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EXECUTIVE )4

BACKGROUND

As a follow-up of the ’‘Special Agreement for Submission to
the International Court of Justice of the differences
between the Republic of Hungary and the Slovak Republic
concerning the Gabcikovo-Nagymaros Project’ a Group of
Monitoring and Water Management Experts for the Gabcikovo
System of Locks (Working Group) was established by the
Republic of Hungary, the Slovak Republic and the Commission
of the European Communities (CEC).

The tasks of the Working Group fall in two parts:

* On the basis of available data to assess the impacts
of the Gabcikovo Project and to prepare
recommendations for strengthening the monitoring
system in the area.

* Preparation of recommendations for a Temporary Water
Management Regime as well as for necessary
discharges, water levels and remedial measures.

The present Data Report is the Final Report of the Working
Group dealing with the Temporary Water Management Regime.
The first aspect was dealt with in the Data Report,
finalized in Budapest on November 2, 1993.

The Working Group has obtained all the relevant data and
information requested from the two Governments. The report
is based on this information.

ELABORATION OF FIVE SCENARIOS

In the present report five scenarios with different
characteristics on discharge regime and remedial measures
have been elaborated. All the five discharge regimes are
dynamic and characterized by the below average values. The
five scenarios and their most important impacts can be
summarized as follows:

Scenario 0: November 1993 Situation

* 0ld Danube: 400 m3/s
* Slovakian side branches: 40 m3/s
* Hungarian side branches: 10 m3/s

The key impacts are as also described in the Data Report:

* The enyironmental conditions on the Hungarian
1nundatlon area are bad due to lack of water.

Temporary Water Management Regime
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L The flow velocities and water levels in the Old
Danube are too low for providing suitable living
conditions for typical flora and fauna.

* The lack of connections between the main channel and
the side branches prevents migration of wetland
species.

Scenario 1: Increased water supply to the Hungarian Side

Branches

* 0ld Danube: 400 m3/s

* Slovakian side branches: 50 m3/s

* Hungarian side branches: 50 m®/s

* 1-3 floods of more than 3500 m3/s are expected to

occur each year in the 0ld Danube.
The key impacts as compared to Scenario 0 are:
* Improvements of the environmental conditions for the

Hungarian inundation area.

Scenario 2: Increased Discharge in Main River and in
Hungarian Side Branches

* 0ld Danube: 800 m3/s

* Slovakian side branches: 50 m3/s

* Hungarian side branches: 50 m3/s

* 1-3 floods of more than 3500 m3/s are expected to

occur every year in the Old Danube.

The key impacts as compared to Scenario 1 are:

* Improvements of the main river environment to a level
where species requiring higher flow velocities (e.g.
fish) have suitable living conditions.

Scenario 3: Construction of some Underwater Weirs

Scenario 3 is basically identical to Scenario 2 except for
construction of a number of underwater weirs.

The key impacts as compared to Scenario 2 are:
* The connections between the main channel and the side
branches on both sides are maintained or even

improved as compared to pre-dam conditions.

* For discharge not exceeding 1000 m3/s the flow
velocities in the 0ld Danube are not sufficient for

Tamnnrary Uatar Manansmant Renima
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maintaining the typical flora and fauna.

Scenario 4: Full Capacity of Variant C Structures used for
Water Supply of the Main River and the Branches

In Scenario 4 as much water as technically possible will be
diverted into the 0ld Danube and the side channels.
However, this will technically not be possible until after
the summer of 1996.

CONCLUSIONS

None of the described scenarios are free from key
environmental problems. Furthermore, different scenarios
result in different environmental problems, which are not
directly comparable. Scenario 2 and Scenario 3 show that
some environmental problems can be reduced by increasing
discharge and remedial measures.

In addition to the environmental aspect also economical
aspects should be considered. In this respect it may be
noticed +that the value of the present electricity
production of 2000 GWh/year is in the order of 50 = 100
million ECU/year. For comparison the electricity production
will be reduced by about 30 % in Scenario 2 and 3. The
costs for implementation of the remedial measures range
between 2 and 12 million ECU depending on the scenario.

RECOMMENDATIONS 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 recommend a combination of elements from
different Scenarios.

Objectives

The overall objective of the recommended Temporary Water
Management Regime is a minimization of any irreversible
developments.

The primary objectives are to enable as good environmental
conditions as possible within the given discharge
constraints, whereas the secondary objective is electricity
production.

Discharge regime

* 0ld Danube: 800 m3/s

* Slovakian side branches: 50 m3/s

Temnnrarv Uater Manadement Reaime
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* Hungarian side branches: 50 m3/s

* 1-3 floods of more than 3500 m3/s are expected to
occur every year in the 0ld Danube.

Remedial measures

* Improvement of the daily discharge ca acity of
Variant C structures from the present 600 m~/s to 940
m3/s by May 1994.

* For environmental purposes an underwater weir at RKM
1835 enabling direct contact between the main river
and the Slovakian side branches at one upstream point
of the Slovakian floodplain.

* For operational purposes an underwater weir at RKM
1845.5. This underwater weir will significantly
improve the reliability of the day-to-day water
supply through the inundation weir and it will ensure
water supply to the Hungarian floodplain.

Day-to-day Operation

Improved operation rules for the day-to-day operation of
the water management within the above given discharges has
be implemented in order to obtain as good environmental
conditions as possible.

Environmental Impacts

The recommended Temporary Water Management Regime is
believed to ensure that minimum irreversible environmental
developments take place during the few years the temporary
regime is supposed to last.

It is furthermore recommended to maintain a detailed
environmental monitoring including taking the steps to
strengthening the present monitoring system as recommended
in the Data Report.

Design Review of Spillway of Inundation Weir

The spillway of the inundation weir is a key issue in terms
of discharge possibilities, reliability, time schedule and
costs. As no comprehensive design exists for its daily use
a design review is recommended to be carried out by an
independent, specialized institute.

Temoorary Water Management Reqime
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1. INTRODUCTION

1.1 Background and Objectives for the Working Group

As a follow-up of the ’‘Special Agreement for Submission to
the International Court of Justice of the differences
between the Republic of Hungary and the Slovak Republic
concerning the Gabcikovo-Nagymaros Project’ a Temporary
Water Management Regime for the Danube has to be
established and implemented.

In order to provide reliable and undisputed data on the
most important effects of the current water discharge and
the remedial measures already undertaken as well as to make
recommendations for appropriate measures a Group of
Monitoring and Water Management Experts for the Gabcikovo
System of Locks (Working Group) was established by the
Republic of Hungary, the Slovak Republic and the Commission
of the European Communities (CEC). The Terms of References
for the Working Group are enclosed in Appendix A.

The Working Group is composed of the following five
experts:

CEC: Professor Johann Schreiner (primus inter
pares), Director, Norddeutsche
Naturschutzakademie, Germany.

Mr. Jan M. van Geest, Director, DHV Environment
and Infrastructure, The Netherlands.

Mr. Jens Christian Refsgaard, ' Chief
Hydrologist, Danish  Hydraulic Institute,
Denmark.

-Slovakia: Professor, Dr. Igor Mucha, Faculty of Natural
Science, Comenius University, Bratislava.

Hungary: Professor, Dr. Gabor Vida, Head of Department
of Genetics, E&tvés L. University, Budapest.

The five experts were assisted by colleagues as listed in
Appendix B. The Working Group had its first formal meeting
on September 8-9, 1993 in Bratislava. The second meeting
was held in Budapest during the period October 27 -
November 2, 1993. Field inspections were carried out on
October 30 both in Slovakia and in Hungary. The third and
final meeting was held in Bratislava during the period
November 28 - December 1, 1993. 1In between the formal
meetings comprehensive work on data collection and analyses
were carried out by the Slovak and Hungarian experts and
interaction with the CEC experts also took place during
this period.

The Working Group had to prepare two reports. The first
one, denoted the Data Report, was finalized on the second
meeting in Budapest on November 2, 1993. The Data Report

Temporary Water Management Regime
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comprised an assessment of the impacts of the Gabcikovo
project with regard to discharges, surface water levels and
quality, sedimentation and erosion, ground water levels and
quality, flora and fauna, agriculture, forestry and
electricity production. Furthermore, recommendations for
strengthening of the monitoring system in the area were
given.

The present report is the second and final report of the
Working Group. It contains recommendations for the
governments for a Temporary Water Management Regime as well
as for necessary discharges, water levels and remedial
measures to be taken.

The Working Group has obtained all the relevant data and
information requested from the two Governments. The report
is based on this information.

1.2 Temporary Water Management Regime

The dispute concerning the Gabcikovo-Nagymaros Project has
been submitted to the International Court of Justice (ICJ).
Pending the final Judgement of the ICJ there is a need to
establish and implement a Temporary Water Management Regime
(TWMR) for the short term period until a final regime is
implemented. Thus it can be expected that the TWMR will be
applied for a period of 3 - 5 years.

The present report deals exclusively with the TWMR and does
not address the permanent, long term solutions. It is
outside the terms of References of the Working Group to
analyse and predict long term impacts. Such assessments
will for some aspects require more thorough studies.

Temporary Water Management Regime
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2. DESCRIPTION OF EXISTING WATER SYSTEMS

2.1 Variant C Structures

2.1.1 Brief description of structures and status of works

The structures for the Gabcikovo part of the Gabcikovo-
Nagymaros project are completed in both countries with some
exceptions, for example the closure of the Danube river at
Dunakiliti, deepening of the outlet canal and measures in
the Danube downstream Sap/Palkovicovo.

Variant C consists of a complex of structures located in
Slovakia. A sketch of the Variant C structures is shown in
Fig. 2.1. The structures include the following elements:

) Hydropower station and ship locks at Gabcikovo.
2) Dam closing the Danubian river bed.

) By-pass weir controlling the daily flow into the
river Danube.
(4) Inundation weir.
(5) Intake structure for the Mosoni Danube.
(6) Intake structure for Slovak inundation area at power
canal at Dobrohost.

(7) Earth barrages/dikes connecting structures
(8) Ship lock for smaller ships (24 m x 125 m).
(9) Spillway weir.

(10) Hydropower station.

Structures 1 + 6 are part of the original project. The
construction of the structures 2 - 5 and 7 are included in
Phase 1 of Variant C, while the remaining 8 - 10 are a part
of Phase 2 of Variant C. The main part 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 November 21, 1992 has been

reported in ref /1/, and the status as per May 1993 is
reported in ref /3/. The present status is as follows:

(1) Hydropower station (HEP) and ship locks at Gabcikovo

The HEP is designed for peak power production. The
planned 8 turbines have a nominal capacity of 4,000
m3/s. At present five turbines and generators are
installed. The sixth turbine and generator are in
stock, while the remaining two turbines are planned
for completion in future. The maximum capacity is
approximately 610 m3/s per turbine. At the designed
operational water level of 131.1 m asl. (reference
Baltic msl) the design head is 19 m in average.

Temporary Water Management Regime

1 NDeacramhar 1003 MHambfme Fomiim nd Bamdacadoe —o 3 Hewo L L . s - L. .



WYQ ONILOANNOD |
NOILYLS ¥3IMOJ-¥ILYM TIVHS HIIA 7 % Mm_%\
JENNYA ANOSOW 3HL OLNI FANLONYLS ANV.INI - v LEVONDH ol 2q AN O] s
| (o0 "L1v : s VPCD P27 LSS
Y34V NOILVANNNNI FHL NI ¥I3M ¥4S) 40 AMOLIHIL THL NO 7 uwst\\ xsygxhﬁmwv\
NOILYLS ¥IMOL-YTLVM TIVHS Y04 FOVdS ——NOILNTOSAUVIOIWIL m:bzmw \\ . =
: 0 X31d
4007 ANY YIAM XYVITIXAV ¥0d FOVdS — SIUNLONYLS 40 /
a3g-IIATY 4O TYNSOTO - / .r._h‘.vww...,
—7 JDAQSNY e
SSYd-Ad dHL NO ¥IdM {
— a
o E\.u\v..yhs\w&.a\\ _fho/ 0AONND ,(m\. e
AT 7 N

NOILONYLSNOD dIANN
0'L1Y 40 WY@ daIS-LHOIA

YI0AYISTY

40

WYd 2dIS-LHOI¥ ONILSIXY

SHYQ QNY dI3M ONILSIXA

\I.\.)»x<oz::

ILTIIavNnd

d10AAASHE 40
WVd F4IS-LJd3T ONILSIXH

NIJOWY'S

(D°L1v) dds) O
IJHL NO OAOMIQ8VD dJO0

OAQXVITNWVH

o

OADHNOY X

i
AdOLINYTL oaninoy

NOILNTOS AIdVIHOdWI3L

2.1

Fig.

Sketch of the Variant C Structures
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The two ship locks (each 34 m wide and 275 m long)
have been in operation since November 1992 They have
a total hydraulic capacity of 1970 m 3/s when open.
The capacity of the canal in flood situations isg
approximately 4500 m3/s, limited by the velocity in
the power canal.

Closure of the Danube

(3)

The closure of the Danube river bed started on
October 23 and was completed on October 27. All works
including protection works, a vertical clay-cement
protection wall (for preventing seepage) and a system
for technical monitoring (of seepage) are now
completed.

By-pass weir controlling the flow into the river

£4)

Danube

The daily flow into the river Danube from the
reservoir is lead via this weir.

The weir consists of four tainter gates each 18 m
wide with sill level at 126.5 m asl. The maximum
hydraulic capac1ty of the weir was originally
designed at 1460 m /s. However, due to a fault in
design, the discharge is limited in all cases to 600
m3/s. Otherwise the spillway will be destroyed. The
weir, including machineries, is completed and in
operation.

Inundation weir

The weir consists of 20 tainter gates each 24 m wide
with sill level at 128.0 m asl Each of the gates has
a hydraullc capacity of 230 m 3/s (total capacity of
the weir is 4600 m3/s) at the maximum water level of
131.1 m asl. The capacity at g water level of 129.0
m asl is estimated to be 60 m3/s per gate.

The inundation weir and the bottom protection were
originally designed for use only in flood situations
(few days per vyear). This design was in
October/November 1992 modified as a result of the
London Meeting with the aim to allow daily use. Along
the Danube right bank a spillway was being
constructed and the downstream bed was planned to be
protected with additional 100,000 m® stone. This work
was scheduled to be completed by January 1, 1993.

The flood on 25 November 1992 changed the whole area
downstream the weir. Between two and three mill m® of
soil, sand and gravel were eroded. Hence, also the
protection dike disappeared. Just behind the weir
scour holes of 11 m depth developed locally and caves
were formed underneath some downstream parts of the

Temporary Water Management Regime
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weir. The average surface level downstream the weir
dropped by 5-6 m to about 122 m asl.

At present the spillways of the openings 1, 2, 3 and
4 are completed for flood purposes, whereas the
spillways of the other 16 openings are not vyet
completed.

The right embankment of the canal between the
inundation weir and the Danube needs fortification.
At present 80 % of this work is completed.

Since the November 1992 flood, the weir has been used

only in connection with flood events in January,
March, May, July and August 1993.

{5) Intake structure at entrance to the Mosoni Danube

A supply canal on Slovak territory is connected to
the Mosoni Danube on Hungarian territory._ This
structure has since November 1992 supplied 20 m3/s to
Mosoni Danube. In the intake structure for the Mosoni
Danube a small hydropower station with two turbines
is planned to be installed with a bypass capacity of
25 m3/s correspondlng to a water level of 131.1 m asl
and 20 m3/s at 129 m asl. The turbines and generators
will be 1nstalled next year. Their combined capacity
will be 40 m3/s.

(6) Intake structure into Slovak inundation area at power
canal at Dobrohost.

The intake structure located in the power canal
allows for a maximum dlscharge of 234 m3/s to be
supplied to a river arm in the left bank of the
floodplain downstream the Dunakiliti weir close to
Dobrohost. A canal connecting the structure and the
downstream river arm on the Slovak side has been dug.
The structure has been in operational use since the
end of April 1993. The entire works are not vyet
completed and hence the maximal capacity at present
is 140 m /s

(7) Earth dams/dikes connecting structures

A dike between the downstream part of the reservoir
and the left bank of the Danube connecting the Cunovo
structures with the righ bank of the power canal has
been constructed.

On top of the structures (dam, dikes, weirs) a road
has been constructed for connecting the three
villages in the area between the power canal and the
Danube with Bratislava. The part of the road on top
of the inundation weir is not yet ready. Instead a
temporary earth road on top of the spillway is being

Temporary Water Management Regime
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used.
(8) Ship lock
(9) Spillway welir
{10) Hydropower station (HPS)

Between the by-pass weir and the inundation weir a
temporary dike has been established with a crest
level of 133.8 m asl. Behind this temporary dike the
structures (8), (9) and (10) are planned under Phase
two of the Variant C. At maximum water level the
hydraulic capac1ty of the ship lock and spillway weir
will be 4000 m /s The capacity of the HPS has not
been decided but is likely to be about 1300 m3/s. The
sill level of the spillway weir will be at 120.5 m
asl., which is the same as in the existing river bed.

Slovak plans for future works near the inundation
weir

The following works are planned:

(a)

(b)

(c)

(d)

(e)

(£)

The road on the top of the inundation weir is planned
to be opened in May 1994.

The remaining part of the protection works on the
right embankment of the canal between the inundation
weir and the Danube is scheduled to be completed in
May 1994. ,

It is planned to start the reconstruction of "the
spillways of the 16 remaining openings in May 1994.
These works are scheduled to be completed in July
1995 (for flood conditiomns).

It is planned to fortify the left embankment of the
canal between the inundation weir and the Danube. The
fortification is planned to be carried out during the
coming 14 months.

To prevent erosion of the canal between the
inundation weir and the Danube, it is planned to
excavate the bed of the <canal to a level
corresponding to the average bottom level of the
Danube (122 m asl.). This excavation is scheduled to
be carried out over the coming 14 months.

The construction of Phase 2 is planned to be carried
out during the next three years. Water discharge will
be possible % year before the completion.

The discharge capacity of the Variant C structures for
daily use as it develops with the gradual completion of the
remaining parts of the structures according to the Slovak
plans are shown in Table 2.1. As appearing from the table

Temporary Water Management Regime
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more discharge than the presently maximum of 600 m3/s is
not planned to be possible before the Phase 2 welr become
operational in the summer of 1996.

2.1 Discharge capacity of the Variant C structures for
daily use according to Slovak project plans
November 1993 | _Summer 1996
By-pass weir 600 600
Phase 2 weir - 5300
TOTAL 600 5500

Dailv use of the inundation weir

The spillway behind the inundation weir is not designed for
daily use. It is estimated that it will be possible to use
it for passing a limited amount of discharge even for dally
use. The following options are available (as pointed out in
Appendix E):

(1) Using four openings of the inundation weir which are
constructed alternatively and hence have a splllway
in a better condition. The discharge capacity is
limited to 340 m®/s, and it is necessary to inspect
the fortifications each week and make frequent repair
work. The implementation time is six months and the
maintenance costs are estimated to 1.0 mill ECU/year

(2) Reinforce the spillway for daily use The dlscharge
capacity will be limited to 1350 m /s Maintenance
will be required. The implementation time is one
year. The construction cost is estimated to 3.3 mill
ECU. The maintenance costs are estimated to 5 mill
ECU/year. These maintenance costs will be
significantly reduced by a downstream water level
higher than 124.0 m asl.

To execute each of the two options the plans mentioned in
2.1.2 should be modified.

The discharge capacity for daily use assuming is as shown
in Table 2.2 if additional work is carried out according to
options (1) or (2) above.

In general the time schedule will depend on weather

conditions.
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Table 2.2 Discharge capacity of the Variant C structures for
daily use assuming additional works carried out

Nov 1993 May 1994 1 Dec 1994 2) Summer 1996 1 Summer 1996 2
By-pass weir 600 600 600 600 600
Inundation weir = 340 1300 340 1300
Phase 2 weir - - - ' 5300 5300
TOTAL 600 940 1900 6240 7200
k) Assuming execution method (1) above.
2) Assuming execution method (2) above.

2.2 Main River

River cross-sections are regularly surveyed for the main
Danube by Hungary. Such measurements have also been made in
1993 for comparison with pre-dam conditions (September
1992). These data are presently partly processed and eight
cross-sections are shown in Figs 2.2-2.4 for present and
pre-dam conditions.

As evident from the 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 mill m® of sand and gravel material
from just downstream the inundation weir during the
November 1992 flood and subsequent deposition of this
material further downstream. The cross-sections from Rajka
(RKM 1848.4) and Dunaremete (RKM 1825.5), Fig 2.4, show
only small changes of the same order of magnitude as
usually occurred from one year to another in pre-dam
conditions.

The relationship between discharge, water level and cross-
sectional average flow velocities are shown in Table 2.3
for Rajka and Dunaremete, where discharge and water level
measurements are made regularly. The figures in the table
originate from a rating curve, which has been derived
directly from measurements. 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 small influence on
the flow conditions in the 0ld Danube.

Temporary Water Management Regime
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Fig. 2.4 River cross-sections measured at the two gauging

stations at Rajka and Dunaremete before and after the
damming of the Danube

For analysing the hydraulics of the main river a
mathematical model, based on DHI’s MIKE1ll modelling system,
has been set up under the PHARE project "Danubian Lowland -
Ground Water Model", ref /4,5/. The data on river cross-
sections used in the model corresponds to pre—dam
conditions. For comparison with the measured data shown in
Table 2.3 the results from model calculations for Rajka and
Dunaremete are shown in Table 2.4.
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2.3 Water levels and cross-sectional average flow
velocities at Rajka and Dunaremete for different
discharges for the present and for pre-~dam

conditions.
Rajka Rajka Dunaremete Dunaremete
1993 Pre-dam condition 1993 pre-dam condition
D'isgharge Level Velocity Level Velocity Level velocity Level Velocity
(m~/s) (m asl) (m/s) (m asl) (m/s) (masl) (m/s) (m asl) (m/s)__;
200 120.3 1.04
400 120.9 1.08 114.2 0.87
600 121.3 1.13 114.7 1.03
800 121.8 1.19 121.8 1.19 115.1 1.20 115.0 1.23
1000 122.3 1.29 122.4 1.3 115.4 1.28 115.3 1.29
2000 124.0 1.59 124.3 1.65 117.2 1.63 117.2 1.63
3500 126.3 2.08
Table 2.4 Water levels and cross-sectional average flow

velocities at Rajka and Dunaremete for different
discharges calculated by the MIKE11l model for pre-dam

conditions.
Rajka - Dunaremete
Disgharge Water level Velocity Water Llevel Velocity

(m~/s) | (m asl) (m/s) (m asl; (m/s)==

200 120.2 0.60 113.8 0.77

400 121.0 0.88 114.4 1.12

600 121.6 1.07 115.0 1.22

800 122.2 1.23 115.4 1.28
1000 122.7 1.35 115.9 1.34
2000 124.4 1.66 117.4 1.65
3500 126.1 2.04 119.1 2.00

By comparison of the figures in Table 2.3 and Table 2.4 it
is noticed that the model simulated and the rating curve
water levels show an average deviation of 20 em. With
respect to flow velocities the average deviation for
discharges of 800 m3/s or higher is 4 cm/s, while larger
deviations occur for smaller discharges. Thus for small
discharges the simulated velocities are smaller than the
rating curve values at Rajka, while it is opposite for
Dunaremete. No attempt has been made to analyze the exact
reason for these deviations; instead it is noticed that the
right order of magnitudes of flow velocities is simulated
also for small discharges. More thorough validations of the
model are provided in ref /5/. On this basis it can be
stated that the model can represent water level and flow
velocity conditions in the 0Old Danube to a level of
accuracy sufficient for the present purpose.
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Hence, estimates given later in this report on flow
velocities in the 0Old Danube under different discharge
conditions, both with and without underwater weirs, are
based on model calculations.

In order to assess the impacts of different discharges on
flow velocities at different locations in the 0l1d Danube a
number of model calculations have been made with constant
discharges. Some key results are shown in Table 2.5.
Furthermore the variation of flow velocities along the 01d
Danube is shown in Fig. 2.5 for a discharge of 600 m3/s.

From Table 2.5 and Fig. 2.5 it is evident that the
velocities vary considerably along the river. In the
upstream part (Rkm 1825 - 1850) the variation is determined
mainly by variations in local river cross-section. In the
downstream part (Rkm 1810 - 1825) the backwater effect
fromthe confluence with the outlet power canal is seen. In
the model calculation the discharge in the outlet canal has
been taken as 2000 m3/s minus the discharge in the 01d
Danube. Due to backwater effects the water depths are
higher in the downstream part and hence the resulting flow
velocity is correspondingly lower.

Table 2.5 Average cross-sectional flow velocities calculated at
different locations along the river for different
discharges. The values have been calculated with the
MIKE1l model using pre-dam river cross-sections.

Discgarge Velocity Velocity Velocity Velocity Velocity Velocity Velocity
(m~/s) RKM N RKM RKM RKM RKM RKM RKM
1814.8 1822 .1 1826.6 1834.8 1838.8 1845.6 1849.8
200 0.21 0.37 0.83 1.34 0.87 0.57 0.90
400 0.42 0.67 1.07 1.59 1.02 0.83 1.15
600 0.62 0.9 1.18 1.66 1.17 1.03 1.30
800 0.81 1.12 1.24 1.72 1.26 1.19 1.42
1000 1.00 1.29 1.29 1.77 1.35 1.32 1.51
2000 1.81 1.74 1.58 2.00 1.69 1.66 1.77

Note 1): RKM 1874.8 is just upstream the confluence with thg outlet canal at Sap/Palkovicovo,

which in the calculations has a discharge of 2000 m°/s minus the discharge in the old
Danube. Hence this site is significantly influenced by backwater effects resulting in
higher water Llevels and lower flow velocities.

It is noticed that the flow velocities given in Tables 2.3-
2.5 and in Fig. 2.5 are average cross-sectional values. For
estimation of maximum flow velocities in a given profile at
€.g. 7 cm above the river bed as required by certain fish
species (see Section 3.4 point (b)) the following two
factors must be taken into account:

* Velocity variations at a given cross-section exist in
the direction across the river, so that places with
higher water depths have higher velocities and vice

Temporary Water Management Regime
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versa. The velocity variation across the river
depends mainly on the shape of the river cross-
section. Simple calculations on the basis of the
cross-sections at Rajka and Dunaremete indicate that
the velocities in the deepest profile are
respectively 35 % and 28 % higher than the cross-
sectional average values for these two sections.

Velocity varies vertically within a given cross-
section with maximum velocity at (or close to) the
surface water table and velocity close to zero at the
river bed. Based on standard hydraulic assumptions
(logarithmic velocity profile, Manning no = 33) and
assuming typical water depths it can be estimated
that the velocity 7 cm above the river bottom will be
only about 50 % of the average velocity of a vertical
profile.

Combining these two counteracting effects, it may be
estimated that a multiplication factor of 1.3 * 0.5 = 0.65
has to be applied to convert a cross-sectional average
velocity to the velocity 7 cm above the river bed in the
vertical profile with the largest velocity.

In this report velocities refer to cross-sectional average
flow velocities unless specifically stated otherwise.

Temporary Water Management Regime
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2.3 Inundation Area on the left Side

The socalled inundation area or flood plain is the area
between the main Danube and the flood dikes. On the left
river side in Slovakia this flood plain covers the main
part of the area between the main Danube and the power
canal.

The inundation area is characterized by a large number of
river branches of different sizes and interconnected in a
complex way. A sketch of the area is given in Fig. 2.6,
which also shows the location of the remedial measures
implemented in the beginning of 1993.

Until about 30 years ago the side branches carried a
substantial part of the total discharge. Measurements
carried out in 1960 and 1961 showed that in the area near
Gabcikovo the river branches carried about 20 % of the
total discharge, also for low discharges. In the following
years the connection between the river branches and the
main river were closed in order to ensure 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.

After damming of the Danube the 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 elements: '

* Intake of water at an intake structure in the power
canal at Dobrohost. Through a new canal this water is
diverted into one of the river branches.

* Construction of a number of hydraulic structures in
the side channels. As a result the flood plain is
divided into seven compartments with almost constant
water levels and separated by hydraulic structures.

* More efficient closing of the connections between the
side channels and the main Danube in order to
minimize loss of water.

Thus the water flows over a distance of about 20 km over
seven cascades until it enters the Danube at RKM 1821,
There 1is a 1loss of water of several m3/s, due to
infiltration to ground water, evaporation and flow to the
Danube.

It is possible to regulate the intake of water from 0 to at
present 140 m3/s (234 m3/s when the structure is
completed). The system was taken into operation at the end
of April 1993, and the discharges has since then varied
between 10 m3/s and 70 m3/s. Monthly average values are
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Fig.

Branch system on the Slovakian flood plain.
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given in ref /2/.

More details on the remediation project is given in ref

/6/.

The flow velocities vary very much in the area due to very
large variations in cross—-sections and
bifurcations/junctions of flow paths. Simulation of the
area with the MIKE 11 model, ref /5/, indicate that at a
discharge of 40 m3/s typical cross-sectional velocities are
in the order of 0.05 - 0.25 m/s. These velocities have been
confirmed by recent field measurements.

As a result of the discharges of up to 70 m3/s the fine
material/mud, which previously covered the bottom of the
side channels, has been washed away at many locations. As
described in ref /2/ it can be seen from ground water
observations that a significant infiltration takes place
now.

2.4 Inundation Area on the right Side

The inundation area on the right side forms part of the
Szigetkdéz. The main part of the alluvial forest in
Szigetkdz is located in the inundation area. Like on the
Slovakian side the area is characterized by a large number
of river branches of different sizes and interconnected in
a complex way. A sketch of the area is given in Fig 2.7.

As a result of river regulation during the past 30 years
merely a limited number of side branches succeeded in
preserving virtual connection with Danube. Thus the pre-dam
situation was similar to the pre-dam situation on the
Slovakian side. '

After damming the Danube the connection between the Danube
and the side channels virtually disappeared. In order to
provide the branches with water Hungary-  has' carried out
considerable engineering efforts in 1993. They included the
reduction of the elevation of closing dams and bypass weirs
as well as cleaning some new channel sections. The most
significant change related to the transformation of the
branch system resulted from closing its previously open
lower endings except for the ones in Asvanyi and Bagomeri.
Branch systems have been connected by cut-offs creating
thus the flood plain main channel stretching parallelly to
Danube from Dunakiliti to the confluence of the Asvany
branch system.

The water supply to the branch system presentlg comes from
the outlet structure at Cunovo reservoir (22 m”/s) and the
right side seepage canal (3 m 3/s). This water is divided
between the Mosoni Danube (10 m3/s), a water supplylng
canal for protected area (5 m3/s) and the flood plain main
channel (10 m /s) This is illustrated in Fig 2.8. The
water supply system to the Hungarian flood plain was put
into operation in August 1993.
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Fig. 2.7 Branch system on the Hungarian flood plain.

SLOVAKIA

S ',a,;

bor— \

HUNGARY
o

|

=

Fig. 2.8 Water supply system for the Hungarian flood plain.
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The velocities vary very much in the area due to very large
variations in cross-sectional area. The few existing point
measurements indicate a velocity range from 0.02 m/s up to
more than 1 m/s. However, calculations of cross-sectional
average velocities for at three cross—sections in the flood
plain main channel show velocities between 0.05 m/s and
0.09 m/s. Unlike on the Slovak side the velocities have not
been high enough to remove the fine bed material so much
that a significant infiltration to the ground water system
has been initiated.

The capacities of the channel/canal system (see Fig. 2.8)
are as follows:

* The seepage canal before the confluence with the
outlet canal: 5 m3/s.

* The outlet canal from the structure at Cunovo
reservoir: 25 m3/s.

* The canal between the confluence of the seepage canal
and the outlet canal and the start of Mosoni Danube:
3
50 m”/s.
* The canal between the start of the Mosoni Danube and

the start of the flood plain main channel: 25 m3/s.
* The flood plain main channel: 50 m3/s.

In the original plans for the Gabcikovo-Nagymaros project
the water supply to some part of the right side branches
was suggested to be taken care of by pumping around
Asvanyraro. In 1993 the Lipot morotva had the worst
situation of water quantity and quality at the outside of
the dikes, and therefore some water was pumped from Danube
to a canal of oxbow lake. An operation of 18 hours per day.
(a single pumping engine) provided 0.5 - 0.7 m3/s for 90
days. This resulted in a water level of 0.6 - 0.9 m. The
cost of this operation was 0.04 mill ECU. Based on this
experience the Nature Conservancy plans to extend this
system to other protected areas too.
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3. FORMULATION OF SCENARIOS

In this chapter five different scenarios for TWMR are
briefly outlined. The scenarios are based on different
characteristics with regard to discharges and water level
regimesets as well as to remedial measures. It is
emphasized that the members of the Working Group not
necessarily agree to these characteristics. However the
Working Group agrees to the subsequent descriptions of
technical possibilities, environmental impacts etc. For
each scenario the following aspects are described in
details in the subsequent chapters 4-8:

* Characteristics of the scenario

* Technical and water management aspects

* Possible time schedule for implementation

* Impacts on discharges, water levels and flow
velocities

* Impacts on erosion/sedimentation

* Impacts on surface water quality

* Impacts on ground water regime

* Impacts on ground water quality

* Impacts on flora and fauna

* Impacts on agriculture and forestry

* Impacts on electricity production

* Cost estimate for remedial measures

Unless specified otherwise, the impacts are described in
comparison to the pre-dam conditions.. Similarly the
discharges and the technical remedial measures are, unless
specified otherwise, described in relation to the November
1993 situation (Scenario 0). A summary of the quantitative
impacts for the five scenarios is provided in tabular form
in Appendix C.

3.1 Outline of the five Scenarios

Scenario 0: November 1993 Situation
The present situation is characterized by:
%* In average 400 m3/s into the Old Danube consisting of

a base discharge of 250 - 300 m3/s supplemented with
more discharge during some flood events.
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* 30-50 m3/s into the side channels on the left side
flood plain.

* 10 m3/s into the side channels on the right side
flood plain.

Scenario 1: Increased water supply to the Hungarian Side Branches

This situation can be characterized by the following
discharge condition:

* In average 400 m3/s into the Old Danube consisting of
a base discharge of 250 - 300 m3/s supplemented with
more discharge during some flood events.

* 30-140 m3/s into the side channels on the left side
flood plain with an average value of 50 m3/s.

* 30 - 70 m3/s into the side channels on the right side
flood plain with an average value of 50 m3/s.

* 1-3 floods of more than 3500 m3/s per year into the
0ld Danube (if hydrologically possible).

Scenario 2: Increased Discharge in Main River and in Hungarian
Side Branches

This scenario can be characterized by the following
discharge regime:

* Increase of discharge into the 0ld Danube to in
average 600 m’/s immediately and to somewhere between
600 m°/s and 940 m?/s after May 1994 with an average
value of 800 m3/s.

* 30-140 m3/s into the side channels on the left side
flood plain with an average value of 50 m3/s.

* 30 - 70 m3/s into the side channels on the right side
flood plain with an averacge value of 50 m3/s.

* 1-3 floods of more than 3500 m3/s per year into the
Old Danube (if hydrologically possible).

Scenario 3: Construction of some Underwater Weirs

This scenario consists in construction of some underwater
weirs for increasing the water level in the 0ld Danube and
for enabling interconnection between the main river and the
branch system. The impacts of the underwater weirs on key
parameters are demonstrated for different discharges
ranging from 200 m3/s to 2000 m3/s. Construction of
underwater weirs is possible along with any discharge
regime. In Scenario 3 the impacts of constructing eight
underwater weirs are elaborated in details for the
discharge regime corresponding to Scenario 2.
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Scenario 4: Full Capacity of Variant C Structures used for Water
Supply of the Main River and the Branches.

In this scenario as much water as technically possible will
be diverted into the O0ld Danube and the side channels. This
scenario will have two different discharge regimes
according to the status of the variant C structures:

* Phase 1 structures.

* Phase 2 structures after 1996.

Scenario elaborated by the Slovak Expert:

In addition to the above five scenarios the Slovakian
expert has prepared a separate scenario, which is included
as Appendix D.

3.2 Approach in Assessment of Environmental Impacts

The assessment of environmental impacts follows the same
procedure as already used in previous reports from the
Working Group (ref /1,2/). The approach for the assessments
of environmental impacts will be to separately consider the
following impacts in respect of the:

(a) Reservoir.
(b) Navigation canal.
(c) Main river (0ld Danube).

(d) Inundation area with the side branches on the left
side (Slovakia).

(e) Inundation area with the side branches on the right
side (Hungary).

() The connections in the total system.

3.3 Environmental Impacts common to all five Scenarios

Certain impacts caused by the new reservoir are identical
for all five scenarios. Hence, they will not be described
repeatedly for the individual scenarios in Chapters 4-7.
These impacts are, as already described in ref /2/, the
following:

* The discharges in the Little Danube and the Mosoni
Danube have been increased by 10-20 m®/s. This
implies approximately a doubling of the discharge in
the Little Danube. With regard to the Mosoni Danube,
this means that it now carries discharge permanently.
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* The surface water levels at Bratislava have during
low flow periods been increased by 1-2 m as compared
to pre-dam conditions, ie to a level corresponding to
the situation 40 years ago. The amplitude of the
water level fluctuations has been reduced.

* Sedimentation of the 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 2% m. This has
occurred in the areas, which were most negatively
affected by the long term trend of decreasing ground
water levels of up to 2 m during the past 40 years.
The fluctuations of the ground water levels have been
reduced.

* Upstream the dam the river changed to an impounded
lake for a length of 10 km with significantly smaller
flow velocities. This causes a loss of many habitats
for rheophile organisms.

* About 4,500 ha of floodplain forest on Slovakian and
Hungarian territory have been removed under the
construction phase. 570 ha of forest in Slovakia is
now under afforestation.

* Fish migration along the Danube river is interrupted
by the Variant C structures. At present only limited
fish passage is possible through the spillway of the
bypass weir.

In addition, the international navigation has been removed
from the 0ld Danube to the navigation canal.

Furthermore, 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 all cases in
order to have sufficient capacity to pass large floods.

3.4 Assumptions

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 3500 m’?/s twice per year will be
enough to clean the river bed sufficiently for fine
material deposited during low discharge conditions
and to spread this material in the whole inundation
area.

3500 m3/s is more than recorded maximum annual flows
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for some years. Hence, two such floods per year will
not be possible every year. Realistically, two such
floods per year routed through the 0ld Danube may be
possible in average every second year, while at least
one such flood per year may be possible in average
four years out of five.

At 3500 m3/s the flow velocities will be around 2 m/s
in pre-dam conditions, see Section 3.2. Such flow
velocities during a couple of days is more than
sufficient to erode fine material from the river bed.

(b) To provide sufficient living conditions for typical
fish species 1living in the Danube under pre-dam
conditions a pattern of different flow velocities in
the river bed is necessary. Flow velocities near the
river bottom of at least 0.6 m/s must occur at
several places all over the year.

Different fish species have different requirements to
flow velocities. The species with low flow velocities
will still be able .to find such conditions, whereas
the species requiring the largest flow velocities may
have problems if the discharge and hence the flow
velocities are too low. Therefore, the requirements
of the fish species requiring the highest flow
velocities are important. According to a study in the
Austrian part of the Danube (ref /7/) flow velocities
of 0.5 - 0.7 m/s are required for the fish species
(Zingel streber) requiring highest flow velocities.
This fish species is according to the Slovakian Data
Report (ref /8/) also the fish species in this area,
which require the highest flow velocity.

Streber should be seen as an indicator for species
having requirements for large flow velocities.

It is noticed that the above required flow velocity
refer to velocities 7 cm above the river bottom (ref
/7/), where the fishes live. As described in Section
2.2 a multiplication factor of 0.65 can be applied to
convert <cross-sectional average velocities to
specific point values 7 cm above the bottom. Thus in
order to get 0.6 m/s for the fish a cross-sectional
average velocity of about 0.9 m/s is required.

Inundation areas

(c) A variation of the water level within 2 m will be
enough to ensure the dynamic character including the
floodings according to the pattern in pre-dam
conditions.

According to ref /1/ the difference in water level at
Dunaremete for the following two flow conditions:
"Flow in main channel and permanent branches (several
times per year)" and "Complete inundation of flood
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plain (once per year)" is 1.9 m. Hence, a 2 m
variation will be sufficient to ensure the dynamic
conditions characterizing the pre-dam conditions.

If the river bed at some of the main side branches is
free from mud the water can infiltrate sufficiently
and the conditions for the biocenosis will be
sufficient.

According to the experience from supplying discharge
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 clean the river
bottom from mud at so many places that a very
significant infiltration to the ground water system
started (ref /2/). Correspondingly, such condition
will be sufficient for the biocenosis.

To remove the mud from the bottom of the branches a
flow velocity of 0.2 - 0.4 m/s is required.

In the literature on sedimentation/erosion of
cohesive sediments uncertainty exists on critical
flow velocities. According to some references (Ref
/9,10,11/) a flow velocity of 0.2 m/s will normally
be sufficient to initiate erosion/resuspension of
fine cohesive sediments like e.g. mud. 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.

Field data from 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 velocities not much higher than
0.2 m/s.

To keep the bottom of the brancheé free from mud
requires a minimum flow velocity of 0.1 - 0.3 m/s.

According to some literature on sedimentation/erosion
of cohesive sediments a flow velocity of 0.1 m/s will
normally be sufficient to prevent sedimentation of
fine cohesive sediments like e.g. mud. (Ref
/9,10,11/). According to other literature sources
(Ref /12,13,14/) flow velocities of at least 0.2 -
0.4 m/s will be required for this purpose.
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Total system

(g9)

To ensure ecological conditions which are as good as
pre-dam conditions migration of wetland species
between the main river and the side branches should
be possible all over the year in both directions.

Migration can be made possible either through fish
passes or through direct flows between the main river
and the side branches during some periods. Fish
passes enable fish to migrate to some extent, while
direct flow connections enable migration of all
wetland species.
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4. ELABORATION OF SCENARIO O

Scenario 0 is a continuation of the present situation
existing in November 1993 (ref /2/).

In addition to the impacts described in this chapter
reference is made to Section 3.3, where environmental
impacts common to all five scenarios are described.

4.1 Characterization of the Scenario
This scenario is characterized by the following discharge
regime:
* In average 400 m3/s into the 0ld Danube consisting of
a base discharge of 250 = 300 m3/s supplemented with
more discharge during some flood events.
* 30-50 m3/s into the side channels on the left side
flood plain.
* 10 m3/s into the side channels on the right side
flood plain.
No remedial measures additional to the already existing
will be implemented.
4.2 Technical and Water Management Aspects
Technically, this scenario is possible with the existing
structures. It is assumed that the water management
continues as experienced during the past months. This will
result in the discharge pattern given in Table 4.1.
Table 4.1 Annual average discharge values in Scenario 0.
- Average annual discharge (m3/s)
Danube, Bratislava 2.025
Inflow to Little Danube, Bratislava 30
Inflow to Mosoni Danube, Cunovo 25
Seepage canal, right side 2
Seepage canal, left side 5
Seepage from reservoir to Danube 20
Seepage to ground water 30
Intake to Slovakian river branches, Dobrohost 40
Bypass weir plus inundation weir, Cunovo 380
Ship locks, Gabcikovo 25
Turbines, Gabcikovo 1.468
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4.3 Possible Time Schedule for Implementation

This scenario has already been in operation for several
months by now.

4.4 Impacts on Discharges, Water Levels and Flow Velocities

The impacts on discharges and water levels, as already
measured are described in ref /2/, and shown in Table 4.1.
They can be characterized as follows:

* The discharges in the Old Danube will in average be
about 20% as compared to pre-dam condition.

* The water levels in the upstream part of the O0ld
Danube will be reduced by 2-4 m as compared to pre-
dam conditionms.

* The characteristic dynamics of water level and
discharge fluctuations in the 0ld Danube will
continue to be significantly reduced as compared to
pre-dam conditions.

* The difference in water levels between the main river
and the side branches will generally be so large that
water flows from the main river to the side branches
will only be possible under the flooding conditions
expected to occur 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 velocities have been estimated to be as described
in Table 4.2. From the table it appears that the cross-'
sectional velocities at minimum discharge in the main river
are 0.6 - 0.8 m/s corresponding to velocities near the
bottom of 0.4 - 0.5 m/s.

4.5 Impacts on Erosion/Sedimentation

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 the
development over the coming years. The best estimate is as
follows:

* No major net erosion and sedimentation in the 01d
Danube. During some events sedimentation of fine
material will take place. This fine material may be
washed away during flood events.

* The river bed in the main branches on the Slovakian
side will continue to be free from mud, so that good
infiltration conditions exist.
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* The river bed in the main branches on the Hungarian
side will ~continue to be <clogged with fine
material/mud and prevent significant infiltration to
the ground water system.

Table 4.2 Estimated discharge and flow velocity values in the
main river and in the side branches under Scenario 0.
Location Discharge characteristic Discharge Cross-sectional
(m~/s) average velocity
(m/s}
Main river, Rajka Minimum 200 0.60
Average 400 0.88
Typical annual maximum 3500 2.04
Main river, Dunaremete Minimum 200 0.77
Average 400 1.12
Typical annual maximum 3500 2.00
Left side branch, main channel Typical minimum 0 0
Typical average 40 0.05 - 0.25
Typical annual maximum 70 0.07 - 0.35
Right side branch, main channel | Typical minimum 0 0
Typical average 10 0.05 - 0.09
Typical annual maximum | 15 _0.06 - 0.10
Connection between main river Flow from inundation 365 days/year
and side branches area into main river
Flow from main river 5-10 days/year
into a few river arms
Flow from main river < 5-10 days/year
into almost all river
arms

407

Impacts on Surface Water Quality

The impacts on the surface water quality are expected to be
insignificant.

Impacts on Ground Water Regime

The impacts on ground water levels as already measured are
described in ref /2/. This pattern is expected not to
change, 1ie:

*

Ground water levels on the Slovakian territory will
be higher or equal to the pre-dam conditions.

Ground water levels on the Hungarian territory will,
as compared to pre-dam conditions, be higher close to
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the reservoir (Rajka - Dunakiliti region), whereas
the levels will be lower in the middle part of
Szigetk6z between Dunakiliti and Asvanyraro in areas
up to a few km from the 0ld Danube.

* The ground water -dlevel fluctuations have decreased
significantly as compared to pre-dam conditions. This
could be influenced by implementation of improved
operational rules for day-to-day water management.

4.8 Impacts on Ground Water Quality

The impacts on the ground water quality are in general
expected to be insignificant. However, local changes are
expected in areas close to the reservoir in certain
parameters, such as total dissolved solids, nitrate, etc
due to changes in flow pattern. These changes are not
expected to lead to a worsening in the ground water
quality.

4.9 Impacts on Flora and Fauna

The impacts on flora and fauna as already observed are
described in ref /2/. However, if the present situation
continues for some years an increased effect will result
with regard to changes in alluvial ecosystems as follows:

* On the Hungarian inundation area (side branches plus
forests) the decrease of the water level fluctuations
makes the site conditions worse for floodplain
biocenoses.

* On the Hungarian inundation area the reduction of
deposition of fine material (nutrients!) by floods in
the alluvial forests makes their growing conditions
worse.

* On the Slovakian inundation area the decrease of
water level changes due to flooding from the main
river can be compensated for management of discharge
intake from the navigation canal at Dobrohost. The
net effect of this combination is not yet proven in
pratise.

* On the Slovakian inundation area the reduction of
deposition of fine material (nutrients!) by floods
will be counteracted by deposition of smaller
concentrations originating from artificial flooding
by discharge from the navigation canal. The net
effect of this combination is not yet certain.

* Reduction of discharges in the 0Old Danube leads to
reduction of the water body, the flow velocity and to
sedimentation of fine material. This will cause the
loss of species typical for streams, of rheophile

Temporary Water Management Regime
1 December 1993 Workina Grouo of Monitorina and Water Manaaement for Gabcikovo



33

organisms, especially of fish species spawning on
gravel ground.

* The flow velocities in the main river are not large
enough to provide adequate living conditions for the
species requiring higher flow velocity, for example
fish species 1like Streber (0.6 m/s 7 cm above
ground).

4.10 Impacts on Agriculture and Forestry

The impacts on agriculture and forestry as already observed
are described in ref /2/, ie:

* Due to the increase of ground water tables on the
Slovak territory an increase in the capillary water
supply for the Slovakian agricultural areas has taken
place. In Hungary, 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 in ground water level the
forestry is mainly positively effected in Slovakia
and mainly negatively in Hungary.

As the ground water levels are not expected to change
further, these impacts are not expected to be changed.

4.11 Impacts on Electricity Production

In a year with average discharges as outlined in Table 4.1
the electricity production can be estimated to about 2,000
GWh/year.

4.12 Cost Estimate for Remedial Measures

The remedial measures already implemented are the works on
the Slovakian and Hungarian flood plains. The costs of
these are approximately (excluding the intake structures at
the power canal at Dobrohost and the outlet structure for
Mosoni Danube at Cunovo):

* Slovakian flood plain: 12.0 mill ECU.

* Hungarian flood plain: 2.0 mill ECU.
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5. ELABORATION OF SCENARIO 1

Scenario 1 has the same discharge regime in the 0ld Danube
as presently existing but has improved water supply to the
inundation area on the Hungarian side.

In addition to the impacts described in this chapter

reference is made to Section 3.3, where environmental
impacts common to all five scenarios are described.

5.1 Characterization of the Scenario

This scenario is characterized by the following discharge

regime:

* In average 400 m3/s into the 0ld Danube consisting of
a base discharge of 250 - 300 m3/s supplemented with
more discharge during some flood events.

* 30-140 m3/s into the side channels on the left side
flood plain with an average value of 50 m3/s.

* 30-70 m3/s into the side channels on the right side
flood plain with an average value of 50 m3/s.

* 1-3 floods of more than 3500 m3/s per year into the
0l1d Danube (to the extent hydrologically possible).

Remedial measures (structures) will be implemented for the
following purposes:

* Obtaining increased water supply into the side
channels on the right side.

* Ensuring some migration of wetland species between
the main river and the side branches.

All the remedial measures are technically reversible.
In addition improved operation rules for the day-to-day
operation of the water management within the above given

discharges will be implemented in order to obtain as good
environmental conditions as possible.

5.2 Technical and Water Management Aspects

5.2.1 Additional remedial measures

The following technical measures are considered under this
scenario:
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Inundation area on the left side

* Construction of 7 fish passes connecting the main
Danube to the side branches.

%* Construction of fish passes within the inundation
area.

These fish passes can be constructed in three months and is
estimated to cost 0.54 mill ECU.

Inundation area on the right side

In order to achieve sufficient flow velocities in the
channels on the Hungarian side it is estimated that the
present 10 m3/s have to be increased to the same level as
the one:presently existing on the Slovakian side, i. e, up
to 70 m®/s with average values in the order of 50 m3/s.
Such discharges will most likely result in sufficiently
high flow velocities to ensure removal of mud from a
substantial part of the river bottom.

The supply of these up to 70 m3/s can be achleved by four
technically alternative solutions:

(a) Construction of a supply canal from the inundation
weir to the first side branch. This work can be
completed within three months and is estimated to
cost 2.4 mill ECU. In addition, the reconstruction
work on the spillway of the bypass weir is neccecary
and is expected to be completed in May 1994.

(b) Construction of an underwater weir between RKM 1843
and 1847. Previously such a project has already been
designed. Implementation of a new project, including
fullfilment of all legal procedures, is expected to
be possible within a year and to cost 1.5 mill ECU.

(c) Using the supply canal and additional construction of
syphons between the reservoir and the first side
branch. The syphons, whlch need to have a total
capacity of about 50 m 3/s, have to cross the river.
Taking into account a length of 450 m and a 7 m
difference in level, a water pipe of 1 m diameter
enables transm1581on of 0.6 nﬁ/s Hence about 80
syphons are required for transmlttlng 50 m>/s. The
best technical way of crossing the Danube is put the
pipes in a trench below the river bottom. The cost of
the syphon system is estimated to be in the order of
5 mill ECU.

(d) Increase of the capacity of the supply canal from 25
m /s to 70 m /s. This can be implemented within six
months and is estimated to cost 5 mill ECU.

From a technical and economical point of view, the simplest
alternative is the underwater weir (b). This solutions also
provides the best water management possibilities and the
minimum risk of damage during floods. From an
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implementation point of view alternatives (a) and (d) can
with more certainty be implemented within six months.

In addition to the water supply fish passes between the
main Danube and the side branches should be constructed.
These works have not been designed but can according to
designs on the Slovakian side be estimated to cost 0.5 mill
ECU.

5.2.2 Water management regime
The water management regime will be characterized by the

average annual discharge values shown in Table 5.1.

Table 5.1 Annual average discharge values in Scenario 1.

— _gage annual discharmz_
Danube, Bratislava 2.025
Inflow to Little Danube, Bratislava 30
inflow to Mosoni Danube, Cunovo 25
Seepage canal, right side 2
Seepage canal, left side 5
Seepage from reservoir to Danube 20
Seepage to ground water ) 30
Intake to Slovakian river branches, Dobrohost 40
Intake to Hungarian river branches, Danube 50
Bypass weir plus inundation weir, Cunovo 380
ship locks, Gabcikovo 25
Turbines, Gabcikovo 1.418

5.3 Possible Time Schedule for Implementation

This scenario can be implemented by May 1994, provided that
fulfilment of possibly neccessary legal procedures does not
take more than three months.

5.4 Impacts on Discharges, Water Levels and Flow Velocities

The impacts on discharges and water levels, as already
measured are described in ref /2/, and shown in Table 5.1.
They can be characterized as follows:

* The discharges in the Old Danube will in average be
about 20% as compared to pre-dam condition.

* The water levels in the 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 1level and
discharge fluctuations in the 0ld Danube will
continue to be significantly reduced as compared to
pre-dam conditions. This could be influenced by
implementation of improved operational rules for day-
to-day water management.

* Water level variations on -the Slovakian inundation
area will vary by 1.8 m at a difference in water
supplg from the intake canal at Dobrohost from 0 to
140 m”°/s.

* The difference in water levels between the main river
and the side branches will generally be so large that
water flows from the main river to the side branches
will only be possible under the flooding conditions
expected to occur 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 5.1

The flow velocities have been estimated to be as described
in Table 5.2. From the table it appears that the cross-
sectional velocities at minimum discharge in the main river
are 0.6 - 0.8 m/s corresponding to velocities near the
bottom of 0.4 - 0.5 m/s.

5.5 Impacts on Erosion/Sedimentation

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 the
development over the coming years. The best estimate is as
follows:

* No major net erosion and sedimentation in the 0Old
Danube. During some events sedimentation of fine
material will take place. This fine material may be
washed away during flood events.

* The river bed in the main branches on the Slovakian
side will continue to be sufficiently free from mud,
so that good infiltration conditions exist.

* The river bed in the main branches on the Hungarian

side will become sufficiently free from mud, so that
good infiltration conditions will exist.

5.6 Impacts on Surface Water Quality

The impacts on the surface water quality are expected to be
insignificant.
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Table 5.2 Estimated discharge and flow velocity values in the

main river and in the side branches under Scenario 1.

Location Discharge characteristic | Discharge | Cross-sectional
(m~/s) average velocity
| (m/s)
Main river, Rajka Minimum 200 0.60
Average 400 0.88
Typical annual maximum 3500 2.04
Main river, Dunaremete Minimum 200 0.77
Average 400 1.12
Typical annual maximum 3500 2.00
Left side branch, main channel Typical minimum 0 0
Typical average 40 0.05 - 0.25
Typical annual maximum 70 0.07 - 0.35
Right side branch, main channel | Typical minimum 0 0
Typical average 10 0.05 - 0.09
Typical annual maximum 15 0.06 - 0.10
Connection between main river Flow from inundation 365 days/year
and side branches area into main river
Flow from main river 5-10 days/year
into a few river arms
Flow. from main river < 5-10 days/year
into almost all river
arms

Impacts on Ground Water Regime
The estimated impacts on the ground water regime are:

* Ground water levels on the Slovakian territory will
be higher than or equal to the pre-dam conditions.

* Ground water levels on the Hungarian territory are
expected to be not lower than in the pre-dam
conditions.

* Reestablishing the dynamics of ground water level
fluctuations will to large extent be possible
downstream the reservoir.

Impacts on Ground Water Quality

The impacts on the ground water quality are in general
expected to be insignificant. However, some local changes
are expected in areas close to the reservoir in certain
parameters, such as total dissolved solids, nitrate, etc
due to changes in flow pattern. These changes are not
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
described in ref /2/. However, if the present situation
continues for some years an increased effect will result
with regard to changes in alluvial ecosystems as follows:

* on the Hungarian inundation area the reduction of
deposition of fine material (nutrients!) by floods in
the alluvial forests makes their growing conditions
worse.

* On the Slovakian inundation area the decrease of
water level changes due to flooding from the main
river can be compensated for management of discharge
intake from the navigation canal at Dobrohost. The
net effect of this combination is not yet proven in
pratise.

* on the Slovakian inundation area the reduction of
deposition of fine material (nutrients!) by floods
will be counteracted by deposition of smaller
concentrations originating from artificial flooding
by discharge from the navigation canal. The net
effect of this combination is not yet certain.

* Reduction of discharges in the 0ld Danube leads to
reduction of the water body, the flow velocity and to
sedimentation of fine material. This will cause the
loss of species typical for streams, of rheophile
organisms, especially of fish species spawning on
gravel ground.

i The flow velocities in the main river are not large
enough to provide adequate living conditions for the
species requiring the higher flow velocity, for
example fish species like Streber (0.6 m/s 7 cm above
ground) .

5.10 Impacts on Agriculture and Forestry

Due to the increase of ground water tables on both the
Slovakian and Hungarian territory an increase in the
capillary water supply for as well agricultural as forestry
areas can be expected.

5.11 Impacts on Electricity Production

In a year with average discharges as outlined in Table 5.1
the electricity production can be estimated to about 1,930
GWh/year.
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5.12 Cost Estimate for Remedial Measures

The remedial measures already implemented in addition to
Scenario 0 are estimated to cost as follows:

* Fish passes on the Hungarian flood plain: 0.54 mill
ECU
* Water supply plus fish passes on the Hungarian flood

plain: 2.0 mill ECU. :
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ELABORATION OF SCENARIO 2

Scenario 2 represents an increase in discharge in the 0Old
Danube and in the Hungarian side branches as compared to
Scenario 0.

In addition to the impacts described in this chapter

reference is made to Section 3.3, where environmental
impacts common to all five scenarios are described.

Characterization of the Scenario

This scenario is characterized by the following discharge

regime:

* Increase of discharge into the 0ld Danube to in
average 600 m>/s immediately and to somewhere between
600 m3/s and 940 m>/s after May 1994 with an average
value of 800 m3/s.

* 30-140 m3/s into the side channels on the_ left side
flood plain with an average value of 50 m3/s.

* 30-70 m>/s into the side channels on the right side
flood plain with an average value of 50 m3/s.

* 1-3 floods of morevthan 3500 m>/s per year into the
0l1d Danube (to the extent hydrologically possible).

Remedial measures (structures) will be implemented for the
following purposes:

* Obtaining increased discharge to the 01ld Danube.

* Obtaining increased water supply into the side
channels on the right side.

* Ensuring some migration of wetland species between
the main river and the side branches.

A1l the remedial measures are technically reversible.
In addition improved operation rules for the day-to-day
operation of the water management within the above given

discharges will be implemented in order to obtain as good
environmental conditions as possible.

Technical and Water Management Aspects

Additional remedial measures

The following technical measures are considered under this
scenario:
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Main River

* Improvement of the daily discharge capacity of the
variant C structures from the present 600 m3/s to 940
m3/s and 6240 m3/s according to Subsection 2.1.3.

The time schedule and cost estimates are as follows:

* Discharge capacity: 940 m3/s is possible from May
1994 and 6240 m>/s is possible from summer 1996. The
reconstruction of the spillway for the inundation
welr enabling 340 m3/s as a daily discharge can be
implemented by May 1994 and is expected to cost 1
mill ECU/year in maintenance.

Inundation area on the left side

* Construction of 7 fish passes connecting the main
Danube to the side branches.

* Construction of fish passes within the inundation
area.

These fish passes can be constructed within three months
and is estimated to cost 0.54 mill ECU.

Inundation area on the right side

In order to achieve sufficient flow velocities in the
channels on the Hungarian side it is estimated that the
present 10 m3/s have to be increased to the same level as
the one3presently existing on the Slovakian side, i.e, up
to 70 m’/s with average values in the order of 50 m”/s.
Such discharges will most likely result in sufficiently
high flow velocities to ensure removal of mud from a
substantial part of the river bottom.

The supply of these up to 70 m3/s can be achieved by five
technically alternative solutions:

(a)-(d) See description in Subsection 5.2.1

(e) Dredging of a side branch at RKM 1845 - 1848. With
discharges in the 0ld Danube of 800 m3/s the water
level will then be sufficiently high to enable
diversion of 50 m3/s to the right side branch system.
This can be implemented in two months and is
estimated to cost maximum 1 mill ECU.

From a technical and economical point of view, the simplest
alternatives is the dredging (e).

In addition to the water supply fish passes between the
main Danube and the side branches should be constructed.
These works have not been designed but can according to
designs on the Slovakia side be estimated to cost 0.5 mill
ECU.
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6.2.2 Water management regime
The water management regime will be characterized by the
average annual discharge values shown in Table 6.1. .
Table 6.1 Annual average discharge values in Scenario 2.

Average annugl_ Average annugl
discharge (m”/s) discharge (m”/s)
Preliminary regime Regime implemented
implemented now Hay 1224

Danube, Bratislava 2.025 2.025

Inflow to Little Danube, Bratislava 30 30

Inflow to Mosoni Danube, Cunovo 25 25

Seepage canal, right side 2 2

Seepage canal, left side 5 S

Seepage from reservoir to Danube ' - ] . 20 : I . 20

Seepage to ground water 30 30

Intake to Slovakian river branches, Dobrohost 50 50

Intake to Hungarian river branches, Danube 40 40

Bypass weir plus inundation weir, Cunovo 580 780

Ship locks, Gabcikovo 25 25

Turbines, Gabcikovo = 1.218 1.018

6.3 Possible Time Schedule for Implementation

The possible time
“various
summary,

schedule for implementation of 'the
elements . are given in Section 6.2 above. In
it can be estimated that the scenario can be

implemented in May 1994.

6.4 Impacts on Discharges, Water Levels and Flow Velocities

The split of the discharges can in a year with average
discharge be described by the figures given in Table 6.1

The

impacts

on discharges and water levels, can be

characterized as follows:

*

The discharges in the 0ld Danube will in average be
about 40% as compared to pre-dam condition.

The water levels in the upstream part of the 0Old
Danube will be reduced by 2 - 2.5 m as compared to
pre-dam conditions.

The characteristic dynamics of water level and
discharge fluctuations in the 0Old Danube will be
somewhat reduced as compared to pre-dam conditions.
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* Water level variations on the Slovakian inundation
area will vary by 1.8 m at a difference in water
supplg from thé intake canal at Dobrohost from 0 to
140 m

* The difference in water levels between the main river
and the side branches will generally be so large that
water flows from the main river to the side branches
will only be possible under the flooding conditions
expected to occur 1-2 times per year.

* The discharge through the downstream part of the
reservoir will as compared to Scenarlo 0 be reduced
from in average 1533 m3/s to 1093 m3 /s resultlng in
a decrease in velocity of 29 % and an increase in
retention time of 40 % respectively.

The flow velocities have been estimated to be as described
in Table 6.2. From the table (and Table 2.5) it appears
that the minimum flow velocities at minimum discharge are
about 1 m/s corresponding to 0.6 -0.7 m/s as point velocity
7 cm above the river bottom (fish location). It is also
noticed that the flow velocities on the Hungarian flood
plain will be so large that erosion of the fine bed
material can be expected.

6.5 Impacts on Erosion/Sedimentation

The development of the erosion and sedimentation over the
coming years is somewhat uncertain due to shortage of
specific measurements. The best estimate is as follows:

* No major net erosion and sedimentation in the Old
Danube. During some events sedimentation of fine
material will take place. This fine material will be
washed away during flood events.

* Sedimentation in the downstream part of the reservoir
of fine material will increase as compared to
Scenario 0.

* The river bed in the main branches on the Slovakian
side will continue to be sufficiently free from mud,
so that good infiltration conditions exist.

* The river bed in the main branches on the Hungarian

side will become sufficiently free from mud, so that
good infiltration conditions will exist.

6.6 Impacts on Surface Water Quality

The impacts on the surface water quality are expected to
be insignificant.
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Table 6.2 Estimated discharge and flow velocity values in the
main river and in the side branches under Scenario 2.

Location Discharge characteristic Disgharge Cross-sectional
(m”/s) average velocity
(m/s)

Main river, Rajka Minimum 400 0.88
Average . 800 1.23
Typicat annual maximum 3500 2.04

Main river, Dunaremete Minimum 400 1.12
Average 800 1.28
Typical annual maximum 3500 2.00

Left side branch, main channel Typical minimum 0 0
Typical average 50 0.06 - 0.30
Typical annual maximum 140 0.10 - 0.40

Right side branch, main channel Typical minimum 0 0
Typical average S0 0.06 - 0.30
Typical annual maximum 70 0.07 - 0.35

Connection between main river Flow from inundation 365 days/year

and side branches area into main river
Flow from main river 5-10 days/year
into a few river arms
Flow from main river < 5-10 days/year
into almost all river
arms

6.7 Impacts on Ground Water Regime
The estimated impacts on the ground water regime are:

& Ground water levels on the Slovakian territory will
be higher than or equal to the pre-dam conditions.

* Ground water levels on the Hungarian territory are
expected to be not lower than in the pre-dam
conditions.

* Reestablishing the dynamics of ground water level
fluctuations will to large extent be possible
downstream the reservoir.

6.8 Impacts on Ground Water Quality

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 from here.
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6.9 Impacts on Flora and Fauna

Nature conservation values can by this scenario be
preserved to a larger extent than under Scenario 1.
However, if the scenario continues for some years an
increased effect will result with regard to changes in
alluvial ecosystems as follows:

* On the Hungarian inundation area the reduction of
deposition of fine material (nutrlents!) by floods in
the alluvial forests makes their growing conditions
worse.

* Oon the Slovakian inundation area the decrease of
water level changes due to flooding from the main
river can be compensated for management of discharge
intake from the navigation canal at Dobrohost. The
net effect of this combination is not yet proven in
pratise.

¥* Oon the Slovakian inundation area the reduction of
deposition of fine material (nutrients!) by floods
will be counteracted by deposition of smaller
concentrations originating from artificial flooding
by discharge from the nav1gatlon canal. The net
effect of this combination is not yet certain.

* Reduction of discharges in the 0ld Danube leads to
reduction of the water body, the flow velocity and to
sedimentation of fine material. This will cause the
loss of species typical for streams, of rheophile
organisms.

* The flow velocities in the main river could from May
1994 onwards in the major part of the 0ld Danube and
of the year be large enough to provide adequate
living conditions for the species requlrlng the
higher flow velocity, for example fish species like
Streber (0.6 m/s 7 cm above ground).

6.10 Impacts on Agriculture and Forestry

Due to the increase of ground water tables on both the
Slovakian and Hungarian territory an increase in the
capillary water supply for as well agricultural as forestry
areas can be expected.
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6.11 Impacts on Electricity Production

In a year with average discharge through the turbines of
1018 m3/s as outlined in Table 6.1 the electricity
production can be estimated to be about 1390 GWh.

6.12 Cost Estimate for Remedial Measures

The remedial measures to be implemented in addition to the
ones in Scenario 0 and Scenario 1 is the reconstruction of
the spillway for the inundation weir, which is estimated to
cost 1 mill ECU/year in maintenance. Thus the total costs
in addition to the ones already implemented in Scenario 0
are estimated as follows:

* Slovakian side: 0.54 mill ECU + 1 mill ECU/year.

%* Hungarian side: 2.0 mill ECU.
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7. ELABORATION OF SCENARIO 3

Scenario 3 as described below is basically identical to
Scenario 2 -except for construction of a number of
underwater weirs. Hence, the discharge regime and many of
the impacts are identical to those of Scenario 2.

In addition to the impacts described in this chapter
reference is made to Section 3.3, where environmental
impacts common to all five scenarios are described.

7.1 Characterization of the Scenario

This scenario consists in construction of some underwater
weirs for increasing the water level in the 0ld Danube and
for enabling interconnection between the main river and the
branch system. Construction of underwater weirs is possible
along with any discharge regime. The impact of the
underwater weirs on key parameters are demonstrated for
different discharges ranging from 200 m 3/s to 2000 m3/s.

In Scenario 3 the impacts of constructing eight underwater
weirs are elaborated in details for the discharge regime
and the remedial measures corresponding to Scenario 2.
All the remedial measures are technically reversible.

In addition improved operation rules for the day-to-day
operation of the water management within the above given

discharges will be implemented in order to obtain as good
environmental conditions as possible.

7.2 Technical and Water Management Aspects

7.2.1 Design of underwater weirs

Underwater weirs are technically visible and it is possible
to remove them with heavy equipment. The effort required
for removing underwater weirs is estimated to be the same
or less as for the construction both with respect to time
and costs. Hence, they can be considered as reversible
technical measures.

As an example a specific design with 8 underwater weirs of
about 4 m height is shown in Fig 7.1 and Table 7.1.

It should be emphasized that no attempt has been made in
the Working Group to identify the optimal design for the
specific discharges considered in this scenario. For
instance the present design example may not be sufficient
for 1local navigation. The particular design and the
calculations made in the following aim at illustrating the
effects of inundation weirs.
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Fig. 7.1 Example of design of underwater weir constructed of
large stones

The impacts of this particular design of underwater weirs
on water levels and flow velocities have been assessed by
calculations with the MIKE 11 mathematical model. The water
level and velocity profiles for a discharge of 600 m”/s is
shown in Figs. 7.2a+b for the situation with underwater
weirs. The velocity profile in Fig. 7.2a can be compared to
the corresponding profile without underwater weirs shown in
Fig. 2.5. Fig. 7.2b also shows the water level for the same
discharge without under water weirs.

Table 7.1 Design parameters for a system of eight underwater

weirs.

Location (RKM) Crest (m.asl) Bottom (m. asl) Height (m)
1814.21 111.85 106.00 5.85
1818.60 113.10 110.00 3.10
1821.30 114.35 110.55 3.80
1824.43 115.50 110.55 4.95
1828.35 116.75 112.70 4.05
1831.70 117.65 113.70 3.95
1834.90 118.85 114.70 4.15
1843.00 121.25 117.20 4.05
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Fig. 7.2 Model calculations of water level profile with and

without underwater weirs (a) and of velocity profile
with underwater weirs (b) between Cunovo and
Sap/Palkovicovo.
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Table 7.2 Water depths and flow velocities at Dunaremete for
different discharges for Scenario 3 compared with the
situation without underwater weirs.

WITHOUT UNDERWATER WEIRS WITH UNDERWATER WEIRS

Disgharge Water level Velocity Water Level Velocity
(m“/s) (m asL) (m/s) - (m asl) (m/s)
200 113.8 0.77 116.2 0.25
400 114.4 1.12 116.8 0.40
600 115.0 1.22 117.1 0.55
800 115.4 1.28 117.5 0.66
1000 115.9 1.34 117.8 0.76
2000 117.4 1.65 119.0 1.15

For Dunaremete model 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 underwater 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 the velocities for
discharges less than 800 m3/s are reduced to less than
half. For other locations, such as e.g. Rajka, where the
increase in water levels are less the impacts on velocities
are also smaller.

7.2.2 Opening of connection to side branches

A few of the dikes presently closing the connection between
the main river and the side branches will be opened to
enable a small flow (few m3/s) also under medium flow
conditions in the main Danube.

7.2.3 Water management regime

The water management regime will be as described under
Scenario 2, see Subsection 6.2.2.

7.3 Possible Time Schedule for Implementation

According to a similar, specific Slovakian design with nine
underwater weirs one weir can be constructed in two months
and all nine can under favourable conditions be constructed
in five months. In addition to the time for construction
some time will be required to fulfill the necessary legal
procedures. The cost of the Slovakian project is estimated
to 6.3 mill ECU.
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7.4 Impacts on Discharges, Water Levels and Flow Velocities

The split of the discharges can in a year with average
discharge be described by the figures given in Table 6.1

The impacts on discharges and water levels, can be
characterized as follows:

* The discharges in the 0ld Danube will in average be
about 40% as compared to pre-dam condition.

* The water levels in the 0ld Danube is expected to be
kept similar to pre-dam conditions. If the underwater
weirs have constant crest level across the river it
will not be possible to reestablish the dynamics of
the water level fluctuations.

* It will be possible to maintain or even improve the
flow connections between the main river and the side
branches on both sides as compared to pre-dam
conditions.

* Water level variations on the Slovakian inundation
area will vary by 1.8 m at a difference in water
supplg from the intake canal at Dobrohost from 0 to
140 m”°/s.

* The discharge through the downstream part of the
reservoir will as compared to Scenario 0 be reduced
from in average 1533 m3/s to 1093 m3/s resulting in
a decrease in velocity of 29 % and an increase in
retention time of 40 % respectively.

The flow velocities have been estimated to be as described
in Table 7.3. From the table it appears that the flow
velocities at minimum discharge of 400 m3/s is about 0.5
m/s. For average flow conditions (800 m>/s) the flow
velocity is typically in the order of 0.8 m/s corresponding
to about 0.5 m/s as point velocity 7 cm above the river
bottom (fish location).

7.5 Impacts on Erosion/Sedimentation

The conditions with regard to erosion and sedimentation is
expected to be as under Scenario 2, ie:

* No major net erosion and sedimentation in the 0ld
Danube. During some events sedimentation of fine
material will take place. This fine material is
expected to be washed away during flood events.

* The river bed in the main branches on the Slovakian
side will continue to be sufficiently free from mud,
so that good infiltration conditions exist.

* The river bed in the main branches on the Hungarian
side will become sufficiently free from mud, so that
good infiltration conditions will exist.

Temporary Water Management Regime
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Table 7.3 Estimated discharge and flow velocity values in the
main river and in the side branches under Scenario 3.
Location Discharge characteristic Disgharge Cross-sectional
: (m~/s) average velocity
(m/s)
Main river, Rajka Minimum 400 0.61
Average 800 0.97
Typical annual maximum 3500
Main river, Dunaremete Minimum 400 0.40
Average 800 0.66
Typical annual maximum 3500
Left side branch, main channel Typical minimum 0 0
Typical average 50 0.06 - 0.30
Typical annual maximum 140 0.10 - 0.40
Right side branch, main channel Typical minimum 0 0
Typical average 50 0.06 - 0.30
Typical annual maximum 70 0.07 - 0.35
Connection between main river Flow from inundation 365 days/year
and side branches area into main river
Flow from main river >195 days/year
into a few river arms
Flow from main river > 21 days/year
into almost all river
arms

7.6 Impacts on Surface Water Quality

The impacts on the surface water quality is expected to be
insignificant.

7.7 Impacts on Ground Water Regime

The estimated impacts on the ground water regime are as
under Scenario 2:

*

Ground water levels on the Slovakian territory will
be higher than or equal to the pre-dam conditions and
also higher than or equal as compared to Scenario 0.

Ground water levels on the Hungarian territory will
be higher than or equal to the pre-dam conditions and
also higher than or equal as compared to Scenario 0.

If the underwater weirs have constant crest level
across the river it will not be possible to
reestablish the dynamics of the ground water level
fluctuations.

Temporary Water Management Regime
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Impacts on Ground Water Quality

The impacts on the ground water quality are, with the
discharge regime as under Scenario 2, in general expected
to be insignificant.

Impacts on Flora and Fauna

The impacts on flora and fauna as already observed are
described in ref /2/. However, if the present situation
continues for some years an increased effect will result
with regard to changes in alluvial ecosystems as follows:

* Decrease of the water level fluctuations 1in the
inundation area (side branches plus forests) makes
the site conditions worse for floodplain biocenoses.

* Reduction of discharges in the Old Danube leads to
reduction of the flow velocity and to sedimentation
of fine material. This will cause the loss of species
typical for streams, of rheophile organisms,
especially of fish species spawning on gravel ground.

* Under minimum discharge conditions (400 m3/s) the
flow velocities in the main river are not large
enough to provide adequate living conditions for the
species requiring the higher velocities, for example
fish species like Streber. In order to have adequate
living conditions for this fish species the minimum
discharge should be about 1000 m3/s.

Impacts on Agriculture and Forestry

As under Scenario 2 the impacts on agriculture and forestry
are expected to be an increase in the capillary water
supply for as well agricultural as forestry areas both in
Slovakia and in Hungary.

Impacts on Electricity Production

In a year with average discharges the electricity

production can, with the discharge regime as under Scenario
2, be estimated to about 1390 GWh.

Cost Estimate for Remedial Measures

The costs of construction of a system of nine underwater
weirs can be estimated to be between 6 and 12 mill ECU.

Temporary Water Management Regime
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8. ELABORATION OF SCENARIO 4

Under Scenario 4 as much water as technically possible is
diverted into the 0ld 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 all five scenarios are described.

8.1 Characterization of the Scenario

In Scenario 4 as much water as technically possibly will be
diverted into the 0ld Danube and the side channels.

In this scenario the only new remedial measures to be
implemented are finalisation of the parts of the Variant C
structures, which enable diversion of water into the 0ld
Danube and reconstruction of_the spillway of the inundation
weir enabling up to 1300 m”/s to pass this structure in
daily use. When these works are completed the navigation
canal will be used for navigation only and no electricy

will be produced.
All the remedial measures are technically reversible.

In addition improved operation rules for the day-to-day
operation of the water management within the above given
discharges will be implemented in order to obtain as good
environmental conditions as possible.

8.2 Technical and Water Management Aspects

As part of the water management water will be provided to
the ship locks at Gabcikovo, to Little Danube, Mosoni
panube and to the floodplains on both sides. The remaining
water will, to the extent technically possible be diverted
to the 0Old Danube.

This scenario will have four different discharge regimes
according to the status of the Variant 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 December 1994 and summer 1996: max 1900 m3/s.
* After summer 1996: max 7200 m3/s.

The above discharge figures represent the capacity for
daily use. In addition it will be possible to pass more
water in flood situations. Thus, in practise it will
technically not be possible until the summer of 1996 to
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divert all water to the 0ld Danube.
The water management regime will be characterized by the
average annual discharge values shown in Table 8.1l. The
impacts assessed in the following part of this chapter

refer to the conditions after the full implementation of
the scenario, i.e. after the summer of 1996.

8.3 Possible Time Schedule for Implementation

The time schedule is described in Section 8.2 above.

Table 8.1 Annual average discharge values in Scenario 4.

Average annugl Average annugl
discharge (m”/s) discharge (m~/s)
Between December After Summer 1996
1994 and Summer 96
R
Danube, Bratislava 2.025 2.025
Inflow to Little Danube, Bratisltava 30 30
Inflow to Mosoni Danube, Cunovo 25 25
Seepage canal, right side 2 2
Seepage canal, left side : 5 5
Seepage from reservoir to Danube 20 20
Seepage to ground water 30 30
Intake to Slovakian river branches, Dobrohost 50 50
Intake to Hungarian river branches, Cunovo 50 50
Bypass weir plus inundation weir, Cunovo 1451 1785
Ship locks, Gabcikovo 25 25
Turbines, Gabcikovo 337 D 3 2)
Notes: 1) Discharge to the turbines in average about 130 days/year
2) Discharge to the turbines in average about one day/year

8.4 Impacts on Discharges, Water Levels and Flow Velocities

The split of the discharges can in a year with average
discharge be described by the figures given in Table 8.1

After the summer of 1996 the impacts on discharges and
water levels, can be characterized as follows:

* The discharges in the 0ld Danube will be 90 - 95% as
compared to pre-dam condition.

*

The water levels in the 0ld Danube will be 10 - 40 cm
lower than in pre-dam conditions. The dynamics of the
water level fluctuations will be maintained.

* Due to the small reduction in water levels, the flow
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connections -between the main river and the side
branches will be slightly reduced as compared to pre-
dam conditions.

* The discharge through the downstream part of the
reservoir will as compared to Scenario 0 be reduced
from in average 1533 m3/s to 78 m3/s resulting in a
decrease in velocity and an increase in retention
time by a factor of 20 respectively.

The flow velocities have been estimated to be as described
in Table 8.2. From the tables it appears that the flow
velocities have only been marginally changed as compared to
pre-dam conditions.

Table 8.2 Estimated discharge and flow velocity values in the
main river and in the side branches under Scenario 4.

Location Discharge characteristic Disgharge Cross-sectional
(m”/s) average velocity
(m/s)
—  ——— ———————

Main river, Rajka Typical annual minimum 625 1.09
Average 1800 1.58
Typical annual maximum 5100 > 2.0

Main river, Dunaremete Typical annual minimum 625 1.23
Average 1800 1.57
Typical annual maximum 5100 > 2.0

Left side branch, main channel Typical minimum 0 0
Typical average 50 0.06 - 0.30
Typical annual maximum 140 0.10 - 0.40

Right side branch, main channel Typical minimum 0 0
Typical average 50 0.06 - 0.30
Typical annual maximum 70 0.07 - 0.35

Connection between main river Flow from inundation 365 days/year

and side branches area into main river
flow from main river <165 days/year
into a few river arms
flow from main river < 19 days/year
into almost all river
arms

8.5 Impacts on Erosion/Sedimentation

The conditions with regard to erosion and sedimentation is
expected to be as follows:

* In the 0ld Danube increased erosion will take place,
because the sediment concentrations in the water
passing the structures will be significantly reduced
and the velocities in the Danube will be almost the
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same.

b The river bed in the main branches on the Slovakian
side will continue to be sufficiently free from mud,
so that good infiltration conditions exist.

* The river bed in the main branches on the Hungarian
side will become sufficiently free from mud, so that
good infiltration conditions will exist.

8.6 Impacts on Surface Water Quality

Directing in average 4% of the discharge through the
downstream part of the reservoir, it can be expected that
stagnant water with algae growth and sedimentation of
organic material will occur in this water body. This may
also have some negative impact on the surface water quality
in the navigation canal and further downstream in the main
Danube as well as in the Slovakian flood plains where the
side branches now will be fed with eutrophe water from the
navigation canal.

8.7 Impacts on Ground Water Regime

The estimated impacts on- the ground water regime are as
follows:

* Ground water levels on the Slovakian territory will
be higher than or equal to the pre-dam conditions.
However the ground water levels close to the
downstream part of the reservoir will be lower than
in Scenario 0.

* Ground water levels on the Hungarian territory will
be higher than or equal to the pre-dam conditions.

* As compared to Scenario 0 it will be possible to
reestablish a substantial part of the dynamics of
ground water level fluctuations downstream Cunovo on
the right side and downstream Dobrohost on the left
side of the Danube.

8.8 Impacts on Ground Water Quality

The impacts on the ground water quality will in most of the
area continue to be insignificant. Due to eutrophication in
the downstream part of the reservoir the groundwater
quality is likely to be threatened at the Samorin Water
Works, which produces about 40 % of the water supply for
Bratislava. This threat is associated to sedimentation of
organic material due to stagnant water and algae growth in
the downstream part of the reservoir. A layer of organic
material at the reservoir bottom, from where the
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infiltration to the aquifer takes place, may result in
anoxic groundwater conditions.

8.9 Impacts on Flora and Fauna

The impacts on flora and fauna are expected in most
respects to be small compared to pre-dam conditions.

8.10 Impacts on Agriculture and Forestry

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 as forestry areas
both in Slovakia and in Hungary.

8.11 Impacts on Electricity Production

After Summer 1996 no electricity will be produced at
Gabcikovo.

8.12 Cost Estimate for Remedial Measures

The cost for reconstruction of the spillway of the
inundation weir is estimated to 3.3 mill ECU. The
maintenance costs are estimated to 5 mill ECU/year. These
maintenance costs will be significantly reduced if the
downstream water level is higher than 124.0 m asl. )
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9. CONCLUSIONS AND RECOMMENDATIONS REGARDING TEMPORARY WATER
MANAGEMENT REGIME

9.1 Summary of the five Scenarios and their most important
Impacts

In the present report the ex1st1ng water system has been
described and various possibilities for implementing
remedial measures have been outlined. On this basis five
scenarios with different characteristics have been
elaborated and the impacts expected to occur within the
time horizon of the Temporary Water Management Regime (3 -
5 years) have been described.

The five scenarios and their most important impacts that
exceed the common environmental impacts, as described in
Section 3.3, can be summarized as follows:

Scenario 0: November 1993 Situation

The November 1993 situation is characterized by the
following average discharges:

* 0ld Danube: 400 m3/s
* Slovakian side branches: 40 m3/s
* Hungarian side branches: 10 m3/s

The impacts result in the following key figures:

* The difference in the water levels between the main
river and the side branches will generally be so
large that water flows from the main river to the
side branches will only be possible under flooding
conditions expected to occur 1-2 times per year.

N The ground water levels on the Hungarian territory
will, as compared to pre-dam conditions, be higher
close to the reservoir (Rajka—Dunakiliti region),
whereas the levels will be lower in the middle part
of Szigetkdz between Dunakiliti and Asvanyraro in
areas close to the 0ld Danube.

* The flow velocities in the main river are not large
enough to provide adequate 1living conditions for
species requiring higher flow velocity, for example
representative fish species like Streber.

* The electricity production at Gabcikovo can be
estimated to about 2,000 GWh/year.
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Scenario 1: Increased water supply to the Hungarian Side
Branches

The Scenario is characterized by the following average

discharges:

* 0l1d Danube: 400 m3/s

* Slovakian side branches: 50 m3/s
* Hungarian side branches: 50 m3/s

1-3 floods of more than 3500 m3/s are expected to occur
each year in the 0Old Danube.

The impacts result in the following key figures:

* The ground water levels on the Hungarian flood plains
are expected to be not lower than in pre-dam
conditions.

* The flow velocities in the 0ld Danube are not

sufficient for the typical biocenosis.

* The connection between the 0Old Danube and the side
channels is not sufficient to allow migration of
wetland species.

* The electricity production at Gabcikovo is estimated
to about 1,930 GWh/year.

Scenario 2: Increased Discharge in Main River and in

Hungarian Side Branches

Scenario 2 is characterized by the following average

discharges:

* 0ld Danube: 800 m3/s

L Slovakian side branches: 50 m3/s
* Hungarian side branches: 50 m3/s

1-3 floods of more than 3500 m3/s are expected to occur
every year in the 0ld Danube.

The impacts result in the following key figures:

* The connection between the 0ld Danube and the side
channels is not sufficient to allow migration of
wetland species.

* The electricity production at Gabcikovo is estimated
to about 1390 GWh/year.

Thus, Scenario 2 represents significant improvements of the
environmental situation of November 1993.
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Scenario 3: Construction of some Underwater Weirs

Scenario 3 is basically identical to Scenario 2 except for
construction of a number of underwater weirs. Hence, the
discharge regime and many of the impacts are identical to
those of Scenario 2.

The impacts result in the following key figures:

* The connections between the main channel and the side
branches on both sides are maintained or even
improved as compared to pre-dam conditiomns.

* The flow velocities in the 0ld Danube are (up to 1000
m3/s minimum discharge) not sufficient for
maintaining the typical biocenosis

* The electricity production at Gabcikovo is estimated
to about 1390 GWh/year (with the same discharge
regime as under Scenario 2).

Thus, as compared to Scenario 2 one key problem has been
substituted by another one if the minimum discharge does
not exceed 1000 m3/s.

Scenario 4: Full Capacity of Variant C Structures used for
Water Supply of the Main River and the Branches

In Scenario 4 as much water as technically possible will be
diverted into the 0ld Danube and the side channels. Thus,
after summer 1996 the discharge in the 0ld Danube will be
90 - 95 % of the pre-dam conditions.

The impacts result in the following key figures:

* The water quality in the downstream part of the
reservoir will be affected by stagnant water and
hence significant algae growth and sedimentation of
organic matter will occur in this water body.

* The ground water quality is likely to be threatened
at the Samorin Water Works due to sedimentation of
organic matter in the downstream part of the

reservoir.

* The connection between the 0ld Danube and the side
channels is reduced as compared to pre-dam
conditions.

Thus, although most of the key problems occurring under the
other three scenarios do not exist in Scenario 4, other key
problems are created.
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9.2 Conclusions

As appearing from Section 9.1 above none of the selected
scenarios are free from key environmental problems.
Furthermore, different scenarios result in different
environmental problems, which are not directly comparable.
Scenario 2 and Scenario 3 show that some environmental
problems can be reduced by increasing discharge and
remedial measures.

In addition to the environmental aspect also economical
aspects should be considered. In this respect it may be
noticed that the value of the present electricity
production of 2000 GWh/year is in the order of 50 - 100
million ECU/year. It 1is noticed that the costs for
implementation of the remedial measures range between 2 and
12 million ECU depending on the scenario.

9.3 Recommendations 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 recommend a combination of elements from
different Scenarios.

Objectives

Considering that the Temporary Water Management Regime
shall be valid only for a short period until the
conclusions from the judgement of the International Court
of Justice can be implemented it is obvious to choose the
overall objective for the regime as minimization of any
irreversible developments.

The primary specific objectives are assumed to be as
follows:

* 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 water quality in the reservoir and the main river
should be as good as possible.

* The flow velocity in the main river should be
sufficient to provide living conditions for species
(especially fish) typical for pre-dam conditions.

* Migration of wetland species between the main river
and the side branches should be possible in both
directions at least some places.

* No 1irreversible technical measures should Dbe
implemented.
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secondary objective 1is assumed to be maximum

electricity production within the discharge constraints
imposed by the primary objectives.

Discharge regime

*

*

Minimum discharge in 0ld Danube of 400 m3/s.
Average discharge in 0ld Danube of 800 m3/s.

1-3 floods of more than 3500 m3/s per year into the
0l1d Danube (to the extent hydrologically possible).

30 - 140 m3/s into the side branches on the Slovakian
side.

30 - 70 m3/s into the side branches on the Hungarian
side.

Remedial measures

*

Improvement of the daily discharge capacity of
Variant C structures from the present 600 m”/s to 940
m3/s by May 1994.

Construction of an underwater weir at RKM 1835
enabling direct contact between the main river and
the Slovakian side branches at one upstream point of
the Slovakian floodplain and to improve the water
supply to the Hungarian floodplain at rkm 1845.5.
This underwater weir mainly serves an environmental
purpose.

Construction of an underwater weir at RHM 1845.5 for
improving the operational reliability of water supply
from the inundation weir (less maintenance of the
spillway). This underwater weir is sufficient without
other measures to ensure the water supply to the
Hungarian floodplain.

Deposition of gravel between the inundation weir and
the underwater weirs in the main channel.

Construction of fish passes at Cunovo.

Day-to-day Operation

Improved operation rules for the day-to-day operation of
the water management within the above given discharges has
be implemented in order to obtain as good environmental
conditions as possible.

Environmental Impacts

The recommended Temporary Water Management Regime is seen
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to be a combination of Scenario 2 and Scenario 3, each of
which had one key problem.

By only constructing one “environmental" underwater weir at
RKM 1835 the velocities in the main part of the 0ld Danube
will be high enough to provide living conditions for the
typical flora and fauna.

Similarly, by constructing this underwater weir a direct
connection between the main river and the side branches is
established for both sides. 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
developments take place during the few years the temporary
regime is supposed to last.

It is furthermore 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/.

Reliability

Construction of a second underwater weir at RKM 1845.5
significantly improves the reliability of the day-to-day
water supply through 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 issue in terms
of discharge possibilities, reliability, time schedule and
costs. As no comprehensive design exists for its daily use
a design review is recommended to be carried out by an
independent, specialized institute.
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10. SUGGESTION FOR OPERATION MANUAL FOR TEMPORARY WATER
MANAGEMENT REGIME

Two key elements of a Temporary Water Management System are
a Water Management and Monitoring Committee and an
Operation Manual

10.1 Possible Roles and Functions of Temporary Water Management
and Monitoring Committee

Composition, Mode of operation, Organisation

* To be considered.

Scope of work

* Monitor the day to day operation and report to the
two governments on a monthly basis.

* Plan, coordinate and review joint activities on
monitoring, modelling and studies related to the
water management and its impacts on environment,
navigation and hydropower.

* Review studies on and decide on optimal design of
remedial measures (e.g. underwater weirs, opening of
a few connections to side arms, arrangements in flood
plains) by March 1994.

* Prepare recommendations for adjustments to the water
management and the Operation Manual whenever required
on the basis of the operational experiences and the
results from the activities on monitoring, studies
and modelling. Justifications for proposed
adjustments should be based on the degree of
fulfilment of the set of enviromnmental criteria
described in the Operation Manual. In November 1994
an analysis of the results from the water management
until then should be carried out and recommendations
prepared accordingly.

* Prepare recommendation for urgent measures to be
taken in case of emergency situations.

10.2 Operation Manual

The aims of the Operation Manual are to describe how the
day-to-day operation should be carried out and how the
operation should be monitored and controlled.

Temporary Water Management Reqime



10.2.1

67

Monitoring System

The monitoring to be reviewed by the Committee will include
measured variables on the following aspects:

*

Discharges

Surface Water Levels
Surface Water Quality
Ground Water Levels
Ground Water Quality

Flora and Fauna

Discharge

(a)

(b)

The following discharges shall be measured daily and
form the basis for the water management control:

) At Devin, OQpgvin

) At Rajka, QRajka

) At Dunaremet€, Qpunaremete

) At MedvedovVv, Qyedvedov

) At Komarom, Oxomarom

) At the by-pass welr, Opinags weir

) At the inundation weir, Q;,.ndation weir

) At the shiplocks, OQgnipiocks

) At the turbines, Qturbinea

) Intake to Little Danube, Qrittie panube

11) 1Intake to Mosoni Danube, Quogoni panube, intake

12) At Mosoni Danube, Rajka, Quogoni Danube, Rajka

13) Seepage from reservolr to seepage
canals,Qgeepage

(14) Intake to gﬁovakian river branches, Qpoprohost

The "discharge" measurements can follow today’s
routine, i.e. as water level measurements and
subsequent conversion to discharge values by use of
"rating curves", which are updated regqularly on the
basis of real discharge measurements.

The discharge measurements at the above 14 sites are
the responsibility the respective countries, i.e.
Slovakia for 1, 4, 6, 7, 8, 9, 10, 11, 13, 14 and
Hungary for 2, 3, 5, 12. However, Hungarian and
Slovakian specialists have free access to check and
participate in the measurements and the subsequent
data processing for the above discharge measurement
points in the other country.

Discharge values shall be exchanged daily as
preliminary values. Final values shall be presented
and approved at the regular meetings of the Joint
Committee.
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(c) Check the consistency of the measurements, i.e.
Qa1 = Qaz = Qa3 = Qag

where

Qa1 = Opratislava ~ Quittle Danube

Qaz = Qrurbines ¥ QShiplocks + Qpobrohost QSeepage +
Mosoni Danube, intake + QRajka

Qa3 = QMedvedov - QMosoni Danube, intake

Qas = QOkomarom

and
Qp1 =< Qp2 =< Qp3

where

Qb1 = OBypass Weir
Op2 = Qrajka

Qb3 = Qpunaremete

The equation Qg = Q.5 = Q3 = Qa4 should be fulfilled
within +/- 10% on a daily basis and within +/- 5% on
a weekly basis. The inequality Qp; =< Qpo =< Qp;
should always be valid. If the accuracy is not
satisfactory the Joint Committee can decide to carry
out special studies by use of independent experts in
order to achieve technical consensus.

Surface Water Levels

The three EC experts and the Slovakian expert recommend
that data on surface water levels from the national
monitoring networks should be exchanged.

The Hungarian expert in theory agrees to exchange all
relevant environmental data. Further agreement is
necessary, however, on the detailed elaboration of this
after the political decision has been made on which TWMR
should be implemented.

Surface Water Quality

The three EC experts and the Slovakian expert recommend
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that data on surface water quality from the national
monitoring networks should be exchanged.

The Hungarian expert in theory agrees to exchange all
relevant environmental data. Further agreement is
necessary, however, on the detailed elaboration of this
after the political decision has been made on which TWMR
should be implemented.

Ground Water Levels

The three EC experts and the Slovakian expert recommend
that data on ground water levels from the national
monitoring networks should be exchanged.

The Hungarian expert in theory agrees to exchange all
relevant environmental data. Further agreement is
necessary, however, on the detailed elaboration of this

.after the political decision has been made on which TWMR
should be implemented.

Ground Water Quality

The three EC experts and the Slovakian expert recommend
that data on ground water gquality from the national
monitoring networks should be exchanged.

The Hungarian expert in theory agrees to exchange all
relevant environmental data. Further agreement is
necessary, however, on the detailed elaboration of this
after the political decision has been made on which TWMR
should be implemented.

Flora and Fauna

The three EC experts and the Slovakian expert recommend
that data on flora and fauna from the national monitoring
networks should be exchanged.

The Hungarian expert in theory agrees to exchange all
relevant environmental data. Further agreement is
necessary, however, on the detailed elaboration of this
after the political decision has been made on which TWMR
should be implemented.

10.2.2 Description of day—to-day operation

The day-to-day operation will depend on which scenario is
implemented. This decision is taken at a political level.
Hence, it is not possible at this stage to prescribe this
operation in details. Therefore only some general comments
will be given here.

The water management regimes described in the scenarios

Temporary Water Management Regime



70

should be seen as frameworks setting overall goals for the
distribution of water and implementation of remedial
measures. Within these 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 ensure that the dynamics of the regime
become as close to the pre-dam conditions as possible with
regard to temporal fluctuations of surface and ground water
levels, inundation of flood plains, interaction between the
main river and the side channels. For some aspects it may
also be possible to achieve conditions which represent
improvements as compared to pre-dam conditions.

With the already existing hydraulic structures and the
additional technical measures proposed in the various
scenarios there are very large management possibilities and
identifying the "optimum" way of operating these is not
trivial. There are two fundamentally different approaches
in defining operation rules: 3
(a) Detailed operation rules can be prescribed. For
example by relating the regulated discharges such as
QB pass, Weir/ Qinundation Weir’ QDob;ohost' Qrurbinegs €tC
on a given day to the 1ncom1ng discharge recorded at
Devin. The operation rules in the Slovakian Scenario
(Appendix D) are based on this approach.

(b) A mathematical model can be used to forecast the next
few days-ahead conditions, as they would have been
under pre-dam conditions e.g. with regard to water
level regime and utilize the management possibilities
to establish the same conditions as far as possible.

It is recommended that a detailed Operation Manual be
prepared after the political decision has been made on
which TWMR should be implemented.

Bratislava, 1. December 1993

For the entire report igcluding the recommendations:
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Johann Schreiner Jan M. van Geest /défan iésgaard

For the report excluding the recommendations in Section 9.3:

A Uites—

Igor Mucha Gabor Vida
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COMMISSION OF THE EUROPEAN COMMUNITIES
CIRSCTORATE-GENSRAL
EXTERNAL ECONOMIC RELATIORS

3Xussels, 25 Algust isSs3
Service/7~3/hcs

1ng.

3]

Zztablishment of 2 Group of Monieto
and Water Manadement Experts for
the Gabecicvo system o= lozks

1. Introduction

In order +o czrovide relizble and trdisputed data on the most
important effects o the curzent water discharge and the zemedial
meastres already undertakern as well as to make Tecormendations fo-
2ppropriate meazsvres +he Republic oFf Eangary and <he Republic of
Slovakia will establist a Group of Monitoriang and water Managemens
=xXperts (Group of zxperts).

The Group of Experts skail comsist of one EXPEIT appointed by
gungary and one expert appointed by Slovakia. Three independent experts
appointed by the commission of the Zuropean Commmnities will
participate in the Group. The meetings will be chaired by one of +he =c
EZXperts. The ZC experts will have expertise in avdrology, inclnding
monitoring of bydrological data, ecological issues and water bhased
constructions. The sSlovek andd Sungarian experts can be suzported by
associate experts if necessary.

The monitering will cover the whole arez surrounding the Gabeikove
System of lecks, and monitoring andg WL2SUTring systems will be
established bhoth at Slovak and Hungarian Territory.

No recommendations or activities arising frem the establishment of
the Group of Experts or its operationm will effsct, or reflect toon, any
of the issnes of legal liability wbich, ir acecordance with the Special
acTeement, most ke determinated by the Interzational Court of Justice.

The Group of Xperts will submit Teports and recommendations based
©On consensus between the experts. In cases of disputes in +he Group oz
Experts the Slovak and Eongarian experts as well a3 the EC experts can
SLOmit separate reports and Teccmendations.

foc de la Lof 200 - 8-1049 Brussels, Belgium - OfficesiN83-5 /o
Telephonesz direcs lfma ratm aco<l 2% 00



Objectives

Tha
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Group of Txper=ts will:

Collect and assess data on all relevant aspects and effects of
the current water discharge including the effects of <the
vericus reredial measuTes already put in place. The data to be
collected wilil be defized by the Group: of =xperts within three
days after its formal establishment. The methodology to be
applied in the subsequent data analvsis will be de€ined by the
Group of Zxperts in comtection with its first report 17 davs
a2fter its formal establishment. The data t5 be collected will
at least Ipeclucde:

* watexr discharge at zll relevant places;

= surface water level ard quality ircluding sedimentationat
all zrelevant places.

* ground water level and cuality;

* impact on flora and fauna in the —egion;

L4
* impact on agriculture and forestzv;
* glectricity producticn
* other possible essentizl aspects.

The data collection will be based on <+he existing data
currently at the disposzl of both sides 23 a result of regular
measuring made jointly or separately by each side. Suzther the
Group of Experts will decide on new or karmonised monmitoring
proceduxres and identify possible need for additienal monitoring
to be carried out in the future.

On the basis cI the data collection (I) prepare recommendztions
for submission to the two Goverrments on the following aspects,
with a2 view to safsguard the enviropment and the ecological
conditions in the region:

2. A Temporary Water Management Regime including a detailed
manual with specifications for the day-to-day operation and
differect water dischazge situaticrps:

B. The necessary water discharge and water level ir +the old
riverbed and ir the adjacent area and remedial measvres o
be tzken.



C. The establistment ef a Water Marcagemezt and Mocitarine
Commititee Zor the cperation cof the Tempore-y Rateox
Management Regime. The mein task of the HWate- Mapnagement: ang
Monitaring Committee would be to:

~ propose zsdilicatiens irn the Temperary Water Mazagement
Regime or new remedial measures ta be +tzken on the basis of

the operational experience and cootinued moritoring,

- initiate and supervise additispal studies, measuremerss
and research required; zand

- Drepare Teccrmendaticns for urgent meastres to be Ttzken in
case of emergency situavions.

3. BActivity and time schedule

The Group of Experts will work ir acecordasce with =he annexed time
a=d activity schednle.

4. Mode and place of operation

A detailed activity and meeting plan will be oTepred at the Firgt
meetisg in the Group of ZIvperts. >2lace cf meerings will alternate
between sSlovakia ard Hungarv and secretzrial supoors will he provided

by tke zest countzy.

5. CGemneral

211 proceedings, data collected by ard reccmmendatisns from the
Group of IZxperts will be confidential until the twc Goverrmments and the
Commission decide otherwise. The Zwperts will maka no public statements
on the work of the Group.
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DATE

ACTIVITY

Saptember 8, 1993

Tizgst meeting to develop a2 detailed action ard
eeting plan.

-

H

September 13,1993

Report by the =C EZxperts or zhe need for cla-—
rification or adjustmerts iz the working
Documernt

September 30,1993

Report on the assessment of existing cata,

the preliminary findings from arzlysing the
data and the rescommendatisrs Tega=ding modifi_
cations to the present nonitoring practice.
The report will be submitted to the two
Governments and the commission.

November 19, 1993

Final report, including recomrendations for:

1. Temporary Water ¥aragemenit Regime, inclu-
&ing a detailed manmal with specifications for
the day-to-day operations and different water
discharge situatiens;

2. The necessa~y water discharge and water level
in the old river ted and in the adjzcent a2rea and
Zemedizl measures to be taker;

3. The establishment of 2 wWater Mapagement and
Monitoring Cocomittee ve. itom 2.Z%T.C.
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eﬂnbers of the working Group

Johann gchreinel, EC (primus inter pares)
Jan M. van Geest,

Jens christian refsgaard, EC

cabor Vida, Hungary

Igor Mucha, glovakia

pssociate experts from Hungary

Raroly Barossr North rransdanubian pistrict Water
authority. Gyor

adrienne HajosY: Ministry for Environmental and Regional
PollcCY¥: Budapest

Lajos qOrvath, North Transdanubian pistrict Environmental
Authority: GyoT

Ferenc MeszaYos: Hungarian Natural History Museum, Budapest

zoltén Nagy: North Transdanubian District Environmental
Authority. Gyor

Janos gzekeres, Water Resources Research Center, Budapest

cyorgy Toth, Hungarian Geological Surveys Budapest

associate experts from slovakia
vaclav Mikulka, Law Expert, yuB, Prague
Maria Holobrada, Water Research Institute, Bratislava

ing. Ferdinand Rubicek, Institute of Ecobiolo g1
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APPENDIX C: Summary of quantitative impacts for different
scenarios

Tamnararv Uater Mananement Reaime



-0 otJeusss uo puads Apeadie s1s0d

W LDIY IUSWIDBUGH JIIEA AJRJIOUGEI}

3yl O3 UOLILPPE UL 3JB ¥%-| OLJRUSIS JO S3ISOD Yl (¢

-s/ W 0OSE punoJe 964eYISLP B 18 PIJINIZ0 UOLILPUOD wep-aad 943 ul /|/ joJ 03 Bulpsodse

YoLyR ,Swie JIALJ 118 ISOUIR UL MOY4, UOLIENILS AOT4 3yl O} spuodsaJJod UOLILULIP dUL 2
w 008l punoJe abJEYSSLP @ 1B PIJJINIDO UOLILPUOD wep-a4d ay3 uL /1/ ja4 o3 Burpsosoe
qa_tqg ,SUJR JIALJ M3) B UL MOy, UOLIEN3ILS MOV} 34l O3 spuodsaJJod UOLILULLap 3yl (L 1SI1ON
Jealk 4% 0°¢ : H 0°¢ *H 0’ +H
Jad ¢ - 9 IHPIS | Jeak dad | 0 (o3 11N
+ €€ S + 870 S S0 S 0°2L s saJnseaa jel JO 350)
(JE24/4yng) OAOYLIGED
0 06%L 06gl og6l 0002 0 je uorlonpodd 43191432913
SwJe JIALJ }]B Isouwie
6L 2 < oL - S oL - oL -s 12 038F JoALd utew wouy moY4
| Su-e JOALJ M3}
<L sl < oL -6 oL -§ oL - s s61 e ojut Jant$tuiew wouy moys
JOALJ utew
"y 1y ny ny 1My c6l 03Ul BaJE UOLIBPUNUL WOJ) MOYJ
(Jeel/sAep) saysuedq pue JaALd
uLeE US9AIIQ SUOLIIDUUOD A0Y4
abeJane jeoLdAL
0£°0-90°0 0£°0-90°0 0£°0-90°0 60°0-50°0 60°0-50°0 10 > apts 3ybis ‘youesq Spts
Qe°0-50°0 0£°0-90°0 0£°0-90°0 §2°0-50°0 62°0-50°0 L0 > sbedane jeo1dA)
apLs 3431 ‘youedq 3pLs
9°L 20 € "L (R 9L abueyosip abedane 1y
'L %?°0 Ll 8°0 80 €l sbueyosLp wnwruLw 3y
339waJeung ‘aqnueq
(s/m) suorjeniis abueyosip
jeo1dA3 Joj SILILI013A RO
VLl SelL 7°sbL 779l 7L rArAn% ebueyosLp abeJsare 3y
0°SLL 8°9Ll kAR 41" 8 ell g ell ya12% abueyosip wnuLutw 3y
(1St m) IlwsJeund
je suotrjeniis abseyosip
jestd4A3 Joi S13A9) JIjeR
0 800L 800L 8971 8971 0 saulgquny
0s 0s 0s 1] oL & opLs 3ybLa ‘sayoueuq aplLs
0s 0s 0s oy oy & splLs 3133) ‘sayouesq apls
008L 008 008 (Vey 0oy 9961 agnueg P10
6202 s202 5202 6202 6202 6202 eneysiLiedg ‘agnueq
(s/,m) sanjeA
j1enuwue abedsne se ga&leqos;u
Y661 uoL3e.1200
9661 30 ey juomabeuem Jojen patjloads
Jauuwng puodDS w661 Aey Y661 Ael BuLoBug 30 3jJe3s Iiqissod Jo) eq
(eiep B
180LJ03SLY)
7 uotL3tpuod
OlLJeuads ¢ OLJRU3DS 2 OlJdeuaos | OLJeuUads 0 OLJeudds wep-aJd oLislJaloedeyd

soTavueos 3uaaa3ITp IoF sidedut aaT3e3T3uEND 3O XAxwuumg




JWLOIY IUIWIDBUEN JIIWM AdwdLumw)

sumToA o3eaadas 98§

3Ixadxd jeaolsS o2Y3 £q pa33TWnNS OTIBUSDS td XIANIddY



ULDIY JUIWIDQUEN JIIVA AJWIAmwL

«oqnueq pTo =43
o3uf ocaoun) ITSM UOTIBpPUNUT ybnoaygy abaeyosstp -
KepKkaxoae 3o A3TTTqISsod. :T®qEd °'f *bur pue
Kysaoyuexg -p *bur ‘xeryn I -bul Aq juswelels :d XIANAdAY



‘booT
40 pus 843 AQ PS3SIdWOD 80 PINOD J4TOM UOTIEPUNUT 843 40 85N ATTEP
SU3 04 UOTIEITLTINOL 8UF ‘T66T 40 PUB BU3 A USHEZ ST UOTSTISP ®
yons 4T  "UBTY SUTPWIJL SbRWEp 40 ¥ST4  BYl ‘UDT3IONJISUDD €
UDNS yY3TM  825USTJ9dxX® UBNOua 30U ST 84843 SY *US TIITW 0TI
D3} PS}EWTISS 24¢ UDTIPITLTILOL UDNS 40 S3ISOD TPUOTITPPR o4lL
*JATOM  SsedAq 94} 40 WESAISUMOP SEB  ATJRTITUTS ‘AJessa@dau
2 PINOM  ABMITTdS ayay 40 UDTI®DT4TI A0,  AAeaY 1®UOTITPP®
ue ‘sabJeyssSTP  43UBTY U3 IM  JTSM S84yl 40 8Sn  ATTEP 404 ¢
'SyJOM BUTUTEWS. 40 3SaJ4 8U3} 8385T [dwod
ITTM SPIST4 -NOL 40 BSN ALPPAUBA® 943 3BU} ‘pajou 8 pPInoys 31
"(UIUOW/HS*TITU T O3 PalBWTIISS 848 — UOTIIN-I3SUDDS
JO  ydaM  8UD pue  BsSNn O J®SM  BUD -~ 85N [e3TpoT.dad  yons
1 UOTIPARdad 40 S3S0D aY}) SAOQE PIUCTIUSW SBJBYUISTP aYJ UITM
UBIAS ‘(489M UD¥3 ATgRWnsSa.dd ‘8SN L0 9WT3) UTL1.49D 48}ie Ssobvwep
89 [1IM 843Y3) Pa4nsua 30 3SNW  UOTIPITLITILOL SIT 40 pue AemI1Ids
2U3 4O WeaIISUMOP TBUED 3213N0 543 40 UOTILJILdOd pUP LOTIDDUSUT —
' §(3TWTT STY3 03 dn
ATUD PS8JNSSe ST UTSEq BUTTITIS SYUJ UT dWnl—a83eM a4l 40 A3TTTHE3S
STINELUPAY) POpP22IXE® &g 30U [ITM Iawnd Ops L0 8BJSYISTP a4l -
$ (bob] 49qWSII] UT Pa3IS(dwoD
ag 03 paTNpPaYIs ST uor;é:I;TQJD; S10UM 8Ul) SHJIOM LUOTICITLTIAOS
Ayl 40  3ued  JURASTISEL  DUF 10 bs&sT  ABlW  AQ  UOT1STdwoD  ay3 -
! SUOTITPUOD 25343 1° 3BJRYISTP ACPAUIAS 404 ‘4661

Ael) wod)l pasn 20 PTNOI ATEM 843 L0 SPIaTd L4N0k  3SJATL ¥yl T

‘*pasTiead 8 [ITM UDTIE®IDTLTILAO)L 943 JO UOTlededan AJ9SS233U
(PODT4) 88N ydea 83} 4° 3vUl pPES0ddns sem 3] "pasTiead Apesdle
ATTeTied pue paUBISap SBM  AEMTTITdS 843} 40 UDII®IATITIH0OL 39U
OSTP ‘SUOTIdWNSaUd 8SBYY ABPUN " (9466 +0 pu2 ayz Ag) aswvyd puonss
843 UT PpPS3INJlsSU0D ST (WO33I00-d8ATJ 243 40 I3A2] &Y} UT TITS
843 U3 TM) ITEM BATITUTLISP Y3 [TIUN ‘(SPOOTd 40 2BUPYISTIP) SN

Adedodwal ol Pa3oNJ3suU0D pur paubTS3IP SBM JTEM UODTIEpUNUT 8yl "1

Sanrnuegd pPIToO S_IYg) O3 UuUT oAU
~ATSM uUoT3YpuUuUnuT yyUYbBnrno_augg 2656aeyoasTP

AepAasSAaAs 30O AFZTITTAQTSSOC
3 HTpuaddy '



<
VY

12080 0 BUI ‘AYSADYUEL4 [ BUT ‘4PTYN°I1°BUI AQ Pa3ILWTISH
"T66T ‘OF J9QWIADN ‘BARTSTIEH

*19pPOW ¥ UD YD4easad DT INEJPAY
40 SuUPaW Ag ATUO PaYUSTIgeElS® 8 PINOI 1IA3] 483EM Weadlsumop ayj
pue 86J4PUISTP 84©Ss 37QISS0Od 8yl usSamMlag dTIYSUOTIRISL4 Syl “ATSM
UOT3EPUNUT 8Y3] 4O asn  APpAdaAs 843 AQ pasned sabewep JO  YST4

BUY SSINPad ‘ABMITTAS SUT 4O WEaJI3SUMOP I39AST 4231eM  J4BYBTYU Y ¥

"UIUOW/4S*TITW S S.¥ S3SO3 92JUBPUSIUTRW pPajewTlssd aytl “mMoTi
+0 UOTINQTAISTP UDASUN PIOAR 03 “pasnhn 80 D3} 8AYY Sbutusdo 1€ pue

SO8WND OOCT ST 85PD STYUF UT AJTIedeD 2B64BYISTP WNWIXBW ay]l



A
L
W M SE[) e
“s,

suonvIe

ougwwg

c -84
:d XIAN
exadag

3 Xq juowsje3s 23

nyg a9

uetaebu

a3xadxqg



009 UeYl 9I0W $2IN3ONIJZS D 3ueTaea ayj ybnoayjz ArsnonuTiuod
193em bHurtpraoad Jo 3senbsx ey3 L3ysT3ies 3jouued Aayz
quaesaaxd e 3eyy A3zed yeaols o9yl Aq paaelosp ATTeuTy sem 31
* UOT3PPUSUWODSI OTISTTESI 93BTNULIOT 03 STqTssodurT 3souTe apeu
STYL °~S9IN3oni3s jueTIea D oYl JO 93e3s 8yl uo K3aed xeaois
oya Aq sn o3 usaTbH sem juswelels maou HbuTrilssur dnoaxb butiaom
sya JO pus 8yj aiozaq Aep 8uQ °sSOTITTesx TeOTUYDS] SY3 UO
poseq oq TTTm auTbax 193eM Axeiodws] JO SUOTIPPURUMODSI eyl
oM INO JO 39SUO 3yl 3e pajle3s useq Ssey 3I €661 Joquaildaes
g uo psa3Ie3ls suorsses dnoap bBuTyiom 3juesead oYz buTang

- (Tesodoxd xeaoTs 3noqe xTpuaddy
*J0) JIOATI uTew paxeys oYy3 o3ul obaeydssTp quasaad ay3 3JO
uoT3oNpPaI I9ylany e ApesITe ST I5JJ0 YAOTS IST dUL °SSNTRA
1omoT pue Iemol ATburpuodssiiod pepusumodsx 9pTS JRAOTS aY3l
oTTym ‘obxeyosTp Fo uor3zrodoad asTTeRWS qdsooe 03 psaaedaad
sem Kaxebunyg suoTzer3zobau Jo soTI8s HuoT 8yl UuT SWTI Yded

‘ouTbox juswebeuew Isjem KAxexodusy ® se
(quetd 1smodoapiH oaoyToqes Jo uorzerado 8yl pue) PSqILSATI
~ uTew ueTIeBUNH-YRAOTS paIeys ay3l o3uT abieydsTp Te3I03 Y3 JO
paty3 oml Arybnox HBurizosaTp FO SUOTITPUOD TeoTboToo9 WNWTUTW
aTqeanocaezun Azea sy3 3deooe o3 Apesi sem Axebuny ‘KkIea3uod
ay3 uo *(Z66T ‘1990300 8T UO BTIYRAOTSOYDSZ)D Kq peubts
so3anuTW peoiby uopuol 89s) A3zaed JeaOTSOUYD9ZD IO HRAOTS 33
Jo K3TTTqTpaao 8yl Ausp 03 uoseal sn oATh yoTym subrs suwos
o1e oIoyl ‘pesjsur -osTwoidwod © yoeal o3 ssaubuTTITM JO
UOT3EDOTPUT JYRAOTS OU uUsaq sey ©I9Y3 syjuow €I ISeT 8yl putang

-£I3unoo Ino uT Inooo sauo saTiebou syl TTe OTTUM ‘epTs
JBAOTS 9yl UO aIe S3083FF8 aaT3Tsod 8yl Jo 3sou * £T3uenbasuo)
‘uotaxodoad uetiebund $%0T PUR NRAOTS %06 = $0T+T/T+%08
® 3TQTIUYXe® Mou ‘saTIijunod om3i 8yl Aq KTTenba paaeys
sem ATIswIoI YOoTym ‘ISATI I9T3juoxy oyl Jo obaeydstp I93em
ay3 3Pyl 30BJ 9Yy3j uT pa3joox sT @3ndsTp 8yl ‘oaoun)d 3e aqunued
SUY3 JO UOTSISATP TeI93eTTUn 9yl 03 8up UOTINQTIIISTP I33BM UO
suotqeo;igiobau 8TT3aNI Y3TA juads useq sey Iesd e uPY3 SIOW

AYYONANH J0 INIWIIVILIS HLYYVJHS

4 XIANIAdY



sy3 ‘BuTumrep oYl I93Fe 3IBYI SIBDTPUT STBAST 1o3empunoab
aya oIsym ‘eanbTy oy3z UT UMOYS ST UOTILNITS pebueys SsTUL

‘suoTyTpuoo uep-axd 3e aiem Asylz uay3l /'quaisIITp OSTe aIe
193BM MBI PO3eIRTTIUT 9yl pue soTueudp S3T 93ed UOTIBIFTTIFUI
-XATTeoTseq pobueyo sey wWe3IsAs MOTF TeUOTSUSWTIP ©91YI
Te303 9yl Aem sTY3l pue ! gouoz-abieyosTp pue (UOT3RIATTIUT)
abieyosx  Iejempunoib 3o uxsjaed 9yl DbuTumrep  I33IY

*suoseaa
HuTMOTTOF ©U3 I0F POpPNTOXd 8q JoUURD ITOAISSSI I93em butjiuTtap
abieT ‘enbTun Ino Jo uoT3BRUTWE]UOD JO HSTI SY3 ‘uotaTtppe Ul

-suoT3erndod
PUTYSTUTWTP oY3d UTY3ITs4 LJTSISATP oT39usb 3JO ssOT -
!saT3TUNWWOD
Teinjeu ayj JO SUOTIPUIOJUT oT3euab ur pezols Iaeg
os sousTaadxe TeoTboTo008-A1PUOTINTOAS wral-puol Fo ssol -
!swo3sksoos ureld
pooTZ 9yl Jo eoueusjuTew-3y[d8s Jo A3TTIqe 9yl Fo SSOT -
!Xqneeq pue sijejTqey TeInijeu JO SSOT -
{k3TsieaTpoTq @Yy3 HBuTrsesidsp -

: (pepTaoad ST suoT3Tpuod Teutrbrao au3l
spazemol uinjzai prdex ssorun) sHUTMOTTOF SY3 PTOAR J0UUEBD OSM
qey3 ‘suoT3ien3Ts snoboreue woiy @igejndsTpun ST 3T “SINSESU
o3 oTqrssodwur I0 3TNOTFITP Kaea K1TeoT3oead axe ssbeurep
yons Xuey ‘sessedoxd tenpeib mors ATeaT3eTax bHurtasprsuod
A1TeToedss ‘siojoe3y o1HuTs TeIsA9s UT sobueyo ,3uedTITUbTSUT,
03UT Pe3RTOUaISIITP © URD S30933F° anTaebau zolew ATsSnoTAdO
*quUSaTOTIINSUT ST poyzsw juasaad 8yl YiTm UOTIOE TexsjelTun
oy3 JO sjoedwT TRIUSWUOITAUSD putyenteaa pue DHuT3ldeTTOd
7o yoeoxdde ay3z 3ey3z ‘IesTd osTe Lwodaq Sey 31 + Lxebunyg
UT UOT3eN3TS TeIUSuUUOITAU® 3Juesaad aY3x 3O quswaaoxdurt
AU 3noy3Tm uoT3ETTTWNY po3dedde ue se pepaebax oq ATuo ued
a103J9q ueyl 9sIoM yonuw juswsszbe uoT3INAIIISTP Is3em Axeaoduel
zoyjoue yo BuTtubTs 8yl 3eYl ‘©I0F9I9Y3 POPNTIXS 8 JOUUED 3T

* *q10daa
juesaad ayj UT SOTIRUSDS 9Y3 I9PUN INO PIYIOM SSTNPSAYDS SWT3I
KAuew 3o9sdn jusweounouue pejosdxsun STYL °2IN3NF JUeIsSTP & UT
mou oze (g-, obed ‘ze61 ’'c£z IeoqueasoN ‘3iodey dnoad butsaom
‘391 99s) (1) €661 Axenuep T Aq pezTTeutry q 03 pesTwoad sism
YOoTYM SITOmMpoOTTF Y3 Jo uoTiexado ATTep @Yl °SUOT3TPUOD SUWOS
1opun 661 AW I933Fe (8bieyosTp Te303 9yl Fo /T URU3L ssaT)
oes/sm ov6 oATD 03 aTqe aq TT1TM sdeyxad Asyi 3Ing ‘bos/



[b(g.{/\ JQC?DQ?‘
WJ ;O ;9
( (

CBhbY Ty weqwsIdq  PAPRISIRLI]

JENNVd

[s/gw] 6o : °qnueq jo 9dreqosiqg
[tse w] -gg 027 : edfey e [2a9] I9jey
€661 ‘B unp : H1vVd

4 peeddy oy B

hopbinps 77

i ) 2 Stlasie
;‘79 W{‘fﬁ IV e 1? ;:?- gf- e .F-?/r’/)””/“- e f‘i*ff‘,-’/%’?ﬂ ?"47-—’('/"‘ “ :

/A s W
/,;‘/ sy 2 2/ ’1?: S ko Wil 504 %4’ ’\777.7:'/ prasky = ?/7/ @ ir! ’9‘,./27;/) ,._;}/.
' T A . A
4Dl Bhosonw  wyd MNP DR IE fOUNED Jrmdtd presasd 2y

*9AI9s91 I93em DBuTiuTap ay3z Fo A3TTIQRISUTnA
Y3TM uoT3zdosuuoduT 3Juejlrodut useq oAy pTnod abueyd sSIYL

‘aquueq a9yl 03 po309ITP MOU juswaAowW Iajempunoab
94yl ‘sauoz abieyosa Iolew mou axe eioe pojzoejzoad poolI Sya
uo Tsuueyo A1ddns zxs3em pue oqnURd-TUOSON STTYM ‘oapalupAasy
pue ejley usemjzsq ouoz obieyosTp Io0l[ew e oureoaq ognueq



