p r o q r z n i r c  O C  
h u g a r i a n ,  s lovak and in te rna t  i o n a l  s u r f a c e  K a t e r  and cr-owd ; t t c r  
Specialists. This prç?Ject  shaL1 ):.?!;: to i l  the 
international coopcral ir,n i n  n,lnn:b i l 317. . ? . ' r - . ?  . ::,! ' .. ::. ' . 
b r i n e  ta a coaperation hungarian and s l o v a t :  specialisl.:;. 

m e  abject i v e  of t h e  requircd c e r n p r e l i c i i ~ i ~ ~ c  studj. is Lo r:..*;ilcrate 
and verify t h e  e f fec t s  of 11,-evious activitics and t ) y  tlir: rieu 
hydraulic system of hydropower developrnent .  The c ~ a l  j s to dcf  i f i c  
t h e  rernedial actions 2nd ~ptimization of a l 1  miltual 
in ter ferences.  A permanent opt imizat ion and management m d c l  i s  
to be develo~ed by this project. 



Slovak,  Hungarian and f o r e i g n  e x p e r t s  vil1 act and work t o g e t h e r  
as an independent varking t e a m  and will t a k e  main methodological 
responsibi 1 ities i n  the organizat ion and execution of the 
projecl. This group v i l 1  be included i n  coordinative and 
investigat i v e  group "Ground Water" vh ich h a s  been est ab1 ished at 
t h e  Faculty of ~ a t u r a l  Sciences, Comenius University in 
Bratislava. 

Description of conditions, specific problems to be taken i n t a  
account and tu be solved, methodological approach Is given in the 
"Invitation of praposals" of t h i s  project .  

A t  the beginning 01 the project def  i n i t i o n  study should be 
prepared. This  s t u d y ,  or so called Pncep t ion  report shall focus 
on the ' definition of special subjects re la ted  to t he  
environmental and ecological e f fec t s  o n  t h e  Danubian lowland. 
T h i s  study shall prepare a working plan of required detailed 
studies and the integrating policy analysis study to be car r ied  
out. The m a i n  goal is the identification of the system, k t s  
çomponents, and its boundaries u i t h  other  systems within the 
n a t u r e  and n a t i o n a l  economy. Decisions on w h a t  should  be included 
i n  e a c h  system and subsystem is a p a r t  of t h i s  study. The main 
p a r t s  of t h e  system are: su r face  water, ground w a t e r ,  
agriculture, population, ecology m d  nature o f  Danubian l o ~ l a n d .  
Inception report shou ld  be prepared until a rnonth a f t e r  s t a r t  of 
w o r  k .  

A t  t h e  end o f  the p r o j e c t  Zn l n t e e r a t e d  r n o d e l l i n g  system 1s to be 
developed.  T h i s  system s h o u l d  be a b l e  to run simulation models of 
r i v e r  flow, ground u s t e r  flou, ground v a t e r  qualîty m d  lnpzct of 
agriculture on ground .nater to prov lds  betlter u r i d e r s t ~ n à i n e  oï 
the interrelateci processes involved, t h e i r  i n t e r a c t i o n s  and b a s i s  
for deçision making. 

Bratislava - Budapest ,  2 6 .  O c t .  I G ~ O  

I n g .  D o r n i n i k  Kocinger Dr. Ceoree Sarnsondi G iss 
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COMMISSION Bmssels, January 1993 
OF THE EUROPEAN 

** * ** COWIMUNITIES 

Diirecloral@ Gencral 
Exlcrnal Rclaiiuns 
IICSI 

Discussion Paper 

Draft principIes for the estahlisliment of 
a Tenlliorary Water k l a ~ ~ a ~ e r n e n t  ~ e g i m e  for 

tlie Gabcikovo System 

A water marinsrmetir *- . . iilong tlie lines of the London Azreed Minutes of 
October IS ,  1992. and  based iipon rlie "Rcpon froin €lie Working Group of 
Independent Expcns otl i 'nriant C of tlie Gnbcikovo - N~_c>maros Projeci, Novernbrr 
73, 1992", will Iiave to bz tnain:nitird for tlie prriod hefore final judgement oii the 
matter by the Iiiterna1ioti21 Coi117 of Justice. 

The te1ii1mrai-y rrginie, oi- tlie Iileasiirrs to br: npplied tlisi~~eforr, \vil1 ii i  i i o  
respect prejiidice the  fiiial solution following the j~idyernr~it of  the Iiiteniationlil Corin 
of J~isiice nor i~ripnir the rights of tlie tlie tivo partizs.. 

A Watrr bInii3-eriic.1it nrld lvloriirorins Conuiirree shouId be establisIied iii 

ordcr to siipervise tlic o~irra t ion of the n ~ r e c d  reçime arid make reco~iimrndatioiis for 
adjustnients if i i e c e s s r i r y  

'Iiiis p p e r  roritains only the genernl outline for ivater management regirne. 
The technical detnils will eIaborated in the form of n Deioilrd IIJ(rrei- 1CIc1i1npetiicrif 

Alcinr~al prescribing lro\v the water management sIrouId be camed out. The Water 
hlanngement Manual \vil1 be prepared by Technical Experts before February 70, 1993 
and finaIIy agreed by the two Parties before March 1, 1993. 

In order to prevent substmtinl negative environmental impacts on the flora 
and fauna in the affected area the Ternporary Water Management -Regime will be put 
into operation before March 10, 1393. 

A FYrriw Mrrriirjiciii~nt and Monitoring Coiiintitree will be established by the 
two sides in order to (i) supervise and control the operation of the Temporary Water 
Management Regirne; (il) propose adjustment, whenever neçessary or suitable, in the 
regime based on riew information and data and (iii) launch and monitor a 
comprehensive HungariadSlovak programme of environmental monitoring, studies 
and modelling and (iv) assess the implications of exceptional circwnstances i.e floods 
and jce and make recommendations for remedial measures. 

Rur iI* ia Iai 200 - SI049 B w t .  Bclgtum. 
Tclqih~nr :  dliccl linf 135.1 433. wtrftrrlai 136J3 J3 - b z  135.15~l1- Tdrx ÇOMEU B 21877 - Trlgraphlc i d d r m  COMEUR Brvmlr 



The guiding p ~ c i p l e  for the work of the Water Management and Monitoring 
Committee is to ensure the long term viability of the Danube and the preservation of 
its natural resources as well as the protection of the environment and ecoIoglcal 
conditions both down stream and in the surrounding region, whle at the same tirne 
take into account relevant considerations and legitirnate interests of both parties. 

The Temporary Water Management Regirne will be based on the daily 
discharge recorded at Bratislava with the dcduction of the following esthated 
discharges : 

Fallo\\,ing ilie reconiineiid3tioiiç of tliz \i70rkiriç Group of Technic.zl Esperts it 
is essentin1 to mnintaiii tlie n;ltur;il fluctiiations, and tlie \Vater Manngerrienl Rezii i~e 
\\miIl bz opzrnted, as n ~e11t1-aI  prirlciple, bnsrd oti relative figiires (?'o O F  total 
d i s c h a r ~ e )  

Tlie R r ~ i m t :  i i r l l  br optrnted based on srx.orial fnctorç nccordiilg to the criteria 
p re i idzd  brloiv. Tlie Re;iiiic mny be karicd undrr exception31 conditions by 
agreement i i i  the \\',?ter h,fnnngemeiit and h*Ionitorin~ Cornrnittre. Ii ilil1 be ensured 
thnt the Dariube arzd iis floodplain receives at lcnst 7 - 3 floods every yrar, \{*hich \vil! 
iniply that in somz of the flood situations alrnost al1 of tliz disellarge \vil1 bz directed 
to tlie Daniibe. 

III the months November to Febniary the  discharge will, subject to the 
esceptional circumstances mentioned belaw, be distributed with 50 % to the Danube 
Rives and 50 % to the Navigation and Poiver Canal. 

According to the recommendations from the Slovak Commission of the 
Environment not less than 600 m3/s shouId be disçharged to the Danube in the winter 
period, and whenever the discharge falls betow 1200 rn'ls, the flow to the Navigation 
and Power caria1 will be changed accordingly in order to fulfil this requisement. 

Rut de Is in1 2DU - D-1019 B ~ U I T I L  - Belgium, 
Trtrphonc; direct Lino 29G56.79 - srrrl lari it  29627 313 - IrX 195.75,01- Telex COIEU B 21877 - Telqri{ihh *drlrcn CO,Wt.fR Brurrtli 



The Water Management and Monitoring Cornmittee will, based on the 
information provided by the joint monitoring and appropriate expert advice, make 
timely recommeodntions ta ensure the irnplernentation of provisional rernedial 
measures in order to avoid environmental damages. 

3.2 Siimnier Seasen 1Period March - Ortoberl 

In the vegetation season tlie discharge to the Danube will be as follows: 

An es ri ri rit roi^ O F  tlie nctu;il disclinrgc to tliz Dniiuliz R i w r  niid ths Nnvi:ntiori 
and i'oivsr c3n:il b a x d  on tliz crilrrin describrd above is fourid iii  Annes A 

The coiistruciiori \toi-k necessnry iri ordtr  to 1ri;iIiage t l ie Tein1-iorni-y \Vater 
hllinagenirnt Rrçirne accordiri; to tlre critsr i:i i j :  

A. Coniplction of ihe protrctiori \vorks brliiiid the by-pass \\,tir, 

B. Coinpletion of [lit: cntrs and tl~r protectioti u o r k s  beliitid the flood phiri 
(inundation ireir) 

C. Repnir of  damages caused by tliz November flood. 

The Tempornry \Vater Management Resirne will be put into optrtition ~ i o t  
'later than March 10, 1993. However, dependent of teclmical feasibility a gradua1 
implementation may be necessnry. A joint HungariadSlovak technical missio~i will 
based on the status of the construction work prepare a detailed implemcntation 
schedule befare February 15, 1993 



5. Ti111 in 

The timing can be summnnsed as folIows: 

l Not later than i Final accepeptance by the two Delegations of the 
March 1, 1993 Detailed Water Management Mrinual I 
Not later riian 
Febmriry 20, 1993 

Technical Experts finalise the Detailed Water 
Manaçement Manual 

Not later tlinn 
Febi-uary 20, 1993 

Rue PP ia  hl 100 - 8-1049 IIruuah-Balplum. 
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First afficial meeting of the Water Management and 
Monitoring Cornnittee l 

Not Iater t11311 

Mar ch IO, 1993 
Temporary \Vater h*ianaçement Regirne is put into 
operation. Dcpetideiit of teclmical frasibility a sradual 
iniplenielitntion tn3y be necessary. 4 joint 
Hungnrinn/Slo\~nk trcliriicnl mission \vil1 b a c d  on tIie 
stntus of tlie construction work przpare n detailrd 
iriipl~metitntion scIirdult: bcfore Februnry 1 5 .  1993 



Estinlate of the actual discharge - ta the 
Danube and the Naviiration and Porirer 

On tlie basis of  the distmbution rules outIined in cliapter 4, tlie division.of watet 
between tlie Danube River and the Navigation and Poiver Canal can be calculated. ln order to 
calculate tlie avenge nionthly and annual figures it is necessary to take into account the large 
discharge variations witIiin a montli. Tliis result (in the sumrner season) that different 
precentage figures (50/6017Ç) have to be applied to different days within the same rnonth. 

The Conitiiission does not have a long time series witli daily discharge values which 
is necessary for the exact calculatioii. Tlie figures giveri in tlie two tables beloiv are bxed on 
niontlily avenge discllarge ( 1  90 1-50 series). tlie discllarge duntion curve ( I  901 -90 series) 
and a gross estii i iate of rlie itiiportance o f  tlie daiiy variations. 

Table 1 Estirii3ted ~iiontlily aiid nnnrial disclinroe to ttic Dariube riiid ilje N s ~ ~ i c ~ t i o n  
arid Poivrr Cam1 

Februnry 73 r) 50 1 730 50' 

Rue i!c lm LOI 100 - 8-1049 Bruuch - Bgium. 
Tclc~ihon~; U i i t  19656.79 . 1rcr6larial19653.13 - raz IPS.75.02 - Tclex COhIEV D 11877 - Te1r:rilili~c i3iLar COéIEUR B r u i l s  
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T 
he Donube River receives woter fram 
more thon a hundred tributaries, drains 
sediment and waste {rom a huge bs in  
encornpassing 76 million people from 
ien notions. The Donube's main water- 

vay passes throug h ten cities of more thon 
100,000 inhabitonts. 
Conflicts of interest have olways b e n  smoulde- 
ng bet~veen communities and vurieties of users, 
ut they have becorne more acute since he col- 
ipse of he Soviet ouhority: the development of 
ydroelectriciiy requïres the construction of doms; 
lvigotion relies on o steaciy flow through colibra- 
d chonnels; but irregulor flow and even f l d s  
.e indispensable for olluviol ecosysiems, for 
hing and agriculture; Farrning needs quoniiiies of 
?on woter, urban and rural propufations olso 
ed potable water while induskicil prdvction, 
?rrnol and nuclear poweir plants drow on the 
.er for cooling, and pollute the some river. 
*dless to say, oll hese conflicts becorne more 
m e  k o u s e  hey ore by essence, internotionol. 
4s early as Seplember 1990, fess thon one 
I r  after the collapse of the Soviet empire, I 
'de a prefiminory survey of the Danube, flying 
TI its source to its delto. From my helicopter, i t  
s obvious hot he hree muin and charocteris- 
problems of the Danube were he Gokikovo 
n, he Kazlduy nucleor plont, ond the delta 
If. 

The Gabcikavo dom, seen {rom the oir Imks 
like o huge scar, CuRing oçross o spl~ndid olluvial 
forest. The problem raised by his rnonshuous pro 
iecf is exernplory It involves energy production - 
woter resources - fishing - foresv - nationol 
boundaries and he proieciion of natural ecosys- 
tems. Il ilhfshotes lhe complexity of environmental 
problems systernoiic onalysis of woter is, t&oy, 
insuff icien t. Wholistic ecologY includes al1 issues, 
environmen 101, iicol, economic, social, onali- 
zed not only in he short term, but also in the long 
on$ he  very long rerm. 

The Kozloduy nuclwr p w e r  ploni in Bulgcria 
includes six reoctars; four of hem ore of obsalete 
design, pool condiHon, und respresent for oll 
Europe a poteniiol, closer and more drastic hreat 
thon the Chernobyl disoster. II's siuùy wos exem- 
plory, beçause it reveoled thot, in the Eastern 
European counhies, energy was wasred to such a 
degree hot, .if energy saving was comparable io 
ihe Germon level, hose couniries could afford 
severol pars of ropid developmenr withwt nee  
ding new sources of energy. 

The third critical area is he vast delto of the 
Donube, where the river's waters splir in three 
main branches, enclosing o rich province of 
marshes, lakes, canab and w d s  gifted original- 
ly wirh ciareut variety of fish ond serving os nes- 
ting grounds for hundreds of thousonds of migro- 
ring birds such os pelicans and swons, This 
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unique noturol park hos been subject to domo- 
ging enterprises: digging transverse canok which 
obstrvct he normal {low of water, o lentotive PI- 
derisotion, othecting foreign hunters, rnining non 
existent rninerols, harvesting reeds for o paper 
miIl hot abriive, etc. However, the delta 
5tiH remoins unique and rqui ie energetic bui reo- 
sonable protection. It has been proposed ihoi 
UNESCO declares the delto pari of the human 
kind's heritage. 

There is a striking conhast between the reoscr 
noble and piciuresque way the river bonks are 
doted in Gerrnany wiih b t h  historic cosiies and 
cl&n ~actories ond further eosr, wih old foshio 
ned, pllvting industrial '~ornbinats" Urgeni ond 
elementory environmentoi proieciion measures 
must be implemented wiihout deloy The interna- 
tionoi çommunity hos he  responsabiliv IO provide 
efficient aid ta all ihe countries undergoing the 
difficuli hansilion b e w n  siateplanne=J and hee 
market economies. 

As mly  as 800 AD, Chorlernogne wonteci to 
dig o novigoble conol joining he Rhine and the 
Donube. The idm of a fluviol novigotion system 
between the North Seo and the Block Seo wos 
revived recently, and the canal Rhine-Moin- 
Donube (RMDl was inouguroied in 1 992. Eorlier* 
the Constanzo conol, bypossing the delio hod 

b e n  opened to barges hnd Sagoing vessels. Ii 
remoins to be E n  whot proprtiwi of the freight 
wilj use fluvial, rad, rail or air hansportation. 

Focing the above rnen6onned incomplete list of 
conflick, Equipe Cousteau ond its prhiers, ofter 
two yeurs of thorough investigations, n o w  p r o p  
se constructive ond practicol solutions: optimum 
exploitation of renewa ble energy sources and 
maximum energy efficiency - protection of the 
alluviol f ldploins and of the delta considered 
os port of the world's heritoge - realistic mana- 
gement of Fluvial transporta tion - improvemen i 
mi the woter quoliiy of he  Donube. AI1 such mea- 
sures must be ioken in the perspective of long [or 
very long) term. 

Finally, we propose the creation of o Suprsme 
Council of he Danube. This internoiionol body 
would colleci oit avciilable doto on he environ- 
ment in eoch Donubian Counby, II would issue 
proposais in fields as diverse os energy, trons- 
port, noturol parks, tourisrn, woter, a tmospheric 
and soil pollution. These recornmendations would 
help each governrnent to deceoily proiect thz 
righ~s of Futures Generoiions in thrs port ai the 
world. 

Jacques-Yves Ccus:au 
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A C R O N Y M S  A N D  I N I T I A L S  

CEC 
Ci5 
CM€ A 
CNRS 
GDP 
IAEA 
lUCN 
OECD 
UNEP 
UNESCO 
WANO 

t 
Mt 
toe 
kt= 
Mtm 
MW 
kWh 
GWh 
Wh 

DDT 
PCB 
PA H 
HEOM 

Ramsor Convention: 

Commission of the E u r o p n  Communities 
Commonwealth of Independent Siofes 
Council for Mutuol Economic Assistonce 
Centre Naiionol de la Recherche scientifique (Fronce) 
G I ~ S  hmesl ic  Praduct 
Internoiional Atomic Energy Agency 
Internalional Union for Conserve tion of Nature ond n o b r ~ l  Rzrources 
Orgonizotion for Economic Cwperafion and Development 
Uniied Nations Environmenfol Programme 
United Nation Educotion, Science ond Culture Organizcticn 
Word Asmiotion of N,clecir Operotors 

!on (menic] 
million tons 
e n  of oil equivolent 
1 oc0 toe 
million tw 
MegoWoit ( 1  O ~ W J  
kilowatt. hour 
GigaWon.hour 11 y9whl 
TeraWatt.hour 110 2 ~ h )  

Dichlorodiphen 1-~ichloro ehane 
Polychlorino ted II ipheny 
Polycyclic aramlic hyd rmrbon  
Hexone extractable orgonic mtericrl 

Becquerel 
Curie 
Gray 
Sievert 

&dorotion of he  cooperotion of ihe b n u k  counhies on water 
management ond especiolly woter pllufion contra! issues 
of the River Danube, occepled in Buchorest, k e m b e r  13, 1985. 

Convenh'on on Weljonds of International Imprionce espciol ly 
as Waterfourl Hobitut, k n w n  as the Rornar Convention 
from its place of adoption in 197 1 in Iran (enhy into force Io te 1 975). 
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AAIN RESULTS AND RECOMMENDAT-IONS 

PART 1 
WET ZONES OF THE DANUBE 

ALLUVTAL FLûûDPLAf NS 
AND DELTA 

The Equipe Cousteau, oc:ing on ihe &sis of 
HO y m r S  exploration and field study of the grecit 
illwial plarns of the Danube, hos carried aui on 
i~erdisci~linary ond iniernotionol reseorch pro 
lrornrne with the airn of developing o proper 
ornprehension of h w  these river vskerns work 
ind highlighiing heir role in order to envisage 
ornplete overall monogernent enobling them to 
ie cooserved. This reseorch work, which is 
lased on the synihesis of knowledge ocquird 
oncerning western Europeon and Amerrccn 
vers, hod the obieciive of extraplating lessons 
om mistokes in the management of developed 
vers in industrialized countries ond 06 s~imulating 
uperience transfer be-n Eostern and Western 
>untries in order to preveni the types o f  irreve~ 
ble misrnonagemeni thot c o u d  he diapp-- 
ince of the ollwial brests which formerly l i n 4  
II the western E u r o p n  rivers. 

ALLUVIAL FLOOPWNS 

f i e  olluviol zones of he Danube basin constitv 
a unique heritoge which is necessary to the 

ter5 Iife and to quantitative ond qualitative 
aintenonce of the groundwoter tobles, on$ 

conseqwndy tw he quolib 01 drinking waier for 
millions of people. They ore the richest naturol 
regions in Europe in terms of biadiversity, bio 
moss and prductivity. 

Alluviol Rdp lo ins  play a key role in the IiC 01 
the river, IO which they ore closely Iinked. a 
large pari of the founo reproduce ond develop in 
hese plOin5, ond hey serre os o refuge [rom pl-  
lution and f l d i n g .  They ore olso used by onimol 
ond plant species os migration ond have1 corri- 
dors. 

Alluvial fldplains, but mointy ollwial loresis, 
provide o most efficient sys:em for pvrifying waiw 
ond recycling o~ganic moiier. The ossimilo~ion of 
nutrients (phosphotes, nihates) by terrestriol and 
oquaric plont life in the olluviol ploin offers on 
importnnt lowcosi and efficient mwn to purily not 
only the woter of the river but olso the groundwo- 
te 1. 

Alluviol plains also oRer proieciion ogoinst flm 
ding, by slowing the fiow and giving the water 
s p c e  io spreod out. In addition, the vegetation 
along the riverbnks and the ploin generotes fric- 
tion hot furiher slows woter s+, ond seepoge 
decreoses [ I d  level. The preseni trend of conoli- 
mtion, on the controry, incrases the power ond 
propogorion s p e e d  o f  O B d .  

Thes ollwial f l dp lo ins  ore tfireotend ond 
run the risk OC k i n g  definitively 1051 i f  immedioie 
rnwsures ore not taken for their conservation. 
The drying out of the Hungorion Sz igek~z und 
of ihe Slomkion Csollok6z coused ty diverting 
the Donulx to fiIl the Slmkion Gokikwo dam 
and the destruction of the alluviol forest of 
$pcki Rit by the wor in Yugoslovio ore serious 
wornings. 
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td Io resroring On o'luviol F ' "~  - relocoiing the dtkes by o&vi viol f idplcrns m~'si ke the h e f i  

reveml hundred meters on -ch ciaries of in ternc~icncl clcssiiico- 
The werk could s w ~  os a d e l  side of the b w  woter I d ,  tims ken; UNESCO or Rcmsor fa 

fcr oll such atternpts mcde an the - reinstoting mnneciions b e t w e n  example, wh rch recammend 
k n u b  M &fier rivers in ternperc ihe ma rn river chonne1 ond mcnogement o d  FrciMicn E g v  
te regims ~ e t m d ~ r y  chonne's, joiicns 

THE DANUBE DELTA 

The Equipe Cousleou ha3 k n  conèucting field 
r:udies in the Dçinube Delto in coopecotion wiih 
inhobitonts, scieniists ond offtcrols. Tiie COUS~WU 
teom spent severol weeks in the h ~ 3 r 1  of the 
delia, both in winter ond in surnrner. The tecim 
used oll ovailable means (helicopter, Zodioc, 
r ~ w h  t. ..), to explore the delto including ik hor- 
desi-toreach oreos. Nvmerous meetings were 
orçanised w ih  local people and spcial attention 
was poid to iheir vision of past ond future 
changes in heir region. The mehodicril grid-pot- 
tern helicopter survey of the delta ployed an 
essential part in he  genrro~izotion of accuroie 
but sp09 fieldçollected informiion 

The ûanube delio is s:ill on unutuclly rich n a h  
(01 orm, despite he srirnelimes hmvy ce!erioro- 

,n iinites on tion i t  ha: undergone in ~ l c c e s .  It cfi c 
exception01 heritoge recoanized by the internc- 
tionl communib; os o UNESCO "Biosphere 
Resewe" 16 proiechcn mus; r ~ a i v e  cbsclurz prio 
riv. Conwquendy, h e  Equip Cousmu pcid pop 
ticular ortention in compiiing cn inv~ritcry 01 ihe 
t x a y s t ~ m  ond in pr-sino a rnanagemlt pion 
which enablec, he inhcbitontr of the d ~ l ~  to l i v ~  
svîicbly in bking advontoge cr' i t i ~  riches el he 
de!b whik protecting hem. 

b i s  work, corried out in ç l o ~  caperoitan with 
the Ministry for the Environment, Romanio. ond 
IUCN, wos preseriied ot the Buîhorest confsren- 
ce "Tavritm and Conservoiirin of Deltos' [Sep 
temkr 1992). 
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so immense o&l impetroble ihoi upset ils overoll ecdcgical bolan- 
a L n A  , r tbey provide excellent protection to ce 

The &siderohle éffoit expen- wildiife, especiol itie remrkoOIy 1; ded to ochieye opproprioie dwe abundii f  birdli e,  Beiore laun- . Ecctovri~m ond occwnrnodo- 
lopmentofttieDon&deltoond ching a cosilv and uncer ia in tiaiwitfikalpeople 
poteci ihis excepiional pri d th 
worid's heri~oge is lightly to fail r f  it 
is not supporied by o visionory 
pliiiwl driving face. This pdrticol 
driving force needs a legislotive 
frorn&ork consisteni with opptictr 
lion of ihe monogemeni recum- 
mendoiioos mode under ihe q i s  
of the Riosphers Resrve 

'The Biosphere Resewe Atrthority 
will hove fo ensure ihoi relaiioos 
beiween focol people and the 
various ogenis invdved in develo 
ping ond monoging ihe delta 
remoin on o humn seule, 50 that 
this unique Europeon noturcil or- 
zoniinues developing in a horrnrr 
lioU.5 twy. 

mnserwiion pr&jrarn, me s h l d  
rdy on ~ h e  oreo's impressive co ,p  
ci5 for naturol regeneroiion and 
encourage possive cmservctim If 
he delio is  io be ektively preser- 
v d .  some oreos should remoin 
hord io peneirote cr e n  inocces- 
sible. The waierwoy 1s the only 
ocçess inIo he delta, ond it musi 
rernoin m. The coool neiwcrk must 
nci be extendd 

i lso~ating octivity zones with 
b u k r  zones 

The delta i s  large enouoh to 
ollow for the creoiion of s:riciJy 
preserved zones togeiher with 

In no case shwld tcurism rn the 
delto be considerd, or ifs d e v ~  
I v e "  plonnd, os o molor swr- 
ce d, currenc!es for Romonia. Such 
an ~ ~ t i v i t y  must remin modetale 
ond be onfy cne fincnciol rescur- 
ce omong others for ihe delic 
reicsi's inhobifcnis 

The develcpmei: cf large hctd 
complexes which woulci cnly run 
counier te ihe inierests c f  the reser- 
e and o b e  oil d k o l  pcp le  
should be prcscribed On the 
ccntrory, tourisi occommcdotion 
with l a o l  r p l e  shauld be pro 
mcted by r tkr ing inprovements 

Conservation of the ollvviol zones where iroditioiol ociivirres n kxal hwsins [Gnrtory focilities. 
Joins and delta of the Donube 15 suçh os crofts and a cootrolled drinktng wbr, r m s .  ). Thrs polr 
l o i  a respnsibilib .j mmerely notio form of tourisrn {ecoiourisml ecn cy wilf have the dwtle ocwnto~e 
iol magnitude, but indeed one of develop The delto people ore of controlling numkis ct tourjsts 
nternofionol proportions Ii is ihc rudicolfy sdf-sufficent and draw and of enobling local people io 
uponddib d dl the cantrks in & kdkt h m  mujor ecmanic bend i i  dire+ by ihe richne= of 
he Danube coichmeni areo, aaiviies on o naimal xole T k i r  he resrve. 
vhich must oil toke on averajl lite-svstaining ociivities ore noi 
~terdisciplinay view in s p c e  and detnmental io ihe r3+mLecoystem, 
me. h -Id be uçeiess io proieci un l i b  the'tiighimpoc~~lo'rgescole i ~welopmwih: keqing thingr, 
ie delto if s!rustures, such os mes. é k r m +  F&en pture ,on a humn mie 
U ~ S ,  which liyitzthe flan. wrro- and iqbobi?ank-is:to maintai- 
3n are buib ch ,the'IXnube or if ned, ii is ~derabk~jsdcrte Clir: In!ernoiiond h n k ,  such a5 the 
.ecsv~eskranoi~pl-nt&to rentobiv~~~ioi&a"nd,io.pré~t 'kEuropeofi Bnok or the World 
d ~ e  pdluti@ upstrwrn< :O,'$ 

7 , . , * . k P " ,  . * 
their < & e q s i q  witK b$er mes, bx; Bank, that becouse of  iheil s i re 
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, ,AT:  

, ? .  ~impliucr&1ih~'0~&ol.frù~rk~;~1~2d $&i,'poiribiy uring IQCCII 
he r d  n~<;h&~aid the'plpw ;* which, whi@'mcrki"b life beffer.for - j.hnb and linking w i h  ihe DDBM 
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PART 2 
NAVIGATION AND TRANSPORT 

Eastern Europan hoffic f ~ b r e s  on oversized 
freight industry and low mbility of its inhobi~ntr. 
Freight transpor$tim levels are h o  to four tims 
thai found in Western Europe per GD? unir. M o s t  
of this haffir consists in hmy, cargo shippd by 
hain. Since 1989, he econornic honsition e x p  
r i encd  by these countries ha5 led to o moior 
modiRcation in the production end hoding struc- 
iures. Furtbermore, o demand for mobility is k i n g  
increosingly felt. Thex changes hove caused o 
relative and absolute increase in r a d  hoffic. For 
most observers, he r a d  is consideied o factor 
for increosing develapment. The grwth of rmd  
traftic is unovoidoble and invesmenrs in his oreo 
ore very prohbble. 

Potential developmeni of river traffic musi be 
ossessecl in reloiion to the strong demond current- 
l y  exisiing for development of rood iroffic 
Impravemeni of novigation conditions is O positrve 
factor that may enhonce the cornpetitiveness of 
river tronsporiation. According to the Donube 
Commission, his improvemenl requires building 
eleven doms. 

This type of development is highly dehimental 10 
the environment. Experience derivwl !rom doms 
in Austria and at the lron Gate [Romonio, ex- 
Yugoslavia], os well as the more recent one ot 
Gobcikovo, in Slomkio, ho5 underscored their 
effects: 
r Gradwl damges to alluvial arws ord Forests, 

leoding i~ k i r  çmplete desfnichm in he Img 
mn. 

i Contamination of groundwater iobles und olte 
r d  exchanges b e m n  river and groundwa- 
fer. 
M i f i ca t i on  of he overoll flwiaf blonce [ero 
sion/dimenh3tionj. 

The Donube, unlike the oher Europn  rivers, is 
only slighhy developed, espxiolly downstreom of 
Vienna IAustrio]. This relative freedom constituies 
he rier's richneçç, and would corne to on end if 
ihe ûanube is developed. 

It is therefore essentiol @ essess he econmic 
soundness of facilita fing navigation through a 
development of Donu&. The Equipe Cousteau 
wos unoble îu find ony eçom ic  w envirwirnentol 
s d y  wncerning hese dwloprnent projiecb, and 
hus hod to launch its own. It wos bsed not mly 
on the transport stotistics within the former 
COMECON, but alm on the econmic develop 
ment pmspech of restructuring ond opening up he 
Eoskrn counhies In. the wodd ecmomic market. 

A detuild anolysis of siotistics giving the num 
b e r  of doys and he sections where the river level 
is lower han 2.5 meters, k i n g  the minimum 
recommended for navigation by deep droug h t 
barges, shows hot the Hungorion/Slovokion sec- 
tion is the onIr one where frequeni navigation 
problerns occur. 

I i  is hus unnecessary t doy  to build the series of 
eleven doms recornmended by the Donube 
Commission The section comprised beheen 
Vienna ond Budopest, a reol bottleneck, inclv- 
ding the highly controversial Gobçikovo dam, 
Should underga malor works to guaroniee the 
required depihs. The work corried oui bebeen 
Vienna ond Budopest would include a cornpre 
hensive proieci of four dams e q u i p p e d  wih twin 
locks (Vienna, Hoinburg, Wolfsthol ond 
Nogymios), according to stdies carriez out by 
the Danube Commission, ond the f l d i n g  of the 
Gabcikovo Dom. The projeci con only be eftecti- 
ve if al1 the dams are built; oiherwise, navigation 
difficulties would be increused becouse of pro 
blems linked to incision of the river M. 

Globo1 economic onolysis of the ûonubion 
shows hot navigation should develop around 
rnojor economic ples: mcdern s e l  i ndus i~  in 
Linz, Ausirio, ond the Romonion horbour of 
Constonza, on he Block Seo. Most of the troRic 
increose between ioday and 2020 will 
dwnstreom [rom the Donubion bttleneck: rough- 
ly 2 1 million mehic tons over the current hdfic 
will hv5 transit b e ~ n  the Block Seo on$ hor 
b u r s  davnstream from Budapest. However, the 
troffic incrwse hrovgh the ûonubion b n l e o ~ k  
wifl only ornount to J .$ million rnetric tons if the 
river is developed . 

Investrnents would consist of four dam/lock 
series situoted neor Vienna, Hoinburg, ~ ~ l f s n h l  



ond Nogymaros. These works - excepf for 

Gabcikovo - wili $e opproximately 707 million 
dollars ot present value (up 8%j. These values 
hove been çolculated for 23 x 34 m loch und 
for dams witt h e  chorocteristics defined by the 
Danube Commission occording to simple estima- 
tion formulas used. for sirnilar colclilotions in 
Fronce during previous project ewluafions. 

These direct çosts ore initiolly to be compred 
with the benefits for novigaiion alGe, esiirnoted 
oi $ 180 million in 2020, hsed on a conservn- 
rive hpthesis hot incorproies direct benefiis. 
They are estimaid ot about $ 3Q0 million using 
a more liber01 bosic ossumprion. The shore of 
induced or new troffic volume direçtly lin& to 
the improvement represents les han $ 30 mil- 

R E * y C >,/ > O > M .  -M E '  N ,  , D  A ' 0 N . .  S 
,, ' . r i >  ' n  . " .  < * ' , <  

Wakr han&ticn i s  &rtninb o uny fo tirnit rOOd kWdion hr Io !roiop0<bli(n d k v y  
maferialx Ho-, one must use b r m  s u i d  to the i i r  rotfier han tmnsfomi the river to adad it 

to the barges. Such transf;mnaiions -Id te detrimentu1 to the preservotim 
d the river m y s i e r n  and ore not knonchliy jubified. 

Ta set a tronsport strategic 
rrtaster 

Tr;e oddiitwol tnvestments requi- 
red by the cvrrent situation in 
Eosgrn Europe musi ke incorpore 
ted inio a moster plan which is  
stfalqic in ihoi it covers ail forms 
of ironspodoiion combined. Only 
weflnqotiotd infernotimof pion- 
ning will moke it psiHe to ktier 
distiibde the meuns of Bonsprtm 

slrudure the orgonirafion 01 ihe 
honsportation ~5islem. To m i d  the 
excesses and aberroiions of 
Western transporiotion systems, 
we propos three orientotians 
+ for freight, the development cf 
cmpetiiive côrnbined tronspdm 
lion, i e. roil/rwd, river/rmd 
and = / r d ;  

- for irarellers covering medium 
ond long distcnces, cmpeiiiive 
rail Ironsporhtion mus1 be mode 

k pevenid Ii *ms  ~ r e c t l y  pre 
ferable and far kss expensive tc 
use Reeis suited to the riwr's i r re 
gufority, os the Romonions ond 
Ukronians hove olreody heen 
doing. 

Ncihrng oi ihis stage (ustrfies the 
building d ihe daen doms ploc+ 
n e à  by ihe h n u k  Commission 

lion, i.e lessen the imparionce of miloble, 
the iwd nehrks .  - in urbon orws, sirici cmtrd und 50 cs to enhonce the rde c f  r i v e r  

The currenk reslrucfurction of rnosiery of automabile troffic, irons@, either by iiself or os on 
indusry 0ffeir the opportuniiy [CH and Q hesh k t  io he develop ekmeni af combined Iransponc- 
an i n m i i v e  ~ ~ l i c y  c f  land d w e  ment of public tronsm hm, 11 seerns essen1101 and prdv 
lepment which sirongly determines The current pojicy is h m k d  up loble 10 inve.1 nexi iu Ae Donuke 
tronsportotion syslern., Ploon rng to rood transport pressures. I t These ods-connec~rm prioritres 
on8 controlfd building must be consisis in togging dong oker require brge ~r~onizo~ionol  invesf 
considemi in al1 evenfs, with "new demond in ordq b soitsfy il. It is menh which wili plficubh decl 
sch~rnes which do not copy those A nd enough to prwide incentles, the distrrbution, bulhng and break- 
of Wesiem Europe, whicb dispby ?s'il is welCkn- $01 ihere js no bulliing infrociirlictures. 

' their failures more obviously' "raurn from r a d  ta watercwrsepr , y 

" " ... , c  p.. 
, < 
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lion, on$ il wWld be $ 120 million in the most nuclear sources, is one of the main causes 06 
favorable hphes is .  Consequendy, on the hori- serious environmentai damoge in the Danube 
son 2020, it oppeorr hot the benefits lm n&ga- region. 
tion con be expected to represent ot b e s t  about The studies corried out by the Equipe Cousteau 
50% O! the cost of neçesscry works. On the oher and iis prhers deolt wih: 
hond, i f  direct benefits olone ore ioken jnio 
oçcount, on the i m p r d  section olme, the per- i Anoiysis of globe1 energy indicoiors (energy 
cenioge drops to 25%. intensily, consumpiion by sectar, consumptioo 

Dweloping the Vienna-Budapest sectw will not distribution according to energy sources) [or 
be direcdy profiioble for n a v i g a h  (negorie inier- the Cenhaf ond Eastern countries. 
na1 rote of retvrn). The impact of these invesmients i Developing new energy p l iq propoxils bsed 
an the overoll prod~tivity of the ffeet is noi negli- a- improved energy efficienq and greuter use 
gible, but ii will not generote substantial prditobili- d renewable energy sources. The &leciives b r  
ty. Maximum profitobility will be roughly 2 5%. he h n u b i ~ n  countries shoufd bR to ochieve 

The beneficiories af this invesment will of course wih a level of energy intensiiy comprable wih 
be the leet operotors, and therefore their clieoh. hot of Western Europe os quickly as possible, 
While Romonian and Hungarian farrners wiil be hot is io soy, in les thon Fifien years. 
among the indirect beneficiories d a more p r ~  * Propsing concrete projech in the domoins of 
ductive f le t ,  h e  tinz iron cnd steel industy in lighiing, indvstry, transport ond building wtiich 
Austria would be the only direct beneficiary if the have rapid effech on he enetgy and finance 
Donubion bottleneck were developed. schedule of the na t~on. 

Ii seems hoi  boh he conseqvences of apznrng 
the Rhinehin-Donulx conol ond the possibility Such O new pdicy mus: inclde necemry mea- 
of switching traffic from one mode to onorher sures enabling unsubsidized, mrket pficing, regv 
hove k e n  overestimated. lotions, incentives, respnsible and human-scole 

Actuolly, selecting O m d e  of ironsprtotion institviions, dear programmes, suffrcielt financing 
depends not only on cosi, but olso on benehis 
obtoind in terms of speed, freqvency, relrabrlip A horough survey wos corri& out a b u t  he  

In spiie of financiol odwntoges, ihe experience saf~ty of the four older nucleor rwciors oi  ihe 
in Western couniries has s h w n  thai hete is proc- Kodduy nucleor plant in &ilgorio, known to be 
ticolly no tronsfer from rmd transportatian to he m s t  dongerovs WER reaciors still in opero- 
woterwoys, while wi he contrary rwd  and train tion in Central and Eostern Europe. 
transporbtion gradually overtoke he rnorket shore Renewoble energies such as solor, biomass, 
of wotenuq honsporbtion. was:e conslibte o lideexploited murce O! energy 

whith we have evalvo~ed. The new environmen- 
tolly sound energy policy must give tp priority to 

PART 3 renewble enersies. 

ENERGY IN THE DANUBIAN Re development and opplication of hi5 new 

COUNTRIES energy policy col1 for chonges in thinkrng rother 
thon new iechnology. The threedoy conference in 
Sofia, Bvlgorio, o r g o n i d  by Equipe C o v s t ~ u  

The problems of environment çonnot be dise and EcoEnergefico, entiied 'Citizens concernd 
cioted from energy prduciion and use. Poor by an energyefficient and environmen~respeciful 
energy management, wheher it is from fossil or m i e v a "  laid the h s i s  for these changes. 







)il, comhstiwi products, selected industriof che 
nimls and w g e .  
The daio bose includes over 1 0,000 meosure 

nents: he lorgest informotion bose yet obtoined 
3r the Donube sediments. 11 is possible to identi- 
y levels and trends of contarninonts in the 
bnube. 
The Danube is noi chronicolly polluted in its 

bntireiy. This is p r t i y  k due IO he high flushing 
 te of the system whidi is, in hrn, a consequen- 
.e af the enormous Raw rote of the river and iis 

There are o large number of pollution "hoi 
pots". Jhese reflect the dischorge 01 woste ond 
ffiuenh h m  humon activiiy and rnoy be serious- 
darnaging the river environrrient and tbe quolî- 

J of its woter os well os thai of the assccioted 
roundwaier. Wih h e  exception of lindone, the 
?vels of rhlorinoted hyûrcxorbons and PCBs ore 
ilerior to those ms;red in the more ind"saiali- 
d Western rivers. A clear gradient 01 pesti- 
ides is opporeni, in some cases, evidencd by 
fifiyfold increose in concentrations from the 

sper to lower rmches of the river. 
levels of oil and oil residue are roifier hioh in 

V 

zrtoin hot spots bui ore generally inferior Io 
ose in chronically polluted rivers. Concentrotion 
x rnosi h e o y  rnetals overlaps hot record4 in 
dluted Western rivers. 

Danube sediments are ofteri hwvily polluted 
ih sewage. This is undoub&ly related to high 
>pulaiion densities olong rhe river and the lock 
effective urbon wastmater treatmeni. 

iny dam in the river dawnshwm of ideniifid 
,urses of pollution creates o pieotiol buildup oi 
inbrninants ond, in some coses, a fuiure "che- 
'col iime bornb". Tday such a situation exists in 

lron gote reservoir and iornorrow, it would be 
e for the Gabcikwo dom. 

-dimeni monitoring is cleorly a very useful 
d e t ~ t  hot spots. Aithough this techniqte and 
monitoring ore not to ke considered as a sub 
ute for systemotic and regulor monitoring of 
lier quolity, suspended prfcules and effluents, 
'y ollow for a global vision of the river. 

The reswlts of the mocrozodbenihos monitoring 
programme ore entirefy consisient ~ i t h  the chemi- 
col measuremenb d conf0minanh. ihey provide 
valuable evidence for chronic biological stress 
ossocioted with coniorninoted sites: the benthic 
bidiversity decreases downstream of recognizd 
hot spots such os major cities - Vienno, 
Buclopest, Buchoresi - or major industriol centres 
an the river or in tribuinries (Brotislaw, the Vah 
river, et.J. A more detoiled study is now warron- 
ted which should consider a more stotisticolly 
volid xirnpling scherne and swsonol meosure 
men& at selec& sites. Such informotion, properly 
correloid with chernicol measurements, could 
eventuolly leod IO a Danube biolcgicol monito 
ring system as on expansion of ihe Bucharesr 
Declara tion . 

Aerial gomm spechomei;y was used to sbdy 
no turol ond mon-mode radioociivi iy olong 
2,200 km of the Danube's bonk and orwnd nine 
selectd nuclwr and non-nucleor industriol sites. 
The apprmch used here combines collotion of 
lccol expem' rep rs  frwn Hungary, Bulgorio ond 
Romcnia wih new onalyticol siudies of environ- 
menfol sornples speciolly collecid ior the study. 

This combined opprmch provides consensus 
results . 

The Donulx river and catchment is radiologicol- 
ly "clmn" b h  in absolute terms ond in compori- 
Son D oher Europeon rivers. II hos fw source- 
terms on$ fast woter flow. 

The only mon-mode rodiwctivity consistently 
observed in the river and iis basin is from the 
1986 Chernobyl accident ond hese levels ore 
relotively low, decreasing systemoticolly from 
Budapest IO the Block k a .  It con generally be 
o b s e d  hot moior variotians .in environmental 
radioactiviiy are the re?ult of different cciivity 
levels of nabral radionuclides. Some of these 
voriaiions ore coused by chonging shoreline w 
logy, ohers 4 differing Ionduse (e.9. use of 
rich feriilizersl and ohers stil by indusHo1 concen- 
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trotion processes. In his lost coiegory, h o  areos 
neor fassil fuel v e r  stations were mopped, one 
in Ruse, Bulgorio, and one in Giurgiu, Romania, 
ot which there appearç to be enhonced environ- 
mentol 2 2 6 ~ ~  from m l  çombustian residues. 

The survey included the oreas around of the 
nucleor sites at Poks, in Hungary, and Kozloduy 
in Buigorio. The nwr-site river systems a i  both 
locations ore unpllvted. At Kozlduy, on oreo of 
rodiologicol contamination wos observed, his 
k i n g  coused by liquid woste leakage into sewa- 
ge/drainage channels. The detected contamino- 
tion wos produced moiniy by o woste rmnage 
ment afçident in 1 978 but Imkoae is continuing. 
Cleerly, followup work is reqvired to eliminore 
his leokage. 

This oerial survey iechnique olso zhowed lis 
deteclive capbiliiies by pin pointing the use of 
an industrial rodiogrophy murce in a shipprd in  
Galoii, Romanio. 

An unknown çontominoted zone hos k n  iden- 
tified in Rornanio piovrng rhe po~entioli:ies of the 
aeriol survey technique for he monitoring of envi- 
ronmentol rodimctive contaminotion 

TOOLS FOR SUSTAlNABLE 
ENVI RONMENTAL MANAGEMENT 

m OVEWLL EVALUATlON OF POlLUTlON 
AND HlGH RlSK ZONES a 

Using on upsirwm apprwch, which fovours 
onolysis of data concerning humon octivities 
generoting plluiontst, we ore able to estirnate 
guontities of four determinants [orgonic motter, 
suspend& motter, nitrogenous motter ond phor 
phorous motter] discharged into 66 subbosins 
covering the whole Donube corchment creo, fo 
ident14 he m a t  highb plluting seciors of uttivity 
wihin the= subbosins, çlossify s u b s i n s  by the 
degree of pollution pressure ta which they ore 
subiected, and io define o certain nurnber of 
'high risk" zones. 

Rie wet zones, he korsf zmes ond the noturol 
protecied zones consiitute sensitive oreas in 
which pollution is pariiculorly damogi~g. Mainly 
located in the plains of  the northwest, Bratislava 
[Slwokio], of he centre, Tisza (Hungaiy], ond in 
h e  delio region, bey rep~esent over 22% of the 
total b s i n  surface areo. 

One qvorter of the wet zones ond over 10% 01 
henobralzonesoresubiectedtoexcessivepllv- , 

tron. This thrwi t offect;ng he drinking w i e r  
resources in this region becouse ihe lorge ground- . 
woter tobles ore I m o t d  in the wet zone. The 
delb which represents O highly sensitive and Fra- 
gile ecosystern is especiolly in danger as it is the 
outlet of the whole basin and is imrnedioiely 
downstream of the most highly poi luid basins 

All the large ccpitnls ore on the river or O direct 
iribuby, and generolly p r l y  srved  by woste 
woier ireotrnent plants. They censtiiute o molor 
source of pdluiion in he subksins in which they 
ore focoied In s m e  svbbs ins .  he impc t  af diC 
fuse ppulotion IS noi negligible. 

Indusiriol pollution 15 porticvlorly serious in 
Romonio and Bulgorio. It often combines wiih 
domestic pollution [rom the lorge towns os his is 
where the production cenhes ore locoted. This 
poritçulork applies for Bucharest ond Budapest. 

I i  is in Romonia thot the rnojority of the sub 
basins mosf globciliy under thrmt wn be found. 
Buchorest is blighted by b h  domestic pollution 
and industrial plluiion Ichernicol ino'ustry] and 
the estirnotd burdens of pdlvioni ore for greciter 
thon ha= 01 the other s u b b s i n s  

Mat of the resulh obtoined by his comprehen- 
sive pollution evolvotion method bsed on humon 
ochvihes are b r n e  out by direct pt \uhnt meosw 
rernents c o n i d  out in the context d this program- 
me. 

GLOBAL MANAGEMENT OF THE 
DANUBE ENVIRONMENT e 

Equipe Couste~u ond its prtners proposed 0 

proieci to develop on odvonced apprmch 10 
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lecision-making in the field 01 environmental 
nanagemen t .  This Environmenial Oecision 
support System presented is CI td which covld 
~rovide o help for the Environmenin1 Programme 
or the ihnube River Basin, ond, on o longer 
orm perspective, for the global monogement 01 
he Danu& environment. 

It is based on the Geogrophicol Informotion 
iystem IGIS) rnehdologies developped io e m  

luate the overall pollution 01 the Danube river 
ibasin. In order io ensure he sprmd of he system 
hrwghwi the Donube counhies, Equipe Cousieov 
o r g o n i d  an international workshop on GIS in 
Environment and Water Nanagement in budopesr 
#rom the 28th to 30th of Sepiember 1992. k 
gotherd 43 participonts ond more han 30 c h e r -  
vers coming {rom mosi of he Donvbe countries 
(excepiing Germony on$ Rmaoia) os well os the 
Nethedonds and interno~ionol insiibtims. 

R E C . O M M E N D A T I O N S  
The quirement for control and monitoring of the hnube's envimmentnl cwidition con under 

na çirnimstonces jusiify a bck of immediate adon to rimil envirwimenbl conbmidion. 

To stop the poltution from Gobcikovo should hove been woiers. 
wellhown xiurces pipd and ihe consiniaion of Polluted zones, hoi spots and 

new doms abng the river con no doms musi te moniiord with the 
The couniries' capital ciiies, br Iwiger ke considerd uniil depdlv closes: ofleniion to follow up ihe 

gest t o m s  a d  ihe industrres cou tion rneosures hove been token e h s  ofdepolluticn mmsures 
sing mosl p l lu i im must c h p i  a and sofeiy ciT grovndwoter quolity 
long+erm crimpreheosive wciter hm been p m .  Ta develop the means for o 
managemeni plan ond be q u r p  managernen~ of  the 
pd wiih purification planis os To take inte account the sur- Dan vbe basi n environ ment 
maiter of prrority T ~ I S  rnmsure veyond monitoringof hot sph including the delta and the 
~hould be occornponied by on  \ Bbck 5a 
irnprovement in indusirrol pro. Diffuse pdlut im hm agriculturol 
c w s  in order to Itrnii the ornwni xiurces con no longer b îgnored The r e c o ç n i d  univ c f  b n u k  
of poltuted waste eniering the in ihe Donube bosin. long-ierm bosin zysfem includino delta and 
Danube's woiers consequences of diHuse pllution Black k a  i m p s  thci ihe monito 

Measures musi Se imdementd ore suffrcien~l~ sericus to warroni ring of the strite of the Donube 
os qu ich  os possible IO rduce  cx precovtionory meosutes betng mvironmeni ond ihe drive for rehc- 
eradicoie the coyses of pdluiion implemented edimmedately. ' bilitoiion of the nwial, delia and 
identifid by means of h d  r p h  cmstal ecosysierns be inierpreid 
ond high risk orws swh os the To irnprwe ihe monitoring of in o mrnpehensive monogemeni 
Romonian svbbosrns, ihe delia pollution and the ~ w y  af hot programme 
and the mi zones cl the bsrn's vfs , The upshwm cpprwh b identr 
central pl?ins. ,: 

< >. _. 
> ,  1 dyrng sources of pollution by esti- 

, x 
L ' . Sedimenis ond seniinel, qrga- moting of pollution-producing 

TO profettdrinLjng woki? -kisms'ambi~ ond ,@oI &rnrno- human ociiuities is the min elp 
I <  

k ,L3 . , - spec~~bmefJy,t~hnique5 ,?hich meni of the prqm o f  an Environ- 
TI& gr&ndwtei of thé Danube -ti~mligtrxi theii d(lÛ,enky, crnuri . :mwi!ol k i r o n ,  S~ppn'~yrtem 

basin pahculôrly-îhredened by $ .  lor&ly irnpbme" ,jnu+,ii81 '>';for,ihe '@nulx river h i n  >cmbi- . 
indust~iol and domesiic pdltjton. :and Eojrer('Europ +~fi i~la< lGoI . 'ning'all the elementi of the dote of ' 
P ~ e v e n  tiye :me~i~w~es amust 'b ' ;framewprki:<i.L;: the;BuchGest,q :me UII d Decision 5uppMi:Sylem 

" ",ri*< , 
undertoiie? &.o:~oner of brioriy. h.!'~ecl$rrti6ii(~ecembo 00Lx3;.; 'ibqd Gé6giophicol infohci rio? ' 
bk tp th' hi$ h/y probqbiq tisk of 9851; A hi@& :$ pf~abproiwiei;'~mSyd~mLond whiifi &Il j nk ro l l y  ' 
u sh&icd ii&:banb,:j~ fJ?ng ,%&il! bà rëi ü ' ( i ~ ~ m ~ n i t o ~ h c J  .+$ci O *tderpreod Ne@.* of. 
O 1) - X  e<*~:$l&@? * r  y-  h,,$qm 6 t0r BFoihql - t ~ ' < ü o l i v ' ~ , I h e : ~ n o b e ; v ~ ~ ~ ~ ! ~ l  v -: -+L b -> v A- L- *$: y >  . > 

i * f‘. ' )'*:*- :: 
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This workshop mode p i b l e :  PART d . h/otuotim of he knowledge and experiences 
in he Daoubion counhies as well os on the 

GABCI KOVO 
Rhine within the RhineDanube programme 
eoncerning the Geagrophicol Information 
Sysiems ond heir uses. We observe k t :  A opprooch ta environmenbl problems 

- Most of he counhies hod o rewording expe- taking the long k r m  into accouni is the b s i c  
rience wih GIS in the field of environmeni and tenet ot the Equipe Cousteou study pragramme 
water mnogernent. on the Donube. As the unforlunote result of an 

- The obstacles which slocken GIS development opprwch limited ta the ospech of hydraulic engi- 
hove been identifid. neering and technology olone, the Gobcikovo 

- Two levels of GIS use have been dehned: the dom is a striking exomple cd how finonciol and 
internotional level, nomely he h n u b  bs in  environmental resources ore wasted when the 
scole, and Ihe national or f ~ o l  level with its globo1 opprwch is noi uçed. 
more specialired objectives. In the long ierm, 
these two levels, ioday in porallel, must be The M y  of reseorch hom the Donutse environ- 
able correlaied for mutml benelil. mentol Cousteou programme enobles to present 

* Presentoiion of the system developed by the o complete emluation OF the odvonioges of the 
Equipe Cousteou ond iîs phiers. dom on on economic Ievel and of h e  conse 

i Iniiiotion of the GIS network in oll of the quences II hos for people and environment. 
Donubion countries in relation wi~h Western Filling of the dom ot he end of October 1992 
porticipnts. hod serious consequences for the ollwial ecmys- 

i Setting-up of recomrnendoiions to ensure the tems, ottockwl heir volve os o herituge Ibicdiver- 
developmeni ond the use of the GIS in the sity) and ~ h e  funciions which they fulfill in the 
Danube b s i n  . can tex1 of waler purification, proteciion ogoinst 

flood, and biomoss (fisheries und 
These recomrnendotions have s e d  0 s  a bsis forestryl. 11 was hus c l ~ r l y  s h w n  thof there is 

for the droft proieci for the "Environmental massive incomptibiliiy beiween operotion of the 
Decision Support System for the Danube River dom according to the plons (which schedvle oui- 
Basin". This b l  aims ai  integroting political, ece pufs comparable to those observed: 200 to 
nornic and mial, ecologic~l and technicol dota 300rn3/s] and survivo1 d the ecosysterns brde-  
in he decision prmess. ring the river. 

The moin steps of this project Iasting hree yeors 
in oll ore the bllowing: The studies corried out eonfirm thot water 

O Adopting the methodology developed by ifie rexiurces are seriously hreatened by eutrophica- 
Equipe Cousteou and its porhiers on O noiional tion ond contominoted sediments which ore 
level . k i n g  stored in the retention lake. The numerws 

i Developing and hormonizing the daio collec- sources 01 pollution identif id upstrmm of the 
tien necesxiry for proper system operotion. dam and the significant concenhations of pl lv 
Testing the mehcd upon o zwie: the Tisza bnts rneasured in his areo ore conditions for u 
basin. chernicol tirne tmmb. The los5 or deteriorotion 
Diffusing the system throughout the knube  these woier resources will have serious e k i s  at 
bosin. an economic ond xiciol level, since the drinking 

woter supply for a large nurnber of inhobitont5 
Fulfilment of these obiectives will require the depends on the q u o l i ~  of groundwater. 

dwelopment of the neiwork initiotetj during ifie The energy and novigotion sfudies s h w  hot 
worhhop, information exchange, internationol Gobcikovo d ~ s  mi Vield ony econmic bene 
Cm~ra f im ,  and O imining effort. hts. The electrisity producd does not respnd 

P 
- 
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ony real requirement for the fuivre and is in any 
:ose very marginol. The dom des not aller he 
~ovigationol conditions except in o very limiteci 
iector. The anolysis shows hot  potentiel ,troffic 
ncrease resulting from development in the 
-Iungarian/Slmkion s x b r  i i  insufficient to justify 
he rquired investments. The recent problems ai  
he dom do noi demonstrote that i t  improves novi- 
jationol conditions; i n d d ,  the reverse is true. 
A compleie weroll opprmch to the Gaixikovo 
h m  problem mokes i t  drowbocks opporeni and 

it is cleor that, if it hod k e n  used from the sbrt of 
he project, G o b c i b o  wodd nevei hove gotten 
off the drowing tuble. The decision to build this 
dom is d ~ d y  he stumbling block of O sysiem in 
which the decisiori-mokers inregrote only O very 
norrow ronge of criterio. No alternaiive solution 
which woirld have y ie ldd the mme energy or 
novigotion services, impiemenring olternotive 
remrces less detrimeniul to the environment and 
more profitable for the econorny, wos seriously 
studied. 

R E C O M M E N D A T I O N S  

&na the Cabcikm probiem and xrving the,endangred zone wwld be a bndmork 
decision and an example for the future. 

To refill the Danube in prkrity i To q a g e  in e g!&l i-rn- 4 Covrogeous and reoronoble 
kt d ,he in. ,b tet)onub )ed r&m by dernoon- sdutions must be supportecl by 
(95%) mus1 'hs rdmeci 10 the riw Wnciples ~ m t e m  cwntn'es 
M ' a :  -1. OS, pssible and ai Out own onalys~yws leods us ia the 
the loien ,&foie xpiing :giowlh Basic reileciion on the motter cmciurion thof obaodoning the 

wmn. musi lx engoged tn incorpmting d o m  and reinsioting the site is he 
lk technical, ecdo~imi, econo most couroqeous ond olso the 
mic ond &O! dotoond drowiog mosi r w s o & ~ e  soluiion with o 

' the princip'e rn inlemaliaial e x p h ,  the piblic view 19 achieving a ruriainable 
precouti6n for  he-intermediate 

pwId 
ond oowgovernmentot orgoniza- fuiure. This sdutim musi hwe the 
1 ' .  fw environment proieetien, Ii dan toge  of diid finoncial bc 

fh;princi& d.precotifion must musi lead to on exhaustive ond king lrm Western countrtes und 
be applied in d&iiians conter- detoited cast/odYontoges anobis tbe lage iniwnotionol financial inr 
ni?g tk &m'$ {dure, e5peciolS d oll alterno!ive duiions. It must !trtlins. Such ofd is i n d i s p ~ o b b  
concerning how fhe woter 1s be conid oui in o spirit d trans; b im$emenling olternotive sol* 
monqged, deciDans due to b p m c y  and its mclosbns musi tions tn rhe field of energy .and 
iade' for  the.,neor futule The guide d~cision: cencerning navigation and a site reinstote 
Dànubemw nnot h o m e  a b  GOMkoVb* hue. ment projm id rhes are to have 
mfory h e ,  experiments .ore ,car- d i b i f  wih th publicondwitti~ und wih 
ried ovt. ' +dimL&c.. 



PART 1 

WET.ZONES OF THE DANUBE 

ALLUVIAL ECOSYSTEMS AND DELTA 



WET ZONES O.F. THE D A N U B E  

ALLUVIAL ECOSYSTEMS A N D  DELTA 

T 
wo yeors of exploration ond field work 
have convinced the Equipe Cousteou 
hot he Donub is a very rich river. Its 
life ond richness ore largely due to he 
presence of large active olluviol flood- 

ploins. The Danube whose flow hos noi yei k e n  
entirely reguloied nor confined wiih dams, still 
flood5 the vestiges of the greot olluviol forests 
which lay olongside oll the g r w i  Europeon rivers 
such as ihe Seine, he Rhone and he Rhine some 
centuries ago. 

The Equipe Cousteau has launched a vast s t d y  
of ihe Donute wet zones so OS to goin better 
understanding of their functioning and role and to 
propose proleciion ond monogement surveys. 
This bibliogrophicol synhesis hos been effecied 
by Profeswr Cloude Amoros [Univeristy Claude 
Bernord, Lyon], Professor Michèle Trémoliéres, 
(Universiv buis Pasteur, Strosburg) and Professor 
I s ~ n  Zsuffo, (Pollock Miholy College, Budopesi]. 

The wet zones of o river inclde he olluvial eco 
vstems on$ delto. Alluvial ecoqsterns are bth 
superfici01 and subterroneon, terrestrial and oqua* 
tic and are i n f l u e ~ d  by the superficicil woters 
and grounobaters of the m i n  chnnnel of the river. 

These ollwial ecosysterns ore closely linked to 
the tluviol ecosystem which is not simply o 
di=horging channel. On the conhory, the allwiol 
ecosyçterns play a crucial pole in he p h ~ i c o l  ond 
bidqical functioning of ihe great r i ~ r s  ond their 
reguloiion. The complexity and he diversity of 
tfiese ollwial eccsystems is the vey expression of 
the river's dyn6mics. 

THE RIVER AND THE FLOODPLAfN 
ECOSYSTEMS: 

A COMPLEX SYSTEM 

The mat imporiont n d p l o i n s  ore presented in 

Figure 1 .  1. The sudoce arms are only estirno- 
iims lsecouse hq, vory wih the flood level. 

The Austrion Auswold, o n  the edge of ihe 
Danube between Vienna and Hoinburg, 
covers approxirnotely 6,000 ho. This flood- 
plain forest, p o r r l ~  protecied, is groduolly 
drying up due to sinking of tbe groundwoter 
level in conjunctioo w ih  h e  excessive gouging 
of the Donube river bed, caused by the 
Altenworih and Grefeinsiein doms. This is 
known os 'incisim", and is cornmon on rivers 
developed by mon. 

i The Hungarion Szigetkor and Slavak 
Csollokoz comprise an excepiionol meonde 
ring zone orovnd the Iow-water bed of ihe 
Donube, which ioduy still includes the border 
between SIovokio and iiungary. ii corresponds 
to he old fossil delin of the h n u k  3 million 
ymrs ago. Todoy, the active floodploin has 
beeo reduced by flood protection doms opd 
only covers 6,OCiO ha on the Hungarion side 
and 23,000 ha on the Slmk side. Hswever, 
if building of the G a k i k m  dam ond its conal 
to Brabslom is mintoined, tbe enlire mne will 
be onnihiloted. 



a ALLUVIAL KOODPLAlN 

Auswald: 6OW ha 
Sripikaz: 6 000 ha 
Csallakbr: 23 000 hm 
Gernenc. 47 OM1 ha 
Kopacki Rit: 50 c#X) ha 
Sr~bama: 600 ha 
Crapina, Braies, 
h rcea  end Braila: 1üû 000 ha 
Danube Dslia: 591 OW ha 



W E T  Z O N E S  O F  T H E  D A N U B E a  

The Hungaîmn Gemenc reg ion cwers opproxi- 
motely 47,000 ho, 18,000 of Ljhich are cbs- 
sif ied as prote& lond. Riis Roodploin, which 
is exernplory in terms of rrexlurces and prcr 
blems, is the subject of o detoiled reseorch 
prcgrom. . The Kopocki R i t ,  which represents some 
50,000 ha lying h w e n  the Drave and the 
Danube - now splir behveen Crootio and 
Serbio - is the richest f l d p l o i n  of the Dunube. 
It is currenljy impossible 10 obtnin relioble doio 
on ih sibotion due io rhe wor, but we suspect 
here hos been serious damoge. 
In Bulgorio, the Sebrorna reserve covers 
600 ha, set wihin O larger Rdab le  zone. 

i In Romania, the f Idpla ins of Crapino, Broies, 
Borcw and Broila, which once covered more 
thon 100,000 ho, ore currendy pariy d i k d  
They directly determine fish [orming prductivi- 
ty in the del&. 
The Donulx delta covers 59 1 ,200  ho clossi- 
l ied as o Biosphere Reserve, inçluding ' 
3 1 2,600 ho clossified os World Heriioge. lis 
resourçes ore also highly dependent on the 
exteni 01 i l d i n g  

The riwr and he oquoric ond terreshial hobitots 
of the f l d w l o i n  ore one of the most comdex 
~o log i co l  $stems in ihe world St is mode up of 
O group of hi& diverse constontly interoctrng 
ecosystems: running woters of the river and i i5  

ocrive arms, stagnant waters connected perrno- 
nently or periodicolly to ihe river, iernporory 
woters, ~errestrial plant formations subleci io 
vorioble B d i n g  per icds,  and an underground 
oquotic ecosystem. The three spotiol dimensions 
ore therefore interacting (Figures 1.2) longitudinal- 
ly along the upsirearndowns~eom oxis of the 
river chonnel, tronsversely b e b n  the river and 
ifie A d p l a i n  hobitots, ond veriicolly k tween  
the surface ond underground woters. 

In addition ta this spatial cornplexity here is the 
lime dimension. F l d p l o i n  ecosystems are cha- 
rocter id by i~tensive dynamics ond shong p r o  
cess interoctions according to different time 
~o les ,  The diversity of f l d p l o i n  londsctipes and 
the cwnrnunities which live on hem ore due to 

m 
both onnuol hydrological and secmol fluctua- I 

fians, erosian, sedimeniotiwi ond plont succeg.ion - 
processes s p d  w e r  several d~oàes, os well 
as incision and level rising phenorneno which 
create river transbmotiwis ovw the centuries. 

1. Y 
GEOMORPHOLOGY, HYDROLOGY 

AND MANAGEMENT CONDITIONS 
ON ME DANUBE 

The geogrophicol choracter of the Danube is 
highly vorioble, especially its longitudinal profile 
which is  e r y  irregular The river con be dlvided 
into 3 streiches: the Upper h n u k  from the mur 
ce to Vienno, the Mrddle Donube [rom Vienno to 
he Irm Goies, the laver Donube from the lron 
Gres IO he ûelto. 

Outside of the gorge seciions where he chon. 
ne1 is constrained, the h n u b  hos developed 
contrasiing geomofphdogicol patterns depend inci 
pariy on the variations of the b n o m  slope. This 
gives o meandering p i ie rn  in he sketches wih  o 
slighr slope, such os in the G r m o n  course kt- 

w e n  the confluences with the Alirnühl and the 
Isor, or dmnstrwm hom the Hungorion town O[ 
Ganp; o broided gt tern mcurs in the streiches 
with O higher slope, svch as in the Avshion and 
t-!ungorioo/Slowkian streich. 

The hydrologicol systern of the Donute is very 
cornplex, due io ih highly controsiing hibubries. 
The overage dischorge upsheom hom the ûelb is 
6500 m3/s.  

The major reguloiion works on Ae Donulx were 
begun in the second hall 01 he 18th ceniury. 
Sirice ihen. he river I d .  he M I d .  he sedi- 
ment transport, the m/drdogicol system. 'he wuter 
qwlity ond he connections b e h e e n  he river and 
its floodploin hove b e n  a l te rd  by continuous 
warks developwf for navigation, f l d  eontrol, 
irrigoticn and power erduçtion purposes. In 
most coses, the result of these regdotion works is 
o sepomtim d on Qcfive" f l d p l o i n  sti! subject 
io B d i n g  and a 'fossile" f M p l o i n  h i c h  i s  no 
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I The periw'ic flooding of he ollwiol flood eonditims their richness and their diversiiy. 
Moiotoining cornplexij. and the dpcirnics of interactions within the ldic ecwystems i s  essential b their 
S U ~ V N U ~ .  

longer f l ded .  h oher moior ouicome of rct i i i -  1 *2 
caticm and stroightening of the river is deopening WATER QUAUrY AND NUIRIEN CYCLE 
of the river bd ond sinking of the surface und 
grounchater levels. This is well documentecl in 
vorious Donulx countries. Since the end of he o WATER QUALlTY s 
&ond World Wor, the Donube hos been d i -  

lied intensively in srne stretches by the conshuc- The impoct of regulating a river and ib 
tioa of hydr-lectric plonts. n i i s  is especiolly he plain on the woter qwlity rnainly affezt he 

in the bvorion and Auskian section. iemperaiure ond the ims cwreloted wih primarY 
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produciion. In the main channel, the reservoirs 
act as thermal regulotors (thermal regubiion by 
the huge quantiiy of woier, decrwse in shorkterm 
and swsonal fluctuofionsj and as nutrient ood 
sediment trop (~spended and poriiculate orga- 
nic motler). The transport of nutrients, espxioiiy 
nitrogeo and phosphorus, is often blocted in 
reserveirs. The physicochemicol dynomics of o 
reguloted river are esseniiolly cantrolled by the 
+pe 01 reservoir, the storoge copcity, he ps i -  
lion of the woier outflow and he woy ii functions 
ond the deep relase ourflow or uoderflow. 

ln he Mississippi River, during low How, some 
cuhws note outochtonous niirqen and phoseho 
rus inputs [rom side arms and former channels IO 

the m i n  çhonnel During iloods, he  p h y s i c ~ h e  
micol composition of the dmd crrns and main 
chcnnel crz similor. Rzgulofim moinly affecrs he 
chsrnicol cornpciiion cf the ficiin channel, but, 
D z ~ n d i n g  on the exchcnçes k t w e n  his chan 
ne1 cnd he other H d p l c i n  w o ~ r k d i e s .  eiher 
the wo:?r q v o l i ~  ci the river will o h x r  the woter 
quolity of ha  iloodploin envrronmenrs. or the lover 
will G C ~  05 refuges ia the river founo during disiur- 
boncer, (chernicol cnci t0.ticc1 pollutions). An 
excnplz 13 y e n  for O r ~ c h  of the Mississippi 
Rive: con$rnino:al tiy PÇBs 

Besicia locoli~co' shoriterm s:udies, there is  a 
w~!I-eci~blish~d network af s:a tions to rnonitar the 
quolity of  th^ Donube water T h e  studr by  
hucinow (19621 shows a slow incrwz in time c f  
o'issolved orçonic and inorgo nic compounds in 
hr D c o u k  This dm5 noi seem to offci h e  river 
*!f-pvrrSing copcity, which con b cloaihed os 
bmesomproDe. Due to the insuificient trearmeni 
cf sewage eifluents in some xctions, there ore 
loccl bocterrolqical problerns Nowadoys the 

mute problems are reloted to chernical FI- 
1uti-m due to solvents, hwy metols, and rodiaoc- 
tlve waste, and especiolly to their occurnulotion in 
se di men:^. 

Some locolised work carried out i n  
Cz~hoslowkio and Hungary show the promineni 
d e  ployed by -Roodplain chonnels connected 

the Danute in oxygenoting the river water. 

NUTRIENT CYCLE a 

The eorn$exih( of the processes interocting in 
he Rdploin mkes i f  difficult to cleorly define ils 
role QS D murce or sink for rninerol nutrienis. In 
his respect the orniloble dam oppar controer- 
siol. depending on the type af.nu~ient, the f l d -  

comportent and the relative position during 
he hydrolqicol or seasonal cycle. However, it is 
agr& that flood waters entering ~ h e  f l d p b i n  
bring o subsioniiol omouni of nuirients wih hem, 
which are mode ovoiloble for plant growh and 
cre prdy  respnsible for he high nutrieni level of 
alluvial cosystems The upbke of ihese nuhieors 
by he flLdplain vegetotian repremts a pren- 
ho1 pvr~iicaiion nechonism for the surface \voter 
of he river 

rhrcvch i i s  flocd waters or s e ~ û n d o ~  crrns, 
riers provide o large quontiv 01 mineroi nuiriaqis 
for hz ccco/ic and terresiricl hcbirors of flccd 
ploins T,~cnKs to his supply, icoclclcins fsci$~re 
nuirieni vci~les which ore oiwcys crc ier  thon cr 

q v o l  tc &CE of tempote forsc:5 cr non-fluvial 
hcrnid :cr;s 

In retuin. he assimilciion 01 nuhier,:s by the fzr- 
res:riol cnd cquatic planis in the flcodploins 
represefirs o rnwns of pvrih,ing he river wcters 
ond the _crcundwaier, 4 e of re i~r l r ip  the flmv ci 
nutiienis which could increose evtrciphicotion 
(nihc tec, chcsphores] 

The effxiiveness of his puriiicoticn i s  o d r r ~ :  
iunction nt the type of plcnt Ide, i e i t  is Iinked to 
the divercliy und orgonizotion of he plcni ferra- 
h m s  I i  hcs k n  shown hot, on the Rhine. the 
rerrnincl h c r d w d  foresi stoge, which is tbe mosr 
çomplei: cnu highly structvrd, is also the mos: 
erficien~ in Furib,ting grcundwoiee. In gerierol, the 
qwliy of groundwater is irnproved when ii circu- 
la:es under O Forest, and when it  is seprated 
from a plluted and/or eutrophic river hy a strip 
of forest - the wider he better. 

Purificoiion efficiency olso depends on the 
capodh/ of he mte r  io circulate inside d imen t .  
Here agoin, hdrologic fluciuotions ensure sedi- 
ment permeobiliv by periodic scovring. 

Surface waiers, for their part, undergo optimum 
puribcaiion in oreos where the side a r m  provide 
colm zones conducive to the developmeni of 
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oquotic and semioqvatic plants ond/or p h y t ~  
plonkton which octively use hs nuhients. This 
effect is greatly amplified i f  the eomplexity and 
meondering of the secondory arms increose the 
tirne during which the waters circulate hrough his 
biolog ical filier. 

In addition, f ldp lo ins  O reguloiing role in 
the orgonic mafier cycle: by ensuring o singgered 
supply fm rivers, Bwdplains contribute io he eh- 
ciency and reguloiion of the organic miter cycle. 

f -3 
ORGANIC MAITER CYCiE AND 

1 BIOMASS PRODUCTION 

FLOODPlAlN HASITATS: 
HIGH BlOMASS PRODUCTION a 

Two fwtvres ronk f l dp lo in  ecosysternz cmong 
the most prw'uciive 

In these ,ys:ems, the londwoier inierfoce zcnes 
ore groded Y?) the londwo~er interioce i i  

olwoys the mos: prductive zone pr surface 
unit olonç he grodieni ranging from lond IO 

open woier. 
The fluctuo:ing ncture af thece ~ntekocer, linken' 
JO o~i~rnc:irio phozs of immersion onci urying 
up - rhe "moving Iinorol" concepi - promotes 
his high mercbolism. Tne ab~ence oi 5:ogno. 
tion ollows ropid rqc l i ng  of he orgenic met- 
ter and nuhien ts, thus enobling higher prducti- 
viry han would be lound under seble terres. 
htol M aquatic condirians. 

High prducrivip hos k n  cleorly demonskoted 
in the oquatic habitat os regords plonkton ond 
fi$ forming production in the secoodory GrmS. 

Numerous resmrch stvdres conducd on he 
Donwbe RoodpIains d Slmkio h m  demonstroted. 
0 The contribution of seeondoy hobitots to the 

p r d u c t i v i ~  of the main wotercwrse by expor- 
hng o large plonkion biomass prduced in the 
colm hobibh of ihe floodploin. 
The positive ond direct correlation betwen he 
qwnçy and duroiion of f l d p l o i n  submersion 
perids and hsh farming productiviv. 

Here ogein, it is he connection b e ~ n  the 
compents of the fluvial systern and heir fluctum 
ring hydrdogicol nature which enobies the circv 
lotion of the organic matter producecl, regulotion 
of itr RGW, ond optimum use. 

e ORGANlC M n E R  CYCLE AND 
PLANKTON P80DUÇT10N 

Flwiol wedaods oppeor to be omong he mos; 
produciive Kosysterns. This con be reloied to: 

i The increased in landwoter inrerfoces whieh 
chorocterise these systems, these bovndories 
have b e n  pioved io  be tbe mosi praducrive 
zone olong the lond-towoter grodieni 
The fluciuoiing nature oi rhese boundarret 
[moving Iittorol), which encourages G very octi- 
ve rnineroliwtion and reqcling of orgonic mcr 
ter ond hence o higher prcduct iv i~ thon in 
more s ~ b l e  oquoiic or terres:riol cwidiiions 

lniiiol results ob:oined from fares~ei f I dp lo in  
syslems on the souhast cmst of h e  USA s h o ~  
i The quontitotive ikPrmnce of orgonic motier 

inputs fram the f l d p l o i n  inra the river. The? 
inputs cutweigh he primory pr&uc:ion 01 he 
river and ore cf the some crder os inputs fron 
he upstrmm wotershd They regrexnt O 5ub 
sion:iol lm' Eurce fur river communities 

i Tne ouoli~tive role of rtie flocdplarn cs o buEs 
rinc sauciure which regulcres the organic moi- 
:.sr cycle, eitner directly by proviâing snogs 
which hold bock the cmrsa orgonic prricles 
ond slow down Iosses c o u d  by downstram 
exporioiion, or indirectIy Dy poiiponing ihe 
m o ~  release of orgonic motter into he river 
(i.e. auturnn l i k r )  usually until the spring f ~ d l ;  

BENTHIC INVERTEBRATES AND 
FISH PRODUCTION 

The prduction and the biomoss of the main 
chonnel ore greoiy influencd inputs of founo 
Iplanktm, rnocroinvertebrotes, fish iveniles] and 
nuhients inputs k m  side arms ond former chon- 
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nels. Siudies in the Upper Mississippi River und the '1.4 
Rhwe River show hé'rde of producer, rhen distri- 
butor c o u d  by he drift of these enn'ronments. 

UFE CYCLE OF AQUATiC SPECIES 

The fish production of the fluviol wedands and 
Rdp lo in  vmkrM ies  is highly correlotd to per- 
i d i c  f l d i ng .  Numerous siudies carried out in 
Ae broided side arms of he Slovakion Donube 
give figures and estirnotions on this subject. These 
studies s h a v  the dispersive role of he side arms 
into the river during high woiers, ond the reservoir 
role pl+ by former chonnels and lentic woter- 
M i e s  for hsh whiçh have noi d r i l d .  

Ii is important to mointoin these conneciions 
k o v z ,  if the woter-bodies ore too isolaid on$ 
f l d e d  icu s p r ~ d i c o l l ~ ,  rheir biomas and pro 
duciron will t-e law Siudies of temporory ond 
prmanenily cannecicd woier-Mies in the Rhine 
cnd Rhone l l d p b i n s  show the h~pher biomoss 
çnd diversity ci the lot;?r 

B~OIWSS PRODUCTION IN THE 
DANUBE a 

8esec;ich carried out in  Hungory ond 
Czechos!cvokio especiolly provide quoniitoiive 
dcto cn he pfciduciivity O; the Danvbion aqvoiic 
ccsysiems 

A number of meosvrements of ihe phyim and 
rmplonk:on productions in he Donube sidwrrns 
provide quontitaiive evideqce 01 the very hig h 
prcducrrvity of these biotopes and k i r  conhibu- 
fion to he prw'uciivity of the main channel when 
the plonkton is woshed oui of the i d p l a i n  chan- 
n d ~  during flood receçsion. 

The high fish prductivity of he Donube FI&- 
ploins is rebted to peridical f l d i ngs .  Several 
authors dtxument the Iinwr relotionsbip b h e e n  
he durotion of onnual submersion ond fish pro- 
duction in the f ldp lo in .  In h e  Slovokion sketch 
01 the f ldplo in;  on increose of 1 cm in the ove- 
loge Miter  level induces an inrreoçe of 500 kg 
in the hsh prduction hot year and of 300 kg in 
subsqvenr p r s .  

FLOODPIklNS: A VITAL HABITAT FOR 
NUMEROUS AQUATIC SPECIES r 

For mony species d h5h ond certoin species of 
aquoiic invertebrates, the oquotic hobitot of the 
f l dp lo in  con $oy o hipie role: 

A key role br h e  viol cycle of s p i e s  wtiich 
reproduce there. heir olevins ore lokr dispr- 
s e d  in he moin chonnel during high waters, 
ond os the result of connections b e i w e s n  the 
moin chonnel and secmdory hob i~ ts .  
A f d i n g  rde, making i t  possible to euploii the B 
obundanr resources of the oquotic and ierres 
triol habitak fi&& by river s ~ i e s  

i A roie of reiuge in the ccse ci dis:urkcnczs 
( h a y  H d i n g ,  plluiion) in rhz mir; ciiannel 
indtviduols seking refuge in ~ c n d c y  hobi- 
tors ccn later recolonize and r e s ~ b i i s h  ppu -  
lotions in the moin c h o n n e l  

Tkse iunctions are closeIV linked ia the hyo'rolo 
sic variations in the system. 

e [IFE CYCLE OF AQUAÏIC 

INVERTEBRATES a 

PA !n tbe case of fish, h e  known migrorion pot- 
terns ci MO moyfly çpecies (Lep~ophlebro cuprdo 
in Conado and Poromeleius chelifsr in Sweden] 
provide evideoce hot l l d p l o i n  wore! M i e s  
connecrd with rhe moin channel con be vitol 
s:oges in completion 01 he liie cycle of some 
inveriebraie species. In these iwo coses. the 
oquatiç f l d p l o i n  biotopes ore known to provide 
eiher a temprory shelter kom severe Rw condi- 
tions in the main chonnel, or M e r  kmperoture 
and fod conditions, allowing (osier gr&. 

M e n  he &le biotic carnmunity is conside 
r d ,  side chonnels or temporory inundad a r a s  
provide poteniiol scxirces for recolonisaiion of the 
moin channel after severe disturbonceç have 
ciccured here, e.g. f l d s  shihing the river bed 
sediment. This case is exemplified by o stvdy of 
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psi-fld invertebrote drih in a side chonnel of i The geomorphologicol dynornics of he river, 
he Durance River, Froom. which on o m l e  of decodes ond centuries 

renew diversifid teriestriol and oquoiic bia 

LlFE CYCLE OF FlSH 

If the diversity of oquotic and semiiiquoric hobi- 
~ I S  is necessory for completion of the life cycle d 
numerovs fish species, i t  is olso needed to provi. 
de o refuge during disturbing events such os 
flwds, reduciions in dischorge and potluiion 
inpub. 

Periûdic phenorneno such os f f d s ,  low flows 
ond physicochemjcal cycles are the keys io g d  
biologicol functioning of the f l d p l a i n .  These 
n d s  are exemplified by the study ol fish migra- 
iion in o e t o r  of he Marovo River flmdploin 

LlfE CYCLE OF AQUATIC SPECIES IN 
THE DANUBE a 

The imprionce O! ilowlplain bioiops for the 
lile cycle of fish species hos b e n  horoohly siu- 
di& in the Auskion and Slovakion sectors 

The side orms connectd with the main chon- 
nels oci os dispersol ouiiets for fish during high 
w t e r  periods, whereas the more i s d o i d  woiar 
&ies con funciion os smk sites. The iemprary 

'inundcited zones con be used os reproduction 
and feeding graunds for some species which 
migrote IO these zones during high woter perica's. 
There is a cleor ossociotion between certoin 
iypes of ollwial hobibk and same groups of lish 
species, for bth adulk and iuvenile sroges 

i ALLUVIAL FLOODPLAIN AND 
BIODIVERSIW CONSERVATION 

The fvndamentol biodiversity of f ldploin e c q s -  
km - terrestriol ond aquotic - and k i r  biccenoses 
moinfy result from i f i re t p z s  d dpornic forces: 
i The in&uunnvol Wrological dyiornics which 

results in alkrnoting fiooding ond drying up. 

kipes. 
The dynornics of pfoot successions: in his case, 
they ore largely triggered, d i r e c d  or interrup 
red by the iwo previous forces. 

The diversity of Europeon f ldp lc i in  forests is  o 
ielling illustroiion of the result of hese dynomic 
forces. The plont density is rerniniscent of some of 
the structural fwtures of dense tropical forests. 
Their dendrolqicol richness (50 sp ies  of i ~ e r s  
and shrubs) ond sFific diversity ore remorkoble 
in comporison wiih non-floodploin temperots 
foresh (diversity index of O 6 to 0.8 for he lotiei, 
and grwier han 3 for f l d p l o i n  fatests). This 
exploins o number of remcirkoble feotures such os 
conrrnuous flowering {rom Jonuov to Octokr. 
The nurnkr of species fiowering ot the some time 
is hice  os high os in nodlQcdploin lorests 

The exisience of sufficienhy violent hydrol~iccf  
disturbnces is whot enobles younoer sbges IO 

k constontly r e n e d  [ ç o f i w d  foresh). In iermi- 
no1 hordwcd forests, ihe iuxiuposed mosoic of 
different phoses (yowng plants, regeneroiion, 
rnot~r ik~ senescence and deah] guarontees the 
bidiversip and long-term survivol of the eniire 
ecosystem. 

In the oquotic hobitnt os well, the cohobitotian 
or juxtaposition in sm l l  areos of onimol populo- 
tions wih  highly diversifid e c o l ~ i c o l  n d s  and 
biologicol shotegies is mode p s i b l e  by the pre 
sence in he flmdploin of diversified geomorpho 
logicol forms and active hydrologicol dynomics 

lasily, O few points should be emphosized 
concerning the volue of f l d p l o i n  systems wih 
(ego rd to preserw iion of bidiversity : 
i In heir original siote, f l d p l o i n  vollep were 

used as corridors or ~refetred poihs for the 
migration ond m m e n t  of animal and plont 
species Itronsportotion povided by woter, Ion- 
gitudinal continuity of wmded forrnotions, 
worm ond humid micr~limote]. 

r The large Boodpbin ~ l / e j s  wifh their relaiively 
worm and humid cl imte represend a refuge 
[or o large number of iertiary $ont species 
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during the glociofims. Thot is why floodpfain 
foresis cunenhy $fer o wealh of tertiary relics. 
Under cerioin gemorphologicol ond hydrolcr 
gical conditions, former river channels con 
comprise ocluai 'biotopes of mounioins irons- 
p e d  in a plain". They eosure the survivol of 
cold woter [auna and plant life d i c h  i s  very 
pure, relics /rom the ice oge. These are 
Solmonide biotopes of greot biologicol wlue. 
According to recent research on the biology of 
Coleopteres Carobidue ppulah'ons which ore 
typicol of londwoter hobiiots, he river dyio- 
mics responsible for the constont creotion of 
new hobitots (grave1 bonkJ could be one of 
the driving forces of the sp ia i ion  proçesses 
wihin the- populations 

GIODIVERSIN OF BENTHIC 
INVERTfBRATES IN DlFFERENT AQUATJC 

E NVl RONME NTS 

suppori rich ond  diverse comrnuoi~ies. noi only 
becouse they encomposs ihe whole ronge of 
oquotic conditions from flowing to stondin9 ond 
semi-oquo tic wo ters, but olso because specific 
ge3nciphclogicol or hydrolqicol fwiures crwre 
f ldplo in-spci f ic  gradient or boundory condi- 
rions which c l l w  the overloa of othewise disiinci 
types of founol o s e r n b ~ a ~ e i  One example i s  the 
Rhme f 1 ~ ' ~ l o i n  and its tributory, the Ain river, in 
Fronce The high ompliiude ot hydrolcgicol fluc- 
tuation in o Sei of formermeonders of he Ain 
river provides optimum conditions b r  the cwxis- 
tence over o short time ~ e r i c d  of ~ o l o g i c o l l ~  
highly con trosted aquoiic beetle ossern bloges. 
We propos reloting his type of diversity IO he 
'interrn~diote disturbance hvaothesis" which , I 
occounis for he high bidiversity of eçosystems 
undergoing intermedioie levels ef disturbonee 
lhere f l d s  or droughr conditions) enhonçing the 
productivity of the systern and the ccexistence of 
oherwise compeiitive species. From he point of 
view of o whole flcdploin sector, o more trodi- 
tional example ijgiven of how the diversity 01 for- 
mer chonnel mssupports o high ronge if inver- 
tebrote comrnunity t p s ,  not only in the surfoce 

woier, but o h  in the groundwoter compnent of 
the allwiol ploio. The loçk of obiecfive, cornpro- 
tive methds io waluote the bidiveriity ond func- 
tionol diversity of f l d p l o i n  systems is stressed, 
especiolly when relofing his prameter to diffe 
reni toxonomicol uni$ or ossessing it  for diffe(ent 
types of wetlands subieci to vorious types of 
humon olterotioos. 
The phpicol foctors are determinont, occording 

io the quolity, qvoniity und sbbiliv 01 he benhic 
invertebroie cornmunities in o reguloted hydrosys- 
tem. Bifferent studies of the Missouri, Rhone, 
Mississippi and Volgo rivers show hot there îs 
higher diversity of species in he unembonked 
parts of the= rivers c o r n p r d  to the embonked 
ones This is dve to the reduced diversrty of the 
subsaotzs Pobitoa) of h e  lorter The tanks, ecm 
tones t x t w e e n  ~errestriol ond oquoric [inierstiiiol 
ond pramic] environments, play c very impriani 

rolt  in the colonizoiion processes The vegeiol 
ho bi tcts (mocrophyies) and mincrol hobiio rs of 
ercding environmelis connected prmons l iy  10 

the river [loiic sidz chonnets. wing diLes ond 
embnkmenrs of the moin chonnet) have higher 
numbers of individuals thon minerai ho5ricts in sil- 
ting environments ond vegeial semi-ierresiiiol 
habitats, which indicore ihe evoluiion of the 
woier bodies iwords terres:riol s : a p  by siltoiion 
(bocba ters] 

The toxonomic diversity of fish lncreoces Irom 
upstreom to downstreom os hobiro:~ becomes 
more diversifid, thot is, the f l m ' p l ~ i n  incrmses. 
The positive carrelorion b e i w e n  the structure of 
lish communities and the increase in the skmm 
order is o _~d indicotor of geornorphologicol 
and hydroiogicol changes olong the longitudinal 
continuum. The structure of fish cornmvnih'es con 
olso reRect the disrup~ions io which the hydrosys- 
tem is s u b j ~ i e d  (disappronce of backwoters 
and former chonnels, disappeorance of islonds 
and shinble shores). This i s  demonstroted by 
examples from highly reguloied rivers in the 
U.S.A,such as the Misswri on$ he Mississippi 



rivers. In hese rivers, numerous origiool lotît s p  
cies have b m  reploced by exciic v i e s  and 
the emergence of lima1 ond pelogic plookiono 
phage species which usuafly cwistitute o minor 
shore of fish assemblages in u n d i f i d  reoches. 

In reguloied Europeon rivers, such as he Rhone, 
Rhine ond Germon-Austrion Danube, fish cornmu- 
nities ore dominated by some species which 
represent 80% or more of he obsolute obundoo- 
ce. The strvcbre of these cornrnunities hos shifred 
to communities d limnophilic cjprinids, ond (rom 
phytophilous spwners (Rdploin spwners) to 
moinly I iho~hi l  s p i e s  (tmgin chonnel spowners) 

Thus, the diversity of fish species is  highly cotre!o. 
ted to habitai complexity. The hig her the lorerol 
dimension of o hydrqstem,  hot is. the more diier 
s i f i d  ond accessible he oquoric and semiaquatic 
crms are, he more vorioble xhe cmmunity shuctv 
rs will be, that is, he richer the spies will te 
Tr;e cm will b true for benhic invertebro~es 

a B10DlVERSIlY OF THE AQUATIC 
ECOSYSTEMS OF THE DANUBE 

In 1967, 103 Fish species were record& in he 
Donube This con be cornpored wiih 40  ond 6 1 
for the Rhone and the Rhine res~eciiveiv. This 
tcxcncmic richness con be relotd'to the n'urnber 
cf e n d e ~ i c  species ond to the remoining h i ~ h  
o'iversity OC floodplain biotopes. However, the 

I 

Imcl s;rucbre and distribution of rhe fish cornrnv- 
niiies reAect ihe irnpoct of humon mditicotions of 
he ~ s i e m ,  such as in the Germon-Aushion sec- 
ticn. Furthermore, the Iran Gaies planr hos s:op- 
ped the upçtreom rnwement of migrotory s ~ i e s .  

Fldplo ins are nabml systems for rducing the 
sprecd of f l d s  ond decreasing heir strength. 
Two foctors corne into play: the roughnes of the 

.plont lorrnoiims on he riverbonk, whieh slow 

water s@, and the room to expnd  provided 
by the Roodploin oreos cbnnectd ta the river. 

Converseiy, concentotian of the flw in a norrow 
chonnel increases he shengh d the Aooding river. 

The consequences of the development of the 
Rhine ore po~ticularty doqueni. The &iginoP Rhine 
included 1,600 islaods beiween Bosel onc! 
Sirosbourg. River training ( 1  8M-1876) carried owt 
to p r o k t  the land I ran  f l d i ng ,  river regufoiion 
1 1 907- 1 9391, designed to improve novigoting 
çondiiions, and hydroelectric hornessing / 1928- 
1977) sbrtened iis chond i32 km beheen Bose1 
ond lovterburg] o d  triggered incision of he river 
bed (5 m ot Rheinweiler orvd 7 m or Nuremberg in 
1950). The foster flcw and los of 1 30 km2 el 
rskiining floodploins (60"A ol the initial f l d i n g  
zone] incrwsed he risk ol H d i n g  downsrwm 
& a result, the frequenq d o llood flm rore d 
5,000 r n 3 s - I r  which wos 1/200 yeors in 
Korlsahe, is F J60 yecirs tdoy.  Furthsrmort, the 
fl& frcnt, which mce bk 65. hmrs hovd frm 
Eaxl io Karlsruhe, n w  tokes 30 hours In 00'3'1- 
tion, it curnu~otes its effecis wiih those of the 
Neckor, Main ond Moselle ilood fronts, which 
u& to run ohwd d the Rhinz f l d  I;c~I. 

The Eonomic wlue of the alluvial flow'pbins is 
linked io heir exceptionol diversity ond prduciivi. 
y. However, i t  is difticvlt IO evoiuote becouse the 
olluvial zones have vcnished oloog the Western 
Eutoperin countries and in Eastern Europe, i t  is 
still impossible t d a y  to obtuin re!ioble econornic 
dota from the p s t .  

Nevertheless, çornmvniries of professionnel 
fishermn, h i c h  con no longer b encounterd 
in the rest of Europe, s~ill exist in tfie alluvial 
zones. 

Foresv exploitation is prticulorly interestin9 in 
these highly productive alluviol zones. In the 
Gemenc, production in 1992 will omount 
1 15,000 m3. 
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Up uniil recendy, ccommerciol iwrist hunfing w o s  
o very impoiiunt source d currency, especialfy in 
the Gemenc and the Kopocki Ri i .  The develop 
ment of on ecotourism ofong the xlme lines os 
thot which is IO be developed in rhe Danube 
deh Biosphere Reserve could reploce odvonto- 
geously hunting. 

FL~ODPW N ECOSYST EMS: 
DlSAPPEARlNG HABITATS 

Due io successive lond acquisitions, river troi- 
ninc and dam construciiwi over rfie p s t  cenhiry, 
flLdplains ore currenrly a dtmppearing hobitai 
cn o furopeon scole. The d e c r m ~  in the surface 
crec of the Rhine I l d a l o i n  forest is s~ectoculor 
frcm on "original" 'surface, estirnoied ot  
IC0,000 ho, only 20.000 ho remained in 
1310, and 7,000 ho tdoy,  ond more thon holf 

O/ which consists d plantations. 

~he'firsi IO be offected ore floodploin foresis. 
The domage done by mdern srlviculture, which 
tends to simplik the forest strucbr? by elimrnotrng 
uno'ergrowrh, ond whereby Foreign vorieties 01 
ee-ls ore in t rducd ond clerir felling 1s prociicd 
ovet wsi surface orecis, hos greorly r d u c e d  the 
svr~cce a r w  01 noiural foresis The removal of 
mescent and deod trees hcs impoverished the 
founo ond flora, olready wmkened by the use of 
psticides. The naturaily struchired i'orest decreo- 
sing surface oreo (99% since 18001 cansiderably 
olt~rs the weralf funçtioning of the i d p l a i n  sys- 
lem. Forests older han 250 p r s  are exhemely 
rars in Europe, and floadplain torests d hot oge 
ore men rater, In Europe, only a few heciares 
remain on the b n k s  of the &rom, o Czech and 
Auskian affluent of the Danube. In our lotiiudes, 
the loss of old forests fias inestimable çonse 
quences on the fmestj gene pl. The decreose 
in Radplain m s  olso affects oreos which ore 
fidd eithw temprorily or perrnonenly. 
Men hese t p s  d habiiotr ore mt destrqed, 

hej ore greotly &if id. One cf the m a t  dasic 

exornples is g r a b  isdotion d k larger port of 
the f l d p l o i n  by dikes. This creotes a 'fossil' 
f l dp lo in  which is no longer in mkt wih he 
surface waters of the river. A reduced "&ive' p 
tim remoins, den rery mrrw almg he river and 

fragmente$ Iongihdinolly. This sibotion is 
often encwntered on the Rhine a d  the Donuix. 

Experience shows hot regulotion insiulbtions 
couse residuol zones ta dixippr ùy disconnec 
tim and reguloh'on of he woter l e ~ l  io addition 
IO direct destruction of he ollwiol zone5 Rded  
by domming. 

Oevelopmeni of rivers, and prticuIorly dom- 
ming up of he minor river bed, CUIS OR he  river 
from ifs ollwiol ploin. 

Regulation of the river couses ha allwial H d -  
ploin ecosystern ia dry OUI and die OR davns 
treom of the dom: upstreorn, i t  cceses dech by 
f fCCd i~~ .  

Finally, ond his is protwCly riie r r a :   riou us but 
olso the most difficult i r n p c t  fo ccnrrc;, reguloting 
the river causes i t  to subside in iis M, bringing 
cboui simulioneous deepening 01 the ground 
iva ter This phenomenon, cclled incis~on, rs p r t i -  

culorly seriovs dwnstreom d the Au5tion doms 
cn ihe Donube. where subs;defice rathes 1.5 
metsr d e p  The consequences cre even more 
serious for the olluviol zones which cre liierolly 
d r i d  out and for copting drtnking WC:?! sysrerns. 

During the two yeors which the Equipe 
Coustwu ond ih priners have spent shrdying on 
the Donube, the situation af ihe creob ollvviol 
pleins suddenly wwsened. 

The violent drying out of the large cllwial zone 
of the Hungarian Szigetkor and the Slovokion 
Csollokoz (around 29,000 ho) c o u d  by rmov 
ting of the Donube in order to fiII he Gubcikovo 
dam is o warning which the internotional commti- 
niv, for ib own xike, must h&. 

The Gemenc al lha l  forest is now the iast greot 
olluviol zone of the Danube to have rernoined 
intoct. II has recenly been classihed os o wet 
zone of internotional significonce under the 
Rommr conenfion. 

Nevertheless, the Gernenc is no! toiolly unxo  
thed. Quite the reverse, like oll ollwiol plains 
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along developed rivers it is groduolly drying out. al= decreosed by 1.5 metres ond f l d i ngs  ore 
m a t  is more, the present developrnents of the less hequent und less extensive thon &fore. 

Danube (not to mention the impact of the 
Gabcikovc dam) have couses on averoge subsi- Drying oui musi be siapped if we do not wani 
dence of 1.5 mehes. The grwnd water level ho5 the Gernenc alluvial forest to die. 

* "  < > 
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She bllwiol zone d the Oonube basin cmhtute a unique heritcge in Eurqpe which is necwxiry ia the 
1ife of the river and to the quanti* and quolitive hep of the grovndw~ter t&h, und r" ceqwntly to the qvolity ddrinking wuter. Tday these a lwiol m m  ore very seriousty threûknd 

and mcry be b5t altogeher i f  we do not tabe irnmediok action io conserve them. 
Such memures must bs tokn a i  bffi a hf and internatimd h l .  

Studr ond restorotion of on deta iled onalysis of the arm's griv of fhe ecorystem. 
evemplory oreo: the Gemenc in h y d r d q y  nnd its chonges since An iwnbry  n&s to ke cornpi 

&%OT the kiqinning of the ceriiury hos led cf ihe huno ond fbro in the 
alreoh k e n  canduded. Further- region in order to underiiûnd koiu 

The Gemenc oreo i s  relotively 
simple from the viewpint of its 
gecmorphdogical hisiory and ifs 
hydrolog tcol fundioning, p r t i cu -  
lorly when comporec with the 
Szigeika; orw, in tiungury, 101 

exompk A h ,  it des n d  feoture 
ony malm foçilities [hydroelectric 
doms, ImLsl not cross ony inierno- 
iicnol borders 

Despite ihis sirnplicib, the oreo 

more, o n  initial prcqrom tc siu& 
the physicoc hernicol proper- 
fies of fhe woter at certain siies, 
ond ta instoll piezcmeiers IO siudy 
flucluoiicns in  ~ r w h t e r  ~ w e l s ,  
has r ~ e n i l y  k e n  undedoken oi 
insirgorion of Equipe Cousieau 
and P r .  Zsuffo f iom ihe Baio 
Uniuersiv 

This gudy shculd k follmtd by 

ihe currenf ecosystems function 
This ~nveniory moy ihen h inctu- 
a d  in the higer Frafrcmrr,e loun- 
çhed by rhe iUCN in ordcr to 
cmpile o bidiversirj iribenrzry of 
the b n u k  basin. 

Given he ptazsrnerl inbrrnotion 
currendy ovuirloble on the Dcnuix 
olluvrol Kosys:ems orid fluvrol rnci- 
sion problems in  generol, f iom 

contoins a wide drvsrsity d oqvo a 4-phose long-ierm pryromme kath a geqrophrc end themotic 
tic, sernioqua~iç ond terresirial viewpint, ihe G r n e i ~  5t~dy and 
habiiots represeniing most of fhe Phase I onalysis O/ current reviializoibn pro/& oifer the pop 
Adplain hobiiois encountered in conditron prior IO interveririon, sibility of cmprehenske remrch 
middle europeon meonder $oins provisroncl diagnosis (durdim whtrh would leod IO a better 

The ecolqicol pr&lerns raisd 1 w r ]  undersionding of ihe conse- 
in his ore3 ore representorive of Phose 2- develcpment 01 on' quences d ihe pheriornerc invol 
sifmlions ençountered io vo+ing ' action pjan and on cokgogicol ved io k s i  solutions combinrng 
dejreeii, no! only in<,other managerneni plon econom~c and socio-econornic 
knubion oreos, bur on the Phose 3. exectriim of reinstote ' &ors. 
other h r g e  Middle Europeon ment wmks. ,ljl -. I , :  

rivers, i.e. excessive expbibtion <L> hofiose 4 mun-mÏq d reinsbfe, ~ r e o t i o n  - .  of o g m  corridor 
of ncstural resajrces vby mon,  . fol-::*;*: ment prp3ed~r~~~[minirnv~ cfuo ; ; dL . ,', : 
ling WUIH ltne an$ reuil~i~g'dyrrig ,' :Iton3 p r s ] .  ,,;- ,, - - 5 , , ~cdcxfionA$ he Gemenc o l lw l~ l  
"p af the flood+,, P <* ;:;,,,: "- ;-:;A : ' i ': ' '* "O>  - *(P:" 6 

Y ( Y  c >, ;:.a ,,forcit alone would not moke i t  
The= is o regimol 'i&diness::< f ~ ~ ' ~ f ë o i r n  .d itiis~revi@Iizot'& pto A ~."P;,siible 16 preserre jhe genelic 

reoch Q cqrnprohis$ bek.reen ~g'romrne"co*sist~ nofyônlyjc[<:?s-&herifa& ôf the ,vegeiol species 
soçioecbnomii k n d  ' è c ~ ! ~ ~ i & l  f,$i+Yers~onding the~rnecfipnisrns of :::,ii_long .the Danube i n  the long 
cm$roints fW i n k g r a d  +ter didhorging 'in the >lllr;ïol &:t&rm..&efic dmrsiiy is nvm 
ment of the Gernent:arêO:: A .  -&il btseioiher :in"!èiiwing" in't&I y2for,the s d d  ripecies. + . >... < ? ?"'Y *. > :3:d"?L" ' <, PA Y,, "-7 < - .. >i" , : ,,> *>+ ?*, ,< 
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For plontri,' the onty woy to moi* Mich management for hese r n ~ d I u r o p n  nllwiol ecosystems 
iuin ihis diversiiy i s  to rnu l~ ip l~  ohviol zmes ' and their restoration ore O vitol 
infro~~ecific exchonges between issue for E u r v  These ecosyierns 
no~urol wnes Ecoiourism con be a source of ore ihe mosf cornplex and m a t  

resewe financing However,, 11 highb orgonid wer to be fwnd , 

,To do this, we propose creoiing rnlisi be strktb monoad by n o b  in air c~trno~rc m e  T h e  FWH mus! 
a d18u~on corridor betwen CU? ru[ resewe proieciion instituttons be gtven ~ulltcienr heedom to 
rently rsaloied naiurol reserves. The type d monagemnt bve hove generate O mcsaic d dtvem ecD 
This 1s ihe necessory occcmpnl  proposed for the Donube delio systerns The condiricos for ihis 
ment io redevelap~eni of i he con serve os an exomple bedom must ke fhen consdldo- 
h n u k  bonks. A çeflcin n u m k  id, Iimiis an laierol m e m e n t  d 
of prdec~lve dikes m w ~  lx m d  the river reduced and hydrolqicol 
further out, ci le&t ~ ~ e r c t  hun- * Internotional protection ond Auct~iions and swlrmelt cvoilcbr 
dred mies an eiiher stde cd the h & ~ e  I i t y  moinkmnwl 
minor bed, so ihot iheY ore c i  
Imst in Iine with the rnojor bed The Wei zones of the Donu& Fie Donube allw~;1 mnes mvst 

which mespds ia the overooe canslifuie 0 unique herltoge for therebre Imelit hm clossifcoiion 
onnwl / M i n g  hure generoiims, ihe r~spnsibill- by inierm~ioml instiiviions. liomsor 

c f  w h ~ h  1s n d  meek  d natio Conveniion for h e  wet zcnes of 
AIE relations bt~m the allu- no1 inFeres1 bu1 of lnternoiicnol iniernoiionol irnpodance, and 

viol phin o d  the rivw bxl mvst tmPflonc@. Unesco for Wotidwide Heiiioge 
be maintoicd and Biosphere R e ~ w  bbl 

Tne ptrimcniol vo le of the ollw 

No new channelizolion 15 ne? viol ecosymil alone j u s l i f i ~  iheir 
d e i .  nor ony rectificoiion of the ccnsemtion by the iniernohonol tnmdortol finoncina 
river bed; ihe connections bet- communiiy. 
wein the secondory amis ond the Gwn the financra1 interes% invol- 
m i n  channe! d the n w  must be The Conwniian Biological ved,  por~ i cu lo r l~  now thoi the 
kept It wouid be odvisoble to hversify s i g n d  in June 1992 ai Eastern Evropean couniries ore 
reinstob connecfions b e ~ n  ihe th@ Rio Con ference cl~orly L openmg up to the free markel, 
m in  nwr chcnwl and he secm ihe need 10 pEErve nef mly ,, jhese clas~ificoiions need to be 
dory chûq~els 4 destroyi~g cer- , the plan! and  nim ml sPcie5 0s breinforced by miernaiionol hoart 

.os pqrt of eut pop ;unils Ihb * % I F *  b i d i ~ s t ~  , but <ai$ k i$.:~h$"&vld b &me by 
':IIYZTureit&ra!ion of ~ h e  ;~01" th< ecoi~rfems ond !he$ .9.:rwoppinST jhe foeign debt for 1 

Gemenc oIIwioI forest. ' +s ,;dynomi~s<t~h~S* Sixi k e n  pdmit- .;il/bol m w ' X i m o n .  ni3 +p 
River f l&j 'q~IQfi~e~ $vg& thot'the possible dX.e?cé of - ~ * ~ ' f & ~ ~ ~ ~ ; d  I l c  , + hi 

I * r , d \  Y *  moiniaid. uigh-lnv y.&r,alt& psiehtifr 'of&'&ni$ k nDi ?%biffi- ;> 6:Jorgeanvmber of lhreoiened 
q>:<,,. , 

n0f~oN o& ~uifo15~fhe' &rmicfim i %&& @ p ~ n b  &*, f F ; p r e a ~ ~ ~  h&i"g' toreign trading' 
01 any na dom Zù$ ben.-:d &s?' M c y b r + $ i ~ ; ~ ~ ~ j n p . : n i n i & ~  c-6 d 9 +gn $he&. .$<-O;>.:" ~ i c p  - n,5,u ' K ,i 2'" ~ i < " ~ ~ h ~ l : c ~ ~ e r v o i f i  d , . le  h r r ~ i a  ~'&~rpi~f~~,, ,  y ;> ; :.' 
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I 

THE DANUBE MLTA 

The Equipe Cousteau hos b e n  conduciing i ts  
field s d i e s  in oll the csuntries dong the bnks  d 
the Danube, cmperating wih scieniists and offi- 
cioIs os well as inhobitonts, 10 oddress the issue 
of how the Donube should be utilizd. The ques- 
tion is especiolly crucial in he delta os ii is off=- 
td lq oll the disbrbances to which the river and 
its tributaries hove b e n  subiected, and under 
pressure fiom to101ly diverging interests. 

At the preseni he  Donube delto is on exceptic- 
nally rich noturol zone, in spite of the smetim?s 
xvere chonges ho1 hove cxcured in plocas. Ihè 
immense size ond impenetrobiliiy 01 the reecl 
beds. d l  intoc!, and the "plcur" (flootino r e d  
islonds ond d~omposing vegetoble mener] guo 
ronte the b s i  protxiion for the launo, ond in 
porriculor, the rernorkably abundont birdlife. 

The delm is  he lasi European deltu ecosystem 
of such scope and richness. Ii rs esseniiol for 
migratcq birds. The migrorory birds of Norhern 
Europe f ly  over inis ores in iens of housands on 
their woy to Africo where they spend ths winter 
Birds hom Africo corne to the delto in the scmne: 
io b r d  The plicons' breding ground mvst be 
designared os o skiciy protected orea 

The Donube  del^ records and concenbates ail 
he disturbances thor he river and its tributories 
hove endured. Ii i s  a privileged areci for moniim 
ring h e  ~voluiion of he  life of the river and the 
quality of the woter. 

The Equipe Cousteou teoms spent several 
weeks in the heori of the della, both in winter 
and in surnmer, to cwnplete their s b d y  They used 
011 ovoiloble means (helicopter, Zodioc, row- 
k t . . . ) ,  to explore those areas of the delta which 
ore the hordest to rwch. They hod numerous 
meetings with local people ond paid special 
attention to heir vision of p s t  and future changes 
in their region. The methodical grid-partern heli- 
capter survey of the delta ployed an essential 
port in the generolizotion of occurote but decii- 
ve field-collected informotion. Through oeriol 
pbservotion we were finally oble to ascerioin the 

stoie of some oreos which were either inacçes- 
sible or xi rernote hot they could not be visited 

The Equipe Cousteau hos poid prticulor onen- 
lion to propasing o management plan which will 
enoble the inhabitonts to have o decent stundord 
or living by benefiiing [rom the weol~h of this 
exceptional pairimony recqoized as svch by the 
internotionol cornrnuni~~ while ot the surne time 
pre~rving it. The work has & e n  corried out in 
close cooperation with ihe delta inho bitontç, 
Professor Vadineoou, Secreiory of Smte for the 
Environmeni, Romnio, Mr Gomoiu, Monoger of 
the Biosphere Reserve, ond IUCN represento- 
tives The mnogernenr plon waç p r e ~ n t d  ai the 
Bucharesi conference orgonized by the 
Commission of the E u r o p o  Communiiy cnd the 
Romonion governnen: on "Touricn on? 
Ccn~rvo:ion ot k l t o t "  Our ?reposls crz lorce 
1) Erown {rom hë (rncl rxcmmendo;ian:. 

2.1 
GEOGRAPHICAL CHARACTERISTICS 

Tni: h n u k  deho, which caveCs 59 1 ,200 hc. 
i s  hz widest orid he riches: wel zone in E u r c l  
of'?. the Volcc Celrc Tne delta ond th? k o l c  ci 
the Elock ,& rtpresentinç 679,000 brio were 
d~s;gnatd o '6iosphe:e Rezrve" by he Unes2 
ln 199 1 ,  3 12,LdO ho, i e. 53% wwera dejrcnc 
td "Worlà K~riiace": fite delto hos be.i deh- 
rrd o "wet zone of internationcl s~~nificorice" 
unCe, the Rommr Ccnveotion. 

HUMAN IMPACT 

In 1990, he deltors populoh'on ornovntd 10 

15,690 inhabitants sprwd out over 28 villages 
The density is 2,b inhobibnb per km2. Howwer, 
mon hos not oltered the are0 uniforrnly: some 
zones hove been greotly affect4 wherws ohers 
hove remaind untouched. On the oher hond, 
he humon i m p e t  hos k n  very di#erent whe 
her ii cmeerns for food or a quosi-indvstri~l ocri- 
vity, theiefare of notionol concern. 



W E T  Z O N E S  OF T H E  D A N U B E  

Food octivities, mainly agriculture 
and fishing bui olso tradition01 hunting, hove not 
offecid the delta ecology not mly becouse he 
densiiy of he inhobitonts is low ond because 
these octivities ore not widespreod, but olso ond 
o b v e  011, becouse heir oim is no! largescole 
cornmerciol developmen t. 

Development of the Sulino chonoel, in 1990, 
and the h i n t  GeOrge çhonnel os well as he sin- 
king 01 the transverse chonnels to eonnect the 
lokes to the main chonnels hove considerabIr 
rndified the notvrol wciter dischorge. The s d i -  
mentotion ond ihe noturol percolo~ion of the 
w te r  fhrough he r d - k d s  hove b e n  greotly 
cltered offecting not only the Donute delta but 
alxi the cwstol oreri oleng he Block h. 

The polder sudoce ofeo oliogeiher is obout 
36,000 ho, i e. o b u t  8% of the delb orea. 

Sireoso IO h e  wesi. 6,000 ho 
Pordino io he north. 27,000 ho . RUSCO. 3 . W  ho . Smaller ogriculbrol zone5 or? ta be o d d d  to 
hose abve :  Sulino ond oll ho= recovered IO 

fhe south of ihe oreo upstreorn of rhe Soint 
Gemge bronch, from Tulcea to Dunovotv. 

All the polder forms have gone bonkrupt, not 
only k o u s e  yields hove never reoched expec- 
ted levels but becouse mosi polders becorne 
unproduciive h o u s e  of xilrnization problems. 

The overoll surface orea which has k n  turned 
into piscicultvres is similor to thot of the polder 
areo in hot i i  is very difficult to estirnoie accurote 
ly os dotu are considerobly vorying: here may 
lx 32,000 ha in all, o b u t  7% 01 he Romonion 
delto surface oreo. The following fish farms: 
Fortuno 12,500 ho], Grindul Stipoc, Chilia 
k h e ,  Caroormn, ond the one to he north 01 
Crison (ohu t  3,000 ho], seem to tse still opera- 
Bng coday but il is difticuli b oxertoin heir resulh 
in ony detoil. 

The large hsh farms of  Popïno (8,m ho] ond 
Dmnw (5,003 ho], h m r ,  seem to h m  $een 
obondooed. ORiciol reports confirm hot hese 

P 
giont Forms.have foiled and show a lm of wera I  4 

million lei per p r  (no furher debils o!e miloble]. - 
Iwo zones are regularly cvt: Urlino Gorgovo 

(2,500 ho] and the zone between the Sulino 
branch and the meonder the furthest upsheam 
from the old Donvbe, oround Obtetinu More 
loke. The présent siivotim of he Peritmsca zone 
which hos b e n  proposed os O stricdy protected 
orea ils present siiuotim is very p d y  defined. 

Reed exploib~on reoched iis climax in 1953, 
when he crop wos about 226,000 tons. 
However he mechanical deshuction of rhizomes 
by impers ond the insufficieni nutrienr supplies in 
polders which are no longer R d & ,  hove cou- 
sed prduction io drop to 33,000 tons. 

Industrral navigoiion sionds opori becouse 
olihough ii does not direcdy involve lccol commu- 
nities, ii produces very pronouncd chonges, i.e. 
h e  reciificaiion und channelizatian of bronches. 
It also ollow~l ~c i led  lhreak Io hong over rhe fub  
re of he  biosphere reserve if i t  is furher develo 
ped. The occideni involving the Russion ship 
"Ros i~k "  on 3rd Septemkr 199 1 in he  Sulino 
Chonnel serves os o reminder. This occident 
mcvred nmr the village of Porrizani and could 
hove c o u d  an environmentol co~ostrophe if II 

hod b e n  full of oil or hod b e n  cortying toxic 
substances. This worning must be token into 
occouni in rhe legislotion io preserve the biosphe 
re re5erve. 

In 1989, 2,327 h t s  corr id 5.2 million ions 
of corgo olong the Sulino Channel. The port  of 
Glat i ,  the lorgest port on he Donute, deols with 
the rnoioriv of tralfic (15.2 million tons). The 
Ukrainion p o r ~  01 Reni on the Chilio bronch 
cornes second with 12.6 million bris. Tulcecr is 
for behind with 1.4 million fons (2 J J  hom the 
Block 5x1). Troffic is r n ~ i n b  Imal, i.e. row mine 
rals, ferrous and noderrous me&. The outgoing 
freight (2.5 million bris on 1,205 bwts) equals 
the incwning freight (2.7 million t a s  wansported 
by 1,122 bwts). 

It is to be noted thot more hon holf of cotgo 
(obout b million tons] hot are off4wded a i  Goloti 
gces hrough the Consionza - Cernodu Canal. 



* T H E  D A N U B E  ; F O R  W H O M  A N D  F O R  W H A T ?  

The'B~osphere Reseive .hthority : The Romonion Government hm . Dranov regim'io be considerd a 
will have to ensute thot reloiions suggesied o çertoin nurnber of .s t r iy  pro& rira. Not onty do 
between laml p p i e  cnd oll those zones ihat have b e n  chosen for t i cans y tkrc ta'" in p c e ,  
i n v o h d  in dweloping and mono- ibe d w n i t y  of habitats l h q  c m r  t i t  is axi  O wellptotecfed ara ,  
gina ihe delio m i n  on o humon and tbir obundant birdlife These since occess !O these zones is miu- 
sole, so ho! this unique Europwn choices seem perfxt/y jvriirfied. rolly difhctiti And Iinally, os the fish 
nnivrol orm will coniinue to cf* Nature 1 s  tough. She quickly fonning hos foild, there 1s n&ing 
l ~ p  hrrnon~ousl~ iokes bock obandoncd ccvltivoicd ta siond in ~tie woy d tehabilttoting 

The delta is zvfhclenily large for areas ond fish forrns If O ceriain th eniire a m  
the creotiog of siricil protected numkr of chonnels which provide 
oreos ond inhobifeJ zones for occess IO b~rd b r d i n  zones ore %zone> 
pople intererted rn ihe dwelop no longer moiniainel ihey w l i  
m n i  of the reserve. The inhobited ve quickl beccrne impenlstroble Bucer zones must surround ihe 
and working zones should prefero Di l !  culiy o peneirction ond inac olrzo+ etisiinp inhobit4 ond KP 7 k mrobied by bvffer zones in ceuiblity to ceriatn zones musf be ~ m i c  zmes rney correspond ta 
w ich troditionol ociiviiies ond rnointoined In ihis w q  the delta oreas i hd  are neriher econornic 
C ~ O ~ S  and d e r o r e  iwrrsm would wrll r f c m r  O Iorge pri of its weoL zones nor siricl ESMS. Only trodi- 
te possible, rather thon 

r IKt ing 
th and will prcteci itsdf w i i h t  ony iionol oclivilier and crohs os well 

the noh~rol zones by bu r zones. unnecessory outlcy cs mcderote hrism will lx tolero 
3 e  phibsophy is not ih ieme for Gewrolly, o p r t  frcm the peliccn ted Access ivill be by rowing 
erch a p r w c h  in one, mon is breeding ores to !te mrth ot hk b o c t s  or low p e r  motor b i s  
ioierofedFrn the i e w e  becat~~e he Merhei, ~ h e  ruggeiied zones Horwer, ceeoin comlr ihai Iink 
Iiyes in a trodiiional woy in ihe a p r  io lx tco msily occessible villoges ond remote econamic 
CE!IO; rn ~he other, the noture and, more impononily, ore criss- zones cross tk bufier zon~s Onk 
is!onds ore proieci& ogoinsi ectr crossed by nvrnerous chonnels inhabitonts who hove a permit 
nomic developmeni ond tourrsm navigable by moior boat This issued by the Danube Delio 
thn would otheiwise ~hreaten hem situofion rfqvires v e y  strrcl cm~rol, Biosphere Rfzerve Authoriiy will 
wiih oll kinds of pdlutton which is  much more difficult to hove the rrghi io !rave1 on ihese 

enforce thon if they were noturolty canots by mcior k t .  The s ~ d  
Howwer,alltheeffo~smo&by inaccessible Inoccessrbi~ityis ihe wi l lbel imi~d 105  hotsiornoid 

he Romonion Environmeni Ministry k s i  guoranie of si& proiution ony d i s t u b e .  
a d  lk inkrnohwiol cornmuni of.ihese oreos Stricdy proieckd The en w y  d penetroiing he 
Ilnd the necerwiry balonce aieai rhavld be ptaced under delio ir k y river, and ihis muri 

, scientific contral and the care of rernoi? so. There must be no 
- &ciolly appointed mirdens. Only h~xidgfs cmd no new r d s .  
' scientists who are in, charge of , r d  

x ., 
> ,  

J I  

:.monitoring the ecosysiem, and L'r c , ,' A . r 

birds in priiculor, Would k eue; Emr&icrnne > A  ,<' 
, n 

..Io enler these zones ~ws!o~tly . . 41 & .  , n, . 
goverfimnl dms no! sel vp* ihe .: fq régvlor obwotion, oicordin +, 11 =&es thoi oie regularly med 
necerrary le ol frornewoik [or. .~lop rhgivle thai @"Id he'&f!~: 'ky rmb ! m l  ca ng  p"ueg?rs 9 appl~cation o th. ~n6gige~eni  ' ' ned and m ~ d  by me ,E~LI~ ,>;and ?rgo :murt%- qonridered 
~mmendofions , -:;,:':- , :--'&i6-Biospfie !*$ihor.dy economic zone? * :" .:: , - , , ,* 

*" 
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W E , T  Z O N E S  O f  T H E  D A N U B E  
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7 &le u&tk")wsTdg~dd$"$&n'~b;; Gd rf;cik $&s, i$ h*umcÎni3gifit&  FUS^ benbr+ j td  
a ik de!ta:"?Thjs $'%i~' k... we s "fJ ' p s i  , ~ ~ ~ w i i h E t h & ~ ~ ? ~ ~ U t ~ i ~  !=$uction in;':aod cond~"C~ion ,'in *zones thut , 
, &ing @ipi i~"rn irnito" ,orge :.,. euhophichfi6nr-~,,- ,.> .' :>, *;y,' hdvg blreody been developed . 
: g~lè@$~i&@ bYildings:c': '5 :' Re{-I :ibhorrk ~i i8'thé ,(main r&&i.erping \.lbga] mLrt : 
:i.Wl Wnewuidüs~al & m i c  ctit ..&*ed, aY 51ighily$$ti h-bnches:,: be' timited.rThe $eVelopmeni O! 

viYes musi '&'&idden. :fhe jxe . o d  loki=s>$ich,incmsiogly @e -: lorge b&ist -plexes thai w d d  
I sent economicLrone$ mi;$ be ~n t ' l i f e  fiM?de+ping. $0 &aipst the inberest5 01 ihe 

moinioined ,but n~ <exponded. - Opening vp d mei cwiducie reserve and prticularFy fhose of 
Zonesrwhere !here is econornic to delta frsh brd ing '  . ";'.>" 

ifie inhabiionts, mu$ be prevenid 
odivity:ond iraffic ci the resent ,- , >  A*  -A*sfnius fa the delta inhabitonis 
musi be corafully del imitd ihey R~sorioblc reed cuiing dws ir eseniiol if ihe clarjfrafioi> into 
will not tse able b extend +d n d  seem IO horm ihe ddio ecdo differeni zones k io be effeciive. 
thir present Itrnits. gy. R d  is a renewoble resource Thetr oncestrol property rights, 

Moremer, fish forming ond ogri- whrch con be prcfiiobty horvested heir fisfiing rights, and, in general 
culiurol m e s  wfiich ore noi viable rovided i f  does noi exiend their ~aditianal odwtlies in rhe b u f  
rhevid be rehobiiitoied. II iorge Lyond  the h o  zoner [Uzlino- ie< zones muit be prarewed Ta 

forming îs not obondoned Gorgmo ond Sulina] and ihot it is do ihis, the inhobiicnis r n d  hcve 
II musi p m  tts profitobilib m r  o d m  wiihout rnochtnes~wtiich rire o siaius hot ollows them to Frocti 
Syecr p i &  (ewgh time fm cli- destruciive for ihe ecosystern A se, within Irmits, ociiciiies which 
motic variations not io inierfere lime limrt for cufling shwld h defi would te forbidden to ncn resi- 
with the mperiment) ned m os n& io disturb the hrsi denrs 

11 w l d  seem very reomabk IO ~esiing species. Finolb, the true Wtih ihts oim tn mind, evevhing 
rehobilitoie hese lad tvm tilpes of odmntoges and crsnsequences b mwt k dme to rqieiesi ihe delta 
m e s  Pdicons ha* olrmdy ch0 the founo of lorge çcole s~ubble inhobrionis and to involve them 
sen he Umnw pisciculture r q i m  burnrng oi the end of wnier shwld direcily in ihe life ol the delio. 
os O feeding zone becou= of i fs  oJm be sfudid Traditionol humon ociivities hcve O 
pwcdulness. negligible i m p c i  cm ihe delta ecm 

The noturol wter  f h  must he i Delta inhbitonb logy The tnhob~iants wwld more 
reestablished by desiroyino ihe easily accept to ltve in a bimphe 
diker surrounding the lorgescole MDre ~mptnnily, the Biosptiere re reserve i f  they ore directly 
fish famis bhose i n  Popina to ihe Reserve wnnoi be omtd witlhout concerna lq cmpnmtary mm. 
Norih€osi wiih o surfoce oreo of the help of the delia inhabitants sures: iourisi occmmodctim, tm 
8,030 ho und in Dronov - 5,000 who musi be directly tn&d in itr r ist  guide or r e m  worden jobs. 
fia] and ihe polders which have developmwit in order io achieve The economic octiviires in zones 
foiled his, heir trodiiionol acfivtiies musi ~f oside for this purpose do not 

ln ony ewt ,  cutling new chan- be p r e w d  and they mwt olm pose ony reol problem provided 
nels mus! be preventwl a d  cutiing k e f i i  !rom the teourjsm finked to their exiension does noi hrwten 
chonnels prallel ta he li~orol must ihe richness of the teserve. The the M e r  zones arwnd them The 
be si& or the delta hvdrdo inhobhnts mu$ herefore lx de =me mnrd be a ~ d i e d  to ermm 
av, di& hos olreodv beeh i f f i -  red troininâ iind the 'oreferentioi mic 'csctivitier in t& M e r  zones. 
;.entl disturbed, wil/ be oltered stuivs d tLnst 'or oFftciolly . These buffer'zones musr be even 
~m Lflh.. : . , appointed worden; a h  01, !ou more s t r i i  contded lo p r m e  

Nt occommdaiion in.& inhobt i rnprmr i t  of the ex:sting fiab- 
Reinsidg ihe notuioi'k &,the bnts' homes mufi be emuiaged tut, roiher han new c m W i m s  '', 

woter will hove lhree bediciol A legpl b~rnewak mut + oai 
results: . .  ted w ich fovours the life of the This poli& hos oll the'odvon- - . , . ddta inhabito'nis. h i l s t  prevenfing gges h m  on momie and envt . 
- ~e&r'disir[buich o f  the sedirnent ony lar~scole'chonges Iikely to ronrpentol.point'of view: inhobi- 
and nufrienfs cAming from too - disrupt the ecdogy of he delb. bnts 40 benehi from &ri- {rem 
mony fdilirers . hns@ ( .  by hse' 'The'geogrcphic exrensi,on 81 . ,ted rooms:$uides, etc.) wiU be'the 

$ ,  . . . / , . >  



T H E  D A N U B E  : F O R  W H O M  A N D  F O R  W f i d , ~ ?  

- ~ c s i e  woier The seosonol chonnel the iovtisis cnd cffef cenire is ihreelold o reseorch 
ircrmle in he nvmbr  d inhobi- !hem choice obsemticn p i n i s  cenire, ducationol cnd iroininç 
fonts is going to creote o big so that ihey con r e r l l v  icie cenrte, and c reseme manoce 
52w9e ond plurnbing probkm adtuntqe of ihe owndcn! dellc ment centre The cenhe \vil1 mcni 
cs it dces in al1 ore05 wheie ICW birdlife Ahnloges. the ~ e c ~ 1 2  for ihe evcluiion d the caito ~rc- 
risrn rs d e v e l q d  k m g e  dis- ccnnoi gc lusi onpvhera ond rjsiem dlur ic r i  c! 15e riber woier 
p s c l  and ireaimeni for a grfokr they corne bock enihusios:ic thot llows inio the 610~4 Seo, 
n u n k r  of inhobitanrs ~hon ( d o y  kause h q  ha= swn ihe birds e~rophicorico ci ihe ms: cqnani 

nust be coniemploied. ~vithoui hcving disiurbd then;, delta woie: mstcl eros~on, obun- 
whrch i s  certornly not ihe case dance in birdlife, el<. The cenie 

Ccnkolled twrism when ihey trovei on the chonnels must clso rnoniicr rhe stvrgeon 
Troining guides and ~vc:àens populoiron onO no daubr tokp 

Weilcr~oni=ed twrism t e m p e  The guides and worclefis w h c  Icymcle prdwive mmsures 
wih l c d ~ r n g  with the l ~ a l s  nusi ove(= ihe reserve must te tni- t V e  have to L i x r  in min8 
be F~O~OIEX i f  unconirdld top nd in ex9lcgy. This wlll sqak/e - thoi oll the cciions mcda by the 
r ;sn: rs nei b ioke mer os ~ e r l  a5 hem io undersiund  rd no!ice inhobiionis of ik  delio i k r n ~ l r e s ,  
krp structures whrch drain foccl ony chon~es in the d e i ~ ,  guide ihe Romonion covernment ond 
remrces wirhout ony profii for ine the tourisls, advise cn y bMy ourhoriiie~, internoiimoi ~nsritutr~s 
ddic inhobitonts, covghi commitfing on onence, and the nongo~~rnrren~cf orgoni- 

Tarisis gapng in ihe delto. be eic ObviwJy, the deho inhobi- zoiims ollow a decent stondord 
ihey Rornooton o r  foreioners, tonts would be given tirs: chaice of l iving whife prererving  th^ 
couid explore the buffer zones os guides. They con bz f rcrnd exipepirmonol m l t h  d the Donube 
wi!h a guide frovelling in rowrng in he Urlrno centre ddto will b min i f  o new dom 1s 
b i s  cukide mmls nmigoble by < ,  hi11 on the river c d  if we do no1 
ncicr k t .  A p d  h~ s@al drs- h k p m d s  md investmsts: : p y  prticulor attention ro redu- 
pensoiion gronid by rhe scmit is+ keeging thinas<; a h m n  xole A ,:clng 2 he d l v t i w i  d the river. 

> \ +21%-" - " <  T~ in charge of reserve " ~ ~ g m n t ~  , 
, *' ' ' < ' " ' - 7 1  

> > " <, , , > 
b f  and conipiG;&ill noi be To i~p&'l&l houring, bmi ;;.,Re. d d e  i,s'~n idr.6 ol the 
cidb~zd in ffie b&r,&es'i.e. &le muitdkbe:ab!e ~ t o w b p r r o w ~ ~ ~ k l i h  of the ri?. Bui jr wdd b 
cuiside zones +signaid br:pco gAc:+ mOdeote > r n ~ ~ n ~ ~ o i  pèfe:'&oi$dic$ws fq &der i~ nykl+ 

. q n i c  Ô t i v i i i e s  gis %ni 1,?; A;, teniiaI~rotes.~~~térnationol, bank;~:z~p~:eco~ic:r&i8! and $diiiaI 
- fncouroging I+iins;Wiih ih(~Au~:/VVdd ~ o ~ k ~ ~ ; ~ ~ ~ ~ ; ~ l c . ) ~ ' ~ i & ~ ~ m t e ~ . , + ~ s e k t i r n  d,he delio 
foca)s;,-ThiS en!y!l!* f i n a n c i a ~ ~ , ^ ~ ~ ~ ç e " ~ ~  ihèir :ii+~~~6ii,"o~ F:+d&:u&ly:be the ,iesUli of ,deep . 
.! nceneyes,!or. home i mpr?~&'+~~$dé diL$PF$t,~g jiiiate ~d;:>' *, -O*> int;r"mtiit i e ~ ~ &  c@*n$g . 
mmts F:itioi $2 id+t;il0'riiso3n : o-hvidhils, ,rnd,put ibis* in: the ,han& o&d&iI riiB@gemyf 3 the rir- '4 
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SECTIONS OMITTED 

PARTS 2,3, & 4 



PART 5 
1 

GABCIKOVO: A CASE STUDY 



G A B C I K O V O :  

T 
he concepi and execuîion of he Equipe 
Cousteau Danube programme are 
hsd on a cmplete overoll opprcioch 
io the environmental problems which 
iokes ihe long-term into account. The 

Gabcikovo dam supplies us with idwl prmf io 
demonstrate ty exomple that his a p p r ~ c h  is CI 

suiinbfe one IU use. 
ln receni decodes, the çonsequences of our 

shartcomings in development planning have 
manifesid hemselves in the form of O prolifera- 
tion of environmentol problems ot he locol, regio 
no/, and levels. Rernediol efforts have 
eogerrd~rd iwo principles which are now well- 
recognized. 
r Most of the problems result from narrow sector- 
bd  proçesses of lcgic. The mluh'ons develo 
ped ty specialists acting on the bosis of their 
own field of skill alone result in dead-ends. 
Development projecis or solutions to existing 
problems must be researched from the points 
of v i w  of 011 their vorious aspects. 

r Shonterm rwsoning resulh in consequencl for 
which heo+ premiums must be paid in the 
long ierm. II is no longer possible io exploit our 
resources os i f  h q  were infinite. 7he concept 
of long-ierm management, or susloinable future, 
imposeSihelf os a necessrty, 

.The Equipe  Coustwu, using hese +vo fundo- 
mentol principles as a bsis, hoç devkloped the 
concept of Ecotechny. This involves ompromising 
wihin the same rotional process b e j j o  techni- 
cal, economic and ecologicel rationoles in order 
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for decisimis mode ty the slxiopoliticol rneçho- 
nism to p r o c d  (See Figure 5.1 1. 

The importunce of o romplete overoll cpprmch 
and toking he  long-term inio accwuni is renderd 
absolutely crucial in river exp1oiiotion, as rivers 
ore highly cornplex ecosysterns and constitute 
resources cornmon IO a grmt nurnber of human 
aclivrtres This opplies al1 he m r e  so since river 
developrnenh ore irreveisible. 

The Gabcikovo dom is rhe legocy of the p s i  in 
whrch narrow rationoles and short-ierm rwsoning 
were exacerboted by o tactor inhereni IO the 
comrnunist sysrem: o totalriarian approoch to 
governmeni, where opposing viewpoinis were 
unaccepbb~e, on$ a wiH tu raise mon's siatus by 
conholling h e  environment. These broughf about 
the hegemony of technolcgy. 

Y The Gok i kmo  dom is the perfeci result of th15 
techni6a~'s rationole, which gove carte blanche 
to the know-how of hydroulrc engineers and 
which sdl persi51~ Such o rationale is not lirnited 
to the design of civil engineering works but is 
entend& io h.e ecologicol ond ecenomic fields: 

The xiluhns enviçogd fo r  environmeniol p r o  
blemr are 'added oriH<aher mon rernwing 
the couses of problems, n& technicol devices 
ore designed which ore intended IO correct the 
consequences af preceding iechniw 1 devices. 
The resulis xirneiimes oîtain the absurd. For 
example, the instoltution of a network of 
pumps was imgined in order to eornpenxiie 
for he w a k r  toble level mriah'ons downstreom 
from he  dom. 'These pumps wwld have consv 
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med a [orge part of the elechicily producd by 
the doml 

'. The evoluoiion of the dom's economic viability 
os preçented in he reports whiçh were occes- 
sible wos corried out using a simplisiic rationo- 
le involving no shotegic refleçtion or bng- term 
forecast cmcerning fuiure energy requirernents 
or navigational development ptential. 
The work carried out in the context of the 

Danube programme enables us to present o corn 
ple~e overoll evaluoh'on of the dom's ootonioges 
on an economiç level and of its environmental 
consguences. 

,The Gabcikovo dom is  locoted on the 
\ .  

Hu+gorio~Slovuk section of rhe Danube, a few 
kilomehes doinistr-m of Brafislavo. 

ln he initial designithe Jystem i n c l d d  O & 01 
dikes cmtoining he reservoità-dam ai Dunakiliti 
(in Hvngary] blocking he h n u b  od diveriing 
water towards he supply canal, a h$rmlec~ic 
stoiion ot Gabzikwo, an ouhet canal returning 
water ~b the D a n u b  ot km 18 1 1 (See Figure 5.21, 

Aher he works on he Hungarion side hod b e n  
stopped, the Slwoks hod irnplemented the alter- 

native "Ca, which comprises a new dam a i  
Cunovo (in Slovukia] and new diFres modifying 
the righi b n k  of he  reservoir, limiiing ih p r i m e  
ter to within Slomk teriitory. 

CONSEQUENCES FOR THE 

We will limit ourselves here io he tvm major 
problems: the effect un the alluviol ecosystems 
lining the Danube in this zme and the risk poC 
lution of the woier resources. For furiher detoils, 
pleose refer to the report "The Gabcikovo dom: a 
tex& k case*. 

3.1 
EFFECT ON THE 'ALLUVIA 

ECOSYSEMS 

Filling of the dam ot the end of October 1992 
raised the risks or thrwts which were hanging 
over the olluviol ecosystems to the level of a 
concrete rwlity. In a f a y  d q s ,  he cmsequences 
of tlow reduction in the river bed to oround 
300 r n 3 / s  were measvrable; while it w s  pas- 
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sible io cross he Danube wihout wetring one's 
k t ,  the woter inble level plummeted by m r a l  
mires. The wells drid up and secondary chan- 
nets and ~ d s  droind, leading to the deah of 
thousands ol onimals, ond ai mediumierm, heu- 
iening the whole of the plont communities. 

These foc6 demonstrate the incomp~hiliiy bet 
ween operation of the dam according to the 
plonnd methd, which schedule$ flows in the 
Donuhe comproble to hose octuolly dserved: 
200 to 300 m3/s, onci survivol of the ecosys- 
tems which Iine the river. Thev olso demonshate 

P 

I l d ing .  B ~ a u s e  they combine the resources 4 

and diversity of terrestrial and oquatic ecesys- 
terns, while remoining a highly dynomic and or; 
ginal environmentu/ interface, ollwial ecosysiems 
are the richest and m a t  prcductie ecosystems of 
the iernperoie reg im.  

Alluvial zones ore used by animal and plont 
splçies os rnigroting and trml carridors. These 
corridors pl+ a c r ~ i a l  role for terreshiol plants 
during the glociaiions. Thot is why current ollwial 
forests ore so obundont in rernnonts h m  the ter- 
t i o ~  era. 

the failure of the environmeniol studies carriez! out &ing this heritqe value into accouni wos 
by the dam builders. ~ecommended by he Rio Conference hrough he 

Siudies whiçh we carried out on these allwiol Biodiversib Trmtv. 

ge' &able their mlue io ke spxihed. ' 

VALUE AS HERITAGE 
FUNCTlONAt VALUE 

Alluviol plains have direct economic value Irn- 
ked to this excepiionol diversity and productivity 

These alluvial plains and forests are the richesi However, i t  is difficvlt to evaluote k a u s e  olluviol 
regions in Europe, not only in terms of the diversi- zones no longer exrst olong [fie courses of 

of species, but in term of biomoss and ~roduc- Western Europoan rivers, and in Eosiern Europe ii 
iiviiy os well. This richness is directly Iinked IO is still impossible k i d q  IO obtoin relioble econo 
rivet dyiamics - proportional to he surfoce area mic dora on river resource exploiioiion in receni 
flood& - and the exieni and stwdiness of the yeors. 

Afkr worù wm 

stnpped on the 

initial &ign of 

t h e d m o n h  

Hungorion side, 
the S b o k  unilate 
rolly simplemen- 

d fhe xi-mlled 

"o~krn& C' on 

their own krriiir 

ry. It m i s  pt in 

operution d the 
end of OaDbr 
1992. 
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The fishing communiiies, which have completely 
d i sappred  from he rest d Europe, subsist only 
in the alluvial zones. Eogging is porticularly promi- 
sing in hese ollwiol zones wih high productivity. 

Alluviol plains, but more importandy alluvial 
foresb. provide lhe best V t e m  for prifying water 
and reçycling organic ratier. the assirnibfion d 
nutrients (phosphates, nitrates) by terrestrial ond 
oquotic life in the alluvial plain offers o 
means iu river water and ground water. 

Allwiol plains offer the b e s t  protechon againsi 
I d i n g ,  becouse they slow he flw and give 
the water rmm to spreod out In addition ta the 
roughness of the plant life on he riverbanh and 
the plain, which slows woter speeù, seepage 
decreases the level of f l d i n g .  On the oher 
haod, canalization incrwses the m e r  and prm 
pgotion spee$ of f l d i n g  . 

The importance of he knctions of the ollwial 
plain is not morginol. Certain territorial coiiectives 
in he French region of Amce have u n d e r s d  
his imprfonce perfecdy: with a v i m  to long-krm 
management of the quality of their drinking water 
(taken [rom an ollwial water toble), they fund 
maintenance of notural rneodows in the wet 
zones in order to favour sel/-purification of the 
woter possing down towards the waier toble 
during high woter. 

CONSEQUENCES FOR THE QUAUTY OF 
WATER RESOURCES 

Follwing filling of he dam, a revers01 in the 
position of Slovak experts concerning the risir of 
subterranwn water plluh'on was observed: whe 
reas i t  hod o l w ~ ~ s  been denied, il suddenly 
h o m e  o very =rious hreat io he Scimorin iops 
which supply the taYn d Brotislm, u p n  which 
it was proposed to reduce the water flowing 
through he bypass channell 

Our sd ies  fully o g r e  with the Tecent mv ic -  
lions 01 hese experb. 

The risk of contominafion t linked to iwo pheno 
meno. 

The occumub~an of p l l u i d  sediment on the 
bamm of the -mir  mny enoble the posm 
ge by pressure of pdlufonts through b the sub 
jacenI waiw tuble. This storage rnoy creok he 
conditions for o chemicol fime h m b :  beyond 
a ceriain conceniration threshold or if redcrcing 
conditions devdcp on the bottom, massive re- 
release of pollutants moy toke ploce with 
seriws conwuences for he environment. 

i Eutrophication, crwted by he conjunction of 
strong nuirient concenirotion [leoching of ogri- 
cultural soils, urbon or industriol woste), 01 
water clarification by setflemenr and waier km 
perabre incrwse through reducfion of current 
velwiiy in the reservoir and creation of still, 
shallow zones. The explosive development of 
algoe leods to onaxic conditions and IO ihe 
development of reducing conditions on the b o p  
tom. 

Two of the shidies which we have carried out 
enable these ri& to be deiermined. The first 
"Overoll evoluotion of pollution and high risk 
zones" highlights significont murces of pollution 
upstreom of the dom. the çihes of Vienno onci 
Brotislevo, which are veFy p r l y  equippd with 
purlficoh'on plonh, he Brno region connected io 
he Donube by he Morava. These are sources 
moinly of orgonic subsbnces and nitrcgen ond OF 
phosphorus to o lesser degree. The presmce of 
these sources worsens the risk of eutrcphicaiion. 

The second "Concenhahon of chemicol pdv 
tonts in sdimnts and mussels along the Donube" 
carried out by the Marine Environmental 
Laborutory of the Iniernational Atomic Energy 
Agency conhrms he existence of hese sources 
and defines them. High concenlrahans were meo- 
surd in the sedimnh of the Brahslava rq ion  for 
the following pllutunts: 

PCBs os~licialed with the city of Vienno. 
Hp'rmabns. 

i Coprostunol {on indicutor of sewage pollution] 
ossoçiated with the c iv d Bratislaw . 
Benwpyrene and Iwd, a combinaiion d pro 
ducts çhorocieristic of fossil fuel combustion 
lincluding the combustion of leuded fuell. 

Another resufi of this stuc+ is the highlighting of 
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the very high level of pilution in sedirnenb bken 
f rm the Dierdop dam reservoir flron Gotes]; his 
a m p l e  w o s  O hot spot for almosr every measured 
prameter. 

One of the conclusions of this report is "The 
irnportont point i s  thot any dam in the river 
downstreom 01 identifiecl sources d pollution, will 
creote a pokntiol buildvp of cwiiurninonh and, 
in some coses, o future chernicol iîrne bornb.' 

hreover, insbtiotion of purificaiiwi plonts in 
fhe surrounding u rhn  areas o f  the resemir, pro 
mised by h e  dam builders, has olwoys k e n  
postponed. Ii has now k e n  p o s p e d  unhl the 
firsi prdits from he p e r  stotim. In the meooti- 
me sewoge from the cities and villages will lx 
eiected unheofw' i nb  he storoge loke .. . 

All of the above focfors would iend IO result in 
çoniominotion of he  (egion's drinking woter rem- 
voir. Loss or deterioraiion of ihese resaurces 
would hove serious consequerices ot on econo 
mic ond social Iwel. A large nvrnber of the inho- 
bitonts are net connecd to a drinking woter dis- 
tribu fion network and depend on the quality of 
subrerronwn woier in heir doily lives. 

3 
THE DAM'S ECONOMlC VlABILIlT 

Will the econarnic odvuntoger of the dom be 
svfficient fund measures thai would compensate 
for its drwboçks? 

In the documents supplid by he &!rrxonsult 
firm onalyzing he economic volue of he dam, 
he prodvction 01 el~tr ic i iy  is considered os a nef 
prafii (quivalent to the energy prduced rnulti- 
p l i d  by he import cost of the same ornaunt of 
energyj. Hwew, his is only trw if i f  m e t s  a 
quantitofve need both nav and in the future and 
if the production is coherent wiih the m s t  appli- 
cable energy stratqy. 

A 

The study 'Energy in the Danubian Corinkies. + 
Current sitwiiwi and ouimk.' shows that this is 
not the case. 

The Czech RepuMic and the Sbwk Republic 
consume bige omounh of energy and electricity 
wiih o verj high eleetric intensity (IWO ta three 
times higher thon in Western counhies). 
Efforis made in energy efficiency cwld allow 

hese countries ta huve energy supplies comp- 
(able to hose d Western Europe tday by the 
year 2020. Eleckiciv consumptign would be 
then about 6.5 TWk l w e r  han ifs current levels 
for he Slowik Republic atone. 

In fhis future çontext, which is indis~ensable ta 
ensure the transi~on of he SImk &nomy to a 
modern economy open b the rest of the wortd, 
he Gakikovo dom dms not resporid to ony f u b  

~oieover, elechicity from he dam is 
very slight by cornprison wih Slovok consump 
tion and wih  the sovings p:ent~olly able :O te 
made by improvement of energy efficiency. 
Prduction, which wos to rise I r a n  1.2 TLYh IO 

2 T'A+ depending on the confrgurotions opplid, 
will have to be reduced further becouse filling of 
the dom hos riroved hot ii correswnds IO o flow 
distribution h i c h  connoi lx w~thstood by the 
ulluvlol foresb. This being the case, elechicity pro 
duchon will ke obsolutely marginal. 

Nor con Gobcikovo be considered os one 
compnent of o sharegic reorieniution of elecirici- 

prduciion, since the Slowk Republic is conti- 
nuing its invesmientS in the nuclwr industry and in 
hydroeltxtric equiprnent on its oher rivers. 

Thew investments combined, which contribute 
to overequipmeni in Slovokio, ore subtrocted 
from other sectors which are for more cruciol IO 

the economy. Allozated to industriol modernira- 
tim, they wo"ld hove h o  able to dynomize his 
sector af activity and at the same time generote 
energy sovings. 

lnvestment could olso ho* t e e n  mode in rene 
wable energy sources which represent O f a r  gr=- 
ter potential han hot 01 Gokikwo's prduch'on 
( i t  totals 7% of current consurnption in ex+ 
Crechoslavokia as a whole]. Exploitution of hese 
resource; would olso hove the odvontage of sd- 
ving certain environmen~al problems such os 



expfoiiotion of rural or u h n  wasie and of indu 
cing the integrution of new technology which 
consHiutes a development opportuniv for the pri- 
mte sector. 

3.2 
IMPROMMENT OF NAVlGATIONAi 

CONDITIONS 

The major difficulties for navigation on the 
Danube ore located along the Hungorion- 
Slovakion seciion, since he depth of 25 dm 
recommended by the Donube Commission is not 
reoched here f u r  30% oi the yeor. These difficul- 
lies ore particularly expensive as they occur 
during p e r d s  in which the Danube's other sec- 
bons ore generally navigable. 

Follaving the same simplistic line of rwsoning 
os for energy, i t  was hought that he a h n b g e s  
of the dam wwld correspond to o traffic increose 
qua1 to the increose in the numkr of navigable 
doys (orovnd 30%) and to he fuel sovings osso 
c i a t d  wirh rhe reduction of current olong the 
developed seetion. I t  w s  atm hought hot ope 
ning of the R h i n e h i ~ D a n u k  çonal wmld lead 
to a significoni incrmse in d e p  draught hoffic. 

But evaluofing the odvonioges of a pioieci like 
Gobcikwo rquires an overoll ossesment which 
includes he fdlowing phases: 

Clwrly seiting out the existing troffic hindrances 
coused by bad novigotional condiiions ond 
define the developmenh and inveshnenh requi- 
rd to r e m 4  the problems. 
Establishng o forecost an the pienfial future 
troffic using the Danub, toking the developing 
economies of the local populations and the 
opening o f  the Rhinebin-Danube conol inio 
occouni. This will m k e  it possible io define the 
quaniiky of troffic thot wiil use the river as a 
result of the developments. 

i Evaluoting the profits to be goined !rom he 
increosed traffic and the improvemen ts ha t 
would te mide to the fleet follwing the deve 
lopmenis, and identify the beneficiories. 

i Compring these with the costs of the 

developmenft in o&r !a colculote tfie profib 
biliiy and heir economic and xicial efficiency. 

This ossessrnent was corried out by Patrice 
k l i n i  and presented in ihis report [Port 21. 

In fact, this evolu,ation exceeds thot of 
Gobcikovo proper k a u s e  tfte thresholds which 
limit navigation do not only concem the develo 
ped dom sectw. The lak r  alme does not sobe 
the problems, and this focf suffices 10 show 
Gabcikovo's non- cidvantogeous naiure where 
nwigotion is concernd. 

In o brwder hyphesis in which the entire 
Yienna-Budapest Danube botdeneck would be 
developed by four doms in addit ion to 
Gakikovo, onolysis s h w s  thof such investmenh 
would not have ony direct profitobility. The 
increose in trolfic following development would 
be very lirnited, oraund 1.8 million tons per 
annum. The m j o r  beneficiory of these develop 
menh wovld be the Auskian Siel  Industry, which 
campetes wih Slovok stwl and wauld imperil lis 

çontinued existence. 
It E m s  far more profitable to invest nmr 1f1e 

Danube in order to irnprove he orgonircfim of 
transport and the operobility of harbeur infrasiruc- 
tures. 

The GQk;kom dam p m i d ~  excelleni O/ 

fhe advonhges of a complete owemll apprcach, 
since ib mulii-smbr cfiaractwistics (il inkgraks 
he fields OF energy, Iransprt, waier rexiurcei, 
nuiure conservutian) match perfecfly the corn- 
p l ~ i p  of envimmenbl problemrr. 

This apprwch poinh o e r y  negative pictvie 
and i f  i s  c l a r  tb i[ it had been us& h m  he 
proie~t's ouket, Gabcikava wauld never h w e  
seen fie ligh of dY. 

This absurd decrs;un io build a dam rwwls  
ikdç as the sivmbling b l ~ k  of a v t e m  in wfiicfi 
decision-makers inm'pomb bnb a very m m  
ronge of criteria. No alfernative xiiutidn which 
wuld hove mabled tk strie energy or noviga- 
h'on services Ib be ~ravided, implment;ng aller- 
native resovrc~ less detrimenid ia the environ- 
ment and m r e  pro6hble hx the emomy, ~3 

serious3. studied. 
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Gmnid, G k i k o w  is on heirlmm hom the 
p s t ,  but it is  tu &e r e g r e k !  thd the current 
Sbwk Government hm d the xrme h'm inheri- 
td & mode OF hwght  fram Aidi Gokikow 
wos h. Ey willing b put his dom into sem'ce 
ot al1 cc&# the Slwak ouhniw are shriing on 
he PQth io u ~equence of khnicol and erinerinmn- 
rnenhlptub/m and h o ~ t b l  di&lhha. 

On fy  h u ~  rnmrhs o k r  the dam hod been ri'lled, 
coh3skcphic mpr is  wese coming In: rhe allwiil 
h t  h d  dned ovt fo O g& degree, with as 
yei vnhseen consequena; tk $am5 de~fnii 
pmdvctiin pten~al hud b e n  reduced signi 7 1- 

canily; h o  bouts hed wrecked in the storoge 
ioke; s ~ m i  emsion probEems had obser- 
ved; several gares of  Cunovo dam hod b e n  

m m n h e d v b y h i g h ~ ~ ~ m e o l h e b d o a f  3 

the Gkih plant hm n w  wkd; he i+t 
linking inhbitwnh O[ one boni of he cand the 
mt of the crivnhy is chronimik mIbnctioning; 
n6;çpnÇpnon hod d F y  h blockd. 

- 
hqpw' IO awid =n'ou und in soma cos= ;me- 

uenca b r  the enviranmmf.and 
the qwliv O F / /  of rhe r e g i d  inhbiibnts. 

In the langer km, rmovol  of the two main 
x w m  OF disiurhnce, i. e. the siwage Lake a d  
d u c t i m  in iqow ;n he ûanubej bed, fundumen- 
inlfy colis into qwtion the design of the dam and 
its o h n r o g e j .  Basic reffecfion on the matkr is 
imperaîive in order io hnd a viable wilvtion. 

R E C O M M E N D A T I O N S  

Soh?ng the Gabcikovo problm on$ xrving he endangerd zone would be a kindmark 
de~ision and an example for the future. 

To refilt L bnube in primiiy To W g e  in c g k l  intqra- Courogeous and rwsonoble 

Mwd of the woier in ihe Cionube kd &CX;I g u M  by d m -  solutions rnust be supported by 

(95%] muri be reiwned to the r i e i  *"pia . , Western cwntries 
% bod os smn os possible ond ot . - Our M ambis I d s  us to ~k 

the la,=, before giowt,, ~ B G S I C  refieciion an Ihe rnofter conclusion thaf abndontng the 

smmn. mu9 be engoged in incorpording dam and teinstoting the srte 15 he 
the technicol, ecdogicat, econa most courogeous and olso the 

fo  apply rhe p r i n c i p l e  mic a d  w i o l  dala and diowing most reosonoMe soluiion wiih O 

precoutien for ha intedicte m inter"6maI experts, the public, view IO achieving a susio~nable 

pwid ' 
and nongoG~nrnentci! arganim- ' bure. R-1s solution mlrst ho* th 
t k s  fa emronrj;enl 'poteaim. Ik odwnluge of sdid hnancicil h- 

. . The princide of pr~au iwn rnusi -, rnust Imd ic; o n  'exhousrive and '?: king fm Westwn countries and . 
be opplid in decisions concet- deioiled cosi/+t&++ono~iS '"the brge intemotmol finoncial ins 
ning the dom's future, espec!alfy::: d QI! al!emGtive ~&u$+s~it :mu51 : t ~ i d i ~ ,  Such oid is indispwisobk 
conCernin9 hqw the wotèfais w, @arned,Gui in'o $pirit~d,tmis- h q r j  implementing plternoii~ MIT.. 
manoged, decisions due to hhu:>c 2nd:iti.:cm~j~î'î'& ' m ~ * ? $ t i o i i  in ihe field of energy anil 
made for the neor future. The-' gtiidélgdec;i!Z;ii: c~kcelnin~:~;  &k$im o ~ d  br o site E;ljnk/: 

Donube puii n d  h o m e  o lob';< G~GILW*~ f&ie:>l$;~~: :<.J; "&f praw if !hgre oie 10 have, 
j ,  :<c3K3:y rotoy whem expertmenis ore &y<: A?, ,' ,;& 6 . "*yr  T~~ 3,:Yi,h~r&jlbit+ with h* pu& andwi!kl , ,",>* 

riedo tri... ; - .  - :*,> , > - -  - b * , Y  > <: *-- - O - i h  m i  O c -  . u ' . c '6 

> > 
J. < - . ," n ,  L c L  + ,  A< > '3,: d r , .* " ., .y, y*:, , * A C  .i. ,A& Y 1 i - 
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1 INTRODUCTION 

I The Gabcikovo - Nagymros Dam System h j e c t  has become undoubtedly one of the best-known environ- 
mtnial-political probIems in Cenml Europe. Recently, many politicians have tned to present Gabcikovo as a con- 
flict bctween Slovaks and Hungan'ans. Actuaily, this has never been the case. In ~ a l i t y ,  b s  is a conîlict between 
two priups; the mernbers of these Iwo gmups corne from both sides of the Danube. 'Iliis is actually a conflict be- 
tween the Slovak and Huagarian representatives of ihe old-fahioned Communist approach to nature, and the Slo- 
vak and Hunguim representatives who support the preservation of natural vdues and sustainable development, 
Environmentalisis, scientisrs and ordinary people on boh sides of the Danube have fought for more than ten years 
against l h i ~  monsterous project. Hungarians, Slovakr, CzecZis, Ausirians and people h m  other nationç have joined 
togeiher in the biggest environmental battle in the hisrory of rhe region. 

Quite ofien during the Gabcikovo debate, contradictoq and confusing information has been presented, mostly 
by Slovak poiiticians and the official media. This h a  led to misperception and a wrong interpretation of the real 
situarion by th¢ mjority of the Slovak public and, what Is even worse, by the Slovak Govemment itself, in whose 
hands Ihe frqile future of the natuml values in the Centrai Danube region now lies. 

This book wris ediled by the Slovak Union of Nature and Landscape Protectors (SZOPK) and the Slovak Riv- 
crs Ftiwork (Sm) to provide interested Slovak and international members of the public, joumalists, and politicians 
with hasic i n t ~ m t i o n  on rhe Gabcikovo Project and some of its most important environmeni& ilconomicd, çocid 
and 1 q 1 l  consequences, m n y  of which are still not widely known. One of the most important reasons why m y  
cunscquences are stili relatively unknown is because of the strong information cmpaign in favour of the comple- 
lion and operation oi  ihe Gabcikovo Project. This cunpaign ha bern mn by the Slovak dam-builders (the "water 
lobby") and ~hzir powerful supporters since the lieginnina of the project; th& campaign hns been esprchiiy stsength- 
znrd dunng the las1 three yeürs. 

The Irifomtion compiled in this book cornes from various sources. Most arguments presented agaimt the 
Gabcikovo Froject have been known among scientists and erivironmentalists for many years, the most rmportant 
onrs known evcn since the \.eV begtininp of the project. Hoivever, it was not possible to widely publicize these W- 
oumenis undrr the Communist regirne and even noiv, more rhan h e e  years afrer the Novembet '89 demcicntic 
;cvalution in Czechoslov&ia, ali soch efforts in Slovakia are scverely iimiird by rhe c u m t  p~litical sinration. 

ITierever pssible, rhe iniormation givea was extncled from the iateat independrnt expert studies üvail~ble.  
Pnmdy,  idormation from the foiiowin; sources w a  used in these chripiers: 

1. Etistoiicd Suney  193 1 - 1993 (Hajhsy, Hoiliis,l99 1; SZOPK, W W  and Equipe Cousteau mterids, Slovak 
ddy press clippings) 

2. The Originai Gabcikovo-Napymaros Dam System Project as Laid Down in the 1977 Treaty (1977 Treay 
rind misceilri nevus SZOPK materials on GNDS} 

3. Variant C (Berrish,l99?; Equipe Cousteau,l991) 

l 
4. What Dam Buiiders Don't Want You io Know: A Summary (ail sources mentioned in endnotes) 
5 .  Iinpactr of GNDS on Eçosysiem and Wildlife (Hajdsy,Hol6s, 199 1;PerczcL Libik,1989; WWF 1991; 

Holcik, Bastl  Ertl, Ymovsky,198 1; SZOPK nuteriah on GNDS) 
6. GNDS and Water Quality (Perczel Libk1989; LichvirJ990; Zekeovi 1990; LehockI990) 
7. knpacts of GiVDS on Fisheq - Genenl Prognosis (Holcik, Bastl, E n l  Vnnovsky,l981) 
8. Effects of GNDS Lmposed on the Soil and Agriculhlre (Hajdsy, Hollbs,1991) 
9. Grologjcal and Seismological Problems (Haj0s y,Hoiids, 199 1) 
10. Flwd Conml (Hajosy, Hotl65,1991) 
I I .  The Gnbcikovo Project and Navigation (Equipe Cousteau,l992) 
12. The Gabcikovo Roject and Production of Energy (Equipe Cousteau, 1993) 

! 13. Sucial Impacts of the Gabcikovo Project (WWF,I991) 
14. Palitical Aspects of GNDS (Galambos,1997) 
15. C~nstructioa and Operatioa of Varimt C under International Law (Hunter,1997) 
16. Alternatives to ihe Gabçikovo Project - What ShouId be Done io Resolve the Conflîct (unpublished maten 

ais by SZOPK, WWF and ISTER) 
For pnctical Ruons, we refrded from,ke strict use of footnotes in the text. A1I o&er sources. uoted in the 

C L  

9, rcspccrive çhipters (exce t ihose mentioned above) are gted amon8 the end .tes. Most of the rnatem used were 
shonened, cdited and up ied. Dunng the time of colleciqg and editing v t e ~ i a l ç  for ihe bwk (1997 and the begin- 
ning of 19931, here were substantid poutic4 changss in Czechoslovakia which had to be reflected in the text. 



hmong hem, most unportant was the split of C~cchosl~vakia, involved in the Gabcikovo Project since 1977, into 
tivo indrpendenl States as of January 1 ,  1993. This h a  bad direct conscquences O I ~  the fuflher develo ment of 
ihe Gabcikovo conflict. Since January 1, 1993, the governent of the newly-çreateid uidcpendent Slovak fZ epublic 
tmk over the faimal responsibzty for the Gabcikavo case, alrhough, in facl, it had rilready h3d a drcisive posiiion 
in the former Czechos1ova);ia for a long t h e  before then. 

The information given here is not (and for obvious reasons c m  not be) in any crise exhaustive. The more de- 
t~ i i cd  (ongiria1) sources, h fed  at the end, are hi$hly recomendcd for more dedicated,rcadess. SZOPK and SRN 
intend 10 publish an updated ver3ion of this publication by the end of 1993. Thereforc, it y u l d  be highly appreci- 
aied i l  riny comments, suggestions or copies of materiah and papers concerned witb ths topic could be scnt dkctly 
10 the SZOPK central ofice in Bratislava. 

It is also important to state that comenh ,  adjustments, and changes in rhe materials used are the fui i  re- 
sponsibili~ of the Editor. Authors quoted do net shm ;uiy responsibhty ior the coniext in which hs or her original 
pripcrs or heir parts were used, 

The end of the Gabcikovo story is sta open. This book is intcnded to serve as a guide to ail who are willing or 
forccd to putuficipatc in the p a u l  process of smrching for the ksser of m y  evii.3. 

Editor 

1. HISTORICAL SURVEY 1951 - 1993 

The planning of the Dams on the Danube 

The idea of jointly-operrited Hungarim and CzechoslovaE: d m  on the Dnnube f i t  m s e  in 1931. The original 
intent :vas to alter ~ h c  5h3UOw reach of ihe Danube betiveen Bratislava, Czechoslov~a and Gyor, Hu--, m d  
comect these Iwo inEuid countnrs to ~ h e  Eanube-Main-Rhne trans-European ivarerway ~ h a t  was hcing phnned at 
the t h e .  T h ç  would provide a direct, uninrempted waierxvay tiom the Blaçk Sea via Budapest and Bratislava to 
Rotterdam and the North Sza. 

Joint planning commsnccd in rhe r x l y  1950s. M e r  b e  so-cdied planning, committtcs of Ihe Iwo counirics had 
üpproved rhz pians of rhr: dam systrm the oppropriate standing cornmirtee of COMECON dso appmvcd ihtm in 
1961. They i v m  s i ~ n r d  rit thc governmrntal Ir\ cl by the rivo countncs conceined in 1963. 

At thrit rime, the ody mention of watrr power waç the observation bat a power station on a llat stretch tvould 
no1 br ct'ficienr in t e m  of power g h e d .  The min issue was the unintemptzd waterivay. 

Thkir uninteinipted ivdtenvay bcccame thr bubjt'ct for joint regiond planning. It irJ33s ssirirrd thal a certain numbrr 
c d  s r c c i n d q  rt'fecu ibould be causcd by drims; these rffrcrs would be considrrtd socially rindor ccunomicliliy 
h d l .  When regional planning commirsions faund undesirable effects which wrre impossible ro svord, the uaud 
policy { v a  (and is) to consider Lhese rffecis as part of the cos; of the project, thus reducing thcm to a problem of 
econvmic caicuhrion. The undesirable r f fec~  of the GNDS projject, however, have never been factorcd into the 
economic cdcubtions, cven thoueh the Czechosioval;-Hungmhn Joint Cornmince of TcchnoIogy 2nd Science de- 
cidzd to undertake a long-term regional planniris project that induded an assessrnent of the dam's effects on thc en- 
uid-onmcnt and on regiond developmnt. 

This long-term rrgiomt p b ~  was to have been completed by the end of 1978. Becduse of rhe od crisis, h ~ w -  
ewr, the GNDS irraty {vas hiütiiy ntitied in 1977, pnor to the cornpietion of the regfond phn. The oif crisis &-0 
chiingcd ihr: p r i m q  purpose of the projrct; the Hungarian and Çzechoçlovak government now decided th~t the 
d;un system's prk;iry purpose would bt: rnergy producrion. Addiiiond project priorities would be flood rei'cn- 
lion. fullowcd by ~ h c  eLMn31ion of rhaiiowi for the unimermpirci watcmay; regiond devrlopmeni wouid kmme 
the fourth prioriiy. 

The original plan,'centering around the issue: of a new waterway, would have been rnuch Iess harmful to the en- 
viroment than the plan which foiiowed rhe oil crisis (the Contract Plan). Because of rising oil prices, the pliuincd 
dam rtt Gabcikovo was extended, and a side charnel and large reservoir at Dunakilifi were planned. 

If the Conmct Plan is not lemented, 50% of the enviromnral d m g e  and 409 of the expense be 
avoidcd; 14,000 hectares of good "P orest and 15,000 hectares of agricultural land wouId be saved. /1/ 

The joint CSFR-Hungq invesmnt program proposal for rhe Gabcikovo (Bos)-Nagymaros Dam System 
(GBDS) Projeçt w a  CO kied during 1972-73; the decision to constmct the hydro-power station in the ~ i 5 c . P ~  
amri had been already ma "% e in 1958. After preparation work lasting h s t  20 y w 5 ,  the two countries signed a con- 
inct for the constmcrion and operation of the GNDS (the '*1977 Treaty) /3/ on 16 September 1977. It cave  int0 
forcc on 30 June 1978. Eariier, on 6 May 1976 in Bratislava, the two parties had signed an agreement on a sO:cded 
joint conrractuai pian (ihe "Agreement"). The Agreement laid down detailed rules for mutual assistance dunng the 
constmctiori, and set ihe yeas  1986 to 1990 as a mget for starting operation of the Gabcikovo-Nagyrnam 5ysfern 
of l ~ k s .  An implementation t h e  schedule was also agreed to on 16 Septcmbcr 1977. Accordhg to ihat schedukv 



the fjst turbine in the Gabcikovo power station would be operaiional in 1986; the f i t  turbine in the Nagymos 
power station would be operational in 1989. 

In over 13 sections and 38 articles, the treaty bctween the Huneaian People's Republic and rhe Czech~slov~k 
Sociafist Republic deals with the ')oint investment" and additionai 'hatitional rnvestments". Regarding national b- 
vrstintnts, Lhc: maty States thai "...the Contnciinp Parties may, in addition to the joint investment, abo ~ n d e r t & ~  
njijonal invrstments exclusively in their own intercst and for thcir own purposes." The ireaty further stntes k a t  
lhgse raiional investments "...my no1 have a detrimental effect on the resulü of the joint invgslment." (Article 7) 

Utilizrition of the profits and benefits system are outlined in Article 9; "The Contracthg parties shaU participate 
in the use and in the benefits of the System ollocks in equal mzasure ....O 

Construction of rhe Gabcikovo power phnt began in the Czechoslovak tcmtury in 1978. Following this, eca- 
nomic difficulties in both countnes necessitaled rtie ostponement of consiruction. Despite the fact that public oppo- 
sition ws diegnl, very opinionaled articles werç puflirhed which dicw allention to both ihe ecologicsi h-dr a.nd 
ihe imspnsible design of rhe constnicrion. 

In June 1981, bilaterdl govemmental discussions concluded that neither of the two countries was capable of en- 
suring implernentation accord@ to h e  origioal rime schedule. Therefore, Hungary made private contracts with for- 
cign campanies for consiruciion and fïnancing. In paticular, it assigned work al the D u n d d t i  heüd-wnter station to 
an Aust 'an cornpany financed fiy Austrian loans, and work at the downstrem ~ h 3 ~ e l  to a Yufoskv cornpany. 
~ungii$alro decided to puripone the consh-uction of riie Nagyrnmr dom until 1988 because of a Iack,of financer. 
On 10 O obcr 1983, the piuries signed a protocol rncldifyino the 1977 Trcaiy, and posiponhg ihc project for five r. . ycus. Thb~oint contnciual plan (Agreement) was d s o  mod& and the final d e a d h e  was sel ta 1995. On 6 Febm- 
3ry 13S0, the hgwzmént wis once again modified and b e  deadhe changed to 1994. 

Together ivith revisions related fo the rescheduling, it became necessq for the Hungarian National Water 
Conscrvancy Office (NICO) io requesr officia1 expert opinions from objectii e prerinizriiions rtgarding ihz cffrcts 
of the projcct on the environment and agricultunl production. These expert opinions were requcsied in order to ac- 
quirc mure "reassunnce" in ~hese mtters. Organkitions providing expert oprnions were not involved ivith the de- 
sign or impkmentation of GNDS. 

At the request of the Cenirai Committee of ~ h e  Hungarian Socialist Workers Party, the Hunguian Academy 01 
Sciences (HAS) iormcd a specid cornmittee ro investigüte the scientifically disputcd mtrers rclrited to GNDS. in a 
rcsoIution dard Deczmber 1983, Lhe Presidency of HAS unanimously approi t d  the draf~ plan of ihrç spccial com- 
miitse. in put, ihr: dnft pliin statrd: 

Regarding ihe invesiigation of technical agnculniral, water engineering, commu~cation, eçonomic, environ- 
menial and segionol dcvclupment prublem: "No comprchensive approach to rcological rffccts and consequences of 
GNDS (vas made in the agrerd plan. To date, no survey has bcen made ivith the aim of revealing the lcchnical, eco- 
1cigicaI and relevant hamd relations of this important group of subjecls in the system and their mutual effects". 

"On bais of h e  cornplex considention of the hted and other listzd factors, the Fresidium 5ees a poslponrment 
of the investment and validation of ihe verified modifications, but prefenbIy i~ cessarion, ... as justlfied." 

The Environmental Effect Study, which e x h n e d  onIy the effects in Hungririan territory, war completed in 
1784-85. Allhuugh m n y  ursrions .were ansivercd by the study, it  only addressed the ccologrcal tffçcis expected 
frcm the implementriion olihe cammonly asetci-upon p h .  The riudy did noi invesiigate ihe effecü which would 
result if alicrnative technicd solutions were irnpIemznied. 

Breinning in 1985, the continuation of construction work caused protests. Expefls and prafrssionais proresred 
rit conlcrences and wrote sharply-worded articles against the project and iis h&l and irreversible rogress. The B Hungarian people rejcclsd the Nasyrnaros Dam in strect demonstntions, Fina., in ihe summer of 1 88, the Hun- 
~arian Parliament &O spoke up on the issue. Parliment requested thc id~rmation the government ministries had 
uscd in niiiking the decisions regarding the pbnning and future of rhe Nngymos prcject. 

The Hunguian Parliament did decide to continue with the ~ a ~ ~ m k o s  constlvction during its 7 Ocrober 1988 
session, but it bound iùrther construction to strict environmental protection condiiions: 

"The ecological risks have to be reduced to a minimum, and for rhis resson, bath in the couse of the invest- 
v a t .  and the opmiion, the ecobgicd intemts s h U  take priority over the economic inter es^ ..., As a guidbg prin- 
ciple of opraiion, it must be dechred that the quality of the waier of the River Danube must not deteriorste. 
Peak-capaciiy opemtion should be ccmenced oniy aftw estatilishing the warer puriftcation plants required on borh 
sides of the river for safe operation of the system, free of envmmentd risk." 

FolIowin this, and in conseqiicnce of the aforem~ntioned events, 3 encnl dcmnd for a thorough, scientific 
assessrnent o ! the merits of the pmject anse; his assessment wouM incru e a prioritization of rhe values of the pro- 
Ject and information on the extent of the expected eçological darnage. 

t 
In Mach 1989, ihe Hungarim goveinment requested a recommendnrion froom the "Ecologia" group of North- 

amplon, Masachusetb, USA 141. Zn part, this recommen&tron stated: 
"h ihe case of the project examined, certain decisiom of +e Hungarian. CzechosIovakia and Aust~an povem- 

mrnis ivcre made ignom; cnvironmenkl and oiher serious misgivings .... Thus, the procedure failcd 10 follow the 
rccommendations given previously by us, prcrposing h a t  the effects and alternatives should be tboroughly e h e d  



befori: anything is done .... ln regard io the powcr station and ship in3 pmject in questio~~intemational misgivinos 
in keeping wih  Uie ordei bf magnitude [pnpriiies] wsre exPresrd A onceptual inswer cornpuable to bcse &+ 
gifmgs sh~uld lx proposed, for the realizatioa of which comprehensive circumpection, courage and an approach 
of mtcmatianai nature are indispensable," 

Worries related Io GNDS were arnended wiih new expert opinions, which proposed a suspension of the 
siiuction on Ihe baris of the geolo~ical and geo hysicd research pzrfomed regardin: the construction of Nagyma- 
mr and the reirmolagic pmblems fou-nd in Ihe dabcikovo effect î i c î .  

On 13 May 19889, the Hungarian goverriment suspcnded the constniction nt Nqyrnaros;and on 74 May lgsg, 
informed Ihe govrmment of Czechosloi.akia accordingly. This step of the Hungaian governent  was approved by 
the Hungarian Parfiament on 2 June 1989, which &O authorired the governen t  to enter in10 negotialions on fie 
termination of the 1977 Trertty. 

During 11-19 Julyc1989, Hun:arjan-CzechosIov expert consultations were hcld in Budapest ro discuss dis- 
puted issues in the are?s of ecolozy-hydrology, geology-s~isrnology, and soi1 science-agricubunl producrion. n e  
expefls of both cauntnes agreed that GNDS 1s a greatly sisnifjcant intervention 'into nature, affecting inzst imab~~ 
cccllogical values. 

In all: work Eroups, the clifferences of opinion berween the H u n g a h n  and Czechosloi~ak experts ivere related to 
the mode of presrrving h e  ecologicd valurs: according IO ihe Czechosluv;ik expens, the subsrquent technical hier- 
ventions i v e i ~  sufficient to prescnme rhr \.alurr ivhile accordin; to ihe Hungxian experts, lhry wtrc insufficient. 

ne Hun~ar i an  Governmen~, on the basis of the availablc idorm3ition, professional anrilyses and comments, 
recognized thc need to avoid the indirecl hazxds strmming from the pcak-capacity opcntion OÎ the GiVDS and irs 
unknoivn risks; b e y  also recoznized the nerd to salvc rhe eroblrm surroundin; the increase in ivatçr qriantiv 
a kich nouId pass h t o  the Old-Druiubz. Thc h e d i ~ i e  hait 01 the ivork ar N a g y m m s  nas in Enc wirh Ihr: idta ihat 
ihc ullimaie drcision rezarding rontinustion or cessation should noi be taken undcr the pressure of irreversiblr rech- 
nisd stcps. A simik concept guidrd iht decision on the suspension of [fie ivork in Lhz Dun&iiiii re~ion. On 10 July 
19S9, 3 rncsrmg took pbce betivczn ihc Pnms klinisters of Hung- and Czrchosloi durin: ivhich H u n g q  an- 
nounced the suspension of ihe construction a[ Naggmros  and D u n d d i ~ i  u n r i l 3  1 Octobcr 19S9 It linhtrmart. pro- 
posed lo suspend ~ h e  project for three ro fiie Feus in order to hni e sutficien[ lime ro c i  a1u;ltt' d t ~ r n ~ [ i s c ~  ber r~i 

this, ihc Hungaiian Governmen[ made a decision ro eslablish rxprrt t e s m  whose 1 x 6  ivas Io perf'cirm hl siudics 
dfid c.\,alu~iion> n r c c s s q  for dccision-mkn?. Tht HG ivris caiird in to summxizc i ih ci~inicln in rhc scirnilfic~lly 
dispurcd r.nvironmc.nt~l. cco lo~ic~l ,  \rarcr qualir>, and seisrnologic.al 2 ~ 3 3 .  

I3.r~Ut-1 ivirh rhc p m f e ~ ~ i o n ~ ~ l  c~1mini11r'~s. indtpr.ndrnt rxpcris aninil cniiicnmcnr~Gsts publishrd ihr.uA cipinions 
and standpoints for boih [hr drcision d e n :  and thr genrnl  public. Quoiin; [rom ihc s u m r n q  pr rpxrd  for Ihr 
Pnmc h,finistrr: 

"Th? rcaliz~ticin of GSDS ira  justificd ~ ' x c l u ~ i i c l ~  'py [fit ~spec t s  oS ;in earlicr 3gc prwcn no\t;lda! s ou~driicd 
and 61.r. NI othcr furihrr ~m: ,  (shippin_o. flc.od prci ention etc ) cm ine acchivcd ir I&I fou r r  c..zprndirure and [kt. 
use or'vrbrr ~zchnjcal solutionj. The rccilcigic~l ~ n d  orher (tcchmcril, sacul) hazxirds and itsks arc c+ed by ihe 50- 
lulions required for rhe rlectilcd poiter genenriun, especidly for pcak-capriciiy apcnrion. The requirernents (e.! 
lor sc:va:e pudication) definrd fcr ihr opriarion of GlVDS in Lhr anginal ccintnct, and iuere nor sarisGed evrn rn 
tmin:, 2nd ihe conditions of thclr slitisf~ctrun xc not cnsured on a long-lem baris eirhrr." 

On 25 July 1389, and funhzr through a diplomiic note dated 18 .4ugust 1389, the CzechosIorriI; ;oi.emcnl, 
[L~C [hl: lkst lime, informed H u n x q  cia rhe possibiliv of a unilarrnl pro\isionril solurioo. This solution bcc~me 
h o i i  n ab ihr: "V;iri~nt C". Hungas .  prorrstrd again51 Varirinl C on 4 Ociober I9S9. 
h ihr hpring of 1989, rhe hlur!d !Vide Fund for Naiurr (iViE) sent a n  exprn rwm to Huneas ro stud;v lhc 

GSDS. Thr trm wss sent rit the requc~i  ut' thc Hun_oxiin3n soi rmmeni, i~hich wanted additional inlom~tion UI or- 
dr r  [! be ~ b l e  IO m&e a sound decision Thr 1'I'i.W experts studied the GNDS from tht: srandpoinrs of bu@-engi- 
nrrnng, h> dro-geologw, i.iroIogy, fish bioIogy and fishine, Iandscspe and taurism. CharIes de Hars, Drecrar 
G e n r r ~ l  seni the team's fmdings to the Hungman govcrnmcnt Commissioner on 71; August 1989 /Y. This rc ofl 

W-VF ivork group folioiv: 
9 iibo contiiinrd some reseach into rhe area of intern3tjond larv. The final conciusions and recommendatiom 0 ~ h e  

1. The project h a  a serious ne_patir.e effect on rhe environment. It h a  a h a d y  caused a considerable mount of 
deiatation in the living land and water enviranments. 7. The avairsble ecological technical data is insufficicqt and 
does not support the continustiorv of the constniction nor justify making the ro'ect operational. î l e  constnict1on of 
rhe b m ~ g e  at Nagymxos tvould further wonen rhe negative environment $ e / fects. For di these reasons, no con- 
struction of Ihe barrage at Nagymaros is permissible. 3. &or to the cont inua~iw of any comtniction rv0i-k or  anY 
other operdrion relateci to the projeci, funhzr studies are needed, especidy in the fields of water quality, sesmo-tec- 
ionics, ccology and fiood-area management. 4. Ta rhis end, rhe moratorium must be prolonged for leut lhree 
Ye.5, so the above-menrioneci srudies can be completed. Work to cehabilitate the envuonmenrs in Ihe N ~ $ Y W ? ~  
region, at ihe seciion of the Danube betiveen Gsbcikovo and Nagymaros, and at Stigetk6.z must be s t ~ e d  mmedr- 
~te ly .  

On 75-77 Se iember 1989, expert scieotific discussions concerning the wa!er quality and ecological ~ rob lem 
of h e  ~ u n u i l - L r o v o  reiervoir were held in BratirIavs. As a h e  July meeiingr dealinp with ihe ~ m b l ç m  of 



Nagy-s, mutual ascement existed regatding Ihe importance of preseming lhe dn&g watFr sources. Howeve: 
the differences lu op$'on conccrning the possible ways to preseme the drinkkg watcr remained u?changed, 
Czechoslovak delegation agreed with most ecologicaI misgivings raised by h e  Hunganan delegation, but it wa 
said rht ihese problems could be solved duhg the course of l he  consiniction of 1Eie proje~t, o r  s u b s ~ q u e ~ t  to tha[, 

On 31 October 1989, the Hungarîan Pslrliament ado ted a resolution 10 abandon the peak operation mode 
ûabcikovo dam and 10 abandon the construction of the Ragymams dam. n i e  Psiamerit ois0 caiieci foi hficr in 
)-estigslion into Ihe matter. Subsequently, Hungary terminatecl ai l  conlracts with private parties un the fmanckg 
constmctjon of the irarious premises. Al private contractors were cornpensated. EvenbaUy, in November 1990, i 
was agreed that Hungary would pay A~iistna 2,65 billion Schillings (USD 255 mtllion) for the cornpleted and defiv 
ered plans, m a c h  , and construction. The sum also included damages for Austcian businesses that weE n, 7 longer required to de 'ver producrs ordered from them. Priyrnents will be made in the form of electrjcity delivene 
thst will start in 1936 and are estimated to end by 7016. 

After the change of gevernments in Czechorlovakia and Hungary, further negotiations between the iwo parlie 
took hce in 1990 and in partieulu after ApriI 199L Durin; these negotiations, Hungaty aimed at an agreement tl 
abanion the projeci or ai leîri ro suspend ii uni2 ihe ecolo~icd rirkr were ruficiently invcrügated. It was aho gen 
erally willing to compensate Czechoslovakia and io assist in îhe constnictjon of alteretive power stations. Czecho 
sIryi&ja look the positian that work on the constntctiom for the Gabcikovo porver-stritton and its eventud Operatior 
cpuld not be suspended ~ i v e n  the fact lhat large parts of rhe constructions ivere ready. It aho disagreed wiih Hun 
gary's assessrnent of h e  ecological risks of the project. 

In Fcbmary 1990, in nnswer ro a letter from the Hungarim auhorilies confimin; the abandonment of thl 
8iigymaros projecl and proposing a renepotiation of the 1977 crezty, the Crrchoslovak authorities nccepted the re 
ncgotiation on the condition ffiat rhz Gabcikovo d m  be filied in 199 1 (which presuppcired th? completion of th( 
Dun;ikiliti iàcilily). The Hungruians reiterated rheir proposal in b h y  by demandin? h a t  work bz stopped a Gabck 
ovo. 

In hioi.embrr 1930, H u n ~ q  and Austria qreed  on the compensation conditions for rhr Austrian cornpanie: 
hun by ihe abandomeni of the Nsgmaros project. 

In April 1391, the Hungxirin Pz-iiment adopted a resolution whereby the Fovernment was only mandated tc 
negoriate the caneellaiion of the 1977 tresty and return the sites to rheir initial condition. 

During rhe summer of 1991, the confiict in Slov~ikiki3. came to a head. On 3 July 1991. rhr: Slov3kisn environ 
mental proieciion organizdtions Eurochain and SZOPK, bltcked hy WVF and Globril ?O00 in Austria. as iirell as b! 
Rcilrx 2nd D u n d b r  (Dmubc Circlc) in Hunglry, stsned a carnpign of dcrnomrrutions, sir-iris and siic occupa, 
fions. The respcrnse [rom the 5loi;akirin governen t  has consisted of nothin: more han political xsuments anr 
n~assi\  e police actions, Et e y  d r m d  [kat cons~mction tir stopped has brrn cunly turnrd doivn, as ha ie  d re 
qücs:s for comprchrnsivr t.niironmen[al irnp~ct snidirs. The g o v e r n e n t  h s  ~ l s o  relustd to engage in any discus 
sian with the local populsrion. 

dn 13 ~ u l y  1991, the eovernment of lhe SIovk Republic, followed on 25 July by Ihe  federd g o v e r n e n t  of hi 
Czech and Slovak ~ e ~ u b z c s ,  basin! themselves on the repQn prepared by set.eral SlovA expertf, approi~ed hl 
ivork for Variut  C. f i s  solution ~ 9 s  chosen from 7 otherç (nnging from retzntion of the injlial projecl to retum 
in; ihe site> tu Ihrk iniibl condition) and alloived for the f i b p  of Gabcikovo wihaut Hungarian cwprntion b! 
lunitiag Lhe site p e h e t e r  of the project to Slovak temtoy.  

mi 30 Oc- i991, ihe Slovak Environrnentd Commission gave comtmciion permission for Variant C 
ivhiht f~rmulatino, 19 condirions that had to be fuIfiLlrd prior io stming up ihc. work. 

On 18 Novembrr 19Y 1, CzechosiovaIcia begsn consuuction of i h e  Variant C on ils temtoq.  
in Deczmbrs 1991, the Hunquidn aurhoritit.3 sent a number of ultimatums to Czechoslovakia demanding sus. 

pension of the: work. 
On 16 F e b n i q  1991, the Hunguim suthoriries gave Czechoslovakia a ont month period to suspend ihe ivork 

athenzlise they would unihterdy denounce Lhe 1977 treaty. 
During the whole penod of negotiations, Ihe parties discussed severd possibiliries for the çeitlernent of theil 

dispute. h o n g  rhem w;rs an offer mde in il rd 1991 b the European Community for "good office" @on offices) 
in parîicular IO assist in the establishment O f a irii~tera i?' cammirree a£ expests. The Commission of the Euro eu B Communities, however, made the orfer sub'ect to the cqnditiom h a t  both parties would agree to accept the fm ing: 
of ihe expcn commiiiec a i  the bv ir  for i n h i r  ncgatsaiiont, and ihat Uie panier would not undenake any riep 
whde expcfls were at work which would rejudice possible actions to be undenaken on rhe basis of the ~ t u d y " !  
iindingr. The putier eould ugrcc on ihs kt condition. Hungîry, however. inicrpreied the second ~o~ndiiioo a: 
manhg  rhat çonstniction of Variani C would have to be suspended during the work of ihe cornmittee, where3: 
Czechoslovakia held that this was oot the case. It insisted on continuing the cons~ruction because jt codd not, fe 
economic reasons, afford a suspension. This disagreement could not be overcome and no commiitee i s t s  estab 
lished until78 October 1997. Zn fact, durin; the whole period of negptiations, Ctechoslovakia had continued ivid 
the ~~ns t ruc t ion  of Variant C and on 23 Apnf 1997, it anriounced rhat i t  would s t m  operations on October 1993. 



On 8 May 1992, Hungary once again proposed a discussion on the 1973 Treaty and on the dispute belween the 
tivo parfies, provideci that work on Variant C was suspended. ÇzechosLov+a did oot react 10 this proposai. Finally* 
on 19 May 1997, Hungary handeif over 10 LEie government,of CzechosIov+a a declarath on the temiimtion of the 
1977 Trealy. This decIaration contained derailed reasoning for the t e d a t i o n  and WU accompanied by a "note ver- 
bar'. The t e h t j o n  came h to  force on 75 May 1993, 

On 2 October 1997, the Hungarian Governement amunced thal works io revitalise the+hdsca e of Nagym- B . ros ivould s t u i  in spring 1993 and shaukl be completed by 1995, and would cos; about 97 d o n  US ollars. 
On 13 October 1997, the initial negobation stmed between Hungarian and Slovdc deleiarions in Bratislava to 

set up a rilateral commission with EC participation. 
The delegations did no? reach agreement on the mandate of the commission and on ihe conditions.of setring up 

the commission. ÇSFR re'ectd she d e m d  of fie Hunguian Governement to stop construcrion act~vjties on the 
Siovîl; ride, for example d e  damMng ~ h c  Danubp River and diverting its courre during the work of the commission. 

On 14 October 1992, the Hungarian represen~tiv-e in rhe Danube Commission asked the Commission 10 c d  
emergency discussion in response lo Slovak infention to put the Gribciko~o Project i n ~ o  opemtion. 

On 18 October 1997, the Hungarian Government lnformed the CSfR G o v e q e n t  about its desire to set up irn- 
rncddiliiriy 3 Lrjlateral expen commission to e.ibaluate ihe Gabcikovo h j e c t ,  on candirion thr no acrions would be re- 
aliscd ivhich might negatively affect the hiture resuits of the commission's work. The Hunxxian Governent 
considiirc.d the damming the Danube River ro be in contrsdic[ion to such a condition. 

OA 18 Qctubtr 1937, there kvas ako the initiai discubsion between the CSFR Governent delegation and the 
Commibsion af European Communities in Brussclç. 

On 19 October 1997, ihr: Hunzarian State Cummissioner for Gabcikovo-N~gymaros D m  Systcm Mr. Ta&, 
clairnrd ihar h e  Hungiuian Goiemment did nor prepare sanctions against the S1om.k Republic but "coun'ter-meas- 
ures". Thrsz were ülready ndopted by i h e  H u n g d m  Goiwnrnrnl but would be used only if internaiionai Ilaiv was 
\ iols[rd. 

On 19 October 1991, thc SIouak Minister of Environment, Mr. Zlocha, cbimed rhat rhe CSFR is iiilling to Con- 
sidcr ~ h c  Lrcst proposal o f  Hunpy acçording io \\hich the conslnicrions of the Gdhcikovo ho j rc t  (by-pas  canal 
and navigation locks) would bc used oniy for navigation. 

On 21 Ociober 1991, the CSFR Goiernment adopied 3 tesoIution sayin3 rhar it is iviliin$ to accept conditium 
set by itiz EC to s ~ a n  thz wurk of the ~ r i h l e n l  commission, but i l  suted that Lhe work uf h c  commission mus1 be !in- 
ishrd by 7 Savcmhrr 1991. 

On 77 O C I O ~ C ~  1991, the rust dj~cussion of the delegations of ~ h z  CSm H u n g q  and thc represenmtives of rhr 
Cornmision of EC took phce in Bmssels. The CSFR submited a proposd ro dam rhe Dmubc during rhe i v o k  of l h t  
triIrirr.r~! commission, but riat to d i ~ e n  water from Iht river bed. Hungary rcfusrd ihr propos2l. CEG m i z d  ihai ihr 
main cundition for the ivosk of rxpen commission - 3. rnor~[orium on c~nstniction iv~irks dunng ihe commission':, 
work - hlis not been accepred. 

On 1 3  October 1991, h e  Czech klinister of Forei;n Airais, Mr. ZreIenec, dter a mecring ivirh 1hz G e m n  
Minister of Foreign Main, Mr. Kinkel, repofled rhe discontent of rhe EC and Gemany caused by the CSFR Goy- 
emnicnt's decision to complzte the d&o uf the Danube by 1 Noi'crnber. ? l e  CSFR was srd l  5ubjccl to interna- 
lional Iriw md rtierefore borh ihe Ctech Repubric and rhe SIovak Republic together were respomible for the 
~irusrion. Mter the rentrn of Mr. ZieIenec to thz CSFR, the ~ensian'beiween the Czech and Ibe Slovak politicians h s  
_anduaily increaçed. 

On 23 October 1997, the Hungarian Goovemeni  iurned to the hternatianal 
Coun in the Haeue requesting it to decide on ihe Gabcikovo cae. The State S e c r e r q  of the Hungarian Minh- 

of Foreip Affairs, Mr. Mmonyi, at the same time mciunced that his govemment has asked the Conference on 
Coopzration and Security in Europe ro open a so c d e d  "crisis procedure for the solution of international conflicts". 

On 14 October 1992, the darnming of Ihe Danube and Ihe sran ofoperation of Vairnuit C began on Slovak tem- 
tory. 

On 75 October 1992, the Deputy Prime MUiiaer of CSFR nt. Baudys, claimed d u t  rhe CSFR Governent is 
inrernationrtiiy responsibfe for Gabcikovo pmblem, but at present it is not able Io prevent the actions of the SIovak 
Guvemmmt. 

On 78 October 1992, negotiations beiween ~epresenhtives of the CSFR Governeni, rhe Hungarian Govern- 
ment and the EC took.place in tondw. The participanrs sipned the London Rotocol. According to the Protocai, di 
warks on Variant C (excepr workr related ro the navigation, flood control and enviromend protection) should be 
qostponed for a period decided by the EC. The CSFR undertook to guarantee 10 maniain ihe whoie traditional quan- 
t11y oE waler ("wlioie" means not Iess than 95%) h t o  the whoIe old Danube riverbed, including rhe section belween 
Rajka and PaZk~vicovo, and to refrain fmm opemting the power plant. The trilaterd working group should be set up 
med ia tek ,  tonsisting of ihree experts nominared by the EC, rissisted by one expert appointed b the CSFR and 
H u n g q  each. 'Iney should review constmctions involveci in alternative C, and destirnate i h e  need ? or f l o d  preven- 
ilon, and the ris& to the environment, water economy and navigation. They s h ~ u l d  state if the constmc~ions are re- 
versiblc, and estimate Ihe cos& of laadscape rehabhtation. On ihe basis of the working gmup's conclusions, further 



steps of a common approach w ~ r e  io be identiEjed. Bolh Hunguy and CSFR agreed that ihe International Couit of 
Justice in the Hague should decide on the Gabcikovo case (induding kgal, economic and environmental aspzcts). 

On 31 October 1997, the d;mming of the Danube river was compkted. 
Mer Octobcr 1997, the watcr level in the old river bed dcoppcd dnmticaiiy 10 a kvel about 2 m beIow thc 

lowest mark ever recorded. Whiie Slovak sources repeaicdly statcd that there ivould be more than 600 m3Isec of 
warer left in the Danube, Hungaiian official measurcments recorded only 200 to max. 350 m3. in addiiion, Hungx- 
ian and Slovak sources reported of Ihe dying of milions of fishes and of big masses of snniis, cmbs and oihcr 
aquaiic creatures bccause not only ihe Danubc iiseiî but a l s o  mosi s i d e a m  and oxbow-l,akes feu diy. Yet, Iargc- 
SC& caiastmphic ecological damges ccluld not he obsersed bccduse of the end of ihc biologiclil season. They can 
be expected foc sprmg and s u m e r  1993. 

With rhe lowering of the rivrc and groundwater level, several hundred local weils in Hungarian and Slovak ilil- 
lages (the number is growing) dried out as weU. Many people siill don't have public ivnter çupply bccuase, yet, the 
Daiiube always guaranteed enough wcter for lheir wch. This conceins mainly old people ivho now cany their 
watcr from thcir ncighbors (geitiag public water). Svme peuple are now waiting for public supply but many can 
hardly aff01.d to pity for this. 

Februaq,l993 
Sloviik tnvironmcnr miiiisrcr Jozef Zloçha zxpbined thst bccause ihe intestor could only piutiaiiy fuIf'ilI his 

duiies ~ h e  nùnistry so [ru could not give permission for Ihe constiuction of pals of the dikc, for rhe new nüiigaliun 
route, for the prelimiiiruy nxinipuliiiion order and thc use cif ihe Danube water as well as for ihe premiiture use of 
SOITIC O ~ J ~ C ~ S .  

Thc Slo).ak Union of Naturc and Landscapc Prtifcc~ais (SZOPK) demanded in LI lclter referriiig Io the pub- 
lished dociimenis ('justilicd suspicion of thc concious violiiiion of law and of unprediciahle impacts") ~ h c  Slovrik 
Statc Aitorney to inïcsiigate ihe lcgality of ihc c~nj~iuction and operation of V u a i i t  C. Hc coidiimed oii 2 Much 
1993 (i.c. uiie rnoiiih alter SZOPK sent the leiicr) the reception and ünnounced to infonn about the results. 

Much,l993 
On 15 Mxch 1993, ihe Europcnii Pruliaiilcnt sdoptcd s joint GabcikovoResolutien. ? l e  text supponed by 5 

f~actions includcs i a. 
+supports lhr: CEC çonlpi-oornisc pi~posal(50-75% uf ihc waicr in Ddnube) 
* urgcntly caUs upon ihe Slovak go\~cimiciit to aci more flcxibie and io coopcmtt: iii 3 solution on the open 

questions; 
* asks ihc EC Conimission to put its weight for a qiiick provisional waicr supply to prcvent further environ 

ment darnages; 
* iiskr; the CEG Io cvaluate the possibiljty of n financial help io rccornpensrite ~ h e  possible loss of enegy 

production; 
* asks CEC Io pet done a cornprchensive E U  of this project by independent expefls as weU ris a study on ihe 

effecls on navigaiion, energy produciion aiid other relevant aspects; 
* asks CEC to present pI'~p0Sak for an inteinaiionally protected area in ihe Danube floodplains along the bur 

der invoiving national and international GOs and NGOs. 
On 74 March 1993, respnding to the Hungarian Parliament's resolution fiom Eebniary 1993 inviring aii ür- 9 liamenb of the world to cririsize Gabcikovo, the Slovak Parliament accepted a resoluiion (agsihst the voles O thi: 

Hungmian minority parties) asking ihe Slovak goveinment for stronger rneasures in fsivour of Gabcikovo R~ject. 

Present situation - April1993 

On 7 April 1993, the State Secretaies of Foreign Affairs of Hungary and SlovaEa, Mr, Jmos Mxtsnyi and 
Mr. Jan Lisuch, in the presence of Mc. Hans van den Brtiek, Commissioner for External Political ReIaiions, signed 
the SpecjaI Agreement to submit the Gabcikovo-Nagrnos case to ihe internaiionai Court of Justice in The Hague. 

The Danube is stili very low (ca. 400 m3lsec). The Slovak constructin companies are continuhg to realise B iheir plans and working schedule without interruption. In the fioodplain near odiky and Dobrohosl tbi: most inten- 
sive consiruciions are going on. At several places siill intact @ut at present dry!) oxbow iakes were fded up wiih 
p v e l  and boulders. The boulder deposits are to be used for new dikes (and new access m d s  for iheir consiniciion) 
which will prevent ~ h e  imgation water frorn "leaking" into the aid river bed. Ab,  several new forest clearcub have 
itarted along the oxbow-lakes. 



Ali polirical ressure and the resulting bi- or tnlaterd agreemenis aiming to save h e  existing und stiU nea-natu- 
nI ivciland my corn useless kcsuse until then rhe jnvestor wiU have done large-scdéde>tnictions in the sme 
wctland. 

L 

2. THE ORIGINAL GABCIKOVO-NAGYMAROS DAM SYSTEM 

PROJECT AS IAIDOOWN IN THE 1977 TRE'ATY 

2.1. TECHNICAL DATA ON THE GNDS PROJECT 

The original Gabcikovo-Nagmaros Dam System (GNDS) project consisted of two d m  between Bmtislava 
(r.km 1860) and Budapest ( r . h  1657), and comprised 703 km 01 the Danube. 

According rhe 1977 Tresty fi/, lhe principal p u ~ s  of the Giibcikovo Dam hojrct  (GP) are as foiiows: 
a) The Dunakihti-&sov hcad-ivater installations in the Danube secior at r.km (river kilometre(s)) 1560-1842, 

designrd for a maximum flood suge of 131.10 m.B. (rnetros above sea-level Baltic sysiem), in Hungarian and 
CsechosIuvak temtory; 

b) The Dunakhti d m  and a u x i l i q  navigation lock at r.km 1847, in Wunpr i3n  terriioq; 
c}  The by-pass canal (hcad-!vater canal and mil-water canal) at r . h  1M7-15 1 1, in CzechosIoi ak territoiy; 
d) A mirs oflocks on the by-pass c;imL in Czechoslovak ttemtoy, consisiing of a hl;dmelectric putver plant 

ivith insralid capncity of 710 doubIe ndvigation locks and appur-ienancrs ihrrrio; 
r )  Irnpmved old bed of the Danube nt r km 1841-18 1 1, in ihr joint Hungarian-Ctechoslo~ak section; 
1) Drepzned and regulated bed ai  ihe Danube at r.km 18 1 1- 179 1, in ihz joint Hu-xim-Czechoslovak scction. 

According to the 1977 Treaiy, h e  principal parts of the Nagyrmiros Dam Projecl are as frillows: 
J) Xead-ivater ins~ilations and flood-control ivorks in the Danube secior rir r.km 179 1- 1696.15 and in ~ h e  src 

lors of tributarirs dfected by flood walen, designcd for 3 ma.uimum flood sragr of 107.S3 rn B.. in Hungaian 
and Çzechoslovak territory; 

b) Srries of loch at r . h  1696.15, in Hung;uian rrrritory, consisring of a dam, s hydroclrcrric poiver plant'with 
m installrd çapscily of 158 MW, double nrivigaiion Ivcks and appurtcnancrs thcrcro; 

c.) Dcrpcncd and rcgulared bed of ~ h r  Danubr, in boih ils branches, J L  r , h  1696.23-1637, in lhr Hungxian 
section. 

2.2. DESCRIPTION OF NAGYMAROS AND GABCIKOVO PROJECTS AND THElR 

CURRENT S7ATUS 

The Nagymaros Project (NP) 

This project, subsequently abandoned by the Hungarian government, siartrd ai r . h  1791, and {vas to serve as 
an  equalization rescn'oir for $c Gabcikovo projcct. Nagymatos would have laken up an enormous Iength of 134 
km of the Danube flow, and would have consisted of several constniciionr, i.e.: 

-The river bamge at N a g y m o s  (at historical Visegrad). Thrs dm would have contained 6 turbines, each pro- 
duchg 27.4 MW, for a total output of 1040 GWh/year; 

- Exrremely expensive protective comtructions dong tlie Czechoslovak river bank (panlleling 152 km of the 
Danube, Ipel Hron, Vah and Lirrle Danube Rivers) and aIong the Hungarian river bank (pmiieling 177 km of the 
Danube and Ipel rivers). n e s e  constructions jncluded dikes, rands, purnping points, ivater pipes and sewage-$vater 
renovarions, electnc and heat networks and other constructions; 

- n e  deepening of both of the dissected Danube River bmches (2x40 km) fmrn Visegnd to the norihem 
boundary of Budapest. 

Accordhg to the 1992 decision of the Hungarian Government, the dismanthg of the N a g y m s  hject 's 
Stoiciures, whch were already buiIt in Hungarian terrirory, and the resiomtion of the whole ma should S t a r t  in the 
spring of 1993. 







nie  method used to determine tbis choice was as foliows. In i990, six speciahed expert comrnissiom chsi .  
fied the 7 alternatives in function of the foJ~wüip points of view: 

- intemarional relatians and law (coeffidwt of 7). 

. influence on warer reSourees (coclficient of 7). 

. economi~ feasibiiity (coefficient of 6). 

- influence on the environment (coefficient of 6). 

- social and psychicat influences (coefficient of 3), 

- feasibility and nsh repented by the work (coefficient of 3). 

- hygiene and epidemiology (cœfficient of 3). 

- reference eapressed by the contractor (coefficient of 1). 
d o r e  rerponrible for the vMous coMnissions defmed the cnteria ta bç evalus~cd and pmpored balanchg co- 

efficients attributed Io each poinr of view (in parenrtieses above). Mr.Liska c d e d  out the fmal evaluation and ch- 
sificliiion. It should be said that &ose responsible for the commissions including Mr.Usks were directly or 
indirectly iinked to the designers and builders of the dam No independent experts paticipaled in this evaluarion. 

.4lhough the rnethvd usd may appear surprising, the same camot be said for the resu1t.s fi'/. 
Since the Dyube was diverted at the new Cunovo hefd-water station on Slov3k territory,on 74 ûctober 1997, 

ody s h u t  400 rn /sec (or 20 O oi the average fiow of 2OCû m /sec) remain in iu old river bed. 

n e  diverted water i~ re~urned io  the Danube at the point origindy foreseen in the 1977 Treaty. Slovak auihori- 
ties have cktimed that h e  amount of water that wiiI eventudiy be diverted depends upon lhe outcorne of invesliga- 
lions to be undertaken d u ~ g  the trial period ihat shd i  also take into accounl environmenrd aprtcrs. 

Siovakia also stated repeatcdly that, should Hungary not change its posiiion and further refuse to participate in 
the project, i t  wili buiid an additionai and rather smailer power station on its temtory close to the Dunakiliti head- 
wster station 131. 

4. WHAT DAM BUILDERS DONIT WANT YOU TO KNOW: A SUMMARY 

i7ic dam birildcrs coricliide {lm tlte Gubcikovo Projccr will enluirce IIV eni ironrrrcrir. 

Independent experts have found: 
1. Nowhere in Europe is here a more reckiess or devastating river construction project thari ai Gabcikovo. AC- 

cording to ihe hrernational Rivers Netwofk (RN), it is among tbe top-ten most -xvjrom~tnially desauciive hy- 
draulic engineering projects in the world. 

2. To date (Marcti 199J), no complex environmental impact assessrnent study h u  been done neither on Variant 
c nor on the origind Gabcikovo Project, as required by CzechosIovak federal Environmentai Act No 17/199?. 

3. The Slovak dam-builden' conclusions are hadequate, misieading, and irrespomible becnuse thcy intention- 
aily neglected ihe extemive environmental destrucrion which rhe comlrucrion ÿnd operation uf the Gabciko~o 
ject would cause (or has already çaused). 

Effects on Wildiife and Biotopes 

DE d m  biiilders conclude  th^ the 'b4primdization offlow conditions" and "prmenrion of a'isnsteroicr, wic~fi- 

trolledflmds" in thcfEoodplain wiil have a positive effecf orr wildlife. 

Independent experts have fouod: 
The immediaré mnsequence of the pwer  station involves an actual loss of hgd due to the installation itseE 

Acording to data from the Hydrostav construction Company, some 5,500 hectares (13,500 acres) of Gnube coiin- 
trystde which was very cbse to its n a t u 4  unspciled srate, have &ady been destroyed. But ihe indirect çonse- 
quences of rhe stm-up and operation of the plant wiii be considerabIy more senaus: 

- The typical animal and plant communities and species, many of whictt are on the endangered s p i e s  Ft, will 
die out in ths completely altered habitat. Tbe reduction of many plant and animal species would ensue, primanlY 
ihe species iiving jn the wethnds and f l d p l a i n  fores&. 



* - Directi endangered are 130 species of birds (54 8 of ihe loial number iivino in the remion), 30 specics of 
rammalr (7;%). 8 species of reptiles (90 %), 6 rpeciu olamphibim (55 %), and ~ d s ~ e c i e r  0Pf.h (50 0). 

in ddition, at least 17 protected areas in Slovakia would be negstively influenced. Thc Cornornt lsland Na- 
iure Resene hs already been deslrey+, and at l eu t  4 other rtsscrves have been reccntIy endangered. More than 
iwenty oher areas proposed for protection would be negatively influenced. Lf no change in the attitudes toward the 
Gobckovo kojtct occurs, h e  propsed National or htemationsl Danube Park would lose ib sense. 

Groundwater Quaiity and Drinking Water Supplies 

nie dcun btiilders siarc that tlre Gakikovo Prdcct wili lier fiaime my ~tegarire irnpncr or1 sirrfncc and groiuidwa- 
ter qi~nIily iri  ire regioii. 

Independent experts have found: 
, Europe'; Iargest and, for thernost part, still untapped reserves of drinking water exist do~vnstream from Bratis- 

lava. kliUions 01 eople in Slovakin and Hungary are cumntiy supplied by these reserves. The drinking water situ- 
atian;which is a e eady precarious in borh Countries, wiii worsen considerabiy as a result of the start-up of the 
Gribcikuvo plant. The pIm to incrertse utiiizntion of these drinking water suppfies in the future is ihtrefore uestion- 
üblc. Ccinccrns regarding drinking wotcr supplies was one of the min reuons Hungary abandoned the omrdy 
joint projecl. , " 

9 
Bcc~use of the low nte of f low in the reservoir, an accumula~ion of mud develops This accumularion is an 

ided brezding-ground for germs rhat are human-palhogenic @ s d o u s t o  hummu). 'Ihese buctcria and viruses fmd 
lheir iviiy into the groundivatcr by means of intiltration. - 

In ddditioo, pollutants coming from cxisting (dtposit) sources of poiiulion dciwnslrexn from Bratislava could 
leach out rhrough the water d a m n g  and poison rhe ,oroundwater. 

A fui~hcr danger is posrd by hydrocxbon subsrmces from h e  asph311 layer linin: ihr canal - in priniculx, car- 
cinogenic bznzopyrenes. 

Eiftctr on Agriculture, Forestry and Fishzries 

The dmn liirldcrs stnrc rlmr rltc oi,crnll cflccrs of rlic Gnbcikoi-o Projcct orr ngncrilrirrc. forcsrn. nirdJslicricr 
ii. i l l  Iic posrli~~c. 

hdcprnùcnt experts hai e fuund: 
Agriculiure: 
- Due to the pe-nent constniction, an agifcultural of severai housand hrcwes has bern lost for di time. 

f i s  105s can bt: esimted ai 5,000-6,000 hccures. 
- Brcriuse of the b m g i n g  and the riverbecl change, ground ivsler levels i v i U  rise in the vicinity of the flooded 

areo. Ciround water leveh will decrense in the envutonment 01 the rérouiing(0ld Danube and by-pass canai) becausz 
of rhc rcducfion of the naturd leakage from the live river biisin. 

This would cause a substantid decrease in agricuIiurd production an more than 107,0(30 hectares of agricul- 
rurd soik. The expected dccrr isc of production on rhe soiIs must influrnced (about 16,000 hectares) is about 
40,000 Ions of whcat (or an equivalent amount of other crops) annually. 

Forestry : 
- More than 4,000 lieciares of floodphin forests have already been destroyed and an additional 4,200 hrciares 

ivill suffer due to a lack of water. For thrs reason, at leas[ 7,700 hectares of rhe forest ivili dry out within 3-5 yexs 
from Ihe start of the operation of the Gabcikovo Projecr. 

: 'Ehe expected annual 105s of ~ ~ f t - w o o d  production is about 70,000 m3. whch is one half of the toiai soit-wood 
(poplar) production of Slevakia Threri thowand a d  six hundred hectares of the typicd flmdplai~ poplar and willow fores& 
wili haw 10 be reptaced by othcr tree sprcies which do not rrquire as much watçr. However. these new, slowIy growing forests 
will nor have as much ecoIo$cd value the original ones and will not be able to be haniested for 100  1 W y e m .  

Fis bey: 
- The traditional fuhe7 on the Hungarian-Slovak section of ihe Danube wili expire. Because of the water level 

vadatiom, the spawn laid in the river bank areas and the young fishes living there wiII not be able to tolerate the 
now fluctuations and the muddyin . Therefare, tke stock of fish wili decrase and its composition wili change con- 
siderabiy. In Uie by-pas canal, no auable f ~ h  cammunitisr wiii exki. 

- The iotd wei t of the fsh stock per 1 hectare cornpared with the present state WU decrease by abqut 66 
The m u a 1  yield iv 8 decrease by about 170 ions, even though the lotal surface of the permanent water bodies in the 



arta wiU incresse. The main rcason for this is because the resent well-functioning natunlly cornplex water ecosys- 
rem w a  be repiaccd by reveral repanled, mosiiy *ficial iabiiaa. 

i%- dmn birilders o j e ~ t  ern Iirrsizt thcrt t h  proccss of rlie niï'ifcinl deepcning (erosiorr) qf iltc Dniiiibc's n'ycr- 
w ndmigers JoodpInin 4 di).Ug md mn bc rtoppcd ~>iiy by î~>ipo~iding ~ f l f ~ r  ii, the Hn<r~r-Di/,inki/j~i 
(C1uioi.o) rcsen'air. 

lndependent experts have found: 
The iast decade's erosion of the main bel between Bratislava and Gonfl can be attributed to three nasou. 

One is ihe hi hrr slope of the main river bed, csused by the shortcuts; Ihe second is the br4e-scrile grave1 prduc- 
iion; the ihir d is the sediment-retainuig effeci of the barrage sysiem construcred on the Austrran part of the nver. 

The formation of ihe Danube bed into a medering, rniddle-reach character would decreae the deepening of 
ihe bcd. irnprove ihe conditions of low-wnter regulation, augment ihe waier reserves of the region, and could enable 
the ecologicd rehabilitation of the side-am of the nver, 

The grave1 production from the min bed rnust be stoppcd. The deepening below the l ~ t  Ausrrian barrage ¢an 

bz ccimpensated by retransponhg the duviais carried down-strerun, a process which has been cmied out on the 
Rhinl: ior more than a decade. 

Geological and Seismic Risks 

Tlte dnln bi~iidcrs cite îhe si@cieriq ntid ç o r n p l e ~ i ~  of fhe gcoIogicn1 wd scistnologicnl rcscnrcji coridirctcd 
bcfoir tlie corisinicriorr o/GP. 

lndependent experts have found: 
Grological and seismioiqicaf documentation evaluaring the Gabcikovo Projecr s a whok is not avrtilable. The 

geologicul ruid seisrnologkd iltudies were insufficicnt and sotne necessary srudies have not bern undenaken at au. 
niz seismic risks were underesthted. The seisrniciiy values detined in the joint contractual plan are no1 ac- 

ccptlibk. 
No su- (integntion) of the resemh works, conducted sepamiely on the Hungnririn and SlovaEc sides has 

aken phce so far. 
fne Gabckovo dam is built next IO a gealogically young fiiult. There are ais0 additiond uucertainties concern- 

in; iht position of ihe frontier baween the Alpine and Trans-Danube trctonic phres. 

Flood Control 

T ~ K  dmri bllildcr~ claiin flmt oprntiitg tlre Gdcikoiqo Prolerr is  iicces~nq h ardcr to erzsrrrc cffecih.~ protec- 
tiora ngniristfloodr iri rire nrcn do~~isr renni f i~m 3rnrislni.n. 

hdepéndent exprrls have found: 
- Xew hamds will aise wiih ihe declarcd flood revention advanbges (C.E. dam heightenuig and strenghen- 

in5 or disfibution of Uie h g e  ficmd watea between tl!c by-pass unal and ihe Old-Daube bed). One of there h a  
is inhercnt to the permanent flooding of the resen-oh i r a  to a Lvel higher than the au-time fluodwater levef. 
- Another hazard is rshted to the water mss of ihe reservoir and the elevaiion of the by-pass c'anal [O 6-16 m 

above the sumunding temiu. 
- Fe po.ibility of a canal bursthg its banks or a dam bursting thceatens rhe region wirh more disastrous flood- 

ing of mdescribable dimemions. 
- ils experience Gom othrr regions shows, (e.g, the Rhine, the Danube in Austria), peak flods and the dan@ 

posed by flooding wiU increase dowmtream from the power station. 
- Becauw of #e power plant installation and river development, imgananr naiural uea thal once held back b e  

waters have now vanished. Ali smll flood5 are rapidly channelad down s i r e m  As a conse uence, more frequent 
and higher floodr oecur downtmam In addition to the height of U>e fld-uia»rr, the l o m  %ai ~ h e  floodiog laLes 
alro changer. Lÿtead of a rpseific, giveo rate of iiow, ihe sluicer and fldgam ai ihe power sraiion are opencd 
which causes a sudden rise of waler and mud content downstream The danger of Qmage increasez accordingly. 



Design and Safety 

Tlie dmri Iitrilders cite tlte Itigh qtrnlir~ of c ~ r i ~ i r ~ ~ c t i o n  ~rorks darie nt IIZC Gnbcikoiio Projecf niid fluir Ilig/# 
snfeg srnridiard 

hdrprndenl experts have found: 
- nt. m e r  of construction hns been stipshod and, to some exrent, unplamcd or undeqaken iviihout due K+ 

~ 3 r d  ID hl: phns. 
- Thcre are more indications and signs (C.E. naws and cracks in the dam waU and canal, rhe halt in the p r e f i k g  

of the ctin;il rvith water in August 1991) which indicate the project does no1 corriply ivith the required specrfications 
conçrrning swctural stability. 

- The studies dealing with the dimension design cif the exth d m  of ihe Gabcikovo Projecl concluded that there 
are c u ~ h  d m  sections whjçh would not be able to withstand an eanhquake of the presenrly - forecast inlensity. 

- Lndependent engineers and sdety speciülists, as weU as people forrnerly working on the project, have rcpeai- 
rd. cxprzsscd misgivings in this respect, and conder an immrdiate exarhation and vcrification of the entue in- 
stallation to be an absolute necessity. 

Tiiç &II Iiiiildcrs conclildc rlict riic Gnlicikoi.~ Projcct iimoiild irtiproi.~ nni.igoiioii. 

Indcprndcnl expens have faund: 
- Ihc. increase in shippiq t n ihc  predic~rd to folloiv rhr d m ' s  consiniction is unsuppoiitd bu ritiy s~udirs ,  
- Ndi igat ion problrms essentially concern rhe Viema-Eudapal secrclr and, in irscli; CabciLot O climat rcsoli e 

them. This rlrrnentary staiement is sufficient to çhotv ihat GabciIlfi\ri srn*es no purpuLe in t r m  of ndi ~gation. 
- Tu resoIi0e rhe problerm, Lherç is a netd iu Duild 4 d ~ m ,  This rcprrsents a USD 1 biUicm inichimenr, brin: 

iJSD 707 million b&ed on values updlired at 8 %, 
- Thc dri.rloprnenr of rhe V i t m a - B u d ~ p ~ s l  scciar dots ni?[ uffrr an! direcl profit f i r  nai i g ~ i i o n :  ihr iniern~l 

profit ratc is ncgative. The impact of Lhesc incçstrnçats on khe oiecrriU productiuiry of' [he flsc.~ is t'a t'rom ne:ii:iblc 
bu[ does no[ oHer any significanr proli[ Iziref: 3 rnrirnum of 2.5 %. 

- Ihz only direct bcne l ic iq  from ihcse drvcloprnc.n[s wouId bz thc .4ushan iron ~ n d  siccl industry for whom 
i h e  a ould orfcr a pou.eriu1 posi~icn for rhr future I t  mjght then, by offrring dirrct cumpriitic.n, rndringer and nc- 
celenrr rhe decîine of the Sloilak iron and srerl  indust-. 

- Hoivever, the anrilysis shows ihar i r  i s  essenilal, inexpznsi! e. and profilabIr to ini'eht in ihr s:ruciures around 
ihe Dlinubr, which could iveLi be more imponant thsn r n h :  inrestmcnrs in the nitr  irscii' 

E kcrricity Production 

T;ic dmti-brrildcrr njipiy thnr rlic Gïibr.iLpi.o Projcct irriisr be carriplcicd and opcrnrcd ru nllci.inrc Sloi.nl;in's cri 
crgy crrsis. 

lndependent expea  have found: 
- The Czeçh and S b v a k  Rrpublics are chardaerized by a par~icul i ly  high uier  consumprion of energy 

elrcir ici ly whiçh exacerbaies Ihr dilficulrics encuuntered in dewlaping thrir rconomies. 
- A rechnical swing potential in SIovak eleciricily consumption is 40-50 %. However, even assurning fi1 Pm- 

duciion. Gabcikovo wiil generate ody 6,7 to 7,5 % of S lovah  elecrricity production. 
- E1fofons made in r r m  of energy efficiency could allow ihe Czech and SIovak Republics to attairi by 1010 en- 

Cr3 intrnsities compmble to rhose çumntIy existing in Europe. EIecticily comumption wouId then be lower 
jts curent level: 23 ïWh for dl of Czechosloi'alüa tuid 6.5 TWIi for Sbvakia. 

- h lhis contexk the electriciiy produced by Gabcikovo meels no requiremenls for the future and is W O M ~ ~ S  in 
terms of quantity. 

- ?hg capital invested in Gabcikovo has been taken away from projects that are far more impodant 10 the Coun+ 
IV's cconom Although it is not possible to redirect the iniiialiy investcd capital pm d the; 5.7 billion cfoivns ( 6 160,miUion SD) recentIy emarked for the-consrruction of alfernative " C  could have been used 10 imProve Ihe 
cfficrency of economcally mfitable elecincity production instaiiations. This would have led lo energY s""lDgs 
whch wouY al l e s r  cqual &bcikovo production. The dilkrence covld have becn ear 



industry which, in rum, would havekd to greater energy wvings and thus provide capital FOC new invësrments. 
soh~ion would have set up a dynarruc favouring the revival of the counrry's econorny. 

- n e  value of Gabcikovo as a source of energ, svbstituting existing sources (rhcrmal and nuclex), can 
be ewluated wirhin !he fr+arnework ?fan overaU redefmtion of &e counfq's energy srwtegy. Noneiheless, it woujd 
appc;tr to be relatively umpor tan t  in quantitative t c m .  

Econcimic Aspects 

lndependent experts have found: 
- Many factors wfiich my be very important to decision making were ignored or inkntiondy underestimatd 

by dssignen. h o n g  hem, the more serious, in the long tmn, xe the inrvitable fouow-up costs of stating-up anci 
openiinp the plant: 

Phnt r e p a h  and maintenance 
* Mificial m a g e m e n t  of the water table (pumping instalIation and maintenance) 
* Reinforced flood contml and protection downsueam 
* Loss of output in agriculture, fi sherirs, and forestry 
* Yew irrig;ilion i n s ~ h t i o n s  for agriculture 

Improved watcr purification 
* improved drinking water treatmcnt 
* Loss of biodive~ity - genc variants, species, living communities and çcosystem - Loss of rccreaiiond ppotcniiiil of the arc3 and the output in the service sectnr (xcrration and tourism),~tc. 
- Thcse consequenccs and side-rffects and their cos& affect not only Sloviikia, of course, bu1 Hungary as weu 

e i  en thoueh Hunpq backed out of  th^ project in rhe Autumn of 1989 for ihese reosons. 
- A thorouqh acçounting of these costs ha5 never been doné, however it is almost sure thal it W O U I ~  d e  the 

ivholt prqect non-viable. 
From rtn econurnic point of view, ihe complete canccdation of the projeet wouId be more f~vorable in the long 

mn, and for !he Hunpmns, eiren in-the short run ihe cosu of cancehrion and continuation would be about ihe 
5 m < .  

Social Impacts 

Tllc dnrn builders arrre tIinr the Gobciko~o Projecf wiI1 hnve n pririire irnpncr oii tIie regiolinl derclopnerit ond 
rile 6i.ing condirioris oflocn~ mhnbirnn;~. 

The eIected rcpresenistives of lmal citizens and a toast m~jority of citizen5 thernselves dissgree: 
- Local people boih in Mungary and Slovakia have opposed the GNDS project since its,very beginning. niey 

have bsen never rtsked for iheir appmval of Ihe project, nor have any compensarions been paid [hem for tbe re- 
c L i d  land, destroyed environment and loss of nolural values in their taditional cornmurtities and landscape. 

- Local residents are Iosing touch with the Danube, a river bat ha5 given rise to centuries-old C U S ~ O ~ ~  and @- 
ditions, and which is a decisive factor in rheir very identity. As a r e s u l ~  they are Iosing a large portron of hea 
homeland habitat. 

- Above ail, the inhabitanis of the t h e  viiiages of Dobrohost, Vojka and Bodiky are feeling excluded and re- 
jecred. Stranded between the cana1 and the Dmube, they are watching a nirai exodus which may leave their v a g e s  
complztely abandoncd in the nex future. (The populrii+ion droppcd pbour 50 % during the hi decade due to induccd 
emigntion,) For t h e 4  th% project is M '*indirect evictwn". 

Constniction and Opewtion of Variant C under Internarional Law 

Tltc h i i  biiildcrr nnd tltte Slovok govemncnt oflcioily stnte tlrnr the co~tstru~tiori and oprafioii oJ Varinit Co! 
Gnb~+ikoi.o Projccl is ili nccordflnce rc*i,h irirernnriot~al lmu becnirse i f f i& n Iist$cotiat" Ni the 1977 trf 9 Tiicy calrider Vnrrm~i C to br n "/mufir( rerponrat' to mi dlcged violniioit of */zc $77 trew by Xiuignr/ hi ad t -  



Lndepctndent experts have found: 
- Slov;ikia's unilnteral diversion of mosr of the Danube, and any resulliq environmrntal dnrnage to the portion 

01 the Danube flowing into Hungary or my other part of Hungarian remtory (rncluding, for example, ihe proundwa- 
irr aquifcr), viobies the h i c  inrernationd principlt: of state responsibiliry that one countq shouid not use lheir ier- 
riiory in such a way as IO h m  mother. 

- Vmiut "C" is in violation of weU established and fundamental phciples of customary intemational law on 
iht: environment and the use of international rivers: the rincjple of good nei,ohbafliness and the ~nciple  of equita- 

the spirit O m n y  legaUy non- bit ~ ~ d k d i i ~  h addition, mmtnietion md operation of  vanani 'CF' k COIWddùflin. 
binding internaticinal declmitions on the environment which were support& by Czechoslovakia. 

P 
- Variant C is in viohtion of the principle of good neishborliness becnuse in iviU cause ~ i g ~ c a n t  or apprecia- 

bIe hum Io H u n g q .  
- Conceming ihe examination of Variant C under the pruicipIe of equitable uiibzation, it cannot be regardeci ris 

an equitlible utkation, mainly brcsuse !he ngai ive  effects of Variant Cf? ourweigh its benefrü and the legitirnare 
intrresis of CzechosIo~hrr and S1oval;ia in c q i n z  oui rhe project. The diversion of the Danube will haie  ex- 
iremrly negarive impacts on the environment and on rhe rnditiond uses of ihe Danube so rhrit it must be regaded 
ns inequiiiible. 

- Slovakia's diversion of the Dmubr by con3rruclion of Varirint C violates the trcalies establishino_ the borders 
berwrcn ihc CSFR md H u n g q .  V.u%r~t Ç is dso in ~iol2tion of proviions on the rnamsemrnt of boundac waters 
ciln~~iiicd in ~ h r :  1956 Baundary Treary md of provisions conmincd in a treaty of 1976 regulating questions of i n te r  
management of boundüry rivers. 

- Vruimt C contemplrircs diversion of frunt1c.r iizrcn a l  a p I ~ e  and wiih struclurcs no[ conrcmphted by the 
1377 ireaty. Wh~rever  hr current kgd surus of the 1977 rreary, the d m  and dii rrsion a Î  iht. Drinubc noiv bemg 
comtructrd under Varian[ C iverc nc'ier q e c d  to by H u n ~ y  md camot eslablish a le_oiiim~ri: bordcr change. 

- C:cçhosloivakia s d  5lo.raki;l ncrc net rilloircd ru implrrcrnr Vm'irinnt C as 3 unilzteral acricn 3Ber H u n g a y  
dccidcrl :icii ti7 lulfill ici uhl;gricns OF thc 1977 rreriiy. Injtcad. buth parties niusi se& ri pc~cciul  sr.rtltirr,tnr of t h r i  
dispurr ihougb ncgotiations and reirm trom umhrcnl  actions. 

Tllc d n ~ ~ r  briilckir srcrc r11r;r g:lrc Gr;lirikai O Projco ,;s rior coiirplcfcd. tlrcri ilicrc ii orrld bc iio possibri~? of re- 
sroririg :/ic crcn ~fccrcd c.orrsrrrii.riori i:iro irs or~grrtnl :~nr i~ rn l  srcrc. .bloicoi cr, II-. coris~dc!cr rlic rcrrroid qfc.\rsr- 
i ~ i g  caitrrr~iciiu/rr mid rlic rc.~roruriori ofrfic orrn ru Iic IIIC IILOSI C V ~ J I J I I  c 0i1d ~ I I C ~ C ~ O I C  mi ~it~l i~ccpt~hile  nl~eninrii c 

for Sloi,r;kios CCOJl#I?Ij! 

indrprndent cxprrts habe found: 
- R e  total costs for remoid of aU GP cons~ructions in the case of Variant C, incIuding incrimes frorn recycled 

matenais, would be about 12-12 billion Czech crowns. Howcver. ihtre 13 no urgent nrrd to remove riU ihe consrnic- 
rians uirbin fe:v years. Scirne of hem c m  b r  ustd direcrly or redrsigned for cemin purposes, e.g. rhç dikes of the 
resenoir for flood protecrion of ihe adjacent arrn, othsrs cm be rernvved g r ~ d u d y .  lhr  eilïcirnt reusz of di usable 
cons~nictions would reduce the totd COS& of rem0i.d UP to 60%. 

- The p i k m y  b~iIding materids used for the constnictions. cspecially graiel, sand, soil srecl asphalt, and 
plastic Ïikns and also some uf the conctere, can be r e c l h r d .  

- A rehiiveIy simple imk is the dernolition of the coffer dam ai Nagmaros and h e  resioraiian of h e  river bed. 
The recomrniction of rhe previously cuned shoreline at Vjse_eWd seerns to bt: an important question, dncc this is 
one of the essential elemenis of the Imdscape of the Danube-bend. 

- Since the stnicmres of ihe D u n w t i  weir and the power station Gabcikovo cover mrrlarively smaii a m s ,  their 
dernolition would be mther costIy, sa they couId rem& whrre bey are. A tendtr may be announçed for their uiili- 
zstion. The new srnictures of Vufint C should also be puiied down. 

- Duririo ihe reconstnrction of the ares, the ~ a ~ ~ t n & o s  coffer dam and mnsrnrcilons of Variani C have to be 
demohhrd ?st.  The next ?ask would be io  correct the wrong regulation, rehabilitate the branches, and begin the 
restonlion of the forests on the flood plain. The dismanhg of the side charnel can be a sIower psocess, and can be 
coordinaicd with the mil-regeneraiion, 

- The restomtion of rhe shoreline foresrs upsueam frorn Nagyrnms and other eIements of the Iandscape could 
Ije done hter, depending on the availabIe fidanciai means. The damages caused to the populaiion by the construc- 
ilon 01 the barrage system should be refundcd quickIy and should be covered by the stnte budget. 



- The restomtion of the Owdplain forest and uther fl00dpIain ecosystem should be ?ch to natuml seif-reston- 
lion processes, only wi. some supportive mesures in s o m  areas, e.g. comecting the isolatecl branches with the 
-n Dmube Pd, plantmg trees, introduction of sound foresrry and fihery pmctices, etc: ?he most valuable lood- 
plain mas whch were dmged by ihe Gabcikovo Frojcct can be restored to a ztate whch world bz vcry close ro 
the "original" one (the stzite before beginning corntrucrion in 1878) within 15 to 70 years, for a cost of about one 
bitlion C ~ c h  crowns. 

. The msts shouId be divjded fairly betiveen the pariies. Rie expenses of lhose works which weeri accorn- 
plished within the fnmework of the 1977 weat - before ihat treaty was tenninated - and the. costs of the restontion 
tskr  rhould bs resonably dividrd between A n g q  anci Czccho-Slovakia (or her iegà rucceiror), in cqual pro- 
portions. 

5. IMPACTS OF GNDS ON ECOSYSTEMS AND WILDLIFE 

Boih the ?2abcikovo and Nacymaros rojects are pbnnrd in th flmdplriin whrre the :round and surface 
ivritur ljystems determirie the bn&c;ipe. C nges in thrit system due to GNDS wiii impact rhe floodphn landscape 
enormously: 

R 

5.1. IMPACTS ON THE IMPOUNDED STRETCH ABOVE 

THE HRUSOV-DUNAKILITI DAM 

Ground watrr leveb wiil bc elevated in ihe xca upstream frum rhc dam Hmsov-DunAliti. c~us ing  ground iva- 
terlogging shortly rtfter l i h g  rhe dam with writer. However, the dcclior of :round ivnter Irvelr dur 10 human J C ~ ~ V -  
iiy ne= Bntislnva cm hardly be correctcd in ihis m e r .  Sumival of the floodplin fcirebts in Rusovce 
(doivnstream frorn Bntislsvs) is ihreatened. In thrit area, Slovak environmentalis& haire obtainrd pxtid changes in 
ihz t~hnicai prcject. 
. Muddy sediments will be deposited at rhe upper end of Ihe Hmsov-Dun;ikiliti buin, especially under the peak 

male of Gahkuvo poivcr plant openiion, X lowsr water vcliiçity, togaher iviih l q e  qumritirs ot muddy drposits 
(sevcnl miUions tons a pear), will deterionte Ihe oygenation of bah-fiberetl ivaier. 1his wiU be foliowed by the 
deteriontion of ground ~vaicrs uusd for drinking in Bniislava and thc surroundhg areas, ihe wl icr  poiiution cornhg 
priiri;iily from Austria but m i 0  h m  the Czcçh and Slovak Reputilics (down the Monva River and frorn Peu- 
zaka - the 140,000 inhabitant suburb of Bntislava without a sewage plant, from the Bntishva pon, etc.}. 

5.2.IMPACTS ON THE IMPOUNDED STRETCH ABOVE 

THE NAGYMAROS DAM 

Due to the elevation of the water level in the Nagymaros d a  both extensive seasonal wmerlogging of the 
ground 16.000-1 1, 000 hectares on the Czechoslorak side) m d  conhrant \vatrrIoggin; (about ?.ZOO hectares) ivould 
occur. High leveh of gound water would cause the damaging salinkarion of about 1,600 hcctare~ of produclive 
soiL Musive watcr pollution wùuld be a danger fur ground waters, sincc constmction of sewage pIants is stiii fu 
from hished foc the waters corning to both dam resePoirs via the Danube and iu rriburaiuirs. Tnir theatens ta 
d m ~ c  the druking water sources originating through bank filtration. Moreover, ihe kmten waters in northern 
Hungacy could be endangered. Other tbrents are the destniction of cultumI heritage and archaeological monuments 
and the loss of the nahirai landscape. 

- 5 . 3 .  IMPACTS ON THE STRETCH BELOW 

THE HRUSOV-DUNAKIL'ITI DAM 

A prima environmental und eronomic problern is ihe by-pass canal ma doivnstream h m  the HNsov-Du- r. d r i  diun this Xea, the ground water leveh around the original, abandoned Danube riverbed would srnk, de- 
clinin: by 3 4  m, with s d e r  declines fitaher away fmm ihe Danube. 

Because an insufficient amount ofwater is p h e d  lo be leR in the Old-Danube: 
, - the bain wiii becrime rnarshy, 

- ihe water supply of the branches tbe nyin stLem wiU cease or decrease; the isohted oId river bbranches 
m y  get faed in, 



- ihr wet living places will become isolated, ihe cohereni flood arcas fragrnented, and the pxkland ccosysiem 
accusiqmcd Io oxygen-nsh waters ud.i becorne seriously degnded. 

Thc by-pass mm1 has a wate roof consrmction. Without sufficicnr bad-f i l teml  watrr, 30,000-40,000 hec- 'P t m s  or soil on the Slovak side WOU d be ncgatively influenceci, 26,000 of which would be scvcrcIy affecied leadhg 
to 3 1 0 ~ s  of agricuIlural production equivalcnt 10 39,000 tons of wheat. irrigation çannot replace lhe natuml ground 
1vatc.r system, Foresis and river branches in the unique uea of the iriland Danube dclta ivould dry UV. 

An addit iod modilicriti~n of h e  Danube bsiinch systcrn downs!i-eam from the bsov-Duniikiliri  dam has 
bccn açcrpted accordhg to the dcmnds of environmentalists, ecobgists, wster-yÿnagers and olhcrs in the area. 
-the rncidltications consisr of the posdbhty of filling the branches with 50-150 m /s of u.ais;. inriltraiirip thç grouod 
u*iih occasional or çven regular intzntional flooding of the area, and malring the nature arouod the Danube funciion on the pria- 
cipIc of a watsr-closet. However, this u'ould create only a local benefit of çaving the irees adjacent to river branches and would 
noi brutfit ihc flood-plain fottsts as a whole, since the grouad water wouId be drained furthcr [rom the branclips by the aban- 
doncd Danube riverbsd. 

The decline of ground water Ievek would pmbably also cause the rp;ner;iiization of soils, together w i h  an cle- 
vation of nitrates in gound waters. Remember that thete are 10-14 km of drinking xqatzr stored in  the graveIs on the 
Slovak sids of ihz Danube; the same is ime for the Hungarian side of ihe Danube. 

5.4. THE IMPOVERlSHMENT AND DETERIORATION 

OF THE LIVING COMMUNITIES 

'Ihz living communiiics (bioccnosis) are naturd resources and national treasures of incsiimiible (and as yuct un- 
~sscs>cJ)  raluc. 

Dbc IO  rhe change in hydradynrimic conditions and the drifts of the biolgeochsmical processes induced by hr 
n tw crmditioiis, rnorcuvcr, duc ia the dcicriorlirion of the wriier qua lit^: . - 

- Ths composiiion of ihc living cornunitics wiii iibo be chrinped, and thrir paitrrnb reriïriingrd wiihin a short 
time. 

- In thi: cuursc of h s  procrss, the vxiciy oi' sprcics and the grnrtic divcrsity of type> ivill decredse. An cssen- 
tilil dcgradaion i v i i l  Uikc placç. 

l i i c  npiJ vuiatiun:, ivili ultimiiicly zliminatc i.arie~ics (presumtiIy rmllions) of gcnc vukiints from ihe arm. 
'Ihis wiU endanger ihe adaptabiliiy uf the surÿiving mcrnbzrs of the remining living communitirs. 'Eus adaptability 
ivciulcl bc vital lot rhem in ihe changtd cn\.ironmcnt. 

Bcc.susc ui thc w t c r  Ict CI  vmalions, thc spaurn hid in the river bank areas and rhe Young fishtis living thcre 
i v  il1 ncl br ; ~ b  [t IO 101cmte ~ h e  flcw 11uctua~ ions and the muddying . Rierefore. thc stock VI' Iish will dzcrciisr and its 
compohirion wili change curüidcrdbly. in Ihe by-pas carni, nu dur~b le  fish communiiio i v d  e x i h t .  

5.5. NATURE PROTECTION 

AS for nature prorection. at ieast 17 prorected areas in SIovakin ivould bç negatively inîluenced. The Cornorant 
Idancl natui-e reserve ha alreztdidy been destroyed. and at kat 4 other reserves have bccn recenily cndringered. 
Tiveniy uiher arcas proposcd fur prolection would bz ~gatively influcnccd. If no ck~ngt :  in the atritudes toward the 
Gabcikovo Pmject oçcurs, ihe prop03cd National or Internationd Danube Park rvould losz its scnçe. The rtduction 
of m n y  plant and animai species ivould rnsue, pruri3srly fie spzcies living in the wetlands and lloodplain forehts. 



6. GROUNDS AND WATER QUAblTY 

6.1. EFFECTS ON THE WATER ABOVE 

THE GABCIKOVO AND NAGYMAROS DAMS 

if the d m  are built, the river transport of drift grave1 wili be blocked, Polhted rnud, uditered by gnvel, i v a  
settlc un the b a h  cuid on the river bottom for about ,100 km where the river is artificially slowed. 

The current io the lower reservoir will dro to half its presenf avemge speed. Along the riverbanks, the d i f i  
speed wiU drop brlow 0.4 meters per second, a e owing even the fmest granules of mud Io seitle on the grave1 bat 
now ncts as a filter layer for riverside weiis. 0i1 poilutanis, becoming more and more frequenf tend to bIock ibis 
grave1 filter. The increased water pressure, instead of waçh$g the blockage away, tends to make the mud more 
compact, with an increase in oozing resistance and a decrease in dissolveci oxygen. 

The ecfects discussed ahve Iower the output of riverside welis and thc water quafi~y, ChemicsI purificntion 
plants musf be built, andlot other sources of water must be found and exploited, at considerable cost. 

6.2. EFFEÇ-TS ON THE WATER BELOW THE NAGYMAROS DAM 

The effects of the Nagymaros Dam will abo be felt on Mer iveiis downstream on the 30 km siretch where 
most c!f the rvclls supplying Budapest are located. These w e h  produce about a million cubic meters of water per 
day. Grave1 w3s dredged here brfure dam consuuction br!an, müking the riverbeci, on average, 70 cm decpcr. Ttie 
tvalct Irvel itha dropprd by 70 cm, resulting in s 60,000 m drop in well  output. 

This fmt dredfing produced shdows and deep cavities, and compensatorly dredging is required to make Ihe 
rivcrbrd suilable for shipping. T h s  would stir up ihe mud again, and it will most like& s3tli: on Lhc lilier 1ayc.r of 
the best wvells dong the banks and seep into the extracted rvaier. The3waler studies, anticipating Lhis, pwdict ihat tbz 
araiiabIe water output for the capital ivill drop by another 78,000 rn as soon as rhe dam is bujlt. The funhzr deeprniag 
nl tlit: nvtr bdow ilit d.uns. urhere 70% of the ii.ells supplying Budaprct are locarsd. i s  txprctrd to rduse a funher 14% drop in  
rhc c~pit~l's (rater suppliss. 

6.3. ENVIRONMENTAL EFFECTS OF OPERATION AT PEAK CAPACITY 

PeriodicaUy. ~ h e  leveI of stored w ~ e r  is to tie nised and ihe water released for peak energy production. This 
means that the flow of zht: Danube will be bluçked for eight hours once ur twice a ddy, and thsn relr~sed over h e  
fallowing f ive hciurs. The ivater Ievel of rhe lowcr reservoir wiU ffucruare liy about five meters. lhe levcl of under- 
ground writer below Gabcikovo ivill rise d n m t j c d y  and rhen sink again. Tkre  is no doubt that this wiii be h m -  
h l  IO bduind. 

The are3 worst kir by the abruprly-re1r;isrd water mss will be Gyor, ri town of 140,000 locatcd aF thr conilu- 
ence of four tributq rivers that flow inta the Danube. Every day the reserved ivnier would flow as much as 20 km 
upsircm into thcse rivcrs, and rhen fiow back doivnstream as the wster is releascd. IJrban md industrial seivage 
water, which is sril untreated in the Gyor m a ,  would flow back and forih dong rhe riverbanks. 

In 1983, the Governmrntd Environment and Nature Protection Boxd mled thnt the biological punficatio? of 
Gyor's çewage ivster. aç well as lhaf of ail seitlernents and industrial plants bciwecn Gyor md Nagymaros, to 
s t x î  before the year 2000. if lhe plans are foliowed and the ower stations are put into service by 1997 before pufi- 
fication phno arc in operation, rhe riverside Ulter w e h  will l e  irrsvoeably poiiuted. 

This is the situation on the Hungarian side. The Hungakm study of environmentai effectr, made on the basis of 
data published in CzechosIovaki& indicnies that the amount of poflutants entering ihis stretch of Ihe Danube 
the Czechosiovakian side is ten tirnes greater thm the amount of poilutants entering from Hungary. The issue of 
sewnge punlica!ion b not mentioned in the biiateral contracts. 

6.4. EFFECTS ON GNDS WATER SUPPLIESIN HUNGARY 

hlore thrin halfuif the clem water resenies in Hunguy are loccited in or near the Danube. if hese are lost or ~01- 
luted, Hungary wiii be one of the couutries l i t  by a water defrcit sometime after the yenr 2000. 

The clear water resenfes in the alluviums accurnubted by the Dmube over the course of geolagical histoV are 
thercforc irnpoflant. Thcse reservcs are larges; where Ihe river passes from mountain to flatland - exactly ptween 
Bratislava $d Gyor, where it has created iwo large islands and deposited a grave1 hyer containing 14 km of ckar 
water, 6 Irm of r t  on Hungarian trmtory. 





2irny lsland are for imga!ion purposes, e b t i n g  and planned warer ireaiment p h &  a d  aho technologieal de- 
man& for various economc purposes. 

Danube Water Quality in Relationship to the GP  
Source: Zekeova,l990 

The influence of the Gabcikovo Psoject on Danube water quahiy and conse uently on @e quality of water infil- 
1mir.d in10 ~ h c  gmundwater barin o f  ihe prolected water managernenr region (P&R) 

- Zitny Island wllI be determined by processes ungergoing in the Hnisov resetvok. The reservoir ir 16 km long, 
3-4 km mde, with n storage çapacity of 49 miltion m and covers an area of 51 km-. It is situaied downstrcam Gom 
Draiisiaba ajthe Danube River section where uater infiltration ior the gouodwater basin of Zitay Island occurs. Accord@ ta 4 Gqzo\.rc (VUVH. 19753, the amount of infiltratcd water is 2 to 8 m 1s and HaIek ( V ~ T  Brno, 1965) considers an average of 4.4 
rn'is. 

nj tçr  qualiry in the h s o v  reservoir wiU depend on the following : 
- The quality of water entering Slovak temtory from the "Danube suies" upstrem; 
- The quëliry of watçr from tie Morava River, Lhe waters of which are not fuiiy mixed with the Danube waiea 

upon enterin; the reservoir. According to RodziIIer, at avense dischxges of the Danube and Morava Rivers, 
rin 80% mixture can bç achizved oniy 135.8 km downstrem from the confluence of these IWO rivers; 

- The amount and composilion of waste-ivaier discharged dirrctIy inlo h e  resen'oir from Istochcm chernicd 
pbnt (CI-IZID) Bntislaïa Afirr mechanicd and biological trçnment and frorn the city sccror Petrzalka 
(3t prcsent n~irhoui {vaste-warer trcatmrnt); 

- The physical-chernical. bicichemical and orber processes taking pIace in the reservoir itself under various 
hydraulic-hydroIo~icd conditions. 

Chmcteristic values of wattr qualiliiy indexes on ihe infiow into the reservoir from 4.1989 to 4.1990 are rvalu- 
ated "iiom data garhcred duiing a cornplex Danube water qualiiy monitoring prqgram (Cteche-Slovak-Hunfarim 
M V ) .  I3om 61 rnunirortd indexch, those which X e  vitally irnpaminr for d c r c m n g  wütcr quality were choscn. 

,4ccorùing to the Iong-lemi rcsulis of the Diüiube ivairr qudity analysis (Antonic, 1966, Rolhschrin 1966- 
1!175. . - dO  1!163- 19S9). ils bdsic i vae r  chrmisiry is rebtivcly stable. This is a rtsult of the hydrological and hydro- 
chernical regime of h e  Danube, tvhich is f o n e d  hasically in tfie territciry of Auslria, where the biggest Danube 
r~ibutuirs from tbz .-UFS. tintzr the river. The min alpine triburary is hz Inn Riscr, ivhich hss d highrr d i s c h q e  
rh:n ihc Danube. ai theu coduencc,  anci _nives iht Dmubz h i e r  an expressive alpint  river chmcter. Consrqucnrl!), 
rhc D~nubr wder presrri es its relaiii.ely siable minemlization et cn on Slovak ierntory. The diffetence betwern Ihe 
3uninic.r minirnurns JI  h g h  disrhxges and wlnrcr rn~rimurrir, at loiv dischiirges iluciuates w i l h  ihe riinge ofap- 
p r o . m ~ l r l y  15%. hdii  jdual cornpcinenis of minerdiration. also bring r~rhrr  stable (chioridrij, sulphates, hydrogen- 
cubonh, calcium sodium, putauium, magntsium), h u r e  a high grade of statistical dependrnce on discharge valuts 
(correbtion ccrcfficienr d . S 5 ) ,  ivhich rillorvs us !O cdculare the concenlnrion of indiiiduül minrnlization campo- 
ncnzs using regression ~nalysis. 

rirwing ihz oxygen rcgime of ~ h r  Danube iù ic r  u d  conjcquently the Hnisov reçervoir, the key role cif dis- 
s01vcd oxygen is quire obvious. 

In r tgud to this fac~, tht volume of orgmic manrr subject io biochemical decomposition ha [O be stiidied. 
ive consider ihc chxac~rr of rhz ri\ er and the ivaiw iempenture, which does not cxceed 10SC evrn in summer pcn- 
ods, the concentmiion of dissoIved oxygen sbys within the r a g e  of 7.4 to 13.1 mgn 07, with an average of 10 rn;A 
07. Thaf means ihst the ivatcr satufation by oxygen relared to [hese values does not drop beloiv 81% and maintsuis 
'30% of rivenge saturation. A4 ovefianiration of waler by ox pen (101-1 10%) cm br ex ected in the eegetatjon pe- 

rophyll "A" are higher than 60 mglm . 
r E nod, due ta incresed occurrence of flgae, wilh maximums rom laté May to late July w en concentrations of chlo- 

ce organic contamination of the Danube River, as expressed by the biochemiwl oxygen demand {BOD), h a  a 
droppmg iendency in the put five y e m  due to paying more aiteniion to the biolornical pufication of waste-waters, 
e~peciriily from big agglommdon centen (Linz, Viema). The values of BO05 Zerreased during lhat period 10 
averJge 4.7 m g  002 in ihe ivinier period. 

The evolution of ihe con!arnination of the Danube River by organic substances k chmcrerized b an i n c r e v  d of substances less liable to biological decorn osirioo in cornpaison io bjologicdy euil7 decoqos matter. 
can be documentcd by meuunmcnÿ of ~ 0 9 5  and ChOD (diemicd orygcn demand) in a monilo~d prof&. ne 
ratio BODSlChODcr 1s now in the range of 0.16 to 0.20, in rhe y e m  1985-87, ihe range was 0.27 10 0.29- 

The values of ChODcr are a good indication cf the so caiied "excess materials" which were not rernoved b~ the 
warre- ivster treatment plants. Therie are above ai i  o r g a i c  substmces, bio l~gicdy  les3 decompositable, dischGed 
from oil refmeries, çheniical produc~ions, cellubse plants ~d so on. 





liter in rhe winter months and a minimum from April to mid July, classify t lds water as pouu ted (slrongly pollu t ed), 
Psycbphylic nucleus dso have iheir maximum concenlntions in the winter montb  (fmm 7 300 to 28 000 pet ml), 
A s d a c  vend can be noticed for mesophyle nucleus (from 700 to 10 000 per ml). 

m e n  forecasting water qualit in the resemoir, especially the left-bank infiltration zone, ihe amount and corn. 
poiirion of wsriç-water dircharge~directly into the resenoh f m  the two big induririal eonq>lcrer of l m b e m  
(CWJD) (river km 1863.4 and 1863.45) lay a very negarive role. Eren from rhe viewpoint of a currently good hy- 
&~logicaI regirne of the Danube Riverl i& rule ir nol saüsfaciory due lo ihc comp?ri!ian of lhcrs wie+watc&, 
The quality of the Xdtraied water wiU decke  due to the changes in water flow vefocity the reservoir, changes of 
dispersion conditions, sedimentarion, and possible inienciions between h e  liquid and sohd phases. 

The municipal sewerage system from the Bratislava suburb of Petnaka is ousied into the right bank of ihe 
h s o i v  reservoir. Waste-waters from 120 000 inhabitants of ~his pm of the city and from cig indus6 are currently 
no1 ireated. 

Groundwater Quality in Relationship to the GWS 
Source: Lehocky,1990 

. Flirural conditions beIong to the most important factors d u e n c i n g  groundivater q u d t y  - the naturd environ- 
ment in which groundwaier accumubtes and creates its own naiunl  segime. Watet "enters" rhis cnvironmenr usu- 
ally by b m k  intiltration in Ihe horizontal direction or by seepage ihrough the profde in the vertical direction. The 
limithg factor in bolh cases is the initial sirite (quality) of the infiltnting water, The processes which take place in 
ihis environrnrnt and have prior imponance for the quality of the groundwater are m i n l y  chernical, physicd- 
chernical, biochemical, microbiological. and some othcrs. The fmal groundwater qudity and rEie evolution of ih 
oscr~U chernicd composition, in addition to the above-mentionrd processes, s k o  greatly innuencecl by h u m n  ac- 
tii itirs. 

The Danube i s  tht: limiting factor for th¢ maun1 and goundwater quaEty of ihe Zitny Island region - this si;- 
nificanl Europziin groundwater reservoir. 

The Danube supplies the grolindwaier basin of Lhe riirer s u d  and ,piel se$iments directly after flowing 
through the "Devin Gae" onto SIoiak ternlury. The permeability of these sedunints rs i U e y  high and reaches an av- 
enge u i  approximtely j , 8  . 10-3 mJ/s. These sedimsnts create an enornous groundwoirr basin with iiiritt'r 01 very 
high qulirity which can br utilizrd !vithout any furthrr trcatrnent. 

Changes in the fioiv and ivarer Içvel regime of the Danube Rrver direcily influence the groundurater leifelr. The 
Danube prmncntly supplies thc groundivriter b s i n  doivnstrrm from Bratislava, aIso during extrcmrly loiv flows. 
The fluclu3tions of ths Danube warzr levcl oxidise the upper groundwater I ~ y e r  and so create an oxids~ion zone 
rvhich is very positii*e for processes innuencing the groundwarer quaiity. 

Based on c ~ n c i u s i ~ a s  of long-iem observations and chernical mdyses, WC can s b i e  thal, sroundwater in rbis 
region i s  of average minenlization of the hydro~en-cxbonsfe calcarcous-mgnesiurn sype, wirh an optimd rrepR- 
sentaiioo of ihe individual elements which create water of high quality. 

Inttifercncz and anihropogcnic d u e n c e  of ihe l u t  decades have negslively interfered with the groundwaier 
quality. In the bank zone of shc Danube &ver, an are3 of very intensive ini51tntion. the groundwater qudity is to 3 
cnicid exient direcrIy dependent on ihc quality of the water iririltrating from the Danube river-bed. This are3 ex- 
tends a few kilometen inland into Zitny Island. Numenble ivster sources which supply Lhe inhabitants with d d -  
ing ivarrr prove that ibis water is of hipb qudity and can be utilized wihout funher treritrnent or purification. 

LTntil DOW, ihe construction of GP har; intrrfered considenbly into the ecoiogy of the region, negatively influ- 
encing forest management and agriculture. If GP is brought hto operation, it wouId also mean a negative influence 
on no1 unly the quality of the woter in the Danube River (especiauy the Hnisov reservoir), but also in the groundwa- 
ter quality of Zitny Island, , 

Principle changes in'the water'qualtty of tbe Danube wiü occur in rhe h s o v  reservoir. These will consider- 
abIy influence tbe groundwster qu&y in Ihe infiltration zone. 

Changes in the quality of the water in the reservoir are dependent on : 
- the quali$of ~ a n u i x  water flowing frombustna; . , 

- ihe qualily of watcr in the Morava River ([hm sre almort no wartc-warrr ireairneni plmts in ihç Morava ' 

River watershed); 
- the composition ?f wastewaten dischargecl into the Danube in the Bratishva region, especialiy from . 

lrtmchem (CHUD) - water h net ppunfied at prerent; Slovnaft (excesr contamination); winter port; unireaied 
waste-water disposal from the P e M a  region; and so on; 

- the cornpficaird phyricd-chernical, bioehemkd, biologiel mhmbi~Ioginl  and othcr porerwr whkh'wd 
take pIace in ihe Hnisov,resqoir . . ,  uiider new conditions. a , 2' . .  ' ' . . .  

. 3 .  . , - : i  



The above-mcniioned changes in the quality regirne of groundrvater will show thcmseIves in the fo l lo~vi~~ 
\vay: 

1. ihr: intensity of w3ter Xdtmtion jnto the groundwnter basin ~ i l l  increase in the kt stage of the h s o v  
ervoir iilling, due to the inç~easise in the ivater level (from 127 m.s.1. 10 131.1 ms.L). 

1. Dy to a decrtase in ihe watcrîloiv veIodiy in Ihe h s o v  reservoir, great amount5 of deposits (about 2.6 
million m of suspended material per yex, h t  is a Iayer about 5 cm thick ovrr Ne whole area of the rescrvoir) w ih  
a 10-17% content of organlc marrer in the drj residue wiii remain deposjtrd in the sesemoir. The decomposition of 
{lis organic matter will dernand a cenain arnount of oxyoen, so lhe presenr oxygen baiance of rhe Danube River 
wiii be unseirled (dnaembic processes wiU occur in some p?aces in thc rescrvoir). 

3. The ammount of oxygen in the reservoir wili decrease about 40-508, that is [O a concentration of 5.5-6.0 
mgii 02, 

4. Curnplicnted phenornena in the structure of ;roundivaterflow are expected in the infiltration zone. This fact 
m y  ~ s u I t  in the spreading of çontaminared mtenal via the so-called "prjvilegrd routes" (at high water leveis oil 
substiinccs anci other contaminated matrer cm be found in deep honzons (50-80 rn) and at a disrance of over 100 
meters h m  the iver-brd). 

Thc ahve-meniioncd facts, in rehiionship to the evcilution of groundwater qualiiy in the riverine zone 01 ihe 
Danube aftfr filh= ihe Hrusov reservoir, lend to the foiloiving assumptions: 

a) A considerable and fast drcrease in poundwater quality wili occur in ihe Danube riverine zone. Fast trans- 
port of va~ious hydrocsbon substmczs and oihzrs of a mainly oqanic  chmctcr con be expected (oil hydrocarbons, 
chiorinatcd hydrocarbuns, Cl-insecticides, phcnob, products of o r p i c  decornposition, dccades of bludge drposits 
in rhc Danube river-zone and rhe atca of Ihe Danube flood plain). 

b) Thqe watcr poiiutants w d  penztnte a d  spreiid relaiivefy quickly even to regions distint fmm the reszrvoir 
edge (ro d distnnçe oibundreds of mctra, or ci-en somç hlornerrrs by groundwalcr fluiv and diffuhion florv). 

C) Thtse processes and thet. negaiie influences wiii s red up in arcas of useable ivartr s~iurccs (Kahkor.o, 
Hmulinkovo, Samorin and oiher local sources) by increae cr pumping uÎ graundivaier, ikphiçh çould prc\.cnt u i i l i z ~ -  
tion for 3rinkin; purpuses for ivezks or eien months. It is necessuy 10 stress ihx Lhrse poiiurlints are dangerous in 
drinkin; writer in micro_onrn amounts; some UT carcinogenic or have mutageneous and irntogcncous effecrs. 

d)  In the next period, warzr polluiing substances will prnctnic inrci distant s r a s  h o u g h  groundir.ater flow, and 
rhey wiii sradually contaminlire geoundivlitcr uniil lunher urilizariun ris d warcr supply is not possible (permanent 
ivJier lc~c1 risr: in the rrsrnuir corre~pcind~ to maintainhg ihe levtl of ihe 100 y t x  flciod). 

C) The dccreased amounr of o x y ~ c n  in ihe Hnisov resen'oir ivill be used during in'lttntion for the oxidniion of 
orfanic muer  depositrd in Lhe rewriok @iuch~.mic~l  processes). Reducrion proccsscs \viU [Ac placc in the inlil- 
i n r t d  gruundwatcrs ~vi[h au corrésponding phrnumrna. 

1) 111 a reluit of increased sedimentsiion of suspendcd maitrr in the h s o v  rescn.oir, _ondual colrnatation (sil- 
iation) wvili take place. Decomposition of oganic matter contoined in the bottom sedirnenrs of ~ h t  rcxrvoir will con- 
sume nu avoilabIe oxygrn; anacrobic processes will begin; iron and manxanese ivili bt: graduaLi? released inta the 
groundwater; su1 hates wiU reduce ro hydrogensulphide; and nitntes wiii reducr ro ammania. Fur ihese reasons, 
groundivnerr wighave unsuirable iensoricquniiiirr (coiour, t u l e ,  irneii). 

g) By gradua1 cZoeging (siltarion) of rhe Hnisov reservoir bottow the quantitative regirne will &O change. The 
arnount of idduated water from Lhr: resenioir intu the groundivater basin wiU drcrease. But evcn üt maximum COI- 
mataricin of ibe ~sen .o i r  baitum 3 certain srnount of wster conraining organic mtter wiU ifiltnte into the ground- 
waree b a h  and will evidently have a negative influence on h e  u t h t i u n  of h i s  ground\rakr (accordhg to the 
Czecho-SIovak Standard 83 0611 and regulations of WHO - microgram amounts of these eltments contaminate 
dnnking water). 

h) In the eveni the c&tiuted layrr is djsturbed , for instance by dredginp (dredging grave1 in the reservok), 
contaminnted, oxygen-deficient jnfiltmting water will penetate fmm the reservoir and rhreaten deeper groundwater 
layers. 

i) Gradud stabilization of the water qualiry wi l l  foilow after a certain stabihation of the hydrological regime, 
especiaily in the areas distant to the llevees. A principIe irn~rovemiint in the quditative parmeters of groundwa!er 
cannot br: expected due to the pemnent inflow of contrüninated mttet frorn the reservoir. This wiU inevitably in- 
nuencc the utdiaiion of groundwrer for diinking purposes. 

The filling of the Mnisov reservoic undoubtedly requires the construction of costiy water purification , tanü and h e  acquis~iion of technslogicd devices for removin; mangançse and iron, ar weii ns oil ad other hy rom- 
boa, chlomted h dracarbons, phenoh and other contaminanrs some of which are carcinogenic, mutageneous, or 
temlqeneour. d t h i r  bar ta bs done prior to the rerervoir f i g  ro Uiat poiiuted groundwater Fan be punfied and 
supplied to the consumer. 

h the studied area of Zitny island, di cumntIy used water sources - ~ o v q  Hamuijakovo, Samo& Gab- 
cikovo and other local sources suppI hg dnnking water withou t costl purification - are endangered by the open- 
tion of GP. M o  cnadngcred ir Ihe Lg waier rupply ia parts of Er ratishva and othcr aras of Slovakh ( f o d y  



1.087 million inhabitanis) in the amount of 6.2 m3/s up 10 the year 7000. This does not even Cornider Iocal sources, 
industry, and agricullure dcmands. Accordhg to the ap roved rvater management plan W P ) ,  a furlher aupply of 

Ti+cnciii and Souihern Monvia should also be ndded. 
P &inking waler wirh~ut c05tIy purification is needed or 36% of the inhabitants of Sl~vakis, and the regions of 

It is ei4ident from the above mentioned fricts that the influence of GP on the hydrolopical and uaiitaiive w i e r  
regime of Ihc Drnube R ~ Y C ~  and I ~ C  grovndwaterr of the adjacent mu ir conside~bl~.  Actions ibc past, whcn 
orrat arnounts of contaminated mtcnd of various composition rvcre discharged into the Danube River domesti- 
Fdy and abrond, are aIso coming into play now. This mierial was depositcd in thc bank-zone and rhe llood plain 
jystcm ul h e  Danube. The present unsaiiçfactory slate of wsste-wata treaiment in the Danube basin also contnb- 
utes to tkis problem 

Thc c h a n ~ e  in Ihe hydraulic-hydrological conditions after the possible f i l h g  of the h s o v  reservoir wiii ex- 
prc.55 itseUlti ihc intluences mentioned above IO such an exknt that an hievitable decline in the Danube surface and 
oround ibdtcr qualily w u  fouow. Since both supply and the quality of a graundwater reservoir of European impor- 
bncr ;ut thrc~tenrd, eveiythhg should be done to save them. 

7 .  IMPACTS OF GNDS ON FISHERY - GENERAL PROGNOSIS 

Source: Holcik, Bai l ,  Enl  V n n o v s k ,  1981 
.b'~c.r rhe compltliùn u l  Gh'DS and, in some part durinç rhe course of conslniction, seï.1 jsobttd biotopes 

will anic from ihr prestnt single ccohystcrn. Each of the new biolopcs ii.iII r.rhibit not u d y  diffcrent limnciIogica~ 
ch.ir~cic.ri~iics, bu! dso diffrcrnt I'ishriy pcirrniials as weil. In ihc pressnt ecosystem, ihc m i n  charnel biotope is 
r.lc)s~,ly iiirc.gi~lrd iv i ih thost cil' thr Iloodpi~in ~ n d  m; ihty x e  drpendtnt on c x h  iiihrr. Thc hydmlo$cal and 
hydrobiulr~gic~l rrgimc.3 inttncl io producr an  unususlly high spccicr divcrsi~y af hydrobionts and high tiiological 
pr oductivity. In ihr arc3 bclwern r.km 1842 and ihe mouih of h e  Iprl River, ( i~hich includrs r ihosi  86 9 01 ihe 10- 
rd1 wairr xea  of the Slcivrik-Ausrrian. SIOVJZ; and Slovak-Hunganan Danube secrions sflecird by ihe GNDS pro- 
jccil, rhcrr: ;ire, in dil. a h i i b t  9S 'Ir of ~ i i  oi ihr zooplankton, 97 % of di zoobcnrho~, 97 % of di iishzs, and about 
99 5 oI' di ~vriikbIr l i jh production ol' ihiz Dmubl: secrion. kloirover, Lhs piujrcr - rii'lccrcd rcgian proiidzs for nl- 
rnmi 93 T c l l  lht ov\c.rriil fih yirIJj (iviih OF$ ihr 5 lu i . d  and Hungarbn fish ) idd includcd) \chich xc obiained in 
rhih D ~ n u o r  wriiûn. 'Ihe mosr ImpunaIir reg ion of ihé enlire seciion siretches brtween Bralislau and Pakor.icovo, 
and dclpiic thc taci [hiil ii r n k s  u p  unly IS 9 of h e  total iirw of the Danube (bclivecn ihe mouth of the Munxa 
2nd Iwt l  Rii'erjl, i l  proi.idc.5 ffir about 59 Ir cif 1iii zooplrirkron and 39 R of all zoobenthos, cont ins  about 55 8 of 

, ihc cii.ciriii i i ~ n  bicinidas, 2nd proi idcs jS 5 ui  ihr ovcr~ii amud aixil~ble p r ~ d u c t i u n  In addirion. i t  comprises 
5ciili thc C~c.r.hoslairrl; ~ n d  H u n g a x n  lish c~rchc.3 iihose annual yicld ai.c.n_oc.s 63 !'r ùi'tht o\cr;ill yjrld obuinrd 

' Ir.crrn  th^ eni re  utri. It rhould br  cspeciaiiy ernphasizrd that from the fishrry i.irwpoint ihe section alfeclcd by the 
pr@jt5ci ;ic~iiities is vcry impcinrini ccunurLic3iiy. The Danubs stciion strctthiri; be~ivccn F!sov rind Paikoiico~o 
providc.5 Iin ai  cnEe valve uf~ilrncist 97 k_o.ha-l of firh yiclds, ivhjch is more than thrce limes the yiclds clbtaintd io 
[hc I'CElcin belwcrn Brritihlata and Hnisoi. and more rhu sevcn tima as I sge  3 3  [hose obtained in the section 6:- 

, twern Paikoi.icovo and rhe mourh of the Ipel Riber. The Dmubr section alfccred by the project has an  ~conpmc 
~dblinug~ in ha1 its high iish yiclds art: ubliiined in an h o b t  exdusive@ niitunl way. Becduse ihc: Hloodplain 15 ui- 

, undatcd during pcriods most suirzble t'or iish reproduction. the floudplam, iu_ocihtr wilh ils wdter bodies, acts 3s a 
gyaniic hritcht., syhrsm as ivrU as 3 nuricry. tt is also rtrplcte with o~cnvinicring ponds. During Ihr periods of 
hraiy flqods, i t  acls as a 5ysrem of hcildin: ponds fur fishcs cmied do\tnsircam from upstrciim Dmubs sections. 
This scciion supplies downsirem secrions ivith lishes md ilsh food organibms, and functions u ihc focus for repm- ' duction of ihe upstrearn Danube seciiom in pohr-llood pziiods. 

I In ihe region affecied by ihe project, ihe rota1 watrr area wilI increase from Ihe present 11,889 ha to 16,424 ' or ris the case miiy br, to 17,734 ha providrd Ihat ihr orm systrrm in [hi: rtgjon of the old Danube bed will be filied. 
1 Of the original 1884.5 ha of these bnnch systems, only about SOO ha willremin inuct ivith respect tu the I o w ç h g  
1 of ihe underground water level of ihis arec, Çonsequrntly, ihe t od  water m a  w d  increase b)' 38 or 45 F. The ma ' ilsclf is not Unponant. Hoivever, owing to ihr diffcrcnt hydml~g ic -ho lo ,o i c~~ l  conditiom, it is the quahty of indi- 

vidunl biotopes ivhich is impor~ant from the viewpoint of future fishery otentinl. The diversion canal and ihe o!d 1 D ~ n u b c  bed are noi uiiliznhle for iïsh produclion, and the XCP subjcct to Eshery :ryaciiviticr in ihc region affectid 

i 
be 14,858 or 15,558 hq representing an increaçe from the present 25 or 37 %. 

h iiii regiom, losses X e  expected both in relative values, ive., those e s t h t e d  on a unit m a  bais, and on an ab- 
solutr buis where, as a result of ihe: crtation of dditiuml uea, ihe losses ue relatjr'ely lowet. With the l e s ~  fa- 

I vourrible nlternsrive ine. vsnishing uJJ the arms on either sidc of the present fioodphin stretching between m$ov 
iind Prikoi'icovo, ihc losses will be the kghest. The tom1 ichtyomars wiü dccrme in the entire section b e t w m  

1 Bniishva and ihe Nagymams Reservoir by 53 8, a\.ailnble produciion by 75 %, and ihe possible yieId by 91-8.2 8. 
, 'lhe s~ciion most affected w i l  be that adjÿccni to the cId Danube bcd wherc total losses III alI panmeters of al- 
: tc.inairvc rxceed 95 %, and on n unit m a  basis 80 %. fighcst Iosses wiii be in production and yield, sjncs 

- -  - 



compIetion of the ~onstniction programme. the preseni production of the flood iain and a c c o n p n y i n g  yiefd in- 
cre~rer in Uic h i ~ h  waier y c m  willcea.55 10 txift. h Ihe opthal alternaiive, i.r. i i h e  mm arc panly prrreiveQ i&e 
losscs expccted WU be from one half to one third of those rn the les t  favoumble alternative. 

Wih  respect to the distribution of Iosses on the Sloviik and Hungaian sides, thc highest absolute and relative 
losses l ire expected io be suffered on the Hungsrian side. This is due IO the srnaUer aupmenration of areas available 
for fishcry exploitation after completing GNDS. In the opthai alternative which assurnrs the preserita~ion of fit: 

rrmnluits of the arms on the Slovak side, the totd ichthyomass decrease wiii arnounr to almost 70 55, nvaiIable pro- 
duciion lo 32 %, and yicIds to 64-77 8 , respectively, despite the increase of water areas. Highest losses wiü be re- 
cotded in the Braiisiava-PaIkovicovo repion again. 

It should be noted that this pra;nosis does not cou ide t  any additional increase in pollution whose magnitude 
and eflccts cannot now be predicted. It can only be stated that udess poliution is Iimited in the German, Austria,  
and Slovak portions, the expected pammerers of f s h  populations w d  &op, particuIarly in the Hnisov Reseruoir. 
Wirh regrird IO the yieId to be obtained in the h s o v  and Nagymaros reservok,  rhe estimates indicated by b e  
pro~nosis  will not apply al d uniess pollution is h t e d .  Both reservoh possess slightly diverse shores which will 
scnousIy h n i t  cornmerciai carches. The cument velocity in resepoirs wil I  not d o w  for the use of gill-ne& and 
tnps,  and the banks made up in b o h  r e se rvok  by dams wîil no1 aiiow srines to be used Io rhe exrent bat both gexs 
are prchcn[ly used in the main Danube charnel, where conditions suirable for using ihis kind of fishinz ;ex are o d r  
faund in  some places. Bacsuse of the IOW eficiency of ihe gear, catches made by elecrrical: g e m  cannot be consid- 
ercd irnport3nt. Spon fishcfles whifh are of a highiy selective chancler wdi bz of lirtle imporrance in ihz reservoirs, 
bcczujr ihcy are not able to utilize ihc available produc~ion. 

Ali reports published on the hydrobiology of Danubian reservoirs show quite clrarIy that rhz remkable 
zoc)br.n~?l'ius biomus incrtasc is nsit üccompdnicd by a correspondhg incrcmt in ichthyomaçs. On rhr contnry, the 
ichthyormss of the r e s e ~ o i r s  seems 10 be lower rhan in rhe n o n - d m e d  river. T h o u ~ h  the criuses of ihis phenorne- 
non de not yet known, we bslieve bai rhis is causrd by rhe mrcnciion of ~ h e  followin; factors: 

I l  me i n ç m s e  in scdimrntaiion cvidcntIy rtducrs lighi penturirion to rhr lower Isyers, and consequcnrly the 
visibiiiiy and orirnaiion of fishcs in search o f  food. 

21 The drnsity of suspended soiids which are concenrntcd rowards ihe botlorn irnlares the gills of rhc lishss 
siid i n ~ ~ r l c r c s  iviih rhrir icspkaticin. For ihis reason, fishes probably avoid the botrom. 

3/ Ihc Iugcsl pal of [hr benthic fauna is mrrdr up of O l i g o c h ~ c r ~  populatin: rht. dreprr muddy Iayrn, inacces- 
sibIr: to fishes. 

1/ 1Mien cornparcd to nvers not subjecr io canaiu3iion, rhe rcsrrvoirh pro( idc a i  lnvst only i ciy limirrd condi- 
rions f ~ r  fish rcproduciien. Ccintinuous siltriiien pliriially preienrs reproduction of lirhuphilic spzcics and causes the 
dcah  of neivly lud eygs.  Warer levrl fluciusiions. for their pm, ;ind the nt.:li_oibIt. dei.cIopmt.nt of submrr_oçd 
ve;ctriiion hmi iht. rcprùduçiion of phytophik 2nd indiffcrenis (=li[ho-phytophils). 

5/ Evidcnt Iy, thrie arc ni, suiirible h o d  ul;inisrns in the rrscrvoirs for ihe nriv!y-harçhcd jui c d e s :  rcscrvclit 
flow, rt.laliilrly grrat deph, and slighrly diverse shores, whcn compwed iv~ih  Ihe uncmalized slrearn, do not enable 
3 ErCatcr develo men1 of zoopl3nkton. Consequenily, rhr neiv sesemoir zooplankron rernauis a h o s t  identical. boih B gualit~t ively an quminlitarively, to the former nvenne zoophnkton. 

These ouicornes of exisiino hy dro-development projecis sene to support aur prrdictjons about ihe negative rf 
fects of' the GNDS projccr un Ï i~hcs  and fishrries, erpecidy wiih regard I O  ihe decreases in aviiibble production 
and fishrry yield ivhich ive have predicted. 

We may now condude by stating lhot alter rhe completion of rhe GNDS projrct, ihe entire Danube section 
srretching bciween BratisIsva and N a g y m o s  will have only a minimal bialo:ical importance. Moreover, the: fish 
popularions of both the loiver and uppw Danubz sccrions cm be expected 10 shoiv considerable decreases, The prin- 
cipal ne~ative idluence of GNDS is that ihe conception of the project with a diversion a n a l  eliminares the veiy 
flmdplain which, together with the m systems, d e s  up the productive base of rhis region. A region aIso acting 

a susi of biocenoiic centre, which deleimines to a considerable extwt, the popuiaiion of the m h  chamel by ail 
aquatic organisrns. 







The navigational conditions on the Danube nre characteristic of ihose f ~ u n d  on a rivcr whem large sections 
have f~e-flowing cumnis. Sandbanks, duvia1 deposits vd mcky beds create thresholds where ihe depth c;ui be 
under that recommended by tlie Danube Commission (see diagram). 

Gages recomrnended by the Danube Commission (source: Routier du Danube) 
The main problems are caused by the Hungarîan-Slovak and rhe SIovak sectors ar the recommended depth (25 

dm) is ody attained 35 Q ollhe days of ihe year. These probIem are funher exacerbated as they occut during peri- 
m i s  when other sectors of h e  Danube are navigable. 

The main aren where a respect of the Danube Commission recommendations represents a çlex advantage is on 
the C'irnna-Budapest bottleneck. 

The thresholds do not just concern the sector to be developed by Gübcikovo (kmi 1858-1 81 11, as a numbw ol 
orher recrors lie downsrrcm from this section (see Routier du Danube). They ivould even be worsened by the creri- 
(ion of the dam due io a lowered downsmam watet level and the presence of rorky riverbeds tvhich make dredging 
difiïcult. 

In itself, Gabcikovo does no( resolve navigation problem and this simple asessrnent shauld be sufficient to 
show tbit Gabcikovo is not a factor in t e m  of nstvi;rition. 

However, we need to go into grearcr detd. The development of ihe Danube boltleneck rtquires major work to 
ouaranrre rhe desued drpths. According to the Danube Commission. they wouId need to include a set of 4 dz-m 
c q u i ~ ~ d  \vih double locks, located next to Vicnnq hinburg, Woisfthd and Nagymos. These works, excludmg 
G;itirAovo and elecvicily production investments, would represent a billion d o h ,  being 707 d o n ,  with value 
updrited ai 8 8. 

Thrse values were cdculated for lwks and dams corresponding to the chancreristics imposed by the Danube 
Commission, using simple estimation calculations useci in France and on the bais of 1990 French prices. 

Prospective analysis of the future trafic on the Danube 
One of the chuacteristics of countries giving onto the Danube is the hypenrophy of the mnsport system in 

cornparison with western couniries. Tbe -c level is comparable with thiit in Eumpean countries, wbilst the GDP 
is 3 tu 5 limes lower. Tu maint in  the Ievel of transport intensity (TnnsporXDP) ant il5 cui~ent Ievsl up to 1010 is 
difficult Io imagine. For a country like Czechoslovakis, rraffic would ihen be compamble to r h t  which cusently ex- 
ists in France and ihis ivould be enomously expensive md difficult to accept in such a s m d  area It is far more 
probable h t  the transport level wiU match @t of EEC standards. 

In addition, it is possible to forecast that the essential tmnsport needs in the Mure will be for flexible, weli 01- 
~qnized and mpid tmportation systems. This prtrticuIar1 requm the developrnent of road and, to a Iesser exteut, 
iDli inhtructurcs to nw*e ii possible to mecl the needr orthe intemal markets. 

The development of trafic along the Danube will depend on the future of certain branches of activity r e p -  
sent in: its potmtial cornerciai basis. The challenges offered by the future of these strategic factors are detaired in 
the siudy prepared by P. Saltii, which were used here for the Bratishva and Slovaician regions. 

p e  river tfic in SIovakia represents 8 million tom, of which 2 3  million invoIves internalional WC. n e  
r e m d e r  concerq local tnde (and and gravel) over an aven  e distance of 19 km Slovakia essentidy uses d. 
Danubc io hport minrralr and r m p  h n  frorn the cx-soviet &on and 10 rr-export rsmp imn smd miah 10 Re4 
bmd and, more pariicularly, Linz. 

The c m n t  use of the Danube is therefore concentrnted on two market segments: buiJding materials and be 
Czcch steel industry, Tbe !alter stiii receives 80 5% of its ore from the ex4oviet Union and 1.3 d o n  tons is 
pfled by the Danube. Its developmeni (modernioation rather thm expansion) shouId increase the quantiiy of 0s 
mporled by boat. Despite t h ,  its future is extremely precxious as only the iron and steel industry in Kosice and 





As a result and up to 7070, the advantages for navigation represeot 50 % at best of !he amount of Ifie r e q u a  
work. 

Updated bahces h v i o u s  New iraffic or traff ic 
1992-1020 tmffic trouzht in from others 

of deveIopment 
~ n d ~ e c t  effect I I 1 
(productiviry) 1 90 1 90 1 180 

TOTAL 1 240 1 130 1 j60 
I 
I 

Tbe deyelopment of the Viema-Budapest sector doeb not represent any direct level of profitability for naviga- 
fion: ihe inrernal profil rate is negative. 

Ihe impact of ihese investments on rhe oveni! ~roductivity of the fleet is' far f ~ o m  negli~iblc but daes not offer 
any significant profil: i\ maximum of 3.5 S. 

The benrficiaries 

B a h c e s  et g 5% 

The awaiied advantages offered by the development of the Viema-Budapest çector do not include al1 countnes 
$vhg nn!;i t h 7  "-*libe. Rie two min benefichq zones are the CiS (Ukraine and Molhvia) and Romania (its ag- 
nculiure and r!.: PL., ' -7 .-j fat exports md AusIria and,its iron iüid steel industrial cornpIex for imports. 
Over ane above ihese two zones, the Hungarîm and Serb economes hope 10 capture some of ihese profits. 

1 hicmal profiilabiliiy 

However, these advukges are ody ~ a U y  stntegic when it cornes io the Austrian ironand steel industry as+this 
is ivhzrt: it positions itself on the centrd Europcan markel, a sector which my weU represent i t s  long lem sufi$iv?L 
1hc only way for this irun md steel indusr , locsied 1,700 km from its two supply ports, 10 retain its advantage 1s 
io impmve inns o n ~ i a n  systems. In faci, Xe  RMD canal, fu fmm lerding to more t d f ï c  on the D~nubc or har 
too oiien bcen c f nimed, wiU simply craate a higher level of comperirion. The potential of increased trdfic l o w ~ d s  
the East and the West do nat add up togetheri the traffic wiU find itself dividcd. A slighi difference in fees could 
lrad t m î f ~ c  to use one port rathcr than another. 

We are Jed to a paradm wbereby what the dam-builders have advmced as an economic advanrage (improv~d 
navigaiiond coaditions) wili in fact lead to endangering and accelerating the deciine of the Slavak iron and steel in- 
dustry due to fhe comperition offered by Linz. This is a clear example of an a ~ e r s i m p ~ e d  logic in ternis of - 
ncimic evaluati~n, 

Overaii balance favourable hypothe ' . - 347 
= 360-707 million $ 1 MiLon$ 

Babnce restricted to direct effccrs 
1 

- 527 1 = 180-707 MUian O 
l 

2.5 % 

- 2,6 % 



12. THE GABClKOVO PROJECT AND PRODUCTION OF ENERGY 

1 Introduction 

l i  sbotrld fisi bc reitented that at the vezy bginning, the roject did not integrale ihe production of electricjty. 
The modiiicatioix made at h e  beginning of the 19705 to intro8ucc th& function M mjo i  conseguencer as it r a i d  
the total cos1 by 40 8 and largely increased the environmental impacts. 

In ihe documents suppiied by rhe HYDROCONSULT fm analyshg tbe econornic vaIue of the dam ( 4 3 ,  the 
production of electrfcity 15 considered as a net' profit. However, ihis IS only me if it meets a quantitative need b t h  
now iüid in the future and if he production js caherent with rhe most applicable energy stmtegy. Is this tme for 
Gabcikoi,~? To answrr this question, we need to analyse the country's present and future energy policy. 

The data piven below is extracted fmm the "Ener3 in rtie Danubjan Countries - Cuaent Situation and Out- 
luoks - Energy Policy Proposais" report, wrinen by rfie International CounciI on Energy (LCE), wihin the f m e -  
ivork of ihe Equipe Cousteau programme "The Danube ... For Whom and for What?" 

~ Pruduçtion and consumption of energy in the Ctech and Slovak Republics 

Czcchuslovakiii has mjor  tignite resources (8.4 billion tons. h d f  of ivhich ate economicaily exploitable) and 
cvaf (1 billion tons), most of rvhich is found in ihe Czeçh Rcpublic. There is little oil, but a natuml g a ~  field, esti- 
rnated at 15-10 bdhon cubic metres, ha recently been discovered in SlovAa. 

ïhe txploirable hydmlectric potentiai is e s t h t e d  at 10863 GWh, of wufich 1650 GWh is produced by ihe 
Danube. Sixty-eight percent of this porential is lacnted in Slovrikia (7360 GWh), including r i i i  of the Danube's po- 
reniid. 

Resources in orhcr renewable energy sources is fairly poor, but could be deveioped in hr: biornass sectot. 
Czechoslovakia provides 60 8 of its energy consumption, the rest being imported, ivith nexly aii of rhis (90 

9) from the ex-USSR. In t e m  of elecrricity. net impom reprrsenr 1.6 ?Wh (109.KWh), being 2.9 % of total pro- 
duction in 1989 for Czechoslovakia and I T M ,  being 4. t %, for Slovakia. 

The main primas. encrgy source is cod (57 % of tord consumpiion) and then, in ordrr: oil(11.1 %), gas (11.5 
%), nuclcdr (8.7 %), hydroelectncily (0.5 %). Total consump~ion of primary enerty in 1989 represented 73.7 mil- 
lions lot: (ton of oil equiv3lcnt), bcm, rion per capib of 4.64 toe and greater than tht of western Ger- 
rmny (4.44) whiïh L ihe l xgen  cons^^%:^,"^^. 

Thc p r h q  energy intemiiy (pnmary consumption/GiYP) is equal to 0.80, being twice that of esteni Ger- 
rnany (0.40) and three rimes that of Italy (0.36). 

Total rlecincity production in 1990 waç $6.8 nVh (for the f i t  tirne a reduetion of the previous year's produc- 
tion: 89.1. in 1989), of which 11 8 provideci hy industry in Czechoslovaki~ is thcrmic coai. whirst nuclear ene rg  is 
more imponant in Slovrtkia. HydrocIectric rvduction in 1990 represented 4 TWh in Czechoslovakia and 2.5 TWh 
in Slovskir beuig, in b a h  carsr, juri over 3 9  5% of lhc rconomicîliy erpioitable potcnrid. 

The lhd consum lion of elrctiicity (total consumption minus transport losscs and selfcorisumption by the sta- : lionr) in 1989 war 85 RYh, mo,i of which bcing urrd by indurq  (59.2 J). 
SUniIarIy to encrgy, r lectric intensity is very high: 0.91, bzing 1iv0 to three times grdater ihan the values of EEC 

countrieb (western G r m n y :  0.56, Itdy: 0.36). 
n i e  cssentid point is rberefore the overconsumption of energ and electricity. This is h e  i-csult of the previous 

energy policy which was baed around production and resulled KI a low leveI of efficiency in t e m  of roduction 
and çonsumption systems. This overconsumption ir a heavy wejght 10 bear in ihe country's current tmns omations. 
It is incompatible with a modern economy. 

P 

Forecasts: Analysis and Discussion 

The f deml  energy auhotities forecast (1991) two scenarios for the deveIopment of mnsurnption: a "h igh  cor- 
responding to favoumbIe economic conjuncrure and a "low" corresponding 10 a particuldy unfavourable conjunc- 
ture. These ae developed in the follawing table, to which we have added Ihe corresponding eiectnc intensity 
values. 

Accomling to these scenarios, the electric intensity wiii reduce a IittIe ?ver the next 15 years but remain far 
greaier han curent European values or, in the worst case, continue to remam abnomlly high. In both cases, rhe 
overconsumption of electricity wiil represent an unacceptable burdee for the; economy, which itseIf ha a great p- 
lentid. 



In cornpetrison with the above, the scendo  developed b ICE corresponds wilh the hyporhesir, ihat shtes that i the cbctric mtensity in 2010 wiii be the s m e  as the curent  uropesn standard (0.50) (see tnblr), with a 2 % GNP 
growvth from 199S [O 2000, then 3 % firom 700û to 7010. This a h  is reasonable and could be aitained by setttig up 
a r~iional ekctncity use p r o g r n e .  

lhc result is a 23 TUIi reduction in f i a1  consumption by 7010, being .und 30 0. This sedudion is even 
grwtcr in absolute values in t e m  of producrion: 76 TWh. If the same reduction rate is applied IO Slovrik produc- 
tion, a savings of 6.5 T'Wh is obtauicd. 

The different scenarios for the deyelopment o f  elect~city consumption in Czechoslovakia 

Find Consumption 1990 2WO 1 2005 7010 , High scmuio çn"h) 85 

Low scenario (TWh) 85 84.5 

Inrcnsity.high scenuio ( K m )  1 0.72 

Inicnrip.low rcenaio (KWh/$) 0.94 

ICE scenario ('Wh) 65 / 64 67 

1 i n t . 1 ~ ~  rcrmio (KW) , 0.92 0.70 1 0.60 0.50 , 

Benefits of Gabcikavo 

; Doss Gubcikovo mcel rhe quantitative needs for Ihe future? 

/ As shown ëbove, the Czech and SIovak Rcpublics do no[ need any more electicity up to 1010 oc cvrn btyond. 
; From ihib point of virw, Giibcikovo senes no purpose. 
I 

: Is Gabçikovo coherent wilh thc most relevant znergy siratrgy? 
I 

The creation of new pduction sources has a double negative effeci: 
- It accentuates overproduçtion. 
- I t  devintes fmancing which couM ix invested in far more impoflmt activities, such as modemking industry. 
The initiai hypothesis is that ddentid lighthg in Slovakia uses 75 W incandescent bulbs, with one buIb per 

inhabitant (conditions met in Bulgaria), usçd for an average of 5 hours a day. 

' hority actions in t e m  uf energy should lie airned towürds making the greatrst ijavings. At best, Gabcikovo 1 wi l i  oniy pmduce beiwccn n qumer and a fihh of ihe i î ~ i q r  Uur Slav3Xir might bc able ro siiain accordin: to our 
; sceniino (set bb1e below). In t c m  of our calcubtions, we hwe excludrd rhe hypothesis of a shared production 
1 wiih lhe Czech Republic foliowing partition. 

i 
I 1 1 Gabeik.pmducti~n 1 Alternaive / Alternative 
1 

I 
1 i initial projeci " Ç  wiihoui "C" wiih 

wiihout Nagymaros 1 ihresho1ds 1 thresholds 
I 

1! 1.7TWh I .i 1.15 TWh 1 I 'iWh 1 
Re l;it ion wit h 
possible savings 
up to 7010 in 
SIbvakia (6,5 ïWh) 

26 % 

i 
18 % 31 9 



Ali chcse lightbulbs are replaceci by I g  W "low comumption" Iightbulbs produchg an equivdcnt amouni of 
light. - 

The elechicity corn any d e s  the initiai invatment and replaces the lightbulbs. It reimburses itself on the us- 
cn' b i L  by not taliing i& reduced conrumption into account (the rlçctriciiy bil l  daer not go up for the conrumen). 
The given cos1 of the bulb corresponds ta a bulk purchase, but couId be reduced if IocaI production was developed 
or cwaird. 

The caIcu1ation eIements and results are given in the foiiowing table 

1 ( Slovakia 1 

Energy saving per y e x  in TiVh 
(gained power x 5h x 365days) 

Initiai invesrment in biUions of Crowns 

l 
(1 bulb = 300 Crowns) I 

I Number of inhabitants 1 5,275,GQO 
! Power raving in MW around 300 

1,100 
l 
i , 

l 

lt can be sren thnt if ri billion and 3. hrilf croivns iverc iniesied in S I o ~ d a a  (around 7-7 million ~ ~ / d o l l m ) ,  [he 
I'olloiving cnergy savings ivuuld bc: mdr: 

- Approximrcly ihe poivcr of G3bcikoi.o in i~ contmual floiv c o d g u n [ i o n .  Dur unlikt [hr dam's producrron, 
ihc sarings ivould nexly aU be made during ihe pc,k period, as people light iheir homés in the venin;. 

- Drpending on the conîi_ouration, half to quriner of ils rner:y pmduct ion. 
The LnitiaI invesrment is reirnbuaed in under IWO ytm on rhe basis of the sales pnce to p i v a i r  individuab dur- 

in; prak period (source: Tailffs of Elecrricd Encrgy in C z c c h o s l o v ~ s ,  ApriI 193 1 - Czech Power Work, Prague). 
It is cIcarly more advaniageous to invest in h e  economy mlhw h a n  in production. A miv power station. 

\thskier i t  be gas mn (cheaprst solution) or nucleu (the rnost expensive), producin? 3 quantity of eItclricity equal 
to thai sai'ed, ivouid re resent an inirestment 5 tu 10 limes Fearer, whilsl retnining an idenfical semice (li~hting) IO 
lhe consumer. The dii/krençe couid b ï  d ion t rd  to the mdcmiarion of indusity ~vhiiiich, in sm {rould gencnlc 
p a t e r  rnrr:y savings and Icad to a greatcr amount ufcapird bring freed to jurnpsrm irthc counu's economy. 

Tnii. iypz of oprration would alço makc it possible to derelop nrw iechnulogie>, producing pmducts ~ h ~ t  could 
b t  expuricd ro rhc r ~ s t  as iwii as to ihc ivcst. Fin&, u d k r  the constmciion of a new source uf production whfch 
does no more rhan brt on future devrIopments, this openrion ensures rhat savingr remain the ssme no m t t e r  what 
dri.clopmrnts rire in f u m e  requirements and production cosrs. 

Gabcikovo cm therefoi+e oniy be of interest a a substitution to an existing source, in olher words, rephcing 
themai or nuclectr stations. 

The t h e m l  stations in Slovakia produçed 9.5 W h  Ui 1990, including industrial installations (source: 
Czechoslovakian Statistical Yex-Book). Gabcikovo could rephce 14 to 75 9% of this production. 

it might be considered ihot in the current situation, Slovakia would do better to use ils own lignite resources 
which arc sufhcient to supply its poiver staiions. The advantiige OS the substiluiion is therefort: cssentiaiiy environ- 
ment@ based. 

Therefore, in order to evaluate the sirualion, ihere is a need to compare h e  rc.spcctive environmentai effecu of 
the dm as against a 14 io 25 9% reduction of the tord pollution genented by the rhemaI stationr. ï h i s  exercise fa15 
outside ihe scope of our investioation, but should take inIo account the fact thai the rnoderniziition of themal srri- 
tiom tihniugh the introduction ofmore efficient and Iess pouutin; technologies is, in any case, inevitable. 

e f a r - a s  nuclear stations are concerned, Slovakia h u  4 VVER-430 reactors a1 Bohunice, iwo of which wjii be 
cioscd in md-1997 sccordhg to h e  suternent made by ihe Czech auihorities in June 1990. Four rerictors, currenrly 

Cos; of energy ssved pcr ytiu on thc bdsis of m u n d  
Lhe sales price to private individusls(1KIVh. 

xound ? c r o i v ~ s )  in millions of croivns 

(75W-18W x N-inhabitmts) 1 



bchp built at Mochovce, are the object of an EDF conmct Io ensure that they compIy wiih European standards. We 
do ~ o t  h o w  what the effects of partition will have on the above pin&. 

In a& the Slovakim nuclear stations produced 12 TWIi in 1990. 
n e  risks iinked to the operation of otd reactors and the problem W e d  to waste management d e m d  cueful 

examination of di replacement possibilities. NcveriheIess, the production level offered by Gabcikovo is Iargely in- 
sufiicient and carinot & ceaiistically seen as a replacement. In addition, the current consiruction of four nrw reac- 
ton completely contradicts t h s  possibility. 

Alternatives 

Major efforts being made In i e m  of the mtional use of eleçtricity could makc ir possible ta reduce needs and 
remrive some of the energ  constmints shackling 'c economy. There would hen be a greater freedom in the choice 
of energy sources and the weight rhey woyld have in bdmcing the country's encra resources. 

Basing itseif on its scenario, rhe ICE proposes a deveIopment in the Czech energy bslmce up to 2010. The 
brodd outlines are a follows: 

- Rrduced use of c0.d whilst retaining a certain production Ievel allocated to ~ h e  produciion of eleciricity or 
heat, using high performance technologies (fluidized bed). 

- Devclopment of renewable energies and, in pmicuh smaii hydroelectric plants, the b i o m s  (which has a po- 
lentid of 3 mllion toe). 

- Reduced oil consumption, with use lunited to rransportation. 
-Dçvelopment of gas use, articularly for producing electricity, with divers&carion of supply sources flonvay, 

maybe Ageria, the future Iran- % urope gas fine, exploitiition of reserves discovered in S l o ~ L a ) .  
- No new nuclear reactom should be built after the commissioning of hlechoïce; the prionty aim for capital 

bhould be to modrrnize industry. 

Conclusions 

* The Czech md Slovak Republics arc c h c t e r i z e d  by a paniculxly high overconsumption of tncrgy and 
rlcctricity which rxacçrbaies the d~ficulties encountered in dcveloping iheir cconornies. 

* Efforts made in i e m  of energ  efficiency could altow these countries to attain energy intensities compmble 
with ihose thut currently exist in Europe by 1010. Electricily consumption would then be lower han its curent 
level: 

13 'IUrh for all Czechoslovakh and 6.5 TWh for Slovakin 

* h tb contexi, the electricity produced by Glibcikovo meers no requirements for the future and is worrhlns 
in l e m  of quantity. 

* The capital invested in Gabcikovo has been subtncted h m  actions lhat are far more impomnt to the coun- 
try's cconorny.Although it is no( possible to reditect the initirilly invested c a p i ~ l  art of ihe 5.7 billion crowns (1.3 
billion francs, 760 million US dollars) recenily earmarked for the construction o ! altemarive "C" could have been 
uszd i O  c m y  out uprrations to improve the rffificnc of econumicaiiy profitable electricity rductiun imtalhtions. 

would have led to energy savingr at leîii equn!to ihe Gîbcikovo produciion. The dil!rence could have been 
em;uked for rnodemizing industry ivhich, in tum, would lead to greater encrgy swings and thus proiide capital 
for new investments. This solution would have set up a dynamic frivouring the revival of the country's econow. 

* The value of Gübcikovo as a sounie of energy substituting existing sources (thermal and nuclear) crin only be 
evaluated within the framewark of an o v e r d  redefinition of ttie'country's energy stntegy. Noneiheless, it would 
appev to be relotiveIy unimportant in quantitative t e m .  









der to amorîize the invwtment cosis. Howevcr, they were prvared to accepi the less rise,  continuous mode of op- 
ei-ation, instead of ihe originally pIanned peak-t$e energ genention, which is more disasmus to the environment. 
Hadlincrs, who even wrintcd to put the question of Niigymms and peak-the enzrgy gencrdtion back on ihe 
agenda, startcd io re-gain inlluence in the Slovak govemment. Supporters and opponents of ihe project were fi@- 
& e ~ c h  0 t h ~ ~ .  

?ht: 1-kt fiee eIcctions took place in the early spring of 1930 in Hungsuy and in early sumrner in Czechoslova- 
La. In Hung a midrighl coalition led by the Hungarim Demtxratic+Fomrn fomcd the government. Its policy on 
UND5 ir sh% lo that of the Nerneh gaverment. lo Czechoslo~n*a the Civü Foturn won h e  elec~ions, but un- 
i'munately, this did not result in a radical shift of Czechoslovak GNDS poticy. One reason for this is ihat several 
mumbers of the previous Communist govermnt  joined h e  victorious Civil Forum and were appointed to high po- 
silions in the new governeu t  (including top positions in ~h t :  cnvironrncnt and ener y administrations), while rheir d rçd \ #hrs did not change much. On the other hmd, ex-opposition politicians cerise IO criiicize the GNDS scherne 
oncc ihcy tmk on 'the burden md responsibilities of power'. A more important reason is thst Ihose opposed to 
prujcct hrive had less t h e  (compmd to H u n g q )  to convince decision-maken and the public. At the same time na- 
lional sentiments have ben not agninst the project, sis in Hiingary, but for the project - thus it could nut becorne a 
bynibcil of rho stiuggk bctween iotalitrinanisrn and dcmocrxy. The thrd reaon was that the fedeml govemhent - 
whkh h~d more than cnough truuble rvith Slovak sepantists - did not want to interfere with a Slovak national cause 
and JiJ not mind if Slo! ak nationalism was directed againsr Hungariam instesd of the Czechs. Thus the advent of 
dcmocncy har; not swcpt itwriy the Gabcikovo pari of ihe project and has no1 bsoughr an end to ihz Czechoslovak- 

I Hungxian dispute. 

Ci~nclusions 
Thc GNDS case is an exceprionaily intcresting environmental conflic? to analyze because the thrce countrits h- 

volvrd have been so diflerznt politicdy during the pcriod cxamined. Auslrh rcpresents a Western dcrnocracy, 
whilc. Czechosluvdua and H u n g q  werc Comunist countries at the beginnin~ of the storv, and borh becme plu- 
rali5t drmcicncies by the end. But rhe pacc of democratiza~jon was very drffcrçnt in the IWO countriss: in Hungary i t  
w u  ~ n d u d ,  daiing back to 1985 and spriedinp up only 30cr 1987, while in Czechoslovdxa thc ch~npr: was sudden 
and radical. like an explosion, in Deccmber 1989. Cornparhg the behavior of ihe ihree countries in ihe conflict 
lc~db u> tu in~crcsiiiig obscnation~. 

I/ Thç conaiçt ihe ha hhad sunilu elemcnts in aii thrcc countries, regudlcss of pobiriçlil systcm: i he  main con- 
Ilic~ iç berween civil socicly apd ~roups  having economic and puliticlil powcr. 

in Czechosluvakis ihe most enthusiastic supponer of the project h a  bcen the Slovalc gFveniment, cnjoying the 
baçh ig  of rhe Lederai g a v c m n t .  l h e  Slcivak water-management bureaucrricy, ihcir cnginccrs and expcrts. com- 
p;?nics t&ng pari in comtmction, poiirichns, and ihr appmtus of the Comrnuiist Pmy were &O on h e  sup 
poqer's side. Ln Hungary rhe ç m e  kind of ,mups were commi~ted tu thc projcct, wirh s difference oniy on the 
poitircd 1ci~cl: the pmjcci never enjoyed ihe unuirnous approval of the wvhol: pa~y and governmçnt Icadcrship, ad 
ihr burcauci;icy wüs dso dividcd. To a cefiriin extznt W O ~ ~ B  employed on ihe construciion, togerher with ~ h e u  la- 
bor union representativcs, were &O among ~ h c  iupporters in boih countnes. In Austria the supporter side cornisied 
of the con inchg f m ,  the Aus~rim govement, represenratives of thc colilitbn pnnics in power (espccislly the 
Ausirian SociaIist Party) and the Iabur union deiending the ernploymnt of h c  Austrran constmction workers. 

Un lhc opposing side we find the environmental movements, conçemed scientists md other represenhtives of 
the ch ic  mmmunities of rhe three counuies. The polirical opposition suppoced them in sll three countries, but mo? 
on the bais of pliricd [han on eovironmentd considentions (me the OVP in Austria or the Civil Forum KI 
Czechoslovakia, which, d e r  coming to power, 'modifie8 its approach 10 Ihe Gabcikovo plant). ln Hungw the 
rvholc opposition made use of the m e  in its fight aginst  the ohticai system; even the reformist C o m n r s l s  used 
it as a iool in aeir political fight against the more orthodox 01 c r  leadership. 

What ir, of g m t  interest is to observe s igp  of transnational rmperation among borh tbe oppunents and ibe,s!p- 
porter îorces of the h e e  couniries, and a sinuhty of the stniciurt of the domestic conflic&, regardless of political 
sysicm. 

7/ Nonetheless, Itie political system of each country did matter. Allhough we GUI fmd economiç short-sighted- 
ncss and ecologically &rismus projects in a l  pliticai syiitems, in the noo-market economies of the Communist E- 
gmes there have k n  fewer h r s  io minhg Ihe environmenL, because even economic rationdility h~ been 
o~cmi ld  by ideological comiderations. Moreover, in a non-democmtic political systern, decisions are made bY a 
smdi group of peo le wiiIiout any mjal controt The same group aiso mnopolizes infomtion. Suciecy at luge 
h?s, no chuce of i. LI 'ng part in the decision-making process,~udgmg Lhe altemlives. or even knowing about the? 
Citirrns rn ofien infomrd about a dccision only &es it ha ben made - if &ey are iuformed at all. The pssibili- 
lies for hem to criticizi: the decisions of the political leadership, to o~anize  lhemrelves in order to express and de. 
fend ihcu uiterests, and hpir freedom of speech, are very lunited or non-exis tent. Their efforts io express v??Jvs 
diifercnt io the official standpoint ZUT regarded as hostile and politicdy dangerous even in the case of nori-pohtlcal 
subjhrs. ln such sysrerns ail issues and controversies tend to k o m e  challenges to the legithiicy of the ~ y s t e a  
Thcreforc il is wsy to commit mistakes, but extrerneIy difkuh fQ correct them. 



Environmenta1 protest h a  thus layed an @ortant role in the demmratization process in the so-calleci Social- 
isl countries: in order to be able to 8 efend efiectively the citizen$' rights to a healihy environment, environmentztI- 
jsis have been forced to fight for fieedorn of speech, freedom of association, a free press, politiml plumlism and 
democncy. 

3/ Nevertheless, democracy is not a p c e a  for enviromutai problems. In pdamentaq  democracies, inter- 
ests are rcpresented rhrough politicd m e s ,  but for most of them - except perhaps for the Greens - other mnsidera- J lions are oftcn more important than e environmentai ones. If they support (or give in to) an environmental cause, 
ihcy do so mainly for polilical consideratiom. The behaviour of the Austnan government in the GNDS case is very 
illustnti\-e of this: wMe it was fotced to retreat in face of lhe citizens' protest in the case of ecob i d y  risky pro- 
j r c i i  on Aurtrian reniiory, it did not heritale ta finance and ruppon a s* pro'cct in a e o u n d e r e  the cikenr7 

sive regimz O f its poorer neighbor. 
i rights were su pressed. Austria behaved in a neo-coioniaiist way, making use O the economic hip and oppres- 

Although Hungaq and Czechoslovakia have ac uired dernomtic political systems, the danger still exists of 
thcir becornuil bsnvironmentai colonies' of ihs richerbesrern counuies (this is tme of aii the E a i  Euopean eoun- 
irirs] bcc~tise they despentely need Western investment and are economicdiy dependent on the West. Furthemore, 
chmging rheir economic systems wili take a long t h e .  With the restnictumg of their economy they face a new 
ivwe of induskiakation, and it wiii ix extremeIy difficult for muntries in deep ecowmic crisis 10 give prionty to 
the environment over the allure of money. To prevent this, a weli-organized environmenhl movement and a high 
eçotogicd awareness of Ihe population are needed. 

4/ Ihe b c t  that thir conflict, basically domestic in aii three countries, became one betiveen hem can be ex- 
plained by a combination of the different levek of the& commitments to the pro'ect (accordhg ta their expected 
gains înd iolrer) ad lheie difkient rcnsitivjs. to domertic rerrure. H u n g q  ha Leen ihe lewt committed becîure 
it  has had the most to Iose through the project, which serve ! SIovak and Soviet interestri more than i-iungarian inte[- 
ests. Slovdaa has also had a lot tu lose, but it b regarded the expected g i n s  a sutweighing this: h e  scheme ha5 
suited sgc-old Slovak national as irations, so thrit from a narionalistic point of vie), Slovakia could oniy gain frorn 
ihe praject. (In I h i s  respect ir ha %eçn a zero-rum g m e  beiween Hungary and Crechoslov&r). Aurina hud aimosi 
only gains to expect, whde the riskr, wouid d y  appear in another country: rhis why ihe Austnan government 
was less sensitive to any pressure from the enviromentai rnovements. 

In Czechoslovakia the system was 50 oppressive that the opponents of the scheme could have no seBous impact 
on decision-&ers. H u n g q  in the late 1980s was in Ihe phase of political ~aasition to a dernocntic system, and 
!va thcrclure even more sensilive to aiiticd ressure han  hr atrcady estaklished dernocncies (espechliy bccause 
ihe reformist Comunisrs recognize d' the use f! lness of the case in their political Sight for power). The difference in 
pace belween ~ h e  political processes pf the two S~ ia l i s t  countries added an exrra dimension to the conflict: the 
more and more oprn environmentai and political protest in Hungay endangered no1 only ihr cornpIetion of rhe 
GNDS schsme, but üIso ihe reeime itself. The activity of the Hunguian environmental movemenu encuurdged cor- 
rtspundhg rnowrntnrs in Sloïdaa. Thc Ctechoslovak pmy ledders were afraid of ~ h z  powet of rxmple - and they 
ivere right. The example of other counuies became an important factor in the democratic revohtion in Eastern 
Europe. Suice red conflict between civil society and the centrd leadership could not evolve in Ctechoslovakia due 
to repressive measures, the conflict a peared as an internalional one: it seemend as if the menace to the tegirne 
c ~ m e  liom ou~ ids ,  noi h m  witbin. &,y, when boih counina have dernocratic ryrtems, one obstacle in ihe wîy 
of solving ~ h e  -conflict has disappeared, while others, e.g. different national interests, different levels of commit- 
ment, s t d l  remain. 



15. CONSTRUCTION AND OPERATION OF VARIANT C UNDER 

INTERNATIONAL LAW 

Source: Hunter, 1992 
SIouakia's u d a t e d  diversion of the Danube vioIates the international law of state mponsibility and the nile 

of equitable use of international watercourses. Slovakia attempts to ~ustify ils unifatcd action based on H u n g q ' s  
aIiegçd breach of the 1977 treary. Under international iaw, such breach, evea if it occurred, dues not give Slovakia 
the right to divert h e  Danube and h%ct irreversible environmental hm on Hungary. 

I We affer the following brief points explahhg the ilIegdity of Slovakia's actions. 

1. Slovakia's Unilateral Diversion of the Danube Violates the Principle of Srate Responsibility 

Slovakin's unibterd diversion of most of the Danube, and any resultinp environmental d m g e  to the partion 
of rhc Danube flowing in!o Hungary or to any other part: of Hungarian territory (including, for example, ihe grou~d- 
wiitcr aquifrr), viob!t's ihe basic international principie of sute ~e~p~nsibi l i ty  Ihat one country should not use lheiF 
trnilory in such a wsy as to h m  another. This hciple, set fonh decades ago in the Tnil Smelter case, h z  k e n  
rcdt-med by Rinciple 21 of the Stockholm Dec f antion on Environment. Pnnciple 21 stares: 

Siates have, in accordance wjth ihe Charter of the United Nations and the principles of internationai bw, 
ihesovcreign rjght to exploit iheir own resources pursuant to iheir own enviromenlal policies, iuid the re~ponsibil- 
i ~ y  to rnsurc ihrit ac~.tiviries w i h n  their jurisdiction or control do not cause damage IO rhe environment of uther 
states or of areas beyond ibe limits of national jurisdiction. I l /  

/I/  Stockholm Declantion on the H u m  Environment: Report of the United Nations Contkrence on the Hu- 
man Environment, U.N,Doc.Konf 48/14 and Corr.l(1977), reprinted in 11 1.L.M. 14 16. 1420 (1977). 

This c u s t o m q  law principle has been renffmed in nurnerous documents, most recently the Rio Declantion 
signcd at the United Nations Conference on Environment and Development. 

II. Sluvakia's Cnilaleral Diversion 01 the Danube Violates the Interndtiond Rule ~FEqui tablz  Use of 
Shared Watrrcourses 

Sloi-&a's unilaterd diversion of the Danube violates ihe bw of iniematiunal writercuurscs as rrflected in Ihe 
Intcrnritiuml Luw Commission's (LC) Drd't h i c I e s  of international Watercourscs and the Intcrnstioml Law As- 
sociation's (ILA) Helsinki Rules eson the Use of Waters on International Rivca. Although Slovakia enjoys ihe r i ~ h t  
of use of ihe Danube, such righr must be "equitable" or "reasonrtble". +ide 5 of the ILC D d t  i?ules demonstratcs 
ihat Stares can only use shared watercourses in wsys "consistent with adequate protection of the watercourse". 
Similady Ariiçle 7 reilecrs the same intr,rnationd principle: "Warrrcoune States s h d  utrtize an intsrnational water- 
counc in such a way as nar tu cause nppreciable h m  to other ivatercaune States". Equihble and reaonable use 
assumcs that the use causes h r e d  or no environrnentd damage. Massive diversions, like the Giibcikovo diversion, 
whiçh rsux sipdicant and irreversible d m g e  do not qudfy 3s equitnble. >los1 of the D-ubr's flow bas bcrn (i- 
venrd. Much of ihe ~roundwater hydrology w d  be affected. Aquatic wildlife habitat and n ariiin forests wiU be$- 

thar Variant C is an equibbIe use. 
B reversibly dcstroyed. This çnviromnenial dnmge clexly cornlitutes iippreciable hrirm an disyudifies sny ciam 

In. Slovakia's Diversion Illegnlly Changes the Border With Hungary 

Slovakia's diversion of ihe Danube by construciion of Variant Ç will violate ihe treaties estabhhuip the bor- 
des  between the CSFR and H u n g q .  The borden belween the two countries are dictated by a series of rreaties 
s p d n g  most of ihis centwq. 

Wilhout going into Ihe details of border changes in ihe differenr tmties, it is clex in ihe 1956 Treaty Between 
ihe Czecho-Slovak Republic and the Hungarian Peo le's Republic Cancernhg the Regime of State Frontiers (the 
1956 Treaiy), ht 'where the Danube sets the border \ etween the two counrries, the border is the principal chme! 
of nntVigation. The border is only to v with "changes brought about b na tud  causes" or unless the two çounvies 
qr ïc .  Anicie 14 riatcr ihîi '#the n a ~ u ~ f l o w  of fmntirr waters in inunitcd MPI rmy not be aitesci or obrrruetrd 
by rhc erection of instdhtions or struciures in the tvater or on the banks, or by ?y other works, ualess the Parties $0 
agree". Article 19 conikm bat no dams can be buil1 without mutual cornent. It stntes that "new ... dm...and otber 
hydraulic in&dhtions shaii na be erected in froniier waters except by agreement ktween the tw~Pa&s". 



Slovaicia argues lhat the 1977 trealy supersedes the 1956 treat , because it established new boundmies once 
Gabcikovo was consimcied. Nonethelrss, Variant C contemphtçs d' ivenion of fmniier waters at a lace and rvith 
srmctures not contemplnted by the 1977 treat . Whatever the cunent legai status of rhe 1977 treaiy, i g e dam and di- 
rmion of the Danube now king cannnicrediunder Vuiant C wcre never agrerd to by Hunguy and eannot enob- 
lish a l q i r h t i :  border change. 

IV. Slovakia's Violation of International Law Cannot Be Justified As A Response 
to.Hungary's Actions 

Siovakia's main attempt to justify construction and operation of Alternative C is to argue that Variant C is a le- 
gaI rcspnse IO Hungary's actions. Even assumin:: that Hungary h?s breached the 1937 Weaty, however, Slovah's  
remdies under the Vienna Convention on the Law of Treaties is either 10 suspend or ierminate the treaty. in either 
event, Slovakia is not nurhonzed to constnict an alternative projecl in violation of international law. 

Rccogaizing this, Slovakia has relieci in previous statcrnents on the drafi International Lnw Commission's Rt- 
port ior Swtz Respomibiliv to chim that they have a right to break intcrnationd law as a methmi of seU-hel tore- 
spcinii tu Hungary's acictivitles. Slovakia argues ivronjly b a t  Articlc 30 provides a just5cation for building e a n [  
C. Aiticle 30 of the Draft Treary on State Responsibiiity siates: 

6 
Cvunrerrneasures in respect of an internatiody ivrongfubct: The wrongfulness of an i~cf of a State not in con- 

formity ivith an obligation of ihat Shtt: towards another Srate is precluded of ihe rict consritutes a melisure legiti- 
mate under inlemational law agsinst that orher Strite, in consequence of an internationaiiy iwonpful act of that other 
Statc. 

Undes customary hw, however, such counkmeasures or acü of reprisa1 are available io Sloviikia onIy if Hun- 
g x y  "as noi w i h g  to d e  rcpxirations [or ils activities. hlureorer, cven if H u n g q  rtjjrcted any uïfer to pay for 
its aUe~rd hrcach of ihe trcnty, Slovakia ivould rtill be forbidden under intemiifional Iaw from ( k i n g  countrmea- 
suxs rhar result in disproponronate b g e  ta H u n g q .  Hrre, the irreversibk enviLonmenu1 affects of Variant "C" 
clrxIy makc i~ an un;iccrptablt fom of reprisai, 

in conclusion, Slov&aYs unihtenl diversion of the Danube vioIates several pinciples of international law. In- 
tci-n;iiicind Lw provides Slovakiii with no legaljustihçaiion for its continuation 01 Vuilinr C. For S1uvakia [O be se- 
riou1 iih~ut tirçoming 3 fuii rnrrnbrr in the cornmunity of narions. it should express its fidrtity to the pinciples of 
intcrnsiionai Iaw and corniry by ceconsidering its approach to Ihe G~bcikovo situation. Slovakia should immediatrly 
stop opeiaticin of rhe pruject and celise ils divmion the river. It should then begin serious negoijritions with Hun- . 
?aiy o i r r  how to rcsolvc ihis dispute or, rihernütiveIy, should occrde to rhe jurisdiction of thc h t t rn3t i~nd Couit of 
jubiice for a fo rml  ntling on Ihe legaliry of Vaiani C. 



16. Alternatives to the Gabcikovo Project - What Should be Done 

to Reçoive the Conflict 

PROPOÇAL FOR A RESEARCH, MONITORING AND INFORMATION PROGRAM 
FOR THE GABCIKOVO PROJECT 

On occasion of a meeting on 9 Decembw 1992 in Brussels beiween representatives of DG 1 of the E C  tc- 
ccther with WWF, Equipe Cousteau, DJCN and a member of the Working Groüp of independent Experts on the 
cabcikovo Project, i t  was agreed that Lhis pape1 should be zvorked out conuining th¢ following patis: 

A: A lisi and a ivncept of iodependent studies needed to bctier evaluate the hydrc-engiieering project and its 
impactsa 

13: A props;tl for the T e m  of RefereFce for the monitoring process. 
C: A proposal for a public information process responding to ihc growing requests for objeciive and comprrhen. 

sive information on Gabçikovo in Europe, 
W i h  respect to the puliticd urgcncy, tbe suggested studies were discussrd under h e  condirion to produce results 

ivithin 12 rnonths. 

, A Studies needed for a Sound Evaluation of Gabcikovo 

' h c  Gubcikovo case is such a big and cornplex prcibkm ihat it c m  neithcr be examineci nor Jecidecl oniy by one 
eraluation. It is clew Io every involved explfi ih31 numemus siudies covcring very dfizrrnr fields are nrrdrd, Until 
td i iy .  rhe Gakikovo Projrct was main1 justiticd wiih thr: ne& ofrivcr c n g i n c c ~ ~  and t ~ u n u m i ç  use. With a vari- 
cly of oiher topicr ihe wrde range ol dec;cçicd fields rhiH bçmrni: mare objpctirc and quanilrird. Therc riudier rn 
briggcsied witb respect to ihe fact thai ihe "normal" procedu= with a preceding h p c t  assessrnent hasn't ksn  done 
but b a t  ai preseni many riikts d damages stiU cm in ppreentd. 

A 1 Update for Existing Studies 

in the hst y e m  s e v e d  scientists working i ~ t  ihr Slouak and Hungxian Ac~drmies of Sciences isvelI YGOs 
rollucrsd bosic infamation on i r q x t c ~ ~  of ihe Gikkovo mject. However, m y  01 thcse tvorks have Iimited dau Le, Widy m u r e  thc c l o w  of pmjca &,a(!) or Ley do na dkoiy conrcnimrc OII G~h&ovo. This ir ~vhy it 

is necessary to review and extend ihese works. 

A 1.1 Effects of Gabcikovo on Navigation 

"A rrcent stat emeat of the Dmube Commission said that Gsbcikoro ivîü noi impmve nwigatjon (as it is a l v s  
r b e d  by the Slovak inwstor). k WWF study for ihr Austnaa Danube Mimes to the conchsion ihal navigation 
nut gmrv vtry mach aad entails ody Iimited benelits. An Equipe Cousrmu study on the s m e  issue shows h t  alter- 
nriti%.r investments could ix more profitable, 

'Ibis stu* sh~uld &de a " d i i c "  Imk ai the ecommic development of the Drtnuk including a ~ i m p ~ e h a -  
sivt (i.c. mnomic aPBmlogid) mnrpvkon of the wtenvay ici& oiba trsirpon O iiom (parde1 mii~vay km) 
md-u evpluction of the nime n d  for rhipping mmpn d?ng hihe ~ m u h  @ow m u c E ~ c  nerdiag wbt  ünd of 
navigab1e mt~nvay etc.). . 

A 12 ~ontributirin of Gabcikovo to the Energy Supply Sector 

"A WWF siudy on the "Options for an bvimnmenldly Sound E n w  hlicy for Slovakia" repwred a technid 
W b g  t e n a  of 40-50 5% of the Slovak electrîcity consumplion. Howver, cven assumiag full pduct ian ,  GaW- 
OvO I~&~cnrna oniy 6,7 io 7.5 % of Slowkja's slecviny production (mant idonmiion of invalor). SiMlar rc- 
sulis mn be found III a siudy of Equipe Cousteau. 

Thc new siudy shouid investigare how much electriciv can in faet be producd eveq y a r  dependhg Ori Fe 
wtiu smmrh (959,503 w IW of ihe Danube's m e r  Io be left in Ihe cr iw bed) and ~ v b t  are tbe respeChve 



cost-benefit ratios (including maintenance and repaLing of di coastnictj~n paris). In addition, it should be examineci 
what other energy optiogs (e.g. ener y savin pro ram, new gas wer piants, modemiraiion of existing power 
plants) witk the same or a higher supp f y level i d  an abcikovo woul entd w h t  fmanciaI and time needs. Attention 
should also be gsven to renewable energy sources (e.g, biomass). 

S" 

A 1.3 Impacts oFGabcikovo on Hydrology and Water Quality 

The effects of dams, side channeis and wein on Iiydrolagy are widely kaown. The experience of simiIa 
schemes (e.g. Grand Canal d'Alsace) is impomnt for Gabckovo. A new Slovak study (Liptakova 1992) inrestjpt- 
fng the effects of UIC summer flood 1991 in the Danube sediments near Dobrohost showed t,hat ihe inundation 
caused lcmporaty changes În rhe oxigen and chernical condiiions in the sofi in case of a situation where these 
chmges areril't reverscd myrnore (e.g. due to a p e m e n t  flooding) detrimentai physico-chernical anci by come- 
quence also biologicd changes in soii and pundwater çan be axpeeted. 

The PHARE programme presently under wa ( a d  concluding o d y  in 1995) is concenrrating on a corn uter 
mdcl  of the. h drolagical syrtem in addition, ir oes not cover the alro affecteci mis auüidc of Slovdia (in [art- d d- 
crn Ausiria iui Hungary), Bcdde the nteded geognphical extension this study should produce quicker resubs baed 
on avdable and new field anci computer data. 

It should also examine the engineer's idea to baiance the altered groundwater mble by instahng numemus 
purnping sutions (&O: how many are needed, what are the investmenl and maintenance costs, electricity consum - 
lion and h c b ~ l  effecü on Uic hydmlogy e.g. the gravndwater currenrr) and look al possible alternatives cspeciîfy 
wiih rcspect to the nritud groundwater vanations wjh  heir impacts on soi1 productiviry and water quality. Con- 
ceniing the surface water, the impact of the planned irrigation system (compmd to naturd inundations: can ihey 
imitate n3iui-al hydrology, whst constniction and maintenance budgets are nrrdrd} and of the alrcady constructed 
transverse dikes on the water flow in, the s i d e - m  and of their possibly needed disrnantimg should be evalurtted. J i  
addition, the change of waier quality due to the loss of the natural urification system In the wetland and the syn- 
chronous plluiion prkerrer in the riom e lake mtirt br quanrdied. ?t rbauld be rtatcd how m n y  rcwnge treolmeni 
p h t s  are needed (location, evaluation O f cost and construction lime). A specid study should investigaie the rnicro- 
biobgicd and chernical processes on the asphlt loyer of the charme1 (elsewhere asphslr relrasrs toxic substances). 

Anothrr specirtl study should evabaie the dnnking water reservoir (present supply and its problems, possible 
future suppIy ruid rkks due to Gobcikovo and othcr probkms iike agriculture, municipinl and industry sewage). 

A 1.4 EcologylBiology of the Wetlands surrounding Gabcikovo 

A nurnbrr of smaiier studies and counrless scientific stniements have ernphasized the European imponance of 
t h  flocidplain ecosystem. However, present knowledge is limited (border region!) md bcks sutficient exchange of 
inforniion, The genenl impacts of Gabcikovo can mainly be descnbed from rhc long year experience wirh other 
dm schemrs (especially Austnan Danube, U per Rhine, Rhone). The need for more detailrd studies was repcatedk 
underlincd by rcicnlirlr fmm the regian mi! rbroad. At piesen4 hçrc ir biologicai rercarch undrr iv îy  bath in 
Slovakia and H u n g q ,  Unfortunately, rhey me yet no( coordieated and here is no general exchange of data. The 
dita coiiectrd in ihis process WU sBo serve for rhe biomonito~g activjties, 

A 1.4.1 Impacts on Botany, Agriculture and Forestty , 

The floristic and especuy the phytosaciologjcal m phg must be completed and intensified. Floodplah have dP a very high rpecies diveïsity; its mount md the cxpecte reduction @ow many thteatened species?) mus1 be quanti- 
fied. indicaior species can provide important inforniion on the exact sjate of environment at different locations @- 
cluding ecophysioiogical analyses to anal se vitality of imts). Tbir field work shouId bi: compmd with aenal i' botagmphs (which ui some pm pmbab y rtdi have to t e  taken). Foresuy har altered large paru of the wednnd 
farerts but wili &O criricaIly ruffer h m  ihe lowcring of the woter rabie. 

The yet very hi h productirity of the wetland wilt be reduced wjth the Fss of regular inundations and water 
fluclunlionr (air exciange in the mil) and shauld be quantifisd. Aho the pamble damages foliowing Ihs divcnion 
of ihe river have to be rnvestigaied, The studies have to be extendeci to iocations far ouGide of the recent wetimd 
which ;ire similady depending of the groundwater fluctuations. This maialy concerns a@culturai iancl (~hk is rhe 
min and fmit belt of both couatries!) but also to some other wetlands and foresis between t f~e Smaii Danube (fdaly b naj}, the Old Danube and the Mosoni Danube. 

A 1-42 Impacts on Zoology, Limnology, MicrobiologyNi~ology 

Evcn more than the botanic it is the zmligical knowIedge which k rather bnited. n i e  species number is ody a 
rough esihdon (ca. S.ON!). KnowIedge is rather gwd for birds and fuhes and a few ot&r groups but poor for 



ohers (e,g. Diplopada. Chilopadri); it cm be expected that a ntimber of new spccieg wii! be detected during the 
studies. Similarly to plants, a m m b  serve as im ortant indicators (cg, fishes, drago@~s, beetks, h ibhs ,  mi- B cm-crustaccas). Wilh the losa of inundation sn roi1 moisiurc fhe steppe patshes w i t b  the orca I x x t e n d  iheir 
sizc and importance rcsulting in e expulsion of the wethnd organisms (i.e. many European-wide endangered spe. 
cies); this potential should be uantified. nie dama es caused by ihe diversion in Octobzr 1997 must be quantihed 
and it rhould be invcrtigrted i?*e i . n ~ ~ h b a . f h b c a  and Lojju rivers tafi restak some cenoses. The water bi- 
ology of ihz Szigelkoz is csgecidiy rich and important. Recordinp of water plants, algne and water fauna (smils, in- 
scct lwass,  amphibia and kishes) is incornplete. Analyses of microbiology (eukophcation; abundance of bacirria, 
virus) and selected chemo-physjcal parmetes are needed to evaluate the state of waier qu5Jity both in the onginal 
we thd  and in the chmeUswrage lake. 

A special WWE study (Walter 1989) focused on the bacteriolog and virology of he Danube found out that the 
river srciion betwecn Giibcikovo and N a g y - m s  has the highesl virologicd problem (second highest is down- 
srrçam of Beogmd) alonglhe Danube. Infection and hedth kk (drinking water!) is lherefore very hi@. The conclu. 
sion that the darnrning of the river wili extend the living conditions for vinises sril has to be checqued wilhin a 
special study on the virus behaviour in the storage lake area (sec &O A 1.3). 

I :l 1.1.3 Estimation of Generic Diversity and impact of Gabcikovo 

Thz Danube wetland is known as an irnpoamt genepooi in which many specizs survfiwi which are nlready ex- 
tinct rlsei\hen in Centml Europe. 50th îhz Ausuian and Crech floodplaim ulong Danube-Mxch-%ya (pbrsned 
lulional pritkshiosphere rcserves) and the Kopacki Rit (mouth of Drava into the Drinube at YugoslavfHunguian 
hrdcr )  are direc~ly connecicd wilh the Gabc&ovo wetlands, dl tihres iogclher constiruze the most precious tlood- 
phin m a s  in Europe. Many wdd genes are or can bçcomr: important sources for human needs (e.g, nurilion, p h -  
mccilogy). 1 h s  is ivhy h s  weibnd is sometimes caiicd "out tropical Sorrst". Tnc openrion of the G ~ k i k o v o  
Prqirct cm alter and - in long ternis - mdiçdy destroy ihis genepool. Until today, only lheorerically baed inteii- 
gcnt suesseh are uvriilable for ihis area. Needed sludies should include EC experts and could provicii: mcans. ra rsti- 
m i e  rrcrnt losses of gcneiic diversity and to givt informition on vulnerabiltty of cenoses. 

1 A 1.5 Revicw of the hydrocngineering concept and works 

Cine ril ihc major cniiqucs ovrr the hist yexs focuscd on Ihe quality of the constmction and ihc. ox,er;ilI concept 
of Gubcikovo. Locd pprople wiines.sed repeatediy dninken workers; controil officers reponcd !'rom thir bad cxperi- 
cnucb irhrn chccking ivorkers; the quaiity ofcomtn~ction undzr communist regimc B sometimcb &trior ro wcsiern 
si~n&rds, m y - h z  31So hrrc. The series of rechnicril problrms iifier the diversion in the hst monihs @y as weir, 
(hbcikovo loekr) and ~ h c  unpoing repainng of dam, d k s  and other lîciliiir.~ is nui necïrm-iiy  nom^'. It musi 
bc ;ilksci why ir is uk hiil the m i r e  Iengih ufrtit: channe1 (over 25 h) hv no( uns securiiy systcm. Due i o  hr seis- 
mic lictiviry of the region some ex erts d e m d e d  a more solid construction of the scheme. Mer s e v a l  years of 
irpa>ilion to min, îiori and hea?, $e reîüng of the channel rhowed frîclurer. Following sornc ixpenr the riorage 
1Ac tnhanccs the creation of waves ioo high for ordinary Danube ships. 

It should aho b t  investig~~ed if the repeated change in tbe use of the schemt: is tolmble for the actual sttucrure 
(e.; rhr Cunovo weir was budd for exceptional flood eventç but possibly wiii have to be used pemncntly). 

I t  is konwn that d m  and sronp Mes nIter the flood situation {rspecially doivnçueam of a dam). Such an 
ana. sis for Glibcikovo shùuld bt: rcviewed. 

Brside this it Is cruciai at present and in the future that the disrussed scenaios of hydrolagists and ecologists 
wili be commented e s p e c d y  from the techniml point of view. Other consuiiing may be rrquested from A 1.6 
audy. 

1 A 1.6. Changer on Grornarphology of the Danube 

Sedimenhtion and erosion are key factors in every nritunl or ne=-natunl riverine systern becausi they guamn- 
te- ihe local dynamics of this ecosystem wbch promotes its unique biotope and species diversity. The consmction 
0t dams in Auslnri ad Bavaria as weli as of ihz harbour of Bmtishva and the exploitation of grave1 for the can- 
btruction of Gabcikovo dikes resultd in heaq changes of thcse processes: question U: to exactly quantify hese ef- 
fwu over the hst decies and to invesligate (other) technical meam 10 stop negative effects (e.g. nvec bed 
solidification}. The creation of a stQrage Me will enhmce sedimentation upstream of Gabcikovo, erosiori, wiii be. 
corne a more important factor downstream Former studies provided ipcomplete and sornethes contradicrory re- 
SUI& but weii founded precise data are of utmost importance in prediction~ and semedial planning. New suniey 
(geodesy) is necessiuy and cm be done wiihin one year. Questions include fhe unsolved disposa1 of pouuied shdge 
of ibe siora e Iake as weii as the extent of the recent d m z e s  on the banks in the old river fouowing the Danube $1- 
veaion andin ihe river bcci near a n o v o  duc ro ihe uiitypica~ nomi procesr aIoq ~ i c  floocipiain and by-pa>i wem 
(Dccrmber 1997). 



Foilorvjng SIovak cn$neers, the sçhiillow section near Pakovicovo (sedirnentation area in he Danube) is io bc 
affectci by stronger erosron. Somc Hungaians dovbt this prognosis and expect ongoing or even bjggcr prob1ems 
for nsvigaticin. 

Uni: spccial study should investjgale the (change of the) soi1 and iis rnoisiure al differrnt locations both 
in thc iverlmd and iri the adjacent agncultural h d  (see also A 2.1.2). ' lhis includcs specific o rgdc  cornpound! and 
tmce metah. 

A 1.7 Importance of Microseismic Activities near Gabcikovo 

The Gabc&ovo scheme is built ne% a seismic fault and located in a relatively unstable region. Scientific data 
[rom Hungariuian experts wa critjsized by Gabcikovo engineers, M independent siudy on emhquake risks does not 
rmt. These &ta are cruciai for be six and quality of d constniciions, especidy for thp. channel and the power 
plmtllocks systcm of Gakikovo. Monitoring of microseismic activities is fundamental, subsequent research in- 
volves. many fieIds from basic studies to risk analyses and ewhquake prediction. On 18 Qctober 1990, such seis- 
mlogjcd  rnonitohg of the Gabcikovo area was dready agreed on by respective experts from CSF'F? (GeofyUka 
offices) 2nd Hungary (Geodeticd and Geophysics Institute) foiiowhg a request by Hydroconsulr (Gnbcikovo con- 
stniclor). Those experts çoncludtd rhnr a network of at lesst 5 meuuring stations (3 on  Slovak renitory) with  da^ 
tansniaiun by telemrtiy should be esrablisrieci and the project should s t u  within severd rveeks. Hoivever, no&- 
ing kas hnppened untiI today! 

A 2 New Studies 

Scverril fields of high irnportancr for an  evaluation x e  yct cithrr buely  examinrd or not rqarded iir ail. It c m  
br. exprcrcd bai the invcsior and constructon have m2de such studies but the! are no1 undrrstandablr. This gap 
should tic tard up w i h  the folIowing sludizs. 

A 3.1 Camprehensive economic ei"aluation of Gabcikovo 

Ihs cornplex is of upmost impunanrr and hrts srvenl implications. Evrn if ihz projeci \va rconomjcail frai- 
hic dulin: ils plannin3 ,phrise in thc Ici70its it musi be qursrianrd if (hi> is s 1 2 i  i h t  c ~ s c  ioday .ificr ~ h r  mny 
ch~ngcs w i h n  and outs~de the projeci. Today's difkrent percepiion of in\csrmrnts. rccornprnsation, economic esti- 
rrwiion ui' rrsources direc~ly or mdirectly ivuched by the project must be reflrclcd rf the prcljecr is to becorne pciliti- 
c d .  3s it.tfi 3s ccomicdiy acceptable and juslifi3bir. 

A 7.1.1 Economic evaluatian of thz project 

Qver ihz las1 year v q i n ;  figures were publicly si yen o i r r  the costs and economic brncfits of rhe projeci (navi- 
:tition, skcrriciiy production). However, rnuy csws known wcre 3 neiv ticonomic ini2siig2tion foiiowin; ivcst- 
crn stmdards produced different figures brcause cornmunisi inierests ovemilrd economic mirh. It cannot be said 
!vh:hcthrr ibis is [rue for this project or not. Nso, the constnictor and investor rrpe;icedly shoived figures of prolitabil- 
: [y  ivhich are based on invchirnent and cosi figures whch could nevcr bz rriiewed or becorne undersiandable. It 
müy bc r h ~ t  inirhimttnts pnvr ro the poliricd changes in 1969 c~nnot  bt  açcountcd in the samr way as rrecnt invert- 
ineots. Hilicwrr, thvsr and [he upcoming inirstmrnts should b r  clujficd. It is c l r x  that Lhe ivhole project is siill in- 
complerr and that repairing and maintenance c o s ~  will bc very high in cornpiirison ru the economic benefits. This 
molysis within the project scheme is mcid aIso for the quesrion of recompemation and privatisation. 

A 2.1 .I Economic evaluation of regional side-effects of Gabcrkovo 

Based on the data from biological, hydrologicd and othrr studies it is evident that IEie roject will have an direct 
ad indirect impact on ihe regional esonomy. This hcIudes cresrion of jobs during and 3 ter construction bath due 
10 lhe bcnrfits md Ihe negative effects of ihe projecr. For instance it is evident ha1  maintenance work for the power 
plrüit and rhe chnnel witb the lake will be needed. However, due to the alicrarion of ivstw quality druiking watec 
puriricrition stations have to be built ai a lar,oer extent than without the+project. Dependin; on the bilatedy agreed 
tmundwater level local d&ng waier supply, agriculrure (incl. f shenes), foresky, industry (river aavigation) and 
$e semice sector (weation and tourism) wiil be affecteci or not. Possible new invrsiments (sup ly iines and pump- 
mg ~taiions for dn&g water, irrigation of fields and Danube side--, feitilizers etc.) will 1 ave to be paid 
subsidics, recompensation?) by îhe producer, prababiy even on a long-rem base. The cuiting-off of rhe rhee 
Slovakian viUages has economic impacts, also e.g. ihe loss of Iocd t ~ p o r t  routes (thber) or tourist attractions 
(wland), This study is to quant@ these aspectr 



?hc construction of this schcme changing the S1ov;ikian landscape and affecting also the livelihood on the Hun- 
ga&n side hasn't becn studied yel. It is known for instance that people started to move away fium the three isolritetj 
vi lh~cs  aficr the bgiming of works. The ignorîng and non-involvcment of locrti, affccicd pcoplc wwns " n o m l "  in 
picv&us time and could have k e n  changecl in the Lst Far. Possibie invcstors lj+ Hydro Qucbrc Internntiond 
stlvngly rccommendcd ;! participaiion of local pevpIe and deiiled idormation for alfccted communities. Ihc estab- 
lishnrcn! of a irnnsfronher communiiy council of 80 villages and cities is imponanr in Ws respect. The faci ihat 
minly Hungltrian people are oiffc'cd by Lhe project on bolb side of the rivcrs suppons fhc o~sibililirs for a politi- P cal and even violent cofiçt .  i f  this is to be prevented this study can supply important data or immedjate and long- 
fcrrn rcmcdies. 

A 2.3 Climatic and meteorologicai effects of Gabcikovo 

Glibcikovo wiU alrnost certainly affect the local chate,  i.e. tbt: amount and t h e  of wind, fog, frost, heat etc. 
Thil, is çsuscd by rhe clex-cutting of  torests, the dtying up of wetiands, sidr-am and oxbow-Iakes, the crcaiion of 
a str~ight outiluw ( chmtU,  the concenrisition of the water body with reduced evaporrition suifaces, the loss of ob- 
stasic> and soi1 L 'OVL '~  CE. Ihis resul~ in mcasunble changes (cg. numbrr of frost düys) and has econornic implica- 
I ions (tg. hcaling, irrigation, transport fuel). ?Ik study should quantify these factors. 

A 9.4 Risk analysis for potenrial water and soi1 contamination in the area surrounding Gabcikovo 

Ihe dammiBg of lhe river has not on1 effecls for the original hydrology but it wilI dso affect the soi1 and un- 7 tIci~rcund up ro S C L C ~ J ~  kilometers away rom the scheme. The lifting but slso the lowcring of the watcr {able can 
result in mobilisation of rxious contaminations. It is kriown since m n y  y e m  that uncounicd dmpsites of cities 
W;c Bratislava or S a r n o ~  and large industïy corn lexes (iike the oil rrfiery Slovnlift and othcr chernical compa- 
ni ts)  are or çould become subject of hydrochemic 9 effects. However, mosi of Lhese localities are zither not delected 
or o i  u~ilinown conicnt, olhrrs rn dii'hse (poiiutcd Danube water, agriculture!). In Ihe hst ycurs, scverdl wells n e z  
ihc: D;inubr downhrrcarn of Di=ttisldvri hid to bc clored. The chanpc of groundwartr f loivs can rcsult in an  actitjation 
~ n d  moviiig of such contaminarion sources which can result in pollution of soi1 and especialiy surface and :round- 
ivatcr. Duc to ~ h c  spzcial situation brlow Gabi iovo  (a huge drinkuig warcr rcsrrwu iif oicr 13 km31 ~ n d  ihe 
ividcly u h o w n  chuactrr of Lhe contamination sources the nsk of a mjor pollution and destruction of the water 
body 1s known among-expefi but not weli examined (not even in hydrological studies). Both agricu1ture and ihe 
drhking w;irer 5upply lor d o n s  olpzople cm be alfccied. 

h 7.5 Financing study for necded investments and othcr cos& 

i i l i i i t cver  be lrie *.  a i s  project it is dex  that furhcr invcstments rn nr'eded and iviii hvdiy be sup- 
plied irom Slovak sids. Beside the fact tbat (sooner or lsier) Hungaty wi l  have to pay recompensation for leaving 
ihc juint pro'cct, a solulion airned at stepping out of the project should be financed to some cxtend from interna- 
i i ond  new rnmct: sourct5. it woulJ be v t v  heIpful.if an interniütiondly experienced adviser consults how ro do 
iiüs. 

i 

A 3 Proposa1 of new solutions based on the studies' findings 

D U N  and after ihe more complexe evduation of the project it wil l  be necessq ro d e  roposah based on P ihe studiçs' findings. New ecoiogicdy sound and economcallyhechicatty feasable solu~ions or îhe Danube re- 
gion are actudy the only future-otiented ways and therefore should essentidy lx discussed in the present situat.tion~ 
This includes m w e r s  to the question what to do with the different structures already built in Ihe area and with the 
nuniber of problcms recogniscd. Also, some cesults of the "Working Gmup of Independent Experts" from 23 No- 
vcmbcr 1992. should be discussed under a new t h e  and capacity @r; especialiy the O-variant (rehabilitation of 
the are;?) h a  ncver bern thoroughly invesligaied fiom economic and nver enpincemg sjde: !bis study group should 
dclinç and requert respective investigations and calcubtions from the invohed experts, I&s work should be doae 
by an interdiscipriniity team which can either be composed of exptris f r ~ m  the above ment~oned studiqs (i-e. dumg 
ihçirbtudy work) or by a new team Due io the t h e  needs it is suggested to nther prefer the second vanzint. 



A 4 Pnicess of studies 

T i c :  13 munths (1.3.1993 - 38.7.1394) 
lhis is a rery minimum amount of lime and does actualIy not provide a mund scjentific base. Lf possible the 

timc shuufd be extendeci io ü longer penod (inlemals are ve~etation periods). 

Woiking mode: 

Bascd on the experience from other studies it is suggested to not let the siudies separately going on but to inte- 
ente thcni as much as reasomble. This is especiaiiy important for srudy A 3 but will generally ?rumute a compre- 
hcnsi\.c rcsult. Thzrefort ii iis sug;rsted that one expert ciif each study subject is r eguh ly  joining a con  gmup 
("study rcam") composed of biologuts, hydrologistr, çnginrrss, economisrs 2nd o l h e ~ .  

R is desired that tre public (affectecl people) will bz included in thc process, 
The in\.olird KGQs (JAOVF, Equipe Cousteau, SZOPK, Danube Circlr) should ;et seguhr opportunities to dis- 

cuss and propose important points to the study team. 
Resub: It cannor be expected to end up ihis compIzxe study wirh one simple concIusion. However, it cm be ex- 

prcitd that Ihe expefls s u m i b e  their drrailed resulis in ençh study md end up with a few proposais. 
A bitlace ktwecn thri differrnt arguments shouId be lcft ro the responsibIe polilicians andior the hrernationül 

Court of Justice. 

B Biomonitoring 

Thc biomonirutinp h s  the purpose to mesure ths possible changes in the cnvironmrnt fvilowing the diversion 
of [hl: Danubr, the dammin: 01 the rivet md irs isolririon from the underground. It i i  c l e x  rhat rhis cannor prevent 
C C O ~ O ~ ~ C L J ~  damges ivhich pxily u e  i isible udy s e v c n l  yeas aRer ihe cause or which are causcd by s r ~ e n l  over- 
laying factors. 

B u e d  @n ~ h e  scjentefic çxpesienczs which rvert: g i n e d  by SIovak, Hungrüirin and orhrr international scientists, s 
ncrdcd Liiornonitoring prognrn for the Gabcikovo x c a  wlis r o u ~ h i y  discusscd in ihc 1251 weeks. Ir psofiis [rom ihr 
instrill3iicin of exking observation stations (e.;: in Slovakia in 1989 with 24 locrilities including 5 key stations). Ttir 
propuxxi sysaem monitors agriculture (mil fendity, çmps), fores-, (productivity ralrs), biolgy and hydrologyihy- 
J~uchi.~i>ity and sedimrnts. 

We ivant to ernphsize that Ihe rnonitorrng mus[ be starteci as soon as possible and wi~hin the capübility of the 
systern alreddy in phce. We recommend that the intemin resuls siiould bt: m d e  iivaibble for the pubfic and the po- 
liticd procrsz. The same npplies for a control system (ibis \vas not the t a k  of this proposal but i b  cnicid e s p e c i a  
for any comuucrion activiries!) wvhch sbould be wiablished as lvell e.g. in form of a bi-ur trilaterril control station in 
Cunovo and G~bclkovo power station. 

The biomonitoring sbauld br: primaiiiy focused on: 

B 1 Aquatic faum a d  don 
0 ? Andysis of qqudirp and quamity of surface and groundwa1rr 
B 3 bfonitoring of Terrestriai Vepezntion 
B 4 Sediment i m p o r t  anci geomorphologicai changes 

C Proposal for an information process for Gabcikovo 

f ie  politicaI prsicess in the h t  ears and especiaUy in the k t  months made it evident thnt objective, informa- 
tion ir h d  ta gel and io rpred. ~ i t L  the Gîbcikova debaie oRen conkadieting and conhiring ido rn i ion  led to 
misperception and wmng inierpsetation of rhe real situarion. 

It is thrrefore suggesied to crmte one infomtion process which concentrates the most important data and opin- 
ions of he invoIved groups, i.e. Sbvak and Hungamn govemmenls , Commission of the EC and NGOs. 

We came to the conclusion ihat TV reports are not the appropriate tool to fuIfill the net:& but it is nther reguk, 
brie[ and updated written information iogether with some back,pund materid. 



,U interestrd peoplc in Europe (espccially in Slov?ki~ and Hungary) should g ~ t  thc same qurilily of idomt ion  
and in ihc same t h e  an ovwview of ihe present situaiion. This fom o i  information scrvice al50 wants Io supply a 
comprthensive ooverview of the differcnt opinions. In ihe same lime this "Gakikov~ News File" cm and should en- 
hance ~ h c  pubIic dcbalc in n more objective f o m  arnong the jntwest groups providin~ an international forum on ihe 
Gabcikovo c a e  which is of European concem. In addirion, it of fes  an opportunity to discuss new ideas and propos- 
ais for çonflict zcsolution. 

Long-term perspectives: 

RESTORATlON OF THE LANDSCAPE INTO A STATE 

OF ENVIRONMENTAL BALANCE 

According ro the cost-benefit adys i s  of an cxpen cumitter (Hudi et al., 1989), the completz crincellaiion uf the 
projrci ivould be more favorable in the long nin from m cconomic purnt of view, and for the Hungafisns, even in the 
short iun ihr CO>& of mnceilation and cunrinuation ivould bc about ihe same, The Hardi Rcport suggcsts that s solu- 
lion rauld &O bc found for the international legd aspccts: ri compcnsstion agreement or liligstion betwern Austria 
and Hungary. At h e  samz t h e  modification of ihe Czechosioi'ak-Hun~ahn agrcrmrnt çould tic iniriaxed, with ref- 
rrtncc to the peints that stipulate ihz presen-atiun of ivatrr q u ~ l i t y  and oiher environmend guuanrres tvhich have 
nut yct btrn Implcrnenttd. A bihtenl agcernent could be reachcd in t e m  of the net dilfcrençe ot'griins and lusses 
csusrd to both sides by the abandonment of the project. 

According to Ihe studies canjrd paniieliy by sevemI independent expcns (Vrgh. l997,ISTER 1991.Lip- 
tak,l.irl?) the restor~iiun of the ared d m g e d  by the: construction of Ihe Gabcikor.~ Projest is quitr a red task. 

nie asph~lt and phsiic films and oiher camtruction materiais crin be ml3imed. The struciures uf'rhr 50 cded  
L'riii!ir C jh~uld  alsu bc puilcd down. 14 rcllizivciy sirn le trisk is the dernolition of rhc coifcr dam iit N~gymaros 
and the restomtion of the nver bed. The reconstniction O f ihe previously curved shoreline at Visegrid s eem to lie an 
imponant quesiion, since ihis is one of the cssential rlements uf the hndscripe of lhr Danube-bznd. 

The siiuctures of the iveir at Dun&iiti and of the puivcr station Glibcikoi'o (!3b>) ~ ~ i . r r  rclrilic~ly smdU XCZ; 
;htk litnicili~iua would b r  r h c r  costly, so ihry could r ~ . m i n  ivhcrc the! are. rendlrr may br ~nnounccd iilr rhrir 
ut iliz~iion. 

During the recoostmction of thr m a ,  ihe Nqymxos coffer d m  and consrnictions of Variant C have ro first be 
dcrnolibhrd. The nrxt task wvould be the correction of ht: wron: rcgulation, the rchnbiliuiiun uf the brrinches and the 
beginning of the testora~ion of ihe î o ~ s t s  on the lluod-plain. The dismtling of thc side chiinnt.1 u n  bc ii slower 
proctis, and cm be coordinated with the soil-meeneration. 

Ihe resrontion of the shorehine tgrests upstream from Nagyrnms, and orher Iandscnpe rlrmrnis could Lie done 
htrr. Gsprnding on ?he ai*ailnble linancial rnrans. Thr ditmges caused to the pupukition by the constnictiw of the 
brurage syslem hhould be refundcd quickly and should bc covered by the sure  budgtt. 

The cosis should br divided t'airly baween the panies. The cxpcnhcs of thosl: workr, which wçre accompli5hed 
iviihin Fhr framrivork of the tresty of 1977 - before kit Wear rws terminrited - and the cosis of ihe restontion tasks 
shuulrl be rcasorwbly diiided betwctn Hungay md Czecho- 2' lovrikia [or her Icgd succeuor), in rqud proponiam. 

nie acti~ilirs scriding the cornprrhemive, long-tem rnvironment protection of ihe wo, (such a the wide- 
spread use eo[ alternative, environment friendly agricultunl technologies, hamonizing the local mtunl resources, the 
processinp. Lndusy, ibe agriculture, and - h m  an ecofogical point of riew - a more favounble hd-use ,  elc.), 
hhould f i t ,  a an organic patt, into the genrrdl ~rünsfomntiun process whjch smned withibe political changes. Such 
fmilful mults ma be achievd prim;inly wiih indirect means, with educatjon, tax-policy, kgisbtioa and t h u g h  the 
huppon of the autunomy md grusroors rictivity of the Csall6kijz-Szigerkoz region. 

A TRILATERAL PAOTECTED AREA INSTEAD OF A MONÇTER PROJECT 

Tilkin2 into comiderriiiw ail the factors summarized in ihis publicatiun, rnost of the independent experis and i~ 
volved NûUs have r e ~ ~ h e d  the mncIusion th~t rht Gsbcikovo h j t c t  should br: rejcctcd on t.nvironrnenfa1, rcologi- 
cd, rconomic md socrai :rounds. SZOPK Rc ional Organimtion Centra1 Danube md Slovak i k v c ~  Network 
huburge an immediate postpnernenr and Eeva  7 u~lion ot the entire proje.. Insiead of destroring the hndscape 
ivijch is unique in Eumpe, i t  would be crPiinenily poss~bI~ tu lay the Sound;ltions for a iramhntier protected are3 - 
a lnla!enl prorected ma extendhg into Ausuia, Hungq ,  Czech Rcpublic and Slovakia. 
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EXECDTIVE SUMMARY 

BACKGROUND 

As a follow-up of the  '~pecial Agreement f o r  Subrnission t o  
the I n t e r n a t i o n a l  Court of Justice of t h e  differences 
between t h e  Republic of Hungary and t h e  Slovak R e p u b l i c  
concesn ing  the Gabcikovo-Nagymaros Projec t '  a Group of 
Monitoring and Water Management.Experts Eor the Gabcikovo 
System of Lockç (Working Group) waS eçtablished by the 
Republic of Hungary, the Slovak Republic and the Commission 
of t h e  European Communities ( C E C ) .  

The tasks of t h e  Working-Group fa11 in two parts: 
* On t h e  basis of available data to asçess the impacts  

of t h e  ~abcikovo Praject and t o  prepare  
,recommendat i o n s  for çtrengthening the monitoring 
system in t h e  area. 

* Preparation of recommendationç f o r  a Temporary Water 
Management Regime as well as f o r  n e c e s s a r y  
diçcharges, water levePs and remedial measures. 

The present Data  Report d e a l s  w i t h  the first of t h e  above 
t w o  t a s k s ,  w h i d e  t h e  F i n a l  Report of the Working Group 
scheduled f g r  t h e  beginninq of  December 1993 shall deal 
w i t h  t h e  second aspect. 

The Working Group has obtained most 'o f  t h e  relevant data 
and information requested £rom the t w o  Governmentç. The 
r e p o r t  iç based on t h i s  i n fo rma t ion .  

IMPACTS OF THE GRBÇIKOVQ PROJECT 

Major general impacts as compared tc pre-dam c o n d i t i o n s  
have been identified f ram the available data with regard to 
the following aspects: 

Discharge 

In t h e  Old Danube t h e  discharge has in 1993 been reduced to 
i n  average about 400 m 3 / s  correspondinci to about 2 0  O as 
compared te  the pre-dam c o n d i t i o n .  

Oara R e p ~ r t  
2 H a v d r  1993 Uarking Group o f  Monitoring and Uatar namgmient for Cabcitova 
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Surface w a t e r  level 

~t Bratislava the watef levelç during low f low periods have 
increased by 1-2  rn as compared to pre-dam conditions, i . e .  
to a l e v e l  correspondipg to the situation 4 0  years  ago. I n  
the upstream part oc qhe Old Danube the 1993 water levels 
have been reduced by 2-4 m as compared to pre-dam 
conditions, and have thus reached a level 2 m below the 
lowest ever recorded values .  I n  add=tion, t h e  
characteristic natusal dynarnics of the water level 
fluctuations have been changed (reduced) significantly. 

sediment t r a n s p o r t  and sedimen ta ti on/erosi on 

~ignificant erosion occurred t h e  first 500 m downstream the 
Cunovo s t r u c t u r e s  under ,the November 1992 flood w e n t  . This 
material has been deposiged downçtrearn in t h e  O l d m  Danube'. 
sedimentation of f i n e  material/silt can  be seen i n  t h e  O l d  
Danube. Most likely, sedimentation of t h e  t o t a l  .bed load 
a n d . a  ç u b s t a n t i a l  part of t h e  suspended load have occurred 
in t h e  reservoir. However, the re  are psesently n o t  
sufficient d a t a  to quantitatively assess ç u c h  impacts .  

Ground w a t e r  level 

IR June/July 19.9j the situation i n  Slovakia shows that over 
t h e  entire area the ground water levels have increased or 
have n e t  been affected. The increases h a v e  mainly occurred 
in t h e  upstrearn area c l o s e  to t h e  reservoir, i . e .  i n  the 
area which h a s  been moçt negatively af fec ted  by t h e  long 
term t r e n d  of decreasing gsound w a t e r  levels. O n  the 
Hungarian side, where comprehens i ve  assessrnents have not 
been made, it appears that :ground water levels have 
increaçed c l o s e  to t h e  reservoir (Rajka - ~unakiliti 
r e g i o n ) .  Furthermore, it appears that in t h e  rniddle part of 
Szigetkoz between Dunakiliti and Asvanyraro greund water 
l e v e l s  have decreased in a rea s  close to the main Danube. On 
both s i d e s  t h e  ground water, l e y e l  fluctuations have been 
reduced significantly. 

. 1 

. r 

~l ectri ci ty production 
I I  

The Gabcikovo hydropowes p l a n t  has produced 150 - 200 
Gwhlmonth in 1993. This corresponds to ,about 10% of 
Slovakiarç electricity consumption. 

Data Report 
2 Hovenbzr 1993 ( . , Uorking Croup o f ,H~n i ta r ing  a d  Yarer Hanagwnt  fo r  Cakikovo 
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1 In addition, minor impacts have been observed or no 

signif i c a n t  impacts can be detected f rom the available data 
f o r  the  following aspects:  

I Surface water qua l i t y  

With exception of November - December 1992, when çudden 
changes of regime and a high flood event  oçcurred, no 
significant changes in surface wates quality parameters as 
compared to pre-dam conditions can be detected after 
damming t h e  Danube. 

In general, no significant gsound water quality changes c a n  
be identified a f t e r  the damming of t h e  Danube. One 
exception is the Rusovce area where some parameters { e . g .  
Total ~kssolved S o l i d s  and n i t r a t e )  have changed due  to 
changes i n  the f low pattern. No changes in c o n c e n t r a t i o n s  
of ,heavy metals nor organic micropollutants have been 
detected. 

Flora  and fauna 

Due to insufficient data availability and due to the long 
response time o f  natural syç tems  w i t h  regard to flora and 
f a u n a ,  no major  general impacts can  be documented as yet. 
Hawever, changes in the abundance of certain species have 
been obsesved. 

A g r i  cul t u e  

Due te increases of qround water t a b l e s  on t h e  S lovak  
territory a slight increase in t h e  capillary water ç u p p l y  
for Slovakian agricultural areas has  taken p lace .  In 
Hungary, where comprehens ive  açsessmentç have n o t  been 
made, t h e  impacts on agriculture-are uncertain. 

Forest- 

A s  a r e s u l t  of t he  changes in greund water levels t h e  
forestry has been positively i n f luenced  in Slovakia and 
negativefy in Hungary. 

+ '  

Data Rcprr 
Z UarerrLier 1W3 Uorking Group of Moniteriqg and Yater iianaqemenc f o r  G a k i k a v o  
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RECOMHEFJDATIONS FOR STREHGTHENING OF MONITORING SYSTEH 

The Working Group recammenda t h a t  t h e  present monitoring 
çystem, including the extended programmes çpecifiçally 
a iming  at monitoring possible impacts of t h e  Gabcikovo 
Projec t ,  be continued. 

In addition, the Working Group recommends that the 
monitoring çystem be strengthened in two aspects: 

aspects requiring more measurements, either in terms 
of measurements of new parameters or more 
meaçusements (in é i m e  and space) of already meaçured 
parameters; and 

* aspects where discrepancieç between Slovakian and 
Hungarian data have been detecéed, and where 
coordination efforts therefere are required. 

'For t h e  different pasameters the recommended strengthening 
is as ' follows: 

Discharge 

For obtaining firm conclusions on t h e  d i s c h a r g e  
uncertainties t h e  Eollowing checks are required to be 
carried out b y . j o i n t  ~ungasian-Slovakian teamç: 

* Check on discharge calibration curve h t  the bypasç 
weir at Cunovo. 

* Check on discharge calibratian curve at the turbines 
at Gabcikovo. 

x Check af discharge r a t i n g  curves at Rajka and  
Dunaremete. 

Surface  water  l e v e l s  

T h e r e  is a need for a new monitoring programme on 
measurements of surface water levels in t h e  s i d e  channels 
on the flood p l a i n s  bath i n  Hungary and in Çlovakia .  

surface wa ter  qua l i t y  

There  is a need for a new monitoring programme on 
measurernents of surface water quality i n  the side channels 
on the flood plains both in Hungary and in Çlovakia. 

Oata Reprt 
2 i i o v d e r  1993 

1 

Uortfng Group o f  Manitciring and Uater nanag-t for ~abcikovo 
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I Sediment t ransport  and sedimentation/erosion 

There iç a need for establishment of a permanent sediment 
transport measurement programme comprising both bed load 
and çuspended load measurements at the following l oca t i ons :  * Upçtream the resesvoir. 
* In the reservoir. 
* In the Old Danube. 
R In the çide  ehannels of the Hungarian and Slovakian 

flood p l a i n s .  
x Downstream t h e  conf luence  at Sap/Palkovicova. 

Furthermore, there is a need for  establishment of permanent 
programmes for monitoring r i b e r  bed and reservoir 
topography. 

I Ground uater quality 

The i n t e n s i v e  moni tor ing  muçt be c o n t i n u e d  for the coming 
years; especially with regard to areas close to the Danube 
wkere the infiltration c o n d i t i o n s  have been changed.  
Depend ing  on the development of the measured ground  water 
quality parameters it may be required t o  add more 
o b s e r v a t i o n s  i n  t h e  f u t u r e .  

ELora and fauna 

A biomonitoring programme comprising the following elements 
should be carsied out: 
* Geobotanfca l  monitoring. 
* Mapping of t h e  bird species. 
* Investigations on f i s h p o p u l a t i o n s ,  Carabide-beetleç, 

grasshoppers and living and dead mussels and water 
s n a i l s .  * Monitoring of p l ank ton  i n  major water bodies. 

The following monitoring should be carried o u t :  
* Mapping the fo re s t  types in t h e  scale 1:10,000. 
* Annual measurementç of height, perirneter and lea f  

area at selected "monitoring treest*. 

Data Repart 
2 Novder  1W3 Vorking Gr- of Mont taring ard Uattr  Management fer Gebi  kove 
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1. INTRODUCTION 
i 

3.1 Background and Objectives f o r  t h e  Working Group 

As a follow-up of the 'Special Agreement f o r  Submission to 
the International C o u r t  of l Just ice of the d i f  ferences 
between the Republic of ~ungary and the Siovak Republic 
concerning the Gabcikovo-~agymaros Project' a Temporasy 
Water Management Regime f o r  the Danube has to be 
eçtablished and implemented. 

I n  order ta provide reliable and undisputed data on the 
most important e f f ec tq .o f  t h e  c u r r e n t  water discharge and 
t h e  remedial rneasures a l r eady  undertaken a s  well a s  to make 
recommendations for approprFate  measures a G r o u p  of 
Monitoring and Water Management Experts f o r  t h e  ~abcikovo 
System of Locks ( W o r k i n g  Greup) waç eçtablished by the 
Republic of Hungary, the Slovak Republic and t h e  Commission 
of t h e  European Communities ( I E C )  . The Termç of Re£ erenceç 
for'the Working Group are enclosed in Appendix A .  

The Working Group 1s cornposed of t h e  following f i ve  
e x p e r t s  : 

I 
I 

CEC : Professor Johann! Schreiner (prirnus inter 
p a r e s ) ,  ~ i r e c t o r ,  N o r d d e u t s c h e  
Naturschutzakademie, Germany. 

Mr. Jan M. van ~ e e s k ,  Director, DHV E n v i r o n m e n t  
and ~nfrastructurei The Netherlands, 

Mr . Jens chriçtian Ref sgaard, Chief 
Hydrologiçt, Danish ~ y d r a u l i c  Institute, 
Denmark. 1 

Ç lovakia : Prof essor, Dr. Igor Mucha, F a c u l t y  sf N a t u r a l  
Science, cornenius University, Bratislava. 

l 
FIungary: Professor, D r .  ~ a b d r  V i d a ,  Head of Department 

of Genetics, Eotvas L. University, Budapest. 

The five experts were ass i s ted  ;by colleagues as listed in 
Appendix B. The Working Group had its first formal meeting 
on September 8-9, 1993 in Bratislava, The secand meeting 
was held in Budapest during the period October 27 - 
Nsvember 2, 1993. Field inspections were carried o u t  on 
Bctober 30 bath in Slovakia and l i n  Hungary. In between the 
two formal meetings comprehensive work on data collection 
and analyses were çarried out by the Slovak and Hungarian 
experts and interaction w i t h  the CEC experts alço took 
place during this period. l 

I 

O e t a  Report 
2 Hoiwber 1993  grk king- croup of  Mon1 torrnp and Water nanagmwnt for Cabc ikovo 



The Working Group has to prepare two r epo r t s .  The present 
report, which is the first one, comprises an assessrnent of 
t h e  impacts of the Gabcikovo project w i t h  regard ta 
discharges, surface water levels and quality, sedimentation 
and eroaion, grcund water levels and quality, .Elara and 
fauna, agriculture, foreç t ry  and electricity production. 
Furthermore, secornmendations f o r  strengthening of t h e  
monitoring çyçtem i n  the area are given. 

The second and f i n a l  repart, scheduled f o r  the beginning of 
December 1993, will comprise recomrnendations f o r  the 
governments f o r  a Temporary Water Management Regime as well 
as for necessary d i s c h a r g e ç ,  water levels and rernedial 
measures to be t a k e n .  

The Working Group has obtained most of the r e l e v a n t  d a t a  
and information sequested Erom t h e  t w o  Governments. The  
report is based on this information. 

1.2 The Gabcikovo P r o j e c t  

The hydraulic structures and their capabllities with regard 
to water management  as per  November 2 2 ,  1 9 9 2  are described 
in ref il/. Since then developments have taken p l a c e  with 
regard to: 

(a) Turbines and s h i p l o c k s  at Gabcikove. 
(b) Variant C structures at Cunovo. 
(c) Structures allowing water f l o w  through t h e  side 

channels on t h e  Slovakian flood plains. This system, 
which started o p e r a t i n g  in A p r i l  1943 enables  2 3 4  
m 3 / s  t o  be diverteel from t h e  power canal to t h e  side 
channels through an inlet structure at Dobrohorst. A t  
present about 4 3  m 3 / s  f low th rough  the syçtem of s i d e  
channels . 

(d) S t r u c t u r e s  allowing water flow through t h e  side 
channels on the Hungarian flood p l a i n s .  This system, 
which started operat ing  i n  August 1993, utilizes some 
of the water corning through t h e  ~ o s o n i  Danube and the 
seepage canal f r o m  S lovakia .  At present about 10 m 3 / s  
flow through the system of s i d e  channels. 

A more d e t a i l e d  description of theçe structures and t h e i r  
water management capabilities will be given in the final 
report of the Working Group devoted to Temporary Water 
Management Regime. 
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2.1 Available Data 
, 

The arnount of dischakge data In the area is comprehensive. 
Daily data £rom the locations Pisted in Table 2.1 have been 
analyçed.  The locations of tde s ta t ions  are shown on the 
index map in F i g .  2 . 1  

Table 2.1 Discharge stakiond in the area 
I 

For nany of the s t a t i o n s ,  espe<ially t h e  ones located at 
the Danube itself, historical tipe serie? exist for several 
decades. In the data analyses qresented below mainly t h e  
data from the pesiod 1991 - 93 have been eonsidered.  
However, a lso the most important  long term trends have been 
analyçed. 

i 
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Fig. 2.1 Index map showing locations of discharge stations. 
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In order ta asçeçç the impacts of rapid  changes of 
operation of t h e  bypass weir $t cunovo and of t h e  turbines 
at Gabcikovo hourly diçcharge values have been analysed for 
a few selected days. 

The diçcharqe at the bypasçlweir at Cunovo is estimated 
from t h e  s a t t i n g  of the gatesi. The sarne procedure cou ld  in 
principle be used also f o r  t h e  inundation weir at Cunovo. 
Hcwever, due to t h e  large width of this weir çmall 
uncertainties i n  water l e v e l  observation would result in 
very large uncertainties on the discharge through the weir. 
Therefore, t he  discharge is hot meaçured, but has to be 
estirnated from e . g ,  measured hiçcharge data at Ra jka. 

2 . 2  Data Analyses - Long Term ~ r e d d s  
l 

A t  Mosoni Danube historical 
m i d  1980's onwards. 

discharge data exist from t h e  

Hiç to r ica l  diçcharge data from i h e  L i t t l e  Danu.be, re f .  /2/, 
show a clear decreasing t r e n d  flrom the mid 1970's to 1992.. 
T h i s  is a r e s u l t  o f  a q e n e r a i  decrease i n  Danube water 
level at Bratislava, cf. S e c t i o n  3.2. 

The long term trend of the 
evaluated  £rom Fig. 2.2, which 

2 . 3  Analyses of 1991-93 Data l 

Danube diçcharge can be 
shows the Danube discharges  

Hydrographç of daily diçchargesl have been p lo t t ed  for ail 
s t a t i o n s ,  ref .  /2,3/, f o r  the beriod after J a n u a r y  1991. 
Furtherrnore,  t h e  rnonthly average v a l u e s  have been 
calculated. 

(and water levels) at Bratislava f o r  t h e  last 40 years. In 
addition to the a c t u a l  data th+ linear regression line is 
shown in the figure. Evidently, there is no signifiçant 
l o n g  term trend i n  t h e  Danube discharge .  

I 

Selected hydrographs for t h e  main river system are  s h o w  in 
Fig. 2.3, while discharges to phe  Little Danube, Mosoni 
Danube, r i g h t  side seepage canal and intake t o  t he  Slovak 
flood plains are shown in Fig. 2 . 4 .  

A summary of 1993 discharge values stations are  given i n  
Table 2 . 2 .  1 
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Fig. 2 . 2  Danube discharges and water levels at Bratislava for 
a 4 0  year period. 
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Dischorge into Moly Danube Discharge inta Mosoni Danube 

' Oisc iorge into nundoi~on - 
river branches 
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Fig. 2 . 4  ~ischarges at fntakea to Little Danube, ~os0ni 
Danube, t h e  Slovak f l o o d  plain and discharge in the 
right side seepage canal 1991-93, 



Tabla 2 . 2  Average- monthly d i S c k g e s  in 1993 
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From F i g .  2.3 and Table 2 . 2  it is evident that t h e  
~ a b c i k e v o  Project has had a very large impact on the  
discharge regime in the Danube between the weir at Cunovo 
and t h e  downstream confluence at Palkovicovo. In this reach 
(the O l d  Danube) the,dischasge has in 1993 been reduced to 
about 20 % aç compared to the pre-dam c o n d i t i o n .  F i g .  2.5 
shows the ratio between t h e  Danube discharge at Rajka and 
Bratislava from January to August 1993, It is noticed that 
the Rajka discharge during this period has varied between 
11% and 5 0 %  of the Bratislava discharge. 

From F i g  2 . 4  it appearç that t h e  discharge to L i t t l e  Danube 
has been increased w i t h  about  ld rn3/s, representing 
approximately a doubling as compared to t h e  pre-dam 
conditions. Similarly, the discharge to Moseni Danube haç 
been signiflcantly increased. Finally it may be n o t e d  that 
w i t h  the water intake from the power c a n a l  at Dobrohost to 
t h e  Slovakian flood plains the water flow through the s i d e  
arms has  been very çignificantly increased as cornpared to 
the.pre-dam conditions, which most: o f t e n  were characterized 
by stagnant water.  

I 1 i I I 1 1 

JAY FEE U R  MAY JUL AUG 

Percentage : R a j k a  / Bratislava 

Fig. 2 . 5  The ratio of the measured discharges at Rajka and 
Bratislava for January to August 1993 
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A n  analysiç of the uncertainty/cdnsistency of the discharge 
meaçurements can be made by considering the following continuity 
cond i t ions :  I 

I 

I 
(a)  Ciischarges ugstrearn the reçervair compared to 

discharges thraugh the structures and compared to 
discharges downstream t h e  confluence. 

l 

where, 

Q.1 = Q ~ r r t i r h v r l ~ c v m  - Q ~ , d c  Danubr 

l 
Q+2 = Q ~ ~ r b r n t r  + Q ~ t u ~ t a ~ r  ' ~ D d r d o n t  ' Q ~ c r p ~ e  ' Q ~ o r d u  ~ a n u b c  i+ Q R ~ ~ [ ~ .  

Qd = Q ~ t d v c d o u  f Q ~ m o a i  r m u b  

Qd = QK-W 

Q, = QKmo (excludinq d i scha rge  of r i v e r  Vah) 
I 
I 

(b) Discharge a long  t h e  O I ~  J a m b e  

Q b l  =< Qb2 =< Qb3 

where, 
' , 

- 
Qb\ - Q ~ ~ p s u  Wcir ( 'Qlnuc~~~m w F ~ )  

Qu = Q ~ , t r l k r  

Because t h e  d i scharge  through d h e  inundation weir is not 
rneasured equa t ion  (b) is striictly only applicable f o r  
periods with no discharge through the inundation weir. In 
other  situations only the Q,, = Q,, is valid. 

! 
Summary reçu l t s  o f  this c o n s i s t e &  check baçed on monthly 
average discharges are given i n  t h e  second h a l f  of Table  
2 . 2 .  From the t a b l e  the following findings appear: 

I 
* I 

The Danube discharge  at Bratislava minus the 
discharge to Little ~ a n u b @  (Q,,) is except for July 
l a rger  than the combined diçcharge at t h e  
Cunovo/Rajka and Gabcikoyo structures (Qd). The 
difference is about 80 m J / s  ( 5 % )  

I * The Danube discharge at ~rktiçlava minus the Little 
Danube (Q,,) is constantly larger than the  discharge 

l 
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at Medvedov plus t h e  discharge at Mosonk Danube (Q,) . 
The difference is about 60 m 3 / s  ( 3 % )  . 

* T h e  Danube discharge a t  Bratislava minus the Little 
Danube Q )  iç except f o r  July less than the 
discharge at K o m a r o m  (Q,) . The difference iç about 70 
m S / s  (5%). 

x The discharge at the Hungarian station Komarom c a n  be 
compared to the Slovakian station I z a ,  which is 
l o c a t e d  a f e w  km downstream w i t h  the river V a h  
joining in between. Considering that the difference 
between the t w o  çtationç, hbout 100 m 3 / s ,  is the same 
order  of magnitude as t h e  average discharge of river 
Vah, the agreement between these two s t a t i o n s  m u s t  be 
characterized as very good. 

* The discharge at Komarno (upstrearn the confluence 
with river Vah) measured by Slovakia and the 
discharge at Komarom measured virtually at t h e  çame 
location by Hungary shows a difference of about 7 0  
m3/ç ( 4 % ) .  Based on 'the above cornparison between 
Komaron and I z a  it appears  that t h e  discharge data at 
Komarom are more r e l i a b l e  t h a n  t h o s e  £rom Komarno. 

* The d i s c h a r g e  at t h e  bypass weir (Q!,) can  be compared 
directly to the discnarge at Ralka ( Q , ~ )  f o r  the 
months  ~ e b r u a r y ,  A p r i l  and June 1993, where t h e  
inundation weir was not used f o r  p a s s i n g  f l o o d s .  In 
these t h r e e  months t h e  dischzrge secorded at the 
bypass weir is about 100 m 3 / s  ( 3 0 % )  larger than the 
discharge at Rajka. 

* The discharge a t  Dunaremete (Qb2)  is, e x ç e p t  in 
January, higher than the d i s ç h a r g e  at Rajka (Q,,} . T h e  
difference is in average abou t  30 m 3 / s  ( 7 % ) .  

The uncertainties, which should be considered i n  f u r t h e r  
assessrnent of these findings are: 

* The following discharges have n o t  been t a k e n  i n t a  
accoun t : 
- Discharge in the left s i d e  seepage canal. This 

is not measured, but can be eçtimated t o  be in 
the order of 5 m 3 / s ,  The main part of this 
water is diverted to irrigation and t h e  
remaining Elows to the side channels in the 
Slovakian flood plain. - Infiltration from reçervoi r  and river s y s t e m t a  
ground water. This is in the order of 1 8  - 35 
m 3 / s  between Bratislava and ~ap/palkovicovo, 
downstream of where some of it returns as 
basef low. 
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1 

These twa los. terms hbve to be subtracted fram Q, 
when comparing with Q .  Hence, the diçcrepancl 
reduces to approximateliy 50 m 3 / s  ( 3 % )  . 

I 
P There are the ordinar? uncertainties in rneasurinc 

discharge in rivers, m a i n l y  due to uncertainties and 
instabilities of rating;curves. 

* The discharge thraugh the  bypass wair at Cunovo can 
be cons idesed  especia/ly uncertain because the 
calibration curve relating the upstream water level 
and the gate settingç i t o  the discharge has laeen 
calculated from the desjgned spillway, which had to 
be changea j u ç t  a f t e r  ,start cf ope ra t i on  due to 
serious e r o ç i o n  problems. 

I 

* The uncertainty on t $ e  discharges through the 
turbines are considered i r e l a f i v e l y  srnall. 

I 

On this b a s i s  t h e  iallowing c4nclusions can be drawn w i t h  
regard t o  accuracies i n  t h e  di ;scharge measurements:  

(1) The d i scharges  estimatel at the bypass weir are too 
h i g h .  50-100 m 3 / s  lok-er values appear  more 
reasonable. I 

1 
I 

( 2 )  The accu racy ,  with whichl such water balances as 
Q,, = Qa = .Qh = Bd = Qd can be derived appear to be in 
the ordes of ' J .  2-5 % an/ a monthly basis, 

l 

l 

The  nurnber and location of dis&harge measurement s t a t i o n s  
are adequate. i 

I 

For obtaining firm concluiions on t h e  discharge 
uncertainties the Eollowing checks are required to be 
carried o u t  by j o i n t  ~un~arian-'Ç lovakian teams : 

I * Check on discharge c a l  ibkation curve at the bypass 
weir at Cunovo, I 

* Check on discharge calibrdtion curve at the turbines 
at Gabcikovo. 

1 

* Check of discharge r a tdng  curves a t  Rajka and 
Dunaremete. I I 
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Tabfe 3.1 Water level stations in the area 
I 

Mmurl. 2 x  pcr &y Il 

II 
- - - 

F i 4  p h  b m c b .  Bujm ~ u t k u i l c  rccordcr 
1 II 

Dmuk. Grbckovo 
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II Fi& p h i n  brvich. D&mr)az 1 Au-iic raordcr (1 
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I I 

LinAc Dwubc, Vlric W [ o  Sic 1 Ji55 
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Fig. 3.1 Index map showing locations of water level stations. 
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3.3 analyses of 1991-93 ~ i t a  i 
Water level hydrographs have been plottad f o r  al1 s t a t i o n s ,  
ref / 2 , 3 / ,  for the periad a f t e r  J a n u a r y  1991 .  

l 
selected hydragraphs 'for the bain river s y s t ~ m  are shown in 
~ i g .  3,2, while water levels in the Little Danube and 
Mcsoni Danube are shown in FSg. 3.3. 

I 

Fram Fig. 3.2 it is evident t h a t  the  Gahcikovo Project has 
had a very large impact on the water l e v e l  regime i n  t h e  
Danube between Bratislava and/ the downstream confluence at 
Palkovicovo. At Bratislava t h e  1993 water levels during low 
flow periods have iiicreaçed by 1-2 rn as çompared to pre-dam 
conditions, i . e .  the same order of magni tude  a s  the l o n g  
term decreaçe d u r i n g  the pas? 4 9  years: 

From F i g .  3 . 2  it furthermbre gppea r s  that the water levels 
in the Old Danube at Ra jka andl Dunaremete in 1993 have been 
reduced by 2-4  m to a l eve l l  2 rn below t h e  lowés t  ever 
recorded values. I n  addition4 t h e  characteristic natural 
dynamics  of the water level fluctuations have been changed 
(reduced) siqnificanf ly 50 t h j t  the water  level is now more 
or less constant f o r  s eve ra l  weekç. 

l 
From F i g  3 . 3  it appears t h a l  the 1993 water levels in 
L i t t l e  Danube have been inc reased  with 1-2 m as compared to 
pre-dam c o n d i t i o n s .  F o r  t h e  I ~ o s o n i  Danube at Mecser na 
s i g n i f i c a n t  water level c h a n g ~ s  have occurred. 

I 

During t h e  first three months lof o p e r a t i o n  of the weirs at 
Cunovo unnaturally l a r g e  and r a p i d  water l e v e l  fluctuations 
were generated in O l d  Danubel. Since then t h e  discharge 
t h r o u g h  t h e  weirs at Cunovo haye basically been held almost  
c o n s t a n t  except during flyod operations where the 
inundation weir has been used 

- i 
Hourly v a r i a t i o n s  in discharges t h r o u g h  the turbines at 
Gabcikovo are çhown f o r  éhree se l ec ted  days in Fig. 11.2, 
from where àt appear that t h e  discharge variations from 
hour to hous typically is i n  t h e  a r d e r  of 1 0 0  - 300 m 3 / s .  
Such discharge v a r i a t i o n  w i l l i  generate dawnçtream water 
l e v e l  fluctuations up ts 1 m. Larqer water level 
f luctuationç were generated on 1 three occaç ions, 18 -19 June 
1993, 26-27 September 1993 October 1993, with the 
purpose of a s s i s t i n g  large t h rough  shallciw watar  
around Nagymaros. 
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Fig. 3 . 2  Water levels at Bratislava, Rajka,  Dunaremete and 
Komarno 1991-93. 
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3 . 4  Adequacy af t h e  present Monitoring System 

In general, the present  monitoring of surface wates levels 
,? appears adequate. However, at: present the water levels in 
the s i d e  channels o f % t h e  flood plains are no t  monitored on 

. a .  routine basis on either ç ide  of the r i v e r .  

Furthermore, in areaç where rapid water level fluctuations 
:within a day cccur it is recommended to substitute the 
manual observation prac t i ce  with an automatic recorder. 
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1. SURFACE WXTER QUALPTY 

The amount of surface water quality data  in the area is 
comprehençive. The station network is shown in F i g .  4 . 1 ,  
while the analysed parameters are l i ç t e d  in Table 4 . 1 .  In 
addition to this routine programme some special 
measurements of organic pollutantç have been made. The 
routine programme ha5 been carried out in Slovakia for 10- 
30 years ( d ~ p e n d i n g  on parameter) and in Hungary f o r  10-30 
years (depending on parameter). 

In a d d i t i o n  to t h e  abave network a pragram of surface water 
quality monitoring in the reservoir has been initiated in 
1993. T h i s  monitoring comprises the key parameters for 
asseççment of eutrophication conditions. 

Table 4 . 1  Surface water quality parameters presented by the 
Bungarian and slovakiai Data Reports (ref /2,3/). 
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fig. 4 . 1  Natwork for surface water quality observations. 
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4 . 2  Data Analyses f o r  Long Term Trends 

Al1 the tirne series of t h e  Çlovakian data are plotted in 
ref / 2 / .  The Hungarkan Data Report /3/ provided data from 
on ly  one s t a t i o n ,  

The Danube water quality can according to Hungarian 
classification be categorized as 1st claçs regarding t h e  
m a j o r i t y  of t h e  components,  as 2nd class regarding Ph, 
orthophosphate,  nitrate, BOD and 3rd c lass  with regard to 
bacteria and çome heavily degradable substances such as 
e , g .  hydrccarbons. 

Due to h i g h  oxygen c o n t e n t ,  low organic carbon contents and 
the very small quantities of fine grained sed imen t s  the 
surface water quality is generally well suited f o r  river 
bank i n f i l t r a t i o n ,  which is the major source of water 
supply along t h e  Danube hetween Bratislava and Budapes t .  

The  water quality of t h e  s i d e  branches differç fsom that of 
t h e . r n a i n  Danube c h a n n e l  due ta t h e  much lower velocities 
and per iods  and places w i t h  Stagnant water. In dr ie r  years 
a n e g a t i v e  t r e n d  has been observed w i t h  h i g h  pH, high 
c r g a n i ç  n a t t e r  and low oxygen c o n t e n t s .  

The major sources of wates pollution on the Slovak s e c t i o n  
of the Danube are river Morava and ~ r a t i ç l a v a .  

4 . 3  Analyses o f  1991-93 Data 

With exception of November - Deceabes 1992, when sudden 
changes of r e g i n e  and a high flood event occurred, no 
çignif icznt changes in s u r f a c e  water quality parzmeters as 
compared to pre-dam conditions can be detected after 
daming  t h e  Danube. (See  also Section 8 . 3 ) .  

4 . 4  Adequacy af t h e  p r e s e n t  Monitoring system 

The present monitoring system appears adequate as far as 
the Danube and the reservoir is concerned. However, there 
is a need for monitoring af surface wate r  quality i n  the 
s i d e  channelç in the flood p l a i n s .  

Data  Repprt 
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S. SEDIMENT TFLANSPORT AND SEDIMENTATION/EROSXON 

5.1 Available Data 

The data available on çediment transport and erosior 
aspects are limited. 

In Slovakia ,  a cornprehensive monitaring and analysez 
programme was çarried o u t  in the 1950's and 1960ts, but 
limited field data have been collected s i n c e  then. During 
the p e r i o d  September 1992 to 'August  1993 a s e d i m e n t  
transport field monitoring programme waç conducted in 
connection with t h e  "Danuhian Lowland - Ground Water Model" 
P M E  project. This programme compsised amongst o t h e r  
regular measurements of suspended t r a n s p o r t  at Bratislava 
and Medvedov as well as analysis of bed material at 
d i f f e r e n t  locations in the r e s e r v o i r .  

In Hungary r i v e r  cross sections zre regularly surveyed for 
t h e  main Danube. Such measurements have also been made i n  
1993 f o r  c o n p a r i s o n  with pse-dam c o n d i t i o n s  (September 
1992). However, t h e s e  data are p r e ç e n t l y  only p a r t l y  
processed. Furthermore, Hungary usually carry out suspended 
s e d i m e n t  sampling i n  three sections (Ra jka ,  Dunarernete, 
Medve) each y e a r  simultaneously w i t h  the discharge 
measurements. Occasionally, bed load measurements a r e  
carried out i n  the same sections. In 1992 t.t-11~ waç done 
once, while,in 1988-69 t h e r e  were 13 measurements i n  this 
river stretch. Bed material  sarnpl ing  was done appsoximately 
f o r  every 1-1.5 km of t h e  river ( ev idence  sections). 

5 . 2  nata Analyses f o r  Long Term Trends 

The main channel h a s  been significantly lowered due to 
erosion caused by a combinatien of severa l  man made 
f a c t o r s  : 

- dam construction in  ust tria in t h e  last decades 

reçulting i n  a çed imen t  (in particular bed Poad) 
def icit; 

- excavation of grave l ;  

- bed erosion due to the very high velocities in t h e  

straightened and narrowed navigation channel; and 

- prevent i on  of bank ercsion due to fortif ieation of 
river banks. 





of depos i ted  material  could be çeen in the m i d d l e  of the 
river bed. 

In F i q .  5.1 suspended sediment concentrations taken in 1993 
are compared to pre-dam data. A t  t h e  two s t a t i o n s  in t h e  
Old Danube, Rajka and Dunaremete, virtually the same 
sediment concen t ra t ion  levels have been Eaund after the 
damming as compared to the pre-dam conditions. However, as 
the discharges have been very much redueed a significant 
change in the relationçhip between diçcharge and sediment 
concentration is noticea. Finally, It appears that t h e  
impacts for the s t a t i o n  downstream the conf luence ,  Medve, 
may n o t  be significant on the p r e s e n t  (small) data bas i ç .  

5 . 4  Adequacy of the present ~onitoring System 

There iç a need for establishment a permanent sediment 
transport measurement programme comprising bath bed load 
and suspended load measurements at the foliowing locations: 
+ Upstream the reçervoir.  
* Tn the reservair. 
* In t h e  Old Danube. 
* In t h e  s i d e  channels of the Hungarian a n d ' ~ l o v a k i a n  

flood p l a i n s .  
x Downstrearn the confluence at Sap/Palkovicovo. 

Furthermore, there is a need for establishment of permanent  
programmes f o r  monitoring river bed and reservoir 
tapography. 
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Pig .  5.1 
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6 GROüND WATER LEYEL 

6.1 Available Data 

The amount of ground water level data in the area 1s 
comprehensive. The network of observation stations is shown 
in F i g .  6.1. On the Slovak s i d e  monitoring is carried out 
on a weekly basis for about 300 stations and by use of 
automatic recorders  f o r  more than 100 s t a t i o n s .  On t h e  
Hungarian ç ide  the monitoring iç carried o u t  most ly  by use 
of automatic recorders. For many of t h e  observation wells 
h i s t o r i c a l  tirne çerieç exist fo r  çeveral decades. 

6 . 2  Data Analyses f o r  Long Term Trends 

The ground water  regime is to a l a rge  extent determined by 
t h e  perrneabi l i ty  of t h e  r i v e r  channels and t h e  variations 
i n  river water t a b l e .  In t h e  reach between Bratislava a n d  
Komarno an estirnated 1 0  - 2 0  m 3 / s  infiltrates ta g r a v e l  
aquifers on the S l o v a k i a n  ç i d e  and 8 - 15 m ' j s  between '  
Rajka and Medve on'the Hungarian side. T h i s  çonstitutes one 
of t h e  largest ground water resources i n  C e n t r a l  Europe, 
Due to t h e  v e r y  large permeabilities in t h e  g r a v e l  aquif er 
the ground water flow rates are very high (1 - 3 m/day). 

The depth of the ground water t a b l e ,  shown in ref / 1,2,3/, 
ranged in the pre-dan condition fsom more than 5 meters 
close to Bratislava to a r o u n d  1 n at Medve. The t r e n d  over  
the past 3 0  yearç  is illustrated i n  F i g .  6.2 showing river 
water l e v e l  at Bratislava toqether with ground w a t e r  levels 
fsom £ ive  wells lccated with d i s t a n c e s  f r o m  0.8 km to 12 km 
on a trançect perpendicular to t h e  Danube o n  the Çlovak ian  
side. 

A s  i n d i c a t e d  i n  Fig 6 . 2  and documented in ref /l, 2 /  the 
ground water levels have decseased r a n g i n g  from about 2 
meters around Bratislava to about zero at Komarno. This 
decrease is due to e r o s i o n  of the r i v e r  bed. 

A very important feature of t h e  ground water  regirne iç t h e  
large ground water level fluctuations generated by t h e  
dynamicç of the r i v e r  water t a b l e .  This is illustrated in 
F i g .  6.2, where the  fluctuations in t h e  wells located close 
to t h e  Danube are  largely determined by the fluctuations in 
t h e  r i v e r  water levels, while ground water level 
fluctuations f u s t h e r  away from the r i v e r  mainly depend on 
the annual v a r i a t i o n  in recharge fsom rain and snow. 
Because Szigetkaz is narrower than Zitny Ostrov t h e  ground 
water fluctuations over the entire Szigetkoz is dominated 
by t h e  Danube. 
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Fig. 6.1 Index map shewing netvork oh ground vater observation 
wells. 

%. 
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F i g .  6 . 2  Danube water levels at Bratislava and ground water 
levels from f o u r  seleeted wells Iocated with 
d l f f e r e n t  distances from the river. 
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6.3 Analyses of 1991-93 Data 

Ground water l e v e l  hydrographs have been plotted f o r  al 
s t a t i o n s ,  ref /2,3/, f o r  t h e  period after January  1991. Du, 
to the large and rapid ground water level fluctuation: 
generated by the Danube it is, not possible to accuratel; 
assess the impacts of t h e  Gabçikovo projects by direc; 
cornparison of abserved ground water levels for s h o r t  
pesiods before and af te r  t h e  d a m i n .  Therefore, both th€ 
Hungarian and the Slovakiag experts have developet 
regression models f o r  computa~ionç of ground water l e v e l ~  
corresponding to the pre-dam condition. 

S e l e c t e d  hydrographs a r e  shown i n  Figs. 6.3 and 6 . 4 .  F i 5  
6 . 3  shows the ground water ilevelç at three wells in 
Hungary. The three wells are located at 50 m, 409 m a n d  
4000 m distance from the Danube, see map. At the two wells 
located closer to t h e  Danube (Rajka and L i p o t )  t h e  grounà 
water levels wese in the beginning of 1993 reduced by 1.5 - 

2 . 0  rn co r r e spond ing  to the decrease in the Danube w a t e r  
level. After May 1993 t h e  reduction at Lipot  decreased  to 
a b o u t  1.0 m. At Darnozselli the reduction is initially 
about O. 4 rn and after May gradually changes to about 0.2 m. 
The timing of this. reduced impact coincides with inundation 
of the ç i d e  channels in the Slovak flood plains. However, 
the -exact  reason f o r  t h i s  reduced impact ( i . e .  increased 
ground water levels) a f t e r  :July 1 9 9 3  b a s  n o t  been 
documented. In a11 csses  'the qround water level 
fluctuations have been reduced~signifiçantly. 

Fig. 6.4 shows similarly t h e  ground water levels at t h r e e  
wells in Slovakia. The good agreement between observed and 
computed ,values i n  t h e  pre-dani conditions is noted.  The 
effect of t h e  damming is clear l ly  seen in a l 1  three w e l l s .  
At well 694, located close to the reçervoir, the ground 
water level has increased by 2-31 m. A t  t h e  other two wells, 
located 10-15 km away from t h e  reservoir in the flood p l a i n  
area and j u s t  b e h i n d  the i n t a k e  c a n a l ,  respectively, t h e  
ground water  l e v e l  i n i t i a l l y  decreased significantly. 
However, a f t e r  discharging water into the çide channels in 
the S l o v a k i a n  flood p l a i n  from May 1993 onwards the ground 
water leve 1s have increased above t h a s e  corresponding to 
pre-dan c o n d i t i o n s .  This demonstrates that a c e n s i d e r a b l e  
recharge now takes place from the side channels. This has 
become possible because the r u n n i n g  water has removed the 
fine material, previously clogging the bed of these  river 
arms. In a l 1  cases the f l ~ c t ~ a t i o n ç  have been reduced 
significantly. , 
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LOCATION OF W E L U  

Jieasured and modelled values - NELL L9440 

Measured a n d  r n o d e ! l e d  v a l u e s  - W E t L  F 

Yeasured  and modelled values - WEU. Dg 

E i g .  6 . 3  Measured and computed ground water levels from three 
wells in Eungary 1991-33. The computed levels 
correspond to p r e - d m  c o n d i t i o n s .  
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F i g .  6 . 4  Measured and computed ground water levels from three 
Wells in slovakia 1991-93. The computed levels 
correspond to pre-dam conditions. 
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For the slovakian area the ground water leveis measured O 

March 31 1993 a r e  shown in Fig. 6 . 5  together wit 
calculation of the changes at that t i n e  of ground wate 
levels due to the Gabcikovo Project. Similariy, condition 
on June 30, 1993 are  shawn in F i g .  6.6. Hungary w a s  no 
able to produce sirnilar 'maps. Instead a rnap previousl: 
presented,  ref / 4 / ,  showing an estimate of the ground wate: 
level changes as per February 8 ,  1993, is given in Fig. 
6.7. 

By cornpariçan of Fig. 6.5 and 6.6, which represent  
conditions before and after puttinq water to the s i d ~  
channels on the Slovak4an flood plain, it is evident that 
a good hydraulic connection between the side channels ani 
t h e  ground water system has been esfablished. Thus, a 
s u b s t a n t i a l  ground water recharge takeç place £rom the & i d e  
channels resulting in up to 1.5 m increased ground water 
levels . 

From t h e  most recent  rnap in Fig. 6.6 it is n o t i c e d  that the 
ground water levels on  a l 1  the Slovakian t e r r i t o r y  have 
increased o r  have n o t  been affected. The  increases have 
rnain ly  occusred in the upstream area close to the 
reservoir, i . e .  in the area  which have been most negatively 
a f f ec t ed  by t h e  long term t r e n d  of decreas ing  ground wates  
levels. 

As a sirnilar conprehensive a n a l y s i s  has no t  been nzde for 
t h e  Hungar ian data, the conclusions w i t h  regard to impacts  
on ground water l e v e l s  in Hungary are less certain. 
However, by c o n s i d e r i n g  Fig. 6 . 4  and 6.7 it appeass  that 
the qround Water levels have also increased close to t h e  
reservoir (Rajka - Dunakiliti reqion). In the middle of 
Szigetkoz between Dunakiliti and Asvanyraro the ground 
waeer l e v e l s  have decreased i n  areaç c lose  to the Danube. 

6 . 4  Adequacy of t h e  p r e s e n t  Monitoring System 

The present monitoring of ground water levels is adequate. 
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Fig. 6 . 5  Ground water levels me4sured on March 3, 1993 
together with ealeulated changes as ccmpared ta pre- 
dam conditions f o r  Slovak4a. 
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Crcuad ua:er lcvrl e c h ~ u r c d  en June 10, 1P93. 

I n c r c a s c  or grouna varer l evc l  ifrer 8 aonrhs 
s inec  dauiing the  Dieubc (Juno 3 0 ,  1993). 

F i g .  6 . 6  Ground water levels measured on June 30, 199Z 
together w i t h  caLcalated changes as compared to pre- 
dam conditions for ~lovakia. 
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F i g .  6 . 7  Eatimated changer in ground x4t.r Ievelr on lebruary 
8 ,  1993 as compared t o  pre-dam conditions for 
Slovakia .  I 

I 
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7 . 1  Available Data 

The amount of ground water quality data  in the area is 
comprehensive. The network of observation s t a t i o n s  a r e  
çhown in F i g .  7.1. 

I n  Slovakia  a systematic monitoring h a s  been çarried out 
s i n c e  1983 on a bimonthly b a ç i s .  A f t e r  the damming of t h e  
Danube an extended monitoring programme with Eortnightly 
sampling has been made i n  a number of welLs located close 
t o  the Danube. Under the o r d i n a r y  manitaring programme the 
following parameters are a n à l y s e d :  TDÇi,,, O,, BOD5, COD,,, 
Fe, Mn, NO;, C l - a n d  PO:.. Under the extended monitoring 
a n a l y s e s  are made for more t h a n  100 parameters including 
heavy metals and orqanic miçropollutants. T h e  Çlovakian 
Data Report ( re f  / 2 / )  shows plots of a l 1  d a t a  from t h e  
o r d i n a r y  monitoring progranune p l u s  a sumiiary of d a t a  from 
a single well under t h e  extended monitoring programme. 

In Hungary a large amoun t  o f  data is b e i n g  collected on a 
f ortnightly basis. 2 3  parmeters a r e  meaçured. T h e  
Hungarian Data Report (ref / 3 / )  shows no ground water 
quality d a t a .  

7.2 Data Analyses f o r  Lang Term Trends 

The grourid water quality in the area  dominated by the 
infiltration from t h e  Danube is generally in a good s t a t e .  
Thus, t h e  quality of the ground wzter abstracted from the 
water  works located close to the Danube is generally 
excellent. 

For  the areas farther away from t h e  r i v e r ,  where the ground 
water recharge p a r t l y  o r i g i n a t e  from infiltration in 
agricultusal and industrial areas ,  there are  some problerns 
with ground water  p o l l u t i o n  from point sources (e-g. from 
Slovna f  t o i l  ref inery s t a r t i n g  i n  t h e  19601s, landfills and 
dumping sites) and from agrochemicals. 

The data from the Slovakian ordinary monitoring programme 
reveal w i t h  a few exceptions no long t e r m  t r ends .  In a 
couple of vells the NO; concentrations show an i n c r e a s i n g  
trend and in t h e  Rusovce area, where examples of an 
increasing t r end  for and a decreasing trend for the 
Mn concentration can be found. 
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Fig. 7 . 1  Index raap showing network of ground water ~ a l i t y  
observation wells. I 
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7 . 3  Analyses of 1991-93 Data 

In general no ground water quality changes can be 
identified after the damming of the Danube. One exception 
is the Rusovce area where decreases in TDS,, and NO,- can be 
f cund. These changes can , be explained by a changed f low 
pa t t e rn  in t h i ç  area, which now receives its water from 
infiltration in the reservoir, while it in the pre-dam 
conditions was flawing from the i n l a n d  towards the river. 

The extended monitoring programme of ground water quality 
in S l o v a k i a  shows occurrence of organic r n i c z o p o l l u t a n t ç  in 
some of t h e  observation wells but not in any of the 
production wellç used f o r  a b s t r a c t i o n  of drinking water . 
There is no t r e n d  over tirne in these concentrations, whjch 
o r i g i n a t e  from o ld  pollution of t h e  graund water system. 

~ccording to the Hungar ian  Data Report (ref 3 no 
significant changes have been d e t e c t e d  i n  t h e  greund water 
quality. 

7 . 4  Aüequacy of the p r e s e n t  Monitoring System 

The present monitoring of ground water quality appears  
adequate .  However, because of the relatively slow ground 
water transport procesç, it ç h o u l d  be emphasized that the 
i n t e n s i v e  monitoring must continue f o r  the çorning years ,  
especially w i t h  regard to areas  close to the Danube where  
t h e  infiltration c o n d i t i o n s  have been changed. Thus it 
cannot be guaranteed t h a  t a p e r m a n e n t  situation, whe 'cher 
changed or  unchanged as compased to pre-dam'conditions, is 
ob ta ined  211 over t h e  a rea  t h e  f i r s t  f e w  years. 
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8. FLQRA AEID FAUNA l 
Biological f i e l d  research has been done for several decades 
i n  t h e  i n f l u e n c e d  area. There yxist general overviews about 
the occu rence  of 1.000 p u n t  species on t h e  Slovakian and 
820 p l a n t  specieç an t h e  ~unga(ian territory. Approximately 
2 . 8 0 0  animal species a r e  qetected on t h e  Hungarian 
territory. It can be expected, eha t  t h e  çame amount of 
species a r e  found by Slovakian investigations. 

8.1 Available Data 

It is considered that t h e s e  nujbera are  signif i c a n t l y  lower 
than t h e  real numbers, because no t  al1 the taxa of f a u n a  
and flora were investigated 
without enormous efforts). 

Hungary and Slovakia present in t h e i r  data r e p o r t s  an 
overview + o f  t h e  zoobenthos  anb zi ioplankton i n  the main 
channel and in t h e  arm system w+th species lists. There is 
an estimation on species  numberL biomass and the saprobity 
(a  biologically based water quaSity s c a l e  ranging from 1 to 
4 with I sepresenting t h e  beçt ?ondition) in t h e  Slovakian 
data repart. The Hungarian report deals with t h e  abundance 
of the different species i n  a 20-l-sample. 

(and c o u l à  be i n v e s t i g a t e d  

There exist i n v e s t i g a t i , o n s  !on the accurence of the 
different t a x a  with quite d i f f e r e n t  methods. B i o r n o n i t o s i n g  
stations a r e  shown in F i g .  8.1 and described in T a b l e  8.1 
and Table 8 . 2  fbr the Hungarrian and Slovakian areaç, 

From t h e  fish species both thk Slovakian and Hungar ian  
reports list 6 5  as t h e  p r e s e n t  nymber. The Slovakian report 
contains an estimation of t h e  ichtyomass in different 
habitats. 

r e s p e c t i v e l y .  

Concerning higher ( v a s c u l a r )  

There are less data about t h e  ierrestrial f auna .  S p e c i e s  
lists exist in Slovakian report1 from Collembola,   cari na, 
Araneae, Chilopoda, Larqbkdae, Staphylinidae, 
Curculionidae, Rhopalocera, amphibians, r e p t i l e s ,  bats and 
marnmals  . 

plants t h e  Slovakian Data 

Data Report 
2 N w h r  1WJ 

Report (ref  /2/) provides a p~ytocoenological map of the 
fareçts from 1960. The Hungar,ian Data Report' (ref / 3 / )  
shows species l içts of single investigation plots. 
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Table 8.1 Flora and fauna groups reeorded in Hungarian 
bi~monitoring stations 11989-1992 
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Xungary can provide data /about  the fallowing taxa: 
Mollusca, Rotatoria, Crustacea, Odonata, Heteroptera, 
Neuropteroidea, Coleoptera (61 families), Trichoptera, 
~ e p i d o p t e r a ,  Acarina ( ~ r i b a t i ' d a ) ,  Pisces, Arnphibia, Aveç, 
Mammalia ( smal l  m a m a l s ) .  

It can be estimated that foreçkry and agriculture together l w i t h  regulation meaçures i n  t h e  Danube and construction of 
dikes have caused changes i n  flora and fauna in former 
times b u t  the data base does n p t  allow to a n a l y z e  the l o n g  
term t r e n d s  f o r  most cf t h e  t a y a .  On the o the r  hand in çome 
cases it provides a good basis f o r  analyzing t h e  trend In 
t h e  paç t  ( e . g .  the phytocaenallogical map of 1960) and for 
monitoring t h e  developrnent  in the future ( e . g .  
investigation plots f o r  highfr p l a n t s  on the H u n q a r i a n  
t e r r i t o r y  if theçe  are f i x e d  in the field). 

Long t e r m  analysis w i t h  a goodl data base can be done  with 
f i s h  species. From 56 native fish species 4 are now 
extinct, 1 3  s p e c i e s  were i n t r o h u c e d  by man. 

8.3 Analyse's of 1991-1993 Data l 
On t h e  o n e  hand the d a t a  base and  on t h e  o ther  hand the 
long  response  tirne of n a t u r a l  systems only allow to 
quàntify t h e  influence of var iaAt  C structures on f l o r a  and 
f a u n a  o n  s i n g l e  aspects: 

* Far c o n s t r u c t i o n  af . t h e  ~ a b c i k o v o  scherne 3,180 ha a u t  
the 10.356 ha of ~lovaki4n floodplain forests w e r e  
seized. o n  the Hungariap t e r r i t o r y  t h e  loss of 
alluvial f o r e s t s  is estimated ta 1.200 ha. 

* l 
Derived from inveç t iga t l i ons  of zoobenthos and 
zooplankton çaprobity in The main channel varied in 
1900-1992 between 2.5-3.0 i n  1942 between 2.6-3.3. i 

t An incraase of t h e  relativ+ly number of eço loq i ca l l y  
plastic, eurytopic species, i n t r o d u c e d  s p e c i e s  and 
expansive species af fish ils obsarvad. The relatively 
nunber of already threatened species, mostly 
stenatopic çpecies decreasLd. 

I 

Biomass data from nonver tebrates  /wera in genera l  not taken 
as Sasis for analyzing short te:rm changes because these 
values normally do not allow a e$ear divers ion of effects 
of the Variant C s t r u c t u r e  and parameters like temperature, 

I 
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amount of light or amount of rainfall. 

8 . 4  Aaequacy of t h e  Present Monitoring G y s t e m  

A t  present a huge amount of data are  collected. There  is 
need f o r  application of more quantitative anr 
semiquantitative methods that deal with (under monitorinc 
aspects)  good indicator t a x a  in su i tab le  sites. The presen: 
monitoring system should be strengthened at l e a s t  with the 
following investigations: 

Geobotanical monitoring p l o t s  i n  d i f f e r e n t  h a b i t a t s  
where changes in the environmental conditions coulG 
b e  expected .  For describing the abundance the BRAUN - 
BLANQUET-method çhauld be used. 
Ma ping  of  the bird. species in a grid syçtem w i t h  1- 
kmP - plots covering the  vhole area  potentially 
i n f l u e n c e d  by t h e  Variant C. 
Quantitative investigations on f i s h  populations in 
select~d reaches of the reservoir and t h e  old Danube 
and i n  selected side branches/oxbow l a k e s  by 
eleçtrical fishing 
Quantitative investigations on Carabide-beetles with 
BARBER-traps i n  d i f f e r e n t  habitats undis turbed by 
forestry , n d  agriculture ( e .  9. f orests and sand 
banks) 
Quantitative investigations on grasshoppers in 
gra s s land  monitoring p10,ts mowed 1 or 2,tirnes a year 
( y e a r l y  a t  t h e  same t ime)  
Quantitative investigations on living and dead 
mussels and w a t e r  snails i n  selected m o n i t o r i n g  plots 
in the seservoir, t h e  Danube and oxbow lakesjside 
branches. 
Qualitative, and if possible also quantitative, 
monitoring of t h e  rotary and crustacean plankton in 
major water bodies including the seservoir, t h e  
intake canal and t h e  03d Danube. 

The monitoring p l o t s  should be mapped in detail (1:lOQ - 
1: 1 . 0 0 0 )  . I n v e s t i g a t i o n  plots 1OxlOm or 25x25rn should be 
durable marked in the field ço that t h e  çusvey  c a n  be 
repeated  on t b e  exactly same place .  

Data Arport 
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9 . 4  kdeqacy  of the present Monitoring System 

The present monitoring syçtern is adeguate as far a 
irrigation requirements are concerned, 

Data Repar t  
2 Mov&r 1Y93 



10.1 Available Data 

For the Slovak territory '(ref / 2 / )  there ex i s t s  a map of 
groups of f o r e s t  types (accordhg to Z l a t n i k )  from 1960 i n  
the çcale 1:50,000 derived frcm maps in the  scale 1:10,000. 
This represents t h e  s t a t e  byfore starting construction 
works. The distribution of qrpups of forest types  ( i n  %) 
before and after eonçtructian of the Çabcikovo dam is 
shown. The sumarizad mean annual i nc remen t  of thicknes, 
tree h e i g h t ,  mean losseç of leaveç and l e a f  area i n d e x  from 
2 4  monitoring areas are shown f o r  1991 and 1992. 

The Hungarian Data Report  (fef 3 shows r e s u l t s  of 
rneasurements of perirneter growFh of 117 trunks al1 located 
in the Dunasziget area. Additional data fram the Dunakiliti 
area could be provided. 

10.2 Data Analyses f o r  . l ong  T e r m  ~ r ' e n d s  

Fores t  types change under n a t u ! r a l  condi t  i o n s  according to 
changes of t h e  s i t e  parameters. In economically used 
(sommercial) forests t t e s e  1 changes are modif ied by 
selection of planted tree species. The first so-called 
profit forms of poplars were p l b n t e d  at the end of the 19th 
c e n t u r y .  However these measures rnight represent t h e  s i t e  
c o n d i t i o n s ,  

10.3 Analyses of t h e  1991-1993 Data i 
Changes i n  distribution of grobps of forest types  and its 
tree specieç composition befof-e (1976) and aftes ( 1 9 9 3 )  
c o n s t r u c t i o n  of the Gabcikcvo dam are shown in Table 10.1 
and in Fig. 10.1. for t h e  Slovakian a rea .  S i m i l a r  figures 
far t h e  Hungarian forest  a reas  are çhawn in T a b l e  10.2. 

In a short tirne view changes in Jcornposition of tree sgecies 
eaused by changes in site canditicns cannot be obçerved. 
Other indices must be used for  monitoring short term 
changes. 
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Table 10.1 changes in distribution of forest  types in Slovakia  
an4 its tree composition befora ( 19761  and after 
(1993) construction of the Eabeikovo dam. 

Cornet0 - Quercetum 185 ha 30 ha 155 ha oaks, lirnetree, oak, limetree, 
( COQ 1 1 1.8% / O,(% / 1 q n e i ,  (eim) I ma,ple, ccrnel 

Ulmeto - Fraxinetum 4,000 ha 2,850 ha 1,150 ha domeçtic poplarç, 
wpulrirn I ~ ~ i p  J IIoii I P ~ *  1 /aspan, 

- - d - - - - - - , - - - , , , , - , , , d , 1 - - - . - - - - . . - - - , , - - - , , , - - - - - - , - 1 ~ - - - - - - - . .  
Querceto - Fraxinetum I oak, ash, c u e ~ a r  pclplarç 

(QI=) 1,482 ha 1.386 ha i 1,150 ha domestic poplars, 
14,376 19.3% 

' as pan, 

- - - -____4 -_ - - I -_ - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - -4 - - - - - - - - - -d -  
total area of 5,482 ha 4,236 ha 96 ha 

transitional noodplain 52,9% 59,0% 
forests 

willowç, alder, willows, alder, 
Saliceto - Alnetum 1,300 ha 1,077 ha 232 ha domestic poplars, damestic poplar: 

( SAC 1 2.7% 15,0% cuRivar poprars, 
sofi ilGdplain farests 

1 TOTAL 
I 1 40,356 ha 1 7,176 ha 3,180 ha 1 . 1 l 

Theref ore,  in t h e  Slovakian  Data Report the leaf àrea index 
is used as important production-ecologiçal characterisklc 
and t h e  loss cf leaves in the middle of ~ u g u s t  are used. 
They show a signifiçant increase a£ the  leaf area index 
from 1991 to 1993 near t h e  reservoir (Rusovce) and a : 

decrease of the mean losç of l eaves  in august in t h e  same 
area. There are no comparable data from t h e  area between 
the reservoir and Sap/Palkovicovo and from outçide t h e  
influenced area (to exelude clirnatiçaf effects). 

Data Report 
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Dislt ib~,,~,  O# g m ~ p s  0 1  lorests Iypes in ha Peinte (1978) alid afioi i1093) consliuclioo ol Ihe 
GabEikiivo dam 

F i g .  10.1 Distribution o f  forest grloups in Slavakia  before 
(19761 and af ter  (1993 } constructi~n of the Gabeikovo 
dam. 

Table 10.2 Changes in Distribution 4f Hain Forest Habitats 
(according to the Zurich-~ontpellier-System) in 
Szigetkoz between 1960 and 11990. 

i r e  na due io Ciak$wo S j s a  ~m1vuctia4, but lu ttcmmic ~rn i idcraum I 
I 
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In the ~ungarian Data Report it is estimated (without 
evident data base) that roughly 5 % of the  floodplain trees 
already died .  The perimeter grdwth data wese taken in 
Dunasziget area and near DunakiLiti. Both show a 
significant decrease in 1993. There are no comparable data 
from outs ide  the influenced area (to exclude climatical 
ef f ects) 

1 0 . 4  Adequacy of the Present  Monitoring System 

The present monitoring system should be strengthened in t h e  
following way: 

1. Mapping t h e  forest types in the scale 1:10.OQO 

2 .  Selection of "monitoring trees" ( n  x 10' S a l i x  a lba  
and Populus  x euroamericana CV. 1 214) al1 along the 
Danube on both s ides  from Bratislava to 
~ap/Palcovicovowlthannualmeasureménts/obsesvations 
of height, perimeter in 1.3 m height and leaf area 
index. 

Data Report 
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The alectricity production at 04bcikovo is shown in Fig. 
11.1. The same figure shows the  ratio between the  Çabcikovc 
electricity production and Fhe total electricity 
consumption in slovakia as a graph. 

l 
The electricity produced st ~bbcikovo goes into the 
Slovakian electricity distribution network. 

Z.1 Electricity production at and its share of 
t h e  total  eleetricity 

Varking Grwp of n o n i t o r i k  and Mater nanigcment for Cak ikovo  



An illustration of t h e  hourly v a r i a t i o n  of electrieity 
production and the  discharge through the turbines is shown 
for  three typical days in F i g .  11-2. 

Fig. 11.2 Hourly v a r i a t i o n  in discharge and electricity 
production f o r  three typical d a y s .  

Working Group of Monitoring and Uater Hanageirent fo r  t a k i k a v o  



12. OTHER PARAHETERS l 
The international navigation through the shiplocks at 
~abcikovo has functioned sincb its opening on November 9 ,  
1992. During this period the Eockç have been closed for 14 
days . 
The numbesç 05 s h i p s  and shiplock openings are shown in the 
slovakian Data Report (ret 1 / 2 / )  . The monthly average 
numbers of openings  of shiplo~ks and of çhips passing have 
been shown f o r  January  - August 1993 in Table 12.1. It iç 
seen from the  table that for t h e  tirs. eight months of 1993 
there h a s  been in average 12 openings of ship lockç p e r  day 
and in average 31 çhips have pasçed t h e  loeks p e r  day. 

Table 12.1 Monthïy numbers of shkplock openings and ships 
passing at Fabcikove, ~ d a u a r ~  - August 1993. 

I 
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13. SUMMAnY ASSESSMENT OF IMPACTS FROM THE GABCIBOVO PROJECT 

The impacts of the Gabcikovc Pro jec t  to t h e  various 
parameters described in t h e  above Chapters 2-12 may be 
categorized in two main groups, namely those where major 
general impacts  have been identified and those where f o r  
various reasons no major general impacts as compared to t h e  
pre-dam conditions ¢an be detected from t h e  available data. 

13.1 Aspects whsre major general impacts have been observecl 

A s  described in the above Chapters significant genesal 
impacts have been identified f o r  the following parameters: 

* discharges; 
* sur face  water levels; 
* sediment transport and sedimentat ion/eros . ion;  
* gsound water levelç;  and 
x electricity production. 

T h e  impacts are summarized i n  t h e  following. 

Discharge 

The Gabcikovo Project has  had a very large impact on the 
discharge regime in the Danube b e t w e e n  t h e  'dam at Çunovo 
and t h e  downstream confluence at Sap/Palkovicovo. In this 
reaçh ( t h e  Old Danube) t h e  discharge h a s  in 1993 been 
reduced to i n  average about  400 m 3 / s  corresponding to about 
20 1 as compared to t h e  pre-dam condition. 

As an e f f e c t  of the p r o j e c t  t h e  diçcharges in the Little 
Danube and the Mosoni Danube have been increased by 10 - 20 
m 3 / s ,  so that Mosoni Danube now perrnanent ly carries 
discharge. ~inally, water is being provided to the s i d e  
channels on both t h e  Slovakian and Hungarian flood p l a i n s  
through new çtructures. 

Surface w a t e r  leve l  

The Gabcikovo P r ~ j e c t  has had a very large impact on t h e  
water level regime in the Danube between Bratislava and t h e  
downstream confluence at Sap/Palkovicovo. 

A t  Brat i s lava  t h e  water levels .during low f low periods have 
increased by 1-2 m as compared to pre-dam c o n d i t i o n s ,  i - e .  
to a Xevel corresponding to t h e  situation 40 years aga. 

Data Report 
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In the upstream part of t h e  0'ld Danube the 1993 water 
levels  have been reduced by 2 - 4  m as compared to pre-dam 
conditions, and have thus reached a level 2 m below the 
lowest ever recorded values. In addition, t h e  
characteristic n a t u r a l  dynamics of the  watcr l e v e l  
fluctuations have been changed (seduced) significantly. 

Sedimen t transport  and sedimen t a  tion/erosion 

Ground water l e v e l  

Significant eresion occurred 
structures under the November 

The Gabcikavo Praject .  ha. had a iignificant impact  on the 
ground water l e v e l s  i n  t h e  regipn. Initially the ground 
water l e v e l s  were reduced very muyh close t o  t h e  Old Danube 
and increased significantly clo5e to t h e  reservoir. The 
inundation cf the side çhannels op the  Slovak flood plains 
has subsequently'  significantly increased  t h e  ground water 
levels in the Slovak asea. 

downstream t h e  Cunovo 
1992 f lood event .  This 

In June/July 1993 t h e  situation id Slovakia shows thàt over 
the entire area the ground water levels have increased or 
have n o t  been affected.  The increlçes have mainly occurred 
i n  t h e  upstream area close to the reservoir, i . e .  in the 
area which have been most n e q a t i v e l y  affected by t h e  long 
term trend of decreasing ground  water levels. On the 
Hungarian side, where comprehensiv,e impact asçessments have 
not been completed, it appears  thap t h e  ground water l e v e l ç  
have also increased close to the reservoir (Rajka - 
Dunakiliti r e g i o n ) .  Furthermore, 1 it appears that in the 
middle part of Stigetkoz between D~nakiliti and Asvanyraro 
the ground  water l e v e l s  have decreased in the areas close 
to t h e  main Danube. 

material has been deposited downstream in t h e  O l d  Danube. 
Sedimentation of fine mater ia l / s f l t  can be seen in the Old 
Danube. Most l i k e l y ,  sedimentat$on of the t o t a l  bed load 
and a substantial part o f  the suspended Poad have occurred 
in the reçerveir. However, there are present ly  n o t  
sufficient data to quantitatively assess such impacts. 

On bath s i d e s  the ground water levdl f kuc tua t i ons  have been 
reduced siqnificantly. 

E l e c t r i c i t y  production 

The Gabcikovo hydropower p l a n t  (as produced 150 - 200 
Gwh/month in 1993. This corresponds $0 about 101 of 
Slovakiafs electricity consumption. 

Data Rwrt 
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1 3 . 2  Aspects where minor impacts have been observed or nt 
s ign i f  ieant impacts ean be detected from the avallable èatz 

A s  described in the  above Chapters no general significant 
impacts could be detected on the b a s i s  of the availabl~ 
data for  t h e  following parameters: 

* surface water quality; 
* ground water quality; 
* flora and fauna; 
* agricu, l ture;  and 
* f oreç t ry  . 
For  some of the parameters significant local changes have  
been identified. For o t h e r  parameters the  data  a v a i l a b i l i t y  
andjor t h e  t i m e  period have not been sufficient to d e r i v e  
firm conclusions. ~inally, for some parameters no 
significant general impacts are expected. 

The conclusions found f o r  each of t h e  parameterç a r e  
summarized i n  the following. 

S u r f a c e  water quality 

With except ion  +o'E November - December 1992, when sudden 
changes of regime and a bigh f l o o d  event occurred, no 
significant changes in surface water quality parameterç as 
compared to pre-dam c o n d i t i o n s  can  be detected after 
damming the Danube. 

Ground water q u a l i t y  

In general, no significant ground water quality changes can 
be identified after t h e  damming of t h e  Danube. One 
exception iç the Rusovce area where çome parameters ( e . g .  
T o t a l  Disscilved Solids and n i t r a t e )  have changed due to 
changes in t h e  flow pattern. No changes in concentrations 
cf heavy metals nor organie mierapollutants have been 
detected, 

Flora  and fauna 

Due t a  insufficient data a v a i l a b i l i t y  and due to the long 
response time of natural systems w i t h  regard to flora and 
fauna, no major general impacts  have been identified. 
However, on t h e  fcllowing aspects s i g n i f i c a n t  impacts have 
occurred: removal of about 4 , 5 0 0  ha floodplain f crest unàer 
the  cons t ruc t ion  phase; saprobity values  in the Old Danube 
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have sliqhtly incrossed; and iomel changes in the occurrence 
of certain species have been notbced. 

A g r i c u l  ture l 

Fores try l 

Due to increases of ground watbr tables on the Slovak 
territory a slight increase i n  t p e  capillary water supply 
for Çlovakian agricultural areas has taken place. In 
Hungary, where comprehensive aç'seçsments have not been 

The leaf area index and the perimeiter growth are positively 
eosrelated and t h e  loss of leaveç in t h e  middle of August 
is negatively correlated to i l c rease  of ground w a t e r  
levels. Hence ,  the impacts on f o r e s t r y  depends on the 
impacts on ground water levels, i!. e the f o r e s t r y  has been 
p a s i t i v e l y  influenceci  in Slovalkia and negatively in 
Hungary. 

made, t h e  impacts on agriculture 

Data Report 
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1 4 .  RECOMMEBDATIONS FOR STRENGTHENING OF MONITORING SYSTEM 

A comprehensive monitoring programme has been carried o u t  
on a routine basis for many years (decades) i n  both 
countries. Furthermore, extended programmes have been 
established to monitor  in ,greater details the ccnditions 
a f t e r  the  damming of the Danube. 

The Working Group finds the present monitoring system, i . e .  
the extended programmes in both countries, generally to be 
relevant and reeommend it t u  be continued. In many fields 
t h e  present  monitoring system appears adequate, while in 
other f i e l d s  there are clear needs f o r  a strengthening. 

The strengthening comprises two different components, 
namely : 

* aspects requiring more measurements, either in terms 
of meaçurements of new parameterç or more 
measurements (in t i m e  and space) of already measured 
parameters; and 

* aspectç where discrepancies between Çlovakian and 
Hungarlan data have been detected, and where 
coordination efforts therefore are required. 

14.1 Aspects r e q i r i n g  more Measurements 

Surface water l e v e l s  

There rç a need for a new monitoring programme on 
measurements of surface water levels i n  t h e  side channels 
on the flood p l a i n s  both in Hungary and i n  S l o v a k i a .  A t  
s t a t i o n s ,  where substantial fluctuatians within a day 
occur,  it is recommended to substitute manual measurernent 
practises w i t h  automatic recorders. 

Surface water quality 

There is a need for a new monitoring programme on 
measurements of surface water quality in the ç i d e  channelç 
on the flood p l a i n s  both in Hungary and  in Slovakih. 

Sediment t r a n s p o r t  and sedimentation/erosion 

There iç a need f o r  establishment of a permanent s e d i m e n t  
transport measurement programme comprising both bed load 
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and suspended load measurements at the following l oca t ions :  

(1) Upstream t h e  reservoir. 

( 2 )  In the reservoir. l 
( 3 )  In the Qld Danube. l 
( 4 )  In the s i d e  channels of khe Hungarian and Slovakian 

flood plains. 

(5) Downstream the confluence at Sap JPalkovicovo. 

Furthermore, t he re  is a need for establishment of permanent 
programmes f o r  monitoring r i v e r  bed and reservoir 
topography. 

Ground wa ter  p a l i  ty l 
The intensive monitoring m u s t  hie continued f o r  t h e  corning 
years, especially w i t h  regard t? a r e a s  close t o  t h e  Danube 
where t h e  infiltration c o n d i t i o n s  have been changed. 
Depending on the development the measured gsound water 
quality parameters it may required to add more 
observations in t h e  future. 

P l o r a  and fauna 

The present monitoring system çhould be strengthened with 
the following investigations: 

(1) Geobotanical monitoring piots i n  different habitats 
vhere changes in the environmental c o n d i t i o n s  c e u l d  
be expected. For  descri$ing.the abundance the BRAUN - 
B W Q U E T - m e t h o d  should be lused. 

I 
l 

(2) Mapping of the bird ç p e e i e ~  i n  a grid system with 1- 
km- - plots eovering the whale area potentially 
inf luenced by the V a r i a n t  lc. 

(3) Quantitative investigatiods on fish populations in 
selected reaches of the reservoir and the o l d  Danube 
and in selected s ide pranches/ oxbow lakes bY 
electrical fishing 

( 4  ) Quantitative investigation? on Carabide-beetles with 
BARBER-traps in different habitats undisturbed by 
forestry and agriculture (e. g. f o r e s t s  and sand 
banks) I I 
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( 5 )  Quantitative inveçtigations on grasshoppers in 
grassland monitoring plots mowed 1 or 2 times a year 
(yearly at the same time) 

(6) Quantitative investigations on living and dead 
muçselç and water snails in selected monitoring plots 
i n  the  reçervoir, the  Danube and oxbow lakes/çide 
branches. 

(7) Qualitative, and if poss ib l e  a l s a  quantitative, 
monitoring of the r o t a r y  and crustacean plankton in 
major water bodies including t h e  reservoir, the 
intake canal and the O l d  Danube. 

The monitoring plotç should be mapped in detail (1: 100 - 
1: 1.000) . Investigation p l o t s  lOxlOm or 25x25m çhould be 
durable marked in t h e  f i e l d  so that t he .  survey can be 
repeated on t h e  exactly same p l a c e .  

Fores try 

The present monitoring system s h o u l d  be s t r e n g t h e n e d  w i t h  
the following investigations: 

(1) Mapping the fo reç t  types in the s c a l e  1:10.000 

( 2 )  Se l ec t i on  of "monitsring treesw ( n  x 10' s a l i x  a l b a  
and Populus x euroamericana CV. I 214) al1 a long  the 
Danube on both ç i d e s  from Bratiçlava to 
Sap/Palcoviçovowithannua1measusements/observations 
of height, perimeter i n  1.3 m heiqht and  l eaf  area 
index. 

14.2 Aspects requiring coordination Efforts  

For obtaining firm conclusions an the discharge 
uncertainties t h e  following checks are required ta be 
carried out by joint Hungarian-Çlovakian tearns: 

(1) Check on discharge calibration erirve at the bypass 
weir at Cunovo. 

( 2 )  Check on dischaxqe calibration curve at t h e  turbines 
at Gabcikovo. 

(3) Check of discharge rating curves at Rajka and 
Dunasemete. 
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' l Executkve -çummary - page i 

l 
PXECU2XVE S m S  

BACKGROUND 

As a follow-up of the 'Special Agreement for Subrnission to 
the International Court of ?uscice of the differences 
between t h e  Republic of Hungqry and the Slovak Republic 
concerning the Gabcikovo-Nag~aras Projectr a Group of 
Monitoring and Water Management Experts for the Gabcikovo 
System of Loeks (Working Groyp) was established by t h e  
Republic of Hungary, the Slovak Republic and the Commission 
of the European Communities (CEC). 

The tasks of the Working Grauq fa11 in two parts: 
* On the basis of availabl~ data to assess the impacts 

of the Gabcikovo P,roject and to prepare 
reeommendations for strengthening the monitoring 
system in t h e  area. 
Preparation of for a Temporary Water 
Management Regime well as f o r  necessary 
diseharges, measures. 

The present Data Report is t h e   ina al Report of the Working 
Grbup dealing with the Temporary Water Management Regime. 
The first aspect was dealt lwi th  in the Data Report, 
finalized in Budapest on November 2 ,  1993. 

l 
The Working Group has obtained al1 the relevant data and 
information requested from the two Govesnments. The report 
is based on this information. 

1 .  
I 

ELABORATION OF FIVE SCENIARIOS 

I n  the present report f ive 1 scenarios w i t h  d i f  f erent 
characterist ics  on discharge regime and remedial measures 
have been elaborated. Al1 the five discharge regimes are 
dynamic and charocterired by t k e  below average values. The 
five scenarios and their rnostl important impacts can be 
sumrnarized as follows: 

Scenario O :  November 1993 S i t u a t i o n  
I 

* Old Danube: 400 m 3 / s  1 
* Slovakian s i d e  branches: 4 0  m3/s 

+ Hungarian s i d e  branches: 1 0  m 3 / s  . 
l 

The Bey impacts are as also deslcribed in t h e  Data Report: 

* I 
The environmental condj t ions  on the Hungarian 
inundation area'are bad due to lack of water. 

Tcqmray Uater ii8mgearnt Regim . *--+.A-*.. "M.. vort4nq Çrsup bt ~ u ~ ? t o r i n g  and Wstrr H a q c w . t  f o r  Gub,zilrdvo 
. 



Fxecutive Summary - page ii 
* The f l o w  velocitieç and water levels in the Old 

Danube are too low f o r  providing suitable l i v i n g  
c o n d i t i o n s  for typica l  flora and f a u n a .  

* The lack of connections between the main channe1 and 
the side branches prevents migration of wetland 
species. 

Scenario 1 : Increesed water supply to the  Hungarian Side 
Branches 

tk Old Danube: 400 m3/s 

* SLovakian s ide  branches: 5 0  m3/s 

* Hungarian s i d e  b r a n c h e s :  59 rn3/s 

* 1-3 floods of more than 3500 m 3 / s  a r e  expected t o  
o c c u r  each yeas i n  the Old Danube. 

The key impacts a s  cornpared to Scenar io  O are: 

* I rnprovernents  o f  t h e  environmental conditions for the 
Hungarian i n u n d a t i o n  area.  

Scenario 2 :  Increased Discharge in Main River  and in 
Rungarian Side Branches 

'& ' Old Danube: 800 m3/s 

* S k o v a k i a n  s ide  branches: 50 m3/s 

Hungar ian  side branches: 50 m 3 / s  

* 1-3 fboods o f  more than 3500 m3/s are  expected t o  
occur evesy year i n  t h e  01d D a n u b e .  

The key impacts as compared to Scenario 1 are: 

* I m p r o v e m e n t s  of t h e  main river e n v i r o n m e n é  t a  a level 
wbere specieç r e q u i r i n g  h i g h e r  f l o w  velocities ( e . g .  
fish) have s u i t a b l e  l i v i n g  c o n d i t i o n s .  

Scenario 3: Construct ion of some Undemater Weirs 

Seenario 3 is basically identical to.Scenario 2 except for 
c o n s t r u c t i o n  of a number of undemater weirs. 

The key impacts as cornpared to Scenario 2 are: 

* The c o n n e c t i o n s  between t h e  m a i n  channe1 e n d  the side 
branches on bath sides are maintained o r  e v e n  
improved as compared to pre-dam conditions, 

* For diecharge not exceeding 1000 m3/s the flow 
velocities in t h e  Old Danube are not  sufficient for 



Fxecutive Summary . 

maintaining t h e  typical 

ScenarSo 4:  Full Capacity of Va 
Water Supply of the Main River 

In Çcenario 4 as much wateic as ' 

diverted into the Old Danub 
However, thiç w i l l  technically 
the summer of 1996. 

CONCLUSIONS 

None of t h e  described çcen 
e n v i r o n m e n t a l  problems . Furtht 
r e s u l t  in different environmen 
directly comparable. Scenario 
some environmental problems cc 
discharge and  remedial neasure 

I n  a d d i t i o n  t o  the environmen 
aspects should be considered. 
noeiced that the value of 
product ion of 2000 GWh/year i i  

million ECU/ year . For cornparisa 
will be reduced by about 20 
costs for implementatioe of t 
between 2 and 1 2  million ECU dl 

RECOMMENDATION5 BY THE EC MEMBRRS OF 

None of the deseribed scenarios 
modifications. Therefore the 
working Graup will recommend a c 
d i f f e r e n t  Scenarios. 

Objectives 

The overall objective of the r 
Management Regime is a m i n i m i  
developments. 

The primary objectives are to e 
conditions as possible w i t 1  
constrainés, wheseas t h e  second8 
p r o d u c t i o n .  

Discharge  regime 

* Qld Danube: 800  m3/s 

* Slovakian side branches: 

page iii 

lora and fauna. 

- iant  C Structures used for 
and t h e  Branches 

zchnieally possible kill be , 

and the side channels. 
iot be possible u n t i l  after 

r i o s  are free Erom key 
more, d k f  ferent scenarios 
sl problems, which are not 

and Scenario 3 show t h a t  
be r e d u c e d  $y increasing 

31 aspect  a l so  economical 
Ln this respect it may be 
the present  electricity 
I n  t h e  order of 50 - P O O  
the electricity production 
in Scenario 2 and 3. The 

2 remedial meaçures range 
i e n d i n g  an the scenario. 

FHE WORKING GROUP 

can be recommended without 
Arec EC members of the 
mbination of elements from 

commended Temporary Water 
i t i o n  of any irreversible 

ible as good environmental 
n the given discharge 
.y objective is electricity 



~ x e c u t i v e  Summary - page iv 
* ~ u n g a r i a n  s i d e  branches: 50  m3/ç 

* 1-3 floods of more than 3500 m3/s are expected to 
occur every year in the Old Danube. 

Remedial measures 

'h Improvement of the daily discharge ça acity of % Variant C structures £rom the present 600 rn /s to 9 4 0  
m 3 / s  $y May 1994. 

* F o r  env i ronmen ta l  pusposes an undemater weir at RKM 
1835 enabling direct contact between the main r iver  
and t h e  Çlovakian side branches a t  one  upstream point 
of the Slovakian floodplain. 

* For operational purposes a n  u n d e m a t e r  weir a t  RKM 
1845.5. T h i s  undemater w e i r  will significantly 
improve the reliability of the day-to-day water 
supply through the i n u n d a t i o n  weir an$ it will ensure 
water supply to the Hungarian floodplain. 

Day-to-da y O p e r a  t i o n  

Improved operation rules for the day-to-day aperation of 
the water management within the above given discharges h a s  
be implemented in order to obtain as good environmental 
conditions as possible. 

- 

Environmental Impacts 

The recommended Temporary Water Management Regime ks 
believed to ençure that minimum irreversible environmental 
developments take place during the few years the temporary 
regime i s  supposed to last. 

It is f u r t h e m o r e  recommended to m a i n t a i n  a detailed 
environmental  monitoring including taking the stepç to 
strengthening the present monitoring system as recommended 
in the Data Report. 

Design Review of Spillway of Inunda t ion  Weir 

The spillway of the inundation weir is a key i s s u e  in tems 
of discharge possibilities, reliability, t h e  schedule and 
costs. A s  no comprehensive design exiats for its daily use 
a design review is recommended to be carried out by an 
independent, specialized institute, 
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1 1. IBTRODYÇTION 

1.1 Background and Objsct ivsa for t h e  Working aroup 

AS a follow-up of the 'Special Agreement f o r  Submission to 
t h e  ~ n t e r n a t i o n a l  court of Justice of t h e  differencem 
between t h e  RepubYic of Hungary and the Slovak Republic 
c o n e e r n i n g  the Gabcikovo-Nagymaros Project' a Ternporary 
Water Management Regbe for the Danube haa ta bn 
established and implemented. 

In order to provide reliable and undisputed data on the 
rnost important effects of the c u r r e n t  water discharge and 
the remedial measures already undertaken as well as  to makg 
reeommsndations for appropriate rneasures a Group af 
Honitoxing and Water Management Experts for the Gabcikovo 
Syetem of Locks (Working Group) was established by the 
Republic of Hungary, the Slovak Republic and the Commissian 
of the European Communities (CEC). The Terms of Referencew 
for the Working Group are enclosed in Appendix A .  

The  Working Group is composed of the following £ i v e  
experts : 

CEC : Professor Yohann Schreiner (primus inter 
p a r e s  1 ,  D i r e c t o r ,  N o r d d e u t s c h e  
Naturschutzakademie, Germany. 

Mr. Jan  M. van Geest, Director, DHV E n v i r o n m e n t  
and Infrastructure, The Netherlands. 

MY. Jens C h r i s t i a n  Refsgaard, chief 
Hydrologist, Danish ~ydraulic Instituta, 
Denmark. 

.Slovakia: Professor, Dr. Igor Mucha, F a ~ u l t y  of ~atural 
Science, Comenius university, Bratielava. 

Hungary : Professor, Dr. Gabor Vida, Head of Department 
of Geneties, EotvBs L. University, Budapest, 

The five experts were assisted by colleagues as listed in 
Appendix B. The Working Group had ite f i rs t  famal  meeting 
on September 8 - 9 ,  1993 in Bratislava. The second meeting 
vae hsld in Budapest during t h e  period October 27 - 
November 2 ,  1993. F i e l d  inapect ionn  were carried o u t  on 
October 30 bath in Slovakia and in Hungary. The third and 
final meeting was held in Bratislava d u r i n g  the period 
November 28 - December 1, 1993. In between the formal 
meeting8 comprehensive work on data collection and annlynei 
were carried out by t h e  Slovak and Hungarian experts and 
interaction w i t h  the CEC experts also toak place during 
this period. 

The Working Group hed to prepart two reports. The first 
one, denoted t h e  Data Report, was finalized on t h e  escond 
meeting i n  Budapest on November 2 ,  1993. The Data Report 



comprised an assessrnent of t h b  impacts of the Gabcikovo 
pro jec t  with regard t o  discharges, surface water levels and 
quality, sedimentation and erosiion, ground water levele and 
quaàity, flora and fauna,  a g r i c u l t u r e ,  forestry a n d  
e l e c t r i c i t y  production. F u r t h ~ r m o r e ,  recommendations f o r  
s t r e n g t h e n i n g  of t h e  monitoring system in the area were 
given. 

The present r epo r t  i a  t h ' e  secdnd and f i n a l  r epor t  of t h e  
Working - "Group. It con ta ins  ( reeammendations f o r  the 
governments for a Temporary water Management R e g h e  as welL 
as  f o r  necessary discharges, lwater levels and remedkal 
measures t o  be t a k e n .  

The  Working Group has obtainedl a l 1  t h e  r e l evan t  data and 
information requested from t h e  two G o v e r m e n t s .  The r e p o r t  
is based on thiç i n fo rmat ion .  

1.2 Temporary Water Management Reghue 

The dispute concerning t h e  Gabcikovo-Nagymaros Praject has 
been submitted to the ~ n t e r n a t i o n a l  Court of Justice ( I C J ) .  
Pending the f i n a l  Judgement o f  l t h e  ICJ there is a need to 
e s t a b l i s h  and implement  a  Tempoyary Water Management R e g i m e  
(TWMR) for t h e  short term period u n t i l  a f i n a l  regime is 
impleihented. Thus it can be exp~cted that the TMMR w i l l  be 
applked for a period of 3 - 5 years.  

The present report d e i l s  exclusdvely with t h e  TWMR and does 
n o t  addrese t h e  permanent, lÙpg term s o l u t i o n s .  It is 
ou t s ide  t h e  terms of References of the Working Group  to 
analyse and pred ic t  long term 1 impacts. Such assessrnents 
w i l l  far some aspects regui re  more thorough st'udies. 



2 .  DESCRIPTION OF EXXSTXNG WRTER SYSTEMS 

2.1 Variant C Structures 

2.1.1 B r i e f  descriution of .structures and statue of wosks 

The structures for the Gabcikovo p a r t  of the Gabcikovo- 
Nagymaros pro ject are completed in both countries with 60me 
except ions,  for example t h e  c losure  of t h e  Danube river at 
~ u n a k i l i t i ,  deepening of t h e  outlet canal and measures in 
the Danube downstream Sap/~a lkovicovo .  

v a r i a n t  C c o n s i s t s  of a complex of structures located in 
Slovakia. A sketch of t h e  Variant C s t r u c t u r e s  is çhown i n  
F i g .  2.1. T h e  structures include t h e  fol lowing elements: 

Hydropower station and ship lockç at Gabcikovo. 
Dam closing the Danubian river bed. 
By-pass w e i r  c o n t r o l l i n q  t h e  dakly Elow into the 
river Danube. 
I n u n d a t i o n  weir. 
Intake s t ruc tu re  for t h e  ~ o s o n i  Danube, 
Intake s t r u c t u r e  for Çlovak inundat ion area a t  power 
canal a t  Dobrohost, 
E a r t h  barrageç/dikes  conneçting s t r u c t u r e s  
Ship lock for smaller ships  (24 rn x 125 m). 
SpiLlway weir. 
Hydropower station. 

S t r u c t u r e s  1 + 6 are p a r t  of t h e  o r i g i n a l  p ro j ec t .  The 
c~nstruction of the s t r u c t u r e s  2 - 5 and 7 are included i n  
Phase  1 of Variant C, while the rernaining 8 - 1 0  are a part 
of Phase 2 of Variant C .  The main p a r t  of Phase 1 
structures have been completed by now, while Phase 2 is 
scheduled for construction 1993-96. 

The  progress of the work up to Novembes 21, 1942 haç been 
reported in ref /1/, and t h e  status as per May 1493 is 
reported i n  ref /3/. The p r e s e n t  status i s  a s  follows: 

(11 Hvdro~ower station (HEPI and ship locks a t  Gabcikovo 

The  HEP is designed for peak power product ion.  The 
planned  8 turbines have a nominal capacity of 4 , 0 0 0  
rn3/s. A t  present £ive t u r b i n e s  and generators are 
inslalled. The s i x t h  tu rb ine  and generator  are i n  
stock, while the r ema in ing  t w o  t u r b i n e s  are planned 
for completion i n  f u t u r e .  The maximum capacity is 
approximately 6 10 m3/s per t u r b i n e .  A t  the designed 
operational water Level of 131.1 m a ç l .  (reference 
B a l t i c  mal) the design head iç 19 m in average. 
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The two ship l o c k s  (each 3 4  m wide and 275 m long)  
have been in operation since November 1 9 9 2 .  They have 
a total hydraulic capacity of 1970 m3/s when open. 
T h e  capaci ty of the ,canal  in flood situations is 
approxirnately 4500 m3/s, l i m i t e d  by the veloçity in 
the power canal. 

Closuse  of t he  Danube 

The closure of the Danube river bed started on 
October 23  and waç completed on October 27. Al1 works 
including pro tec t ion  w o r k s ,  a ver t i ca l  clay-cernent 
protection wall (for preventing seepage) and a system 
for  t e c h n i c a l  monitoring (of seepage) are now 
cornpleted. 

L.dl Bv-sass w e i r  corttrollins t h e  f l o w  i n t o  t h e  r i ve r  
Danube 

The daily flow into the river Danube from the 
reservoir i s  lead via this weir. 

The weir consists of four tdinter gateç each 18 m 
wide with si11 level at 126 - 5  m asl. The maximum 
hydraulic capacity of the weir was originally 
designed at 1460 rn3/s. However, due to a f a u l t  in 
design, t h e  discharge is limited in al1 cases to 600 
rn3/s. Otherwise the spillway will be destroyed, The 
weir, including machineries, is completed and in 
operation. 

14) Inundation w e k  

The  weir consiçts of 20 tainter gates each 2 4  m wide 
with si11 l e v e l  at 128.0 m a s l .  Each of the gates has 
a hydraulic capacity of 230 m3/s (total capacity of 
the weir iç 4600 m3/s) at the maximum water level of 
131.1 rn a s l .  The  capacity at a water level of 129.0 
rn a s l  is estimated to be 6 0  m 3 / s  per gate. 

The inundation weir and the bottom protection were 
originally designed for use only in flood situations 
( f e w  days per year). ~ h i s  design was in 
October/November 1992 rnodified as a r e s u l t  of t h e  
London Meeting with the aim t o  a l low daily use. Along 
the Danube right bank a spillway was be ing  
cons t ruc ted  and t h e  downstream bed waç planned to be 
protected nkth additional 100,000 m3 Stone. This work 
waç scheduled to be completed by Sanuary 1, 1993. 

The flood on 25 November 1992 changed the w h o l e  area 
downstream the weir. Between t w o  and three mil1 m3 of 
soiP, sand and grave1 were eroded. Hence, also the 
protection dike disappeared. Just behind the weir 
scour holes of Il m depth developed locally and caves 
were fomed underneath some downstream p a r t s  of the 

TnqpDrary Miter Ranngcmcnt R c g i m r  . - --.- L-- *M. 
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I 
weir. The average surfaFe l e ~ e l  downstream the w e i r  
dropped by 5-6 rn to about 122 m a s l .  

I J  
~t present  t h e  spillwayq of the openings 1, 2, 3 and 
4 are completed for £Food purposes, whereas the 
spillways of the other 16 openings are not y e t  
completed. 

S i n c e  the Novernber 1992 tlood, the weir has been used 
only i n  connection with f lood events in January, 
March, May, J u l y  and August 1993. 

The r i g h t  embankment bf the canal between t h e  

(5) Intake structure at ent rance to t h e  Mosoni Danube 

inundation weir and the 
A t  present 80 % of this 

Danube needs f o r t i f i c a t i o n .  
work is completed. 

4 7 1  E a r t h  dams /d ikes  connectind s t ructures  

- 1  
A d i k e  between the dewnstjream part of t h e  reservoir 
and t h e  l e f t  bank of the Danube connecting t h e  Cunovo 
s t r u c t u r e s  with t h e  r i g h  bank of the power canal has 
been construeted. 

A supply canal on ~lavak territory is connected to 
t h e  Mosoni Danube on l~un~arian territory. This 
s t r u c t u r e  has çince Novernber 1 9 9 2  supplied 20 m 3 / s  to 
Mosoni Danube. In the i n t ( a k e  structure f o r  the Mosoni 
Danube a small hydropowel station w i t h  two turbines 
i s  planned to be installed with a bypass capacîty of 
2 5  m3/s corresponding t o  h water level of 131.1 m as1 
and 20 m 3 / s  at 129 m asl. l ~ h e  t u r b i n e s  and generators 
will be installed next year.  Their combkned capacity 

I On t o p  of the structures l(dam, d i k e s ,  weirs) a road 
has  been c o n s t r u c t e d  Jor connecting t h e  three 
villages i n  t h e  area between the power canal and the 
Danube w i t h  Bratislava. The p a r t  of the road on top 
of t h e  i n u n d a t i o n  weir i6 n o t  yet  ready. Instead a 
temparary earth raad an top of t h e  spi l lway is being 

I 

w i l l  be 4 0  m3/s. 

16) Jntak9 structure i n t o  S l o v a k  
c a n a l  a t  Dobrohost . 

i n u n d a t i o n  area  at pawer 

The intake s t r u c t u r e  located i n  t h e  power canal  
allows f o r  a maximum di+charge of 2 3 4  m3/s to be 
çupplied t o  a r i v e r  a? i n  t h e  left bank of the 
floodplain downstream th? D u n a k i l i t i  weir close to 
Dobrohost. A canal connecting t h e  s t r u c t u r e  and the 
downstrem river a m  on tpe Slovak side has been dug. 
The structure has been in operational use since t h e  
e n d  of April 1993. The 1 entire w o r k s  are not yet  
completed and hence the maximal capacity at present 
is 140 m3/s. 
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used. 

781 S h i ~  lock 
(91 S p i l l w a v  weir  

Hvdro~ower s t a t i o n  (HPSI 

Between t h e  by-pass w e i r  and t h e  i n u n d a t i o n  w e i r  a 
temporary d i k e  haç been established with a crest 
level of 133.8 m asl, Behind  this ternporary dike the 
structures ( 8 1 ,  (9) and ( 1 0 )  are  p l a n n e d  under P h a s e  
two of the Variant C. At maximum water level the 
h y d r a u l i c  capacity of the s h i p  l o c k  and spillway weir 
wlll be 4000 rn"ss. The capacity of t h e  HPS has not 
been  decided b u t  is likely to be about 1300 m 3 / s .  The 
sill level of the spkllway weir will be at 120,5 m 
a ç l . ,  w h i c h  is the çame as  i n  t h e  e x i s t i n g  r i v e r  bed. 

2.1.2 f S l o  - ç fo Eu 
% i z  

l The following works are planned: 

(a) The road o n  t h e  top of the inundation weir is planned 
to be opened in May 1994. 

(b) The rernakning p a r t  of t h e  p r o t e c t i o n  works on t h e  
right embankment of the canal be tween  the inundation 
w e i r  and t h e  Danube is scheduled to be completed in 
May 1994. 

(c) ït ks p l a n n e d  t o  s t a r t  t h e  reconstruction of the 
spillwayç O£ the 16 remaining openings in May 1994. 
These works are scheduled to be completed in J u l y  
1995 ( f o r  flood c o n d i t i o n s ) .  

(d) It iç p lanned  to S o r t i f y  the keft embankment of the 
canal between t h e  i n u n d a t i o n  weir a n d  the Danube. The 
f o r t i f i c a t i o n  i s  planned to be carried out during t h e  
coming 14 months. 

( e )  To prevent e r o s l o n  of the c a n a l  between t h e  
i n u n d a t i o n  weir a n d  the Danube, it i s  p l a n n e d  to 
excavate the bed o f  the canal to a level 
correspanding to the average bottom level of the 
Danube ( 1 2 2  m,açl.). T h i s  excavation is scheduled t o  
be carried out over the corning 14 m o n t h s .  

( £ 1  The c o n s t r u c t i o n  of Phase 2 is planned to be carried 
out d u r i n g  the next t h r e e  years. Water discharge will 
be possible 4 year before the completion. 

The  discharge capacity of t h e  V a r i a n t  C structures f o r  
dally use as it develops with the gradua1 completion of the 
remaining parts of the strrctures according to the Slovak 

- plans are shown in Table 2.1. As appearing fsom the table 



mare discharge than the preseltly maximum of 600 m 3 / s  is 
not planned t o  be possible befpre the Phase 2 w e i r  become 
operational in the summer of 1996. 

I 
Table 2.1 oischarge c a p a c i t y  of thle V a r i a n t  C structures for 

daily use according to Slovak p r o j e c t  p l a n s  
I 

Phase 2 vcir  S3M1 

TOTAL 5900 

LIA p a i l v  use of the inundation 
l 

w e k  
I 

(1) Ueing four openings of thb i n u n d a t i o n  weir w h i c h  are 
constructed a l t e r n a t i v e l y  and hence have a s p i l l w a y  
i n  a better condition. The d i s c h a r g e  capacity is 
l im i t ed  to 340 m 3 / s ,  and lit is necessary to inspect 
the Eor t i f  ications e a c h  week and make f requent repair 
work. The implementation time is six months and the 
maintenance costs are estimated ta 1 .O mill ECU/year. 

I 

The s p i l l w a y  beh ind  t h e  inundation w e i r  is not designed for 
daily use .  It iç estimated that 
it for passing a limited amoant 
use. The following options are 
Appendix E): 

To e x e c u t e  each af the two op t ions  the plans rnentioned in 
2.1.2 should be rnodified, 

it will be possible to u s e  
of discharge even f o r  d a i l y  
available ( a s  painted out in 

( 2 )  R e i n f o r c e  t h e  spillway f d r  daily use. The discharge 
capackty will be l i m i t e d  to 1350 m 3 / s .  Maintenance 
will be required.  T h e  implementation time is one 
year. The construction cost is estimated to 3.3 mill 
ECU. The maintenance c o s t s  are estimated t o  5 m i l 1  
ECU/year . These maint ' enance  costs w i l l  be 

The d i s c h a r g e  capacity for dailb use aççurning iç as showri 
in Table 2.2 if a d d i t i o n a l  work ks carried out according to 
options (1) or (2) above. 

significantly reduced by 
higher than 124.0 m a s l .  

In general the t ime schedule will depend on weather 
conditions. 

a downstream water l eve l  



Table 2 . 2  ~ischarge c a p a c i t y  of t h e  V a r i a n t  C structures for 
dafly use assuming additional works  carried out 

2 . 2  Main River 

River cross-sections are r e g u l a r l y  surveyed f o r  the main 
Danube by Hungary. Such rneasurements have also beeq made in 
1993 for cornparison with pre-dam conditions (September 
1992). These data are presently partly processed and eight 
cross-sections are shown in Figs 2.2-2.4 f o r  present and. 
pre-dam conditions. 

As evident  £rom t h e  figure significant changes have 
occurred in the six cross-sections shown in Figs 2 . 2  and 
2.3, where the river bed now generally is higher than in 
pre-dam conditions. The main reason for  this is believed to 
be the erosion of 2-3  m i l 1  m3 05 sand and grave1 material 
£rom just downstream the inundation weir d u r i n g  the 
November 1992 flood and subsequent deposition of this 
material further downstream. The cross-sections from Rajka 
(HKM 1848.4) and Dunaremete (RKM 1825.5), Fig 2.4, show 
only small changes of the same order of magnitude as 
usually occurred £ r o m  one year to another in pre-dam 
conditions. 

The relatlonship between discharge, water level and cross- 
, 

sectional average flow ve loc i t i eç  are shown in Table 2.3 
for Rajka and Dunaremete, where discharge and water level 
rneasurements a re  made regularly. T h e  figures in  the table 
o r i g i n a t e  from a rating curve, which has been derived 
directly from rneasurernents. From this table it is noted 
that only very small changes have occurred at the two 
sites. This indicates that the changes in river cross- 
sections in general have had only very srna11 i n f l u e n c e  on 
t h e  flow conditions in the O l d  Danube. 
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F i g .  2.2 River cross-sections measured a t  three sites { R k m  
1811 .8 ,  Rkm 1812 .8  and Rkm 1 8 2 1 . 4 5 )  befase and a f t e r  
the damming of t h e  Danube i 



Fig .  2.3 Rfver cross-sections measured a t  lhree s i t e s  (Rkm 
1 8 4 8 . 5 ,  Rkm 1 8 4 9 . 4  and Rkm 1 8 4 9 . 9 )  before and a f t e r  
t h e  damming of the Danube 
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F i g .  S.  4 River cross-sections mi 
stations at R a j k a  and Du, 
damming of t h e  Danube 

For analysing the hydrauli 
mathematical model, based on Dl 
has been e e t  up under the PHARl 
Ground Water Model", ref /4, 

sections used in the mode 
conditions. For cornparieon vit 
Table 2.3 the results f rom modi 
Dunaremete are shown in Table 
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asured at t h e  t w o  gauging  
aremete before and a f t e r  the  

is of the main river a 
1's MIKEll modelling system, 
project "Danubian Lowland - 
/, The data on river cross- 
- corresponds to pre-dam 
i the measured data shown in 
1 ralculations f o r  Ra jka and 
2 . 4 .  



Table 2.3 WaSer leve lç  and cross-sectfonal average f l o w  
velocities a t  R a j k a  and Dunaremete for d i f f e r e n t  
discharges f o r  the present and fo r  pre-dam 
conditions. 

T a b l e  2 . 4  Water levels and cross-sectional a v e r a g e  f l o w  
velocities a t  R a j k a  and Dunaremete for different 
discharges calculated by t h e  MIKEll model  for pre-dam 

Disjharge Uatcr Lcve t Velocirr Uater Level Velociry 
in  /s) (m as11 imls)  (ri a s l l  im/s) l 

conditions. 

By cornparison of t h e  figures in Table 2.3 and Table 2.4 it 
is noticed that the model simulated and the rating curve 
water levels show a n  average deviat ion of 20  m. With 
respect t o  flow velocities the average deviat ion f o r  
discharges of 809 m J / s  or higher iç 4 cm/s, while larger 
deviations occur for smaller diçcharges. Thus for small 
discharges the simulated velockties are smaller than the 
rat ing  curve values a t  ~ajka, w h k l e  it is o p p o s i t e  f o r  
Dunaremete. No attempt has been made to analyze t h e  exact 
reason for these deviations; instead i t  is notiçed that t h e  
right order of magnitudes of flow velocities is simulated 
also f o r  small discharges. More t ho rough  validations of the  
mode1 are provided i n  ref / 5 / .  On this basis it can be 
stated that t h e  madel can represent water level and flow 
velocity conditions in t h e  Old Danube to a level of 

I I Rej t a  

accurack suf f icient f o r  t h e  present purpose, 

Dunaremrte 

T e p r a r y  Uater Rûnsgemt Rcgirc 
1 n r r v k r  

Il 



Hence, estimates given lat$r in this report on flow 
velocities in the Old Danube under different diecharge 
conditions, both with and without underwater weirs, are 
based on model calculations. 

I n  order to açsess the impackç of different dischargeç on 
flow velocities at different locations in the Old Danube a 
number of model calculations have been made with constant 
discharges. Some key resulls are shown in Table 2.5. 
Furthemore the v a r i a t i o n  of Flow velocities along the Old 
Danube is shown in Fig. 2.5 f o r  e discharge of 600 m3/s. 

' 

I 
From Table 2.5 and F i g .  21.5 t is evident that the 
veleçities Vary conslderably along t h e  r i v e r .  I n  the 
upçtream part ( R h  1825 - 1850) the variation i s  detennined 
m a i n l y  by variations i n  locad river cross-section. Ln the 
éownstream part (Rkm 1810 - 1  1825) the backwater effect 
fromthe confluence w i t h  the aytlet power canal is seen. In 
the model calculation the disyharge in t h e  eutlet canal h a s  
been taken a s  2060 m3/s minus the discharge in the old 
Danube. Due to backwater efifects the water depths are 
higher in the downstream part 1 and hence the resulting ilow 
veàocity is correspondingly lower. 

Table 2.5 Average crosç-sectional , f l o w  veloci  t i e ç  calculated at 
different locations alqng the river f o r  dif f e r e n t  
d i s c h a r g e s .  The values  have been calculated w i t h  the 
MIKEll model u s i n g  pre-dam r iver  cross-sect i o n s .  

I 

Danube. iience this s i t e  i c  s i g n i f i c a n t l y  i n f  luencd by bsckuater efftcrs rciul t ing rn 
higher vater Levcls and louer f  Lou v e l o c i t i e s .  

It is noticed t h a t  the flow vedocities given in Tables 2.3- 
2.5 and in F i g ,  2.5 are averagel cross-sectional values .  For 
estimation of maximum flow velocities in a given profile at 
e . g .  7 cm above the river bed as required by certain fish 
apecies ( s e e  Section 3.4 point (b)) the follswing two 
factors must be taken inko account: 

e velocity variations a t  a biven c r a s s - s e c t i o n  exist in 
t h e  direction across thel river, sa that places with 
higher water depths have1 higher velocities and vice 



versa. The velocity variation across the river 
depends mainly on the shape of the river cross- 
section. Simple calçulations on the basis of the 
cross-sections at Rajka and Dunaremete indicate th& 
the velocities in the deepest profile are 
respectively 35 % and 28  % hkgher than the cross- 
sectional  average values for these t w o  sections. 

* ~elocity varies vertkcally within a given crosa- 
section with  maximum velocity at (or close ta) t h e  
surface water table and velocity close to zero at the 
river bec?. Based on standard hyaraulic assumptions 
(logarithmic velocity profile, ~anning no = 33) and 
assuming typical water depths it can be estimated 
that the velocity 7 cm above the river bottom w i l L  be 
only about 5 0  % of t h e  average velocity of a vertical 
profile. 

Çornbining t h e s e  t w o  counteracting effects, it may $e 
estimated t h a t  a multiplication factor  of 1.3 * 0 . 5  = 0.65 
haç to be applied to convert a cross-sectional average 
velocity to the velocity T cm above t h e  rives bed En the 
vertical profile with the largest velocity. 

In this report velocitkes refer to cross-sectional average 
flow velocities u n l e s s  specifically stated otherwiçe. 





: 2.3  Xnundation A r e a  on the left Siàe 

The socalled inundation area or flood plain is the ares 
between the main Danube and the f l o o d  dikes. On t h e  left 
r i v e r  side in Slovakia t h i s  flood plain covers the main 
part of the area between the main Danube end the power I 

z C 

canal. . . 

The inundation area is characterized by a large number of 
r i v e r  branches of different sizeç and interconnected in a 
complex way. A s k e t c h  of the area i s  given i n  F i g .  2 . 6 ,  
which also  shows the location of t h e  remedial measures 
implemented ,in the beginning of 1993. 

U n t i l  about 30 years ago the side branches carried a 
substantial part of the total discharge. Measurements 
carried out ih 1960 and 1961 showed that in the area near 
Gabcikovo the river branches carried about 2 0  % of t h e  
t o t a l  discharge, also for low discharges. In the follawing 
years the connection between the river branches and the 
main river were closed i n  order to erisure high water depths 
for navigation. As described in ref /1/ this resulted in a 
pre-dam situation with total lack of connection about half 
the year and full connection only for about 20 days per 
year. 

Af ter d m i n g  of the Danube t h e  water level in the upstream 
part of the Old Danube has been reduced so much that water 
now flows from the main river to the side branches only in 
flood situations a few days per year, while usually there 
is a water level difference of a couple of meters. In order 
to  remedy this situation and the processes described in the 
para above Slovakia has implemented a project with the 
following key e lemen t s :  

'k I n t ake  of water at an intake structure in the power 
canal at Dobrohost. Shrough a new canal t h i s  w a t e r  is 
diver ted  into o n e  of the r i v e r  branches. 

Construction of a number of hydraulic structures in 
the side channels. As a result the flood plain i ç  
div ided  into seven compartments with almost constant 
water levels and separated by hydraulic structures. 

a More efficient closing of the connections between the 
side channels and the main Danube in order to 
minimize los8 of water. 

Thus the water flowç over a distance of about 20 km over 
seven cascades until it enters the Danube at RKSi 1821. 
There is a loss of water of several m3/s, du6 to 
infiltration to ground water, evaporation and flow to t h e  
Danube. 

It is possible to regulate the intake of water from O ta  a t  
present 140 m3/s (234 m3/a when the structure is 
completed). The aystem was taken into operation at the end 
of Apsil 1993, and the discharges h a s  since then varied 
between 10 m3/s and 70 m3/s, Monthly average values are 



Fig. 2.6 Branch system on the S vekian f lood p l a i n .  



given in ref / 2 / .  

More details on t h e  remediation project is given in ref 
/ b / .  

The f l o w  velscities Vary very much in the area due to very 
large variations in cross-sectiona and 
bifurcations/junctkans of flow paths. simulation of t h e  
area with the M I K E  11 model, ref / 5 / ,  indicate that at a 
discharge of 40 m3/ç typical cross-sectional velocities are 
in the order of 0.05 - 0.25 m/s. These velocities have been 
confirmed by r e c e n t  field measurements. 

A S  a result of t h e  discharges of up to 70 m3/s the fine 
mate r i a l /mud ,  w h i c h  previously covered the bottom of the 
side c h a n n e l s ,  has been washed away at many locations. A s  
described in ref / 2 /  it c a n  be seen £rom ground water 
observations that a significant 'infiltratian takes place 
now . 

2.4 Inundation A r e a  on the right Gide 

T h e  i n u n d a t k o n  area on the right ç i d e  foms part of t h e  
Sziqetkoz. The main part of the alluvial forest in 
Szigetkoz is located in the inundation area. Like on the 
s l o v a k i a n  s i d e  t h e  area is c h a r a c t e r i z e d  by a large pumber 
of river branches o f  different s i z e s  and  interconaected i n  
a complex way. A sketch of the area is given in Fig 2.7. 

As a reault of river r e g u l a t i o n  during t h e  p a s t  30 yearç 
merely a limited number of side b r a n c h e s  succeeded in 
preserving v i r t u a l  c o n n e c t i o n  with Danube. Thus the pre-dam 
situation was similar to the pre-dam s i t u a t i o n  on  t h e  
S l o v a k i a n  s i d e .  

After damming the Danube the connection between the Danube 
and the çide channels v i r t u a l l y  d i s a p p e a r e d .  I n  order t o  
provide the branches w i t h  water Hungary h a s  carried out 
coneiderable engineering e f f o r t s  in 1993. They included the 
reduction of the elevation of closing dams and bypass w e i r e  
as well as cleaning some new chanael sections. The most 
signif icant change relateé to the transformation of the 
branch system resulted from closkng i t s  previously open 
lawer endings except f o r  the ones in Asvanyi a n d  Bagomeri. 
Branch aystems have beea connected by cut-offs creating 
thus the f l o o d  p l a i n  main channel stretching parallelly ta 
Danube £rom Dunakilitk t o  the confluence of the Asvany 
branch system. 

The water supply to the branch system p r e s e n t l y  cornes £rem 
t h e  outlet structure at Cunovo reservoir ( 2 2  m / s )  and the 
right side seepage canal ( 3  m 3 / s ) .  This water is div ided .  
between the ~oaoni Danube (10 m3/s), a water supplying 
canal for pratected area (5 m 3 / s )  and the flood p l a i n  main 
c h a n n e l  (10 mJ/s). T h i s  is illustrated in Fig 2 .8 .  The 
water s u p p l y  system t o  the Hungarian flood plain w a a  put 
into operation in August 1993. 

Tnnporary Yster ï4anagcmmF Rcgi iac  
1 ü a c d r  1W3 Vorkini  Gmin o f  h4tar i rm and Uatar Manllticaimt for  Gabciknria 
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The velocities Vary very much i n  the area due to very large 
variations i n  c r o s s - s e c t i o n a l  area. The few existing point 
measurements i nd ica t e  a velocity range £ r o m  0 . 0 2  m/s up to 
more than 1 m/s. However, calculations of ~ross-section~l 
average velocities for at thsee e r o s s - s e c t i o n s  i n  the flood 
p la in  m a i n  channel  show velocities between 0.05 m/s and 
0 . 0 9  m/s. ~ n l i k e  on the Slovak side t h e  velocities have n o t  
been h i g h  enough to remove the fine bed material so much 
that a significant i n f i l t r a t i o n  to the g r o u n d  water system 
has  been i n i t i a t e d .  

The capacitles of the channel/canal system Isee ~ i g .  2 . 8 )  
are as follows: 

* The  seepage canal before the confluence with the 
a u t l e t  c a n a l :  5 m 3 / s .  

x The outlet canal £rom the structure a t  Cunevo 
reservoir: 25 m3/s. 

* The canal  betwrA- "".z  confluence of the seepage canal 
and the o u t l e t  c a n a l  and t h e  start of Mosoni Danube: 
50 m'js. 

The canal between t h e  start of t h e  Mosoni Danube and 
the çtart of t h e  flood p l a i n  main c h a n n e l :  25 rn3/s. 

* The 'flood p l a i n  m a i n  channel: 50 m 3 / s .  

In the original p l a n s  for the Gabcikovo-Nagymaros project 
the water supply to ç m e  p a r t  of t h e  right side b r a n c h e s  
w a s  sugges t ed  t o  Le taken c a r e  of by pumping around 
Asvanyraro .  I n  1 9 9 3  t h e  L i p o t  morotva had the worst 
situation of wates guantity and quality at the outside of 
t h e  dikes, and t h e r e f o r e  some w a t e r  was pumped from Danube 
to a c a n a l  of oxbow l a k e .  An operation of 18 hours per day 
(a single p y p i n g  e n g i n e )  provided 0.5 - 0.7 m 3 / s  f o r  90 
., This r e s u l t e d  i n  a water l e v e l  of 0 . 6  - 0.9 m. The  

 cos^ u, ,is opera t ion  was 0 . 0 4  mil1 ECU.  Based on t h i s  
experience t h e  Nature Conservancy plans t o  extend this 
system to other  protected areaç too. 

fcmporsry Water Managcment R q i ~  
1 DecHbcr 1993 Mrkim Grwu of riwittarinri a d  Uater Hanmement for  Gabcikavo 



3. FORMWXATIOI OP SCENARIOS 

In t h i s  chapter £ ive  differe,nt scenar ios  for TWMR are 
brlefly outlined. The scenarfos are based on different 
characteristics with regard td discharges and water level 
regintesets as well as to 7remedial measures. Tt is 
emphasized that the members lof the Working Group not 
necessarily agree  to  these characteristics. However the 
Working Group agrees to t h e  Isubsequent descriptions: of 
technical p o ç s i b i l i t i e s ,  environmental impacts etc. For 
each scenario  t h e  followkng 1 aspects are described in 
details in the subsequent chaptera  4-8: 

t Charactesistics of the skenario 

* T e c h n i c a l  and water management aspects 
l * Possible time schedule f o r  irnplementation 
I 

* Impacts on erosion/sedimdntation 
I 

* Impacts on discharges, 
v e l o c i t i e ç  

Impacts on surface water l quality 
I 

water levels and flow 

* Impacts on graund water rkgime 
l 

t 1rnpact.s on gsound water &ality 

* I 
Impacts on flosa and fauna 

I 
* l 

Impacts on a g r i c u l t u r e  and forestry 

* Impacts on eiectricity pr'duction 
l 

* Cost estimate f ~ r  rernediai meaçures 

Unless specif i e d  otherwise, the l  impacts are described in 
compariçon to the pse-dam condit ions.  SimilarPy t h e  
discharges and the t e c h n i c a l  rem'edial meaçures are, unleçs 
specified otherwise, deçcribed ijn relation t u  t h e  November 
1993  s i t u a t i o n  (Scenario O ) .  A s F a r y  of the q u a n t i t a t i v e  
h p a c t s  for the f i v e  scenarios is provided i n  tabular  farm 
i n  Appendlx C. 

3.1 Outline of the £ive Scenarios 

Scenario O: November 1993 Situation 

The preçent situation is charactLrized by: 
I 

* In average 400 rn3/s into thh O l d  Danube c o n s i k i n g  of 
a base discharge  of 250  - 300 m3/s supplemented with 
more discharge dur ing  some flood events. 

l 





Scenario 4 :  Full C a p a c i t y  of Vardan 
Supply of the Hain R i v e r  and t h e  Bi 

In this scenario as much w a t e i  
be diverted into the Old Danui 
scenario will have two d 
according to the status of tk 

* Phase 1 structures. 

Phase 2 structures a f t e  

Scenario  elaborated by t h e  S lovak  E 

In addi t ion  to the abeve f 
expert has prepared a separat~ 
as kppendix D. 

3.2 Approach in Assessrnent of Env 

The assesçment of environmeni 
procedure as already used i l  

Working Group (ref /1,2/). The 
of environmental impacts will 
following impacts in r e spec t  

(a) Reservoir. 

(b} Navigation c a n a l .  

cc) Main river ( O l d  Danube) 

(d) Inundation area with th 
s ide  (Slovakia). 

{e) Inundation area w i t h  th i  
çide ( H u n p a r y ) ,  

(f) The  connect ions  in t h e  i 

3 - 3  Environmental Impacts common i 

C e r t a i n  impacts caused by t h e  
f o r  al1 f i v e  scenarios. Hence, 
repeatediy for the individual 
These impacts are, as alreadl 
following: 

* The discharges i n  the L 
Danube have been incri 
implies approximately a 
the Little Danube. With 
this means that it now ca 

c Structures used for iiater 
  ch es. 

is t e c h n i c a l l y  possible w i l l  
and t h e  side c h a n n e l s  . T h i s  
'ferent discharge regimeç 
V a r i a n t  C structures: 

e scenarios the Slovakian 
scenario, which is included 

-onmental Impacts 

I impacts follows t h e  same 
previous r e p o r t s  from t h e  
pproach f o r  t h e  assessments 

t o  s e p a r a t e l y  consider t h e  
t h e :  

ç ide  b r a n c h e s  on t h e  l e f t  

side b r a n c h e s  on t h e  right 

al1 five Scenarioç 

IW reservoir are identical 
they will not be described 
cenarios in Çhapters 4 -7 .  
Aescribed in ref / 2 / ,  t h e  

t l e  Danube and the ~osoni 
sed by 10-20 m 3 / s .  T h i s  
ubl ing  of t h e  discharge i n  
gard to t h e  Mosoni Danube, 
i es  discharge permanently. 

~ I t o r i n o  n d  Uatar ünniuica*nt for G a h r i k m m  



* The surface water levels at Bratislava have during 
law flow periods been increased by 1-2 m as compared 
to pre-dam conditions, ie to e level correeponding to 
the situation 40 years ago. The amplitude of the 
water level fluctuations has been reduced. 

* Sedimentation of t h e  total bed load and a certain 
part of the suspended load will take place in the 
reservoir. 

* The ground water levels in areas close to the 
reservoir have increased by up to 24 m. This has 
occurred in the areas, w h i e h  were most negatively 
affected by the long term trend of decreasing ground - 
water levels o f  up to 2 m during the past 40 years. 
The f l u c t u a t k o n s  of the graund water levelç have been 
reduced. 

* Upstream the dam the river changed to an impounded 
lake for a length of 10 km w i t h  significantly smaller 
flow velocities. This causes a less of many habitats 
for rheophile organisms. 

About 4,500 ha of floodplaln forest on Slovakian and 
~ungarian territory have been removed under the 
construction phase. 570 ha of foreçt in Slovakia is 
now under afforestation. 

* Fish migration along the Danube river is interrupeeà 
by the Variant C structures. A t  preçent only limited 
fish passage is possible through the spillway of the 
bypaçs weir. 

In addi t ion ,  the international navigation has been removed 
from the Old Danube to the navigation canal. 

Furthemore, the Variant C structures have impacts on the 
flood management. As described in ref /1/ the discharge 
capacity of the power canal is required in al1 cases in 
order to have sufficient capacity to pass large floods. 

In assessments of the impacts some assumptions have been 
made. They are described together with their justifications 
as follows: 

Main river 

( a )  A discharge of 35110 m3/s t w i c e  p e r  year w i l l  be 
enough t o  clean t h e  river bed sufficiently Sot fine 
material deposited d u r i n g  l o w  discharge conditions 
and to spread this material in the  whole i n u n d a t i o n  
a rea . 
3500 m3/s is more t h a n  recorded maximum annual f lews 

Tcaiporary Uatcr Rsnsgemnt Regire 
1 k c d r  1993 Vorkim G ~ W D  of h i to r im and Uatcr knsgcmmt for t e b c i k m  



l 
A t  3500 m3/& the flow velpcities will be around 2 m/s 
i n  pre-dam conditions, aee Section 3.2. Such flow 
velocities during a couple of days is more than 
suf f icient to erode fine material f rom the river bed.  

f o r  some years. Hence, tbo such f loods per year will 
not be possible every ~ e ; a r .  Realistically, two such  
floods per year routed through the O l d  Danube may be 
possible i n  average every second year, while a t  l eas t  

(b) To provide su£ f icient libing condi t ions  for typical 
f i s h  species l i v i n g  in1 the  Danube under pre-dam 
conditions a pattern of different flow velocities in 
the river bed i s  necessary.  F l o w  v e l o c i t i e s  near the 
river battom o f  a t  l eab t  0 . 6  m / s  must occur at 
several places a l 1  over the year. 

l 

one such flood per year 
four years out of five. 

Diff e r e n t  f i s h  species habe diff erent  requi .rernents  to 
f low ve loc i t i e s .  The spec!es w i t h  low f low velocities 
will çtill be able-to Eind such conditions, whereas 
the species requiring thel largest f low velocit ies  may 
have prablemç if the discharge and hence the flow 
velocities are too low. Therefore, the requirements 
of the fish species requiring the higheçt flow 
velocities are important .l According to a study in the 
A u s t r i a n  part of the Danube (ref /7/) flow velocitiea 
of 0.5 - 0.7 m/s are required for the fish çpecieç 
( Z i n g e l  streber) requirizig highest flow velocitiea. 
This fish species is according to the Slovakian Data 
Report (ref / a / )  a l ço  thel  fish specles in this area, 
which require the highest flow velocity. 

may be possible i n  average 

Streber should be seen ab an indicator for species 
having requirements for darge f low velecitieç . 

I 

Inundation areas  l 

It is noticed that the a$ove required f low ve loc i ty  
refer to velocities 7 cm above the river bottom (ref 
/7/), where the fishes l i ~ e .  A s  described in Section 
2.2 a multiplication factor of 0.65 c a n  be applied to 
convert  cross-sectional1 average velocitiea to 
specific point values 7 cm above t h e  bottom. Thus in 

( c )  R var ia t ion  of t h e  wiithin 2 rn vil1 be 
enough lo ensure the character  including t h e  
floodings according the p a t t e r n  i n  pre-dam 
condit ions.  

order to get 0.6 m / s  for 
average velocity of about 

According to ref /1/ the dkf ference in water level at 
Dunaremete for the following two flow conditions: 
*Flow i n  main ehannel and permanent branches { several 
times per year)" and "Complete inundation of f lood 

the Eish e cross-sectional 
0.9 m/s is required. 
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plain (once per year)" i s  1.9 m .  Hence, a 2 rn 
variation will be sufficient to ensure the dynamic 
conditions characterizing the pre-dam conditions. 

(d) If t h e  r iver  bed at some of t h e  main s i d e  branches is 
free from rnud t h e  water  can i n f i l t r a t e  s u f f i c i e n t l y  
and the  c o n d i t i o n s  for  the biocenosis will be 
s u f f i c i e n t .  

According to the experience from supplying diacharge 
to the Slovakian branches after May 1993, 70 m3 /s  
corresponding to a typical flow velocity in the main 
side channels of 0.1-0.3 m/s (cross-sectional average 
values)  was apparently sufficient to ckean the river 
bottom from mud at so many places that a very 
significant infiltration to the ground water system 
started (ref /2/). Correspondingly, sueh condition 
will be suffickent for the biocenosis. 

(e) To remove the  rnud £rom the  bottom of t h e  branches  a 
flow veloci ty  of Q,2 - 0 . 4  m / s  is required. 

In the literature on sedime~tation/erosion of 
eohesive sediments uncertainty exists on c r i t i c a l  
flow velocities. According to aome references  (Ref  
/9,30,11/) a flow velocity of 0.2 m/s will normally 
be sufficient to initiate eroçion/resuspension of 
fine coheeive sediments like e . g .  rnud. According to 
other references (Ref /12,13,14/) flow velocities of 
at Least 0.3 m/s are required for this purpose. This 
will in general depend on local conditions. 

F i e l d  data £rom the Slovakian inundation area in 1993 
show that a substantial part of the bottom of the  
Slovakian river branches were eroded under average 
cross-sectional flow veloclties not much h i g h e r  than 
0.2 m/s. 

(f} To k e e p  t h e  bottom of t h e  b ranches  free from mud 
requires  a minimum f l d w  velocity of 0 . 1  - 0 . 3  m / s .  

Accord ing to  some literature on sedimentation/erosion 
of eohesive sedimenta a f low velocity of 0.1 m/s will 
normally be sufficient ta prevent sedimentation of 
fine cohesive sediment6 l i k e  e . g .  mud. (Ref 
/9,10,11/). According to other literature sources 
(Ref /12,13,14/) f low velocities of at least 0.2 - 
0.4 m/s will be required f o r  this purpose. 



Total system l 
( g )  TO ensure scological conl i t ions  which  are as  good as 

pre-dam . c o n d i t i o n s  migration of wet land specles 
between the  main river and t h e  s i d e  branches shou f d  
be possible al1 oves t h e  year, in bath directions. 

Migration can be made possible either through fish 
passes or through direct  f lows between t h e  main river 
and the s i d e  branches ;during some periods. Fish 
passes enable f i s h  to 
direct flow connections 
wetland species. 

migrate to some extent ,  while 
enable migration of al1 



4 .  ELABORATIOH OF SCEHARIO O 

çcenario O is a continuation of the present situation 
exiating in November 1993 ( r e f  / 2 / ) .  

I n  addition to the impacts described in t h i s  chapter 
reference i s  made to Section 3 . 3 ,  where environmental 
impacts cornmon to a l 1  £ive scenarios are described. 

4.1 Characterizatïon of the Scenario 

This scenarko i a  characterized by t h e  follawing discharge 
regime : 

* In average 400 m 3 / s  into the Old Danube çonçisting of 
a base discharge of 250 - 3 0 0  m 3 / s  supplemented w i t h  
more discharge d u r i n g  some flood events. 

+h 30-50 m3/s into the side channels on the left side 
flood p l a i n .  

* 10 m3/s into the side c h a n n e l s  on the r i g h t  side 
flood p l a i n .  

NO remedial measures additional to the a l r e a d y  exiçting 
will be implemented. 

4 . 2  Technical  and Wates Management Aspects 

Technically, this çcenario is possible with the existing 
s t r u c t u r e s .  It is assumed that the water management 
continues aç experienced during the past rnonthç. This will 
result in the discharge pattern given i n  Table 4.1. 

Table  4 . 1  Annnal a v e r a g e  d ischarge  v a l u e s  in S c e n a r i o  O .  
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Possible T h e  Schedule for fm~lernentation 
l 

This s c e n a r i o  has  already bekn in operation for several 
monthç by now. 

Impacts on Discharges, Water bevels and Flow Veloclties 
I 
l The impacts on discharges and water levels, as already 

measured are described in ref 1/2/, and shown in Table 4.1. 
They can be characterized as follows: 

The discharges in the 0;d Danube will in average be 
about 20% as compared to pre-dam condition. 

I 
k The  vater levels i n  th( upstream part of the Old 

Danube will be reduced by 2-4 m as compared to pre- 
dam conditions. 

The characteristic dynkmics of water level and 
diecharge fluctuations 1 in the Old Danube will 
continue to be significantly reduced as compared t o  
pre-dam conditions. 

* The difference in water l'evels between the main river 
and the side branches wilil generally be so large that 
water flows from the mai? r i v e r  to the side branches 
will only be possible under the flooding conditions 
expected to dccur 1-2 times per year, 

The split of the discharges can in a year with average 
discharge be described by the figures given in Table 4.1 

The  flow velecitieç have been dstirnated to be as described 
in Table 4 . 2 .  From t h e  table k t  appears that t h e  cross- 
sectional velocities at minimum) discharge in the main river 
are 0.6 - 0 . 8  m/s carresponding to velocities near the 
bottom of 0.4 - 0 . 5  m / s .  

l 
Impacts on ~rosion/~edimentati~n 

The impacts on erosion and / sedimentation es already 
measured are described in sef / p / .  Due to lack of specific 
measurements there is some unc~rtainty with regard to the 
development over the coming years. The best estimate is as 
follows: 

* NO major n e t  erasion and  sadimentation in the 01d 
Danube. D u r i n g  some events  sedimentation of fine 
material will take place. This fine material may be 
washed away during flood eventa. 

l 
a The r i v e r  bed i n  the maid branches on the Slovakian 

side will c o n t i n u e  to be free from mud, so that good 
infiltration conditions exist. 
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* The r i v e r  bed in the main branches on the Hungarian 
s i d e  will continue to be clogged with fine 
material/rnud and prevent significant infiltration to 
the ground water system. 

T a b l e  4 . 2  Estimateà discharge and f l o w  velocity v a l u e s  in the  
main r iver  and in t h e  side branches  under Scenario O .  

nain rlver, D u ~ r e m e t c  

0.05 - 0.w 

Flou f rom m i n  r i v e r  . 5-10 dayslycar 

s 5-10 dayslyear 

4 . 6  Impacts on Surface  Water Quality 

T h e  impacts on the surface water quality are expected to be 
ins ignif i ç a n t  . 

4 . 7  Impacts on Ground Water Regime 

The impacts on ground water levels as already rneasured are 
described in ref / 2 / .  This pattern is expected n o t  to 
change, ie: 

*  round waeer levels on the Slovakian territory w i L l  
be hiqher or equal to t h e  pre-dam conditions. 

* Ground water Levels on the Bungarian t e r r i t o r y  w i l l ,  
as compared to pre-dam conditions, be higher close to 
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the reservoir (Rajka - ~unakiliti r eg ion ) ,  whereas 
the levels will be lo4er in the middle  part of 
Sz ige tk t i z  between Dunakiliti and Aavanyraro in areas 
up to a few km £rom t h e  Old Danube. 

* The ground water 3evel f l ~ ~ t ~ a t i o n ~  have decreased 
significantly as compared to pre-dam conditions. This 
could be inf luenced by limplementation of irnproved 
operational rules for day-to-day water management. 

I 
4 . 8  Impacts on Ground Water Quality 

I 
The  impacts on the ground waker quality are i n  general 
expected to be i n ç i g n i f i c a n t .  However, l oca l  changes are 
expected in areas close to the reservoir in c e r t a i n  
parameters, such  as  total disgolved sol ids ,  nitrate, etc 
due to changes i n  flow pat te , rn .  These changes are  not 
e x p e c t e d  t o  lead t o  n worsening in the ground water 
g u a l i t y .  

4 . 9  Impacts on Plora and Fauna 

The impacts on flora and fauAa as already observed are 
described in ref / 2 / .  ~owever !  if t h e  present s i t u a t i o n  
c o n t i n u e s  for sorne years an increased effect will result 
with regard t o  changes i n  alluhial ecosyçtems as follows: 

On the Hungarian inunda t i !on  area ( s i d e  b r a n c h e s  plus 
forests) the decrease of the w a t e r  level fluctuations 
makes the site canditilons worne for floodplain 
biocenoses. 

R On t h e  Hungarian inunda{ian area t h e  r e d u c t i o n  of 
deposition of f i n e  materi~l (nutrientsl) by floods in 
the alluvial forests makes t h e i r  growing conditions 
worse. 

* On the Slovakkan i n u n d a t i o n  area the decrease of 
water level changes due to f looding from t h e  main 
r i v e r  can be compensated For management of discharge 
intake from the navigation canal at Dobrahes t .  The 
net effect of this combination is not y e t  proven in 
psatise. 

* On the Çlovakian i n u n d a l i o n  srea the reduction of 
depos i t ion  of fine m a t e r i h l  (nutrients!) by floods 
will be counteracted by deposition of smaller 
concentrations originating from artificial Elooding 
by discharge £rom the navigation canal. The n e t  
effect of this combination is not yet certain. 

I 
* Reduction of discharges in the Old Danube Leads to 

reduction of the water body, the flow velocity and to 
sedimentation of fine material. This will cause the 
loss of speciea typical l for streams, of rheophile I 
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l organisms, especially of fish species spawning on 
grave1 ground. 

* The  flow velocities in t h e  main river are  not large 
enough to provide adequate living c o n d i t i o n s  for the 
species requiring h i g h e r  flow velocity, for example 
fish species like Streber (0.6 m/s 7 cm above 
ground) . 

4.10 Impacts on ~griculture and Foreséry 

The impacts on agriculture and forestry as already abserveci 
are described in ref / 2 / ,  ie: 

'k Due to the increase of ground water tables on the 
Slovak territory an increaçe in t h e  capillary water 
supply  for the Slovakian agricultural areas has taken 
place. In Hungaryt the impacts on agriculture are 
positive in areas with increase in ground water level 
and negative in areas with decrease in ground water 
level, see Section 4.7. 

* As a result of the changes i n  gsounà water Level the 
forestry is mainly positively effected in Slovakia 
and mainly negatively in Hungary. 

As t h e  g r o u n d  water lewels are not expected to change 
further, these impacts are not  expected to be changed. 

4.11 Impacts on Electr ic i ty  Production 

In a year with average discharges as outlined in Table 4.1 
the e l e c t r i c i t y  p r o d u c t i o n  can be estimated to about 2,000 
GWh Jyear .  

4.12 Cost Estimate for Remedial Measures 

The remedial measures already implemented are the works  an 
the Slovakian and Hungarian flood plains. The coçts of 
these are approximately (excluding the intake structures at 
the power canal at Dobrohost  and t h e  outlet s t r u c t u r e  for 
Mosoni Danube at Cunovo): 

Slovakian flood p l a i n :  12.0 mil1 ECU. 

'k Hungarian f lood  p l a i n :  2 . 0  m i l 1  ECU. 
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Scenario 1 haç the same dischadge regkme i n  t h e  Old Danube 
as presen t ly  e x i s t i n g  but has 4mproved water supply to the 
inundation area on t h e  H u n g a r i a n  side. 

In addition to the impacts hescribed i n  t h i s  chapter 
re fe rence  is made to section1 3.3, where environmental 
impacts common to al1 f i v e  scenarios are described. 

5.1 Characterization of  t h e   cen na rio 
I 

d 30-140 m 3 / s  into the *id$ c h a n n e l s  on the. left side 
flood plain with an average value of 50 rn3/s. 

I 

This scenario is characterized 
regime : 

* 30-70 m3/s i n t o  t h e  side c h a n n e l s  a n  the r i g h t  çide 
f lood p l a i n  w i t h  an average v a l u e  of 50 rn3/s. 

I 

by the following discharge 

* 1-3 f looda of more then 4500 m3/s per year into t h e  
Old Danube ( t o  t h e  ex t en t  hydrologica.lly p o s s i b l e ) .  

* In average 400 m 3 / s  i n t o  t h e  Old Danube consisting a£ 
a base discharge of 250 - 1  300 m3/s supplemented with 
more d i s c h a r g e  d u r i n g  some flood events. 

I 

I 
Remedial measures (structures) will be implemented for the 
following purposes: 

* Obtaining increaçed water supply i n e o  t h e  side 
channels on the r i g h t  side. 

E n s u r i n g  some m i g r a t i o n  of wetland species between 
the main river and the side branches. 

AL1 t h e  remedial rneasurea are t & c h n i c a l l y  reversible. 
I 

In addi t ion  inproved operationi r u l e s  for the dey-to-day 
aperation of the water management w i t h i n  t h e  above given 
discharges will be irnplemented +n order to obtain as good 
environmental conditions a s  possible. 

5 . 2  Technical and Water Management Àspects 

I 
The following technical m e a s u r e s  are considered under t h i s  
scenario : 1 I 
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l 
implementation point of view alternatives (a) and (d l  cari 
w i t h  more certainty be implemented within s i x  months. 

l 
In addition to t h e  water supbly f i s h  passes between the 
main Danube and the side bran:ches s h o u l d  be constructed. 
T h e s e  works have not  been designed b u t  can according to 
defiigns on t h e  slovakian side be estimated to cost 0.5 mil1 
ECU. 

Water manaaement rraime / 
T h e  water management regime wjll be characterized by the 
average annual discharge values shown in Table 5.1. 

Table  5.1 Annual average discharge v a l u e s  in Scenar io  1. 

Danube, B r a t i s l a v a  

Inf lou t o  L i t t l e  Danube, Brarialava 

1 2.025 

1 30 
I 

l n f l o v  t o  Roroni Danube, Cunovo 

Seepage canai, r i g h t  a ide 

5.3 Possible T h e  Sehedule f o r  ~m~iementation 
I 

1 25 

2 
I 

Inteke t o  Hungarian r iver branches, Danube 

Bypass ueir plus tnuncfarion ueir, Cunovo 

Ship locks, Gabcikovo 

Turbines, Gabci kovo 

This scenario can be i m p l e r n e n t e d  by Ney 1994, provided that 
fulfilment of possibly neccessary legal procedures does not 
t a k e  more t h a n  three months. 

1 50 

I 380 

1 25 

1,618 

5 - 4  Impacts on Discharges, Water ~*velç and Flow Velocities 

The impacts on discharges andl w a t e r  l eve l s ,  as already 
measured are described in ref / 2 / ,  and shown in Table 5 . 1 .  
They çan be characterized as fo'llows: 

* The discharges in the 01d Danube will in average be 
about 20% as compared to pse-dam cond i t i on .  

I * The water leveis in the 1 upstream part of the Old 
Danube will. be reduced by) 2-4 m as compared to pre- 
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dam conditions. 

* The characteristic dynamics of water  level and 
discharge fluctuations in the Old Danube will 
continue to be significantly reduced a s  compared to 
pre-dam conditions. This could be i n f l u e n c e d  by 
implementation of improved opera t ional  rules f o r  day: 
to-day' water management. 

* water level variations on the Slovakian inundation 
area will Vary by 1.8 m at a difference in water 
supply £rom the intake canal at Dobr~host £rom O to 
140 m / S .  

* The difference in water  levels between the main river 
and t h e  side branches will generally be so large that 
water flows from t h e  m a i n  r i v e r  to the side branches 
will only be possible u n d e r  the f looding  conditions 
expected to occur 1-2 times per  year. 

The split of the dir .h. -Y,ds can in a year  with average 
discharge be described by the figures given in Table 5.1 

The flow velocities have been estimated to be as described 
in Table 5.2. From the tab le  it appears that the cross- 
sectional velocities a t  minimum discharge i n  the main river 
are 0.6 - 0.8 m i s  corresponding to velocities near the 
bottom of 0 . 4  - 0 . 5  m / s .  

5 . 5  Impacts on Erosionli jaimentation 

The impacts on erosion and sedimentation as already 
measured are described in ref / 2 / .  Due to lack of specific 
measurements there is some uncertainty with regard  to t h e  
development over the coming years. The best estimate is as - ' 1 

t No major net eros ion  and sedimentation in the OLà 
Danube. During some events sedimentatian of fine 
material w i l l  take place. This fine material may be 
washed away d u r i n g  flood events. 

* The river bed in the main branches on the Slavakian 
side will continue to be sufficiently free from mud, 
so that good infiltration c o n d i t i o n s  exist. 

* The river bed in the main branches on the ~ u n g a r i a n  
side w i l l  become su£ f i c i e n t l y  f ree f rom mud, so that 
good infiltration conditions w i l l  e x i a t  . 

5.6 Impacts on Surface Water Quality 

The impacts on t h e  sur face  water quality are expeçted to be 
i n s i g n i f  icant , 
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T a b l e  5.2 Estimatad d i scharge  and Iflow velocity v a l u e s  i n  t h e  
main river and in the  side branches under Scenario 1. 

I 

< 5-10 dayslyear 

l 

5 . 7  Impacts on Cround Hater Reghe  

The estimated impacts on the &ound water regime are : 
l 

* Geound w a t e r  levels on t{e Slovakian t e r r i t o r y  will 
be higher than os equal to t h e  pre-dam conditions. 

I 
* Cround water levels on the Hungar ien  territory are 

expected to be n o t  lower than in t h e  pre-dam 
conditions. 

Reestabliçhing the dysiamkcs of ground water l eve l  
fluctuations will to darge extent  be possible 
downstream t h e  reservoir. 

5 . 8  Impacts on Cround Water Quality 

The impacts on t h e  ground watir q u a l i t y  are in general 
expected t o  be i n s i g n i f i c a n t .  However, some local changes 
are expected in areaç close to; the reservoir in certain 
parameters, such a s  total dissolved solids, n i t r a t e ,  etc 
due to changes in flow patte4n. These changes are n o t  
expected to lead to a worsening in the ground water 
quality. 
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5 . 9  Impacts on Flora and Fauna 

The impacts on flora and fauna as already observed are 
degcribed in ref / 2 / .  However, i f  t h e  p r e s e n t  situation 
continues for some years an increased effect w 4 1 1  result 
w i e h  regard to changes in alluvial ecosystems as follows: 

x On the Hungarian inundation area the reduction of 
deposition of fine material (nuerientsi} by floodç in 
the alluvial forests makes t h e i r  growing conditione 
worse. 

* On the Slovakian i n u n d a t i o n  area the decrease of 
w a t e r  leveL changes due to flooding f r o m  the main 
r i v e r  can be compensated for management of discharge 
intake from the navigation canal at Dobrohost. The  
n e t  e f f ec t  of t h i s  combina t ion  i s  not yet proven in 
pratise, 

* On the Çlovakian i n u n d a t i o n  area the r e d u c t k o n  of 
deposi t ion of fine material (nutrientsl) by flood6 
will be c o u n t e r a c t e d  by deposition of smaller 
c o n c e n t r a t i o n s  o r i g i n a t i n g  £rom artificial f l o o d i n g  
by discharge £ r o m  the navigation canal. The net 
e f fec t  of t h i s  combination i s  not yet cer ta in .  

t R e d u c t i o n  of d i ç c h a r g e s  i n  t h e  Old Danube leads to 
r e d u c t i w n  of t h e  water body, the fLow v e l o c i t y  a n d  to 
sedimentation of f i n e  material. ~ h i s  wilP cause the 
loss of species typical for çtreams, of rheophile 
o r g a n i s r n s ,  eçpecially of f i s h  species spawning on 
grave1 ground. 

1 The flow velocities in the main r i v e r  are  nol large 
enough to provide adequate Living conditions for t h e  
species r e q u i r i n g  the higher flow velocity, for 
example fiçh species l i k e  Streber ( 0 . 6  m/s T cm above 
ground ) . 

5.10 Impacts on ~griculture and Forestry 

D u e  to the increase of ground water tables on both t h e  
Slovakian and H u n g a r i a n  territory an increase i n  t h e  
capillary water supply for a s  well agricultural as Sorestry 
areas can be expected. 

5.11 Impacts an Electr ic i ty  production 

I n  a year w i t h  average diçcharges as outlined in Table 5.1 
the electricity production can  be eçtirnated ta about 1 , 9 3 0  
EWh/year. 

TEmporary Uster bnogtmsnt Regimt 
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5.12  Cost ~ s t i m a t e  for Remedial Me 

T h e  remedial measures .alreadq 
Scenario O are estirnated ta c~ 

+k Fish passes on t h e  Hung, 
ECU 

* Water fiupply plus fish F 
plain: 2 . 0  mill ECU.  
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ures  

implemented in add i t ion  to 
t as follows: 

ian flood plain: 0 . 5 4  mill 

ses on the Hungarian flood 



6 .  ELRBORATION OF SCENARIO 2 

S c e n a r i o  2 repreçents a n  increase in discharge i n  t h e  Old 
Danube and in t h e  Hungarian side branches as compared to 
Scenario O .  

In addition to the impacts described Ln this chapter 
reference is made to Section 3 . 3 ,  where environmental 
impacts common to all £ive scenarios are described. 

6.1 Characterization of the Seenario 

This çcenario is characterized by t h e  following discharge 
regime : 

I n c r e a s e  of discharge into the Old Danube to i n  
a v e r a  e 600  m 3 / s  h e à i a t e l y  and to sornewhere between 3r 600 m /s and 940  m3/s a f t e r  May 1994 with an average 
value of 800 m 3 / s .  

* 30-140 m3/ç into t h e  side channels on t h e  left side 
flood plain w i t h  an average value of 50 m3/s. 

* 30-70 m3/ç into t h e  çide channels on thé right side 
flood p l a i n  with an average value of 50 mJ/s. 

* 1-3 floodç of more than 3 5 0 0  m3/s per yeas into the 
OLd Danube (ta the exten t  hydrologically passible). 

Remedial measures (structures) will be implemented for the 
following purposes: 

* Obtaining increased discharge to the Old Danube. 

* O b t a i n i n g  increaçed w a t e r  supply i n t o  the side 
channels on the right side. 

* Ensuring some migration of wetland species beeween 
the m a i n  r i v e r  and t h e  side branches. 

Al1 the remedial measures are technically reversible. 

In addition irnproved operation r u l e s  for the day-to-day 
operation of the water management within t h e  above given 
discharges will be implemented in order to obtain as good 
e n v i r o n m e n t a l  conditions as possible. 

6 . 2  Technical  and Water Management Aspects 

6 . 2 . 1  Additional remedial rneasures  

T h e  following technical measures are considered under this 
scenasio : 

TEmporsry Uarer Wansgement Regime 
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Main River  

* Improvement of the dai 
V a r i a n t  C s tructures  f ri 
m3/s and 6240 m3/s acco 

The t i m e  schedule  and cost es 

* Discharge capacity: 9 4  
1994 and 6240 m3/s is pi 
r e c o n s t r u c t i o n  o f  t h e  
weir enabling 340 m 3 / s  
implemented by May 199 
mil1 E C U / y e a r  in m a i n t e  

Inundation area  on the l e f t  s 

* C o n s t r u c t i o n  of 7 f ish 
Danube to the çide bran 

* Construction of fish p 
area. 

These fiçh passes c a n  be con 
and is estimated to cost 0.54 

I n u n d a t i o n  a r e a  on t h e  r i g h t  

In order to achieve s u f f i c i  
channels on the H u n g a r i a n  si 
present 10 m3/s have to be in 
the o n e ~ p r e s e n t l y  existing on 
to 70 rn /s with average valu 
Such discharges wkll most li 
high flow velocities to ens 
substantial part o f  t h e  r i v e r  

The supply of these up to 70 
technically alternative s o l u t  

( a ) - ( d )  See description in 

(e) Dredging of a side bran 
discharges in the Old L 
level will then be si  
diversion of 50 m 3 / s  to 1 
This can be implement 
estimated to cost m a ~ i m i  

Frorn a technical and economica 
alternatives is the dredging 

In addition to the water sup] 
main Danube and the s i d e  brar 
These work's have not been del 
design6 on the Slovakia side b 
ECU. 

discharge capacity of the 
i the present 600 m 3 / s  to 940 
ling to Subsection 2.1.3. 

irnates are as follows: 

m3/s is possible from May 
sible from summer 1996. The 
pillway for the inundation 
s a daily discharge can be 
and is expected to cost 1 

snce . 

?asses conneç t iny  the main 
leS. 

;ses within the inundation 

ructed within three months 
lill ECU. 

ide 

it f l o w  v e l o c i t i e s  i n  the 
: it is estimated that the 
+eased to the same level as 
:he Slovakian side, i . e .  up 

i n  t h e  order of 50  rn3/a. 
:ly result in s u f  f i c i e n t l y  
re removal of mud from a 
iottom. 

l 
/5 can be achieved by f i v e  
iris : 

1 

sr 
.ci 
i a 1  

JI 
' h  
:y 

T 1 

(1 
~ ; 4  
icl 
sli e 

Nn 

i at RKM 1845 - 1 8 4 8 .  With 
lube of 800 m3/s the water 
ficiently high to enable 
e rlght side branch çystem. 
i in t w o  months and is 
1 mil1 ECU.  

point of view, the simplest - 
y fish passes between the 
hes s h a u l d  be constructed. 
gned but can according t o  
es t imated to cost 0 . 5  mil1 
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6.2,2 pater manauement reoime 

The water management regirne will be characterized by the 
average annual discharge values ehown i n  Table 6.1. 

Table  6.1 Annual average d î s c h a r g e  values i n  Scenario 2. 

6.3 Possible  ~ i m e  Scheduls f o r  Implementation 

The possible time schedule f o r  irnplernentation of t h e  
various elements . are given in Section 6.2 above. In 
summary, it can be estimated that the scenario can be 
implernented in May 1994. 

6 . 4  Impacts on Discharges, Water Levels and Flow Velocities 

The split o f  the discharges can in a year with average 
discharge be described by t h e  figures given in Table 6.1 

The impacts on discharges and water levels, can be 
characterized as follows: 

* The discharges in t h e  Old Danube wilL in average be 
about 40% as compared to pre-dam condition. 

* The water levels in the upstream part of the Old 
Danube will be reduced $y 2 - 2 . 5  rn as compared to 
pre-dam conditions. 

* The characteristic dynamics o f  water level and 
discharge fluctuations in the O l d  Danube w i l l  be 
sornewhat reduced as compared to pre-dam conditions. 

7 q r ~ r a r y  Mater Management Rcgime 
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The difference in Water levels between the main river 
and the side branches will generally be so large that 
water f lows f rom the mai!n river to t h e  side b r a n c h e s  
w i l l  only be possible under t h e  flooding cond i t i ons  
expected to ocçur 1-2 t h e s  per year. 

* Water level variations 
a r e a  will Vary by 1.8 
supplg £rom the intake 
140 m /fi. 

* The discharge t h r o u g h  the downstream p a r t  of t h e  
reservoir will as compa~ed to Scenario O be reduced 
f r o m  i n  average 1533 m 3 / s  to 1 0 9 3  m 3 / s  r e s u l t i n g  i n  
e decrease in velocity of 29 % and en increase in 
r e t e n t i o n  t i m e  of 40  % respectively. 

on t h e  S h v a k i a n  inundation 
m at a difference in water 
canal at Dobrohost from O to 

The flow velocities have been èstimated to be as describecl 
in Table 6.2. From the table (and Table 2.5) it appears 
that the minimum flow velocities at minimum discharge are 
about  I m/s corresponding to 0 16 -0.7 m/s as point velocity 
7 cm abave the river bottom (fish l o c a t i o n ) .  I t  i s  also 
not iced  that the flow veloci$ies on the Hungarian flood 
plain wiLl be so large that erosion of the fine bed 
m a t e r i a l  can be expected. 

6 . 5  Impacts on ~rosion/Sedimentatian 

The developrnent of the erosiol  and sedimentation over the 
coming years is somewhat u n c , e r t a i n  due to shortage of 
specific measurements. The best estimate is as follows: 

* NO major net erosion ar(d sedimentation in the Old 
Danube. D u r i n g  some e v e n t s  sedimentation of fine 
mate r i a l  will take place! This f i n e  material will be 
washed away during flood eventç. 

x Sedimentation in t h e  down'çtream part of the reservoir 
of fine material increase as compared ta 
Scenario O. 

* The river bed i n  the maik branches on the Slavakian 
side will continue to be /sufficiently free from mud, 
ao  that good infiltration condi t ions  exist. 

* The r i v e r  bed i n  t h e  m a i R  branches on t h e  Hungarian 
side wlll become su£fici$ntly free from mud, sa that 
good infiltration conditions will exist. 

I 
6 . 6  Impacts on Surface Water ~ u a l i  

T h e  impacts on the surface waler quality are expected to 
be insignificant. 

Tehprary Uater Nanegement Regimc 
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Table  6 . 2  Estimated d i s c h a r g e  and f l o w  velocity v a l u e s  In t h e  
main river and in t h e  s i d e  branches under  Scenerio 2. 

6.7  Impacts on Ground Water Regime 

Location 

The  estimated impacts on the ground water regime are: 

* Ground water levels on the S l o v a k i a n  territory will 
be higher than or equal to the pre-dam conditions. 

365 days/year 
a+ side branches area into  main r i v e r  

Flou from m i n  r i v e r  5-10 day i lyear  
in to  a fcw r i v e r  arms 

Flou from min river < 5-10 d a y d y e a r  
into a l m s r  a l 1  r i v e r  

Dischargc characterist  i c  

* Ground  water levels on the Hungarian territory are 
expected to be not lower than in the pre-dam 
conditions. 

* Reestablishing the dynamlcs of greund w a t e r  level 
f l u c t u a t i o n s  will to large extent be possible 
downstream the reservoir. 

Dii3hargc 
(m /a)  

6 . 8  Impacts on Ground Water Quality 

Cross-sect ionel 
average v e l o c i t y  

[mlsl 

The  impacts on the ground water quality are in general 
expected to be insignificant, However, there is a risk that 
fine material may sediment at the downstream part of the 
reservoir and cause problems to ground water quality 
infiltrating £rom here. 

Temprsry Uster Haragement Rtgime 
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6 .9  Impacts on Flora and Fauna 

N a t u r e  c o n s e r v a t i o n  v a l u e s  1 cen by t h i s  scenario be 
preserved t o  a l a r g e r  e x t e l n t  than u n d e r  Scenario 1. 
However, i f  t h e  s c e n a r i o  c~ntinues f o r  some years an  
i n c r e a ç e d  e f f e c t  will r e s u l ;  w i t h  r e g a r d  to changes i n  
a l l u v i a l  ecosystems as fol lows:  

I 
* on t h e  ~ungarian i n u n d a t i o n  araa the reduction of 

deposition of fine mater:ial ( n u t r i e n t s  1 ) by f loods i n  
t h e  a l l u v i a l  forests makes t h e k r  growing c o n d i t i o n s  
worse. 

* On t h e  S l o v a k i a n  inund l i t i on  area the decrease of 
water' l e v e l  changes  due  to f l o o d i n g  £rom t h e  m a i n  
r i v e r  c a n  be compensated f o r  management of discharge 
intake from the navigat$on canal at Dobrohost. The 
net e f f e c t  of t h i s  combination i s  n o t  yet proven  i n  
p r a t i s e .  

* R e d u c t i a n  of discharges 1 i n  t h e  Old D a n u b e  leadç t o  
reduction o f  the water bqdy, t h e  flow v e l o c i t y  and to  
sedimentation of f i n e  m a t e r i a l .  This w i l l  cause t h e  
l o s s  of specieç t yp i ca l l  for streams, of r h e o p h i l e  
a rgan i sms  . 

* On the Slovakian inundation asea the reduc t ion  of 
deposition of f i n e  matelrial ( n u t r i e n t s  1 ) by floods 
w i l l  be counteracted lby depos i t ion  of smaller 
concentrations o r i g i n a t i n g  £rom a r t i f i c i a l  flooding 

The f low v e l o c i t i e s  i n  t h e  main river coula f rom May 
1994  onwards i n  t h e  major p a r t  of t h e  Old Danube and 
of the yeas be l a r g e  enough to provide adequate 
l i v i n g  c o n d i t i o n s  for /the çpecies r e q u i r i n g  t h e  
higher f l o w  velocity, folr example fish specieç like 
Streber  (0.6 m/s 7 cm above ground). 

by d i s c h a r g e  from t h e  
effect of t h i s  combina t ion  

6.10 Impacts on Agriculture and F ~ J ~ ~ ~ ~  

navigation c a n a l .  The n e t  
is not  yet c e r t a i n .  

Due ta t h e  i n c r e a s e  of water t ab les  on both t h e  
S l o v a k i a n  and Hungar ian  t e r r , i t o r y  an  increase i n  t h e  
c a p i l l a r y w a t e r  supply for as w e l l  a g r i c u l t u r a l  as forestsy 
ereas can be expected. 

Temgorsry Yater Mnegtment Ryf i rac  
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6.11 Impacts on Elec tr i e i ty  production 

In a year w i t h  average diacharge t h r o u g h  the turbines of 
1018 m3/s a s  ontlined in Table 6.1 the electricity 
production can be estimated to be about 1390 GWh. 

6.12 Cost Estimate for Remedial Meaaurea 

The  remedial measures to be implemented in addition to t h e  
ones in Scenario O and Scenario L is the reconstruction of 
the spillway for the inundation weir, w h i c h  is estimated to 
cost 1 mil1 ECii/year in maintenance. Thus the total coçts 
in addition to the ones already implemented in Çcenario O 
are estimated as follows: 

* Slovakian side: 0.54 mil1 ECU + 1 mil1 ECU/yeas. 

* Hungarian side: 2 . 0  mil1 ECU. 

Tcmprary Vbtcr Management R q i m e  
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7. ELFLBORATION OF ÇCENARIO 3 l 
scenario 3 as deçcribad bel*+ is basically identicel to 
Scenario 2 except for construction of a nurnber of 
u n d e m a t e r  weirs. Hence, the discharge regime and rnany of 
the impacts are identical to t h o s e  of Scenario 2 .  

l 
In addition to the impacts described in this chapter  
reference is made ta Çectiol;i 3.3, where env i ronmen ta l .  
i m p a c t s  conunon t o  all £ive scenarios are described. 

l 

some underwater 
the Old Danube and 

f o r  enabling main r i v e r  and the 
b r a n c h  weirs is possible 

impact of the 
demonstrated for  

to 2000 m3/s. 

In Çcenario 3 the impacts of c o ' n s t r u c t i n g  eight: underwater 
weirs a r e  elaborated i n  detaijs for  the discharge  regime 
and the rernedial measures corresponding to Ç c e n a r i o  2. 

I 
Al1 the remedial rneaçureç are kechnically reversible . 

7 . 2 . 1  Desian of undemater w e i m  
I 

I n  add i t i on  improved operation rules  for the day-to-day 
opera t ion  of the water managemlent within t h e  above given 
d i s c h a r g e s  will be irnplemented 1 in order to obtain a s  good 
environmental conditions as possible. 

7 . 2  Technieal and Water Management 

A 6  a n  example a specific design lw i th  8 undemater weirs of 
about 4 rn h e i g h t  is shown in Fig 7.1  and Table 7.1. 

I 

Aspects 

Undemater weirs are technical14 v i s i b l e  and it i s  possible 
to remove them with heavy equipment. T h e  e f f o r t  reqvired 
f o r  removing underwater weirs ils estimated to be the same 

It should be ernphasized that n4  ettempt has been made in 
the Working Group te identify the optimal design for the 
specific discharges cansidereq in t h i s  scenario. For 
i n s t a n c e  the present design e x y p l e  may not be sufficient 
for local n a v i g a t i o n .  The  p a s t i c u l a r  design and t h e  
calculations made i n  the fo l lowi lng  aim at illustrating the 
ef fec ts  of i n u n d a t i o n  weirs. 

or less as for the construction 
and c o s t s .  Hence, they can be 
t e c h n i c a l  measures. 

T-rary Mater naragement R q i m e  
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Fig. 7 . 1  Example of design of underwater w e i r  constructed of 
large stones 

The impacts of t h i s  particular design of undemates weirs 
on water levels and f low velocities have been assessed by 
c a l c u l a t i o n s  with the MIKE 11 mathematical model. The water 
level and velocity p r o f i l e s  for a discharge of 600 m3/s is 
çhown in Figs. 7.2a+b for the situation with underwater 
weirs. The  velacity profile in F i g .  7.2a can be compared to 
the corresponding p r o f i l e w i t h o u t  underwaterweirs  shown in 
FSg. 2.5.  F i g .  7 . 2 b  also shows the water level for the same 
dlscharge without under water weirs. 

T a b l e  7 .1  Design parameters for a system of e i g h t  underwater 
weirs. 

Temporary Uater Management Regine 
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Fig. 7 . 2  Mode1 c a l c u l a t i o n s  of w a t k r  level  profi le  w i t h  and 
without  undemater  weirs (la) and of v e l o c i t y  p r o f i l e  
w i t h  u n d e m a  t er  mirs ( b )  between Cunovo and 
Sep/Pel kovicovo. 1 
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T a b l e  7.2 Water depths and f l o w  velocities at D u n a r e m e t e  for 
different d i scharges  for Scenario 3 c o m p a r e d  with the 
situation without underwater weirs, 

For Dunaremete mode1 results on water levels and flow 
velocities for different discharges are presented in Table 
7.2 both without and with underwater weirs. From the 
figures and the tables it is evident that undemater  weirs 
have major impacts .  Thus the water levels are increased by 
1.5 - 2.5 m, which in turn results in large decreases of 
flow velocities, At Dunaremete for example the water levels 
are  increased by about 2.5 m, while t h e  velocities for 
discharges leçs than 800 m3/s are reduced to leçs than 
half. For other locations, such as e.g. Rajka, where the 
increase in water levels are lesç the impacts on velocities 
are also smaller. 

7 .2 .2  O~ening of c o n n e c t i o n  to s i d e  branches 

A f ew of the dikes presently closing the connection between 
the main river and the side branches will be opened to 
enable a small flow ( f e w  rn3/s) also u n d e r  medium flow 
conditions in the main Danube. 

7.2.3 Water manauement reaime 

The water management regime will be as deçcribed under 
Scenario 2, se@ Subsection 6.2.2. 

7.3 Possible Time  SeheduLe f o r  Implementation 

According to a çimilar, specif ic Slovakian design with nine 
underwater weirs one weir can  be constructed in ewo rnonths 
and al1 nine can under favourable conditions be conatructed 
in five months. In a d d i t i o n  to the t i m e  for construction 
some t i m e  will be required to fulfill the necessary legal 
procedures. The cost of the Slovakian project is estimated 
to 6.3 mil1 ECU.  

TempDrary Water nanagement R q i m e  
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7 . 4  Impacts on Dkseharges, water Levels and Flow Velocities 
l 
I 

The s p l i t  of t h e  discharges Fan in a year w i t h  average 
discharge be deçcribed by the figures given in Table 6.1 

I 
I The impacts on discharges and water l e v e l s ,  c a n  be 

character ized as follows: 

* The discharges i n  t h e  014 Danube will in average be 
about 40% as compared to pre-dam cond i t i on .  

* The water levels i n  the 0,ld 1 Danube is expected to be 
kept similar to pre-dam c q n d i t i o n s .  I f  t h e  undemater 
w e i r s  have c o n s t a n t  cresq level acrosç the river it 
will not be possible to reestabllsh the dynamics of 
the w a t e r  level fluctuatdons . 

ir ~t w i l l  be possible to màintain or even improve the 
flow connections between  the main river and the side 

* The  discharge through th)e downstream p a r t  of the 
reservoir will as compared to Scenario O be reduced 
from in average 1533  rn3/ç( to 1093 rn3/s resulting in 
a Gecreaçe in velocity o; 2 9  % and an increaçe in 
retention time o f  40 % respectively. 

I 

branches on both sides 
conditions. 

* water level va r i a t ions  on the Slovakian i n u n d a t i o n  

a s  compared to pre-dam 

area will Vary by 1.8 m 
supply from the intake 
140 m / S .  

I 5 Impacts on Erosion/Sedimentatkou 
I 

at a difference in w a t e r  
canal at Dabrohost from O to 

T h e  f low v e l o c i t i e s  have  been edtirnated to be as described 

The conditions w i t h  regard t a  erbsion and sedirnentation is 
expected to be a s  u n d e r  Scenario 2 ,  ie: 

l 

in Tab le  7.3. From the table 
velocities at minimum discharge 

* N o  major net e r o s i o n  and  lsedimentation i n  the O l d  
Danube. During some events sedimentation of fine 
rnaterial will take place! T h i s  fine r n a t e r i a l  i s  
expected t o  be washed away d u r i n g  f lood  events. 

it appears that the flow 
of 4 0 0  m 3 / s  is about  0 . 5  

* The river bed in the main branches on the Çlovakian 
side will c o n t i n u e  to be s y f f i c i e n t l y  Eree from mud, 
so that good infiltration conditions e x i s t .  

l 

m / s .  For average flow condit:ons (800 m3/s) the flow 
velocity is typically +n the o r d ~ r  o f  0.8 m/s corresponding 
to about 0.5 m/s as p o i n t  velocity 7 cm above the river 
bottom (fish location). l 

+ The river bed in t h e  main b r a n c h e s  on t h e  Hungarian 
side will becorne sufficienqly free £rom mud, so t h a t  
good i n f i l t r a t i o n  conditions w i l l  exist. 

Temprary Uater Management R q i m e  
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Table 7.3 ~ s t i r n a t e d  d i scharge  end f l ow  velocity v a l u e s  in the 
main r iver  and in t h e  çide branches u n d e r  Scenasio 3.  

nain river, Dunaremete 

0.M - 0.30 

area into main r iver  

Flou from m i n  r i v e r  ,195 days/year 
in to  a feu r i v e r  srms 

21 dayslyear 

7.6 Impacts on Surface Water Quality 

The  impacts o n  the sur face  water quality i s  expected to be 
insignifiçant. 

7 . 7  Impacts on Ground Water R e g i m e  

The estimated impacts on t h e  ground water regirne are as 
u n d e r  Scenario 2:  

* Ground water levels on t h e  Slovakian t e r r i t o r y  will 
be h i g h e r  than or equal to t h e  pre-dam c o n d i t i o n s  and 
a l s o  higher than or e q u a l  a s  compared to Scenario O. 

* G r o u n d  water levels on t h e  Hungarian territory wilL 
be h i g h e r  than o r  equal ta the pre-dam conditions and  
also h i g h e r  than or equal as compared to Scenario O. 

If the undemater  w e i r ç  have constant crest level  
açross the r i v e r  it w i l l  not be possible to 
reestablish t h e  dynamics of the ground wates l eve l  
fluctuations. 

Temprary Uater lanagcmmt Regimt 
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7 . 8  Impacts on Cround Water pualidY 
I 

The impacts on the ground water q u a l i t y  are,  with t h e  
discharge regime as under Scenario 2 ,  in general expected 
to be insignificant. 

7 . 9  Impacts on Flora and Pauna 

Reéuction of discharges $n t h e  O l d  Danube leads to 
reduction o f  the flaw v e l o c i t y  and to sedimentation 
of fine material. This will cause t h e  l ~ s s  of species 
typfcal f o r  streams, 1 of r h e o p h i l e  o r g a n i s m s ,  
eçpecially of f i ç h  spec ie~ ;  spawning on grave1 ground. 

The impacts on flora and f a d a  as a l ready  observed are 
describeci in sef / 2  J .  ~oweverl, if the present situation 
c o n t i n u e s  for sorne years an iycreased effect will r e s u l t  
w i t h  regard to changes in a l l u v i a l  ecosystems as  fo l lows:  

* Pecrease of t h e  water l eve l  f l u c t u a t i o n s  i n  t h e  

* Under minimum discharge 
flow velocities in the 

In a year w i t h  average di$charges the electricity 
production can, with the discharge regime as under Scenario 
2 ,  be estimated to about 1390 GWh. 

i n u n d a t i o n  area (aide b ~ a n c h e a  p l u s  forests), makes  
the site conditions worse for floodplain biocenoses. 

I 

c o n d i t i o n s  (400  m3 /s) the 
main r i v e r  are n o t  large 

7.10 Impacts on Agriculture and ~ o r e ' s t r ~  

As under Scenar io  2 the impacts y n  agriculture and f o r e s t r y  
are  expected to be an increase  in the c a p i l l a r y  w a t e r  

enough to provide adequat~ living conditions for the 
species r e q u i r i n g  the higher velocities, for example 
fish spec ies  l i k e  Streber. I n  o rde r  t a  have adequate  
l i v i n g  conditions for this fish species the minimum 
discharge  s h o u l d  be aboud 1000 m3/s. 

supply for as  well a g r i c u l t u r a l  
Slovakia and in Hungary. 

Temp~rary Ueter rianagement Regime 
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as f o r e s t r y  areas b o t h  i n  

7.12 C o s t  Estimate for nemedial Messires 
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7.11 Impacts on Electrieity Proauction 
l 

The cos ts  of construction of a system of nine undemater 
w e i r s  cari be estimated to be betweea 6 and 12 mil1 ECU. 



Under Scenario 4 as much water as technically possible is 
diverted into the Old Danube and the side channels. 

In addition to the impacts described in this chapter 
reference is made to Section 3.3, where environmental 
impacts common to a l 1  five scenarios are desçribed. 

8,1 Characterization of the Scenario 

In Scenario 4 as much water as technically poçsibly will be 
diverted into the O l d  Danube and the side channels. 

' ~ n  this scenario the only new remedial meaçures to be 
implemented are f inalisation of the parts of the Varian t  C 
structures, which enahle diversion of w a t e r  into the O l d  
Danube and reconstruction of the spillway of the inundation 
weir enabling up t o  1300 m 3 / s  to pass thiç structure in 
daily use. When t h e s e  workç are completed the navigation 
canal will be uçed f o r  navigation only and no electricy 
will be produced. 

Al1 the remedial measureç are technically reversible. 

I n  addition improved operation r u l e s  for the day-to-day 
operation of the w a t e r  management within the above given 
discharges will be implemented i n  o r d e r  t o  o b t a i n  as good 
environmental c o n d i t i o n s  as passible. 

8 . 2  Technieal and Water Management aspects 

As part of the water management water will be provided to 
the ship locks at Gabcikova, to Little Danube, Mosoni 
Danube and to t h e  floodplains on both sides. T h e  remaining 
water w i l l ,  t o  the ex ten t  tecbniçally poss ib l e  be d i v e r t e d  
t o  t h e  Old Danube. 

This scenario will have four different discharge regirnes 
according to t h e  ç t a t u s  of the V a r i a n t  C structures (cf 
Table 2 . 2 ) :  

* From now until May 1994: max 600 m3/s. 

* Between May 1994 and December 1994: max 940 m3/s. 

* Between Decernber 1994 and summer 1 9  96  : max 1 9 0 0  rn3/s. 

* After sumer 1996: max 7200 m 3 / s .  

T h e  above discharge figures represent the capacity for 
daily use. In addition it will be possible to pas6 more 
water in - flood situations. Thus, in practise it will 
technically not be possible until t h e  summer of 1996 to 
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divert al1 water to the Old ~ d n u b e .  

The water management regime will be charaçterized by the 
average annual discharge values ahown in Table 8,1. The 
impacts assessed in t h e  following part of t h i s  chapter 
refer to t h e  conditions afterl t h e  full implementation o f  
the scenario,  i.e. af te r  the summer of 1996. 

8 . 3  possible T h e  Schedule for Impkementation 

The  t i m e  schedule is described in S e c t i o n  8 . 2  above. 

T a b l e  8 , l  Annual average d i s c h a r g e  values in Scenar io  4 .  

Notes: 1)  Oischarge to the turbines i n  average a b t  130 daystyear 
2 )  Discharge to  the  turbines i n  everege a b u t  one daylyear 

8 . 4  Impacts on Discharges, Wates ~ { v e l ç  and Flou Yelocities 
I 

The s p l i t  of the discharges c a n  in a year w i t h  average 
discharge be desçribed by the fiigures given in Table 8.1 

I 
A f t e r  the sumrner of 1996 the impacts on discharges and 
water levels, can be characterized as follows: 

* The  discherges i n  t h e  0 l d  Danube will be 90 - 9 5 %  as 
compared to pre-dam condition. 

* The  water levels In the 04d Danube will be 10 - 4 0  cm 
lawer than in pre-dam cend i i t i ons ,  The dynamics of the 
water l eve l  f l u c t u a t i o n s  will be maintained. 

Due t o  the small reduct ion i n  water  levels, t h e  f low 

Tcmporary Uatcr bnagemmt R q i m e  
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connect ions  between t h e  main river and t h e  side 
b r a n c h e s  w i l l  be slightly reduced as compared to pre- 
dam conditions. 

The  discharge t h r a u g h  the downstream p a r t  of the 
reservoir will as compared.to Scenario O be reduced 
E r o m  in average 1533 m3/ç to 78 m3/s resulting in a 
decrease in v e l o c i t y  and an  increase i n  re tent ion 
t h e  by a factor of 2 0  r e spec t ive ly .  

The f l o w  v e l o c l t i e s  have been estimated to be as descrkbed 
i n  Table 8 . 2 .  From t h e  tables it appears that . t h e  flow 
velocities have only been m a r g i n a l l y .  changed as compared to 
pre-dam conditions. 

T a b l e  8 . 2  Estimated d i scharge  and f l o w  veloci ty v a l u e s  in the 
main river and in t h e  s ide branches under Scenario 4 .  

a i n  r i v e r ,  Dunaremete 

F l o w  from m i n  r i v e r  4 6 5  dayslyear 
in to a feu r i v e r  arms 

F tau f rom main river 19 dayslyear 
into  almoit  a l l  r iver 

8 . 5  Impacts on Erosion/Sedimentation 

The conditions w i t h  regard to erosion and sedlmentation i s  
expected t o  be as f o l l o w s :  

* In the O l d  Danube increased erosion will take place, 
because the sediment  concentrations in the water 
passing the structures w i l l  be significantly reduced 
and the v e l o c i t i e s  in t h e  Danube w i l l  be almost the 
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* The river bed i n  t h e  ma!n branches on the S l o v a k i a n  
s i d e  w i l l  continue to be sufficiently free from mud, 
so that good infiltration c o n d i t i o n s  exist. 

I 
a The river bed i n  t h e  main branches o n  t h e  H u n g a r i a n  

side will become su£ £ iclently free f r o m  mud, s o  that 
good i n f i l t r a t i o n  c o n d i t i o n s  w i l l  exise. 

' 8 . 6  Impacts on Surface Water ~ u a l i t ~  
I 

Directing in a v e r a g e  4% of 1 t h e  discharge through t h e  
downstream part of the reçervyir, it can be expected t h a t  
stagnant water with algae growth and s e d k r n e n t a t i o n  of 
arganic m a t e r i a l  will occur iln this water body. T h i s  may 
a l s o  h a v e  some n e g a t i v e  impact on t h e  surface water quality 
i n  t h e  n a v i g a t i o n  c a n a l  and f u , r t h e r  downs t ream i n  the main  
Danube as well as  i n  the Slovakian f lood plains where the 
side branches now w i l L  be fed with e u t r o p h e  water from the 
navigation canal. 

8 .7  Impacts on Ground Water ~ e ~ k m e  

* Ground water levelç on 6he Slovakian territory will 
be higher t h a n  or e q u a l l  ta the pre-dam c o n d i t i o n s .  
noweves t h e  ground wyter levels close to the 
downstream part of the r e s e r v o i r  w i l l  be lower than 
in Scenario O. 

T h e  e s t l m a t e d  impacts on  t h e  
f o l l o w s :  

* Ground water levela on t!he ~ u n g a r i a n  t e r r i t o ry  w i l l  
be h i g h e r  than or  equal I ta the pre-dam conditions. 

I 

ground water regime a r e  a s  

* As compareci t o  ~ c e n a r i 4  O it will be possible to 
r e e s t a b l i s h  a s u b s t a n t i ~ l  p a r t  of t h e  dynamics of 
ground water level f l u c t ~ a t i o n s  downstream Çunovo on 
t h e  r i g h t  side and downstream Dobrohost on t h e  left 
side of t h e  Danube. 

8 . 8  Impacts on Ground Water ~ u a l i d ~  

The impacts on the ground watej qualiby w i l l  i n  most of t h e  
area c o n t i n u e  to be insignificant. Bue t o  e u t r o p h i c a t i o n  i n  
t h e  downstream p a r t  of the lreservoir t h e  g r a u n d w a t e r  
quality is likely to be trhreatened a t  t h e  Samor in  Water 
works, which  produces about 40 % of t h e  w a t e r  supply f o r  
~ratislava. This threat is asskciated t o  s e d i m e n t a t i o n  of 
organic material due to a t a g n a l t w a t e r  and algae growth in 
the downstream part of the reservoir. A layer o f  organic 
material a t  t h e  reservoir I bottom, from w h e r e  the 

I 



infiltration to the aquifer takes place ,  may result in 
anoxic groundwater conditions. 

8 .9  Impacts on Flora and Fauna 

The  impacts on f l o r a  and fauna are expected in most 
respects to be srnall cornpared to pre-dam conditions. 

8.10 Impacts on Agriculture and Forestsy 

As under Scenario 2 and  3 the impacts on agriculture and 
forestry are expected to be an increase in the capillary 
water supply for as well agricultural aç forestry areas 
both in Slovakia and in Hungary. 

8.11 Impacts on Eleetricity production 

After Surnrner 1 9 9 6  no electrkcity w i l l  be produced at 
Gabcikovo. 

8.12  C a r t  ~stimate for ~emedial Measures 

The  cost f o r  reconstruction of the çpillway of t h e  
i n u n d a t i o n  w e i r  is estimated t o  3 . 3  mil1 ECU. The 
maintenance costs are  estimated to S mil1 ECU/year. These 
main tenance  costs will be significantly reduceà if the 
downstream water level is higher than 124.0 rn a s l .  
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9 .  CONCLUS XONS AHD RECOKMENDATIONS REGARDINC TEMPORARY WATER 
MANAGEMENT RECIME 

9-1 Summary of the f i v e  ~ c e n a r d s  and t h e i r  most important 
Impacts 

I n  the present report the exi!sting water systern has  been 
described and various poçsjbilities for  h p l e m e n t i n g  
remedial measures have been o,utlined. On this basis f i v e  
scenarios with different ~haracteristics have been 
elaborated and t h e  impacts expected to occus within t h e  
t h e  horizon of t h e  Temporary Water Management Regime (3 - 
5 years) have been described. 

The five scenarioe and f h e i r  b o s t  important impacts that 
exceed the common environment~l impacts, a s  d e s c r i b e d  In 
Section 3 . 3 ,  can be summarized a s  follows: 

Scenario  0 : November 1993 s i d a  tion 
l 

The  November 1 9 9 3  situation 
following average discharges: 

* Hungarian side branches: / 10 m3/s 

is characterized by the 

* OLd Danube: 400 m 3 / s  

* Slovakian side branches: 

The impacts result in the foii8wing k e y  f igures:  

4 0  m3/s 

* The diiference in the vaker levels between the main 
river and the s ide  branches will generally be ço 
large that water flows from the nain river ta the 
side branches will o n l y  lbe possible under Elooding 
c o n d i t i o n s  expected to occvr 1-2 times per year. 

* The ground water levels Ion t h e  ~ungarian territory 
will, as çompared to pre-dam conditions, be higher 
close to t h e  reservoir / ( ~ a  jka-~unakilit i region), 
whereas the levels wilL be lower i n  t h e  middle p a r t  
of Szigetkoz between ~ u ~ a k i l i t i  and Asvanyraro in 
areas close to the Old  D a n u b e .  

l 
* The Slow velocities in t h  main river are n o t  large 

enough to provide adequbte living conditions for 

Temporary watrr Management Begi int  
1 December 1W3 

species r e q u i r i n g  h igher  
representative fish species 

* The electricity producthon at Gabcikovo can be 

flow velocity, f o r  example 
l i k e  Streber. 

estimated to about 2,000 Gwh/year. 



Scenario 1 r rncreased water s u p p l y  to the Hungarian Side 
Branches 

The Scenario is characterized by the following average 
discharges: 

* Old Danube: 4 0 0  m3/s 

* Slovakian side branches: 50 m3/s 

* Hungarian side branches: 50 m 3 / s  

1-3 floods of more than 3500 m3/s are expected to occur 
each year in t h e  Old Danube. 

The  impacts result in the following k e y  figures: 

'& The grsund waeer Levels on the Hungarian flood plains 
are expected to be not lower than in pre-dam 
conditions. 

* The flow velocities i n  the Old Danube are n o t  
sufficient f o r  the typical biocenosis .  

* T h e  c o n n e c t i o n  between the Old Danube and the side 
channels is not sufficient to allow migration of 
wetland species. 

* The electricity production at Gabckkovo is estimated 
t o  about 1,930 GWh/year. 

Scenar io  2: Increased Discharge in Main River and in 
Hungarian Side Branches 

Scenario 2 is characterized by the Eollowing average 
discharges  : 

* Old Danube: 800  m3/s 

* Slovakian side branches: 50 m 3 / s  

* H u n g a r i a n  side branches: 50 m 3 / s  

1-3 floods of more than 3500 m3/s are expected t o  occur  
every year  i n  the O l d  Danube. 

The  impacts  result i n  t h e  follawing key figures: 

'h The c o n n e c t i o n  between the Old Danube and the side 
channels is not sufficient to allow migration of 
wetland species. 

* The electricity production at Gabcikovo i ç  estimated 
to about 1390 GWh/year. 

Thus, Scenario 2 represents significant improvements of the 
environmental situation of November 1993. 



Scenario 3: Construction of r 

Scenario 3 i ç  basically i den t  
c o n s t r u c t i o n  of a number of 
discharge regime a n d  many of 
those  of S c e n a r i o  2 .  

The impacts reault i n  t h e  f o l  

* The connections between 
b r a n c h e s  on bath s i d  
improved as compared to 

* The flow veloci t ies  i n  t 
m3/s minimum dischai 
m a i n t a i n i n g  t h e  t y p i c a l  

* The eiectricity product 
to about 1390  GWh/yea 
regime as u n d e r  Scenari 

Thus, as compared to Çcenaric 
s u b s t i t u t e d  by a n o t h e r  o n e  i: 
not exceeà 1000 rn3/s.  

Scenario  4 : Full Capacity of 1 
Water S u p p l y  of t h e  Main Rive 

I n  Scenario 4 a s  much water as 
diverted i n t o  t h e  O l d  Danube 
after summer 1 9 9 6  the dischar 
90 - 95 % of the pre-dam cond 

The  impacts r e s u l t  in the fol 

The water q u a k i t y  in 
reservoir will be affe 
hence s i g n i f i c a n t  a l g a e  
organic  m a t t e r  w i l l  occi 

* The g r o u n d  water qualit: 
a t  the S a m o r i n  Water wa 
organic matter in t h i  
reservoir. 

* The c o n n e c t i o n  between 
c h a n n e l s  is reduced 
conditions. 

Thus, a l t h o u g h  most of t h e  key 
other t h r e e  scenarios do n o t  e: 
p r o b l e m s  are created. 
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2 one  key p r o b l e r n  has  been 
the minimum discharge does 

riant C Structures used for 
and the  Branches 

? c h n i c a l l y  p o s s i b l e  w i l l  be 
d t h e  s i d e  c h a n n e l s .  T h u s ,  

i n  the Old Danube will be 
i o n s .  

wing  key figures: 

e downstream part o f  the 
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in this water body. 
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:s due t o  sedimentation of 
d o w n s t r e m  p a r t  of t h e  

e Old Danube a n d  the s i d e  
s çornpared to pre-dam 

-ohlems occurring u n d e r  the 
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9 .2  Conclusions 

AB appearing from Section 9.1 above none of the selected 
scenarios are free from key environmental problems. 
Fur themore ,  different s c e n a r i o s  result in d i f f e r e n t  
environmental problems, w h i c h  are n a t  directly comparable. 
Scenario 2 and Scenario 3 show that some environmental 
problems cari be reduced by increasing discharge and 
remedial rneasures. 

I n  addition t o  the environmental aspect also econornical 
aspects should be considered. In t h i s  respect kt may be 
n o t i c e d  that the value of the present electricity 
production of 2000 GWh/year is in the order of 50 - 100 
million ECU/year. It is n o t k c e d  that the costs for 
impiementatioh of the remedialmeasures range between 2 and 
12 million ECU depending on the çcenario. 

9 . 3  Reeommendatlons by the EC Members of the Working Group 

None of the described scenarios can be recommended without 
modifications. Therefore the three EC members of the 
Working Group will recornmend a combination of elements f rom 
different Scenarios. 

Objectives 

Considering that the Temporary Water Management R e g i m e  
shall be valid only for a short period until the 
conclusions £rom the judgement of the International Court 
of Justice can be implemented it is abvious to choose the 
overall objective for the regime as rn in imiza t ion  of any  
irreversible developments. 

The prirnary specific objectives are açsumed to be as 
f ollows : 

* The water level and velocity regime: in the inundation 
area should at least approach the pre-dam conditions. 

* , The ground water regime on both sides of the river 
should be at least as good as in pre-dam conditions. 

* The waeer quality in the reservoir and the main river 
should be as gooà a s  possible. 

* The flow velocity in the main river should be 
sufficient t o  provide living conditions for  species 
(especially fish) typical for pre-dam conditions. 

* Migration of wetland species beéween the main river 
and the side branches should be possible in both 
directions at least some places. 

* No irreversible technical meaçures should be 
implemented, 



The  secondary objective i 
electricity p r o d u c t i o n  withi 
imposed by the primary object 

Discharge  regime 

* ~ i n i m u m  discharge in Ol 

Average discharge in 01 

* 1-3 floods of more t h a n  
Old Danube (ta the e x t e  

* 30 - 140 m3/6 into the s 
çide.  

* 30 - 70 m3/s into the si 
side. 

Remedlal measures 

* Improvement of t h e  dt 
va r i an t  C s t r u c t u r e s  Erc 
m 3 / s  by May 1994. 

* C o n s t r u c t i o n  of an u n  
enabling direct c o n t a c t  
the Slovakian side b r a n t  
the Slovakian f loodplaj 
supply to the Hungarial 
This underwater weir ma 
purpose. 

Construction of an undex 
improving t h e  operat iona 
frorn the inundation w e :  
spillway). T h i s  u n d e m a t  
o t h e s  measures to ensu 
~ungarian floodplain. 

* Deposition of grave1 bet 
the underwater weirs in 

* Construction of fish par 

Day-to-day Operation 

ïmproved operation rules for 
t h e  w a t e r  management within t h  
be implemented in o r d e r  to 01 
conditions as possible. 

Environmen ta1 Impacts 

The recommended Temporary Wate 
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assumed to be maximum 
t h e  discharge constraints 

'es.  

Danube of 400 m3/s. 

Danube o f  800 m3/ç. 

,500 m3/ç per year  into the 
hydrologicalby possible). 

e branches on t h e  Slovakian 

? branches on the Hungarian 

l y  discharge ca acity of r: the present 600 m /s to 9 4 0  

mater weir at RKM 1835 
ietween the main  r i v e r  and 
:s a t  o n e  ups t r eam point of 
and to impsove t h e  water 

f loodpla in  a t  r k m  1845.5. 
ly serves an environmental 

iter weir at RHM 1845.5 ?or 
reliability of water supply 
(less maintenance of the 
weir is s u f f i c i e n t  without 
t h e  water supp ly  to t h e  

!en the inundation w e i r  and 
le main channel. 

3s at Cunovo. 

le day-to-day operation of 
above glven discharges has  
a i n  as  good environmental 

Management R e g i m e  ks seen 



to be a combination of Scenario 2 and Scenario 3, each of 
which had one key problem. 

~y o n l y  constructing one "environmental" underwater weir at 
RKM 1835 the velocities in the main part of the Old Danube 
will be high enough to provide living conditions for the 
typical f lo ra  and fauna. 

Similarly, by cons truc t ing  this underwater weir a direct 
connection between the main river and the side branches is 
established for both s i d e s ,  This is essential for enabling 
migration of wetland species in the total system. 

Hence the recommended Temporary Water Management Regime is 
believed to ensure that minimum irreversible environmental 
develapments take place during the few years the temporary 
regime is suppased to last. 

It is f u r t h e m o r e  recommended to maintain a detailed 
environmental monitoring- including taking the steps to 
strengthening the present monitoring system as recommended 
in the Data Report, ref /2/. 

Construction of a second underwater weir at RKM 1845.5 
significantly improves the reliability of the day-to-day 
water supply thtough the inundation weir. Without this 
there is a large risk that the inundation weir spillway 
will be under repair most of the time. 

The spillway of the inundation weir is a key i s s u e  in tems 
of discharge possibilities, reliability, t i m e  schedule and 
costs. As no comprehensive design exists for its daily use 
a design review is recomrnended to be carried out by an 
independent, specialized institute. 

TtmpDrary Usttr bwgeatn t  Rcgise - .  . +--- 
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LLLu-  flon~torina Svstem 

The moni to r ing  to be reviewed by the Cornittee w i l l  include 
measured variables on t h e  following aspects: 

Discharges 

Çur,ace Water Levels 

* Surface Water Q u a l i t y  

* Ground Water Levels 

* Ground Water Quality 

* Flora and Fauna 

Discharge  

(a) The following discharges çhall be measured &ily and 
form t h e  basis for the water m a n a g e m e n t  conlrol: 

( 1 ) A t  Devin, QDevin 
( 2 )  A t  Rajka, QRajka 
( 3 1  A t  Dunaremetel PD,, a,,,, t, 
( 4 At Medvedov, &edvedov 
I 5 ) At Komarom 1 QxDmarpm 
( 6) A t  t h e  by-pass w e i r ,  Qbypaes weir 
(7) A t  the inundation weir, Qinundatkoa 
( 8 ) At the shiplocks, Qshiplocks 
( 9  ) At the turbines, Qturbines 
(10) Incake to Little Danube, Qtittle Danube 
(11) I n t a k e  to Mosoni Danube, Q, ,,,, intake 

( 12 ) A t  Mosoni Danube, Ra jka, Qy,,,,i Danube, Rajka 
(13) Seepage from reservoir to seepage 

canais, Q ~ e e  age 
( 14 ) Intake to Zlovakian r i v e r  branches, QDobrebost 

The "discharge"  measuremènts can follow today's 
routine, i . e .  as water level measurements and 
subsequent conversion to discharge value5 by use of 
"rating curves", which are updated regularly on the 
b a s i s  of real discharge measurements. 

The discharge measurements at the above 14 sites are 
the reçponsibilitg the respective countries, i . e .  
Slovakia f o r  1, 4 ,  6, 7, 8, 9 ,  10, 11, 13, 14 and 
Hungary f o r  2: 3 ,  5, 12. However, Hungarian and 
Slovakian specialists have free access to check and 
participate in the measurernents and the subsequent 
data processing for  t h e  above discharge measurement 
p o i n t s  in the o t h e r  c o u n t r y ,  

(b) Discharge values shall be exchanged daily as 
preliminary values. Final values shall be preaented 
and approved a t  t h e  regular  meetings of t h e  Joint 
Cornittee. 

Tcm~rary Mater hanagentnt Rcgime 



(c) Check t h e  consistency of t h e  measurements, i . e .  

Pal = QaZ = h3 = Pa4 

w h e r e  

Qal " Q~ratiBlava - Q ~ i t t l e  Danube 

Qa2 = Q~urbines + Q ~ h ~ ~ l o c k s  + Q~obroheet + Qssepage + 

Q~oeoni Danube, inteke ' QFtajka 

Qa3 = Q~edvedov - Q ~ o a o n i  Danube, i n t e k e  

and 

Qbl =< QbZ =< Qb3 

where 

- 
Qbl - Q ~ ~ ~ a s s  Weir 

Qb2 = Q ~ a j k a  

Qb3 = %unaremete 

The  equation Qal = Qa2 = Qa3 = Qa4 s h o u l d  be fulf illed 
within +/- 10% on a d a i l y  basis and within +/- 5% on 
a weekly basis. T h e  inequality Qbl =< Qb2 =< Qb3 
should alwayç be valid. If the accuracy is not 
satisfactory the J o i n t  C o r n m i t t e e  can decide to ca r ry  
out special ç t u d i e s  by use of independent experts in 
order to achieve technical consensus. 

Surface  Water Levels 

The t h r e e  EC experts and t h e  Slovakian expert reçommend 
that data on surface water levels £rom the national 
monitoring networks shouid be exchanged. 

T h e  Hungarian expert i n  theory agrees t o  exchange a l 1  
relevant environmental data. F u r t h e r  agreement is 
necessary, however, on the detailed elaboration of t h i s  
after the po l i t i c a l  decision has been made on which W R  
should  be implemented. 

S u r f a c e  Water Quality 

The three EC experts and the Slovakian expert recommend 



t h a t  da ta  on  surface water q u a l i t y  £rom t h e  n a t i o n a l  
m o n i t o r i n g  nekworks s h o u l d  be exchanged. 

The Hungarian expert in theory agrees to exchange al1  
relevant environmental  da ta ,  F u r t h e r  agreement is 
necessary, however, on the detailed elaboration of this 
after the political decision has been made on which rWMR 
.should be implemented. 

The t h r e e  EC experts and t h e  Slovakian expert recommend 
t h a t  data on  ground water levels £rom the national 
monitoring ne tworks  should be exchanged. 

The H u n q a r i a n  expert in theory agrees to exchange a11 
relevant environmental da ta .  Further agreement i s  
necessary, however, on the detailed elaboration of thiç 
after the political d e c i ç j n n  has been made on w h i c h  TWMR 
should be implement~ 

Ground Wates Quality 

The  t h r e e  EC experts and the Slovakian expert  recommend 
t h a t  d a t a  on ground water q u a l i t y  from the national 
monitoring networks should be exchanged. 

The Hungarian expert i n  theory agrees to exchange a l 1  
relevant environment-.l. data. Further agreement is 
necessary, however, on the d e t a i l e d  e l a b o r a t i o n  of thiç 
after the political declsion' has been made on which TWMR 
should be implemented. 

F l o r a  and FaUna 

T h e  r r r r e ~  LC experts a n d  the Slovakian e x p e r t  recommend 
that data on flora and fauna £rom the n a t i o n a l  monitor ing 
networks shouPd be exchanged. 

The Hungarian exper t  i n  theosy agrees t o  exchange a l 1  
relevant e n v i r o n m e n t a l  data. Further agreement is 
necessary, however,  on the detailed elabosatkon of this 
after the political dec is ion  has been made on which TWMR 
should be implemented. 

J O P 2 * 2  p e s c r i p t i o n  of dav-to-dav operation 

The day-to-day opera t ion  will depend on  which çcenario is 
irnplemented. T h i s  deciçion is t a k e n  at a political level. 
Hence, it is not poss ib l e  a t  t h i s  stage t o  p re sc r ibe  t h i s  
operation i n  details. Therefore o n l y  same general comments 
will be given here. 

The w a t e r  management regimes described in the scenarios 



s h o u l d  be seen as  frameworks setting overall goals for the 
distribution of water and implementation of remedial 
measures. within t h e s e  frames there is possibilities to 
optimize the daily operation with regard to environmental 
conditions, 

A very essential element in such optimization of the daily 
operation is to ençure that the dynamics o f  the regime 
become as close t o  t h e  pre-dan condi t ions  as possible with 
regard to temporal fluctuations of surface and ground water 
leveks, inundation of flood plains, interaction between the 
main river and the s i d e  channels. For some aspects it may 
also be possible to achieve conditions w h i c h  represent 
improvements as compared to pre-dam conditions. 

With the already exlsting hydraulic structures and the 
additional technical measures proposed in the var ious  
scenarios there are very large management possibilities and 
identffying t h e  "optimum" way of operating these is n o t  
t r i v i a l .  T h e r e  a r e  two fundamentally dlfferent approaches 
in defining operation rules: 

(a) ~etailed operation r u l e s  can be prescribed. For 
example by relating the regulated discharges such as 
Q B ~ ~ ~ B ~ .  Weirr Qinundation.  Weiri Q ~ o b ~ o h o e t  r Q~urbinee J qetc 

on a glven day to the incoming discharge  recorded at 
D e v i n .  The operation rules in the Slovakian Scenario 
(Appendix ?) are based on thks approach. 

(b) A mathematical mode1 can be nsed to forecast the next 
f e w  days-ahead conditions, as they would have been 
under pre-dam conditions e.g. with regard t o  water  
level regime and utilize the management poçsibilitieç 
to establish the same conditions as far as possible. 

It is recommended that a det,ailed Operation Manual be 
prepared after t h e  political decis ic in  has been made on 
w h i c h  TWMR should be implernented. 

Bratislava, .1. December 1993 
I 

the recommendations: 
I 

I , 

For the report excluding the recommendations i n  Sec t i on  9 .3 :  

6 b;.& 
Gabor Vida / Igor Mucha 
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APPENDIX C :  Summaxy of quantitative impacts for di f f erea t  
çcenarios 



Summary of quantitative impacts for d i f ferent  scenarios 

Danube, Brat is lava 

Side branches, t e f t  side 

ide  branches, r igh t  side 

A t  minimum discharge 
At average discharge 

feu r i v e r  arms 

The def i n i  t ion  correspnds to t h e  f lou  si tuat ion "f  Lou i n  a l m s t  a i l  r i v e r  arrns" F i c h  
accarding t o  re f  11 / i n  the pre-dam condition occurrd  a t  a d i  stharge araund 350a 1s .  

3) The costs of  Scenario 1 - 4  are In addition tri t h e  costs already spend on Scenario O. 



APPENDIX D: Scenario submitted by the Slovak Expert 

See çeperate Valume 



APPENDIX E: Statement by Ing. 1. Uhlar, Ing. S .  Frankovsky 
and Ing. J. Cabel: "Possibility of everyday 
discharge through i n u n d a t i o n  weir Cunovo into 
the o l d  Danube" 



E u r i m v o  irito the o1.d Danube 

1. The inundation w e i r  was des igned  and çons t r t r r ted  f o r  ternporary 

crse ( d i s c h a r s e  o f  floods), c i n t i l  t h e  definitive w e i r  iwith the 

s i 1 1  in th!= level of the r i v e r - b o t t o m )  is cons t ruc ted  I n  t h e  

second phase (bu thn end o f  1996). Under theçe p r e s u m p t i o n s ,  al50 

the f o r t i f i c a t i o n  af  the spillway was designed and  ~artiallv 

already realised. It was s c i p p o s e d  that after each use ( f l o o d )  

necesçery  r e p a r a t i o n  o f  t h e  f o r t i f ~ c a t i o n  will be rcali5ed. 

7. TITE f irst f a ~ i r  f l e l d ~  o f  t h e  weir caLiLd b e  ~ i s e d  fi-om Play 

19'74, f o r  everyday d i 5 c h a r g e  at t h e s e  c u n d i t z o n s  : 

- t h e  c o r n p l e t ~ o n  b y  May 1994 o f  t h e  relevant par t  of t h e  

f o r t i f l c a t ~ o r i  workr; I i z h e  whale t o r t i f l c , a t r o n  1s ç c h e d ~ l l e d  t~ bé? 

canipleted  ri D ~ c e m h e r  1994) ;  

- t h e  discharqe of 740 curnecr, w l l l  nn t  be e::ceeded Ihridi-attl~c 

s t a b ~ l ~ t y  o f  t h e  w a t e r - ~ c i m p  In the stlllinq h a ç l n  is assured o n l y  

i.ip to t h i 5  l i r n ~ t ) ;  

- ~ n s p e c  tion and r e p a r a t i a n  o f  t h e  oi.it let c a n a l  d o w n s t r e a m  o f  t l i ~  

s p ~ l l w a y  and nf ~ t s  f o r t i f l c a t l o n  m u s t  be ensured  ( t h e r e  will be 

damages a f t e r  c e r i a i n  t l m ~  o f  use, presumably each weekj, even 

wrth t h e  d l s c h a r g e  rnent loned above ( t h e  c o 5 t s  o f  r e p a r a t x o n  at 

ÇLIII:~ p e r t 0 d l c a 1  ~ i ç e  - one weel,. o f  cise and o n e  weel,. c f  

r e c c n s t i - u c t ~ n n  - a r e  e s t z m a t e d  tn Z mi 1. l . t;b,/rnonth). 

I t  should be nated ,  t h a t  t h e  e v r r y d a y  Lise o f  f o u r  fields will 

c a m j r i l l r a t e  t h e  r e s t  a f  1-cmalning w o r b c ; ,  

. Fo r  daily uçe o f  t h e  weir w i t h  hiqher  d i çcha rqes ,  an 

a d d i t l o n a l  heavy  fart^ t l r a t i a n  of  t h e  s p ~  l 1 way w o u  I d  be 

necssçary ,  5 i m i l a r l y  as  dnwnstream o f  the b y p a s s  w e i i - .  

The additional cos t s  of s ~ i c h  fnrtltiçatlon are e s t i m a t e d  1x1 

l2CJ i l  1 As there is n o t  ennLIgh ~2 :per iance  w i t h  s u c h  

a c o n s ' c r u t t l o n ,  t h e  risG a f  d a m a g e  rernalns h lgh.  I f  such 

a decision 1,s t a k e n  by t h e  end of ] 99 : ,  t h e  f o r t ~ f ~ c a t l a n  -Fni- , t h e  

daily use o f  t h e  L n ~ i n d a t ~ o n  weir c o c i l d  be complet~d by the end of 

1994. 



~h~ m a : : i m u m  d l s c h a r g e  c a p a c i t y  I n  this case is 1300 cumecs 

,,,d al 1 o p p n l n g ~  have to be cised, ta avuid Lineven d i s t r i b u t i o n  0.f 

f 1 ~ h p  e s t i m a  t e d  maintenance c o s t s  a r e  15 m i  1 1 .  Çk/month. 

4 ,  f i  h l s h e r  water level downst ream o f  . t h e  s~lllway, reduces t h e  

r l s h  o f  damages caused by t h e  everyday use of the inundation 

wrir. ~ h e  r e l a t i o n ~ h l P  between t h e  ~ossible safe d ischarge  and 

t h e  downstream w a t e r  l e v ~ l  C D U ~ ~  be establiçhed o n l y  by means of  

h y d i - a c i l i c  r e s e a r c h  on a model. 
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APPENDIX F 

SEPARATE STATEMENT OF HUNGARY 

More than a year h a s  been spent with f u t i l e  neso#4tioations 
on water distribution due te t h e  unilateral diversion of the 
Danube at Cunovo. The  d i s p u t e  is rooted i n  the £ a c t  that the 
waker discharge of t h e  f r o n t i e r  r i v e r ,  which formerly was 
shared equably by the two c o u n t r i e s ,  now exhibit a 
&0%+1/2*20% = 90% Slovak and 1 0 %  ~ungarian propor t ion .  
C o n s e q u e n t l y ,  most of the positive e f f ec t s  are  on t h e  S l o v a k  
s i d e ,  while al1 t h e  nega t lve  ones occur i n  o u r  c o u n t r y ,  

During t h e  last 13 months t h e r e  h a s  been no Slovak i n d i c a t i o n  
of willingness to r e a c h  a compromise, I n s t e a d ,  t h e r e  are 
some signs which give us reason to deny t h e  credibility of 
the Slovak or Czechoslovak p a r t y  ( see  London ~ ~ r & e d  M i n u t e s  
s i g n e d  by Czechoslovakia o n  28  October,. 1 9 9 2 ) .  On the 
contrary, Hungary was ready to accept  the v e r y  unfavourable 
minimum ecologiçal conditions of directing roughly two third 
of t h e  total discharge into the shared Slovak-Hungarian main 
r iverbed  (and the operation of Gabcikovo Hydropower plant) 
as a temporary w a t e r  management r e g i m e .  

Each time in the long series of negotiations Hungary was 
prepared to accept smaller proportion of discharge, w h i l e  
t h e  Slovak side recommended correspondingly lower and l o w e r  
values. The l a s t  Slovak offer is already a f u r t h e r  reduction 
of the presen t  discharge into t h e  shared main river (cf. 
Appendix about S lovak  P r o p o s a l ) .  

During t h e  present Warking Group sessions started on 8 
September 1993. It h a s  been çtated at the onset of O u r  WG 
t h a t  recommandations of Temporary Water regime will be based 
on t h e  technical realities. O n e  day before the end of the 
working group meeting new statement was given to us by the 
Slovak par ty  on t h e  state of  t h e  C variant s t r u c t u r e s .  T h i s  
made almost impossible to formulate realistic recommendation. 
I t  was finally declared by t h e  Slovak par ty  that at present 
they cannot satisfy the request of providing water 
continuously through the variant C structures more than 600 



m3/sec, but they perhaps w i l l  be able to give 940 rn3/sec 
(less than 1/2 of the total discharge) after May 1 9 9 4  u n d e r  
some conditions. The daily operation of the floodweirç which 
w e r e  promised to be f i n a l i z e d  by 1 J a n u a r y  1993 ( 2 ) (see ref . 
Working Group Report, November 2 3 ,  1992, page 7 - 8 )  are now 
in a distant future. This unexpected announcement upset many 
t h e  schedules worked out under the scenarios in the present . 

report. 

It cannot be excluded therefore, that the signing of another 
temporary water distribution agreement much worse than before 
can only be regarded as an accepted humiliation without ana 
improvement of the present environmental situation in 
Hungary. It has become also clear, that the approach of 
collecting and evaluating environmental impacts of the 
unilateral action w i t h  the present method is knsufficient. 
Obviausly major negative effeçts can be differenciated into 
"insignificant" changes in several single factors, especially 
considering relatively slow gradua1 procesçes. Many s u c h  

, damages are  praçtiçally very difficult or impossible to' 
measure. It is undisputable from analogous situations, that 
we cannot avoid the followings (unless rapid return.towards 2 .  

the o r i g i n a l  conditions is provided): 

- decreasing the biodiversity; 
- loss of natural habitats and beauty; 
- loss O £  the ability of self-maintenance of the flood 

plain ecosystems; 
- loss of long-tem evolutionary-ecologiçal experience so 

far stored in gene t i c  informations of the natural 
communities; 

- loss of genet ic  diversity w i t h i n  the diminishing 
populations. 

In addition, t h e  risk of contamination of o u r  unique, large 
drinking water reservoir cannotbe excluded f o r  the following 
reasons . 
A f t e r  damming the pattern of groundwater recharge 
(infiltration) and discharge-zones, and t h i s  way the total 
three dimensional flow system haç changed basically. 
Infiltration rate I t s  dynamics and the infiltrated raw water 
are also different, then they were at pre-dam conditions. 

This changed situation is shown in the f i g u r e ,  w h e r e  the 
groundwater levels indicate that a f t e r  t h e  damming, the 



Danube became a major discharge zone between Rajka and 
Asv6nyrdr6, w h i l e  Mosoni-Danube and water supply channel on 
the flood protected aera are now major recharge zones. T h e  
groundwater rnovement now directed to t h e  Danube. 

This change could have been importan-t inconnection with 
vulnerabllity of the drinking water reserve. 

~h~ plr;:Jn/ P+wLi zRnnfii J t D L . ~ l * L ~ t ~ i e ~  ii" fli'"'"YC- @QF1 
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DATE : dun Z R ,  1993 
Kater level a t  R a ~ k a  : 120.56 {rri asl]  

Discharge of Danube : 359 [rn3/s] 
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Executive Summary 

On reguest of WWF, a group of independent scientists rn3lser: into the OId Danube is decidedly toa Iittle to 
~ v i e w d  basic documents and the two Reports of the prevent further damages. N e w  French studies by the 
EC Working Group, produced in fa11 1993. It states 1 univetsity of Lyon reveal that the degradation of the 
that canaary to popuIar belief, the cause of the severe S l 0 ~ a k  floodplain due to the dissecting lareta1 dikes 
low&ng 06 the h u b e  river bed in the border region and to untypical water levels worsened in 1993. 
was t h e  overexpIoitation of gravel resources in the 
Danub mainly near Bratislava, This erosion is  u s 4  by For local people, a tunnel or  a bridge crossing the 
SIov& engineers to justify the "needed" damming of canal near Vojka wouId be a bette; recompensation for 
the Danube by the Gabeikovo sçheme. the loss  of Ii le qua l i ty  than a road ro Bratislava, 

especially with respect to the technocr?*~caiIy orienled 
The ovmll ~rnpurtance and economic value of the sel€- economic and social transformarion of theis region. 
purification work of the intact floodpIain was Iargely The wetIand rn ust urgently be protected from the 
ingored in the EC Repom. aIready started degradation into a recreation facility. 

After Gabcikovo was operating for six monrhs withour The lechriical problems with the fragile design and 
the  needed legal  permiss ions ,  cer iafn  Iegal sraie especially of Che Cunovo inundation weir are 
prerequisites in Slovakfa (e.g. on the use of Danube Likely to brtng m o r c  t ime delays,  before a higher 
water) are still no[ fulfiiled unri1 today. discharge inIo  the Old Danube will be possible. It i s  

u r g e n ~ l y  suggesrcd t ha t  an  rndcpendent  ivater 
The WWF scientists ernphasize rhat, based oti iheir 
inrernational experiencc, the danurie diversion and ihc  
operation of Gabcikovo wilI ineviiablv resul l  l n  
detrimeni31 alteraiions o f  thc ivctland and  adjdccn i  
areas. 

The EÇ Reports largely underesrimate and cvcn ignore 
ihe warning signs of the cnvironment [hat indicarc ~ h c  
increasing degradation even after one year .  T h c  
political interesn of borh stares prcvenred an unbiased, 
cornprehensive scientifir review and inierpretaiion of 
the ecological impacts of Gabcikovo in the region. 

cngincering study be conductcd for the future using 
po\sibilities of (111s sclicmc and for the rcconsrrliction 
of rhc sioraze 13kc ~ I I L O  3 n:lvig~l~ion IOLIIC 

Bascd on ihr:  prioriry o b j c c ~ i v c s  to rcestnbIish ttic 
IiydroIogical a n d  niorphological dynamics ,  \VWF 
rccommcnds, 2s  a shor i  i e r m  so lu t ion .  t h e  
nccurnulation of scdirnenc bodies in the old river bed in 

rhc form of isIands and gravel banks. These will lift 
iIie w a t c r  tcvel a n d  p rcse rvc  the o r ig ina l  r ive r  
continuum. Lama1  dikes i n  the floodplain and sidc- 
arm closures at thc Danube should be rcapened. 

The pos i t ive  ccne lus ions  of the EC Repor t s  on  
groundwater quality are actuaily not supportcd by ihe 
provided data or by independent expert knowledge. 
The provision of more data and an  independent water 
analysis is dernanded. 

The monitoring of SIovak floodplain biocenoses is 
done from a forestry perspective ignaring crucial  
ecological prerequisitesfor noodplains and existing 
data bases, The Hungarian data are insufficient. 

The EC expert  recommendations for a Temporary 
Water Regime are limited by the new schedule for the 
reparatbn and completion of the inundation weir a t  
Cunovo. It is not clear why the EC Reports did not 
examine the ecologically more acceptable interim 
solution of a 6575% discharge into the 01d Danube. 
Most of the recommended "rernedia1 measures" 
(undenvater weirs, artificiaI water inputs into the side 
branches) and ttie suggested average discharge of 800 

As a long-term so lu t ion ,  an exrended lif t ing a n d  
constricting of the river bed i s  recommended including 
ihe filring in of a Iarge layer of gravel and boulders. 
This idea is based on a guaranteed discharge of 65- 
75% in the Old Danube orienting on the SIovak legal 
conditions from 1991 and  on  the EC compromise  
proposal from 1993. Seçondly, the Çunovo reservoir 
should be constricted to a navigation route wirh the 
restoration of adjacenr areas: This will reduce the  
undesired sedimentation processes threatening the 
groundwater. It is believed by WWF scientists that 
these  "gent le  measutes" can not  onIy I imi t  t h e  
alterations but partly even reverse [hem saving and 
p rese rv ing  the  Danube fioodplains and i t s  
groundwater reservoir. This contributes ro the re- 
estabIishment of the ecological-economic balance of 
the affected barder region. 



WWF (World Wide Fund for Nature) has been actively 
engaged in the Gabcikovo case sioce 1986. Several 
experts reported on the most important aspects of 
Gabcikovo(references 1,2,3). h January 1993, WWF 
submitted a joint NGO paper lo the EC recommending 
much needed studies necessary to gct a comprehensive 
overview of the benefits and negative impacts of the 
hydroengineering project on ecology. the economy, 
national/inrernational law and on the social situation of 
the people affected. 

Thanks  t a  the ongoing e f fo r t s  o f  the European  
Commiss ion to rnediate the con l inu ing  c o n l l i c t  
beiween Hungary and Slovakia (uniil 1992 as CSFR), a 
neiv experts mission was agreed upon in July 1993 
This follows the ~hrec other expert m~ssions whicli 
took placc in November 1992 (6) and May 1997 (Y). 

The goal of thjs WWF paper is 

* to give an independent, scientifically based 
review on lhe present situation in the Danube 
region affected by Gabcikovo, 

* to criticatly comment on the Reports of the EC 
Mission and 

* to give recomrnendations for the future 
management of the river. 

This paper cannot discuss afl the quenions, issues and 
daia which were discusscd and concluded upon i n  the 
EC Reports. It concentrates on a few critical points and 
necessary activicics that  are to be  discussed and  
dccided upon on thc politicsl Icvel.  

As a lo l lo iv-up to the "Specilil Agrcctrrcrir I'ar W'rLIF Iicrcivlrli wrints lo slrcss Iiis apprccinrion ol' ilic 
Sulirtiission io fhe I~itcrnür~orial Court of Justicc of iIic grc,ii isork driric hy rtic EC \\'orkiiiç Gruirp.  r l n y  
diffcrcnces bcrwcc~i ihc R~pub l i c  of Hung~ry and ilil: crilirriic 113s to rcrpccl itir: I a c i  r1i;ir tliis p1i:isc 1s on[! 
Slovak Republ ic  conçe rn ing  it i t :  Galicikovri-  ilri: licginn~ng of 3 big monitoring proçr:im arid i1i:it ttic 
N;igyni,iros-Projecr" o group of cxpcrij trorn H ung.iry, pu1 i~iclil tniercsts 01 bolth Hung:iry nnd Slo~:iki3 rii.idc 
Slovakia 'hnd tlic Corn~nissie~i ot' rlic Eiîropc:iti cicr!. ~l?lii.r.ry ol rclcv:iiit d:ii:i IO 11ic "otlicr srrlc" ;I 

Cornrnuni~ies \vas csratilisfied dclic~ir '  srcri III thc Ii[l:irl:r;il conflici 

"in order IO provirie rclirrlile and riiidi~purcd Also. ilic Iiugc ariiount of iiioniioring da13 and tlic 
dora on rhc !nosr imporranl efjecrs of rhc cirrrenr rclaiiicly sin:ill pcrbon3I cripricir!cs o i  Ehc EC expsrrç 
ivarer d isc l iarge  and rfie reirrcdiul iiiensrirts rcsulied i n  a rask wliich wris praçrically irnposçibll: 10 

undrrraken a s  wcll as ro iriakc rccoi~iirienrkiirons bc accornplisticd in a snrisfyiri~ wny.  Ncvertt~eless, rlic 
for appropria le  meosares" tor ü Teniporary ~ i v o  Rcpurrs are ot' grc:it Importarici: [or t l i ~  ~ v a I u 3 l i o ~ i  
Warer hlnnagcmenr Regime for ihe Daniibi: r ivcr of rlic Gabcikovo projcci and !vil! h a v c  nii irnpacl ori 
and for a Waler Management and b'loniioring upcuming political decisiuns. 
Comrnittec. 

WWF hahi~ip high cornpctencc on the Danube and in 
The rnissiot las ted  frorn S September 1993 ro I the Gabcikovo issue considcrs i r  as his responsibiliry 
December 1943 and produced two "Data Reports" (2 to produce this independent Siaternent. 
Novernber 1993 (Ref .  4)) and  a f i n a l  "Report  on 
Ternporary Warcr Managemenr Regirne" ( 1  December Todau, c i r c a  8.000 h e c t a r e s  of  interconnected,  
1993 (Ref. 5 ) ) .  mostly very valuable floodplain biotopes and  the 

second largest drinking water  reservoir in Europe 
for up to 5 miIIion people can stilt be saved. This 
makes this r ive r  s t r e t ch  between Brat is lava  a n d  
Gyor unique at Centra1 and West European scale 
and an  eclogical priority area. 
Et i s  t h e  o b j e c t i v e  of  Our r e c o m m e n d a t i o n s  to  
prevenf t h e  con t inued ,  total destruction of this 
wetIand and  to develop a long-terrn, ecologically 
Sound solution for the Danube. 



Brief Review of the recent 
Gabcikovo "history" 

On 24 Qctober 1992, the Danube was diverted a[ the 
new diversion welr near Cunovo, Slovakia, into the 

-6abcikovo reservoir and canal (see attached rnaps), 

Following WWF's in ternat ional  law study(3),  
presented in BratisIava on 20 October 1992, this 
"Variant C" i s  i l legal  because i t  violates  the 
international principles of good neighourliness and o f  
equitable utilfzation O€ shared resources. Also, Variant 
C violates several boundary agreements and docs nor 
constirute a legitimate response of.CSFR or SIoraLia 
to an  a l l eged  viola t ion of the 1977 Tre:iry on  
Gabcikovo-Naçymaros by Hungary. 

Since lhcn, various political cfforrs oT tlic Europcsn 
L o m m u n ~ t y  a n d  ~ t s  Cornriiissioti rcsiilicd i n  rlic 
siynalure of h c  London Proiocol (7s OCIO'OCT 1991) - 
wliosc riuties wcre torrilIy ~giiorcd b i  Slok3ki:i - ririti iri 

riutiierous polirical nego~i:irions ivtiiçti succczllcrl cinly 
rri a jornt agreemcnr io addrcss rlic d i~p i i i c  IO ilic 
Inicrn~rionaI Couri of Justicc (April 1991). 

Furrhermore, thc EC o r ç ~ ~ i i s c d  rlircc cxpcrl riiissioii> 
(8ovcrnber 1992, May 1993, Scpr.-DCL. 19%) ivliich 

30 m3/sec of Gabcjkovo reservoir warer into a large, 
sealed canal. This provides a constant filiing of the 
interconnected side-arms which are dissected by newly 
errected or  enlarged l a te ra l  dikes (creat ing 7 
"cassettes"). 

Due to the ongoing river diversion and the drying up of 
iu cntirc side-arm system, Hungary s t l t e d  at the end 
of  J u l y  1993  a simil:. inpur of water (10 m3/sec 
coming from the Cunovo weir) inro its side-arrn 
sysicin. 

I n  April 1993. W V F  publislicd cxccrpts from the first 
Stovak proundivaict inoniloring data (25 Ociober [O 31 
D C C C I I I ~ L ' ~  1997) indic:iiing somc organic pollution in 
>;cv~r31  ;roundiu:itiir oliscrv3tion i i ~ I l s  ncar Ille S I O T : I ~ C  

I;ika(7). \i1liilc tliis Cirsr monilorin; is prcriiaturc to 
CI<? :I sount i  inforiiiiition a i  possible clinn;cs in ilic 
:~q~i~Ucr ,  lVl\'F's c~~iiccrnctl ,  sciciltific iiiicrprc13iio11 
coiicr:iiiiircil l l ir:  ol't'ici:ll, \'cl)' I ? O I ~ [ ~ V C  intcrprc1:ilion 
t)y Slov.ik : ~ ~ ~ ~ h o r i t i c s .  t \ l '~cr  l l ~ i s .  no  morc 
coit i  l ir~' t~c~~"i\ .c i ri Ior1il3tion on gr~irr~divariir riioniroring 
ir:is putilislic~l nr :ii:iilrililc, cvcn no1 cxtcnd nccdzd for 
ilic EC ri.ipc'ris (scc cliajiicr "Coniiiic~irs A"). 

brouglit about imporrrtnt progrcss in O i t  knowlci1~c ol 
~ h e  overall technical and ccological siruatioti iirourid Fiii:lll> i n  l n l l  1993, rhc ncw EC Misston çollectcd 
Gabcikovo. Hoivever, att political ci'forts did nul  iiuriierous d3i;i rcliorts on liydrology, eco logy ,  
a f f e c t  t h e  groiving de t r imenta l .  impacts  011 ille scdiri i?ni~rion/crosirin. rigriculture/fnrcsri-y, elccir~city 
Danubian 1 3 n d ~ ~ 3 p ~  downstream uf Dr:itislai.;i. producrion a n d  on engineering aspects ivhich are  

prcscntcii iri thc Rcliorts (4) and (5). 
Afrer irs diversion, the "Old" river bed rcccived only 
10-20% (200-400 m3/sec) of its water. ivh i le  ihe "rest" 
was ~ 0 n t i n ~ 0 u s l y  diverted into the rurbincs o r  Ltie 
Gabcikovo power plant. Tlie debareable, onc-sided 
benefii cornes in the form of eIecrriçily produciion 
Though, i r  involves numerous ncgative Impacts on the 
hydrology and ecology OF ff oodplains as iveIl as on the 
social situation of  local people. 

I n  winter 1393, the Slovak investor Company V V s p  
(Vodohospodarska Vysravba s.p.) started to build an  
aruficial water-input system for rhe remaining parts of 
the valuable floodplain sysrern which was about to 
totdly dry up. Since May 1993, an input structure tn 
ihe power canal near the village of Dobrohost leads Ca. 



New Important Facts 

Over the last month ,  WWF gained access ro various pieces of infirmation which we consider 
es crucial ro a comprehensive, correct interprerarion and evaluation of the Gabcikovo issue. 
Pn addition, we wnnt to stress these points becnuse shey were eirher nat included or were 
largeiy underestimnted in the EC Reports. 

River bed erosion 1 ibe area (including the refinery Slovnaft). Similar to 

effects were never realEyquantified. A Slovak study 1 

SIovak sources often staie chat over the lasr two to 
three decades the growing r iver  bed eros ion had 
resulted i n  dec reas ing  l eve l s  of s u r f a c e  and 
groundwater downsrream of Bratislava,  causing a 
serious deuioration of the wetlands and of ihe drinking 
water supply. Hrwever, the various origins o l  shese 

rhe recornmendations made in chapter "Cornrnents A" . . 
1; 1s thetefore reçommended ihat the original data be 
analysed and i n t e rp re t ed  in th is  conce rn  by an 
independant insritution in order 10 check if the original 
moni tor ing data  reaIly indicate  n o  harm fo r  the  
drinking ivater reservoir. 

. . 
from June 1991 reveaIs thar the reason for lhis impact 
was nei ther  the r ive r  reguiar ion measurcs  fo r  
navigarion (excavating 3,5 mio. m 3  of  grave1 over 40 
years) nor the ca tching of river sedimcnts by  t h e  
Ausirisn and Bavarinn Iiydrodams located upssrcrim 
(the regular bedlond is 3-400.000 iri3/ycar). Thc really 
oursranding l n  t c r l c rencc  utas ilic Iiuge gr:ivcl 
excavation near Brarislava: in tlic pcriod o l  1976 ro 
1989, ca. 50 rnio m3 wcrc e ~ p l o i t c d  froiri rhc rtvcr 
btd. Following a WWF esri~n:irion, Oiis cnuscd cri tivo 
rhirds of t h e  deformat ion ancl crostori proccsscs  
monitored both up-  and downstrcrini. This c a n  bc 
observed up to Ha inburg  (Aus t r i a )  dnd i n  tlic 
floodplains near Gabcikovo. 11 also rhrcritcncd rfie 
stability of the bridges in Bratislava and lowcred t h l :  
groundivater nble reducing the productivity of scvcral 
important drinking warer wells nerir Braiisl,iv:i. 

This leads to the  conc lus ion  ihai t h e  recenl  
ovcrexploi ta t ion of the gravel  resources  n e a r  
Brarislava supported rhe "urgent need". as claimcd by 
Slovak r iver  engineers, to f i n i s h  the  Gabc ikovo  
projert. The excavateci gravel was used for large-scale 
industrial consrructions in Bratislava and for the 
building of rhe Gabcikovo scheme. Withoui  rhis 
activiry,  the r iver  bed erosion w o u l d  be a srnall 

! problem today. 
I 

Drinking Water Supply 
Nurnerous informed sources çonfirmed that,  since 
surnrner 1993, the water works (&inking water weils) 
of Samorin and Kalinkovo reduced their production ro 
two third resp. stopped it. Offificial sources explain this 
by claiming a surplus of drinking warer production in 
Other wells upsueam, being positively affecied by the 
lifred groundwater dué the Gabcikovo storage lake, 
H~ wever, experts expec ted before the  
fiiiiog of the lake that these weIls would be the first to 
be potentially affected by a changed groundwater 
quaIity d u e  to infiltralion of more polluted ~~~~b~ 
water or by enhanced leakage of old waste deposits in 

Ecotiomic benefi ts 
o f  sclF-prirification processes 

Tlir: Finsncc Instirvtc of tlic Tecfiniçal University in 
Vienns rcccntl y concluded a cost-lienefi t an3Iysis  
coinp.ir1ng a D:in ubc n3t1nnal park \iri t h sevcra l  
<,iri.iiits of Iiydropciivcr p l ~ n i s  downsucnrn o f  Vicnnri. 
The csir:iordinnrily bcricr econoniic bcncfirs o f  rhc 
ri:irion~t p ~ r k  nlicrnaiiic arc bascd, :)mon; oihcrs, on 
ttic' ii orl; O C  iif;itcr orçanisrns  iimhicli i n  an i n  [:ici 
flciodyi1:iin signil'icantl!. contriburi: [O  hi: clcanin:: of 
nrl;:inic iiJritcr pollurion and tlius. 10 ihc improiclncnr 
of tvi..3icr qurifiiy on Llic surfacc and i n  the nquifcr. 
Undcr ihc alicrnririvc of tiydrodams. I . C .  also in 1 l i ~  

c ~ s c  o l  thc Gabcrkovo scticrne, this work has to b~ 
donc by scwage trcalment planrs and warer purification 
schemes for drinkinç ivarer supply, both being v e r y  
aupcnsive insiallations. The Ausw~an Frnancc Institure 
calculated rhar in Ausuis inveslmenu of ca. ATS 6.10 
million and operaiional cosis of ca. ATS 60 million per 
year would be needed as a substitute to the "free work" 
of  floodplarn organisms. 

This si_oniïiçant economic value has been largely 
ignored in the evaluation of the EC Working Group 
Reports  IespeciaI ly  in rhei r  Scenarioc;)  when . 
comparing the former river siruatron with the present 
one where the water is derivated from the floodplain 
into the storage lake with rts many negative attributes 
(sed~mentation, colmation, infiltration of Iess purified 
or even m o r e  polluted water  into the aguifer  and 
tOwards lhe near-by drinking water wells)' 

A discussion paper of the 'lovak par l iament  f'om 
January 1992 States: "Following the joinr Gabcikovo- 
N a g ~ m a r o s  T r e a l ~  from '977 seivage rrealment planrs 
ore to be builr with comple te mechanicol-chemical- 
biologicol purification dong the enrire Czecho-Slovak 
sec[ i0" oj r h e  Danube.  water  eua I i i y  of l h e  

Morava Cremark: a h e a v i l ~  ~ o l l u t e d  tributary 
upstream of Bratislava) is io be raised ro the qualicy 
clas,' II UP fo the star1 of operation of the Gabcikovo 
power plant". 



The reason for the delayed permission process is the 
f ac t  thar,  a l ready on 25 June 1991. t he  Slovak 
environment commission (= ministry) SKZP being 
the central authority fo r  water economy prescribed 
a specific, binding "Statement" (called the "19 
Conditions" under $ 14 of the Slovak Water Act no. 
138/1973 Zb) as a prerequisite to permit the use of 
water and to operate Gabcikovo. This starement says 
thar the suggested technical solution for Gabcikovo 
( i .e .  the "Var iant  CM) is  on ly  possible by  t h e  
fu l t i l lment  of these  spec i f i ca l ly  determined 
Conditions. The investor has the duty LU fulfill this on 

the end of 1993. some of the Iargest polluiers of Lhe 
Danube sti l l  do not have the required purification 
r a t m e n t :  the chernical company ISTROCAEM has no 
biological treatment and the city of Bratislava can 
clean on ly  65% of its sewage .  The new sewage 
mearment pIanr in the big suburb Petfzalka has n o  
biological treatrnent, while its mechanical treatmenl 
bas severe technical probIems unti1 loday. 

Several villages along the Danube were promised by 
the investor Company (as a recornpensation for the 
directandindirect drawbacks for thcconstruciion of 
Gabcikovo) to get their own sewage treatment pIants 
before Gabcikovo will operate. Several manths ago, ii 
was stated in Slovakia upon requesi that the fullilIrnent 
of the investor's promises is postpancd up to the rime 
when Gabcikova will makc proilr. 
Therefore ,  i t  can  be stated tliat tlic Itiss or seIl'- 
pur i f ica t ion capacity due to tlie diversioii OF t l ie  
Ddnulie togetlier witli tlie I:ick of suffiçieni sewage 
treafment schenies lias led Lu a dccrcase of D;inuiic 
i rater qualits dnivnstrcarii oî' Iir;itisli*;i ;and 10 ilit. 
increased n e c d  Fiir res j icç  t i v e .  c ï p c n s i v c  
investnients. i 

Legal situation in Slova ki;i 

I n  February  1993 ,  WU'F publ is l icd  ari i n i c r n ~ l  
document  f rom SlovaI;  c n v i r e n l , r c n r  rilini.;ir!. 
swting that the needed perniissions for thc çoriipjction 
of the Gabcikovo storaçe I ~ k e  dikcs, for  ihc usc ot 
Danube warer, for thc diversion of  thc Danubc and Tot 
the operrilion of the G;ibcikovo ççhemi: could hi: 
granied by the responsible Sloval; autlioritlcs to thc 
operator VVsp. 

Fol lowing WWF's  present i n fo rma t ion ,  thesc  
perrniss~ons were granted by the responsiblc distrrct 
auhority Bratislava Vidiek only on 17 May 1993, i.c 
for more than 6 months the Danube \vas diverted 
and the Gabcikovo scheme !vas opera t ing  without 
the respective, needed Slovak permissions.  On 19 
August 1993, this was confirmed by the SIovak state 
attorney in  Bratislava. Also, VVsp was symbolicly 
fined for having done this. 

top of the required permissions (it does not substitute 
them) and cannot appeal against it. 

Especially, tlie conditions no. I I  (dernanding the 
inundation of the Slovak ZIoodplains under naturat 
cond i t ions  f rom the old +ver bed) and no. 18 
(demanding 1.300- 1.500 m3lsec of water during the 
vegetation period in the Old Danube) are not fuifilled 
by the  investor company. 

On 17 Apri l  1993, a specific permission for the  
manipu la t ion  o f  D a n u b e  i v a t e r  was granted,  
apparently replacing the Condi t ion no. 18 for a n  
inicrim pcriod becausc rhe technical situarion a l  thc 
Cunovu ycii did not allow a higher discharge at ihis 
timc. Thc'Slovak staic attomcy wrote i n  a letter on 19 
August 1993 t h i i r ,  " o n  1 7  May 1993.  the  invcsror 
r c c e r v c d  11rc p c r n i i i s i o n s  f o r  acci i tnirlarion and 
tluirttiiiirg of siir/ l~t:e ivnrcrs or tlre Duniibc on 17 hloy 
1993.  Il:i th i l i l s  d e c i s i o i i .  f l i c  ' P r c l l ~ r i i n n r ~  
A l a t i i p r i ! ( ~ r i o ~ i  Orr lcr  for rhc opç,rcir;on of rhc 
Gt ibz iPoi .~  poivcr{i!rlri~ h,v f l ic  ~irel i t~i ir iury soliirioti or1 
rliib ribrrrrtîr> o j l f i i :  Slovrik Kc,r~riliOc' ri-0.7 approi.~#rI." 

l l o \ s  c t  C r .  .IS IIIC 1 1 1 %  cjlor W ; I \  tin.~hic 10 i tc l i~i ic ;~l ly  
I X L ~ \  I ~ C  iiiorc irJLPr for ilrc Olt1 D.inulic. 1111s s i ic~i î ic  
or-11cr ~'3 .s  ~ T J I I I L ' ~  1 ) )  ~ 1 1 ~  :1~111~ri ty  ~ n d i l r  tflc condi~ioitl; 
i l i ~ i  3 niininluni tloii. ii1'60U ir13/seç Sc gu.ir:iniccd in  
iIie Old Danulie.  illrir a proposal f o r  3 nciir iv.ircr 
riirinipu1;irioii a r d t r  hl: prcscritcd 6)' iIic invesior by I 
Osiulicr 1903 and  ~1131 t l l i ~  a r d ~ r  10 cxpire  oti 15  
Nobctnbcr 19% I r r  Px+[, ilie nionitoring d ~ t a  in ilic EC 
R c ~ t s  slloik ihai only 30U--100 mj/scc werc flowln!: 
in ilie Danutic througliour the year, i e. tlie urder rvss 

f -> nrit Fuli'illed. Tuda., ttiis interirn m a n i p u l a t i o n  
order  l i as  apa in  e a p i r e d  a n d  has n n t  j e t  heen  
"ne'"ed. \ 





A. Evaluation of the Monitoring 

Surface and groundwa ter quali tylquan tity The given Slovak inforrnation(6) looses credibilit~ in 
interpreting the  changes in the aquifer. The anaIysis is 

It is regrettable chat ~ u n ~ a r i a n  groundwaier data a genera! torso of results which is non-represenhtive 
apparently were not provided. Even though qualitative of the changes in tiie groundwater. 

changes rnainly affected the SIovakian s ide ,  t he  
possibility of detrimenial changes on the Hungarian Examples: 
side is given. * Table 2 indicates observation points ("10" and 
The following findings are  based on ~ h c  two EC "RU") on the right banks of the rivet which are 
Mission Reports (4.51, the Slovak data reports on nor identica1 to the seIectcd observation wells for 
"Surface and Groundwater Quality" (6) as well as on the r e se rvo i r ' s  impac t s ,  given in T a b l e  4 

the first monitoring report on water qualiiy during the (Rusovce-Osrrovnc lucky "D 1 -DG"): 
fflling of the Gabcikovo dam (26 Oct. - 3 1 Dcc. 1397) 
(7) which wWF could rcceive in 11s camplete form, " The d ~ t a  shown in ihe graphical analysis do not 
thus, this f irst  report(7) can servc as  a irnporiani cor&spond [O the data structure and frequcncy of 
reference for cornparison wirh thc other data provided rhz moiiitoring iri tlic indicatcd period and in the 

rcspcct ivc  i ab l c s  (C.E. wliilc t he  s a m p l i n g  
It has to iye stated ihat ifie presented d a l a  in  t l ic frcqucnry is once evcry  2 tveelrs. thc artaclied 
reports (6) are not sufficicni t r i  scientifiç;illy iiistit'y rcspccrivc yrqilis s l i ~ i u  niucli ICSS d ~ i a } .  
tlie conclusions in t f ie  EC Rclirirts. Tfic Repori ori :r  
Temporary  Reg imc(5 )  c o n c c r n i r i ~  ~i i r l ' r icc  .iiiit  ' 7-lit onl: çivcri csnriililc (ivcll SJ Ii;ilinkovo) 
groundivaler qualiry says tlrnr Cor rlic 5ccri;irio.; 1 .  I I  docs n u i  liilfill [tic' dcinand o f  3 solid 
and III "r/ ie iinpnct on i/ic si~rfir-e ) I . ~ I ~ L ' T  I J I ~ ( I ~ ~ I Y  itl I ~ ~ C U I I I C I ~ [ ~ I I O T I  nl ilic cti;iii<~s i n  clicmisirj ancl of 
coririnue ro be rnsigriificori[" :iriri iIi.ir "flic ii>r/iai-r (111 I ~ C  C I C I I I C ~ L  C O I I C C I I ~ F : I ~ ~ U ~  in [IIC oI~.scr\crl riqiiitcr 
rlie groirndrvarer qiinliry irill I I I  ~ ~ i t ~ r ~ r l  h4: i i r i  bo rh  btdcs ol tlir: D:iniibc: Lotiking ; i t  tlic 
insignificnnr. H o i v c v r r ,  Ehere i i b i l l  /.IL' S O I ~ ~ L '  1 0 1 .  ( 1 1  riiuriiioring of  grouii(~~v;itcr qu3liiy c1i;ingcs in ihc 
clionges in nreas  closc f o  flic rc.srrvuir i i i  r c r ~ n i i i  Iirsi S I J ~ C  or [fil: rcscrvorr iiIIing (Oc!. io Dcc 
parameters, sucli us torril dissolved solrds. i~ilrurc. rtr.. 1992). tliis nbjccl 11'35 non-reprcscntatli0c from 
duc IO changes in Joiv pultçr~i Tlicst clinngcs rirc irol rlic sr2ndpoirii O F  spccilic organic clcnicnis. Tlie 
expecred t o  ieod to a worseiring i n  flic groriiirlirarcr prcscntcd Tabli: 3 docs  not stiow ~ h c  non-polar 
qualify". c\~2ct3li]r '  r[l:il[cr ivhich I S  par1 O C  cvcry chcmical 

~ n : r l ? s i s  and wliicli could indicatc i v i l h  fiigh 
For Scenario I V  it is ivrittcn "Dirccting lcss ~tioji 5 %  ciidcncc tlic dzgrcc of  organic pollurion of thc 
of ~ h e  dischorge rhrougli the doivnsrrenirt pnrr of lire cni i rc  arc3 ancl of311 o b ~ e c t ~  
re~ervoir ,  it can be rxpected rhnr stagnani ivarcr iv i r l i  
algne grorv!li and sedimentarion of organic marcrio1 Tli b lc  10 shorirs the g i v c n  technical parameters or  
will occur in rhis worer body. This. otso {iave some observarion objecrs liaving scvcral horizontal Ievels. IE 
negarive i m p a c ~  on the surface ivater qrrali~y i n  rtre 15 queçrionrible tkfhy ihe o b ~ e c l  S4 Kalinkovo was given 
navigation canal and furrher doivnsrrearn zn r}ie niain as mode1 because 54 bas only one, very large horizon 
Danube. The impacr on the groundivater quaiir): iuill, (depth of 40-50 ml,  while  most other wells have srnaII 
U S  in other scenarios. in  most areas continiie ro be horizons of only a few meters depth, being much more 
insignificuan However, ... the groundwarer qualit); is precise for the indication of changes. 
likcly io be rhrearened ai rhe Samorin Wnrcr Works, 
which prodüces aboui 40% of rhe warer supply  for  Data on hazardous organic poIlutants and heavy metals 
Brarislava." are not presented in  the supplied documents in spite of 

their analysis. According to the firsr monrroring report 
(71, elevated concen t ra t ions  o f  diçti lore.then, 
dichlorbenzen, p e n t a c h l o t f e n o l ,  benzopyren ,  
hexachlorbenzen and  l indan were recorded i n  the 
surface and groundwater. 



Data on selected sampling points and selected water 
quality parameters are presented in ref. 6. I t  i s  not 
explained why these points and these parameters have 
been chosen and why only one example of statisticai 
evaluation is presented. The irnponant criterion for the 
impact assessrnent are the selected sampIing points, for 
those are the most sensitive to the changes in water 
quality. The selected parameters also have the largest 
temporal variations and the mosr significant impacts 
on environmental health. This has to be documented 
before the conciusions about insignificant impact on 
nater quality are made. 

According to drinking water standards (in SIovakia 
CSN 75  7111 approved:  1989, CSFR) important  
physicaI and chernical Fndicators such as heavy metlIs 
(Cd, Pb, Hg, Cu, Zn), other trace inorganic clernenls 
( B a ,  Be, Cr, Ni ,  Se, Ag, V)  a n d  niany orgnnic  
indicators  (d i ch lo rbenzen ,  d i ch lo re then ,  
pzntachlorfenol, hexachlorbzn~cn, Iindrin, PCB etc.) 
are imporrant. Such polluiants can bc dringerous cvcn 
Jr very 1ow ~ o n ~ e n t r a t i o n s ,  eqiccially I I  they acr i n  
combination. Thzir eflcci on heiilrli 1s slill no[ i'iilly 
u n d z r s t ~ o d .  Somc  01 rliciii L C R ~  IO : i~çurnul ; i~i :  i r i  

sedimenis and larer, undcr cliringing conriitions ol  tlic 
warer regime a n d  rhc w3Lcr ~ U A I I L ~ ,  ktlçy C i l n  LIc 
released and rnigrarç to gsoundwaler rcscrvoirs. Tliih 
phenornenon 1s callcd an environ~nental iimc boinb' 
because of its retardarion and accu~iiularion cflcci. 

Unfortunately, a n y  data and  any discussiiin ivliich 
irould enable ttie evaluation of tlris cnvirunmental 
hazard could not be found in the docunients. Tltc 
data in (71, and  previous data knurvn about organic 
pol lut ion o r  b o t t o m  sed imen t s ,  i n d i c a t e  t h a t  a 
potent ia1  danger  is r ea l .  H o w e v e r ,  data  are  noi 
complete enough to make any definirive conclusions. 
From the biogeochernicaI point o l  view, trie da ta  fin 

p o l l u t i o n  of heavy rnetals, oiher trace inorganic  
elements and organic pollutants of bottom sedimenls, 
alluvium sediments, surface water and groundwater 
have to be presented jn ful l  before a n y  scientific 
conclusion can be  made as regards the impacts OF 
Gabcikovo dam on water quality. 

The properlies of sediments can Vary considerabl~. It  
would be very heIpfuI to know distribution coefficients 
of o rgan ic  compounds between w a t e r  and  t h e  
sedimenis as weil as experimental data on the ability of 
the sediments to yield the pollutants to groundwater. 

* It is not evident why the data are not available for 
independent evaluatian. If it is proved by inter- 
laboratory validity tais that the dam are correct, 
i t  shou ld  be p o s s i b l e  fo r  a srnaII team of 
independen t hydrochemical, hygiene and rnedical 
expertç to evafuate the impact of the Gabcikovo 
dam on water quality and on consumers of the: 
water. 

" Ii is thercfore in conformity wiih the EC Report 
(4) ihat a conrinuous program of monitoring is 
nceded, howcver  i t  should be specified whar 
p:irameiers will bc monitored. A review of t h e  
or ig inal ly  n inn i to red  d ~ t a  tcigetlier ivith a 
çirntrril s;implin: and  :in;il?sis sliould be m;ide 
t i ~ ,  ;in i t idcpendeni  rxprrt 1e:ini and not liy 
p.iriies in iol \cd  in iliis dil'liçult dispute. 

I jr i lc~s rlic iV'urkiiig Groiip ir.Iiicli produccti ifiis 

rcpurr I i ~ d  uihcr d.\r:i ,ii.;iil.iblz, i t t  do n D i  think 
t1i;ii thl: t i~r : i  iirc a d c r l u ~ t e  IO j u s t i fy  tlicir 
conclusrons. Espcci~l ly  ihc Summary of Impriçi 

,Asschsnicnis Cor Scenarios is not supporred by 
relevant scicn~il'ically variTicd data in thc roivs 
dzalrng iviih surfiice and groundwater quality. On 
ttii: conrrary. the diiu i n  (7) indlcarc pollurion of 
surlace and groundirriicr by mutrigenic orgsnic 
polluranrs 



Flora and Fauna (incl. Forestry) 

The Reporr sections and conclusions dealing with this WWF learncd . that a special ich thyological prognose 
ropic reflect the poor data base which was provided by srudy on the impacts of Gabcikovo was ordered and 
Slovakia and Hungary for evaluation. Even though a submified in  the summer of 1993 by selevan t Slovak 
more profound scientific data  base exists. the best aurhorities. However, i t  did not became part o f  the 
ava i t ab le  knowledge, data  and  experts were  not  Slovak or the EC reports. 
involved in the evaluation. 

The Slovak repor t  is incorrect  in s ta l ing ihar  the  
decrease of surface and groundwater leveis were anly 

The Hungar i an  repor t  is insufficient to give any causcd by river bed regulation and ~ h e  cons!ruçtion of 
Sound statement or conclusion. Large losses in fish upstream hydrodams, The huge impacts originating 
biomass and the visible, crirical srare of the floodplain from Slovak and Hungarian grave1 excavation are 
forests are a rernarkable indication of thc changed ignored. 
situaiion, However, these and other indica tors arc net 
properly documenred and inrerpreieé. Thzrc is ne coniparison witll oiher incact floodplain 

ccosys~enis:(c.g ilie Danube upstrcarn of Bratislava) or 
w i i h  floodplri ins darnagcd in t h e  past by otl ier 

The folIowing commcnr refers on Iy  wiih ihc Slov;iFi liydraschanies (tlic Danube upstrearn 01 Vienna. ther 
ciocunieni. Ir's nulhors Iirovc to bc 1nosiIy fnrcsr Rhinc  dai\nsircarn o r  Bnscl, t h e  Rhone etc.) from 
cxpcrts  ivlio oiiiit niniiy basic i'riccrirs of îlnodp [:lin irliicli rhc srniii 01 [lit HooJplnin ccosysrcm prior and 
ccology and subscqiicnr rlt.rii:inrls Cor llic ai'Ccçicii arc.1. :ii[cr [hc D.inulic diicrsion could bc bctlcr comprircd 
Thi: Tir i l i l  ~ I F T ~ S C  01  I I IC report i~k lo l l~  ' ' P D S I ~ I ~ C  .111(1 cl;tiin:1[~d ( c l .  ~ 3 2 ~  U5. Hùgin 1981). Thcn i l  

conscquenccs" of  G:ilicil;oio rc\c,ifs tl i . i t  ific. :rii~lior\ irould f i : i \  s t,ccri ~io<sitilc tn g i ~ c  3 bciicr prosnosfa 
( t c  ere  as lcd  10") cons  irlcr tlic G:it ic iLci ic i  ~l:rrii  I l i : t r ~  lt12 : I I I L I I ~ ~ \  ~ I c I .  
const ruct ion 3.i ;1 ~ C I I C ~ I ~  ;11id I I C C ~ C ~  [ o r  " 1 1 1 ~  

suliil~zarion(!!) ol ilicsc ccosysrclns" This pl i r~sc is iri IL IA  ricil clc.ir liuir "ri (.on ~ ~ r i ~ . r c ~ b l ~ ,  priri nj brotopcs ' 
cuntradicrion to tlic i e r y  dyndmiç ïli:iracter ;ind tlic i r  I I I  "gr t idr io l l~  (icrti 0) .ri~sccssii L, ruc1.v f o  ' ~ r i , ~ r ; r n t i /  

tarying environmcnt conditions ol' tfiis ccosy~teni ,  srrzrc"' ( 3 ~   hi: C I I ~  0 1  t 1 1 ~  t ' i l l i~s).  1f only sonic iorcsr 
and t o  aIl  scientific hnoivledge ;iliout inipactr  { i l '  pldnla~ion~,  :in rnerc.~scd iiraicr lcvcl and a ivrircring ot 

dams on floodplains and l'orcsts. ~ I i c  sidc-drrii sysrcni i r  I I I  tic ~~reviricrl for [lit! floodpl;iin 
:ircn. 

T h e  SlovaZ; report a n d  tlie rererence  l i s t  do  nr i t  
con ta in  the  very  important  S l a v a k  m o n i t o r i n g  Tliz rnriny problcriis of  rhc Danubc river bcd irsclf are 
studies or species databases wlijcli were produced in no[ discusscd nor ~ c r c  respeciive conclusions made. 
the SIovak fIoodpIains over the last yerirs (especially Thc crucial imporwnce of the open connecrion wirh the 
b y  the  Insti tute for E c o s o r o o l o g y  at the  S lovak  floodplain side-arm systern 1s largely ignored. There 
Acaderny of Sciences). However, certain deraiIs in this are no cornrnenrs on thc changed nutrient Input and 
repon are obviously taken from rhis monitoring exchange when discussing the artrfieia! water input  

[rom the canal ln cornparison lo thc natural situationat 
The authors overestimate the detrimental impacts of the end of rhe '50s. 
~ h e  decreased water  Ievels in the  Zast decades  
("disappearing of ihe whole nature biocenoses") and T h e  e s t i m a t i o n ,  that t h e  needed f loods  can be 
are far KOO optim~çUc regarding ecological benefits for simulated from the Dobrohost in take  structure of 
the forests through the sirnulauon of floods. the Gabcikovo canal and that this can recreate the 

hydropedological situation or this territory'at the 
The study lacks a more thorough, critical evaluation of end OF t he  fifties, ignores  a11 available data and  
the newly constructed lateral dikes (cf  chapter B) i n  experience about such artificial rneasures Rom the  
Slovak floodplains and of several important indicaior Rhine and  Upper Danube; i t  is far too optimistic 
groups other than forests (e.g. birds, beetles, mammals (cf. chapter B). 
and molluscs). 



The given example used to "prove" the restoraiion of The same applies for the example o f  hutterflies, For 
soi1 moisrure due to the Gabcikovo scheme, whilc floodplain biotopes, such a cornparison would be much 
comparing the mean losses of leaves in August 1992 more appropriate by  taking beetles (Carabidae, 
and 1993, is actualIy unfair: S taphylinidae). 

* August 1992 was a very dry period, as i t  is even 
sueSsed 

* In other localions jrather than the quoted 
Cunovo/Rusovce area) especial ly  along the 
Danube up- and downstream of Dobrohost, the 
groundwater level was no1 raised, but lowered by 
up tu 2 meters due ta the river diversion: therc, 
no1 positive but darnaging effects i n  the 
floodplain forests can be .ound i n  1993. as 
compared io 1992. 

Another examplc is the suange cornparison oi' Arancn 
spccics diversity of the very wet, inorphologicaliy 
dynarnic Danube inland delia ivirli ihc xcro~licriii;~l. 
srabIr: J U F  pear-bog: spiders arc no indiç:iiors l a r  
flooriplains bccausc rlicy prci'cr coiist;ini Ii:~bir:ii 
condiiions, second, rlic pc;it-bog (Cririci clun::i~.ic. - 
Alncriim) is no1 a floodplriin cço\y$rziii. 

The report does not treat die problems of the important 
Istragov side-atm area (upstream of Palkovicovo) 
which is yet not supplied by artifical water input (a 
neiv canal is planned frorn Gabcikavo power plant!) 
a n d  therefore dry ing out, since the Danube w a s  
diverted in fa11 1992. 

Tlie ivhote report concentrates too much on tfie 
forest productiviiy (plantations). For inJtance, there 
; i re no rccon~niendations to reconnect the side-arms 
iv i t l i  [fie n ia in r i ve r  even ftiough t h i s  is par t ty  
recognized as absalutely crucint frir the surrival o f  
I l l e  bincenoses, especially t h e  regeneration a n d  
111igr:ition o f  the fisIif:iun:3. 

t<ieii  tliciu;li i t  i s  t r i i c  Lli;it :i one-!car-pcriod is ton 
h l i o r t  tc i  prodiice n sound scicntiric eualu.itian of  
piitenti~ll! çaused ctianges in Paunn and flrira, tlie 
niiinitnrin: d : i t ; ~  rou ld  Ir; ive given.rn3nj morc  
reFul l~ tlinn tiic ).:r Rc~m has rererred io. I t  is not 
ï l e a r  ii.Ii! [ l i e  surnniary assessrnent o f  inipncts 
ignorcs ttit: rrisilile damages in fish füuna, rorests 
2nd Iiabita ts. l ' i ic casly general conclusion tliat tlie 
fiirestry lias bcrn pobitirely influenccd in  Slovakin 
niust :it lcast be doulited. especinlty ivhen looking a t  

t h e  slow react ion  o f  f o r e s t s  t o  cbanged 
eni irtinrnental conditions, 

The suggested monitoring program wi l l  belp tu 
provide 3 clearer piciure if i t  ii.ilI be financeci and 
realty executed. This, however ,  is anything bu! 
certain in both countries. 



B. Comments to the Recommendations for a 
Temporary Water Management Regime 

The EC Report recornmendations are resuicted io the higher eutrophication and sedimencation procesgcs 
technical limits. especially of the Cunovo weirs, (colmation) reducing the river water quality, i .e .  a 
indicated to the EC group by the SIovak sideisee also compleie change of the former bedload regime. The 
chapter C). Secondly, the d i~cussed scenarioç look design of the planned underwater weirs creates such 
on[y the range between 20% and 40% and at the great velocities Ehat fish wilI not migrate; arlificial fish 
95% alternative. The ecologicaIly more acceptabIe laddcrs proved to be useless investrnents. 
range between 40% and 95% of rvater For the Old 
Danube as an interim solution, which in fact  is On top of this, underwater weirs proved to have no 
realistic from the technical point of vieiv, was not decisive, positive impact on tlie groundwater. The 
discussed ai all. water levels wiIl be adjusring only LO the water Icvel of 

~ h e  do i in s t r eam lcvel of each weir. Evcn with a 
This includes that the EC experts did no1 noricc tlic narroiv scquencc of  many wcrrs. thesc drawbacks 
original Slavak Iegal prerequisites for thc opcraiion of couid 0 i l y  pürtly bc rcduccd.  I n  addi t ion ,  the 
Gabcikovo (the "19 Conditions" demanding 65.75% of iiirport,in[ cxcli~nçe bet\vcen surface and groundwatcr 

\vater i n  the Old Danutic) as well as II... . . 6 \ " I I I  bc rcduccd a f l w  sonie l ime  d u c  10 upstrcam 
compromise soluiion wliich \vas sugçe~red i n  Fcbrudry colriiaiiori. On rliz Uplicr Rhirre e.ç. in ~ h e  We~swcil 
1993 h y  EC Commiss ion a n d  acccprcd b y  tltc iicir scction. lcss ih.iri 70% o ï  tlic "inundatcd" ares 
Hung;lrmn sisid Sçucli a sccnarir) iyiiuld çert.iin1- iii.iiiii.iiril'd cco lo~ ic : i l  condi i ions  s i n i i l ~ r  I O  

rrdurc Ille ecological problenis and irairld htill Ic:iir I liiod[it:i[ri~. b u l  O V C i  80% of 1Iic fûrrilcr. t yliical 
:a l;irge anioiint  (if -,rater t'or S10v;ih ï n e r g q  <<oh~~ICril 15 ltXiltOil:i>'. 
prodricliiin. 

On the ~ [ h e r  sidc. tIie p:iïkage [if nie:i?;urcs. [tic I<(: [d : l l ~ l ' ; l l  d j k h  i l1 Lflc f Ioodp la i r i  
evpe r t s  reconiniended (an a v e r d z e  500 n i > J s c ~  E~~~~ i l l o l i ~ l ,  r l ,ç .  EC c u p c r i q  di r i  c l p r r . . \ s i v s ~ y  
discharge pllis 1-3 floods a l  rnorc ihrin 3.SOf! r i i j l s c ç  ,ccorliiilc.ntj cn l i s i ruc i ion  of  j 3 t C r 3 1  d Ikch 
pcr year, lhe insraIlarion o r  iivo vndcrivaicr iimcir:, in , loodp t : i i  3 r C 3  3?i ~ r c i r i r d i a l  ntc,surcu. l ~ l ç i r  
rhe  Old D a n u b e  and ilie liigher discli:trgc of  tlic op ,,*,, ;,,, i r  i r l ç i u i l c d  iri rccomnlcndaiions ~ 1 ~ ~ ) .  
ai r i f ic ia l  input o f  wa i c r  in10  ific ïlooriplain) i s  ,.,,, ,,,,,,,,,,, , tiic slovak sidi: disçcciing tlie 
deridedly too littlc to prevent furtlier daniagrs and iverlJnri inIo 7 E~~~ t l iougl l  i n  1991 t , le 
obviously accepts thc techniclil Iirnits [il' trie Cuniivo s~,,,,,L e n i . i r t i n n i e n t  " , inist  r q  lpressivcly(!)  
iieirs. Derail-.' --mments arc: crilisized surli nte3surcs 10 tie ver j  detrimenial and 

denianded a srilutiun ensuring a i iater input  in ttie 
The suggested minimum dischargc of 300 mjlscc  is side-arms front ilie ~~~~b~ and  remoral of ttIe 
well below the historical minimum o f  the river in rhis disclosures betiveen the river and side-arms (no. 
region. This will promote the e~traordinary drainagc of u19 C n n d i i i o n s ~ ~  rrom 25 june 1991), 
effecr of the rivcr, affecting the flaodplains and the ~ ; , b ~ i k ~ ~ ~  e n g i n p e r s  started to build this scheme in 
adjacent lands. A minimum discharge o f  600 rnjlsec is ..inter 1991193 dest ror ing  of t he  sidemaTm 
close to die historic minima and technically fcaslblc s y s ~ e m ,  r e - e n  f o r c i n g  t h e  , + ~ i ~ ~ l ~ ~ ~ ~ ~ ~  " i t h  t he  
the Cunovo bypass weir. Danube a n d  starting a permanent inundation of the 

rizetland in May 1993. Condition no. 11 stated already 
in 1991 rhar "rhe consrruciion of lareroi dikes in rhe Underwater weirs inundaiion area and the creorion of cnssetieJ wlll 

As one "remedial rneaçure", the new construction of damage the ~hru-Jowing of ihe side-orms ond rerair in 
Lw0 underwater weirs is  recommended. The SIovak Q n  u n n o f u r a l  ivarer r e g i m c  of surface and 
engineers plan to built the same kfnd of such weIrs as groundwaier .  which wirh their  oxygen regime and 
on the Southern Upper Rhine (e.g. near Strasbourg). nurrient con!cntx will no[ correspond io the needs of 
From the many yea r s  of experiehce about these Joodpluin fox est^ Ir wouId provoque a non-desired 
weirs on the Upper Rhine and the many scientifiç l o n g - t e r m  i n u n d a t i o n  of the fotcsts cnus ing  krs . 
data produced on its impacts it tan be stated that çomplete or significant change." 
this measure will be inappropriate, inefficient and 
ecologically dettimental for  the Danube and i t  iv i l l  This  view is strongly suppor ted  by the W W F  
rather worsen the situation: i t  will dissect the river scieniisis: these dikes will transi%rm the previous 
caniinuum into a chain of ponds and resuI[ in higher continuum of the floodplain into a chain of  practically 
erosion downstream of each weir (cascade effect); independent ponds w h i c h  perhaps give  t h e  
upsrream of the weirs it wilI create standing water, impression of an intact wetland nt Ïirst sight and in 



v e r y  sbort term. It eren may be truc lhat the new In  addition, the Iateral dikes proved to impede the 
water IeveIs foliowing the new artificial water inpul migration of fish and otber water organisms because 
[rom ihe Dobrohost infake suucture lifted the water lhey created high barriers which no Danube fish 
level to a higher level than under recent predam cross. In 1992. there were four small lateral dikes in 
conditions. However, the single-point inflow of water, the side-arms near the village Baka; in fa11 1993. Ihe 
i r s  stable.  s igni f icant ly  reduced volume and i ts  number of even larger barriers iocreased to [en. The 
changed water quality (the water cornes from the French studies docurnented a drastic loss of fish 
storage I&e having los1 most of ils suspended matter biomass as compared to the 1992 situation: apparently 
including nutrients crucial for  the floodplain almost al1 large fish have gone, only a few species 
ecosyscem) in b c t  result in deuimenial effects. dominate (c.g. bleaks = Afburnus a.) while the original 

diverse fish cenoses are largely aItered today. The 
The water level just  upstream of eiich lateral dike is detaiIed analysis will be available i n  lanuary 1994. 
lifted roo high and remains stable over many rnonths. 
This is damaging for natural floodpIain biocenoseç. fi na Il^ the consrruction of ihese new lateral dikes 
Furrher upsireain of each laleral  dike,  the wntcr toçethir wilh the permanent, controlled fillinç of the 
damming has no niore impact: tlrc darnmed ivaier channels provided unliniited access for many morc 
remains horizontal, wtiilc tlie noodplain rnorpiiology i:, visi tors (recreation!) and for the ofren i l legal 
inclined. conrrrucrion' of \ ~ e e k e n d  hauscs  a11 over i h e  

floadpldin. Oie iv~ l l ; ind ,  iviiicli lin fil rcçentlg hosted 
This nicasurc' induccs n re:il ttire:it ti, llic ariccted nian! t l irc; i tencd, but serisible species  i s  t oday  
floodplain h r r s t s .  Opposiic tri ttic propag3nda (11 dr: inist icülty cnd;injiered t o  t u r n  intri ;i b i g  
ltie Sluvak investor cornpanj iri  1'1'13, ilie :iriil'ici.il rccre:iIiori :Irc;l for tii[~i~<.ind% { ~ t  peoplt!, 
water input  113s njlJ '*~;ii 'ed ttic Udniilie inl: i~id 
deIia". Even niore, tlic iicgatiibe scieiitific prrrgriiisii 
is alrelidy realitg, as i t  irmas reve:iIed during reccni I t  (:in he conctrided tli:ii ;)fier [lies iveirs and dikcs 
studies by French scienlesks froni Ihc Lyon U~iivcrsiry i irre l l r g ~ t g  t c ~ t e d  on tlic Upper Rtiine In tlit: 1950s 
w h o  investigarcd the loiver pari of ihis Sloval. a n d  1Y70s, tlicy iriIl have no satisfying effect on 
floodplain section i n  1992 arid 1993: tlicy round clc.ir ccnlogy, grriundii:iicr or furestry al  ttic D;inulie. 
signs of physiological problciiis Cor wiltoivs i v l t i ~ t i  i n  
luge nuriibers soon ivitl dic or died nlrcady (cspcç[.illy 
lvgc irccs). 

Uniorrunatcly, thc inost Imporlant recomrnendarion of 
ihc EC Report suçgesting a "deposition of gravel" 
doivnsiream of the Cunovo wcir is not discussed any 
furrher. However, WWF thinks that this actually could 
becorne a very positive route changing of the prcscnl 
siiuüiiorr (see WWF Recommendaiion B .) 



C. Technical Lirnits 
of the Present and Future Discharge 
into the Old Danube 

The technical possibil i t ies t o  restore t h e  hydro- 
dynamics of the Danube region and to establish an 
ecologically acceptable Temporary Water Manage- 
ment are largely dependent on Lhe technical situation 
of the Gabcikovo scheme. especially the Cunovo 
diversion weir with i ts various openings (see atrached 
map). A major problem arose from the fact thal the 
diversion of the Danube in October 1992 happened at a 
stage when the whoIe scheme, but especially t h e  
Cunovo weir. was s t i l l  under construction. Its 
completion was scheduled for the end of 1992. 
However, the interest of tbe Gabcikovo investor to 
deviate the Danube a t  the ear l~es t  moment possible 

Until today, the repairing works and the redesigning of 
the'weir for 'conlinuous use has made little progress; 
only four gates can be used a t  present. The 
reconsuuction of the spillways of the 16 rernaining 
openings is now planned by SIovak engineew to siart 
onIy in May 1994. Oiher protection measures a r e  
scheduled [O be cornpleted in May 1994. FoIlowing the 
EC Report(S), the technical circumstances allow only a 
very limi ted discharge of ,  al1 together, 940 rn3/sec 
through the bypass and inundaiion weirs. FolIowing 
the Slovak engineer plans, only in the summer of 31996, 
the discharge capncity of the weir can be extended to 
5.900 m3/sec. This i s  also (by chance?) the scheduled 

resulted i n  a high risk of technical problcms a n d  completion for ~ h e  construction of new ship Iocks and 
damages. a sniall power plant at Cunovo: for rhis "Phase II", 

Itnancing is apparcnily very insccure. 
A relatively srnaEl problem arose i v i th  ilic rerry  
servicc i n  the Gahcikovo canal providing a sccond I n  addition. thc EÇ R c p o r ~ s  ( 5 )  phrasc "r l ie  ritne , 

cotinection 10 tlic ihrce içolared villages. I r  rurncd oui ri-lrcrliile i v i l l  dt:prrid oii iverrrlter condirions" rcveals 
t h ~ t  the fctry is operaiin; in n vcry unrcli-iblc rv.iy. iIi.11 nci* rl:ini.iges c;iuscd by, tcclinitally undesised, 
causing 3 for of frusrrarion and aiigcr anion2 iliosc wliii l l i i i idh o r  ice goirig llirougti tliis iieir iirill probnlily 
nced it (sce cliapier 5 ) .  niit i i n l ~  del:iy ttic iiliolc ~ n n s t r u c i i n n l r ~ p ~ i r i n g  

ricirhs. t iot  criulrl nctu:~ll) tlireaten tlie cntire weir 
A sccond problcrn was tlic Ict't loch çIi.irnbcr oi' i l i c  ("if r.r i i c r c ~ ~ l r y  ro inr{rpcr !I i~for~if ic:urro/ is  cnch i w e k  
Galiciknvo pniver p lani  ivlr icli, sutiscqiicni iri ;Uri c ~ i i r i  iiiakc f r cq i i~nr  rcpnir i b o r X " )  

accidenk, had ro bc repaircd nntl coulrl bi: opcnçrl Iiir 

n3vigaiion only in May 19'13, i.c. noi, as ilic EC Reprirr Ttiti cïpl:iins w h y  o ~ i c  of tlic rcnicdinf nieasurcs of thc 
1s staiing, in November 1992. Alsa, n:ivig:itirin ir,:is EC Working Croup recommcntls [fie "consrriiciion of 
closed sevcral times, especially on 2'1 driys bciu~ccii 7 0  riti iiiidtrivoier ivçir ar /iK,tl I S J j  5 for iniproving 11ic 
October and 30 Novembcr 1992. o { ~ ~ ' r ( ~ i i o n n l  rclralirlrry of ivnrcr sirpply  froni ~ h c  

The Cunovo bypnss iveir {vas originally dcsignçd for ... 1Viihour ilris iliere is o [urge risk chor rhe inundnrzon 
au~iliary purposes wiih a hydraulic wpaciry of 1.460 i w i r  .rpillivny iulll Iie undi9r repnir r~rosr ofrlre rime." 
rn3/sec (4 garcs). However, after a Few hours  or 
operation, ~t proved ro have a faulty dcsign for rlic The obvious inabiliiy of the Slovak srde 10 qu~ckly  and 
srrong erosion activities a[ irs downstream parts (9) sririsfacforily bring rhis weir t~ an operational state 
Therefore, the weir's discharge is Iirnited in al1 cascî ovcr ihe ldst 1 1  monrhs shouId he compared to the  
to 600 m3lsec. otherwise i r  could be desiroyed by hasry constructian of the entire "Variant CM scherne 
erosion. (new storage lake wilh dikes, new large diversion weir 

etc.) which has been achieved between Novernber 199 1 
Sirnilarly, the original design of the adjacent Cunovo and October 1992 (= 1 1  months). 
i nunda t ion  weir (20 gates with  4 600 m3/sec 
discharge capacity) allowed onIy a few days use per The EC Repor t ' s  technical discussion of the 
year (during large fioods). In faIl 1992, ~t was still possibiliùes to quickIy enlarge the discharge capacities 
under construction and proiected by a srnall e3rth dike. of i h i s  weir is  v t ry  l imited. The Repor t ' s  
An "unexpected flood" on 25 Novernber 1392 washed recomrnendation that "a design review be carried oui 
away rhe proteclion dike searching its way through the by an independeni, speciolired insriruie" for r iver 
construction s i t e  back into the old river bed. engineering i s  strongly emphasized b y  the WWF 
Downstrearn of the weir. the flood caused major scieniists and should be reaIized as soon as possible. 
destruction of the unfinished bottom protection. Scour 
holes of 11 rn developed Iocally and caves were This technical study should investigare whether the 
formed underneath some downsueam parts of the weir. te~hnicai situation of the weirs allow more than the 
Berween 2 and 3 million m3 of soi], sand and grave1 indicated volumes e.g through other, not éiscussed 
were eroded from the former floodplain(5). Two technical measures which can help to soon increase the 
tainter gates (each 24 rn Iong and 25 r heavy) were discharge into the old river bed. 
washed 2 km downstream onto Hungarian territory. 



The sedimentation processes in the Cunovo storage 
lake were always stressed by SIovak side to be an 
important limit for a higher discharge OF water into the 
OId Danube because a reduced discharge in the storage 
lake wilI enhance the undesired settling of suspended 
load. The new EL  Report(4) confirm thor " d l  bed 
Ioad and 60% of the sirspended bed Joad have seirled 
in the reservoir" and that the damming at Cunovo has 
high significantly disturbed the sedimentadon/erosion 
balance in the Danube. It must be stated: 

This leads to the conclusion that sdll somefhing bas 10 
happen in order to reduce or balance these negatire 
proeesses, induced by the Gabcikovo scheme. 

Modern river engineering knows only lwo alternatives: 

* the cons~ucrion of further dams downstream, Le. 
especially ihe Nagymaros project which itself 
wiI1 result in the need to continue rhe buiIding of 
more dams downsuearn, or 

1. The Slovak side now sdmits for the first time meastires to balance the Vansport capacily, like 
that this problem in the storage leke already the cont inuous  input of grayel  (example: 
exists. Even the bu:!ding of artificial islands in d ~ w n s t r e a m  the  Iffezheim dam on the Upper 
the storage lake canna1 stop this process. Most- Rhine) or the fortification of the river bed with 
likely, detrimental biogeochemical processes large-sized gravcl (example: downstream the 
inducing a lhreat for the groundwater quaIir)' Vienna-Frcudenau dam rn the Danube where this 
have started and thus wilI probabIy lhrcaten ihe mezhod is now being tested). 
drinking water weI1s near-by. 

I f  poliricians don'[ ivnnt to dam up the entirc Danube 
2.  Beside fioer bed iedirnenis. thcre will bc a clcdr they Iirive to votc for thc sccond option. This is where 

deficite of trançpor~ablc maiter cornprired io thc WhlF's iccommcndakions are ainiing at {çee chaprcr 

r iver ' s  iransport  capaciry in rlic D a n u b e  \\:\VF Reconiiiicndairons, csp Ç,D) 
downsueam of the reservoir. Ttiis iiill inevit3bI~ 
resutt i n  erosion processes doivnst reani of boih 

the Cunovo and tlie Gaticikovo ireirs. sitnilnrly 
to such ellects on other dams clscwhcrc 

D. Comments to the Social Situation of Local People 

The question of local people suffering from the 
Gabcikovo schcrne was discussed in the EC Reports 
only from the point of view of the Gabcikovo investor. 
It may be thar the new road presently under 
G O ~ S ! ~ I C U O I I  between Dobrohost and Cunovo will soon 
open a new communication route with BratisIava. 

However, the local people of the rhree villages use to 
mainly commute with their relatives and neighbors 
living in adjacent villages, now located on the other 
side of rhe canal. In addition, ir is the near-by city of 
Samarin which serves them as a center for shopping, 
medical and adminismtive atrention. The unreliable 
ferry service (ii mns just once an hour due to lirnited 
fuel; its limited capaci~y often leads to long waiting 
times; it has to stop during'fog. wind or ice) caused 
unaçceptable travel times, Several workers even lost 
their job. 

As a result, ihis new road wilI mainly serve those who 
(now deveiop an interest m) spend their week-end or 
recreation tirne in this m a .  Togetber wiih the new, 

permanenr acccss to h e  entue wetland over the lateral 
dikes, the pcrmanenrly filled-in water-ways,  the 
hundreds of often iIlegalIy built week-end houses 
dong the side-arms and the newly planned recreation 
areas ar the grave1 pits. a to t a l  transformationl 
alienation o f  the wetland character and of t h e  
traditional r i l l a ~ e s  with their  social structure is 
noir being irnpÏemented from t h e  outside:This 
process is technocratically oriented ignoring local 
interests and ecological sensibilities. It must urgently 
be stopped. 

To balance this ,  n o t  only  a much more lirnited 
access into the wetland, an active involvement of 
local people into the economic deyelopment of their 
region but also an investigation on how to improve 
their damaged life quality i s  needed. It is suggested 
to seriously consides the substitution of the ferry 
crossing the canal by a tunneI or a bridge near  
Yojka whicti could, at Ieast partIy, allow the native 
people ta regain t h e i r  former communication 
network. 



Recommendations by WWF and Independent Scientists 

A. Recommendations wlth 
Respect to the EC Reports 

As staied above, WWF suggests 10 produce as soon as 
possible 

* a water quality study including 

çontrol sampting and analysis on the changes in 
surface and groundwatcr quality, 

. changes of the underground currents and 

WWF tried i o  keep thiç "lime problem" in mind when 
discussing and forrnulating the fo l lowing 
recommendaiions.  The sc ient is fs  invoIved are 
çoovinced that this "gentle so!uùbn" can be achieved 
las ter ,  cheaper and poI i t ica[ ly  casier, t h a n  the 
"technical soluuon" the EC Mission's Working Group 
was able to agree on. 

Priority objectives 

parentiaI impacts on the &inking water rescrvoir; 

- tlic nciv variani io rcJucc ~ I i c  uridcsircil 
I 

scdirncndation proccsscs i n  ( l i t  srrir.igc l n l c  1111- , 
2nd daivnsucarn of ilir: Ciinoio ivcir i l i ro i i~f i  itic ; 
corlstruction of a s111~11 ii.ivt~:irioi~ rnrili: 
(SCC WWE reçornrnend:iiion C). I 

E~~~~ so lu i ion  bas rcspcc the f o l l a w i n g  
priority objccrives: 

* a river engineering study invesiigating 

- the prcsenl statc of the Cunovo scheriic, 

the 1cchnica1 possibilirics and costs f o r  the 

1 
Eaclr studg s h o u l d  lic i ~ c i r k e d  o u t  b! 
independeni  e x p e r t  f e a n i  ;ilso imro l i i ny  Ii>c); 1 
competent exper ts .  p r a v i d i n ~  th:ii rhcy cari rilorl. 
independantly [rom thc Sovcrnriicnr and Gahcikovo 
operaior. I 

1. l'lie reestablislinicn! of the 
Iiydrolngic:il dgnamics 31otti 

i n  rhc old river bed. 

. i - l i ~x  riic~fls ~ I I ; I I  itic w:i[tr lcvcl l l~ t c~~~ : i i i o r t~  l i t  rttcir 
:iitipliiurfc (ticighi-dcptli), numbcr 2nd du~rilion. i n  
I I I C  cl~nnncls and [ri ilic Hoodplriin, 1i:ivc to run  i i i  

siicli 3 i i m 3 y  nh ilicy \rmcrc :il I C ~ S I  uridcr ~irc-dam 
condiiions. nrid 31 ~ C S L  bcforc L ~ C  I ; C ~ I ~ U S  grave1 
cxclivarions si:irtctl (i.c 1960s). l'liis auioniarically 
c.nt:tils ihc I I C ' L I ( I C ~  inpui of nuiricnis irito fhc flood- 
pl:iin. 

Thc i imniçr suyiply fur [lie Old Danubc is closcty 
dcpcndcnd of itir. u p ç l r e a n i  Danubc dischargc 
rluciuaiions, as mcasured 31 thi: Dsvin çaugc. 

lrnprovemenr of rhc disch:irgc in10  ilic I iri ihc sicIr'-iiriii systcrii anil 
Old Danubc and I I I  iIir iluodjil.iin\ 

1. l'lie restoraiion o f  tlie ground\iater table 
dyndmics 

This is possible only u n d e r  a non-res t r ic ied  
coiinccrion betwcen the surface water and the 
aquifer. 

for the Future Water Regimes 
*Iternative Recommendations 

WWF is aware of the fact that d u e  to the present 
technical state of the Cunovo weirs, to the very short 
cime up to the next vegetation period (March 1994) and 
to the difficult political situation it fs hard to achiere 
significant irnprovements. 

3. Tlie reestablishment o f  a direct and non-inhibitcd 
connection berween the river and the îloodplain 1 including the side-arm. 

This will allow thc migration of organisrns and 
diaçpores. 

4. The enhancement of the morphodynamics 

Erosion and sedimentation are prerequisites for the 
habitat and biological dynarnics of floodplains. 

negitiations wiIl prodice r é s u ~ t s  and ho; rnucli 
time wiIl be aIlowed to pass by for the realisation of 
the urgently needed and hopefuIly agreed steps. 

Rqwever, it i s  dear ly  a question of the European 
political interest how quickly the needed political 

5. The restoration of self-purification processe! 
They have to be supported to the maximum extent 
i n  the eniire floodplain and river area. 

They should be fiornoted to the largest extent 
possible, 



C .  Short-term Solution 
Based on the technically possible These sediment bodies can easily be built up within a 

* discharge minimum of 600 m'/sec and short-term of a few weeks using the existing local 

* maximum of at least 940 m'/sec (more up to grave1 and sand deposits in the old river bed. 

1.500 malsec depending on the technical 
possibilities of rhe Cunovo weirs and with respect Even moderate changes of [hese sediment bodies by 

erosion will no[ reduce rheir expected purpose and to the Slovak legal order stated i n  the "19 positive 
Conditions" from June 1991). 

WWF suggests as an urgent measure for [ha nexr The design and planning preparation of'the suggested 
years, which are needed for the preparation of the measurc can be accomplished within a few months. 
long-ten solution, instead of underwaler weirs 

Subsequently to tl i is rneasure in the river bed, the 
the accumulation of sedirnent bodies in the old lateral dikes especialty in the Slovak floodplain and 
river bed in the form of grave1 banks and islands. i t i e  bilateral ctosures hel~\reen the side-arms and the 

Old Dan'utie s l iould be reopened (lorvered) to the 
The goal of this rneasure is to reduce Ille disctiarge n i ~ ~ i ~ r ~ u r n  eutent ivliicti is ecologicallg supportive. 
ares, ivhich provokes a lifting of ihc waicr icvcl and 
ihus will even permit an inflow of Danube watcr Erito 
s o n ~ c  O C  the side arms (wtiasr closurcs  Ii.iirc io bc  
rcopcntd again) 

Eren rtiouçli ihis interim soluiion c.iniioi bal.irlci: [tic 
drawbacks of u n d c r w n l c r  i v c i r s  concer i i rng ilic 
groundivdrer IcvcIs. 

* ii Iargely prcuenis upsrrcalii coltii.ition arid 
* cutrophicai~on, 
* i i  preserves the river continuuni and 
* aIlows free migration of fisli and oilicr orgrinisiiis 

in the river bcd. 
* In addition, i t  i s  no  alicn construction (IiAe an 

arrlficial underwatei weir) in the river bed, and 
uses sturhoch~onous materia1 from thc river bed 
irself and from the banks. This measure does not 
drstvrb or change thc typ~cal  envtronrnenr for iIie 
rwer biocenoses. 
These sediment bodies allow an easy transition 
rowards the needed long-ierm solurian which is 

suggested in D. 



D. Long-term Solution 
- 

Smrting from the above-mentioned facts As a second WWF recornmendation it is Suggested that 

* that tbe previous, natural water level dynamics the  stornge l a k e  up- and àownstream of 
w i h  ail its positive effects for the floodptains and Cuaovs be reduced by riew dikes t o  a 
the groundwater have to be restored, navigation route. 

* fhat the discharge in the Old Danube realisrically 
wiII remain below the former discharge. 

* that at teast the Slovak legal srandards (as suied 
in the "19 Conditions" from Juiie 1991 following 
5 14 of the Slovak Water Law) be fullilled, but in 
their meaning of a dynarnic discharge  ( c f .  
description i n  B) of 65 te 75 % of watcr 

* thal an acceptable comproniise be found, 
arienting an the EC proposa1 rrorn February 1993 
(average diçcharçc of 66%) ivfiicli iiJas already 
acccprtd by Hung:iry. 

The objeciive is  to reduce the  sedimentarion and 
undesireci biogeochemical processes in surface and 
gsoundwaier of this artifical lake (which has n o  
efficient sealing to lhe underground like the the power 
canal) to ~ h e  minimum extent. This will reduce the 
poten tial water pollution threatening the near-by and 
downstream drinking warer welis. T h e  area in-between 
ihe  new d$es parailel 10 the navigaiion route and the 
prescnr lake dilies siiould bc turncd into restaration 
areas. I f  done in th l :  appropriate way, thcse man-made 
biokopcs can dcvclop ovcr ilic ycnrs into secondary 
ii,srlnnli biniopcs 

iIic conipcnssiion or ilie discli:ir=c rlc'iisr~c (15.334.;) 11 1s ci  idcnt iIi:it flic cniirc planniil: dnrl rcslisarion of 
can on1 y bc ~cl i ic i  cri tiy illis soliiririn 1 i . i j  ici lir: c.\rinitnccl thoroughly ariri i r i  

clci.iit Li) .in i r idelicndcti t ,  i i i t r rna t i i i na l  i i ÿ t e r  
Iiriing and crinslriçliii~ tltcl ~irrsrrit rivcr Iicd cnginçcring inht itii te JO-rtl icr  i r  itli an c c o l o g i c ~ l  

iiistiiiilc clperirnçrd iii r i i c r  rii:in:igement. 
which is  cntailcd b y  ;I rctluçrion ol rfic c\isliri; 
dischargc area. t-loiieicr, the ~ireli;ir;ttiiiii ol'tlii:, scilution h35 10 be 

5t;irtc.d :is sciciii as possible becausc it iiill require 
The Iifring and constriciing of ihc rivcr lied cari hi: se\-cral jr;irs Tcir i t s  crinipietion. 
achieved by khe deposition of gravel and sniall sizcd 
boulders in  the old rivcr bed. Sini~larly io  iIic sliorr- 
term soIution, this mcasiirc includes thc formin; or 
islands and grave1 banks. IL is expected iliat a strerch of Oppositc t o  otlier prriprisals tliis '*gentle" solution 
ca. 20-30 km downslream o f  Cunovo has io bc fillcd nfters 3 cnrnpreliensive approach t o  t h e  river area. 
up with a volume of one to two merers. For l h i s  I t  wil Iielp to l imit  and part ly  even r e v e r s e  t h e  
purpose, an amounr aï ca. 5-10 million m3 gravel and derr imenia l  changes induced bg the  Gabcikavo 
boulders will be needed. scherne.  I t  rimiIl not o n l y  b r ing  a l ong- t e rm 

The o r i g ~ n e  of such material, its environmenraIly 
s o u n d  exploilation and transporr st i l l  has  io be 
invcstigared. In  cornparison to the amount excavated 
from the Danube alone on Slovak side (e.g. 50 million 
rn' within 14 years) it becomes evident chat the volume 
needed is realistic and technically feasible. The cover 
layer of this "new river bed" should be provided by 
gravel with locally lypîcal size that can be acquired 
from the viciniry. 

p r e se rva t ion  o f  i h i s  Floodplain ecosystem of 
European  i m p o r t a n c e  but  i t  guarantees an  
improvement o f  the presently crificnl groundwater 
situation. It is a solution for Ibe Danube and the 
base  for a n  eco log ica t ly -o r i en t ed ,  economic 
devetopment or the border region which i s  to serve 
the livelihood of poeple living on both sides of the 
riser.  
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