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A Simple Application of a Velocity Sensor based on the Doppler Effect of Ultrasonic Sound
Waves for Measurement of Discharge from Small-scale River

Masanori YOSHIDA* and Toshifumi MURAKAMI*

* National Agricultural Research Center for Western Region. 2575 Ikanochou. Zentsuji City. Kagawa 765-0053. Japan
Abstract

A hydrometry of small-scale river using a velocily sensor based on the Doppler effect of ultrasonic sound waves was
discussed. Cross-sectionally averaged stream velocity was estimated from velocity measured by the sensor. Then,
discharge data including storm runoff were obtained safely and accurately, by the way of multiplying the cross-sectionally
averaged stream velocity by cross-sectional area of flow estimated from water level.

In addition, the hydrometry using the sensor was revealed to have advantages as follows:
1) settlement of the sensor in a river is authorized casily,
2) cost spent on equipment and the settlement is low,
3) frequent and automatic measurement is available.

From above results, the hydrometry using the sensor is concluded to be worth utilizing for a long-term monitoring
system to evaluate discharge and pollution load from small-scale river located on agricultural watershed in hilly and
mountainous region.

Key words : ultrasonic sound wave, the Doppler effect, agricultural watershed, stream velocity, storm runoff
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Table 1 Total precipitation, initial rainfall intensity, and existence of H-Q loop in main rainfall events obserbed in May through October. 2000

Total Initial rainfall
No. Duration precipitation intensity *' H-Q loop
(mm) (mm)
1 19:00, 26th May-23:00, 28th May 82 5 not appeared
2 3:00, 3rd June-21:00, 4th June 40 6 not appeared
3 20:00, 8th June-10:00, 9th June 73 63 appeared
4 2:00, 17th June-1:00, 19th June 104 25 not appeared
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7 16:00, 28th Aug.-5:00, 31th Aug. 79 7 not appeared
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& Precipitation in 6 hours from the begining of rain.
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A Study on the deep seawater desalination system to mitigate the pollution of
marine environment with mixing discharge system
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Abstract
Kochi prefecture is a leading local government to develop deep seawater in Japan. The deep seawater is a

strategic water resources in the world with distinctive features of 1) unlimited sources (more than 200m depth in

the ocean), 2) steady low water temperature of less than 8 C,

and 3) biologically clean with rich minerals and

inorganic nutrients, which is being developed in the research stage with a series of pilot plants to aim of (1)

producing clean energy/electricity by thermal heat conversion, (2) desalinating seawater by reverse osmosis

membrane, (3) farming/nursing sole and other marketable fishes.

This study aims to mitigate the adverse

environment effect of the brine discharge from the advance RO desalination system on the marine water

environment, which is designed to produce more fresh water of permeate with less quantity and high salinity of

brine disposal.

Kev words : deep seawater development. RO desalination. urban drainagce. mitieation of marine nollution
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Environmental problems on the Shimanto River

Kosaku HAMADA*

* The Kochi prefectural Susaki high school Kure branch school. Kure Nakatosa-cho. Takaoka-gun Kochi 789-1301. Japan

Abstract
In this paper, I consider the environmental problems and possible causes of environmental aggravation of the Shimanto River,

- ¢ ; ; ; ; :
referred as “the last clear stream” . Particularly, I discuss about the environmental problems such as the worsening of water

quality, the destruction of natural environment, the wasting of river, the decreasing of river water as a result of deforestation, the

effect of dam, and the decrease of catch of fish.

Key words: the last clear stream, the environmental aggravation, the elfects of the dam
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The Danube River, conflict or compromise
- Damming or removing the dams -
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Abstract

The aim of this paper is to identify the measures of confidence building on the eco-political dispute over the development and
management of international rivers by evaluating some lessons from the cases of hydro-dam developments in Austrian section and
Slovak/Hungary section. This paper reviews the history of river development and dam construction of the Danube River since the era of
Hapsburg monarchy in the 18" century to proceed the comparative analysis on the case of compromising the regional environment
conflict in Austria and resolving the international eco-political dispute over the Gabéikovo-Nagymaros dams in the Slovak and Hungary
along the Danube in the end of 1980s. This study is a part of specific research project on the “Hydro-politics and eco-political decision
making along the international rivers” of the United Nations University in 1995.

Key words: Danube river development, dams, dispute, confidence building measure, environment conservation, restoration

1. Introduction

There is no eco-life on the earth without water, which

This paradigm shift from the water infrastructure development
to managing water for sustainable development has started since
unevenly distributed and in many places aculely scarce water 1970s especially in the developed countries, and it becoming.

resources.  The fresh water resources are finite and it is more serious global issue after the end of cold war in 1998

becoming more and more difficult to develop them by taking into including the more probable conflict or dispute in the

account of the increasing demands and environment constrains
including conservation of eco-system, bio-diversity, and natural
landscape as heritage in many of the specific regions in the

world.

development of trans-boundary rivers.
Access to clean and safe water is a fundamental requirement

for human health and sustainable development.
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Therefore, many meetings of experts, including the UN
Conference on “Water and the Environment™ at Dublin in January
1992 and “Environment and Development™ in the Earth Summit
at Rio de Janeiro in June 1992 set challenging tasks also for the
water resources development sectors, disregarding the crucial
issues of contlict or dispute on water and environment crossing
the national boundary.

It was declared in the UNESCO-IHP conference at Paris in
1994 that research emphasis should be given to large-scale
problems, issues related to eco-hydrology, connections between
hydrology and climate, and the vulnerability of the water
resources'. There are significant tasks in Dublin (1992), Rio
(1992) and Pairs (1994). It is pity that no significant discussion on
the conflict resolution or prevention of international rivers was
included in the tasks. Action is needed to reverse the present
trends of over-consumption, pollution and also increasing threats
from drought and floods. Recommendations for action at local,
national and international levels were set out not to clarifying the
problems of conflict resolution and prevention in the development
and management of international rivers.

This study on the hydro-politics and eco-decision making along
the international rivers aims to identify the issues in disputes
concerning water resources and environment, selected alternative
scenarios, and recommended processes throughout which the
countries concerned are likely to agree on solutions to the
problems by sharing information, resources, benefits and peace. It
is, however, not easy to resolve the conflict when the dispute
originates from the ethnic issues with complicated historical
background such as seen in the case of Jordan River”. The case of
Danube riparian question on the Gab.ikovo-Nagymaros Project
(GNP) is not simply the dispute over the environment
conservation to restore the bio-diversity of the inland delta, but
more complicating question on resolving the conflict over the
development and management of international river with political
and societal ramification including Hungarian-Slovakian ethnic
questions in and along the inland delta of the middle reaches of
the Danube river between Bratislava and Budapest®. The study
would also try to identify the ideas for objective environmental
management setting in the sustainable development scenarios by
reviewing some lessons from the history of the Danube River
development with some promising cases of the recent conflict
resolution with process of confidence building in the development

of Greifenstein dam and Fraudenau dam in the Austrian section.

2. The global perspectives on the question of large
dam development

The most significant question of today is put on the large dams
on the rivers, either “to be” or “not to be”  or. “construction” or
even “deconstruction”, for which Shakespeare might see the
answer in a phrase of Hamlet. For almost 5,000 years dams
have served to ensure an adequate supply of water by storing
water in times of surplus and releasing it during the period of
scarcity, thus also preventing or mitigating floods. Seasonal

variations and climatic irregularities in flow impede the efficient

use of river runoff, with flooding and drought causing problems
of catastrophic proportions.  In  response to enormously
increased demand, more than half of 39,000 large dams in the
world have been built in the past 35 years”. They have become an
integral part of our technical infrastructure, and throughout the
world they enhance our basis of life by offering many
indispensable benefits.  While the dam construction has long
been suffering mainly from the dispute in environment problems
since 1970s including immigration and conservation of nature,
landscape and bio-diversity in the eco-system.

There are several dam projects in developing or transitional
countries to be postponed or cancelled or stopped since 1970s
including “Sardar Sarovar”, “Tehri” in India, “Arun III” in Nepal,
and ete.  The “Three Gorge Dam™ in China is another counter
example to execute the construction work neglecting either
international or domestic environmental concern. The project
was once stopped in the early 1990s, owing to withdraw of the
international finance assistance with the World Bank.

A new demand to either remove or deconstruct the existing old
large dams, of which the exclusive permit of riparian water use
will soon be terminated, is in a serious discussion such as seen in
a case of hydroelectric dam on “El-Wha” river in the Washington
State of U.S.A. The U.S. government has suggested to remove
the EI-Wha dam with height of 32 meters in 1994”, taking into
account of the priority riparian right for the local American
Indians living there, 2) restoration of fish (Salimon sp.) ecology to
sustain the economic life of Indians, and 3) the safety problem in
80 wyears old unstable concrete gravity structure on the
complicated geological rock foundation®. The dam is being
removed to restore the natural environment and eco-system of
the river.

Intensive water development and environmental change
threatens the sustainability of fresh water resources, giving some
significant influence and adverse effects on the quantity, quality
and eco-life not only along the rivers but also in the inland and
coastal deltas such as being discussed in the case of Danube and
Rhine. A very few concerns might have been paid to solve the
increasing potential conflicts and the creeping environmental
problems over the international fresh waters, and time is fast
running out. A symbolic question of stopping and/or removing the
dam, which aimed to conserve the environment with exclusive
natural landscape and eco-system of the rivers, is found in a case
of Gab.ikovo-Nagymaros Project on the Danube River in
Hungary and Slovakia.

3. River management in Europe

The three largest European rivers, the Volga, the Danube, and
the Dnepr, drain one quarter of the continent, but their
catchments are not large by world standards, ranking 14th, 29th,
and 48th, respectively. According to the statistic”, thirteen of
twenty-five major river basins in FEurope are basins of
trans-boundary rivers, where the Danube is the largest
international river basin in Europe (Fig. 1).

The Danube, which is a truly European river flowing through
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not less than 10 countries, involves sensitive issue of ethnic
relations  dedicating  highly controversial balances  between
economical-political claims and environmental disputes in the
relation between upstream and downstream dimension.

Europe’s trans-boundary rivers together with their numerous
tributaries play extremely important economic roles. For centuries
they have been extensively used for navigation, fishing, water
supply, agriculture and industry, as well as for the natural
drainage system of wastewater. The Rhine River is a typical case
that the drinking water for some 20 million people is dependent
on the Rhine water. On the lower reaches of the Rhine, the
shipping of some 270,000 million tones is registered yearly. The

riverbed of the lower 800 km is regulated or canalized and the
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original river mouth is dammed. Weirs or barrages regulate the

qater fTow in many tributaries of the Rhine. For comparison, the
annual flow of the Rhine at the downstream of Basel is 1,000 m'/s,
while it is amounted to 6,650m%/s at the downstream of Danube
delta.
complex waterworks) with a volume above 1 million m’ were
constructed on  the Danube 1950 and 1980. The
Rhine-Muin-Danube  Canal  has opened in 1992 1o
accommodate huge Euro-barges carrying up to 2,425 tons of bulk

, . i 8
cargo, the equivalent of 78 truck trailers )

It is noted that a total of 69 dams (most of them as a more

between

been

of which the
construction works commenced in the end of 1950s to connect the

navigable waterway from the North Sea to the Black Sea.
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4. The Danube and river development

The Danube River basin is situated in the heartland of Central
Europe. The main stream has a length of 2,857 km and drains
817,000 km? including all of Hungary, most parts of Romania,
Austria, Slovenia, Croatia, and Slovakia, signilicant parts of
Bulgaria, Germany, the Czech Republic, Moldova and Ukraine,
some parts of FR Yugoslavia, Bosnia and Herzegovina and small
parts of Italy, Switzerland, Albania and Poland (sce Fig. 1).

The waters of the Danube River basin and its tributaries
combine to make up an aquatic ecosystem of high economic,
social and environmental value. It includes numerous important

natural areas including two extensive wetlands such as coustal

delta in the lower reaches of the Danube River in Romania and
Moldova and inland delta at the middle reaches of the Danube
River along the national border between Slovakia and Hungary.
A large number of dams, dikes, and navigation lock, and other
hydraulic structures have been built including over forty major
reservoirs on the main stream of Danube.  There have been
some 28 dams built on the German part of the Danube. Some 15
dams have been built between 1952 and 1990 including the one
is still under construction between the section of Ulm and the
new cascade in Kelheim where the Danube-Main-Rhine channel
connects the town of Banberg in Rhine (see Fig. 2). Muany

hydropower stations were built in the upper reaches to provide
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more efficient electricity production and less harmful effects on
the surrounding environment. Besides these plants, there have
been six power stations together with ship locks built
downstream from Bad Abbach near Regensburg, down to the
Jochenstein hydropower station, built together with Austria. The
total annual average production of these facilities is some 2,390.7
GWh”. There are also numerous other hydropower stations and
dams to be found on the channels and side branches of the river
system that affect the situation in the upper part of the Danube
flow. The overall production of the 9 Austrian power plants is
some 12,663 GWh?, including the new plant Fraudenau in

Rhine River

~
R

Nagymaros Dam

Vienna (Fig. 2). But such hydraulic structures, which were
constructed before 1990, have caused changes in flow pattern
and eco-system of the rivers. Furthermore, the intensity of
agricultural, industrial and urban uses has created problems of
water quality and quantity, and reduced biodiversity in the basin.
These changes have caused significant environmental damage,
such as reduced sediment transport, increased erosion and
reduced self-purification capacity, including public health aspects
in connection with drinking water supply of the population,

recreation and bathing in the downstream riparian.
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Fig.2 Profile of Danube River and dams in the main stream
4.1 The river system floodplain  arcas, which is called *“Mosoni” region and

The Danube River basin is divided into four parts: 1) the upper
region, 2) the middle region, 3) the lower region, and 4) the
Danube delta. The mean flow of the river is about 6,550 m"’/.s', the
extreme values ranging from 15,540 m%s of the peak discharges
10 1,610 m’/s of the low flow at the entrance of the Jower Danube
delta'?.

The Upper Region extends from the source (ributaries
(conjunction at Bribach and Breg) in Black Forest in Germany to
Bratislava in Slovakia. Major tributaries from the south, including
the rivers Iller, Lech, Isar, Inn, Salbach, Traun and Enns, drain the
alpine sub-basins and augment the discharge in the Danube
substantially. Originally these mountain tributaries transported
large amounts of sediments, but sediment load is now greatly
reduced because of the construction of hydraulic works. Major
tributaries from the north are the rivers Naab, Kamp and Morava.
The Morava is the most important and drains the Czech part of
the Danube River basin and smaller areas of Slovakia and Austria.
The Middle Region is the largest of the three regions, extending
from the confluence with the River Morava at Bratislava to the
Iron Gate dams at the border of Romania and FR Yugoslavia.
Here the Danube enters a flatland region. The sediment-carrying
capacity of the river is reduced and gravel and coarse material

have been deposited specially in the inland delta.  The extensive

“Szigetkdz” region, are located in and around the border of
Slovakia and Hungary Gab. ikovo-Nagymaros Project is the focus
point in this wetland to resolve the environment dispute including
the construction of hydro-eleciric dam.  After the narrow gorge
of Nagymaros, where the on-going dam construction work was
abandoned in 1991, the river separates into branches forming
several islands. The major (ributaries in the region are from the
left; the rivers Vih and Hron in Slovakia and Tisza, and from the
right, the rivers Leitha, Raab, Drava. Sava and Moldova Veche.
Down to the confluence with the river Drava the mean flow
Moldova
Veche (km 1,048), the 117 km long gorge section begins between
the Carpathians and Stara Planina (the Balkan Mountains). This

gorge has been filled by large reservoirs for hydropower and

discharge is increased to about 5,700 m/so. At

navigation.
The Lower Region consists of the Romanian-Bulgarian

lowland and it’s surrounding upland plateaus and mountains.
From the mouth of the River Timok to Silistra (km 374) the
Danube forms the Romanian-Bulgarian border, flowing mostly
cast. The Danube flows as a wide of 800 m, slow-moving river,
with extensive, well-developed alluvial plains especially on the
left bank in Romanian side. The inundated area during floods can
reach a width of up to 10 km. Much of the sediment load of the
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Danube is deposited behind the Iron Gate Dams, resulting in
active riverbed erosion in this flood plain. The last two large
left-bank tributaries are the Siret and Prut rivers. Several lakes in
the lower Prut Valley are linked hydrologically to the Danube
River.

The Danube Delta comprises the extensive wetland system of
600,00 in the lower reaches to the river mouth. It was created by
the division of the river into three main branches, forming a
triangle with about 70 km long sides. Almost two-thirds of the
delta area is seasonally submerged due to the low ground
elevation. The whole of the Romanian part of the delta was
declared a Biosphere Reserve in September 1990 and registered
under the Ramsar Convention. Over half of its area is listed under
the World Heritage Convention. Some 15,000 ha (about 10%) of
the Ukrainian part of the Delta are protected, the rest being used

for agriculture!®).

4.2. Basin development plan and hydraulic works on the
Danube

Developing the Danube river, which intends to 1) prevent
periodic catastrophic flooding, 2) improve and extend its
navigability, and 3) generate hydro-electricity, has been a
recurrent concern among the riparian state along the river.
Flood control

The earliest work to protect the serious [lood on the Danube
date back to the thirteenth century. Historical floods were
recorded in 1445, 1501, 1721, 1787, 1876 and 1884, 1929, 1947,
1954, 1963 and 1965. The big floods in 1954 and 1965
represented warnings about the potential damages that could
appear in case there were no measures luken to halt the
problematic processes. In 1954, the flood broke the dikes on four
points on the Hungarian side in the Szigetkoz region, and water
completely or at least partially flooded an area of some 33,000 ha.
1965, the dikes

Czechoslovakia side at two places, near villages Patince and

During the floods of broke on the

. loov. Some 71,000 ha were flooded directly and at least 3,500
Some 55,000 people had

to be evacuated from the affected areas. During the flood, the

buildings were completely destroyed.

flow at Bratislava reached 9,170 m’/s”. Slovakia was the most
seriously affected country by the flood of 1965, however there
were also large damages caused by the flood in Austria, Hungary
and Yugoslavia. By that time it was quite clear that measures
aimed at decreasing the flow energy of the river and increasing
the flow cross section had to be implemented. Constructing a
dam that would impound the water level in the direction of
Bratislava was calculated to be the most efficient way to decrease
the flow velocity. The Nagymaros dam should have had a similar
effect in the lower part of the developed section.
Navigation

As carly as 1880, the

Austro-Hungarian Monarchy considered the issue of constructing

planning commission of the

water works and regulating the flow on the 172 km long section

in Slovakia-Hungary®. This section of the river has long been the

second most troublesome section for navigation between Vienna

s &

and the Black Sea. The importance of the Bratislava harbor
increased at this time particularly because of the Habsburg
strategic viewpoint. The Italian engineer Ennio Lafranconi
modified the plans concerning this part of the river, originally
elaborated by Pal Vasarhelyi in 1880. A Swiss firm led by Dr.
Fischer-Reinan undertook the construction works and they were
completed in 1915. Lafranconi’s works were primarily concerned
with the training of the riverbed in order to improve the
navigation conditions for big steamships in the Bratislava region.
The meanderings were cut off, numerous smaller side branches
and tributaries were closed, and decreasing of groundwater level
dried out the wetland woods behind the protective dikes.

The Danube countries cooperate on navigation under several
agreements dating back to 1856. The Danube, especially the
middle and lower reaches, has been an important natural
waterway for centuries. In 1984, a 64 km Danube-Black Sea
canal between Cerna Voda and Constanz, in Romania, was
completed to shorten the route by 370 km. The dream of
constructing a navigable waterway connecting the rivers Main
and the Danube, and thus the North Sea and the Black Sea, dates
back to ancient times. This was done after the opening of the
Rhine-Main-Danube canal on 25 September 1992, Apart from
the Iron Gates area, the middle reaches below the Gab. tkovo part
of the project remained the worst navigable area. Linking up the
Rhine-Main-Danube Rivers is an ancient goal that dates from as
far back as the reign of the Emperor Charlemagne.

Hydro-power

The first projects for harnessing the Danube for hydroelectric
power date from the later years of the last century. Lafranconi in
1880, Dr. Fischer-Reinan in 1915 and Dr. Holecek in 1921
proposed the construction of hydroelectric power plant on the
Danube. In 1918, a Swiss firm acquired the rights to exploit the
section of the river between Bratislava and Gydr for electricity
production. In 1919, the Hungarian Republic elaborated a plan of
electrification aiming to produce some 684 GWh of electricity.
According to these plans, one third of the production should have
originated from the considered section of Danube. At the peace
conference in 1919, the new Czechoslovakia argued for and
obtained the Danube frontier and a small tochold on the south
bank, near Bratislava. The Treaty of Trianon in 1920 did not
accredit Czechoslovakia claims 1o unilateral rights to "utilize
hydro-electric resources of the Danube and Morava rivers.
According to Article 290 of the Peace Treaty of Trianon, the
Czechoslovak Republic is possessor of the exclusive right to
utilize the hydroelectric power of the river under the supervision
of International Danube Commission™,

The old conceptual agenda of developing the Danube had paid
less concern on the conservation of environment and ecosystem.
The  Hungarian  initiative  to  withdraw  from  the
Gabéikovo-Nagymaros Project is dependent on the eco-political
decision making with new conceptual agenda of sustainable
development with conservation of eco-system and bio-diversity,
of which the dispute was brought to the International Court of

Justice at Hague in 1993, The case of Gabéikovo-Nagymaros
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Project is, however, not simply the dispute over the environment
conservation to restore the bio-diversity of the inland delta, but
more complicating question in the mixture of old agenda and new
agenda, resolving the conflict over the development and
management of international river with political and societal
ramification including Hungarian-Slovakian ethnic questions in
and along the inland delta of the middle reaches of the Danube
river between Bratislava and Budapest.

5. Eco-decision making of Greifenstein dam and

Fraudenau dam

The Greifenstein and Fraudenau were the first case of
compromising the multiple solutions in Austria by taking into
account the role of restoration of the inland wetland by
constructing the small hydropower dams on the main stream of
the Danube, which intended to recharge groundwater through the
foundation of embankment system by damming the reservoir.
There was, however, political atmosphere generally favoring
more environment protection than the past to intend the slogan of
“stopping the dams™ in 1980s in Austria. It took a long time to
agree with environment group including NGO by executing the
extensive field research works and studies on groundwater
hydrology and eco-system monitoring.

The Austrian section of the Danube, from Austria’s border with
the Federal Republic of Germany to the Slovak border is some
350 km long. Along the Austrian reach, the Danube has a drop of
150 m, which is five times as long as the remaining section down
to the delta at the Black Sea (see Fig.2).

valuable and vast power potential depending on

This represents a

relatively
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balanced water flow throughout a year with moderate seasonal
fluctuation.
The latest historical development of the Austrian part of the

Danube river took place into three phases:
th

1) ap to its river
regulation works in the 19 century, 2) up to the first barrage
with run-of-river power station on the Danube was constructed at
Ybbs-Persenbeug in 1954, and 3) the following four decades in
which the river has been developed into the power generating
waterway by constructing a series of run-of-river power stations
1954, Aschach in 1963,
Wallsee-Mitterkirchen in 1968, Ottensheim-Wilhering in 1973,
Altenworth in 1976, Abwinden-Asten in 1979, Merk in 1982,
Greifenstein in 1984 and Fraudenau in 1998 (Fig. 3).  The nine
2.633 billion kWh of electricity per
of the Austrian energy

such as  Ybbs-Persenbeug in

power stations generate 12
annum, thus covering approximately 25%
demand'".

designed as small as possible to mitigate the adverse effects on

The Danube power scheme in Austria, which is

the environment, aims not only to supply electricity but also
fulfils a variety of other functions such as 1) navigation, 2) flood
control, 3) irrigation, 4) restoration of ecology and landscapes,
and 5) recreation areas.

The Austria section of the Danube is filled with barrages and its
backwater reservoir except the section below the Fraudenau in
Vienna city and between Melk and Krems (Fig. 3). The
construction of Rithsdorf dam, which is located in the center heart
of the most beautiful river landscape of “Blue Danube™ between
Melk and Krems, is being to be postponed to conserve the nature,
landscape and tourism in the Wachau region of the Austrian

heritage.
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Fig.3 Development plan of the Danube River in Austria section



5.1 Greifenstein dam and restoration of inland wetland
eco-system

The backwater reach of Greifenstein hydropower scheme
extends from the barrage in the new bed of the Danube as far
upstream as the next power station at Altenworth. With a length
of about 31 km the backwater reach lies entirely within the
floodplain of the

Tullnerfeld". The river dykes of about 23 km
were constructed for the impoundment and as well as {lood
protection measures on both banks. Flood retention facilities and
an irrigation system ("Giessgang") for the riparian woodland on
the left river side as well as flood protection measures for the
river-side communities along the right bank were provided in a
part of hydropower scheme.

The international Danube Commission has specified a shipping
channel with a minimum water depth of 2.7 m and a minimum
width of 150 m (in reference to design low-flow conditions). This
means optimum navigation conditions are offered within the
developed reaches of the River Danube. All Danube hydro-power
plants are equipped with a two-chamber lock system which has
been designed so that the shipping groups can master the
difference in water levels as fast as possible. When the
Rhine-Main-Danube Canal was completed in 1992, the Danube
became a part of continuous waterway stretching from the North
Sea to the Black Sea.

The mean flow of the Danube at Vienna is 1900 m%/s. When
designing the backwater embankment dykes of the power
schemes, flood control  requirements  are  also  taken  into
consideration. The flood control system of the city of Vienna has
been designed for a caleulated maximum flood of 10,000 m*/s!"",
Overall sections and regulating structures have been built in other
areas, where natural inundation is desirable or necessary for the
maintenance  of wetlands. Irrigation systems such as the
"Giessgang” at the Greifenstein power scheme provide favorable
conditions for the continued existence of dynamic floodplain
forests.

The backwater areas and still water branches created from the
old channel of the Danube by the dry construction method are
very popular with the general public as leisure and recreation
areas. The tow road paths (riverbank paths) were not developed
into first-class cycle paths until the power station construction
began. Thousands of Austrian and foreign tourists now cycle
along the "Passau - Vienna - Hainburg Danube Cycling Path".
This represents an important contribution to the encouragement of
tourism along the River Danube.

The case of Greifenstein dam is conceived as viable example of
restoring the groundwater environment to revive the wetland
eco-system and floodplain forest in a small scale inland delta, of
which the eco-system monitoring for 10 years suggests the new
paradigm of river development in cooperation with ecologist and

hydraulic engineers.

5.2 Fraudenau Dam and environmental conflict resolution
The deepening of the Danube riverbed amounted to about 80

em since the navigational river regulation works carried out in the
end of 19" century, which correspondingly resulted in lowering
groundwater levels in the areas on either side of the river.
Unless water is impounded by way of a barrage in Vienna,
adverse effects will be found as a result of the deepening of the
Danube riverbed in the wake of the completion of the
Greifenstein power plant in 1984 at 50km upstream from the
Fraudenau. After careful observation and check on some 500
environmental regulations, the Fraudenau facility could meet the
full compliance with the Viennese Environmental Protection Act.
After operating the dam  with navigation locks and small
hydropower plant in 1998, the "Alte Donau", and the "Lobau",
two spacious former branches of the river, which are popular
suburban recreation areas, are supplied with sufficient fresh water
by through seepage from the reservoir. Ten hectares of riparian
woods are reforested and the "Donauinsel” provides additional
habitats for fauna and flora through biosphere encouragement
Careful environment monitoring is being carried out to confirm
the influence of damming the dam on the groundwater
environment and wetland ecosystem in and around the reservoir.

The case of Fraudenau hydropower development scheme
demonstrates the recent promising example of compromise in the
central Europe. Long-term effort of making the process of
confidence building in cooperation among the hydraulic engineers,
ecologist and NGO's resulted in preventing the conflict and
restoring the eco-system in a heart of Vienna city of the capital of
Ausltria,

6. Gab. ikovo-Nagymaros Project (GNP)

The Gab. ikovo part of the project is located on the 70 km long
section along the Danube from Bratislava down to Gyor. The
original plan of the Gab. ikovo-Nagymaros Project was conceived
to consist of two main components such as Gab. tkovo
(hydropower dam and upstream main reservoir) and Nagymaros
(downstream regulating reservoir), which together create a
unified, inseparable operation system specially for the optimum
peak power operation (see Fig. 4).

The chronology of significant  events surrounding  the
Gab. tkovo-Nagymaros project starts with the following!?"

1910- plans for the utilization of the hydroelectric power of the

Danube emerge,

1920~ Treaty of Trianon, through which Hungary lost territory
to Czechoslovakia, including the territory in Slovakia,

1948—  The Danube Convention signed by riparian nations,
requiring signatory countries to maintain their sections
of the river navigable for big ships, in order keep the
river navigable throughout its length,

1950—  suggestion at the meeting of the Hungarian Academy of
Sciences that contact be made with Czechoslovakia to
examine the possibility of building a power plant
together;

1958-  a Hungarian-Czechoslovakian joint expert Committee

recommends building a system comprised of two dams,
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one with an elevated side channel, etc.

The main objectives of the Gab.ikovo-Nagymaros Project
includes; 1) flood control and protection against inundation by
internal waters, 2) improvement of navigation conditions
between Bratislava and Budapest, providing the safe navigation
and removing also other navigation obstacles, 3) exploitation of
the hydropower potential of the Danube in the concerned stretch
and making possible the peak operation of the hydropower plant
at Gab.ikovo, 4) improvement and stabilization of the water
management regime in the Danube and in the adjacent territory,
namely within the inland delta downsiream of Bratislava, 5)
controlling bed-load transport  regime and regime of ice floods,
and 6) protection of groundwater reservoir for supply drinking
water.

The Main reservoir of Dunakiliti-Hrusov, which consists of

peripheral embankment dams with parallel seepage canals, is
located along the right bank of Danube in the entire territory of
Slovak by adopting the alternative development plan of “Variant
C” ¥ (sce Figs.4, Fig. 5). The reservoir begins just downstream of
the city of Bratislava to keep the water level at 131 .2 m above the
Baltic Sea.

m’ accumulating the daily flow of the Danube. The embankment

The effective volume of the reservoir is 243 million

dykes lies on the gravel riverbed with clay slope sealing and
surface protection by concrete lining. Clay soil carpet with a
20-150 m width prevents the seepage through the foundation. The
seepage canals and collecting wells along the embankment
control the groundwater seepage. The Dunakiliti weir is built on
the right side intersection at Danube on the Hungarian border.
The facility was designed to impound the water to the level of
131.1 m and to discharge a part of flood exceeding the design
capacity of the Gab. ikovo main dam (see Figs.4, 5).
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The Gab. ikovo dam consists of a hydropower plant and two
navigation locks. The hydroelectric power plant of Gab. (kovo is
located on the right side of the complex, and the twin ship locks
on the left side. The power plant has an installed capacity of
720 MW generating electricity of 2,980 GWh per annum at
continuous operation. The plant comprises 8 units of Kaplan type
turbines in total to develop the hydraulic head difference of 16.2m
(men\-23,.8m (gross) at flow rate of 3,630-5,090 m’/s. Slovakia is

iting 52.6% of its  hydro-energy potential after the

completion of the Gab.ikovo part of the project (Legon 1996).
The hydroelectricity of the Gab. ikovo accounts for about 20% of
the national electricity production in Slovakia. The ship locks are
designed to adjust the head difference between the water levels
between the headrace canal and tailrace canal, securing continual
waterway traffic. There are two units of the locks with a length of
275m and a width of 34 m of each.

A series of side spillways were installed to compensate the

decrease of discharge in the side branches along the section of old



Danube channel such as Mosoni region” in the Slovakian territory.
The maximum design discharge of the canal system is as large as
9,770 m’s. Hungary claims for the significant decrease of more
than 90% of river flow discharge in the side branches along the
old Danube channel such as Szigetkdz region in the Hungarian
territory (Fig.5)

The Nagymaros part of the project. which is the
downstream regulation reservoir, comprises two
navigation locks. a hydropower plant and a barrage to
follow the embankment dykes and dredging the river
bed for 39 km long. The dam site, which was planed in
the center heart of Nagymaros area, was seriously
questioned by the environment people in the end of
1980s, claiming for the development of Hungarian
heritage with beautiful natural landscape in and

along the Danube bent (Fig.4). The Nagymaros dam

Slovakia ,

Rovinka

W’% Kalinkovo

Hamuliakovo

Exisling Rl D,@

was abandoned to conserve the historie nature and
landscape by removing the embankment 1n the initial
stage of construction in 1990-1991

There are only two natural river heritages co-existing with
exclusively excellent landscape in the gorge of Danube river
such as “Wachau” in Austrian section and “Nagymaros™ in
Hungarian section which are to be conserved handing over the
decisions to the next generations by taking into account the
paradigm shift on the river development in Europe after 1989
The development plan of the Rithsdorf dam at Wachau was put
aside and construction work of the Nagymaros dam was
cancelled 1o adopt the new agenda of sustaining the
development for the children and children’s children in the

perspectives of 21% century.
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Fig.5 Gab7ikovo Dam Project and Slovak Proposal of Variant C

7. Restoration project of Danube delta

The most significant activities in recent decades have been the
creation of a canal network in the delta to improve access and the
circulation of water through the delta, and the reduction of the
wetland area by constructing the agricultural polders and
fishponds. As a result, biodiversity has been reduced and the
e

" mentally important natural water and sediment transport

n have been altered, diminishing the ability of the delta to

retain nutrients. The Romanian government with support by
Global Environment Facility (GEF) decided the pilot restoration
of wetland areas in 1993 to restructure the biodiversity as well as
to increase the nutrient filtering capacity of the wetland. The pilot
restoration  work intended 1o remove a part of exisling
embankment system taking a part of the flow in the Danube into
the existing reclaimed land. The monitoring of the pilot project is

being carried out to collect valuable information that can be used
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in other attempts 1o reconstruct the ecological functions of
wetlands in the Danube basin. The river restoration works in the
lower Danube in Rumanian section is the first pioneering wetland
restoration project in the Danube region, while there is world first
pioneering restoration project in 1992 namely “De Brauwe

Kamer” in the lower Rhine delta in the Netherlands.

8. Concluding remarks

The UNUS activities focus mainly on peace and conflict
resolution, development, environment, and management in a
changing world, and science and technology in relation to human
welfare. The program area of the United Nations University
(UNU) on sustaining Global Life-support System responds to the
priorities identified in the "Agenda 21" in 1992. A small
research project on hydro-politics and eco-political decision
making aims to identify the issues in disputes concerning water
resources, selected alternative scenarios that could lead to the
solution of complex problems related to water and environment
issues, and recommended processes throughout which the
countries concerned are likely to agree on mutually satisfactory
solutions to the problems by sharing resources and benefits. It
is also try to provide a comprehensive and objective
environmental  management  setting  for the  sustainable
development in the perspective of 21st century.

There 1s political atmosphere generally favoring more
environment protection than the past to intend the
slogan of “stopping the dams”. The small hydropower
schemes at Greifenstein and Fraudenau in the Austrian
section  of the Danube were the first case of
compromising the multiple solutions by taking into
account the priority role of restoration of the wetland
ecology in the framework of the development project. The
constant flow type of small hydro dam intends to
recharge groundwater to revive the wetland eco-system
It took a long time, however, to agree
NGO by

research works on

and bio-diversity.
with  the
performing the extensive field

environment  group including
groundwater hydrology and eco-system monitoring.
A new hydropower development of the Gabéikovo dam on the
Danube of Slovak in 1992, which diverted the most of the flow
in the Danube main channel, is a focus of discussion between
Slovak and Hungary.  Geopolitical setting of the Gabéikova
dam in the upstream riparian of Slovakia, which gave
psychological fears in the lower riparian of Hungary, might lead
either conflicts or compromise.

Eco-restoration project, which aims to restore the wetland

ecology of the reclaimed delta, has been carried out 1o remove a

part of existing water infrastructures since the beginning of 1990s.

The typical models are “De Brauwe Kamer” in the Rhine delta in
the Netherlunds and “Coastal delta™ in the lower Danube in
Rumania. It is too early 1o conclude that it is success or failure,
evaluating the monitoring data in the long-term basis of

than 10 years.
While societal. political, and legal problems on the

Gabéikovo dam  have been extensively argued
immediately after taking the legal proceedings at the
International Court of Justice at Hague. of which the
legal process 1s being examined with Hungarian
counterparts to support the eco-political decision process.
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A Simple Application of a Velocity Sensor based on the Doppler Effect of Ultrasonic Sound
Waves for Measurement of; Discharge from Small-scale River
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A hydrometry of small-scale river using a velocity sensor based on the Doppler effect of ultrasonic sound waves was
discussed. Cross-sectionally averaged stream velocity was estimated from velocity measured by the sensor. Then,
discharge data including storm runoff were obtained safely and accurately, by the way of multiplying the cross-sectionally
averaged stream velocity by cross-sectional area of flow estimated from water level.
£ In addition, the hydrometry using the sensor was revealed to have advantages as follows:
é:' 1) settlement of the sensor in a river is authorized easily,

2) cost spent on equipment and the settlement is low,
3) frequent and automatic measurement is available,

From above results, the hydrometry using the sensor is concluded to be worth utilizing for a long-term monitoring
system to evaluate discharge and pollution load from small-scale river located on agricultural watershed in hilly and

10mm

mountainous region,
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Fig. 7 Relationship between sensor velocity and cross-sectionally
averaged velocity denved from manual measurement (O),
and regression curve of cross-sectionally averaged velocity as
a function of the sensor velocity (—)
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