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PREFACE

The Austrian National Committee on Large Dams has the
honour and pleasure of hosting the 59" Executive Meeting
andthe 17" World Congress of the International Commission
on Large Dams in Vienna in June 1991. In continuation of
a long standing ICOLD tradition, this commemorative
publication on dams and dam engineering in the host
country is dedicated to the participants at these two
events.

The 45" Executive Meeting in Salzburg in 1977 was also
commemorated with a special publication, namely “Large
Dams in Austria -1977”, comprising a systematic descrip-
tion of all Austrian dams and river barrages in operation or
under construction. In addition, since Austria’s large
damsandriverbarrages are constructed almost exclusively
by the country’s electricity supply companies, it was
decided to mark the 15" World Congress in Lausanne in
1985 with a detailed presentation of all seasonal storage
schemes and run-of-river plant — the two predominant
types of hydropower development in this country — in a
brochure entitled “Hydro Power Schemes and Large
Dams in Austria - 1985”. Both publications are still valid
and useful reference works today.

Although this commemorative publication makes free
use of data contained in the two earlier publications, it
also contains much additional material and provides a
completely fresh selection and restructuring of its subject
matter. The authors have been at pains to offer a compre-
hensive overview of dams and dam engineering in Austria,
its background and development, on the one hand, while
restricting detailed description to a selection of dams that
can be assumed to be of general interest in view of their
height, design features or specific construction problems
or experiences on the other.

Accordingly, the first five chapters (A—E) are devoted to
the engineering objectives and natural conditions typically

encountered in Austria (and especially the geology of the
sites), the history of dam construction in its close
interrelationship with general hydropower developments,
approvals procedures and legislation pertaining to dam
operationand surveillance, plus the environmental aspects
of dams and reservoirs and their implications for the
engineer.

This is followed, in chapters F and G, by detailed discus-
sion of 16 concrete dams and 10 embankment dams, with
a comprehensive introductory section in each case, while
Chapter H is devoted to Austria’s river barrages for run-
of-river plant on her seven biggest waterways. A summa-
ry of dam engineering technigues and their development
from the point of view of the Austrian construction industry
is presented in Chapter J, and Chapter K comprises a
new register with the characteristic data of all Austrian
dams and reservoirs excluding river barrages. As an
additional source of relevant data, the Austrian entries in
the ICOLD World Register of Dams are included in the
Appendix.

The Austrian Committee on Large Dams is indebted to
many colleagues for their dedicated work in preparing
and editing this book, and also to the sponsors from the
construction industry and the electricity supply compa-
nies, without whom this work would not have been pos-
sible. We trust this publication will also be of interest to
engineers from other countries as a source of information
on the state of dam engineering in the host country of this
17" ICOLD World Congress and may perhaps serve as a
stimulus for their own work.

In presenting the book, | should like to take this opportu-
nity to welcome all colleagues from abroad on behalf of
the Austrian National Committee and express our sin-
cere wish that their stay in Austria will be most enjoy-
able.

Dr. Wolfgang Pircher
Chairman

Austrian National Committee
on Large Dams
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OBJECTIVES AND BASIC CONDITIONS
FOR DAMS IN AUSTRIA
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OBJECTIVES AND BASIC CONDITIONS
FOR DAMS IN AUSTRIA

By W. Pircher *

1 HYDROPOWER - THE PREDOMINANT PURPOSE

Human needs and natural conditions guide and determine
the design and construction of dams in every individual
case. The following remarks briefly outline these factors
in as much as they characterize the background for dam
engineering in Austria in general. All the 131 Austrian
dams which qualified for inclusion in the World Register
of Dams according to ICOLD criteria have “Hydropower”
as their main and very often only purpose (see Annex).
For more than eight decades the construction of large
dams and large river barrages in Austria has almost
exclusively been undertaken by electricity supply
companies which at present produce about 70% of the
country’s electric power requirements from hydro. It is
only for the power stations on the Danube that the
government pays a subsidy towards construction costs
as compensation for the resulting improvements to
navigation on this important European waterway. Apart
from hydropower, multi-purpose benefits, in particular
substantial improvements to flood control deriving from
the large Alpine seasonal storage schemes, are provided
free of charge. Only very few of the many structures built
exclusively for flood retention or debris flow control would
qualify as large dams according to ICOLD standards (see
Chapter B, Table 4).

As hydropower generation is thus by far the dominant
function of Austrian dams, the natural conditions for their
construction must be viewed and assessed primarily from
that point of view, too. The country’s relief and resulting
drainage network, the distribution of precipitation and
related runoff determine Austria’s hydropower capacities.
The discrepancy between supply, in the form of runoff
regime, and demand defines optimum reservoir size in
terms of energy production. Topography, settlement
patterns and the many and varied additional functions —
including deliberate non-utilization — of potential reservoir
sites, onthe other hand, impose certain limits on reservoir
size, and sometimes very narrow ones.

This had led to a particularly clear pattern in the siting of
dams, which is characteristic of all Alpine countries and
is especially marked in Austria, relating to two predominant
types of hydropower plants. First, in mountain locations,
we find medium to very high dams of various types,
especially for the high-altitude seasonal storage reservoirs
built for the high-head power plants located in the side
valleys of the Central Alps. And second, there are the
major river developments located in densely populated

* Dipl.-Ing. Dr. techn. Wolfgang Pircher, Executive Director, Tiroler
Wasserkraftwerke Aktiengesellschaft (TIWAG), Landhausplatz 2,
A-6010 Innsbruck, Austria

valleys with correspondingly limited scope forimpounding,
where power generationis almost exclusively by low-head
run-of-river plants of the river barrage type.

To date, only about two-thirds of the 54 TWh of total
estimated hydropower potential in locations considered
technically and economically feasible is utilized in Austria.
This is the product of a period of fairly constant
development in hydropower since the end of the forties.
Itis only in the last few years that the pace of construction
has been considerably reduced, in spite of the continued
growth in demand for electric power. This reflects the
increasing difficulty experienced in achieving a
socio-political consensus for new projects at a time when
people are showing a pronounced interest in
conservationist ideas. Hence it is difficult to make pre-
dictions for the development of the remaining hydropower
potential. With an undeveloped potential estimated on the
basis of numerous studies at 19 TWh (including one third
in the form of seasonal storage), one can therefore speak
of considerable and reassuring hydropower reserves in
a small country, whose other reserves of energy are very
limited. At the same time, these hydropower reserves
represent the future of Austrian dam construction.

2 RELIEF AND DRAINAGE NETWORK
2.1 Topography

With an area of 83 855 km?, Austria is one of the smaller
countries of Europe. Of a total east-west extension of
approximately 570 km, 250 km take the form of the narrow
band of land that constitutes the west of the country (i.e.
Vorarlberg and Tyrol), with a north-south extension of
between 60 and 90 km. The remaining 320 km are located
in the main body of the central and eastern regions of the
country, which measures between 200 and 250 km in the
north-south direction. Austria is located at between 46 1/2°
and 49° northern latitude.

In spite of its small area, the country has a ramified
topography and varied countryside. As the satellite
photograph on the front inside cover clearly shows, the
Austrian share of the Eastern Alps accounts for 58% of
total area and is naturally very mountainous in character.

The watershed formed by the highly glaciated main Alpine
chain marks Austria’s southern border in the narrow
western limb of the country and extends into the wider
central and eastern region as an obstacle to
communications between the north and the south that
reaches into the very heart of the country. The inner
crystalline zone of the Central Alps, which includes the



country’s highest mountain, the 3 798 m high Gross-
glockner, is flanked on both sides — interrupted by narrow
zones of schistous formations, which are lower — by wide
belts of Calcareous Alps to the north and to the south,
with peaks approaching or slightly above 3 000 m.

The major part of the Eastern Alps in Austria shows a
distinct longitudinal structure, with mountain chains and
main valleys located on a more or less east-west axis.
Towards the eastern margin, the Alpine chain is broken
down into more isolated and lower mountain massifs,
where there are no more glaciers but extensive forests,
and a Pre-Alp character emerges, until finally the 1 200 km
long Alpine chain terminates with the foothills of the
Wienerwald practically on the outskirts of Vienna.

Onthe northern slopes of the Alps, especially in the region
of Upper Austria and Lower Austria roughly as far as the
Danube, Austria occupies a part of the Pre-Alps, a wide
band of gently undulating hills shaped by the glaciers of
the Ice Age, where agriculture and silviculture flourish.
More hills flank the south-east margin of the Alps in
Burgenland and Styria. To the north of the Danube, with
the exception of the area of Tertiary hills in the most
easterly part, Austria occupies a part of the Bohemian
Massif, which extends even south across the Danube at
a number of points. Deriving from a very old crystalline
nappe, the massif is a forested highland region with
rounded peaks reaching just over 1 100 m in altitude and
moderately deep valleys. The only significant plains to be
found in Austria are the Vienna Basin (Marchfeld), the
Tullner Feld on the Danube, and the depression of the
Neusiedler See, which is part of the Little Hungarian Plain
and, with its water level at 115 m above sea-level,
represents the lowest point in Austria.

2.2 Drainage network

With the exception of Vorarlberg, which mostly drains into
the Rhine, Austria is for the most part located in the basin
of the Danube, which flows through Austria for 350 km
from Passau on the German border to the Slovakian city
of Bratislava, increasing its catchment from 76 597 to
131 338 km?in the process. With a considerable average
gradient of 0.4%. along its Austrian reach and a relatively
regular flow over the year, the Danube is Austria’s most
significant hydropower resource, with 35% of total
hydropower generation in Austria in 1989 produced by
the run-of-river stations located along its course. Itis also
the country’s only navigable river, and with the completion
of the Rhine-Main-Danube Canal in a few years will form
part of the most important European waterway, runnig
diagonally from the North Sea across the European
continent to the Black Sea.

The following is a list of the major tributaries of the Danube
and the most important in terms of hydropower:

— The River Inn, with a length of 515 km, is the longest

tributary, and with a drainage area of 26 130 km? also
has the biggest runoff. Located in the upper catchment

10

of the Danube, it links Switzerland, where it has its
source, with Austria (196 km in the Tyrol, plus a 6 km
border reach with Switzerland and 8 km with Bavaria),
and Germany, before forming the border once again
over alength of 70 km, this time between Upper Austria
and Bavaria. Although its catchment area is only half
the size of that of the Danube (54%) at its confluence
with the Danube at Passau, the Inn carries 10% more
water thanks to the predominantly Alpine character of
its catchments. The Tyrolean reach of the Inn has a
drainage area of 1 945 to 10 337 km?, and the border
reaches between Bavaria and Upper Austria 24 154
to 26 130 km?. Its biggest tributary is the River Salzach,
which is 225 km long and has a 6 722 km® drainage
area, and forms the border between Bavariain Germany
and Salzburg and Upper Austria in Austria on the last
57 km upstream of the confluence.

— The 146 km long River Traunhas a total drainage area
of 427.4 km?, with a runoff regime that is regulated by
the big lakes of the Salzkammergut that were formed
by the retreat of the glaciers.

— The 349 km long River Enns has a total catchment of
6 075 km? located in one of the areas of highest
precipitation in the Alps and therefore has the highest
mean specific runoff of all the tributaries of the Danube.

— The 147 km long River Kamp has a total drainage area
of 2 134 km?, and although it is not the biggest, its
hydropower stations make it the most important of the
northern tributaries.

— The River Drau rises just to the west of the Austrian
border in Italy, and increases its drainage area from
140 to 11 955 km? as it flows 198 km through Austria
(East Tyrol and Carinthia) before crossing into
Yugoslavia where, after a further 749 km as the River
Drava, it joins the Danube with a drainage area of
40150 km?. Its biggest tributary is the River Mur, which
has a length of 350 km on Austrian territory and a
drainage areaof 10 313 km?, followed by a 35 kmborder
reach between Austria and Yugoslavia, before flowing
through Yugoslavia and along the border between
Yugoslavia and Hungary, where it joins the Danube
after a total of 434 km.

The above mentioned longitudinal orientation of the
Eastern Alps is also reflected in the drainage network,
with most inner Alpine rivers flowing parallel to the main
Alpine chain for a good distance, creating relatively good
lines of communication through the Alpine area of Austria
along the east-west axis, e.g. via the Inn, Salzach and
Enns valleys, the Mur and Mirz valleys, and the Drau
Valley in Carinthia. Tectonic lines running transverse or
oblique to these main axes are followed by rivers flowing
north and south into the Alpine foothills, which thus
completes the communications network.

All the above rivers have been developed for hydropower
generation using low-head stations with barrages, while
the big seasonal storage power schemes are located in
the side valleys of the rivers Rhine, Inn, Salzach and Drau.



ALTITUDE
[m a.s.l]

b

- |
_ v/
A7
_ /// i

e

/4

"1 | T I

0 1000 2000
ANNUAL PRECIPITATION

= [mm]

3000

(T)UPPER INN RIVER

(2)NORTHERN TRIBUTARIES TO THE DANUBE RIVER
(3)UPPER DRAU RIVER

(4)UPPER ENNS RIVER

UPPEH SALZACH RIVER
®)

ILL BASIN (RHINE BASIN)
®STEYR RIVER, SALZA RIVER (ENNS BASIN)
BHEGENZER ACHE RIVER (RHINE BASIN)
@SOUTHERN TRIBUTARIES TO THE DRAU RIVER

Figure 1
Variation in longterm average precipitation with altitude

3 PRECIPITATION AND RUNOFF

3.1 Hydrological and meteorological recording

The hydrological basis of hydropower and dam
engineering in Austria derives from a long tradition of
hydrological and meteorological recording, dating back
to the foundation of the Central Office of Meteorology and

Figure 2
Depth of precipitation in Austria

Geodynamics in 1851 and the Central Hydrography Office
in 1893. These two institutions were responsible for the
relevant basic research in Austria for many years and for
the establishment of a monitoring system covering the
whole of the Austro-Hungarian Empire. Gauges were in
use even earlier (e.g. near Linz on the Danube starting
in 1821), while some of the high-water marks are centuries
old. In the last 40-50 years, the government agencies
have received the support of the electric utilities, with their
excellent monitoring facilities, which serve above all to
improve observation of the high mountain regions, to
elaborate mathematical runoff models for complete river
systems with the help of correspondingly calibrated weirs
and continuous records of the relevant operating data.
This policy of collaboration between government services
and the electricity generating industry has proved
beneficial and successful for many years now.

3.2 Precipitation

With a mean annual precipitation of 1 190 mm, Austria is
well endowed by Nature overall. However, the figures vary
quite considerably for the individual locations. These
differences relate not only to altitude but also to distinctions
between locations to the north and to the south of the main
Alpine chain and between the flanking chains. Superimpos-
edonallthisisa general pattern of decreasing precipitation
from the west of the country, which takes the brunt of the
fronts coming in from the Atlantic, to the east, which belongs
more to the continental climatic zone (Fig. 2).

Apart from some local exceptions, mean annual precipit-
ation at altitudes below 600 m (Fig.1) is between 500 and
1 500 mm, and at 2 000 m above sea level it is between
1 000 and 2 500 mm. The highest annual precipitation
figures relate to the weather side of the Alpine foothills to
the north and south, whereas inner-Alpine locations can
often be very dry. Precipitation is also very high along the
main Alpine chain, reaching maxima of 3 000 mm in the

(Based on Dr. 0. Behr “Monographie der Donau”, Vienna Technical University 1991)
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Runoff in Austria with reference to 8 gauges in figure 4

Figure 3

does not drain until the snowmelt in spring. This means
that, while total runoff tends to increase with increas-

rally higher in summer than in winter and accounts for
55-65% of the annual total. In addition, a proportion of
precipitation that increases with altitude falls as snow and

prevailing north-west winds, precipitation is gene-

crest regions, while the lowest precipitation figures are
found for the Alpine foothills to the east, decreasing to
less than 500 mm for the area to the east of Vienna and

north of the Danube (490 mm for the town of Retz).
For hydropower generation, the precipitation pattern over

the year is obviously important, too, as is the proportion

ltitude of the catchment, the winter proportion

ing a
decreases.

Examples of annual pattern of specific runoff in Ifs x km?, for 8 Austrian rivers and streams

of winter precipitation that falls as snow. As a result of the
(Location of gauges shown in figure 3)

Figure 4
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3.3 Runoff

Average runoff in Austria is 670 mm for an mean runoff
coefficient of 0.56, with pronounced scatter in the individual
case for both values depending on location and altitude.
Figure 3 shows the distribution of runoff by areas and also
for a number of selected gauges, and Figure 4 annual
regimes of specific runoff for eight of these gauges. As
can be seen from the data, specific runoff — like
precipitation — is higher for the western Alpine areas than
forthe easternlowlands orthe region north of the Danube,
and naturally increases with altitude.

The mean runoff of the Austrian reach of the Danube is
clearly lower than that of the Alpine rivers, but the great
variety of its catchments makes for a balanced runoff
regime that is remarkable for a river of this size. As a
result, the Danube power stages built so far have a
winter/summer power generation ratio of 43:57. The River
Kamp, a northern tributary of the Danube, with its
pluvio-nival foothill regime, also has high winter runoffs,
including a maximum in March (Fig. 4).

The situation is quite different with regard to the typical
Alpine runoff regimes illustrated by the remaining
examples in Figure 4 for catchments of various sizes and
altitudes. The decisive factor in the construction of
high-head seasonal storage power schemes for small
catchments is very low winter inflows of only 8 to 14% of
total annual flows, followed by the snowmelt in spring,
andin the case of catchments with extensive glacier cover,
peak runoffs in June, July and August. This basic pattern
is also found, albeit in less pronounced form, in the case
ofthe bigger Alpine rivers. An additional increase in runoff
in autumn can be seen in the case of the Drau, deriving
from the influence of the low pressure zones over the
Mediterranean that often form at that time of year.

With the exception of the Danube, with a mean discharge
that increases from 1 400 to 2 000 m%s in Austria, and
the lower reaches ofthe Inn, whose mean discharge along
the border between Austria and Germany increases from
700 to 750 m®/s, Austria has no major rivers. The Eastern
Alps on Austrian territory are drained mainly by a number
of rivers with very similar runoff patterns (Lech, the Inn in
Tyrol, Salzach, Traun, Enns, Drau, Mur) and mean
discharges of between 80 and 300 m¥/s.

Tributary lakes with a regulative influence on runoff are
only to be found on the upper reaches of the Traun. On
the other hand, significant areas of glacier cover can have
a pronounced regulatory effect on runoff regimes in the
case of small catchments.

Variations in total annual flow are not very pronounced in
Austria. A thirty-year study of the Danube near Vienna,
for example, shows a minimum mean annual discharge
of 1 402 m%¥s, an annual average of 1 917 m%s and a
maximum of 2 586 m%s, making a ratio of 0.73:1:1.40
between the driest, the average and the wettest year of
this period.

3.4 Floods

A very significant factor in the design of barrages and
dams is the flood water discharge capacity required for
safe operation. The methods employed for design flood
calculations are subject to a process of development and
adaptation in the individual case. The general rule,
however, is to provide the capacity to discharge a
5 000-year flood without operating the bottom outlet or
power station conduits. This deterministic approach is
based on ample data from long-term monitoring of the
main rivers on the one hand, and on the other hand on
the fact that spillway design floods for alpine reservoirs
with their small catchments are usually relatively small
even when based on assumptions which are definitely on
the conservative side. Floods with shorter return periods
must be controlled with n-1 gates open. On the Danube,
the locks may also be used to pass exceptional floods.

On the Danube, barrages must be able to handle floods
of over 11 000 m%s caused by summer storms, and
especially by the snowmelt in combination with spring
rainsfalling on soil that s still more or less frozen. A similar
situation is to be found in the case of the Inn, requiring
spillway capacities of 6 000—7 400 m¥s.

In the Alps, dangerous floods are caused primarily by the
arrival of cold fronts in summer. The pronounced
differences in temperature along the fronts lead to the
development of violent lines of thunderstorms with heavy
rains, which can be intensified by the barrier effect of the
mountains. In mountain areas, this pattern can be
exacerbated by snowmelt over a considerable vertical
height. In the case of the Drau, there is a further period
of heavy rains in autumn, which can also cause major
floods.

The barrages on the rivers Drau, Enns, the Inn in Tyrol,
Mur, Salzach and Traun have spillway capacities of
between 1000 and 3 500 m¥s, whereas spillway capacities
onthe dams built on the tributaries and minor watercourses
in the mountains are hardly ever bigger than 500 m%s
and usually significantly lower (see Table 5).

The impact of reservoirs on runoff is discussed in
sections 4 and 6.

4 DAMSANDBARRAGES-FUNCTION, LOCATION,
TYPES

4.1 General

The runoff regime of all rivers and streams in Austria is
notconstant overthe year. Itis also diametrically opposed
to the pattern of demand for electricity, which is usually
slightly higher in winter than in summer (53 to 47% in
1990). Moreover, the smaller the catchment and the higher
the altitude, the greater is the variation in water discharge
(Fig. 4). To compensate thisimbalance, seasonal storage
systems are therefore anincreasingly urgent requirement.
In the case of rivers with small catchments in the side
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valleys of the Central Alps, equalizing power generation
in summer and winter presupposes a storage volume of
30-40% of annual runoff, depending on the degree of
glacier cover in the catchments. This figure is much lower
forthe rivers of the main valleys. Inthe case of the Danube,
13.5% of annual flow would be adequate, although that
implies a pondage of 8 000 hm?, i.e. 4-5 times total active
storage of all Austrian reservoirs at the present time of
1485 hm®.

Andyetthe Danube, like allthe other major rivers in Austria,
has either no live storage at all apart from some volume
activated for flood management (Inn, Salzach, Mur), or
only very limited pondage for periods of low flow (Drau,
Enns). Moreover, human settlements, agricultural activity
and communications systems, which have always tended
to follow the course of rivers and are concentrated almost
exclusively in the main valleys in the mountainous areas,
make any significant pondage impossible as it would
involve losses in cultivated land and cultural assets as
well as considerable relocations which have never been
considered acceptable in the pastand are nowadays quite
out of the question.

Table 1
Austrian reservoirs with more than 80 hm® gross capacity

A) River barrages

Gross capacity

Name of dam (river)

hm?
Aschach (Danube) 114
Altenwdrth (Danube) 93
Greifenstein (Danube) 87
Edling (Drau) 83

B) Other dams

Gross capacity

Name of dam (power stage) e
Kélnbrein (Malta main stage) 205
Gepatsch (Kaunertal) 140
Schlegeis (Zemm upper stage) 129
Lunersee (Linersee) 94
Zillergriind| (Ziller upper stage) 90
Mooser + Drossen (Kaprun upper stage) 87
Limberg (Kaprun lower stage) 86

On the other hand, impounding space is available on
tributary rivers in the mountainous regions — high above
areas of human settlement — on such a scale that the
30-40% of total annual flow required for equalization of

Table 2

winter and summer generation can be achieved or even
exceeded to such an extent that the natural drainage area
can be considerably increased through the provision of
extensive adduction systems. In this context it should be
noted that the live storage of the five biggest storage
reservoirs in Austria is only between 86 and 200 hm?, but
their catchments are also smaller than those of the major
rivers mentioned above by twice the power of ten. In the
case of the latter, although the ten biggest impounding
areas created for the respective low-head power plants
have a total storage volume of 50 to 114 hm?®, they do not
provide active storage at all, or only for very limited
pondage in exceptional cases (Table 1).

These general conditions have been responsible for the
development of the two predominant types of hydropower
plants in Austria mentioned in Section 1, with a clear
geographical delineation of their locations corresponding
to the type of dam involved (Table 2), namely

— low-head riverbarrage schemes with heads below 30 m,
operating as run-of-river stations on the major rivers,
and

— high-head seasonal storage schemes on alpine tributary
rivers, with dams of various designs and usually medium
tovery greatheight, developing heads of between about
250 and 2 000 m in one, two or three stages.

Between these two predominant groups, the medium-head
range is only sparsely represented in Austria, eventhough
the corresponding type of power plantis the most common
type worldwide and also accounts for the biggest plants,
i.e. schemes on large rivers featuring a relatively high
dam and a power station at its toe or immediately
connected to it, which can be operated in response to
demand largely independent of the variations in inflow
with only moderate fluctuations in water level in the large
reservoir.

Because of the above mentioned impossibility of damming
up large rivers beyond the low-head range, this type of
plant is not to be found in Austria except for two small
plants on equally small rivers (Ottenstein on the Kamp,
and Klaus on the Steyr). Instead, the few medium-head
schemes that do exist in Austria derive their head mainly
fromdiversions. These are either run-of-river power plants

The role of dams in Austria — their purpose and position within the power scheme, 1991

Planned purpose Position of dam within power scheme
Dams Tatal directly serving a powerplant
Hydro- Hydropower Hydropower numbar its head created , cevi
of diversion
power and and - - - ; i
only navigation | flood-control dams mainly by by damming up| ~ mainly by o angtner
damming up | and diversion diversion reservoir
River barrages 52 9 - 61 52 5 4 -
(85.2%) (14.8%) (100%) (85.2%) (8.2%) (6.6%)
Other dams™ 69 = 1 70 3 5 51 11
(98.6%) (1.4%) (100%) (4.3%) (7.1%) (72.9%) (15.7%)
Total 121 9 1 131 55 10 55 11
(92.4%) (6.9%) (0.7%) (100%) (42.0%) (7.6%) (42.0%) (8.4%)

*) including eight dams which form four reservoirs two by two

Basis: World Register of Dams 1988 plus Feistritzbach Dam (ER ia), completed in 1990. Rotgilldensee Dam built in 1957 replaced by new Rotglildensee

Dam (ER ia) in 1990.
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With river barrages With other dams

without diversion with diversion

Dam (river) T AAE Power stage (dam) T AAE
(MW) (GWh) (MW) (GWh)

Altenworth Malta MSt

(Danube) 333 1950 (KdInbrein) 730 715
Greifenstein Sellrain Silz LSt

(Danube) 293 1720 (Finstertal) 488 459
Aschach Kaunertal

(Danube) 286 1648 (Gepatsch) 390 620
Wallsee Ziller USt

(Danube) 210 1320 (Zillergrund) 360 176
Ybbs-Persenbeug Zemm-Ziller MSt

(Danube) 200 1282 (Eberlaste) 345 613

with diversion without diversion

Dam (river) T AAE Power stage (dam) T AAE
(MW) (GWh) (MW) (GWh)

Schwarzach Ottenstein

(Salzach) 120 480 (Kamp) 4r 28

Walgau Klaus

(Jiy 86 356 (Steyr) 20 73

Prutz-Imst

(Inn) 82 537

Legend: MSt = Main stage T
USt = Upper stage
LSt = Lower stage

Table 3
Capacity of Austrian hydropower plants, by type of dam and creation
of head

= total generating capacity
AAE = average annual energy production

with minor pondage or small seasonal storage schemes
with up to 120 MW capacity (Table 3).

4.2 Low-Head River Barrage Schemes

They are by far the commonest type for hydropower
development on Austrian rivers, invariably featuring
barrages, i.e. gate-structure dams forthe passage of large
floods, in combination with an adjacent powerhouse
across the river, and frequently dykes along the banks of
its impounded upstream reach. On the Danube, double
locks had to be integrated, too. To an increasing degree
such plants have come to form continuous chains on the
developable reaches of seven Austrian rivers.

They are described in detail by R. Fenz in Chapter H of
this book. They accountfor no less than 47% of the Austrian
dams included in the World Register of Dams. River
barrages operate under alimited head, frequently between
8 and 16 m, and up to 27 m in reaches of favourable
topography. Rated discharge is 1 750-3 150 m%¥/s on the
Danube, 600-1000 m®s on the lower Inn, and
200-450 m%/s on the lower reaches of the Drau, Enns,
Mur and Salzach. The necessary head is derived solely
from impounding, plus lowering of the downstream water
level by excavating the bed in many cases.

Table 5

Spillway capacities of Austrian dams and river barrages
RIVER BARRAGES (RIVER) m¥s OTHER DAMS (RIVER) m?/s
Melk (Danube) 11170 | Klaus (Steyr) 758
Altenworth (Danube) 11170 | Raggal (Lutz) 615
Wallsee (Danube) 11100 | Dobra (Kamp) 580
Ybbs-Persenbeug (Danube) 11100 | Lutz (Lutz) 570
Greifenstein (Danube) 10750 | Bolgenach (Weissach) 530

The powerhouse is normally built adjacent to the gated
weir. Some recent hydropower plants on the river Drau
(and also on the Inn) represent a return to the pier head
power station design that originated there (Lavamind
1942-44), i.e. with gated bays alternating with piers
housing one unit each. In spite of the low head, con-
struction of these plants can involve considerable
quantities of construction materials, e.g. for plants on the
Danube up to 1.3 hm® of concrete, 24 000 tons of rein-
forcing steel and 12 hm?® of fill material for lateral dykes.

4.3 Other Run-of-River Schemes

In some run-of-river stations the weir across the river only
accounts for part of the head. The rest—usually the greater
part — is created with the help of a diversion leading to
the power station.

OTHER DAMS WITH DIVERSIONS
Power plant (dam) head
m
Reisseck (Kleiner Muhldorfer See) 1773
Sellrain-Silz Lower Stage (Langental) 1258
Oschenik {Oschenik Lake) 1186
Malta Main Stage (Galgenbichl) 1103
Linersee (Linersee) 975
Kaunertal (Gepatsch) 895
Kaprun Lower Stage (Limberg) 891
Spullersee (Spullersee) 800
OTHER DAMS WITHOUT DIVERSIONS
Power plant (dam) head
m
Ottenstein (Ottenstein) 60
Klaus (Klaus) 40

Table 4
Austrian hydropower plants, by type of dam and head utilized in a single stage
RIVER BARRAGES WITH DIVERSIONS
Power plant (river) head
m
Strassen-Amlach (Drau) 370
Partenstein (Gr. Mahl) 176
Walgau (JII) 162
Prutz-Imst (Inn) 145
Schwarzach (Salzach) 132
Hieflau (Enns) 78
RIVER BARRAGES WITHOUT DIVERSIONS
Power plant (river) head
m
Annabriicke (Drau) 25.6
Pucking (Traun) 255
Feistritz-Ludmannsdorf (Drau) 23.7
Grossraming (Enns) 235
Edling (Drau) 21.1
Ferlach-Maria Rein (Drau) 21.0
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Figure 5 Retention water level, active storage and energy storage of Austrian reservoirs

Concrete-lined trapezoidal diversion canals, which are
used only in low- head schemes, are to be found at a
number of old installations on the Mur, plus one each on
the Drau, Enns and Inn, where there are particularly
favourable local conditions for this design. For con-
servation reasons, however, it has been general policy in
Austria to develop major rivers for power generation with
the chains of river barrages mentioned in the previous

chapter, but without di

iversion canals.

More adaptable than diversion canals, diversion tunnels
are to be found at quite a number of power schemes of
over 20 MW capacity, from low-head plants (on the upper
reach of the Enns) to high-head plants (on the uppermost
reach of the Drau). The biggest installations of this type
are to be found in the medium-head range with heads of
between 80 and 150 m (Hieflau/Enns, Prutz-Imst/Inn,
Schwarzach/Salzach, Walgau/Jll), with up to 20 km long
pressure tunnels and pondage capacity at the end of the
tunnel or at the intake. Most of them also benefit from
their location immediately downstream from a seasonal
storage scheme, and in some cases this was in fact a

prerequisite for their c

onstruction.

4.4 Seasonal storage schemes

Figure 5 is a graph of Austria’s reservoirs showing live
storage and elevation. The curves plotted across the graph
relate to stored energy calculated for a reference level of
200 m above sea level, which is 60 m too high for the
Danube (so that the figure for stored energy is slightly too
low), and 140 and 195 m too low for the Drau and the
Austrian section of the Rhine respectively (so that stored
energy is indicated slightly too high). The following three
preferred ranges of altitude may be distinguished.
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1. An upper range situated between 2 200 mand 2500 m
a.s.l.: Mainly impounded alpine cirque lakes, used for
seasonal storage. Most of them need pumping for
seasonal filling because natural catchment areas are
too small.

. A medium range extending from 1 650 m to 2 050 m
a.s.l.: Widened valleys of glacial origin at high altitude,
which are used for most of the large seasonal storage
reservoirs and for some of the associated intermediate
storage reservoirs.

Figure 6
Austria’s hydropower potential 1989
(Based on Goétz-Schiller)
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3. A lower range between 400 m and 1 100 m a.s.l.:
Reservoir sites mainly situated in the Pre-Alps, and
natural lakes utilized by drawdown. These reservoirs
include a smallnumber of developed gorges on streams
such as the Klaus reservoir on the Steyr, and the
Ottenstein and Dobra reservoirs on the Kamp. (Klaus
and Ottenstein, by the way, are the only real dam power
stations in Austria, with the power station directly
downstream of an arch dam, whereas all the other
reservoirs discharge to diversion — type power stations
with long power conduits.)

The reservoirs at the two higher ranges of altitude, all
situated above areas of human habitation, where not a
single hamlet had to be dislocated, account for the greater
part of total storage capacity in Austria. They are all situated
in Western Austria, with the Tauern Highway from Salzburg
to Villach forming an approximate boundary (see Fig. 9).
The tributary valleys in the partly glaciated Central Alps
obviously afford the best conditions for seasonal storage.
Among the eleven power schemes and groups of schemes
of more than 80 MW capacity shown in Fig.9, only the
Linsersee reservoir (part of the Upper Jll-Liinersee group
of schemes) and the entire Achensee scheme are not
located in the Central Alps, but in the adjoining Northern
Calcareous Alps.

The 80 MW limitencompasses all major seasonal storage
schemes, which account for about 95% of total plant
capacity and 97% of the total live storage volume of all
seasonal storage schemes in Austria. (Plant capacity of
the daily and weekly storage schemes, not otherwise dealt
with in this chapter, amounts to less than 10% of the
seasonal storage schemes).

A detailed description of all these eleven seasonal storage
schemes was presented, complete with illustrations and
comprehensive tables, by H. Lauffer in the brochure “Hydro
Power Schemes and Large Dams in Austria”, a special
issue of the series “Die Talsperren Osterreichs” published
on the occasion of the 15" ICOLD Congress in Lausanne
in 1985. Table 6 compiles the main data of those seasonal
storage schemes with more than 300 MW capacity.

They demonstrate the great variety of possible project
configurations, especially of multi-stage schemes with
several reservoirs, extensive adduction systems and
additional pumped-storage facilities, in the attempt to
achieve optimum solutions in terms of natural site
conditions, power system requirements and the
environment. But even the seven largest and most exten-
sive groups, with their numerous reservoirs, compensating
basins and power stations, provide only 500to 1 000 GWh
annual generation (without short-term pumped storage,
but also without deduction of energy requirements for
seasonal pumped storage). This is due to the ramified
relief of the Alps, with very small catchment areas at high
altitudes, which makes it very difficult and expensive to
combine large areas for hydropower development. Inview
of the high specific cost of these schemes per kWh
produced, in particular deriving from the high dams and
extensive systems for water conveyance involved, such
schemes must bring their generation to the power market

solely as valuable peak and regulating energy. Hence,
installed capacity is usually rather high, but is fully utilized
only for 2 000 to 2 500 theoretical hours in older plants
andforlessthan 1000 hours in more recent developments.
Installed capacities of the seven largest schemes range
between 323 and 1 114 MW. Frequently combined with
pumping facilities, this results in a total power range for
system regulation of up to 1 670 MW (Table 6).

The largest reservoirs are those of KéInbrein with 205 hm?,
Gepatsch with 140, and Schlegeis with 129 hm?® (see Table
1). The highest heads developedin single stages are those
of Reisseck, with 1 773 m (world record since 1957), Silz
with 1 259 m, Innerfragant-Oschenik with 1 186 m, and
Malta-Rottau with 1 103 m (see Table 4).

Above all, Austria’s seasonal storage schemes have
stimulated the country’s greatest achievements in dam
construction. Discounting river barrages fromthe 131 large
dams that were listed in the 1988 World Register or have
been built since, there are 70 dams proper. Of this total,
16 are over 60 m high, 10 over 100 m, and 4 between
150 and 200 m high. The highest are the KéInbrein and
Zillergrindl arch dams (200 and 186 m respectively), and
the Gepatsch and Finstertal embankment dams (153 and
150 m).

There are 46 concrete dams (discussed in chapter F by
R. Widmann) and 25 embankment dams (discussed in
chapter G by W. Schober and H. Schwab).

Amongst the concrete dams, 26 are gravity dams, some
curved in plan and therefore, strictly speaking, arched
gravity dams. Most of them were built before 1950,
whereas most of the 19 arch dams were built later. There
are no buttress or multiple arch dams in Austria. Nine of
the 25 embankment dams are of the rockfill type, amongst
them the two highest. Many embankment dams use
asphaltic concrete as a sealing element, four as a core
wall and ten as an upstream membrane. The 150 m high
Finstertal Dam is the highest in the world with an asphaltic
core (96 m high) and the 116 m high Oscheniksee Dam
the highest with an upstream membrane (84 m high). Five
dams have internal concrete core walls, but only one an
upstream concrete face.

5 THE ROLE AND RANK OF HYDROPOWER IN
AUSTRIA

5.1 Hydropower resources

Austria’s total available hydro resources for both existing
plant and future projects represent a potential generating
capacity, on the basis of current technology and
economics, of about 54 000 GWh. Almost 64% of this
total, i.e. more than 34 000 GWh, has already been
developed, with dams and barrages playing a key role as
explained in the preceding chapters. How much of the
remaining 36% will fulfill today’s requirements in view of
concerns about environmental impact and doubts about
public acceptance is an open question, and the criteria
involved are still highly controversial and unclear.
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With 0.64 GWh/year per km?, Austria has a lower average
specific potential than neighbouring Switzerland with
0.86, but this average value is matched in the Tyrol (0.84)
and even surpassed in Vorarlberg (1.44). As in Switzer-
land, hydropower resources are very unevenly distributed,
mainly due to topography. Figs.6 and 7 show that they
are mostly located in the western and southern areas of
the Austrian Alps (with Tyrol leading with more than
11 000 GWh and the highest share of storage energy,
followed by Carinthia and Salzburg), and also along the
Danube in Upper and Lower Austria together with Vienna
in the northeast. The Danube provides 54% of available
and 62% of developed run-of-river potential in Austria.
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Figure 7 Austria’s hydropower potential

Table 7

The five northeastern provinces (Table 7) account for 72%
of developed and 49 of future run-of-river-energy in Austria,
whereas 89% of future energy from storage plant are con-
centrated in the four southwestern provinces. With regard
to all existing powerplants, the energy content of a presently
available total active seasonal storage volume in Austria
of 1 485 hm?® is the equivalent of 3 376 GWh, of which no
lessthan 99% is located in the four southwestern provinces
(Table 7). A comparison with neighbouring Switzerland,
the classic country of Alpine hydropower, shows that Swit-
zerland, with an area slightly half that of Austria, presently
generates almost the same total of GWh from hydropower
schemes with an insignificantly higher total installed ca-
pacity and in about the same winter/summer relation of
43/57. However, total storage volume and its energy con-
tent is more than twice as high. This is partly due to the
topography of the Western Alps, which on average provide
for larger reservoirs and higher total heads for hydropower
development than the Eastern Alps, and partly to the fact
that the developed share of total hydropower potential is
already about 93% in Switzerland compared with only 64%
in Austria. The identical winter/summer relation of hydro-
power generation in the two countries, which is astonishing
given such a difference in storage capacity, is due to the
large contribution made by the Danube, which has exactly
the same winter/summer relation. Nevertheless, there is
a definite demand for more storage capacity to cover the
low-flow months from January to March.

5.2 History and present situation

Hydroelectricity development in Austria dates back to the
year 1882. By the beginning of the First Republic in 1918,
annual generation was 1 765 GWh (895 GWh hydro,
870 GWh thermal). In the 1920s, the first major hydroelec-
tric projects were initiated in the Tyrol and Vorarlberg to
develop the obvious wealth of hydropower resourcesinthe

Geographical distribution by provinces of population, stored energy in seasonal storage reservoirs, electricity generation and consumption in 1988

A) without Austrian federal railways
B) with Austrian federal railways

Stored Total electricity generation Electricity
A Province Population energy Winter Summer Year consumption
10° (%) GWh (%) GWh (%) GWh (%) GWh (%) GWh (%)

1 Upper Austria 1337 (17.6) 16 ( 0.5) 3900 (28.3) 5 124 (25.6) 9024 (26.7) | 10059 (22.6)
2 Lower Austria 1112 (14.7) 19 ( 0.6) 2 550 (20.7) 4 405 (22.0) 7 255 (21.5) 5185 (11.7)
3 Vienna 1774 (23.3) =i = ) == - = 8474 (19.1)
4 Burgenland 267 ( 3.5) - =) 1( 0.0) 2( 0.0) 2( 0.0) 809 ( 1.8)
5 Styria 1167 (15.4) 12( 0.4) 1000 ( 7.3) 1543( 7.7) 2543 ( 7.5) 6 696 (15.1)
1-5 | Northeastern provinces 5657 (74.5) 47 ( 1.5) 7 751 (56.3) 11074 (55.4) 18 825 (55.8) 31223 (70.3)

% of total generation 41.2 58.8 100
6 Carinthia 543 ( 7.1) 944 (29.9) 1500 (10.9) 3.242 (16.2) 4742 (14.0) 3627 ( 8.2)
7 Salzburg 461 ( 6.1) 441 (14.0) 1360 ( 9.9) 1422( 7.1) 2782( 8.2) 3045( 6.9)
8 Tyrol 612 ( 8.1) 1256 (39.8) 2300 (16.7) 2765 (13.8) 5 065 (15.0) 4473 (10.1)
9 Vorarlberg 317 ( 4.2) 468 (14.8) 860 ( 6.2) 1489 ( 7.4) 2349 ( 7.0) 2020 ( 4.5)
6-9 | Southwestern provinces 1 933 (25.5) 3 109 (98.5) 6020 (43.7) 8.918 (44.6) 14 938 (44.2) 13 165 (29.7)

% of total generation 40.3 59.7 100
1-9 | AUSTRIA (% of total generation) 7 590 (100) 3156 (100) 13771 (100) 18992 (100) 33763 (100) 44 388 (100)

40.8 59.2 100

Poglition Stored Total electricity consumption
B 108 energy Winter Summer Year
GWh GWh (% of gen.)| GWh (% of gen.)| GWh (% of gen.)
Austria % of total consumption 7 590 3376 24726 (179.5) | 20515 (107.6) | 45241 (134.0)
54.7 45.3 100
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Figure 8

Heads and capacities of Austria’s hydre plants with indication of mode of operation and equivalent utilisation period at maximum output capacity
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mountainous regions (Achensee powerplant 80 MW, and
Vermunt 158 MW) in response to the distance between
these most westerly provinces and the location of Austria’s
fossil fuel resources. It was not until much later, however,
that a national grid was set up to provide access to the
consumer markets of eastern Austria (a 110 kV trans-
mission line in 1948, a 220 kV line in 1964, and a 380 kV
line still under construction or partly in service). This in turn
then led to a policy of co-operation with the southern and
western German grids (exports and barter agreements
with peak energy for base energy). During the Great
Depression at the beginning of the 1930s, hydropower
development in the First Republic ceased, and it was not
until World War Il and the difficult years of the reconstruction
period that the hydroelectric industry was able to settle
down to a healthy three and a half decades of uninterrupted
and vigorous growth in the Second Republic. Growth rates
at this time, however, were lower than in Switzerland, and
work focused less on storage power schemes because of
the higher capital costs in Austria and because of
competition in meeting winter supply requirements from
thermal power stations partly based on domestic fuels, but
mostly on imported coal, natural gas and oil.

Since 1920, hydropower has consistently been used to
meet 60-80% of Austria’s electricity generation require-
ments. The present figure, with a total annual generation
of 33840 GWh based on 10 762 MW of installed capacity,
is 71%, which makes Austria very much a hydropower
country, ranking fourth in Europe in this respect, after
Norway (99.6%), Iceland (94.2%) and Albania (86%). This
electric output represents about one eighth of Austria’s
total energy consumption and 40% of total domestic
energy production.

Fig. 10, however, shows that the share of hydropower in
total electricity supply varies very much from summer to
winter. Whereas summer generation has exceeded
demand by almost 4% on average over the last five years,
winter generation has not been able to contribute more
than 54% on average in the same period. The winter deficit
is mainly met by thermal generation and, to a much lesser
degree, by power imports of winter base-load, which
averaged 1 500 GWh, in contrast to average exports of
4 260 GWh of peak energy and summer surplus in the
same years (Fig. 11).
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Figure 10
Austria’s electricity supply, winter/lsummer balance 1970 - 1990
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5.3 Future prospecis

The increase in electricity consumption over the last 20
years has been rather irregular from one year to the next,
reflecting variations in economic conditions as well as
climatic fluctuations (Fig.10). Five-year-averages of
annual increase range from 850 to 1600 GWh, with
1 250 GWh as the long-term mean. In the last few years,
however, the pace of hydroelectric development has fallen
increasingly short of this rate of growth in demand.
Whereas hydropower plant totalling 4 200 GWh annual
generating capacity was under construction in 1982
(enough to meet the increase in demand, given an
average construction period of four years), the
corresponding figure in 1986 was 876 GWh and is
currently (summer 1991) little more than 350 GWh. There
is no prospect of achieving a substantial improvement on
this figure in the next few years to provide for the steady
rise in demand predicted for the next decade.
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Therefore increased imports of electricity as well as coal,
natural gas and fuel oil for thermal generation will be
inevitable. Energy savings, the much quoted “Negawatt
power plant” will not solve the problem of future electricity
supply; they can only contribute towards a solution. As in
its neighbouring countries, considerable economic growth
has been achieved in Austria with the total annual energy
input remaining almost constant since 1973 —initself proof
enough of energy savings achieved. Demand for
electricity, however, accounting for 18% of Austria’s total
energy supply, has grown at a similar or even slightly
higher rate than GDP, because use of electricity helps
save total energy.

The regrettable and illogical present situation, with
hydropower development greatly reduced while
generating requirements continue to increase, derives
mainly from the sudden rejection of further hydropower
projects for the Danube, where such good progress had
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Figure 11 Balance of Austria’s electricity imports and exports; mean values for five-year periods 1970 - 1990

been made in the past. The movement away from hydro-
power was clearly signalled at the end of 1984, when
conservationist groups succeeded in stopping tree-felling
work which had begun in preparation for the construction
of Hainburg power station (360 MW, 2 075 GWh), for
which the approvals had already been obtained. In the
following years a number of other projects had to be
postponed or abandoned, too, including the large 900 MW
Dorfertal- Matrei storage scheme with the well over 200 m
high Dabaklamm dam.

None of the very few projects presently under construction
or nearing completion is of more than 70 MW capacity.
The largestis Oberaudorf-Ebbs, a binational barrage-type
run-of-river station on the Inn river (60 MW, 262 GWh
shared with Bavaria, planned for commissioning in 1992).
Alberschwende (28 MW, 102 GWh, also to be com-
missioned in 1992) is of the medium-head diversion type
with a basin for daily compensation. Nearing completion
is the Hintermuhr scheme (65 MW, 71 GWh) on a tributary
to the Mur river, which replaces an older, much smaller
scheme featuring a dam with Austria’s first asphaltic con-
crete core built in 1957. The 45 m high new Rotgllden-
see rockfill dam incorporates the old one in its upstream
shoulder and has a vertical asphaltic core membrane.
Impounding is now in progress at another dam of this
type, the 88 m high Feistritzbach Dam in Carinthia, with
its reservoir designed to provide seasonal storage for the
high-head Koralpe power scheme (50 MW, 83 GWh in-
cluding a 20% share for Yugoslavia). In addition, the power
conduits of the lower stages of two existing storage
schemes (Uttendorf in the Stubach scheme, and Gerlos)
are being replaced and their installed capacity
considerably uprated.

The consolidated ten-year development programme
drawn up annually by Austria’s federal and provincial
electric utilities presently lists 35 projects totalling
1 350 MW for 6 000 GWh of average annual production.
Although this corresponds to a growth rate for supply
which is only about half predicted growth in demand, it
might still turn out to be an unduly optimistic assess-
ment of the next few years. In terms of energy produced,

half of the projects relate to the further hydroelectric
development of the Danube east of Vienna, although
only one of the two or three stages possible there, namely
the upper stage at Freudenau (141 MW, 907 GWh) has
so far been made definitive. On the river Inn, applications
for planning permission have been lodged and legal
procedures started for new plants at Martina-Ried
(binational, 100 MW, 424 GWh including a 14% share
for Switzerland) and Langkampfen (27 MW, 158 GWh),
and additional developments to exploit resources of up
to 1400 GWh have been shown to be technically feasible.
The other projects included in the above ten year-
plan are on the rivers Drau (450 GWh), Salzach
(370 GWh), Traun (260 GWh), Mall (160 GWh) and JII
(140 GWh), as well as on a number of minor rivers and
streams.

At the present time it is not possible to predict whether,
and if so when these projects will complete what are now
very lengthy approvals procedures. Promoting new
hydropower projects is now so difficult because the
engineering works involved impact the increasingly
burdened and congested space that is our biosphere at
a point where it has hitherto been best preserved in its
natural state, i.e. in the mountains and along the rivers
and streams. And the environmental impact of man’s
technologies — the source of a level of affluence we now
take too much for granted — is a subject on which people
have become very sensitive in the last few years, perhaps
even over-sensitive; and people now rightly pay critical
attention to any further products of modern technology
and to the question whether and under what conditions
they are compatible with the environment and its needs.
As far as approvals procedures are concerned, these
questions and concerns will be addressed in future in the
framework of an environmental impact assessment,
although —asin many other countries —the corresponding
legislation has not yet progressed beyond the drafting
stage in Austria. In the meantime the present regulations
and procedures for nature conservation will continue to
apply, involving criteria that unfortunately are neitherclear
nor free from contradictions, and it will take years before
the new stepsinthe approvals procedures can be handled
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with the routine in terms of form and contents that has
been built up for the other steps.

Apart from that, if we take a holistic view of the concept
of the environment, relating not just to the individual
situation but to man’s biosphere in general, and if
environmental protection is interpreted in the sense of our
obligation to hand down this biosphere and its resources
intact to the next generations, then hydropower should
have no difficulty in finding the necessary level of
acceptance for the future, because so far it has been the
only “soft” technology for large- scale energy production.
It is self-replenishing and draws its energy from the
solar-powered global circulation of water, with extremely
high conversion rates, without exhausting irreplaceable
resources and without emitting waste heat, pollutants or
carbon dioxyde — the latter dreaded now so for its
contribution to the green-house effect. The environmental
impact of hydropower and of dams in particular (see
Chapter E) is far less problematical than those of thermal
or nuclear energy, in particularif not only direct generation
is taken into account, but also the processes involved in
the production, transport and storage of fuels as well as
in the treatment and disposal of waste.

Therefore, in line with the recommendations of the World
Energy Conference, which are based on similar
arguments, there are significant arguments advocating
the future development of some more of the substantial
hydropower resources still available in Austria, which are
estimated on the basis of thorough investigations to
amount to no less than 19 000 GWh.

6 MULTIPURPOSE BENEFITS
6.1 Storage power schemes and flood control

Although the primary goalinthe construction of all storage
power schemes in Austria, and the only source of
subsequent earnings for the hydropower companies, is
of course electricity generation, such schemes also
involve a whole series of additional utilities that accrue to
the general public free of charge. As a rule, significant
improvements in flood control are the most important of
these spin-offs, although benefits to the local infrastructure
and tourism as well as a significant increase in flow during
the winter period are not to be underestimated, either.

The fact that the retention volume of a reservoir is a
significant flood-risk reducing factor for downstream areas
is obvious enough and is appreciated by the people who
benefit directly, but this function has not yet been given
due recognition by a wider public, who frequently pass
unfavourable judgment on projects for further hydropower
development nowadays.

At any station along a river downstream of a storage
reservoir, the degree of improvement in flood control is
determined by two parameters:

a)the ratio between the storage volume available for

retention at the time of a flood and that part of the flood
which contributes to peak outflow, and
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b)the percentage of total catchment area which is
controlled by the reservoir.

Criticism is sometimes made of the apparently
contradictory strategies of providing either fora full energy
reservoir or for empty flood storage. Theoretical studies
and long-term operating records, however, show that for
conditions common with seasonal storage reservoirs in
the Austrian Alps, firstly, even a relatively small retention
volume can drastically reduce a flood, and secondly, such
a retention volume will in all probability be available at the
time of extreme floods.

Available retention volume is determined by the volume
between actual and retention water level, plus an additional
flood surcharge above the latter, i.e. above the crest of
the predominantly used free overflow spillway. This flood
surcharge volume would also be available in the case of
flood discharge into a full reservoir, butthatis an extremely
unlikely event given the normal filling cycles of Austria’s
seasonal storage reservoirs. Extreme flood events, and
especially the biggest which occur in July and August, in
all probability do not coincide with maximum storage in
the reservoirs, whose filling, as a rule, is not completed
until September or October, so that only heavy rains in
September can still pose hazard to a certain extent. In
any case, statistics show that maximum reservoir level is
only reached once every five years on average, and that
this condition is maintained for only a few days so as to
avoid spillage losses.

Given the considerable size of Austria’s seasonal storage
reservoirs relative to the runoff from their catchment areas,
even an available retention capacity of only a few percent
of reservoir capacity is sufficient to effectively reduce peak
discharge. An analysis of data taken from decades of
operating experience with over thirty Austrian reservoirs
suggests that the spillways of reservoirs with an active
storage equal to at least 40 (60)% of annual inflow will
only be activated by floods with return periods of more
than 10(25) years. No side valley in Austria that is
controlled by a seasonal storage reservoir upstream has
ever suffered flood damage since the construction of the
reservoir, and peak flows in the main valleys have been
significantly reduced since then as well.

Fig. 12 shows one of the many examples that could be
quoted in this context. On 19 July and 25 August 1987,
the Stubai and Otz Valleys southwest and west of
Innsbruck in the Tyrol (Fig. 9) were severely damaged by
floods. On these two days the Kauner Valley, which is
located only 10—-12 miles to the west of the Otz Valley
and runs parallel to it, suffered no damage at all — due to
the effects of the Gepatsch reservoir. The gauge at Platz,
with a 189 km? catchment area 54% controlled directly
by the Gepatsch reservoir and 25% indirectly via
diversions, recorded a peak discharge of only 5 m®s on
both days, which is a normal figure for a summer day
(Fig. 12b). Without the reservoir, peak discharge would
have been 62 and 50 m%s for these two days, figures that
correspond to a more than one hundred-year flood and
would certainly have been higher than peak discharge for
the 1960 flood whose devastating effects have not yet
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Figure 12 The effect of the Gepatsch reservoir on the july 1987 flood

been forgotten by the people of the Kauner Valley. The
result would have been flooding across the full width of
the valley in the flatter sections where most people live.
Instead, the river has not once burst its banks since the
Kaunertal scheme went into operation in 1964,

Short-term storage reservoirs, in spite of their limited active
storage relative to flood flows, can also significantly
reduce discharge peaks. In addition, a marked reduction
in flood flows has even been observed downstream of
mere water intakes. Depending on their design capacity,
this effect relates above all to minor and medium floods,
but (Fig. 12¢) on the aforementioned 19 July 1987 the
diversion from the upper Pitz valley to the Gepatsch
reservoir reduced peak discharge at the St.Leonhard
gauge from an approximately eighty-year flood to the
magnitude of a thirty-year event.

Remote reservoir effects from Gepatsch and two other
seasonal storage reservoirs with a total active storage of
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362 hm?® markedly reduced peak discharge on 19 Juli
1987 onthe mainriver, too. Based on a carefully calibrated
mathematical flow model, analysis showed that peak
discharge at the Innsbruck gauge, with a 5 794 km?
catchment area, decreased from a 200-year flood to a
40-yearflood (without reservoirs, which retained 13.4 hm?),
saving the Innsbruck city precincts from partial flooding
(Fig. 12d).

6.2 Other benefits from storage reservoirs

Reservoir draw-down during winter tends to balance or
frequently even reverse the natural winter-summer relation
of flow downstream of storage power schemes in side
valleys. This is accompanied by considerable variations
in the daily flow pattern due to electricity demand, but
these variations are more and more mitigated and
compensated along the mainrivers, where the substantial

25



increase in winter runoff benefits their biology and purity
and improves the operating efficiency of run-of-river
power plant.

The 9 313 km? catchment area of the Kirchbichl run-of-
river plant on the River Inninthe Tyrol, forexample (Fig. 9),
is influenced by eight reservoirs, whose total active
storage of 717 hm® accounts for about 31% of natural
winter runoff volume. Hence, the resulting increase in
winterflow is almost one third, and over half in the coldest
months, while the 10% retention in summer is negligible.
Evenonthe Danube, the favourable effect of winter storage
on navigation and power productionis clearly measurable
(e.g. 5.5% average increase in winter flow downstream
of the mouth of the River Kamp).

In the last few decades, there have been many examples
of mountain areas threatened by rural exodus which were
then revitalized by the decision to construct a storage
reservoir and power plant. The actual hydropower
construction work was always accompanied by significant
improvements to the local infrastructure through highway
construction, and support with water supply and waste
water management, by major torrent and avalanche
control measures, and by annual, index-linked
contributions to local community funds.

With regard to tourism, storage reservoirs usually become
an additional attraction for the region, as the visitor
statistics for existing schemes clearly show, including
some that attract hundreds of thousands of visitors per
year. Like naturallakes, reservoirs are considered an asset
for the countryside as long as they are more or less full.
Admittedly, it is a normal aspect of their primary function
that they should be only partly filled for longer periods of
time and temporarily even empty, but in terms of annual
operating cycles we know by experience that the reality
is considerably more attractive than is often assumed.
Hydrographic records show that Austria’s seasonal
storage reservoirs are normally more or less full from the
middle or end of July to the end of the year, and during
subsequent drawdown the slopes of the reservoirs are
covered with snow until the end of May and longer, so
that there are only two months in early summer when the
aesthetic aspectis really unsatisfactory, and these months
are not part of the main tourist season in the Alps.

Given the very cold water temperatures of high-altitude
reservoirs, aquatic sports are unfortunately out of the
question there, whereas the few low-altitude reservoirs
in Austria have become popular recreational facilities.

6.3 River barrages and flood control

Run-of-river power plants also contribute to flood control,
although not in the same way as seasonal storage
schemes. As is well known, peak discharge is conveyed
faster on a developed reach than on a river without
pondage, and the gradient of the discharge peak declines
at a slower rate. This effect decreases with increasing
magnitude of the flood, as the ratio between flow depth
in rivers with and without pondage tends towards 1,
especially towards the upstream end of the backwater
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curve. Nevertheless, this is a basically negative effect of
run-of-river power plants, albeit one that is not only
compensated through a whole series of structural and
operational measures but is actually reversed by them,
so that in the last resort one can still speak of a significant
contribution to flood control. Apart from that, the
stipulations to be met for the official approvals also
guarantee that there will be no detrimental impacts in the
backwater and downstream areas compared to the
situation before construction.

In the normal case, various structures and measures are
employed, e.g. dykes and dyked enclosures, bank
protection, raised banks, and lowering of the riverbed
downstream of barrage by dredging, to ensure practically
complete flood protection for all major settlements,
industrial plants and all other objects and zones of any
importance. In the case of agricultural land, flood control
is at least improved to the point where only the very big
floods, which are correspondingly rare (calculations are
based on a return period of 10 to 30 years), can lead to
inundation.

Given today’s civil engineering capabilities, it would be
possible and even commercially viable in many cases to
include any degree of continuous flood control for the
upstream banks of all hydropower projects. Such
measures, however, would accelerate and increase peak
discharge for the adjoining downstream reach atthe same
time, i.e. the risk would merely be transferred, and
improved flood control for one section would be achieved
at the price of a deterioration in the situation of the next
section. It is therefore necessary to continue to permit the
bigger and rarer floods to inundate designated flood
retention areas and thus lose a part of their flow volume.

The construction of lateral dykes alone would cut the river
off from its existing flood retention areas and considerable
retention volume would be lost. To prevent this, the dykes
must therefore be provided with overflow sections
designed to permit the river to inundate the flood retention
areas once a certain high water markis reached. Drainage
is normally provided in the form of natural and artificial
channels draining into the downstream section of the stage
involved. In the case of riverine woodlands used as
retention areas, itisinfact ecologically desirable to provide
for annual inundation.

A relieable monitoring network with telemetry for the most
important data and subsequent processing in a
mathematical flow model is the basis for a flow prediction
capability that can be constantly improved with growing
experience. Such monitoring systems permit not only the
establishment of an effective flood warning service but
also a certain degree of flood management, especially in
the case of a chain of run-of-river power plants. Admittedly,
the scope for intervention is much more limited than in
the case of storage power schemes. However, the closer
the overflow embankments are located to the power
station, the greater the scope for flood management with
the aim of influencing the timing of inundation of the flood
retention areas. Delaying inundation so as to have
adequate retention volume to cope with the actual



discharge peak is achieved by means of anticipatory
drawdown. Where there is a correspondingly large
backwater area, this strategy provides additional retention
volume in the river channel, too. Such drawdown
operations, however, presuppose a high standard of flood
prediction, efficient plant control, and independence from
peripheral restraints relating to such factors as navigation
requirements.

At all events, today’s power plants, with their monitoring
services and mathematical flow models — in collaboration
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THE HISTORY OF DAM CONSTRUCTION

IN AUSTRIA

By W. Pircher

1 INTRODUCTION

All major dams and river barrages in Austria were prima-
rily built for hydropower generation, as discussed in the
previous Chapter A and as indicated in several sections
in Chapters B, H and confirmed by the statistics in
Chapter K. The history of dam construction in Austria is
therefore inseparably linked with the development of the
public electricity supply, to which hydropower has always
made a very significant contribution in Austria, meeting
between 60 and 80% of demand in the last fifty years and
currently about 70%. Needless to say, the progress made
in the electricity supply industry has always been closely
related to developments in the economy as a whole, and
they in turn have been dependent on the twists and turns
of the country’s political history.

The first use of hydropower for electricity generation goes
back to 1882 when a small power station was built to
produce electricity for street lighting in the town of Steyr
to mark an electricity exhibition held in 1884, and the first
public electricity supply system in Austria was built in
1886, when a small power station was constructed on the
Erlauf to generate electricity for the town of Scheibbs.
Electricity in Austria thus has an over one-hundred year
history, a history that is characterized by vicissitudes
which have left a clear imprint on the development of
hydropower, with periods of growth alternating with pe-
riods of stagnation, as in the case of dam construction
engineering, too. Three decades spent in the big econo-
mic space of the Austro-Hungarian Empire, a period of
initial progress and what were major achievements by the
standards of that time, were followed by a further three,
extremely difficult decades, bringing a lack of socio-
political and economic cohesion that was highly detri-
mental to an industry like hydropower development, with
its overriding need for continuity, and including three
radical about-turns in the political system, one in 1918,
the second in 1938, and the third in 1945, plus two world
wars, with the Great Recession in between and Austria’s
temporary loss of sovereignty. All the greater were the
achievements involved in the construction of those plants
that were completed, at a time when —under the influence
of these negative factors — growth in the industry general-
ly lagged far behind expectations. It was not until after the
firsttrying post-war years and the reconstitution of Austria
as the Second Republic that hydropower development,
and thus dam construction was able to enjoy a return to
more orderly structures and significant growth rates in a

* Dipl.-Ing. Dr. techn. Wolfgang Pircher, Executive Director,
Tiroler Wasserkraftwerke Aktiengesellschaft (TIWAG),
Landhausplatz 2, A-6010 Innsbruck, Austria

period of continuous progress that lasted for almost four
decades and has only been checked in the last few years
(Figs. 3 and 4).

It is therefore logical to divide the following survey of the
history of dam construction in Austria into four main
sections defined both by the decisive historical events in
which they are embedded and by marked differences in
the related political systems and the structures of the
organizations responsible for hydropower development
and dam construction in the country. Subsequent chap-
ters are therefore based on the following chronological
classification:

a) Early period: structures used for a variety of purposes
prior to electricity generation from hydropower

b) 1882-1918: from the first use of hydropower for elec-
tricity generation to the end of the First World War and the
dissolution of the Austro-Hungarian Empire

¢) 1918-1938: the time of the 12! Republic

d) 1938-1945: the time of the Anschluss and the Second
World War

e) 1945—-1988: following three difficult post-war years
needed to make good ravages of war, the boom years of
hydropower development and dam construction in the 2™
Republic

f) 1988-date: the last few years and future prospects

2  THE EARLY PERIOD IN THE CONSTRUCTION
OF DAM STRUCTURES

There have been no finds of ancient dam structures on
the territory of modern Austria of the type with which we
are familiar in the arid regions of the Middle East. In view
of the more moderate climatic conditions of central
Europe, there was no need to store large volumes of
water in reservoirs for use during long months of drought.

Springs and wells were abundant everywhere, and in the
Eastern Alps the period of maximum precipitation coin-
cides with the growth period of the vegetation.

Even in those Alpine valleys in the lee of the high moun-
tain chains where irrigation was traditionally practised,
there was no need to build reservoirs, as the streams fed
by the waters stored in the glaciers would be fullest in the
hot summer months, and the farmers built systems of
open channels, which were often complex and negoti-
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ated difficult rocky terrain. And in the wide flat valleys and
lowland plains, the ground water level was usually so high
that drainage was more important than irrigation. It is only
with the widespread implementation of river control works
and the reduction in bedload of most rivers that this
situation has been reversed for some regions in recent
years.

With regard to drinking water, Austria has so farbeen able
to maintain supplies from springs and ground water,
without the need to fall back on surface water. Vienna's
mountain spring water, for example, which is famous for
its excellent quality (annual consumption in 1988: 147 hm?),
is piped almost exclusively from karstic springs located in
the practically uninhabited massifs of the Rax-Schnee-
berg and Hochschwab mountains. The 120 and 181 km
pipelines built in 1873 and 1910 respectively to transport
the water to the city deliver the water to underground
tanks of up to 0.6 hm? capacity, so that prior storage in
reservoirs is superfluous.

One frequent reason for impounding water in the Middle
Ages, on the other hand, was to create fish ponds to
provide the supply of edible fish needed to observe what
were then strict religious rules for fasting. The usual
technigue was to build low retaining walls of earth around
flat-bottomed depressions well away from the main wa-
terways. One of the most famous of these old fish ponds
was built in 1460 by the Tyrolean Duke Sigismund the
Rich, who had an 8 m high and 250 m long earth em-
bankment built near Tarrenz in the Gurgl Valley, rem-
nants of which could still be seen in 1960.

The more direct precursors of today’s dams are the
logging dams built to float the newly cut timber through
the inaccessible forested mountains. These logging dams
which can be traced back to at least the 13" century, were
built where the stream had too little flow to float the logs
unaided. The water was repeatedly impounded and
suddenly released to produce a flood wave, which would
carry the logs down to the end of the logway section,
where they would be stopped by a wooden rack and
hauled ashore.

Originally these logging dams were timber structures, as
in the case of the 12 m high Archduke Johann Dam in
Tyrol, which could discharge a total pondage of 230 000 m?
within an hour (Fig. 1). Today, with the forests now
served by their own forestry track networks, log floating
has become more or less extinct. A few of the old logging
dams have been preserved for their historical interest,
while others have been converted to other uses, such as
the Preszeny logging dam on the Salza in Styria with a
storage reservoir of 0.65 hm?, which is now utilized by a
small power station.

Mountain torrent control structures are not unlike dams in
their design, either. In Austria these structures, often
15 m high and more, are built by the Office of Mountain
Torrent and Avalanche Control, which was established in
1884. Since their purpose is not to impound water but to
provide temporary or permanent restraint for the bedload,
they are not included in the dam statistics. Nevertheless
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Figure 1 Archduke-Johann log dam

some of the earliest structures were very interesting feats
of engineering, such as the Madruzza sediment retention
dam built in a narrow gorge on the River Fersina near

Figure 2 Madruzza dam (1885/86)
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Trento (ltaly) by what was then the Austro-Hungarian
waterway authority in 1885/86. The 41 m high structure
was an arch dam of variable radius, decreasing from
15 m at the crest to 5 m at the base (Fig. 2).

A number of dams were also built at a relatively early date
to form flood retention basins. The most dangerous of the
flash floods of that time were caused by the unpredictable
discharge of a number of notorious glacier lakes which
formed — at a time of generally more extensive glaciation
—wherever the runoff from a high-level valley was blocked
by a barrier of ice formed by a glacier advancing from the
side and were emptied without warning when the waters
finally penetrated the ice. Following a sequence of such
catastrophic flash floods, the then Austro-Hungarian
waterway authority built a 332 m long masonry dam at
Zufallboden in South Tyrol (now ltaly), which had a
retention capacity of 0.72 hm?®. Similarly, at about the turn
of the century, the Vienna municipal authorities built a
chain of flood retention basins of 1.6 hm? total capacity on
the Wien river, with a continuous flood wall separating
them from the river channel. Only very few of the dams
built in combination with flood retention basins today
satisfy the ICOLD criteria for large dams with regard to
their height. They are filled very rarely, if at all, and then
only partly and briefly, and for that reason they have not
so far been included in the ICOLD register (Table 4). In
comparison with the far-reaching contribution to flood
control made by seasonal storage reservoirs built for
hydropower generation, such flood retention basins are
of purely local significance in the Pre-Alp zone.

Pre-industrial hydropower utilization in Austria, such as
the use of watermills, which can be traced back to the
8" century, did not involve the construction of major
dams. The use of water power, as the only source of
energy that was independent of man and his animals,
early became very widespread.

Given the limited scope for engineering works at that
time, the use of water power was restricted to streams
and small rivers which permitted the construction of
diversions to feed run-of-river plants. A good site for water
power for direct conversion to mechanical energy, e.g. on
the streams from the Calcareous Alps (with large springs
that also provide adequate winter flows) soon attracted a
variety of commercial activity, including mills, sawmills,
and iron forges, and later also paper and textile manufac-
turing plants, and the sites of many of today’s big indus-
trial complexes bear witness to these more modest begin-
nings.

One historical structure that is of special interest is the
town canals and mill race chains deriving from the Middle
Ages, which were usually built along the natural side
arms of the main rivers. They were often of considerable
length and comprised several stages, each fitted with a
waterwheel for optimum hydropower utilization. One such
structure is the mill race chain built on the right bank of the
Mur upstream from Graz, with a length of no less than
20 km and a runoff of 11 m¥s. This structure is still in use
today, although the original 33 stages, with heads varying
between 0.6 m and 2.2 m and a total capacity of about

3 MW, have since been combined to form a smaller
number of bigger stages. Another example is the Alm
canal. Started in the 10" century, it has conveyed 5.5 m¥s
of water since 1280 from the Kdnigseeache to the city of
Salzburg, where the water is distributed through
secondary canals. At the turn of the century 63 water-
wheels with a total of 1 900 hp were in operation along
the 11.8 km long main canal.

3  THE PERIOD FROM 1882 TO 1918

As mentioned in the introduction, 1882 was the year of the
Austrian debut for hydropower generation, the location
being Steyr, a city with a long tradition in mechanical
engineering and armaments production. This was fol-
lowed in 1886 by the first public electricity supply system,
a 130 kW installation for the town of Scheibbs in Lower
Austria. In 1888 the entrepreneur Anton Rauch had a
small hydropower station built for his mill in Innsbruck,
which is stillin operation today, and in 1889 the Innsbruck
municipal authority built the city’s first electric power
station on the same stream.

With the invention of three-phase current and the con-
struction of the first long-distance electricity transmission
line by Oskar von Miller in 1891, carrying energy at a
voltage of 25 kV a distance of 175 km from Lauffen to
Frankfurt, developments started to gather speed, driven
as they were by the pioneering spirit of private entrepre-
neurs, big companies and progressive municipal authori-
ties. Many electricity generating plants were built at that
time, some of which still existin modernized and extended
form, including such milestone projects as the power
station built on the Téll to supply the town of Meran in
1896 (South Tyrol, now ltaly), an 8 MW plant built on the
Sill (Tyrol) in 1898 to supply an electrochemical proces-
sing plant, a power station built on the Alm Canal for
Salzburg, and a further generating plant on the Sill with a
13 MW capacity built to supply Innsbruck in 1903.

Allthese plants were constructed without reservoirs. Only
the Andelsbuch power station on the Bregenzer Ache,
whose 7.4 MW capacity made it a major plant by the
standards of the time, included a reservoir built for daily
storage between the intake tunnel and the penstock. But
the first real dams were not constructed until almost a
quarter of a century after the beginnings of electricity
generation. The two very first dams for hydropower gen-
eration were commissioned for an organization that was
to play an important role in subsequent developments,
namely the Austrian Railways, whose management was
quick to appreciate the benefits of hydropower and in
1905 established a research team to study and record the
hydropower potential of the Austro-Hungarian Empire. In
1908-13, to generate electricity for the Mariazell Railway,
two slightly curved gravity dams were built on the Erlauf
in Lower Austria, namely at Wienerbruck and Erlaufklau-
se, with heights of 13 and 35 m respectively. The bigger
of the two was a masonry structure. At almost the same
time, in 1910-11, the Gosau Dam was built by a private
electricity generating company to impound a natural lake
for long-term storage for a small power scheme with
several stages. This was a 17 m high earthfill dam with a
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masonry core wall as a sealing element, which unfortu-
nately just failed to connect with the impervious ground
moraine. In 1913, the 28 m high Wiestal Dam, also a
masonry gravity dam with a slight curvature on plan, was
constructed to supply the city of Salzburg with electricity.
The first major river barrage was built in 1914-18 in Faal
(Fala) on the Drau (Drava) in what is now Yugoslavia.
With its 35 MW capacity and 220 GWh annual energy,
this plantis now integrated into a complete chain of power
stations extending into both countries. By the end of the
First World War in 1918, the hydropower plants built inthe
Austro-Hungarian Empire — and located primarily on the
territory of present-day Austria — by the electric utilities
and private industry in approximately equal measure, had
a total annual generating capacity of 1280 GWh. Ab-
sence of a national grid system, however, meant that
capacity utilization was inefficient. In 1918 actual electric-
ity generation from hydropower totalled 895 GWh and
met 51% of consumption, the remaining requirement
being met from thermal power stations.

4 THE INTER-WAR YEARS FROM 1918 TO 1938

In addition to Austria’sthermal power stations, the eastern
part of the country in general, and especially Vienna and
the surrounding industries, had relied for decades on
supplies of coal from Moravia and Silesia (to such an
extentthat planning work had already begun onincreasing
transport capacities either by converting the northern
railway to a four-track line or by building the Oder-Danube
Canal). With the disintegration of the Austro-Hungarian
Empire after World War I, the residual territories of Aus-
tria were cut off from these traditional sources of coal, and
Austrian industry and the railways were deprived of their
very means of existence (deliveries from the succession
states being much too small in the first post-war years).
Out of necessity, a keen interest therefore developed in
the country’s water power potential, and a spate of plan-
ning and construction activity followed, especially on the
part of the Austrian Railways, and also in the individual
provinces, where provincial utility companies had been
founded which, with slight modifications, have remained
the backbone of the country’s electricity generating indus-
try and hydropower development up to the present day.
The more immediate result of the post-war situation was
the construction of a number of run-of-river power plants,
including some with short-term storage, the details of
which are beyond the scope of this chapter, and also
several seasonal storage plants which brought real pro-
gress in dam construction.

The first plant at Spullersee, was built by the Austrian
Railways in 1921-25 as part of the electrification scheme
for the Arlberg line, Austria’s rail link with the west, for use
in combination with the Schénberg run-of-river plant to
the south of Innsbruck, which had been built in 1912.
Located in a chalky limestone depression on the water-
shed between the Danube and the Rhine, the Spullersee,
a natural lake with a gross head of 800 m to the valley,
was raised by means of two gravity dams slightly curved
on plan, the bigger of which, to the south, is 36 m high and
280 m long, while the north dam is slightly smaller. When
the Spullersee dams were built — and the same applies to
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the 37 m high Strubklamm Dam built by the Salzburg
municipal authorities in 1920/21 — concrete technology
was still in its infancy. Nevertheless, the facing concrete
used is rich in cementitious material while the hearting
concrete, with 15% boulders, is low in cementitious ma-
terial. Also, Bavarian trass (a pozzolanic material) was
added, quarry-run aggregates used, and, with growing
confidence, the usual masonry facing was omitted. The
concrete was poured froma scaffolding bridge via delivery
chutes and compacted by tamping. The concrete was of
medium strength, and thus impervious and frost-proof,
and after forty years it was still in such good condition that
it was possible to raise the dam by 4.60 m using
prestressed anchors.

Following Spullersee, the next project in the Austrian
Railway’s electrification programme, in 1926, was hydro-
power development of the Stubach Valley in the Hohe
Tauern, for which the relevant rights had been acquiredin
1914. Completed in 1929, the old Tauernmoos Dam,
which was also built to raise a natural lake, was a
concrete gravity dam with a masonry facing built to a
height of only 28 m to provide seasonal storage for the
Enzingerboden power plant. In 1941 and 1956 two lower
stages were built, while additional upstream diversions
were also added to furtherincrease overall capacity of the
scheme, involving the construction of small dams in some
cases like the Weissee gravity dam completed in 1953. In
1973 the original Tauernmoos Dam was replaced by a
higher structure, and at the present time work is in
progress to replace the two lower stages with one com-
bined stage.

Just how convenient the solution of converting natural
lakes into seasonal reservoirs is, is perfectly illustrated by
the case of the Achensee in Tyrol, which is operated by
drawdown alone without any additional impounding struc-
tures. With a live storage of 80 hm? the Achensee re-
mained Austria’s biggest seasonal reservoir until 1950.
The Achensee power station was built by TIWAG (Tiroler
Wasserkraftwerke AG)in 1924-27. This 80 MW seasonal
storage power plant was a feat of engineering at the time,
with caisson foundations for the intake, a steel-lined
pressure shaft with partial load bearing by the surround- .
ing rock, and the use of diversions to increase the size of
the catchment area. Annual energy greatly exceeded
demand in the Tyrol, so that the Austrian Railways could
also be supplied, and negotiations were held with the
Vienna municipal authorities on power supplies in con-
nection with the construction of a 110 kW transmission
line. The Vienna authorities, however, were reluctant to
rely on such a remote plant, while the miners and coal
merchants, who were worried about their market, also
brought their influence to bear. As a result, an agreement
was signed in 1928 with Bavaria, the Tyrol's northemn
neighbour, which is still valid today and has been followed
by several similar agreements. The 110 kV line that was
then built via Innsbruck to the Walchensee power plant
was the first binational line at this voltage level in the
whole of the area occupied by today’s European grid.

The grid system set up together with southern and
western Germany as a result of the lack of transmission



lines with eastern Austria greatly stimulated hydropower
development not only in Tyrol but also in Vorarlberg, and
these two most westerly of the Austrian provinces subse-
quently took the lead in this sector for a number of
decades.

In 1928-31 the Vorarlberger Jllwerke built the 53 m high
Vermunt Dam as the first power stage in a scheme that
has since been continually extended. This Partenen
power stage which has a head of 700 m and a 90 MW
capacity, also laid the foundations for a grid with Baden-
Whirttemberg and the Rhineland. The concrete engineer-
ing employed for what was to remain the biggest dam built
in the inter-war years, with a volume of 142 000 m?, was
not up to modernday standards, of course, but with an
80 mm maximum grain size, 30 cm layers and 2.50 m
lifts, it was a step in the right direction. To compensate the
lack of compaction with pneumatic stamp hammers, a
reinforced gunite membrane was placed on the upstream
facing concrete. In 1988-89, as a result of increasing
percolation flows and saturation of the dam body, repairs
were carried out in the form of a 60 cm facing of impervi-
ous concrete.

Similar repairs have also been performed recently on the
33 m high Pack gravity dam built in 1929-31 by the
Styrian utility STEWEAG. The combination of inadequate
imperviousness achieved with the concrete with quarry-
run aggregates and slightly aggressive water had neces-
sitated repeated sealing and grouting works. The dam
was built to form the bigger of two reservoirs operated by
STEWEAG for its Arnstein high-head power plant on the
Teigitsch to the east of Graz, which was begunin 1923 as
an addition to the run-of-river and thermal plants. In 1950
the 58 m Hierzmann arch dam was built to provide a third
reservoir.

In addition to the above structures, a whole series of other
dams were builtin the Twenties and others refurbished or
enlarged. In addition many small power plants were
constructed at that time, especially by local communities
with rapidly growing power requirements, which had not
yet been linked up to a provincial grid and had adequate
funds from their logging operations to finance such pro-
jects.

1929, however, with the Great Depression and the gro-
wing political confusion in the country, marked the begin-
ning of the end of this period of busy construction acitivity,
and by 1932 hydropower development had practically
ceased. In 1938 Austria still had a developed potential of
only 2 400 GWh, meeting 91% of demand for electricity
at that time.

5 THE WAR YEARS FROM 1938 TO 1945

The Anschluss and the incorporation of Austria in the
German Reich brought with it a complete turnabout in
political, economic and organizational terms, which at
first gave promise of a period of exceptional progress in
water power development. Germany’s rapid arms build-
up in 1938-39, however, benefited thermal power plants,
which could be built more quickly, while the outbreak of

the Second World War was followed by rapid and almost
total paralysis. In this situation much work was begun,
sometimes prematurely, and some projects were com-
pleted. Only a small number of the really big projects,
however, ever left the drawing boards or progressed
beyond the first stages of construction.

A number of important run-of-river power plants did come
on stream during the war, however. Three were located
on the Inn, namely Kirchbichl in Tyrol and two much
bigger plants at Eringand Obernberg on the border reach
between Upper Austria and Bavaria. On the Drau three
run-of-river plants were completed: Schwabeck, which
started operation in 1942 and was to become a main pillar
of Austria’s electricity supplies in 1945, Lavamind
(1942—-44), the first pier head power station in the world,
and one more of the same type in what is now Yugoslavia
at Dravograd (construction of a fourth at Maribor, had
been started further downstream). Construction alsobegan
on four power stages on the Enns, one of them to supply
the iron and steel works in Linz — later to become the
VOEST company —but work was not completed until after
the war. In the case of the Ybbs-Persenbeug power
station begun in 1938, also to improve navigation on the
Danube, only the cofferdams for the construction pit had
been completed by the end of the war, and the actual
plant was not built until 1954-59.

In 1937-40 the Austrian Railways built the middle stage
of the Stubach scheme in the Hohe Tauern, withthe29 m
high Enzingerbodengravity damplaced onlandslip boulders
sealed with an 18 m deep cut-off wall. In 1939-45 TIWAG
constructed the Gerlos power plant in the Ziller Valley
under the most arduous conditions. The 39 m high arch
dam built to provide short-term storage for the high-head
stage was the first of this type in Austria, with a large
thrust block placed on the left abutment to achieve the
symmetry that was then considered essential. In order to
prevent sedimentation of the small reservoir, a weir was
built at the end of the backwater curve to intercept the
bedload, which was sluiced along a concrete pipe and
tunnelto the tailwater. In 1959 the first signs of creep were
detected in the imbricated structure of the slope down-
stream from the left abutment. This was followed by
rockfalls in 1963-64, and the decision was taken to
incorporate a foundation block to provide mutual support
to both slopes and to place a gravity dam in front of the
arch. Further repairs are now required owing to swelling
in the concrete caused by a weak alkaline reaction with
the aggregates.

In 1940 work began, in a second development phase for
the Jllwerke in Vorarlberg, on the construction of two
dams on the saddle of the Bieler Hohe to form the
Silvretta seasonal storage reservair. The western struc-
ture is the 80 m high Silvretta gravity dam, which, toge-
ther with a small adjoining dam, has a length of 572 m.
Requiring a total concrete placement of 425 000 m?, this
is an impressive structure even by today’s standards,
though construction was otherwise unremarkable. The
eastern structure, the Bieler embankment dam, is consi-
dered the first major fill dam in Austria, with a length of
733 m, a core height of 25 m and a dam height above the
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upstream toe of 35 m. The gravel fill was placed on
extremely hard and impervious ground moraine material,
and the sealing element, a reinforced concrete core wall
with a pattern of vertical and horizontal contraction joints,
extended 4-6 m down into the ground moraine. The two
dams were not completed until 1948, although power
generation with partial filling was begun in 1943.

The most valuable heritage among the unfinished war-
time projects was without doubt the torso of the Glockner-
Kaprun power scheme, an advanced design that Her-
mann Grengg had managed to defend in the face of other
plans that were typical of the megalomania of that time.
By the end of the war one of the turbines for the main
stage was operating, but without pondage. The five big
dams for the two seasonal storage reservoirs and a
storage reservoir for the biggest of the diversions were
not built until after the war. Inthe case of the Limberg Dam
forthe lower reservoir, the original plan, under the influ-
ence of the Old Dixence Dam, was to build a buttress
dam, and A. Stucky was consulted. As a result of the de-
struction of the Méhnetal Dam by special bouncingbombs,
however, it was decided to build an arch dam instead, and
since then no buttress dams or multiple arch dams have
ever been built in Austria.

In 1944 all hydropower plants in operation on the territory
of present-day Austria generated a total of 4 033 GWh,
covering 82% of total consumption (the figure for 1945
being statistically meaningless because of the total col-
lapse at the end of the war).

6 THE PERIOD FROM 1945 TO 1986
6.1 Overview

The four and half decades that have elapsed since the
end of the Second World War have withessed the con-
struction of no fewerthan 115 of the 132 dams listed inthe
1988 World Register of Dams plus two completed after its
publication. This long period of time, in which hydropower
development and dam construction have flourished, is
not easy to subdivide for lack of truly decisive events that
might offer a logical framewark. On the contrary, the post-
war period is characterized by continuous economic
development and political stability. Only two or three
years after the total collapse that came with the end of the
War in 1945, the Austrian economy was well on the way
to recovery. This is clearly illustrated by the development
of electricity generation (Fig. 3) and reservoir volume for
seasonal storage (Fig. 4), two excellent indicators of
hydropower development and dam construction.

Both curves show a significant upturn in 1948 that marks
the beginning of a development that was to continue
unabated until about 1986, with average annual growth
rates for seasonal storage reservoirs of approximately
35 hm? (Fig. 4). Nevertheless, the curve does alternate
between steeper and flatter sections, relating to periods
of more concentrated acitivity and also to gaps in the
years of completion as listed in the Register. And it is on
this basis that the period from 1945 to the present, in
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which 87% of all Austrian Dams have been built, has
been subdivided for greater clarity:

a) 1945—-1950: economic reconstruction, completion of
dams begun during the war, and construction of a number
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Figure 3 Austria's electricity production and domestic consumption
1920-1990

of smaller ones; work started on the first arch dam over

100 m high; a total of 12 dams completed, including
4 barrages

b) 1951—1960: the most active period of dam construction
in Austria to date, with a total of 27 dams completed,
including 7 barrages

c) 1961-1970: a decade dominated by river barrage con-
struction, with 14 out of a total of 20 dams built; construc-
tion of what were then the two highest ever dams; interna-
tional standards reached in large fill dam engineering

d) 1971-1980: another particularly productive decade,
with 27 dams constructed, including 11 river barrages

e) 1981-1986: a further period in which the river barrages
dominated, accounting for 12 out of a total of 18 dams
built, all of them except one less than 50 m high. The year
in which the one higher dam was completed — and with a
height of 186 m it is the second highest in Austria —
coincides with a levelling off in the growth curve for
hydroelectricity generation and storage volume as envi-
ronmental problems start to make themselves felt.



The last few years, with their clear downturn in dam
construction activities, are dealt with in Chapter 7, which
also includes a brief review of future prospects.

6.2 The post-war years 1945-50: reorganization and
recovery

Of fundamental importance for all hydropower develop-

ed in 1987. It distinguishes the following groups of com-
panies (also quoted as owners of dams in the tables in
Chapter K):

a) Special hydroelectric companies (,Sondergesellschaf-
ten“, e.g. DKJ, DoKW, EKW, OBK, ODK, TKW, VIW)
engaged in the construction and operation of large power
plants or schemes along a particular river or in a particu-

Table 1 Development of total reservoir volume (A = created by dams, B = created by drawdown of natural lakes)

o Shares of dam types as % of A Volume

Year A PG VA PG + VA TE + ER ie ia+c fa+c B
hm? % % % % % % % hm?

1918 34 28.2 - 28.2 71.8* - 71.8* = -
1928 72 65.8 - 65.8 34.2 - 34.2 - 90
1938 84 70.4 - 70.4 29.6 - 29.6 - 90
1948 124 74.6* 0.7 75.3 247 - 24.7 - 90
1958 562 49.1 43.4 92.5% 7.5 1.0 6.5 - 90
1968 818 34.3 35.3 69.6 30.4 24.4* 5.4 0.4 95
1978 1267 25.1 50.3 75.4 24.6 16.4 3.5 47 95
1988 1463 21.8 49.7 71.5 28.5 14.2 8.2 6.1* 95
1991-95 1497 21.3 48.6 69.9 30.1 13.9 10.3 5.9 95

* Maximum increment per decade

ment and dam construction after the war was the com-
plete reorganization of Austria’s electricity supply indus-
try under the Second Nationalization Act of 1947, amend-

Figure 4 Development of total reservair volume

lar area allotted to them, but not in energy distribution to
consumers. These companies are at least 50 or 51%
owned by the Osterreichische Elektrizitatswirtschafts-
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Aktiengesellschaft (Verbundgesellschaft) which itself is
at least 51% owned by the Federal Republic of Austria,
and is also responsible for the construction and operation
of the Austrian supergrid.

b) Regionalhydroelectriccompanies (,Landesgesellschaf-
ten®, e.g. EVN, KELAG, OKA, SAFE, STEWEAG, TI-
WAG, VKW) at least 51% owned by the regional author-
ities of the Federal Provinces. These companies are
responsible for the electricity supply of their respective
regions, i.e. for the construction and operation of power
plants as well as for energy distribution, and they are
allowed to possess shares in the “Sondergesellschaften”
and in power plants constructed by them.

¢) Municipal utilities (,Stadtwerke®, e.g. EWI) owned by
the municipal authorities of the capitals of some of the
Federal Provinces.

In addition to the above groups, there are the Austrian
Federal Railways (OBB = Osterreichische Bundesbah-
nen) which also operates a separate network at 16 2/3
c.p.s, industrial self-suppliers, and smaller utilities.

For planning the dams as well as for supervising con-
struction work, the companies in groups a) and b) mainly
make use of their own personnel.

Thus they can rely on their experience with existing plant
and their profound knowledge of local details, while the
disadvantage of an irregular workload is largely compen-
sated by frequent sharing of know-how and reciprocal
assistance among the companies. Sometimes, e.g. for
special tasks, consulting engineers are also assigned.
Construction work is allocated to contractors by tender.
Gates or steel linings as well as mechanical and electri-
cal equipment for the power stations is bought by tender
directly from the manufacturers. Construction and as-
sembly is coordinated and supervised by the owners.

Inthe framework of the general reconstruction effortin the
aftermath of the severe damage caused by aerial bomb-
ing and the general ravages of war, energy requirements
soon started to increase rapidly, requiring completion of
those plants that had not been finished during the War,
and especially the two dams for the Silvretta reservoir
(see Chapter 5) and the first of four barrages on the Enns
(Staning, Mdhirading, Ternberg and Grossraming).

Working under great difficulties and in austerity condi-
tions that are almost unimaginable today, four small arch
dams were constructed on the cement-saving Gerlos
model. The 53 m high Salza Dam, with an overflow
spillway covering the full length of the crest, serves a
small independent seasonal storage plant in Styria. The
45 m high Ranna Dam was builtto provide weekly storage
foran existing run of-river plant with pumped storage from
the Danube. It was the first non-Alpine dam to be built in
Austria. The 58 m high Hierzmann Dam for the Teigitsch
scheme to the west of Graz was remarkable for the
design effort required to cope with a very unsymmetrical
valley cross-section. The 34 m high Bédchental Dam,
whose reservoir has since silted up, was built not for
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storage but merely to provide the head needed for a
diversion to the Achensee. ltis nevertheless of engineer-
ing interest as a very slender cupola dam that was
prestressed through pressure grouting the radial joints to
reduce bending tensile stresses. The experience gained
with these small dams and the success of the design had
an impact on what was by far the most important project
started in this period, namely the 120 m high Limberg
Dam. The decision already taken in 1944 in favour of a
slightly unsymmetrical double-curvature arch dam re-
quiring 450 000 m® of concrete was confirmed in 1948,
and construction began.

6.3 The decade from 1951 to 1960

With the completion of the Limberg Damin 1951, Austrian
dam engineering had caught up with the international
state-of-the-art in the design and construction of large
arch dams, from calculations and concrete technology to
dam instrumentation and monitoring. The next step was
construction of the other four large concrete dams in the
Glockner-Kaprun scheme. In 1952 the two dams for the
intake reservoir for the Méll diversion were built, which
supplies the scheme with over half of total inflow. The
Margaritzen Dam is a 40 m high slightly curved gravity
dam, functioning as a cheap spillway at the same time.
The 93 m high Mdéll Dam is a more interesting design as
a relatively thin arch dam placed on a 36 m high founda-
tion block. Because of delays experienced in the excava-
tions, the upper part of the foundation block was con-
creted onto the debris as a vertical arch and the under-
lying gorge cleared down to the bedrock while the con-
creting work began on the dam above. In 1951-55 two
dams were built, one on each side of a huge rock forma-
tion, to form the upper of the two seasonal storage
reservoirs for the Kaprun scheme. The Drossen Dam,
with a height of 112 m the higher of the two, is a constant-
angle design with varying thickness along horizontal
sections. Construction was preceded by excavation of an
unusually large volume, namely 310 000 m3, of debris
and rock for a dam volume of 350 000 m3. The 104 m high
Mooser Dam is an arched gravity dam. The ridge on
which the dam is located was of poor material and was
also rather narrow for the required height. For that reason
the downstream face is steeper than in the case of a pure
gravity dam, so that the slight arch effect was essential for
the stability of the design. An inspection gallery concreted
straight onto the foundation, as is the case with all the
Kaprun dams, is designed to intercept uplift pressure.
Both dams feature extensive grout curtains over 120 m
deep. A considerable improvement to concrete technolo-
gy was the introduction of the Rheax procedure for
hydraulic separation of the sand fraction finer than 1 mm
and control of any excessive silt content. With the visual
impact of its large dam structures, the Glockner-Kaprun
hydropower scheme became the symbol of recovery in
the Second Republic for an entire decade, and for many
years beyond it formed the backbone of the country’s
electricity supply system.

Less prominence was given to the only non-Alpine group
of reservoirs in Austria which were built at about the same
time, namely three dams on the River Kamp in Lower
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Austria, which retain about 68% of total annual flow for
winter generation. In combination with pumped storage,
this enables the regional electric utility to cover the winter
peaks.

The Dobra Dam, which was built in 1950-52, was the first
constant-radius arch dam to be built in Austria. The
geology at the right abutment featured severely folded
and crushed gneisses, with a high proportion of mica
schist and loam-filled fissures, which could neither be
consolidated nor sealed and therefore necessitated deep
excavation. Subsequently the damwas prestressed using
the radial joint pressure grouting method developed at the
Béachental Dam. In December 1953 there was an incident
involving the bottom outlet tunnel in the left embankment,
which has taken on a particular significance in retrospect
(see Malpasset). The power conduit had been closed to
permit repairs to be carried out on a pipe bridge, and
water was discharged into the tailwater via the bottom
outlet instead, which is never otherwise under load.
Leaks in the bottom outlet tunnel developed and led to the
build-up of water pressure in the rock joints, which — after
ten days of operation — caused shear failure in a rock slab
measuring about 30 x 30 m. This resulted in the develop-
ment of an 80 cm crack, through which water was lost at
a rate of 100 m¥%s until the reservoir was empty. To solve
the problem, the bottom outlet was subsequently lined
with steel.

Thurnberg-Wegscheid, which was built at about the same
time, is only a small dam, with a 26 m high concrete
gravity section serving as a free overflow spillway, but its
200 m long embankment section features the only up-
stream concrete face in Austria. The Ottenstein Dam built
in 1953-57, on the other hand, is a 65 m high constant-
angle dam. Also, the powerhouse, which is equipped for
pumped storage operation, is located in the immediate
vicinity, making this one of only two dam power plants in
Austria. In addition, Ottenstein was the first dam in Aus-
tria in which coils were embedded in the concrete for
artifical cooling. Following the incident with the rock slide
at Dobra, great care was taken to provide adequate
drainage for the rock spur that forms the right abutment.

From 1954 to 1958 four smaller dams were built for the
Reisseck-Kreuzeck scheme in Carinthia. The attraction
for the hydropower engineer was the presence of four
small cirque lakes at high altitude in the Reisseck moun-
tains, which provide an immense head for a very short
horizontal distance of the waterways. (The single stage
head of 1 772 m from the Kleiner Mihldorfersee reser-
voir to the Kolbnitz power station is a world record that has
stood since 1957.) As the catchments are very small, they
are filled by pumping from diversions at lower horizons,
actually including transbasin diversions from the Kreuz-
eck mountains across the valley.

The biggest of the four structures is the Grosser Miihldorf-
ersee Dam, a 47 m high gravity dam. It is curved on plan
to suit the rocky ridge on which it is sited and which
originially impounded the natural lake. A large base
gallery with a sloping elliptical cross-section provides
relief from uplift pressure and also permitted 11% savings
in concrete to be achieved — an important feature in view
of the 65 km hauling distance from the Drau Valley for all
aggregates. Prefabricated vacuum concrete slabs served
both as formwork during concrete placement and as a
permanent facing. The joints between the slabs were only
sealed successfully after repeated problems with ice
impacts. The dams built for the Kleiner Mihldorfersee
and Hochalmsee are very similar in design but somewhat
smaller (while the fourth, at Radlsee, is a rockfill dam). A
base gallery was also incorporated in the Bemposta
arched gravity dam in Portugal (1964) and in the new
Tauernmoos Dam built in 1973.

In 1950-58 Austrian Railways increased the seasonal
storage volume of their Stubach scheme by impounding
three high-altitude lakes, namely Weissee, Amersee and
Salzplattensee, by means of small gravity dams.

Another natural lake that was enlarged by impounding,
but this time of a quite different magnitude, was Liinersee
in Vorarlberg. The lake had first attracted the attention of
hydropower engineers back in the Twenties. In 1920, lake
level drawdown was prepared by driving an outlet tunnel
sited at a depth of 50 m, and in subsequent years the
narrow and steep rock sill composed of dolomite forming
a natural barrier to the north was systematically investi-
gated and sealed. The Liinersee gravity dam was even-
tually built in 1955-58 to service a high-capacity high-
head pumped storage station needed to increase total
generating capacity of the Upper Jll scheme. On plan, the
dam, with a maximum height of 28 m, follows an irregular
multiple curve along the line of the narrow rock sill with its
steep northern face.

In addition to the concrete dams which were still dominant
during this period, the first modern earthfill dam, the 41 m
high Freibach Dam, was also built — with a central core,
transition zones and shell zones — for a small peaking
plant with additional pumped storage in a side valley of
the Drau in Carinthia. Site geology precluded construc-
tion of a concrete dam and required extensive sealing
works in the left abutment, with a concrete cut-off wall
constructed with the help of mining techniques and
completed with a grout curtain. Another structure worthy
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of mention is the Rotgildensee rockfill dam built in
1956-57 to impound a small natural lake in the province
of Salzburg. Although only 18 m high —and now incorpo-
rated in the upstream shoulder of the new Rotgildensee
dam, which was completed recently — it was nevertheless
an innovative project at the time, with a hand-placed
inclined asphaltic concrete core as a sealing element.

Theriverbarrages constructedin this period (see Chapter H,
Fig.3) include the first two built for hydropower develop-
ment on the Danube. They are located on the reach
where the Danube has cut a narrow valley through the
granite gneisses of the Bohemian Massif. Jochenstein
(132 MW) was built as a binational plant on the border
reach with Germany, mainly at the instigation of the
German Rhein-Main-Donau AG, and went on stream in
1955. It was followed in 1954-59 by Ybbs-Persenbeug,
after permission had been granted by the occupying
powers, who finally withdrew from Austria in 1955, to
utilize the beginnings made to the cofferdams for the
construction pit in 1938. These two barrages marked the
start of a step by step programme of development of
Austria’'s most important hydropower resource, which
continued unopposed until 1984 and is still far from
complete. Also, hydropower development of the border
reaches of the Inn between Austria and Germany was
continued by the binational company set up for that
purpose, with stages at Braunau (1953, 96 MW) and
Schérding (1961, 96 MW).

This decade also saw the construction of a few schemes
of a type that is rare in Austria, namely medium-head
plants incorporating a weir without a reservoir that only
just meets ICOLD’s 15 m height criterion, plus a long
power tunnel as a diversion to provide the necessary
head. The first in fact even qualifies for a high-head
classification, namely Braz (30 MW), which was built by
the Austrian Railways in 1953 as the lower stage for the
Spullersee seasonal storage power plant. It has a head of
314 m and features Austria’s first underground power-
house. It was followed in 1955 by a plant of twice the
generating capacity at Hieflau (63 MW) on the Enns,
which features a daily storage reservoir at the end of the
pressure tunnel, and Prutz-imst (82 MW) on the Inn in
Tyrol, which was built in 1956 with the second under-
ground powerhouse. To cope with the difficult conditions
encountered in the construction of the pressure tunnel,
the basic principles of what has come to be known as the
New Austrian Tunneling Method (NATM) were develop-
ed under the guidance of L. v. Rabcewicz based on the
combined application of shotcrete and rock bolts to acti-
vate the supporting effect of the surrounding rock.
H. Lauffer also developed his rock classification system
based on stand-up time as a function of the span of the
unsupported mass. Schwarzach (120 MW), on the Salz-
ach, which was completed in 1958, involved the con-
struction of a 17 km long pressure tunnel, which
represented a further step forward in the development of
the NATM. The plant benefits from the large seasonal
storage reservoirs of the Kaprun and Stubach schemes
and features a compensating basin of 1.5 hm?® active
storage at the end of the pressure tunnel.
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6.4 The decade from 1961 to 1970

In this decade run-of-river power plants dominate the
statistics, including two on the Danube, namely Aschach
(1963, 286 MW) and Wallsee (1968, 210 MW). After an
interval of more than fifteen years, hydropower develop-
ment also continued on the Drau, at Edling (1962, 70 MW)
and Feistritz (1968, 80 MW), while development of the
lower reaches of the Inn was completed with the con-
struction of a binational plant at Passau-Ingling (1965,
86 MW) slightly upstream from the confluence with the
Danube. Onthe Enns, no fewer than six new stages came
on stream, and work began on the last of a total chain of
14 power stages. Smaller plants were built on the Mur,
Salzach and Traun.

As far as storage dams are concerned, this decade
marked the coming of age of embankment dam engi-
neering. Following the sporadic use of this dam type for a
number of minor structures (Gosau 1911, Bieler 1947,
Hollersbach 1949, Rotgildensee 1957, and Radlisee
1958) and the still relatively small precursor of Freibach
(1958), the construction of the Gepatsch Damin 1961-64
for the Kaunertal power station in the Tyrol — the tenth
highest embankment dam in the world when completed —
represented a vast step up in terms of size, and brought
Austria up to the international state-of-the-art in embank-
ment dam engineering. With three extensive diversions
to provide additional inflows, the Gepatsch reservoir, with
an active storage of 140 hm?, was Austria’s biggest
reservoir for two decades, and the dam is still the highest
fill dam in the country. Mainly for reasons of economy,
preference was given not to a concrete structure, butto a
rockfill dam with steeply sloped shoulders and a relative-
ly slender central core sited on excellent foundation rock.
The dam is interesting for its core element of processed
kiln-dried talus material, with added bentonite on the
upstream side, for the decision to permit winter working
on fill placement, and for its generous instrumentation as
a source of valuable information on the behaviour of high
rockfill dams. A well known incident occurred shortly
before completion of he dam during first filling in the
summer of 1964, involving a slide affecting a one-kilome-
tre length of the left reservoir slope in the proximity of the
dam. The successful investigation of the causes, the
control measures adopted and the stabilization of the
movements after a total horizontal displacement of 11 m

Figure 6 Development of highest fill dams (earth- and rockfill) by type of
sealing element
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are discussed at length in the literature. Overshadowed,
as it were, by the Gepatsch dam, the 36 m high Diessbach
Dam was constructed at about the same time in the
Calcareous Alps of Salzburg Province to provide sea-
sonal storage for a small high-head stage. This dam is of
interest because it was the first to incorporate an up-
stream membrane of bituminous concrete as a sealing
element, which had previously been used only for a
number of artificial reservoirs, headrace canals and dykes
along backwater areas. Such bituminous concrete mem-
branes were to play a significant role in dam construction
in the Seventies.

Another noteworthy project at that time was the Durlass-
boden earthfill dam, which was built in 1965-66 to pro-
vide seasonal storage plus a small upper stage for the
Gerlos power plant which was built during the War. It thus
put into effect an idea that was thirty years old, which
could not be tackled earlier, however, because of the very
problematical foundations at the dam site. The left valley
flank is composed of green schist and phyllites, while the
right flank is formed by an early rockslide mass, and the
river channel is filled with very heterogeneous material
over 130 m deep in the middle of the valley, fortunately
with a silt layer at a depth of 30-50 m. Taking account of
experience gained with the big grout curtains installed in
alluvial and moraine materials at Sylvenstein, Serre-
Poncon and Mattmark, it was possible to seal this difficult
foundation with a grout curtain comprising up to eight rows
of boreholes, plus pressure relief wells and a heavy
weight berm of the downstream side.

In spite of its height of only 28 m, the Eberlaste earth dam,

Table 2 Distribution of Austrian dams by type, height and period

lacustrine deposits. In the immediate vicinity of the dam
foundations, there is silty sand located in the middle of the
valley, with talus material and boulders towards the steep
valley slopes. This zone was sealed with a slurry-trench
cut-off wall with a depth of up to 52 m to provide adequate
sealing to avoid any risk of erosion and to reduce seep-
age losses to an acceptable level. Because of the great
heterogeneity of the subsoil materials and the anticipated
settlement, a slurry-trench cut-off was preferred to a grout
curtain. The vertical asphaltic concrete core of the dam
connects with the foundation cut-off. The core has with-
stood differential settlements of up to 2 m without dam-
age, thanks to the additional provision of pressure relief
wells and a weight berm.

In order to add an additional reservoir to the Upper JlI
schemeinVorarlberg, the Kops Damwas builtin 1961-65,
comprising two structures, namely a 122 m high arch
dam incorporating a 50 m high thrust block for the left
abutment, which at the same time forms the right abut-
ment for an adjoining 33 m high gravity dam. Apart from
the fact that the arch dam was the highest concrete dam
in Austriaat the time, itis also remarkable for the horizontal
geometry based on parabolas of the 4™ order, plus very
generous instrumentation using modern telemetry sys-
tems.

The 48 m high Raggal gravity dam, also in Vorarlberg,
which was built in 1965-67, was the first major dam to be
embedded into the flysch in Austria and also the first to be
constructed using a special cement with 55% interground
blast-furnace slag.

Experience gained with this cement proved very useful

Perlad of Before | 1930-1949 19501969 19701989 i ot
completion 1929 or n.c. completed or n.c.
Height| 15 30(15 30 60|15 30 60 100 15 30 60 100 15 30 60 Al 15 30 60 100
Dam- m to to]to to to|to to to to>150|to to to to >150 to to to Faiahia to to to to >150
type 29 59|29 59 99|29 59 99 149 29 59 99 149 29 59 99 g 29 59 99 149
) 1 =: | 7 i -|16 6 - - -—-}]2 8 - - -—-| 1 - -
River barrages
1 8 22 30 1 62 |47 15 - - -
Gravity 4 3| 2 2 i 2 6 - - 1 2 - =] - 23 9 13 1 o
Arched, gravity - - | - - - 1T -1 -1 - 1 = - =] = - = 3 - 2 = 1 =
Arch -1- 2 - 5 2 3 - 4 1 2| - = 19 - 11 2 4 2
4 3 & 1 2 2 4 0|1 7 - 1 2| - - =
ancretedams 4 12 45 9 26 3 5 o
(without riv. barr.) 7 7 20 11
= ia - -{- - =11 = = = -] = = = - 94| = 1 1 4 11 1 - 1
g ic 1 = = 1 =] 2 e e=m —faes a2 o | e e ou 5 3 2 - - -
= oF ie - -1 - = = 1 1T - 1 - -1 - - = - = 5 11 2 - 1
22| g fa |- -l- - =-]1-1 = = | -8 - 1 |- - - 0 |- 9 - 1 -
oE | do fc | - -{- - -1l1 - - - -]~ - - - | - - - 1 1 - - -
1 o 1 100 4 2 A4 Q496 9 4 1 4 & 4 1
Embankment dams 25 6 13 3 #£ 2
1 2 9 12 2
6 3|10 6 1(22 20 3 4 1|23 24 1 2 3| 1 1 1
Total 132 |62 54 6 6 4
9 17 50 53 3

which was constructed in 1966—68 for the Stillupp reser-
voir forming part of the Zemm-Ziller scheme in the Tyrol,
is also of particular interest for the solution adopted to
overcome difficulties with the foundations. At the only
feasible site for a dam, between steep valley flanks, the
valley is filled to a depth of over 150 m with alluvial and

for the concreting work involved in the construction of the
Schlegeis arch dam, which was begun in 1967 and
completed in 1971 to form the bigger of the two seasonal
storage reservoirs for Austria's second biggest storage
power scheme in terms of capacity and annual genera-
tion, namely the Zemm-Ziller scheme in the Tyrol. (The
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second storage reservoir, Zillergriindl, was built 15 years
later). The crest length/height ratio of 1: 5.6 of the double-
curvature arch dam reflects the unusual length of span for
this type of structure, which — with a concrete volume of
980 000 m?® — was considerably more economical than a
gravity or embankment dam. The horizontal arches were
designed as conic sections with a transition from a hyper-
bolic shape in the upper part to ellipses with their longitu-
dinal axes transverse to the valley at the lower level.

6.5 The decade from 1971 to 1980

Following completion of the Schlegeis arch dam in 1971,
the next large concrete dam was the new Tauernmoos
Dam built by Austrian Railways in 1969-73. This more
than doubled live storage in the biggest of the seasonal
reservoirs in their Stubach storage scheme, permitting
transfer of 3/4 of annual inflow to the winter six months.
The new dam was simply located across the original
stream channel downstream from the existing dam as
integration of the old structure in a new one 20 m higher
was not considered advisable. Although only 55 m high,
the new dam, which is 1 100 m long, is remarkable for its
unusual plan, which is at best comparable with Linersee.

safe operation with only a slight reduction in retention
water level, but a permanent satisfactory solution to the
problems has not been achieved. Investigation of the
causes of the damage (high shearing stress in combina-
tion with residual stresses resulting from the construction
processes leading to oblique principal tensile stresses
and cracking) has been largely completed, thanks above
all to the installation of excellent instrumentation systems
during construction and repeated subsequent additions.
On the basis of the results, a 70 m high supporting
structure, with adjustable Neoprene bearing pads, was
constructed in 1989-91 to absorb the shear forces in the
lower section of the arch dam. The literature includes
detailed discussion of the dam with regard to construc-
tion, faults and repair works.

Of the small concrete dams constructed during this pe-
riod, the Klaus arch dam, built in 1975 with a small power
station located at the dam toe, and the Sélk arch dam,
built in 1978 with an overflow spillway, are worthy of
mention.

Table 4 Flood retention basins meeting ICOLD criteria but not registered

The choice of.a gravity dam was dictated by the require- e st | S | i G Height | Res. cap.
ments of the site, and the dam also features an enlarged type m hme
base gallery on the model of the dams in the Reisseck- )
; ; Wernersdorf (ST) | 1986 | Weisse Sulm | PG (VA) | 245 | 027
Kreuzeck power scheme. In the main dam section span-
ning the valley, grouting was performed on the radial Teufenbach (ST) | 1985 | Thadabach | PG 23 021
joints to activate the arch effect. Alignment of the right : - i o |nse ez
lateral dam section smoothly follows the rocky ridge that AR 09 oIshac LI O
closes the lake basin. Altmannsdorf () | 1984 | Pram TEic 15 11
Lichtenwérth (N) | 1985 | Leitha TE 1 22
Table 3 Austrian dams higher than 80 m in order of height, with rank in
terms of dam volume and waterload
Order of Name Type Height Concrete volume Fill volume Waterload
height of dam m 1000 m3 (rank) 1000 m? (rank™) 1000 MN (rank)
1 Kélnbrein VA 200 1580 (1) — 54 (1
2 Zillergriindl VA 186 1370 (2) - 41 @)
3 Gepatsch ERie 153 - 7100 (1) 26.7 (4)
4 Finstertal ERia 150 - 4500 (2) 11.9 (5)
5 Schlegeis VA 131 960 (3) = 19.5 (3)
6 Kops VA 122 663 (5) - 12.4 (6)
7 Limberg VA 120 446 (6) = 9.2 )
8 Oschenik ERfa 116 - 2300 (4) 5.0 (9)
9 Drossen VA 112 355 (8) - 75 (10)
10 Mooser PG-VA 107 665 (4) - 10.1 (®)
11 Mol VA 93 35 (- - 0.8 )
12 Bolgenach TEie 92 1350 (6) 4.0 (14)
13 Feistritzbach TEia 88 1600 (5) 3.8 (12)
14 Durlassboden TEie 85 - 2520 (3) 8.1 (11)
15 Silvretta PG 80 407 (7 - 5.8 (13)

* without river barrages

The Kéinbrein arch dam, whose 200 m height makes it
the highest dam in Austria, was built in 1974-78 for
Austria’s biggest seasonal storage reservoir, with an
active storage of 200 hm?, which forms part of the big
three-stage Malta storage power scheme (with additional
pumped storage for the upper and main stages). Since
firstfilling in 1978, the very slender arch dam (1 525 000 m?
for a hydrostatic load of 52 000 MN) has suffered prob-
lems with cracking in the lower-most part, high uplift
pressures and seepage losses. Complex repair works
lasting a number of years have reduced the uplift pres-
sures and seepage, thus permitting the continuation of
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The embankment dams built in the Seventies include a
group of seven dams with upstream membranes of as-
phaltic concrete. Located at altitudes of between 1 690
and 2 400 m, the group comprises the Wurten, Osche-
niksee, Hochwurten and Grossee Dams in the Fragant
storage power scheme in Carinthia, the Galgenbich/and
Gdsskar in the Malta scheme and the dam for the Lat-
schau Il compensation reservoir in the Upper JIl scheme,
followed in 1980 by the Ladngental Dam for the Sellrain-
Silz scheme (and finally, in 1983, by the Zirmsee Dam,
located at an altitude of 2 530 m, for the Fragant scheme).
Of these dams, the Oscheniksee is of particular interest



in view of the fact that it was raised in four stages to its
projected height of 116 m above the downstream toe,
with a height of 61 m for the upstream membrane. This
technique is advantageous for dams located at high
altitudes where suitable core material is lacking. In parti-
cular it permits the dam to be operated at an early stage
during construction, with subsequent raising of the dam;
the technique utilizes the entire dam body for support,
and protects it from wetting-drying cycles in the case of
small reservoirs with frequent lake level oscillations.
Valuable experience has been gained on the susceptibi-
lity to damage of such membranes and on suitable repair
methods in the extremely severe conditions encountered
at high altitudes.

Bolgenach Dam, built in 1976-78 on the Weissach in
Vorarlberg, is a 92 m high gravel and rockfill dam with a
central moraine core, providing short-term storage for the
medium-head Langenegg power station. The central core
is vertical over its upper portion, while the lower part is
inclined towards upstream and widens downwards. This
ensures connection with a sloping impervious marl bed
intercalated between solid sandstones, which makes
special foundation treatment superfluous.

In 1977-80 the Finstertal Dam, for the seasonal storage
reservoir of the Sellrain-Silz power scheme, was built in
the Tyrol at an altitude of 2 325 m where the severe
climatic conditions only permitted placement on about
120 days a year. The dominating feature of this very
steeply sloped 150 m high rockfill dam is its impervious
core membrane of asphaltic concrete, inclined over its full
height of 96 m, which is still the second highest such core
membrane in the world (but located in the highest em-
bankment ever to be sealed in this way). The dam also
incorporates many other interesting features, such as the
artificial roughening performed on some extremely smooth
rock surfaces which would otherwise have coincided with
critical failure surfaces, the comprehensive instrumenta-
tion of the core area in particular, including an accessible
shaft over the full height of the dam, and excellent com-
paction of rigorously controlled quarry-run rockfill mate-
rial placed in layers of 0.7 and 1.0 m thickness producing
a very stiff dam body (confirmed by crest settlement at
first impounding of a mere 10 cm, with 14 cm horizontal
displacement).

The river barrages built in this period include three power
stations onthe Danube, namely Ottenstein (1973, 179 MW),
Altenwdrth (1976, 335 MW) and Abwinden-Asten (1979,
168 MW), all with bulb turbines, while work was also
begun on a fourth, at Melk. On the Drau, run-of-river
plants at St. Martin-Rosegg (1973, 80 MW, the only stage
on the Drau with a headrace canal) and Ferfach (1975,
75 MW) came on stream, and a third, Annabriicke, was
started. On the Enns, the last of the 14 stages, Schénau,
was also completed, and a number of smaller installa-
tions were built on the Mur, Salzach and Traun.

6.6 From 1981 to 1986

Only two years after completion of the Melk run-of-river
power plant (1982, 187 MW), the last hydropower station

to be built on the Danube to date, Greifenstein (1984,
293 MW), went on stream on completion of a project in
which great attention had been paid to preserving the
extensive, periodically flooded riverine woodland. In spite
of that, work on the next stage, Hainburg, located to the
east of Vienna and the biggest of all potential Danube
hydropower plants in Austria, with 360 MW and
2 075 GWh, had to be stopped as politicians bowed to
the pressure of the environmentalists concerned with the
fate of the riverine woodlands there when tree felling
started in 1984. That brought hydropower development
on the Danube, which had made such excellent progress
hitherto and today meets one quarter of Austria's electri-
city requirements, to a sudden end. On the Drau the run-
of-river plants at Annabriicke (1981, 90 MW), Villach
(1984, 24 MW) and Kellerberg (1986, 24 MW) were
completed and work was begun further upstream at
Paternion, the latter three being the first pier head sta-
tions in Austria since Lavamiind was built in 1944. Hydro-
power development on the Mur, Salzach and Traun
continued with a number of smaller run-of-river stations
(See Chapter H, Fig. 3).

A lower stage was added to the Upper Jll scheme, namely
the Walgau power plant (1984, 86 MW), a medium-head
stage with a head of 162 m and a 21 km power tunnel that
was geologically very challenging.

Otherwise, the only dams for storage reservoirs construc-
ted during this period are one very large dam and five
small ones with heights of 23 to 44 m. Of the small dams,
the most interesting is the 33 m high Bockhartsee rockfill
dam, which was completed in 1982 to provide seasonal
storage for a planned three-stage power scheme with a
total generating capacity of 91 MW. The sealing element
is a 25 m high vertical concrete core wall, the first to be
built after Bieler Dam at the end of the War. In this case,
however, to minimize sliding friction and the consequent
build-up of perpendicular forces in the core on settlement
of the surrounding fill, and also as an additional seal, a
bituminous slip layer (on 4 mm geotextile) was bonded to
the core wall on both sides. In order to study the behaviour
of this design for incorporation in future projects, including
higher dams, full testing was performed in the laboratory
and on the site itself.

The 44 m high Zirmsee Dam in the Fragant scheme has
already been mentioned in the previous chapter, leaving
just three small concrete dams serving individual stages,
namely Paal (arch), and Verwall and Bodendorf (gravity
dams).

By far the largest dam constructed in this period is the
Zillergrind! arch dam, which was built in 1980-86 to
provide impounding for the second biggest annual stor-
age reservoir inthe Zemm-Ziller scheme (The Francis tur-
bines in the Hausling power station, which is directly
suppliedfromZillergrindlandis also equipped for pumped
storage, operate under a maximum gross head of 744 m,
which is presently a world record for this type of turbine).
For a dam volume of 1 373 000 m? of concrete, unusually
extensive excavations were required, namely 1 100 000 m?
of alluvial material from the 40 m deep overburden at the
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valley bottom, and 610 000 m® of rock, especially from
the right flank. In view of the problems with cracking
experienced at the Kélnbrein Dam, a more sophisticated
design was adopted for the lower portion of the upstream
dam toe, extending well into the flanks, namely a concrete
slab connected to the dam by means of a special sealing
element, with the grout curtain at its upstream edge, and
a circumferential joint in the arch dam body from the
upstream face to the control gallery. Portland cement was
blended with 33% fly ash, and part of the water was added
as ice to keep placement temperatures down to 5-8°C.
This large and impressive dam marked the end of a forty-
year period of consistently high growth rates in hydro-
power developmentin Austria, which broughtan increase
in annual average generation from 7 000 to 33 000 GWh,
and an increase in storage capacity from 160 to 1 460 hma.

7 RECENT YEARS AND PROSPECTS

Since 1986 there has been relatively little hydropower
development and dam construction activity in Austria. In
addition to a number of smaller run-of-river plants on the
Salzach and Mur, a further pier head power station
(Paternion, 1988) was built on the Drau as the upstream
continuation of the existing chain, plus a high-head stage
on the upper reaches with daily storage and a 22 km
pressure tunnel (Strassen-Amlach, 1989). In addition to
one small arch dam (Ginau, 1987), two rockfill dams with
vertical asphaltic core membranes were also built, based
in their design and construction on the Finstertal model.
The 88 m high Feistritzbach Dam (1988-90) provides
seasonal storage forthe Koralpe high-head plant (50 MW)
in Carinthia. The old Rotglldensee Dam with the inclined
asphaltic concrete core wall, which was completed in
1957 (see section 6.3), was integrated into the upstream
shoulder of the new 45 m high Rotglldensee Dambuilt in
1988-90. At the same time the new high-head stage with
underground powerhouse at Hintermuhr (65 MW) also
replaced the earlier, smaller plant.

The situation in Austria today, with total seasonal storage
volume now at 1 485 hm?® and total stored winter energy
at 3 376 GWh, ist that not a single storage dam is under
construction — the first time such a state has existed for
52 years. Nor have approvals procedures been com-
pleted for any such dam at the present time. Several
projects have had to be postponed or abandoned, in-
cluding the Dabaklamm Dam (in its most recent design
alternative a gravel fill dam with a central earth core and
a height of 260 m above the downstream toe), because
the necessary political support and social acceptance
have been lacking in the face of growing environmental
awareness. Present activities in hydropower construc-
tion are limited to a binational river barrage on the Inn,
namely Oberaudorf-Ebbs (60 MW, of the pier-head type
with bulb turbines, to be completed in 1992), a medium-
head plantonthe Bregenzerache, Alberschwende (28 MW,
also to be completed in 1992), and some enlargements
and refurbishing of existing plants.

As explained in section 5.3 of Chapter A, this regrettable
caesura in the development of Austria’s hydropower
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resources, following decades of progress managed with
remarkable and meaningful continuity, is in clear contra-
diction to continued growth in the demand for electricity,
which economic forecasts generally expect to continue in
the foreseeable future. Accordingly, there will soon be no
alternative but to turn once again to what is fortunately a
very considerable undeveloped hydropower potential in
Austria, estimated at about 19 000 GWh on the basis of
serious studies and research. Given a holistic view of the
environment as man'’s biotope, such a development will
truly be environment-friendly and will also have the back-
ing of Austria’s many decades of positive experience with
hydropower. The one third share of this undeveloped
potential that would require storage power plant construc-
tion (representing about 70% of the annual energy avail-
able from existing such plant) is a guide to the magnitude
of the scope for further feats of engineering in the future
of dam construction in Austria.
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GEOLOGY AND DAM CONSTRUCTION IN

AUSTRIA

By W. Demmer *

1 A SURVEY OF GEOLOGY IN AUSTRIA

Austria lies for about two-thirds of its territory in the
Alps and for its remaining one-third in the so-called
Bohemian Massif. Whereas the Alps are a very young
mountain system, the Bohemian Massif in the northern
part of Austria forms part of an ancient crystalline base-
ment. This difference in ages within Austria’s geologi-
cal structure manifests itself in the morphology of the

Figure 1

of four great ice-ages, the Alps except for their eastern
foothills were covered by a continuous ice shield, while
the Bohemian Massif remained free from ice (Fig. 2).

The Eastern Alps extend in a generally east-west di-
rection and show a fairly symmetrical geological make-
up. To the north and south of an axial zone which
largely consists of crystalline or metamorphic rocks are
large limestone chains. These rocks are former marine

Hypotheses of the tectonic evolution of the Eastern Alps (sections |, Il and IIl a; modified by A. Matura 1980 after E. Clar, 1973) and a

schematic section (Il b) showing the subdivision of the "East-Alpine" (= Austro-Alpine) Unit support by A. Tollmann (1963)

Penninic facies belt

Upper East - Alpine nappe

e

Legend for the sections |, I, and Il a:

Tertiary rocks of the Molasse Zone

Extra-Alpine post-Variscan sedimentary rocks
Helvetic Zone and Klippen Zone
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Permomesozoic of the Penninic Zone
Permomesozoic of the Ceniral-Alpine facies belt
Permomesozoic of the North-Alpine facies belt
Periadriatic Intrusion

South Alpine facies
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Austro - Alpine facies belt

Middle East - Alpine nappe

zi=lg I L=l
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i South-
1Alpine

ifacies

Early Cretaceous state,
before main Alpidic
tectonic events

North - Alpine facies belt

I Late Cretaceous state,

! rrr after old-Alpidic
(pre-Cenomanian and

p bpre-Gosau) tectonic
events

Recent state,

after young-Alpidic
(Pyrenean and Savian)
tectonic events

“ Principal features
of TOLLMANN's
P tectonic concept

BM Bohemian Massif

Hb  Basement of the Helvetic Zone

PCr Crystalline Basement of the Penninic Zone

Gr  Paleozoic rocks of the Gray Wacke Zone

Gu  Palaeozoic rocks of the Gurktal Sheet

ACr Crystalline basement of the Austro-Alpine Unit
P Periadriatic Lineament

country. Steeply rising mountains and deep valleys are
characteristic features of an Alpine landscape, while
the Bohemian Massif is a plateau with rounded hilltops
and gentle valley forms. Another difference is that in a
very recent geological past (Quaternary), during a total

* Dr. Wolfgang Demmer, Consulting Engineering Geologist,
Hovengasse 6, A-2100 Kormneuburg, Austria

sediments deposited in a sea-basin south of the
present main chain of the Alps. It was during the Alpine
mountain-building process in the Tertiary that parts of
this ocean bottom were progressively uplifted in the
course of a south-to-north compression process, while
other parts were subducted and swallowed altogether.
Growing compression finally led to a great variety of
strata piling up like sheets, or nappes (Fig.1). As part of
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this process, the Northern Calcareous Alps overrode  shown neither damage nor deformation and are evi-
the Central Alps from their site of deposition south of  dence of a state of relative tectonic inactivity in the
the central chain of the Alps. Eastern Alps.

A remarkable feature is the so-called Tauern window, As to seismic activities, statistical evaluation of all the
where mainly three cores of granitic gneiss have risen  earthquakes recorded in the past in the Eastern Alps
in a geologically very recent past, piercing the overlying  shows a zonal distribution of earthquake centres which
covering rocks. These primarily consist of former at first sight does not coincide with the east-west exten-
marine deposits of Mesozoic age, which are sion of the geological units of the Alpine system of
summarized under the term “Schieferhiille” (slate nappes (Fig. 3).
mantle). During the Alpine mountain-building pro-
cesses, they temporarily sunk to greath depths and  Actually, there is a zone with a large number of epicen-
were metamorphosed. Much older crystalline rocks of  tres extending from the Vienna basin in a south-wester-
Paleozoic age overlie the geologically young Schiefer- ly direction with the largest intensities being reached
hiille and especially to the east and west of the Tauern  near Villach. A second location of high intensities lies
window extend over large areas. They are an in the Inn valley.
impressive manifestation of the Alps being built of a
pile of sheets. Comparison with the main known tectonic fault struc-
tures will show that only few large faults exhibit seismic
2 RECENT TECTONIC AND SEISMIC ACTIVI- activity.
TIES (FIG. 3)
Although earthquakes with substantial epicentral in-
The sheet-thrusting processes appear to have reached tensities have been recorded in some regions, the
a state of relative inactivity in the Eastern Alps, al- Eastern Alps are considered as having moderate
though increased horizontal tectonic stresses in a  seismicity by international standards, in the light of the
north-south direction have been established at many low frequency of earthquake events. For this reason,
locations. the Austrian authorities impose in most cases a

Figure 2 Maximum extension of the Ice Shield in the Eastern Alps. Simplified after B. van Husen 1986
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Vertical tectonic movements have, however, persisted horizontal acceleration of 0.04 g to be allowed for in the

to the present day. They are assumed to amount to  stability analysis.

1 or 2 mm per year. Recent vertical movement at the

southern edge of the Hohe Tauern mountains is even  The dam nearest to a zone of seismic activity is the

responsible for damage on the pressure tunnel lining of ~ Wiederschwing arch dam (25, 2/13) in the south of

the Malta hydroelectric scheme. Austria. It was constructed between 1951 and 1953
and was founded on chlorite-bearing quartzitic

But a large number of engineering structures, as e.g.  phyllites. The original stability analysis did not allow for

tunnels, bridges and especially large dams, which were  an earthquake loading case. In the light of present-day

constructed across pronounced fault zones have knowledge, the design would have to be based on an
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LARGE DAMS IN AUSTRIA
(including large river barrages)

11 ERLAUF- 2/1 TERNBERG 31 KLEINER MUHL- | 4/ GMUNDEN 5/1 ABWINDEN- 6/1 HALLEIN

KLAUSE DORFERSEE ASTEN SOHLSTUFE
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1/3 WIESTAL 2/3 HIERZMANN 3/3 RADLSEE 4/3 SCHLEGEIS 5/3 FINSTERTAL 6/3 PATERNION
1/4 LANGHALSEN 2/4 RANNA 3/4 SALZPLATTEN 4/4 URSTEIN 5/4 LANGENTAL 6/4 ST.VEIT
1/56 STRUBKLAMM 2/5 BACHENTAL 3/5 LUTZ 4/5 WURTEN 5/5 NASSFELD 6/5 WALLNERAU
1/6 LANGMANN 2/6 LIMBERG 3/6 YBBS- 4/6 SCHONAU 5/6 ANNABRUCKE

PERSENBEUG

1/7 SPULLERSEE 2/7 MOLL 3/7 ESSLING 4/7 OSCHENIKSEE 5/7 BOCKHARTSEE

SOUTH
1/8 SPULLERSEE 2/8 MARGARITZE 3/8 EDLING 4/8 OTTENSHEIM 5/8 BODENDORF

NORTH
1/9 PERNEGG 2/9 THURNBERG 3/9 LOSENSTEIN 4/9 ST. MARTIN 5/9 PAAL

(BODENDORF)
1/10 MIXNITZ 2/10 WEISSEE 3/10 SCHARDING- 4/10 TAUERNMOOS | 5/10 MELK
NEUHAUS

1/11 PACK 2/11 DOBRA 3/11 DIESSBACH 4/11 GABERSDORF 5/11 SPIELFELD
112 VERMUNT 2/12 ROSENAU 3/12 ASCHACH 4/12 GALGENBICHL 5/12 TRAUN-PUCKING
113 ENZINGER- 2/13 WIEDER- 3/13 GRALLA 4/13 GROSSEE 5/13 WEINZODL

BODEN SCHWING
1/14 KIRCHBICHL 2/14 BRAUNAU- 3/14 GEPATSCH 4/14 HOCHWURTEN | 5/14 ZIRMSEE

SIMBACH
115 SCHWABECK 2/15 GSTATTER- 3/15 GROSS- 4/15 FERLACH 5/15 BISCHOFS-
BODEN REIFLING HOFEN

1/16 MOTSCHLACH 2/16 MOOSER 3/16 KOPS 4/16 GOSSKAR 5/16 GREIFENSTEIN
1/17 GERLOS 2/17 DROSSEN 3/17 THURNSDORF 4/17 KLAUS 5/17 VILLACH
1/18 LAVAMUND 2/18 JOCHENSTEIN 3/18 DURLASSBODEN | 4/18 LATSCHAU 5/18 KELLERBERG

1/19 STANING

1/20 BURG
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1/25 SALZA
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2/22 ROTGULDEN-
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earthquake assumption of 0.08 g because of the
nearness of the Villach zone of seismic activity. Check
analyses have proved the stability margins included in
the design to be large enough even for this additional
earthquake loading.

The formulation of an extrapolated extreme earthquake
is being discussed.

As to the run-of-river stations on the Drau which are
also situated near Austria’'s earthquake centre at Vil-
lach, 0.02 g was assumed in the design of the Villach
station and 0.15 g for the Kellerberg and Paternion
stations situated a little farther away.

No damage due to an earthquake has so far been re-
corded at the Austrian dams.

3 GEOLOGICAL ASPECTS IN THE SELECTION
OF DAM TYPES

The variable geological history and the complex sheet
structure of the Alps has had a great influence on large
dam construction in Austria. By their erosional action,
or exaration, the glaciers in the Alpine valleys have
stripped off the whole Tertiary waste mantle in such a
way that sound bedrock is exposed. On the other hand,
however, these valleys have been widened to large
U-shapes, where embankment or gravity dams have
often represented the most suitable dam types for
creating artificial lakes, while sites with a morphology
lending itself to thin arch dams have been rare.
Especially the high arch dams have called for a
number of special engineering measures to com-
pensate for the geological and morphological short-

comings of the sites.

In those areas which have remained unaffected by
glaciation, that is, the eastern part of the Alps and the
Bohemian Massif, dam construction has been faced
not only with a waste mantle attaining substantial
depths, which has greatly affected site selection and
foundation depth, but often also with a lack of suitable
aggregates. The gentle relief and the absence of
glacier-carved valley basins have generally prevented
the deposition of natural gravels. In addition, the
eastern foothills of the Alps are mainly composed of
metamorphic crystalline rocks whose mica content
makes them a material that is not very well suited as
concrete aggregate.

For the construction between 1948 and 1950 of the
58-m high Hierzmann dam (17, 2/3), the only thin arch
dam located outside the formerly glaciated region,
concrete aggregate was brought over a distance of 39
km from low-level sources in the Graz basin. But for
the nearby Pack gravity dam (10, 1/11), 33 m in height
and constructed in 1929-30, quarried and processed
local material was used. The resulting poor concrete
quality has meanwhile called for remedial action by
means of an upstream facing wall.

The majority of the embankment dams are directly
connected to bedrock by inspection galleries or cutoff
walls. Actually, in many cases site geology would have
allowed the construction of conrete dams instead of the
embankments. But dam type selection has generally
been governed by considerations regarding availability
of construction materials and, hence, economy. Over
the last decades, aspects of landscape preservation
have increasingly entered planning and design
considerations. At present it is an embankment

Figure 3 Maximum earthquake intensities, epicentres of important earthquakes, and main faults in Austria

| Areas with earthquake intensities >6°
after Medvedev-Sponheuer-Karnik (=MSK)

) =z 9°MsK

() 8-t msK

O 780 MsK
| O 7o MsK

| Epicentres of earthquakes with Richter magnitudes equal to or greater

| than 5°and epicentral intensities of between
A 7.0°and 7.75°MSK ¢ 8.0°and 8.75°MSK
H 9.0°and 9.75° MSK

Mapped faults
Faults identified by evaluation of satellite photographies

Compiled after: J. Drimmel, R. Gutdeutsch & K. Aric, G. Gangl,
A. Tollmann & Buchroithner

,ﬂ:.,.-.,-\
RS

JosaLzaype T

ek, T
{ o '\-_\.
S

f
/

L\ = Y

49



designed to blend harmoniously with the surrounding
landscape that is more readily accepted in Austria than
a concrete dam.

It is interesting to note that it has extremely rarely been
necessary in Austria to construct a large dam across a
fault. This applies both to the dams in the crystalline
rocks of the Central Alps and to the few dams in the
Calcareous Alps, in the Flysch Zone and in the Bo-
hemian Massif.

The most outstanding exception is the 122-m high
Kops arch dam in the western part of Austria, where a
20-m wide shattered zone with fault-gouge inclusions is
present in the valley floor. The fault is not active and
has been bridged by the arch dam in such a way that
there have been no objectionable reactions whatever
from dam or foundation. Another fault, although inferior
in width, in the left abutment near crest level at the
same dam site called for the provision of an artificial
abutment block.

4 DAMS IN THE BOHEMIAN MASSIF

Trapezoidal valley cross sections in the Bohemian
Massif have led to the selection of arch dams that are
either thick arch dams or arch-gravity dams. Examples
of these are the dams at Ottenstein (27, 2/19) 69 m in
height, Dobra (22, 2/11)with a height of 52 m and Ran-
na (18, 2/4) with a height of 45 m.

5 DAMS IN THE CENTRAL ALPS

Within the formerly glaciated region of the Alps, the
majority of articifical reservoir lakes are situated in the
Central Alps. In terms of morphology, this is the area of
the highest peaks, which, reaching altitudes above
3 000 m a.s.l. (Grossglockner, 3 789 m a.s.l.), rise to
glaciated levels even today. The region of the Central
Alps is made up entirely of crystalline rocks.

In this central crystalline zone of the Eastern Alps lie
both the highest arch dams, as Kélnbrein (200 m;
54, 4/20) and Zillergriindl (186 m; 60, 5/23) or, further
to the west, Kops (122 m; 38, 3/16), and the highest
embankment dams, as Gepatsch (153 m; 39, 3/14) and
Finstertal (150 m; 57, 5/3), as well as the highest
gravity dams, Vermunt (9, 1/12) and Tauernmoos (486,
4/10), 53 m high each. In terms of engineering geology
the crystalline rocks of the Central Alps present no
great problems regarding reservoir watertightness or
dam foundation treatment. In a few cases, as at the
Gepatsch (39, 3/14) and Durlassboden (42, 3/18)
embankment dams, there was a risk of the reservoir
slopes being unstable. In actual fact, during first filling
of the Gepatsch reservoir, a large slide occurred, which
was successfully kept under control by engineering
measures. This slide has been repeatedly described in
the relevant literature. Landslide risks in this area are a
result of the fact that after the retreat of glacier ice,
which had had a stabilizing effect on the flanks, zones

Figure 4 Foundation zone for supporting structure viewed from the crest of KéInbrein Dam
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of instability developed in many Alpine valleys.
Postglacial slides are also responsible for many narrow
passages in what are in fact U-shaped valleys. Even
today, slopes tend to be subject to creep, especially in

phyllitic zones.

Apart from the valley configuration, the geological
structure of the foundation has an essential bearing on
dam type selection. Thin arch dams, being the most
exacting dam types with respect to foundation
properties, have preferably been adopted for sites
whare hard gneisses, granites and amphibolites
orevail. These rock types are the only ones to have
withstood erosional attack in such a way that relatively
narrow valley sections have locally remained besides
basin-like widenings. However, these very hard and
massive rocks tend to involve problems regarding
combined dam and foundation behaviour.

Aggregate for the concrete dams in the Central Alps
was generally obtained from the sandy gravels of
valley fills. Exceptions are the Kélnbrein dam (54, 4/20)
and the 53-m high New Tauernmoos gravity dam (46,
4/10) with a crest length of 1.1 km — a length which is
unusual by Austrian standards —, where concrete
aggregate was quarried from the granitic gneisses of
the basement zone of the ‘Tauern window’.

Embankment types had to be adopted for sites where
bedrock is covered with thick overburden. A classical
example is the 83-m high Durlassboden earthfill dam
(42, 3/18), which was constructed on valley fill con-
sisting of unconsolidated sediments of exiremely
heterogeneous composition with repeated alternations
of moraine, ancient landslide material, former lacustrine
deposits and fluvial deposits with fans of talus material
descending from the flanks. Particularly careful
foundation treatment by means of borehole grouting
was required to make up for these shoricomings.

The case of the 28-m high Eberlaste embankment dam
(44, 3/23) may be mentioned as a classical example of
dam underseepage. Preliminary geological studies
penetrated to depths of .up to 124 m without reaching
bedrock. The deep U-shaped valley carved by glacial
erosion had subsequently filled to substantial depth
with relatively pervious fluviatile gravels. Although
ground moraine is thought to be present underneath, it
was not possible to include this in the foundation
freatment scheme. Slurry-trench cutoffs up to 52 m
dsep were provided to lengthen seepage paths. The
lateral contacts were sealed by grout holes.

Complex foundation conditions are also present at the
Freibach embankment dam (37, 2/24). Apart from the
grout holes, concrete cutoffs, cutoff trenches filled with
natural material as well as a subsequent thin dia-
phragm had to be provided to ensure imperviousness.
But this dam is not situated in the crystalline zone of
the Central Alps but in the Southern Calcareous Zone
at the boundary with Yugoslavia.

Zillergriindl dam (60, 5/23) is a limit case in Austria

with respect to valley fill thickness in combination with
a concrete dam. Mainly fine-grained sandy to silty
overburden material had to be excavated to a depth of
about 40 m in the face of most difficult geology in order
to reach bedrock. Excavation slope dewatering and
stability problems called for large-scale engineering
measures. Zillergrindl is also a clear exception among
Austria’s concrete dams with respect to depth and
volume of rock excavation.

6 DAMS IN THE CALCAREOUS ALPS

Whereas there is a single dam — the above mentioned
Freibach embankment dam (37, 2/24) — in the
Southern Calcareous Alps, there exist several small to
medium-sized dams, mainly concrete dams, in the
Northern Calcareous Alps. Among them are also the
oldest dams in Austria, the 37-m high Erlaufklause
gravity dam (2, 1/1) founded on dolomite, which was
constructed between 1908 and 1911, and the Gosau-
see embankment dam (3, 1/2) constructed in 1910-11.

As anywhere else in the world, dam design studies for
limestone locations in Austria focused on the permea-
bility problem for the reservoir basins. Detailed hydro-
geological studies preparatory to dam design allowed
the 53-m high Salza arch dam (15, 1/25) and the 36-m
high Diessbach rockfill dam (40, 3/11) projects to be
successfully completed in spite of the visible presence
of karst phenomena.

On the other hand, however, one of the early dam
projects was a clear failure. The reservoir created by
the 37-m high Strubklamm gravity dam (5, 1/5)
constructed between 1920 and 1924 is so permeable
that the dam can only be used for flood retention. As
seepage flows escaping from the reservoir through
karst fissures have for a long time been utilized for
electricity generation by several small enterprises in
the neighbouring valley, sealing measures have so far
not been taken to avoid potential legal dispute.

The treatment of dam foundation zones has always
given satisfactory results at the limestone locations,
provided these are situated in rock. It has either been
possible to benefit from the natural imperviousness of
clays or marls intercalated between the limestone
strata in places, as at the Spullersee dams (6a, 6b; 1/7,
1/8), or foundation grouting has been successful. An
outstanding example is the foundation treatment
scheme developed for the 55-m high Klaus arch dam
(50, 4/17). Preliminary geological investigations using
water pressure tests in core holes had given extremely
high permeability rates in some regions of the dolomitic
dam foundation. On the other hand, a perched ground
water table was found to exist at different levels. This
information was fully allowed for in the design of the
foundation treatment scheme, so that only a single line
of contact grouting holes were sunk to a maximum
depth of 15 m. The idea was that the perched water
table should remain unaffected by the drillings. This
scheme was successful.
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Some minor seepage has been recorded at the Gosau-
see (3, 1/2) and Freibach (37, 2/24) embankment
dams, which are both founded — at least partly — on un-
consolidated sediments. Subsequent foundation treat-
ment, though having reduced seepage, has not been
able to stop it entirely.

7 DAMS IN THE FLYSCH ZONE

Geologically the Flysch Zone may be regarded as a
body of debris from the Central Alps. Hard sandstone
beds alternate with soft but usually impervious marls
and shales. This sequence from the Cretaceous and in
places of early Tertiary age was overridden by Calc-
Alpine thrust-sheets, or nappes, in the Tertiary. The
dams constructed in the flysch have met with no seri-
ous permeability problems due to the presence of shale
intercalations. Geological investigation of the shales
has mainly been focused on potential sliding risks on
the reservoir slopes and abutments.

The largest dam constructed in the Flysch Zone is the
Raggal gravity dam (41, 3/21), which is 48 m high and
curved in plan.

8 DAMS IN THE SUB-ALPINE MOLASSE ZONE

The Sub-Alpine Molasse is part of the Molasse Zone
and forms the northern boundary of the Alps. lts
stratigraphy is in places much like that of the Flysch
Zone, being composed of clearly stratified sandstones,
siltstones, marls and conglomerates. These are marine
fluviatile and lacustrine deposits from the Tertiary
which then took part in the folding and thrusting
processes during the late phases of Alpine orogeny.
The 92-m high Bolgenach embankment dam (58, 4/23)
is the only Austrian dam in this zone. The design of this
structure is exemplary in making careful allowance not
only for the available construction materials but for the
closely spaced alternation of different beds in the
foundation. A main subject of the geological inves-
tigations was the stability problem of the reservoir
slopes.

9 RIVER BARRAGES

River barrages have been founded on a great variety of
different geological strata. On the rivers Danube, Enns
and Inn, the majority of the dams have been founded
on rock or strongly consolidated sediments from the
Tertiary. Similarly favourable locations have been
found for the barrages in the lower course of the river
Drau and partly for those on the Mur. But the five
barrages that have so far been placed in operation on
the river Salzach between Schwarzach and Bischofs-
hofen have all been founded on young valley-fill
gravels, as has also been inevitable at most of the
project sites on the Middle Drau. Excavation
dewatering during construction was a main geological
concern. Major problems were encountered in this
respect at Annabricke (..., 5/8) on the river Drau,
where inclined beds of young sediments were quite
unexpectedly encountered which preliminary inves-
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tigations had failed to identify. The sediments were
deposited during the disintegration of an ice-age
glacier, which lasted for several centuries.

On the Upper Drau, power schemes even had to be
founded on relatively soft silts. With a cellular arrange-
ment of slurry trench cutoffs it was possible to make up
for the shortcomings of the ground in respect of the
reduced loadbearing capacity and safety from sliding.
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CONSTRUCTION OF DAMS IN AUSTRIA

AUTHORIZATION PROCEDURE
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CONSTRUCTION OF DAMS IN AUSTRIA
AUTHORIZATION PROCEDURE

By F. Konig and E. Schmidt*

1 LEGAL BACKGROUND
1.1 Water Law

Dams typically carry a high risk of loss and damage in
case of failure. Even small dams may put human lives
at risk. Accordingly it is necessary to ensure that they
conform to the highest possible level of operational
safety. In former times the Water Code did not make
any provision for examining or evaluating water utility
structures, apparently because they had been tested
over centuries of use on a modest scale. Technological
progress since the beginning of this century, however,
has advanced water utilization schemes to the limits of
what is technically feasible, so that issues of design
safety and protection of downstream populations have
become crucial to authorization procedures under Wa-
ter Law. Responsibility for the safety of dams was
vested in the Water Authorities from the very beginning
by the Imperial Water Law, which was passed in 1869
and remained effective for more than five decades
without any amendments. Together with the imple-
menting statutes passed by the provincial diets soon
after, it greatly promoted the development of water re-
sources. Under the constitutional amendment of 1925,
authority and responsibility were conferred upon the
national authority alone, with the result that the Federal
Water Law of 1934 was enacted as one body of
legislation that was applicable to the whole territory of
Austria.

The Water Authorities are part of Austria’s general ad-
ministrative system, with responsibility divided among
the district administrations, provincial governors and
the Federal Ministry of Agriculture and Forestry, de-
pending on the size and capacity of the structure
involved. The actual division of responsibilities has
since been changed several times.

Until 1947, the Federal Ministry of Agriculture and
Forestry had authority over dams over 15 metres in
height above their foundation. This figure was
increased to 25 metres for gravity dams in 1947. Under
the Water Law of 1959, the Federal Ministry of
Agriculture and Forestry was made responsible for all

* Dipl.-Ing. Franz Kénig, Director of Federal Ministry for Agriculture
and Forestry, A-1010 Wien, Stubenring 12

Dr. Erwin Schmidt, Director of Federal Ministry for Agriculture and
Forestry, A-1010 Wien, Stubenring 1

embankment dams over 15 metres in height above
their foundation and for concrete dams exceeding 40
metres in height above their foundation or with a
storage capacity exceeding 5 million m®. The 1990
amendment finally defined the relevant height at 30
metres for both embankment and concrete dams.

The Water Act of 1934 provided a detailed definition of
the various types of dams, but the result was found to
be too confining in view of ongoing progress in dam
construction, and it was therefore abandoned in the
amendment of 1947, with the result that no legal defini-
tion now exists for these terms.

1.2 The Austrian Commission on Dams

The “Commission on Dams”, which was first appointed
in 1918 following the failure of a dam, was conceived
as a governmental advisory body charged with the
study and assessment of reservoir design safety from
an engineering and economic point of view.

The 1934 Water Law then provided the legal basis for
issuing the “Ordinance on Dams and Reservoirs”. The
present ordinance, issued by the Federal Ministry of
Agriculture and Forestry on May 14, 1985, defines the
authority of the Commission on Dams, which becomes
active at the request of the Water Authorities and
whose purpose it is to eliminate safety risks to the
maximum possible extent.

In its function in support of the Water Authorities, the
Commission has been given a number of responsibili-
ties, e.g.:

— technological and economic evaluation of designs
for new dams and reservoirs, for alterations to
existing structures or structures currently under
construction;

— filing of recommendations and submission of expert
opinions on general measures and regulations con-
cerning dams and reservoirs;

— commissioning or execution of investigations into
engineering aspects of dams and reservoirs;

— collection, updating and analysis of information on
the state of Austria’s dams and reservoirs over their
entire life spans and on their operational behaviour,
and if necessary elaboration of proposals for correc-
tive maintenance and rehabilitation schemes.
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The Commission consists of 26 experts in dam con-
struction and related sciences, who serve on an hon-
orary basis. At least five of the members must be uni-
versity professors. Open interdisciplinary discussions
within the Commission are designed to ensure ade-
quate containment of the safety risk, in particular by
producing a stability evaluation of the structure with
regard to such factors as foundations, structural calcu-
lations, flood control, etc. For this purpose the Commis-
sion is made up of the head of the Division for Water
Management and Hydraulic Engineering in the Federal
Ministry of Agriculture and Forestry and his deputy,
who act as chairman and secretary respectively, three
senior civil servants with an engineering background -
one from the Federal Ministry of Public Economy and
Transport, one from the Federal Ministry of Economic
Affairs, and one from the Federal Ministry of Defense —
and experts from the fields of dam and barrage engi-
neering, structural calculations, soil mechanics and
foundation engineering, geology, rock mechanics, as-
phalt and concrete technology, meteorology, seismolo-
gy, hydraulic engineering, hydrology and mechanical
en-gineering. The Commission has held a total of 58
sessions on the evaluation of dams since 1948. Until
1962 it also served as the ICOLD National Committee,
be-fore the National Committee was enlarged and re-
constituted as an association. The members of the
Commission on Dams are at the same time active in
the ICOLD National Committee.

2 AUTHORIZATION PROCEDURES

Under the Austrian Water Law, formal approval proce-
dures for a dam project focus on the issue of adequate
safety requirements — a process that is frequently ar-
duous for both the applicant and the authority.

Procedures are founded on the provisions of the Water
Law, and to a lesser extent on the Austrian General
Administrative Procedures Law. They are governed by
the ex officio principle, i.e. the government authority
itself determines the facts, consulting appropriate ex-
perts.

21 Technical requirements

The Water Law stipulates which data and drawings,
calculations, verifications and design details are to be
included in an application. The detailed project sub-
mitted to the government authority has to describe the
functions of the various parts of the structure, safety
measures and the impact of the project on third parties.
Depending on the type of barrage (embankment or
concrete dam), project documentation must provide in-
formation on the following subjects.

2.1.1 Hydrology, hydraulic engineering

Hydrological examination of the catchment area to cal-
culate the design flood at the barrage for the purpose
of dimensioning the spillways and freeboard depending
on the type and function of the barrage concerned
(embankment or concrete dam).
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The lack of hydrographical data in the past frequently
made it necessary to dimension spillways on the basis
of estimations. In many cases, calculations were based
on flood return periods that were too short, with the
logical consequence of inadequate discharge capacity.
Today, spillways are designed for a 5 000-year flood
discharging into a reservoir filled to retention water
level, while the discharge capacities of the bottom
outlet and turbine flow are not included in the
calculations. In dimensioning the freeboard,
consideration must also be given to the overtopping
behaviour of the embankment or concrete dam.

These requirements derive from the fact that, although
Alpine reservoirs for seasonal storage do not normally
operate at maximum water level at times when large-
scale floods may be expected, owners still insist on
being able to manage their reservoirs without restric-
tions and solely in accordance with energy require-
ments.

Experts are currently discussing whether to make di-
mensioning rules even more stringent in view of on-
going deliberations concerning the “Maximum Probable
Flood” (M.P.F.).

From the point of view of operational reliability, pref-
erence is given to all types of fixed-crest weirs be-
cause they have no movable parts and consequently
require no operation/control and special maintenance.

Where the catchment area is heavily wooded, the ef-
fect of log jams must be considered as well. The owner
must provide evidence of measures taken to catch and
remove floating logs without damaging the structure.

The discharge capacity of the bottom outlets must be
dimensioned to permit drawdown in case of danger,
with due regard to be given to the discharge capacity of
the waterway downstream of the dam.

A proposal must furthermore be submitted for the mini-
mum flow requirement needed to preserve the ecologi-
cal viability of the developed water course.

2.1.2 Geology and rock mechanics

Mandatory procedures include geological investigation
of the dam foundation, reservoir basin and surrounding
slopes, including investigation of the foundation contact
area and its immediate vicinity for faults, large fissures,
loose strata and horizons of increased permeability,
using geological surface reconnaissance, exploration
galleries and drilling, plus geological mapping of the
terrain to locate fault planes and subsidences, and pos-
sible sources of landslides, rockfall, mudflows and bed-
loads.

These works are to be followed by analysis of the de-
formation and bearing behaviour of the dam foundation
and the shear strength of the rock types with the help
of in-situ and lab testing, geoseismical tests to deter-
mine the rock-mechanics parameters for calculating the



dam body and for stability analysis of the foundation,
plus calculation of the impact of loading on the founda-
tion and backwater area as functions of dam height and
impounded water volume.

2.1.3 Seismicity

Dam developers must obtain a seismological expertise
for the relevant area, prepared by the Austrian Central
Institute of Meteorology and Geodynamics and contai-
ning, at the very least, information on maximum re-
sponse acceleration (b, as a percentage of accelera-
tion g) and earthquake occurrence probability. Where
adequate data are available from seismic monitoring,
the expertise should also include indications of the
seismic acceleration and velocity ranges and duration
of the tremor peak phase. Calculations on the impact of
earthquakes on a dam should be based on a minimum
horizontal acceleration of 0.04 g, a figure which is also
recommended as the standard value for preliminary
studies.

In designing dams, the impact of earthquakes may be
limited to the horizontal direction, generally parallel to
the valley, except where the design of the dam de-
mands that another, particularly unfavourable direction
be considered or where the seismological expertise re-
quires inclusion of the vertical component. The ex-
pertise must also examine the possible eifects of an
earthquake on the foundation and identify the
geological conditions under which the volume of
impounded water would trigger an earthquake.

2.1.4 Structural calculations for concrete dams

Stability must be demonstrated using accepted
methods of calculation based on parameters
determined on site and in the lab for the dam
foundation and concrete, with due consideration to be
given to changes in the deformation modulus caused
by long-term loading and possible differential
settlement in the foundations.

The following load cases must normally be
investigated:

normal load case for empty reservoir (dead weight);

— normal load cases for intermediate and full storage
levels, taking into account uplift pressures over
properly sealed foundations and normal
temperatures;

— rare load cases caused by increased uplift and ex-
treme temperatures;

— exceptional load cases caused by surcharge of the
design flood water level and extreme uplift;

— earthquake load case superimposed on the normal
load cases. Load assumptions for earthquakes must
be documented by an official seismological exper-
tise.

It must also be established that abutment forces are
reliably transmitted to the dam foundation, taking into
account rock structure and deformation behaviour. To
evaluate force dissemination in the foundation of arch
dams, the minimum dissemination angles are normally
calculated.

Adequate slide stability must be established for the
foundation contact area.

For large-scale concrete dams the responsible authori-
ty may furthermore order verification of the results of
stress calculations by means of stress and failure tests
performed on a scale model.

2.1.5 Concrete engineering

Concrete tests must be performed with the binders and
aggregates scheduled for use, comprising compressive
strength, flexural and splitting tensile strength, adiaba-
tic temperature change during curing, and the modulus
of deformation and elasticity as a function of the num-
ber of load cycles and of load duration.

2.1.6 Structural calculations for embankment
dams

Stability calculations are based on soil parameters de-
termined by testing. Computation of the safety factors
is normally performed in accordance with Fellenius’
rule, or at the least an unequivocal relationship to such
values must be established. The Fellenius values must
not be lower than the minimum safety factors given in
the table below.
Load case Minimum safety factor
I. Normal operating loads at flood (HQ 100),

rapid discharge at partial impounding 1.8

Il. Feasible individual disaster load cases,
maximum possible flood (HQ 5 000),
design earthquake, )
damage to diaphragm (facing) 1.2

I1l.Most disastrous combination of feasible
individual disaster load cases as in |l,
e.g. combination of HQ 5 000 flood
with design earthquake 1.1

Prevention of hydraulic rock fissure and retrogressive
erosion must also be demonstrated. It may be neces-
sary to study dam material behaviour using scale
models. Dimensioning and arrangement of the
foundation sealing works and drainage must be based
on the results of permeability tests in the exploration
boreholes.

2.1.7 Monitoring equipment
When damaged or destroyed, dams may cause great

devastation and will be out of operation for long periods
of time. In order to keep them operative while subjected
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to constant and temporary forces and impacts, it is ne-
cessary not just to choose an appropriate design but
also to ensure efficient surveillance through continuous
monitoring and observation of potentially harmful
events. This requires maximum reliability and precision
in monitoring the behaviour of dams and their environ-
ments, involving the installation of a wide range of
equipment. A typical feature of dam construction is that
each dam must be conceived as an individual case in
view of its specific location so that measuring equip-
ment must always be individually tailored.

Principally, the following requirements should be met:

— assessment of overall dam and foundation be-
haviour;

— prompt availability of the data required to evaluate
dam stability through the use of telemetry;

— accurate monitoring of foundation contact area be-
haviour;

Figure 1 Finstertal dam - monitoring equipment

— early installation of monitoring equipment in order to
record the effects of dam construction;

— monitoring equipment configurations offering ease of
comparison with the results of stability calculations.

Deformations and displacements of dams are usually
identified by pendulums and clinometers or by geodetic
surveying methods such as traverse, leveling, align-
ment, etc. Stress and temperature are measured by
instruments embedded in the dam body (telepress and
teleform meters, temperature sensors). Extensometers
and sliding gauges are used to record spatial displace-
ment vectors and foundation deformation. Piezometers
supply data on uplift and rock water pressures.
Seepage measurement points with flow gauging weirs
monitor seepage volumes. In earthquakes-prone areas
the instrumentation is rounded off by seismographs.

2.1.8 Surveillance

An early warning system utilizing such key data as

LAYOUT
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(1) Plumb line

(2) inverted plumb line

(3) Laser plumb line

(4) Poll socket extensometer
(5) Piezometer

(8) Thermometer for concrete

MINIMUM WATER
LEVEL 1740m
y

Figure 2 Zillergriindl dam — monitoring equipment

foundation deformation from deadweight, temperature
changes, shrinkage in concrete dams and deformation
in embankments must be provided in the form of a
monitoring schedule defining the type and frequency of
the readings and their limit values.

The monitoring devices normally used for modemn large
dams are illustrated in Fig. 1 (for a rock-fill dam) and
Fig. 2 (for an arch dam). Telemetry is typically em-
ployed to transmit the results to a central control room.

2.2 Licencing procedures

2.2.1 Preliminary examination

Under the Water Law, a project application must first
be filed with the Water Management Planning Board
established at the appropriate Provincial Government
Office. The Board is responsible for coordinating all
planning measures at the provincial level which im-
pinge on water management.

The application is then subjected to a “preliminary ex-
amination” by the Water Authority relating to the impact

of the project on public interests. Experts, public au-
thorities and agencies, local government agencies, and
representatives of any persons or groups affected by
the project are invited to contribute.

The term “public interests” covers the following func-
tions and factors: defense; public safety; health; flood
and ice control; existing or planned control structures;
course, depth, gradient and banks of the water courses
involved; water quality; public use; water supply; cul-
tural factors; monuments of historic, artistic or cultural
importance; natural monuments, appearance of
villages and towns, scenic beauty, agriculture; wastage
of water; routing of water into neighbouring countries to
the detriment of one’s own country; economic interests;
ecological viability of the water course, etc.

Special emphasis is placed on public interest with re-
gard to safety of downstream settlements. Except in
the case of imminent danger, the Water Authority must
obtain an expert opinion on safety aspects from the
Commission on Dams for all dams which are subject to
the authority of the Federal Ministry of Agriculture and
Forestry or which feature extraordinary foundations,
unusual construction methods or special load require-
ments.

The work of the Commission on Dams begins with a
study by the Executive Board of the technical assess-
ability of the project submitted by the Water Authority.

A working group consisting of experts from the relevant
fields is appointed for each project. The members pre-
pare their individual expert opinions with due regard to
interlinkages with other fields, in coordination with the
other members, and taking account of the latest re-
search and technological advances. After harmonizing
the individual expertises, the working group drafts a
joint expert opinion, which is then discussed by the
Commission. In the final decision-making process, the
Commission may then approve the project and submit
recommendations for its implementation.

Should it be found in the “preliminary examination” that
the project is inadmissible for reasons of public inter-
est, the application is rejected. Other reservations must
be communicated by the Water Authority to the appli-
cant, who is then given a deadline to clarify or modify
the project. If no further information is received from the
applicant upon expiry of the deadline, the application is
deemed to have been withdrawn.

If the application is not rejected out of hand and not
withdrawn as a result of the objections lodged, a
hearing has to be scheduled to ensure that the official
report is legally binding.

2.2.2 Water Rights Hearing
Invitations to the hearing are once again issued to the
relevant federal and provincial government authorities

and agencies, to the representatives of local govern-
ment and interest groups concerned by the project, as
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well as to the parties involved. The latter comprise the
applicant, all persons of whom a performance, suf-
ferance or forbearance is requested or whose rights (in
particular lawfully exercised water rights and freehold
rights) are affected, persons who hold fishing rights,
local governments (for large-scale projects), etc. The
hearing offers an opportunity for all authorities and par-
ties to make statements, raise objections and request
consideration of specific demands. Experts consulted
by the Water Authority review the project documents
submitted as well as any demands and statements filed
by other participants in the hearing. The Water Authori-
ty calls in officially recognized experts on hydraulic en-
gineering and hydrography, and appoints experts for
specific fields (geology, foundation engineering, soil
mechanics, tunneling, rock mechanics, structural cal-
culations, structural steel engineering, hydraulic
steelwork engineering, concrete technology,
meteorology, mechanical engineering) from among a
group of relevant university professors or consulting
engineers.

The Water Authority identifies the public interests in-
volved at the preliminary examination stage. Whenever
opposing public interests are at stake it is necessary to
strike a balance between them, conceivably after con-
sulting relevant experts. While the Water Law does not
lay down any hierarchy of public interests, public safety
obviously enjoys absolute priority.

Issues arising in this process are mainly of a technical
nature and cannot be solved by legal consideration a-
lone, with the conseguence that engineering experts to-
day find themselves in a key position of great responsi-
bility with regard to approval procedures. They must
examine the stability and operational safety of the dam
with a view to defining operational requirements in the
official notice of approval and later in the operating
regulations. They are assisted in their task by the Com-
mission on Dams with its pool of technological
knowledge and practical experience.

Another major aspect apart from safety is the minimum
streamflow requirement. This must be assessed so as
to ensure ecological viability of the water course down-
stream of a dam on impounding. The original legal
priority given to the complete and economic harnessing
of water power in Austria was eliminated in the 1990
Amendment to the Water Law.

In view of the constitutional division of responsibilities
between the national authorities (e.g. Water Law) and
the provincial authorities (e.g. environmental protec-
tion) it is conceivable that the Water Authority may
mandate a different minimum flow than the Office of
Environmental Protection. No senior authority is pro-
vided for under the division of responsibilities to coordi-
nate the decisions of the two government agencies. In
order to avoid a situation that would be detrimental to
either the public or the applicant's interests, the two
authorities contact each other in the course of their
respective procedures so as to settle the question of
minimum streamflow jaintly.
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With regard to interference with the rights of private
parties, it is incumbent upon the applicant to make
every reasonable effort to achieve an amicable
settlement. If no agreement can be reached, the Water
Authority will make a compulsory order obliging the
parties concerned to suffer certain encroachments
upon their rights and the applicant to pay reasonable
compensation assessed by the Water Authority itself.

2.2.3 Notice of Approval

Upon completion of the approval procedures, the Water
Authority must issue a nofice of approval, including the
conditions to be met in the public interest and in the
interest of private rights, and ruling on objections which
have been judged to be of insufficient merit. In the
event that any rights should have to be enforced, the
authority must balance the interest in the development
project against any disadvantages suffered by the party
against whom the right is to be enforced.

Each party may appeal against the notice of approval
within six weeks of its receipt, either to the Constitu-
tional Court (for infringement of rights guaranteed un-
der the Constitution) or to the Administrative Court (for
infringement of other rights). The appeal does not per
se suspend the effectiveness of the notice, i.e. the res
judicata effect of the notice is not affected by the ap-
peal, but the appellants may petition in their complaint
to have the effect of the notice suspended. The petition
is normally granted in the case of large-scale projects
in view of the fact that changes created by construc-
tional activities are usually irreversible.

When all approvals required for the dam (under the
Water Law, Forestry Law, Environmental Protection
Law or Building Law, where applicable) have been
finalized, and when all parties involved have reached
an agreement, the applicant may begin to implement
the project.

3 CONSTRUCTION, SUPERVISION

For all large-scale and complex structures, the Water
Authority appoints an official supervisor, who is respon-
sible in particular for regular monitoring of project im-
plementation, for verifying observance of the stipula-
tions set down in the Water Law licence, and for filing
regular reports on the progress of the works.

Supervision is also provided in the form of “expert
meetings” held to deal with individual issues
developing from specific on-site factors in the course of
construction work. At these meetings, the Water
Authority experts review the situation in detail on site
and provide guidelines for further procedures.

4 PRELIMINARY TECHNICAL ACCEPTANCE

Upon completion of the construction works, the equip-
ment and structures which are to be submerged in the
course of first filling are inspected by the Water Autho-
rity. Under the so-called “preliminary technical accept-



ance” procedure, which includes all public authorities
involved in the project, the affected components are
examined on the basis of the working drawings and
~artificates issued for lab tests performed during con-
struction, the operating equipment is tested for proper
functioning, and a filling schedule and “preliminary
operating and monitoring rules” are established.

The operating and monitoring rules are typically revised
repeatedly to accommodate experience acquired
during filling and operation before they can be given
finai approval after several years of operation. They
cover operating principles and regulations, individual
responsibilities, preventive maintenance, ongoing
monitoring on the basis of a surveillance schedule, and
maintenance intervals for the operating equipment.

To keep the risk levels for a population as low as pos-
sible in cases of natural disasters or unpredictable
events, it is incumbent upon the dam’s owner to de-
velop an emergency flood plan in coordination with the
appropriate authorities, and to provide for and operate
the requisite alarm systems.

The emergency flood plan established on the basis of
flood wave calculations lays down the measures to be
taken to deal with extraordinary events and imminent
dangers.

In order to draw up an emergency flood plan it is ne-
cessary to identify the height, spread and discharge of
a flood wave caused by an assumed breach. The two-
step calculations, i.e. determining the size of the flood
wave from the reservoir as a function of the type of
breach and then calculating the progress of the wave
downstream, give the time required to warn the popula-
tion and the flood level to be expected for each point of
the valley.

The calculations and the assumptions on which they
are based must be coordinated with the chief water
engineer at the Water Authority. They are then checked
for their accuracy and plausibility by the Water Authori-
ty and filed with the provincial government agencies
responsible for civil defence.

4.1  Firstfilling

Unlike other structures, a dam cannot be subjected to a
test load. Consequently, first filling is carried out in a
number of stages which may be spread over a number
of years. Initial filling is naturally accompanied by con-
tinuous monitoring and tests, whose results are check-
ed against the relevant calculations. At each stage, the
Water Authority will only allow filling to continue if the
dam behaves exactly as predicted.

If test results deviate substantially from the calcula-
tions, filling is stopped and the reservoir level may have
to be lowered until the causes of the irregularity have
been identified and eliminated.

Large-scale dams require individual approvals for

partial filling levels before being granted approval for
maximum water level. The latter approval is usually
limited in time, and unrestricted operation is allowed
only after several years of successful operating
experience.

5 FINAL ACCEPTANCE

It is only after a number of “trial years”, with dam beha-
viour conforming to expectancy, and upon completion
of all attendant works necessary for utilization of the
reservoir that the structure is considered completed

Table 1 Approval procedure under Austrian Water Law

embankment and
concrete dams
height > 30 m
volume > 5 million m?
difficult foundations
special constructions

Step Authority Action Result
Competent Preliminary Referral to
Authority examination: Commission on

Dams

Commission on

Engineering and

Acceptance or

Forestry

Provincial government

execution in
conformity with plans,
stability

2 | Dams technical-economic rejection
examination:
Federal Ministry of Licensing procedure: | Notice of
Agriculture and hearing, expert permission
3 Forestry opinions, parties
Provincial government
District administration
4 According to Regular construction
step 3 supervision
Federal Ministry of Preliminary Partial filling,
Agriculture and acceptance: full filling
5 | Forestry filling schedule,
= preliminary operating
Provincial government and monitoring rules,
District administration | emergency flood plan
Federal Ministry of Final acceptance: Notice of
Agriculture and acceptance hearing, acceptance

District administration

and ready for final acceptance under Austrian Water
Law. For this purpose, the owner must submit to the
Water Authority, among other things, detailed geologi-
cal mapping of the foundations, results of material tests
performed with the material used in the dam, stability
calculations based on monitoring data derived in the
course of filling, final operating and monitoring rules
including a surveillance schedule, etc., together with
the as-built documentation. The main item in the ac-
ceptance procedure is a hearing where all authorities
and parties involved in the project and heard during the
licencing procedure are once again invited to partici-
pate.

This phase of the procedure is limited to a review of
whether the actual structure conforms to the licence as
granted; minor deviations from the approved project
can be allowed subsequently provided that they are not
detrimental to any public interests or third-party rights

61



or provided that the parties concerned give their con-
sent.

This acceptance procedure is the final step in the se-
quence of licencing steps prescribed by Austrian Water
Law.

6 OFFICIAL MONITORING AND INSPECTION
OF DAMS

Responsibility for dam maintenance, i.e. safety and
operation of dams, rests primarily with the holder of the
water rights (= owner). The owner must ensure that the
dam is maintained in a condition corresponding to the
licencing provisions. The Water Authority, however, is
authorized to stipulate additional requirements reflect-
ing the state of the art in dam engineering.

Austrian Water Law furthermore mandates a superviso-
ry duty on the part of the authorities with regard to
waterways and engineering structures. Responsibility
for this task rests primarily with the provincial govern-
ment, although the Federal Ministry of Agriculture and
Forestry is empowered to take over this responsibility
should the need arise. Government supervision, how-
ever, in no way relieves the owner of its responsibili-
ties.

Mandatory monitoring and surveillance and octher re-
sponsibilities undertaken by the owner are set down in
the operating and monitoring rules, which must be ap-
proved by the Water Authority.

Dam monitoring and inspection is performed at several
levels.

— Owner of the dam

From among its technical staff the owner must appoint
a senior engineer (or commission a consulting engi-
neer) to act as its “safety engineer”. He is responsible
for proper preventive and corrective maintenance, for
observance of the stipulations and requirements laid
down by official agencies, and for measures to be
taken in the event of an emergency. For this purpose,
the safety engineer must be vested with suitable
authority by the owner. The safety engineer and his
deputy must be named to the Commission on- Dams
and the District Commissioner. The owner must log the
findings of his inspections and reviews in a “dam
record” and submit an annual report summarizing the
findings to the supervisory authority and the
Commission on Dams.

— Supetrvisory authority

The government body responsible for the country's wa-
ter resources appoints a senior engineer in the civil
service to supervise dams and reservoirs. The appoint-
ment is made by agreement with the Executive Board
of the Commission of Dams and notified to the
Supreme Water Authority. The supervisor verifies the
monitoring results produced by the owner and reports
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his findings to the Water Authority, the Commission on
Dams and his own office at least once a year.

— Commission on Dams

In the mid 1960s, a “Subcommittee on Dam Inspection”
was constituted within the Commission on Dams, con-
sisting of experts in the field of stress calculation, dam
engineering, geology, rock mechanics, monitoring of
dams, and hydraulic engineering. From the mid 1970s,
the Subcommittee was commissioned by the Supreme
Water Authority to inspect existing and accepted dams

Table 2 Operations monitoring dams >15 m in height (excluding run-
of-river power stations ) of >500 000 m?® in volume

Owner SAFETY ENGINEER |—  Safety monitoring
Supervis_ory SUPERVISOR || Inspection, summarized
authority annual reports
Supreme Water — C%I\;:Il\élihS;SO .
Authority at the
Federal Ministry | S— .
of Agriculture Periodic inspections
and SUBCOMMITTEE of dams and reservoirs
Forestry OF THE COMMISSION— (approx. 5 year
ON DAMS intervals)

at 2-5 year intervals and to submit appropriate reports.
The Supreme Water Authority must then order the
owner to institute any corrective measures which are
necessary to prevent imminent danger or which are in
the public interest (human life and health, severe
damage to the national economy). The procedure for
revising valid approvals was considerably facilitated in
1990.

7  CONCLUSION

Dams will normally produce extensive damage in the
event of failure. The Austrian authorities are conse-
quently doing everything in their power in engineering,
legal and organizational terms to ensure maximum
safety for the population as well as progress in dam
engineering within the framework of orderly
construction, administration and monitoring
procedures. This guiding principle pervades the
modern Austrian Water Law and is reflected in the
activities of the Commission on Dams, the Water
Supervisory Authorities and the management teams of
the country’s power utilities.
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Chapter E

ENVIRONMENTAL ASPECTS
OF HYDRO-POWER DEVELOPMENT
IN AUSTRIA
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ENVIRONMENTAL ASPECTS
OF HYDRO-POWER DEVELOPMENT

IN AUSTRIA

By R. Widmann*

1 INTRODUCTION

Man has tried for thousands of years to replace his own
muscular force by that of slaves or domestic animals in
order to make it easier for him to satisfy his needs. For
hundreds of years he has utilized the mechanical power
of water by means of water-wheels, as for mills. In the last
century, with the beginning of the industrial age, man
started to use machines to do his work. But the machines
needed driving agents. Several possibilities were de-
veloped. An outstanding example is the steam engine,
which converts thermal energy from the combustion of
various fuels into mechanical energy, a system under-
lying all types of thermal power plants. In a second step,
the mechanical energy is converted into electrical energy
in the same way as in hydro power plants.

It was certainly since the publication of the first report by
the Club of Rome that the notion of our globe as a space-
ship has met with general acceptance. The idea is to
demonstrate that there are limits to the areas and mineral
resources utilized by man and that unlimited growth and
unlimited consumption of mineral resources are not pos-
sible. Space-ship earth, as it were, receives its fuel - solar
energy - from outside as a basis for the eternal cycle of
nature. The energy supply from outside remains nearly
constant over geologic spaces of time and has not been
used up during the past ages. Surplus energy has been
stored in the form of coal, crude oil, natural gas, etc. Over
the last two decades the energy requirements of part of
mankind have grown enormously, undoubtedly due also
to the population increase, and this has marked the
beginning of an era characterised by the exhaustion of
energy resources which, though having accumulated
during thousands of millions of years, are ultimately
limited in quantity. Obviously, the only way out will be the
direct or indirect utilization of solar energy.

Several possibilities of direct utilization have been
studied, but they all need further development, mainly be-
cause of the large cost involved at present and because
of the large amounts of energy required for the fabrication
of solar equipment. Therefore, it is no doubt necessary to
intensify research efforts in this field. In view of the
present state of the art, however, the climatic conditions
prevailing in Central Europe hold little promise of the
direct utilization of solar energy gaining any major im-
portance in the near future.

* Dipl.-Ing. Dr. techn. Richard Widmann, retired Director
of Tauernkraftwerke AG (TKW)
A-5021 Salzburg, RainerstraBe 29, Austria

The indirect utilization of solar energy through the com-
bustion of biomass has been practised to a limited extent
ever since the invention of fire. But large-scale utilization
is likely to meet with serious difficulties, as e.g. the
wearing out of soils by quick growing energy forests
(Gepp, 19886) or the residues of combustion contributing
to global air pollution, very much like those resulting from
the combustion of fossil fuels. While the efficiency of solar
facilities ranges around 15 or 20 %, combustion pro-
cesses utilize about 40 or 50 % of the primary energy, with
no allowance being made for the energy required for the
winning of the fuel and its transport to the power plant.
Another aspect to be considered in this context is the
amount of energy spent for the construction of the energy-
generating facility as compared with the amount of ener-
gy generated during the service life of the plant. Relevant
studies have shown that at present it is possible to
produce approximately

1 to 5 times the energy input by flat collectors,

5to 10 times the energy input by crystalline solar cells,

50timesthe energy input by coal-fired power plants, and

100 times the energy input by hydro plants.

Even if aspects of safety are included in the comparison
of the different types of power production, the generation
of electricity by means of hydro power — with account
being taken of large dams — comes out much better than
thermal power if account is taken of fuel production and
transport.

The indirect utilization of solar energy for electricity gen-
eration through the development of the mechanical ener-
gy inherent in water has reached a level of great perfec-
tion. Efficiency is almost 90 %, the water is the same in
quality and quantity as it was, when it is returned to the
eternal cycle of nature, and there are no waste products
risking to affect air or soil. What then are the problems of
hydro power development?

Like any other human activity, the construction and op-
eration of hydro power facilities may influence the envi-
ronment. These influences come from two main factors
that are essential to hydro plants (Fig. 1):

— Various engineering structures of different sizes, part-
ly above-ground, partly underground and consequent-
ly invisible.

— Changes in the natural stream bed which are neces-
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sary for the utilization of the mechanical energy of the
water and which depend as to nature and amount on
the type of hydro plant provided.

Figure 1 Environmental implications of hydro power plants

the capacity rating of small power stations. As large-scale
development of Austria’s hydro resources actually com-
menced immediately after the end of the Second World
War, the experience gathered in this field extends over
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In order to identify changes in the natural environment
that result from the construction of hydro power facilities,
fact-finding procedures have been imposed for several
decades in Austria. For example, several years prior to
the commencement of construction, spring yields, veg-
etation, fog formation, etc. within the area of assumed
influence are observed and recorded. When the plantis in
operation, the corresponding data are collected once
more and compared with the original data so as to obtain
an objective idea of potential changes. In response to the
growing sensitivity to environmental issues, an environ-
mental compatibility check was introduced a few years
ago in order to estimate and evaluate expected effects.
This check includes any potential changes resulting from
the construction of a hydro power plant and should not be
limited to conceivable ecological effects of changes re-
sulting from the construction and operation of hydro
power facilities, but should be supported by information
available from the fact-finding procedures and from sub-
sequent supplementary investigations. In addition, the
environmental compatibility check should also include
aspects of national economy and realistic alternatives so
as to afford a comprehensive view of the problem, as is
often claimed, especially by ecologists.

Construction of hydro power developments in Austria
started already towards the end of the 19th century. As
early as 1908, Innsbruck’s Obere Sill power station ex-
ceeded the legal 10-MW limit now in force in Austria for
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several decades. The following paragraphs are an at-
tempt to report on this experience and the conclusions to
be drawn.

2 THE POWER FACILITIES

Hydro power facilities at Alpine locations normally re-
quire the following main features:

— Reservoirs created by dams for collecting water from
direct inflow and usually also from several stream di-
versions;

— Galleries, shafts and ducts to convey the flows from
stream intakes to the reservoir, from the reservoir to
the powerhouse and finally from the powerhouse back
to the nearest natural stream bed;

— The powerhouse and appurtenant installations where
the mechanical energy of the water is converted into
electrical energy.

2.1 Relationships with the environment

Where the construction of a power development is
planned, it is necessary at first to provide for suitable ac-
cess to the site. Depending on the nature and size of the
structure, this may be accomplished either by unmade
roads, single or double lane roads, or even by areal



ropeways or inclined hoists. As the transport capacities
required for these access facilities are usually larger
during construction than is needed subsequently during
operation for supervision and maintenance, the newly
constructed facilities may either be removed or may be
made available to tourist trade. Actually, the provision
and operation of such traffic facilities are subject to the
same criteria as comparable normal traffic facilities. At
any rate, it is up to the discretion of the invidiual commu-
nities whether to use the new facilities for tourist trade
after the completion of construction work, which in fact
involves major traffic loadings at times while the amount
of traffic needed for purely operational purposes is negli-
gible.

The individual features of a power development may take
several years to construct. During this period, the envi-
ronment is certainly affected to some degree, as at any
construction site. For major construction sites at remote
locations, it will be necessary to provide camps to accom-
modate staff, primarily to avoid the daily trips to and from
the site. Such camps are equipped e.g. with their own
sewage treatment works. The fuels required for driving
construction equipment must be stored in accordance
with the relevant regulations. Tunnel or service water as
e.g. from aggregate preparation plants must be cleaned
before being returned to the natural stream bed. Tunnel
spoil or other excavated material must be dumped in a
stable condition and the surface shaped to blend with the
surrounding terrain and planted after completion of the
work with plants selected to harmonise with the local
natural vegetation. Many examples demonstrate that this
is possible even at high-level mountain locations (Fig. 2).

Special care should be taken already at the stage of
design to make the visible structures of the project blend
with the surrounding landscape. Naturally, while the small
structures for stream intakes will hardly be noticed pro-
vided they are adequately designed (Fig. 3), large dams
of whatever design will always be impressive structures.
In fact, embankment dams do allow a certain measure of
natural appearance to be reached by an adequate sha-
ping of the abutments and by suitable planting on the
downstream slopes. But concrete dams, in particular
arch dams, are large technical structures which are re-
cognised by the majority of the visitors as being impres-
sive engineering feats and a manifestation of man’s
creative power.

The provision of access facilities for large dams, espe-
cially at high-level sites in the Alps, may become a basis
for tourism in that they greatly reduce the time and efforts
needed to reach high-level destinations, as evidenced by
the growing numbers of visitors to mountain huts situated
above reservoir lakes.

There are basically two powerhouse types — aboveground
buildings and underground structures. The choice be-
tween the two is in many cases less of a cost problem
than a function of the local geology. The power stations
of large hydro developments may reach substantial di-
mensions, but given adequate architectural design may
be made to blend relatively well with the surrounding

landscape or village. Indoor switching stations, although
higher in cost, are increasingly provided nowadays so as
to allow the reduction in size of the switchyards, which are
almost always considered a disturbing sight (Fig. 4).

During construction, any site will convey the impression
of completely destroyed nature to the outsider. However,
suitable measures carefully designed and carried out to
clear and seed the construction site will bring about,
usually within a surprisingly short time, a landscape that
differs from its original appearance, but harmonises with
its surroundings. The cost involved hardly ever exceeds
a few percent of the total construction cost and is, there-
fore, justified even from an economic point of view.

During operation, there is hardly any influence from the
individual elements of a hydro development on the en-
vironment. Pollutant emissions or toxic sewage are ab-
sent altogether, and the noise nuisance is negligible.

2.2  Aspects of national economy

The construction and operation of hydro developments,
like any industrial enterprise, have muitiple effects on a
country’s economy. Only a brief outline of these effects
can here be given.

Anentrepreneur will establish an industrial plant only if he
is sure that he will be able to sell the product he plans to
manufacture. For the moment the annual electricity con-
sumption growth in Austria equals the annual energy from
a power project on the Danube, and hydro power plants
can meet only about two-thirds of the country’s total
requirements - the remaining one-third coming from ther-
mal power plants running on fuels the greater part of
which must be imported. As long as this situation prevails,
the construction of new hydro power plants seems to be
justified from an economic point of view.

Thereis no doubt that the construction of a power scheme
has favourable consequences in terms of employment,
with jobs becoming available at the construction sites and
with all the suppliers of electrical and mechanical equip-
ment, especially where large power developments are
concerned. That means in fact thatthe consequences are
supra-regional. The employment aspect has been estab-
lishedto be two man-years per million of Austrian schillings
invested, with account being taken of all subcontractors
and the service industry. The communities in the areas
concerned benefit not only from the access facilities
provided for the power schemes, but also from increased
tax revenue, which is used for improving infrastructure,
and this in turn improves the living conditions of the local
population and renders the area more attractive to tourist
trade. Naturally, the lower the standard of infrastructure in
these communities prior to the construction of the project,
the larger are these local effects. Typical examples are
the Montafon valley in Vorarlberg after the end of the First
World War when construction was commenced on the
Upper Jll project, and Kaprun after the Second World War
when the construction of the Glockner-Kaprun project
was started. But even communities with a highly devel-
oped infrastructure, as e.g. Mayrhofen prior to the con-
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struction of the Zemm-Ziller development, have made
good use of the additional revenue.

3 CHANGES IN WATER REGIME AND THEIR
CONSEQUENCES

Any hydro scheme is bound to cause changes in the
water regime. What we have to find out is whether these
changes are desirable, admissible or inadmissible. ltis a
fact that the flow utilised is returned unchanged in quality
and quantity to the natural cycle. But there are differences
depending on the type of power plant concerned:

— Run-of-river and dam power plants are normally situ-
ated at low-level locations, with the heads being cre-
ated by impounding the river within its bed. The water
remains in the natural river bed and flow undergoes no
change in time.

— Diversion-type power schemes are generally situated
at medium high and high levels, where the flows of
several streams are collected in a reservoir and re-
leased as required, so that their return to the natural
stream bed is delayed.

Some of the main experiences in the operation of such
schemes will be discussed in the following paragraphs.

3.1  Run-of-river and dam power plants

This type of power schemes, as e.g. Klaus or Ottenstein
is characterised by the natural water level being raised
and the flow velocity being reduced within the reservoir or
backwater area. Inadmissible rise of the water table in the
adjoining areas can be prevented by appropriate en-
gineering measures. However, the reduction in flow ve-
locity within the reservoir results in several changes.

— Within the backwater area a fish population tends to
develop that is larger than before, but is adapted to the
lower flow velocity. Interruption of upstream migration
of fish can in some cases be avoided by providing fish
ladders.

— Depending on the amount of bed load and suspended
sediments in a river, sedimentation may result and,
when having reached an inadmissible magnitude, calls
for flushing in periods of major flow.

— The reduced self-purifying capacity of the slowly flow-
ing river is felt only where the water quality is worse
than grade Il. In such cases, water purification facilities
will have to be provided upstream of the projectin order
toaccomplish the desirable water quality, a requirement
that is in fact independent of the power project.

— The potential effects on the microclimate from the
enlarged water surface have beenthe subject of several
studies, which have shown that Austria’s topography
would not allow changes in water surface that are large
enough to be of any significance as compared with the
natural fluctations.
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These aspects of the environmental implications will
be dealt with in greater detail under D.

3.2 Diversion-type power schemes

Prominent examples of diversion-type power schemes in
Austria are the large Reisseck-Kreuzeck, Glockner-Ka-
prun, Zemm-Ziller, Sellrain-Silz and Upper JII develop-
ments. This type of power scheme may cause various
changes in the water regime, which will be discussed in
the following for each of the four main sections of the
waterway, in the light of the experience gained so far.

3.2.1 Reservoir

Water storage is needed where natural flow with its daily
and seasonal fluctuations is used to meet water require-
ments that follow different rhythms. As electricity cannot
be stored in large amounts, it must be produced at the
momentitis needed. Storage reservoirs should mainly be
considered as energy reservoirs to be drawn upon at
times of peaks in electricity demand and failure of other
power stations, so as to guarantee a reliable electricity

supply.

As demonstrated by the comparison between natural and
artificial lakes in Austria and all over the world (Table 1),
the surface areas of the large Austrian reservoirs are
smallerthan one thousandth of the world’s largest reservoirs
and smaller than one hundredth of the large natural lakes
in Austria. The total surface area of all the artificial lakes
in Austria corresponds in magnitude to that of lake Attersee.
This comparison alone shows that Austria’s reservoirs
cannot possibly cause climatic changes of any kind that
extend beyond the immediate shores, as has also been
confirmed by many different studies. Therefore, the follow-
ing comments may be confined to the much-discussed
topic of local effects.

Table 1 Comparison of the size of reservoirs and natural lakes
all over the world and in Austria

Large Lakes
All over the world In Austria
Area
Name Country T{:ﬁa Name km
Akosombo Ghana 8482 Ottenstein | 4.5
Reser- | High Aswan Egypt 5900 Gepatsch 26
voirs Bratsk USSR 5470 Kélnbrein 2.55
Cariba Zimbabwe 5100 Schlegeis 2.2
Cabora Bassa| Mozambique 2580 Tauernmoos | 1.89
Lake Superior| Canada | 82414 Lake 5385
Constance
Uganda
Natural | Lake Victoria Kenya 68 800 | Neusiedlersee | 276.4
Lakes Tanzania
Lake Aral USSR 62 000 Attersee 45.9
Lake Huron | USA/Canada | 59 586 Traunsee 245
Lake Michigan USA 57994 | Worthersee 19.3

Within the section of reduced stream flow downstream of
the reservoir, the stream recovers along with increasing
distance from the reservoir and can be compared with a



spring rising at the same level and being unaffected by
annual floods or bed load supply from the catchment
above the reservoir. The effects of reduced stream flow
will be discussed under 3.3.

Reservoir sedimentation is mainly a function of the geol-
ogy of the catchment area directly above the reservoir. In
Austria, erosion in these catchments reaches a magni-
tude of between 0.1 and 1.8 mm p.a. Based on the ratio
between reservoir volume and catchment area, this would
result in sedimentation periods of several hundreds to
several thousands of years without calling for artificial
measures. Sedimentation periods are shorter for the
smaller schemes and may necessitate occasional flus-
hing and clearing (Widmann, 1988).

The retention of flood waves undoubtedly counts among
the desirable effects of seasonal storage in the Alps. A
large measure of flood control is already ensured by
normal reservoir operation. Detailed statistical studies
have shown that reservoirs with a net storage larger than
60 % of the annual volume of water yield are capable of
retaining flood waves with a return period of about 25
years in their entirety. This affords substantially improved
flood control to downstream populations, which however
decreases along with increasing distance from the reser-
voir. Here, too, experience has shown that the reduction
ofthe flood peak is larger than would have been expected
from the relationship between the catchment areas. For
example, the reservoirs of the Zemm-Ziller development,
which collect the runoff from a catchment of 173 km?,
have led to an about 25 % reduction in flow peak for flood
waves in the Ziller at its junction with the Inn so as to avoid
the flooding of the valley floor, although the catchment
above that point is six times as large.

Discussion of the limnological aspects of reservoirs in the
Alps should be based on the normal fluctuations of the
reservoir water level in the course of a year, on the
nutrient supply dependent on the high-level location, on
the water temperature also dependent on the high-level
location, and finally on the conditions prior to the con-
struction of the reservoir. Recent studies have shown that
only a few of the high-level lakes in Tyrol have fish
populations, which moreover may have been put in over
the last centuries. Undoubtedly a reservoir, despite its
restrictions, offers a larger living space to fish than existed
in the natural stream bed prior to the construction of the
reservoir, which may just as well be utilized as a managed
piece of nature. The use of such artificial lakes for fishing,
however, should not be considered in terms of nature
preservation, but fromthe points of view of sports, commerce
and tourist trade.

Underground water levels in the flanks above the reser-
voir area remain practically unchanged. Hardly any micro-
climatic effects have been established evenintheimmediate
vicinity of the lake shores. Therefore, the vegetation
above the maximum water level in the reservoir also
remains unchanged during normal operation, as has
been confirmed by a great number of studies.

As to tourist trade, experience has shown that the large

Alpine reservoirs have become outstanding centres of
attraction. The reservoirs at Liinersee (Vorarlberg),
Schlegeis (Tyrol), Mooserboden (Salzburg) and Malta
(Carinthia) have been visited by many more than 200 000
persons every year during the summer months ever since
their construction, to name but a few examples. This great
attraction is a result of the easy access afforded by the
construction of traffic facilities for the project sites, and of
the fact that the reservoirs are practically full during this
season. When the reservoirs are more or less empty
towards the end of the winter season, they are hidden
under a snow cover, which does not melt until May or
June, especially at high levels, so that the slopes below
top water level look hardly different from those above top
water level (Fig. 5).

Aspects of safety certainly play an essential role, in
particular where high dams are concerned. A cursory look
at the world statistics will show that about 1% of the
existing large dams have failed. Looked at more closely,
the statistics reveal that while almost 5% of the large
dams constructed before 1900 failed, this percentage has
decreased steadily for the dams constructed in our cen-
tury and has dropped to less than 0.2% for the dams
constructed between 1970 and 1980 (Widmann, 1990). It
should be mentioned in this context that the main causes
of failure are excessive floods — which at the more recent
dams can be safely handled by appropriately dimensioned
spillways — and incidents during first filling of reservoirs,
often in the absence of suitable supervision. The
improvement in design and construction methods and in
particular in supervision methods over the last few dec-
ades has contributed a great deal to dam safety.

3.2.2 Reduced-flow sections

At the stream intakes, inflow is diverted — wholly or partly
— and conveyed to the reservoir. The reduced flow in the
affected stream bed section has certainly an influence on
life in the water and on the bed load situation. The new
spring developing below the intake, unlike reservoirs,
may be affected by annual floods, whereas flushings of
stream intakes and sand traps risk to cause definite
sedimentation, if any, only over short stream bed sections
of a few hundreds of metres.

As concerns life in the water, potential changes should be
classified as follows:

— Changes concerning microorganisms, which can live
on very small quantities of water.

— Results of investigations carried out so far have proved
that the diversity of species is preserved above the
section ofreduced flow and that within that section
— perhaps with the exception of the section down to
the first tributary stream coming from the valley slopes
—the diversity of species gradually reaches its original
level along with increasing distance from the intake, al-
though the number of individuals may be lower due to
the smaller amount of water available. The interruption
caused in the stream — as is actually also the case for
cascades, waterfalls and torrent control structures —
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Figure 2a 570 000 m tip of excavated rock at 1 800 m a. s. I. three years
after completion (Zillergriindl)

Figure 3 Hierzbach stream intake, 1.8 m /s, in design flow, Glockner-
Kaprun development

Figure 2b 210000 m tip of excavated rock in the Salzach valley, twenty
years after completion

Figure 5a View of Mooserboden and Wasserfallboden reservoirs,
Glockner-Kaprun development, in April




Figure 5b View of Mooserboden and Wasserfallboden reservoirs,
Glockner-Kaprun development, in August

Figure 6a View of Ziller stream 1.2 km downstream of the stream intake,
12m/s

Figure 4a Rosshag power station, Zemm-Ziller development

Figure 6b View of Ziller stream 1.2 km downstream of the stream intake,

44ml/s



are assumed to have no appreciable effect.

— Changes concerning the colonisation by fish, unless
this has not anyway been hampered hitherto by steep
grades or sections occasionally falling dry.

— Many protective measures for fish, however, are taken
not so much out of ecological concern, but to protect
sports and economic interests of fishery, which in fact
ought to be rejected for the sake of animal protection
and should be regarded only in terms of economic use.
It is this economic use that forms the background for
the measures taken in most of the fish waters to
increase the stock of fish, often by putting in young fish
alien to the location. In order to maintain a certain —
although reduced — stock of fish, a relatively large flow
is needed, which is generally not reached until several
kilometres downstream of the stream intake, when
stream flow has normalised thanks to the tributaries
from the valley slopes.

— Apart from the above ecological changes, there is the
change inthe general setting that should be mentioned
in this context. A stream bed abounding in water is
certainly an impressive sight to the alpinist, enriching
the landscape at the points accessible to him. Evalua-
tion of this optical change is, however, a difficult task.
Where the surrounding landscape is included in the
consideration, the change will be small. Where the
stream only is considered, the change will be substan-
tial.

In order to minimize even the above effects, the release
of compensation water at the stream intake is usually im-
posed, although the exact amount of compensation water
to be released is difficult to determine, as evidenced by
the great number of formulas available for this purpose. In
several instances, the release of compensation water
has been imposed even for the winter season for limno-
logical reasons. Actually, the determination of the amount
of flow to be left in the stream bed to answer fishing or
esthetic requirements still involves problems. Naturally,
the power development owners will be in-terested in
minimizing compensation water claims, as these reduce
the amount of diverted flow and electricity generation
and, hence, increase the cost of electricity generation for
a constant cost of construction. Ecologists in turn will
want a maximum of flow to remain in the stream bed. This
problem is aggravated by the fact that there are only few
scientifically supported results available to throw light on
the true ecological effects of water abstraction or reduced
flow. The small number of limnological studies underta-
ken in reduced-flow sections of mountain streams appear
to confirm the assumption that even without the release of
compensation water at the intakes, stable and limnologi-
cally satisfactory conditions remain below the intakes,
and that there are no provable changes above the inta-
kes. The same is true of the vegetation on the banks of
streams.

Normally a relatively small flow is sufficient to maintain

the aspect of a true stream. The exact flow rate required
is determined with the help of a series of photos taken
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from the same point at times of different flow rates. In fact,
above a certain flow rate, in particular in the case of
waterfalls, the outward appearance of a stream has
turned out to remain almost unchanged (Fig. 6). In many
cases, therefore, the amount of compensation water
releases has been determined on the basis of such
photographs to the effect that water must be released at
points that are considered important to tourism and at
those times where they are likely to be visited by tourists.

Contrary to the general opinion, the bed load regime in
reduced-flow sections is little influenced. Stream and
river courses in the high mountains are rarely in a state of
equilibrium. Actually, the construction of hydro power
facilities has been used as a ready opportunity to provide
stream engineering structures in the area concerned as a
stabilising measure where the natural conditions tend to
be critical. Even in natural streams, the bed-forming flow
rate beyond which bed load transport begins is exceeded
only on a few days a year, that is, at times of major flows,
and these are little reduced by the diversions. Erosional
action on the stream banks is certainly reduced by the
lower flow rate in the stream bed. Whereas mudflow from
the tributary streams is independent of power scheme
operation, the evacuation of the mudflow material in the
stream bed may become more difficult due to the reduced
flow rate. It will have to be decided in every individual case
whether to provide debris dams to keep off bed load
material, or whether to provide for the clearing of the
stream bed after bed load has been deposited. Both
alternatives will have to allow for aspects of safety and
ecology.

The design studies for the earliest hydro schemes in
Austria already considered the bed load question, and
appropriate measures were taken where necessary. In
this respect, our large hydro developments in the Alps
have never presented any problems that have not been
successfully handled by the operators of these facilities
with the help of the devices available. Thus it can be
stated that on principle bed load problems are not caused
by hydro facilities and arise only in those stream sections
where the natural bed load regime is unstable. In such
cases, however, the necessary measures taken during
the construction and operation of the hydro development
will constitue an improvement over the original condition.

3.2.3 Power conduit

The water conveyance structures leading from the power
intake to the reservoir, from the reservoir to the power-
house and in some cases also from the powerhouse back
to the stream bed include several galleries and shafts. As
in the case of tunnelling for traffic facilities, the excavation
of underground openings for hydro schemes risks to
affect the underground water level. When water-bearing
joints or springs are encountered during heading driving,
these must be sealed off as rapidly as possible, if only to
enable construction activities to be continued. A lowered
underground water level resulting from the water draining
into the tunnel might affect springs utilized for drinking
and service water supply.



Thus, fact-finding procedures preparatory to hydro pro-
jects have always included a survey being made of the
springs situated within the assumed sphere of influence
of construction operations. The annual patterns of yield
are recorded in agreement with the proprietors. As many
springs depend on the amount of precipitation, it is useful
to have records extending over several years so as to
establish weather-dependent variations in yield. If these
measurements are continued after the completion of the
project, which is usually done only where there is reason
to suspect the presence of an influence, it is possible to
arrive at an objective appraisal of potential changes.
Where such changes result from tunnel construction, the
owner is obliged to provide for compensation equivalent
both in quality and quantity.

As the underground water level is often several hundreds
of metres below the ground surface even without influ-
ence from the construction activities, except at the points
of emergence of springs, there are no direct effects on
alpine vegetation, which is dependent on precipitation
and capillary water.

Finally it should be mentioned that water emerging from
the tunnel during construction should be examined for
potential contamination and the appropriate treatment
plants provided where necessary so that only sufficiently
purified water is returned to natural stream. The shaping
of material dumps has been dealt with under 2.1 above.

3.2.4 Flow conditions below the powerhouse

This refers to the natural and artificial channels and ducts
below the powerhouse. The distance between the power-
house and the natural stream bed is usually covered by
an open ditch or, in the case of underground power
stations, by a gallery.

Consistent with the purpose of storage schemes, full-load
admission on the power units is often required within a
few minutes. This is followed by an equally rapid increase
in flow in the outlet conduits. In order to prevent the water
level in the stream course to rise too rapidly as a result of
the increase in flow, compensating reservoirs have been
provided below several powerhouses. For reasons of
safety, they are designed so that the water level rise in the
stream does not exceed 10 cm per minute (Mayrhofen,
Uttendorf).

The power units of storage schemes run as required,
usually during several hours on weekdays. As, however,
the compensating reservoirs only slow down the water
level rise, but cannot equalise the entire discharge wave,
there are daily water level fluctuations in the stream bed
below the outlet works which usually exceed the natural
water level fluctuations during that particular period.
However, the water level fluctuations due to power sta-
tion operation decrease in amplitude along with increas-
ing distance from the power station as a result of the
natural retention capacity of the stream, the increasing
basic flow and the increasing width of the stream. As
detailed investigations performed in the Ziller valley have
shown, the influence of these water level variations on the

water table in the valley bottom decreases rapidly with
increasing distance from the water course, as in the
mountain valleys the water table is characteristically
more affected by the water from the flanks than by the
stream. At any rate, no effect on the vegetation of the
valley floor has ever been found to exist, as actually the
water table is usually low enough not to have a direct
influence on vegetation.

In fact, the increased flow below the outlet works of
storage schemes during the low-flow winter months is a
most welcome condition helping to ease the sewage
problem, and may be a definite advantage over the
natural conditions, especially in areas where tourist trade
concentrates during the winter season. The corresponding
flow reduction during the summer months is practically
not felt.

4 SMALL POWER SCHEMES

Under Austrian law, power schemes with rated capacities
smaller than 10 MW are termed small power schemes.
Using the corresponding rated discharge as a first meas-
ure of potential ecological implications, a rated discharge
of 10 MW results in

arated discharge of 125.0 m*s for a head of 10 m,
arated discharge of 12.5 m%sforahead of 100 m,
and

arated discharge of 2.5 m®s for a head of 500 m.

This means that the diverted flows from stream intakes for
small power schemes may be of the same magnitude as
that of diversions for large power schemes and should
also be studied for ecological effects. Power intakes for
small diversion-type schemes are designed for a specific
rated discharge of 25 to 40 I/s.km2. This means that the
flow remaining in the stream during the high-flow summer
months is certainly larger than in large power schemes,
whose intakes are designed for specific rated discharges
of between 150 and 300 I/s.km?. During the low-flow
winter months, however, the conditions in the reduced-
flow sections are comparable, and all the changes re-
sulting from the interruption of the stream course are very
much like those occurring in large schemes. As to the
surrounding landscape, the effects of small power schemes,
given an appropriately unobtrusive outward appearance,
are generally negligible. But as soon as the benefit in
terms of power economy is included in the comparison,
the following aspects should be barne in mind:

— Savings in power lines by small power schemes are
possible only if the facility is not connected to the public
system, thatis, if there are no provisions for evacuating
surplus power or receiving supplies in case of deficien-
cy. This will often imply not only a lower level of
economy but also a lower level of security of supply,
which should be taken into account by any company
operating a power scheme.

— Naturally, the smaller size of the power scheme im-

plies lower expenses for access facilities, construction
and operation, which is to be welcomed with respect to
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the environmental implications. On the other hand,
however, this means that any compensating measures
that may become necessary to improve environmental
conditions, infrastructure, etc. will be difficult to finance
for economic reasons and will hardly bring any appre-
ciable additional tax revenue to the community con-
cerned.

— There are at present about 280 small power stations in
the province of Tyrol. Assuming that these are all
situated on different streams, it should be pointed out
that utilization of 280 streams corresponds to only
79 % of the annual energy and only 48 % of the winter
energy generated by the Zemm-Ziller group of power
schemes, although this develops only 18 streams.

Therefore, the construction of small power schemes will
be reasonable only where a connection to the public
system is not possible or not required, but small power
schemes should not be allowed to prevent a much more
efficient use to be made by large-scale development of
the flows concerned.

5 SUMMARY AND CONCLUSIONS

Satisfying human needs, as those of food, accommoda-
tion or e.g. the freedom of travelling, causes changes to
the environment which grow along with increasing popu-
lation density and increasing demand for luxury. Thus,
the demand for energy, resulting more or less from an en-
deavour to satisfy these needs with a minimum of muscu-
lar strength, can be met only at the expense of certain
changes in the environment which are hard to reconcile
with the fundamental idea of a preserving protection of
nature. Electrical energy is both the most comfortable and
the cleanest form of energy and is first in versatility of use.
Therefore, the demand for electrical energy will continue
to rise even if savings in overall energy consumption are
achieved.

When trying to appraise the ecological repercussions of
man’s interference with natural systems, and thus also
the various methods of electricity generation, we should
differentiate between temporary and lasting effects, as
wellas between local, regional and global effects. Tempo-
rary effects from construction activities can be remedied
by careful rehabilitation and planting after site clearing.
Lasting regional or global effects from hydro develop-
ments of a magnitude feasible in the Alps do not result.
Lasting local effects have been discussed above. The
conclusion that can be drawn from the foregoing is that
lasting local effects are confined to inevitable changes

— of the village or landscape concerned due to visible
buildings and structures and

— of flow in certain stream or river sections.

Effects beyond the above, whether in the form of air or
water pollution or only a local change in climate or
vegetation, will certainly never occur. The effects from
changes in the flow regime can be limited to the stream
bed itself and within the stream bed can be reduced to a
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minimum by taking the appropriate measures. In order to
achieve this, it is necessary that cooperation be main-
tained between

- the experts in the various ecological questions who
have the necessary understanding of technical pro-
blems and requirements and

- theexperts in the design, construction and operation of
hydro power schemes, who should include environ-
mental aspects in their considerations for the solution
of technical problems.

Given an understanding cooperation between the two
parties, it will probably always be possible to arrive at a
satisfactory solution in the sense of a creative preserva-
tion of nature.

The construction and operation of power schemes is
dictated by a growing energy consumption. Any effort —
understandable as it may be — to prevent developable
sections of streams and rivers from being utilised for the
generation of electrical energy and to leave them in their
natural condition should at the same time make allowance
for the fact that every kWh from hydro saves a kWh from
thermal or nuclear power plants and thus contributes to
the reduction of regional or even global repercussions.
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CONCRETE DAMS IN AUSTRIA

By R. Widmann*

DEVELOPMENTS AND EXPERIENCES

1 INTRODUCTION

Austria’s large dams — a term referring to dams more
than 15 m high according to ICOLD recommendations
— were almost exclusively concrete structures until well
into the sixties. This was due to the fact that, during the
first decades of dam construction only those sites were
feasible where foundation on bedrock was possible.
Another prerequisite to the realization of concrete
structures was met by the presence of a powerful con-
crete industry, whereas the science of soil mechanics
was still in its infancy at that time.

Therefore, it is not surprising that by the end of the
Second World War about 10 gravity dams up to 28 m

Figure 1 Large gallery on the rock surface at Grosser Mihldorfersee Dam

high and one 39 m high arch dam, but only a single
embankment dam, 17 m in height, had been con-
structed. Dam construction on a larger scale did not

* Dipl.-Ing. Dr. techn. Richard Widmann, retired Director of Tauern-
kraftwerke AG (TKW), A-5021 Salzburg, RainerstraBBe 29, Austria

start until after the Second World War; the following is
a report on the large dams constructed since that time.

2 HIGHLIGHTS OF DAM HISTORY
2.1  Gravity dams

We all know that the principle underlying the design of
gravity dams, employed already in antiquity, is founded
on an apparently simple static system: In each indivi-
dual concrete block, the weight of the concrete should
be large enough to deflect horizontal water pressure
downwards to a point where the shear and friction
forces are transferred to the foundation to the extent of
its bearing capacity.

A phenomenon which was not sufficiently understood
at the time of the first gravity dams was, however, that
seepage under the dam causes uplift pressure. This is
why at some of the Austrian gravity dams dating from
that period remedial measures have been required to
reduce uplift pressure.
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Especially in gravity dams of major height, the hori-
zontal component of the abutment forces, correspond-
ing to the horizontal water pressure, may reach a
magnitude that makes it necessary to satisfy high re-
quirements in respect of dam base configuration and
mechanical properties of the foundation rock. This im-
plies that gravity dams, especially the high ones, call
for substantial thicknesses, which may pose difficulties
in respect of concrete technology. In addition, local zones
of weakness in the foundation may severely affect the
block concerned and, therefore, the whole structure.

Attempts to reduce uplift pressure and concrete vol-
ume, but otherwise retaining the same static system,
have led to a great variety of complex dam types — the
round-headed buttress dam is a typical example —
where the increased formwork requirements, however,
tended to neutralize the advantage of a reduced.con-
crete volume. In the early fifties, a first attempt was
made in Austria to reduce uplift pressures by providing
a gallery of adequate size directly at the dam base with
a cross section made to harmonize with the lines of
force. This measure allowed the weight of the dam and,
hence, concrete volume to be reduced for a constant
safety against sliding (Steinbdck, 1959). Another
advantage was that this design reduced the problems
of concrete technology by dividing the lower portion,
where the dam has its greatest thickness, into two
sections. The formwork, being the same over the whole
length of the dam, is comparatively simple and has
proved economical in several gravity dam projects
(Grosser and Kleiner Muhldorfersee, Hochalmsee,
New Tauernmoos dams, Fig. 1).

Anocther possibility of reducing concrete volume is to
design a gravity dam curved in plan and to grout the
vertical joints so as to enhance the sliding resistance of
the individual block with the help of the arch action of
the whole dam (Mooser, New Tauernmoos). Naturally,
the adequateness of such a solution depends also on
the topography of the dam site, but the additional ex-
pense from grouting the vertical joints can be much
more than made up for by the savings in concrete vol-
ume for the same, or a higher, sliding resistance
(Schiller, 1954).

As stresses are relatively low in massive gravity dams,
a moderate concrete strength would be sufficient. How-
ever, the durability requirements, such as frost resist-
ance and imperviousness to water, especially for the
concrete surfaces, preclude low cement contents. The
usual answer to this problem is to provide a rich facing
concrete to a thickness just large enough to allow prop-
er placing and compaction. In some Austrian gravity
dams (Grosser and Kleiner Mihldorfer See) an attempt
was made to use formwork of precast high-quality
concrete slabs for the upstream dam face, which was
then backfilled with the lean concrete needed for
stabil-ity. This system guarantees a durable and
smooth surface, but has posed problems especially
with respect to the design of the joints between the
precast slabs, probably due also to the extreme
climatic conditions prevailing at an altitude of 2 300 m

80

above sea-level. Repair became necessary after about
10 years (Magnet, 1970). Many years' experiences
gathered in the application of this system can be
applied to advantage in the use of rolled concrete.

The Spullersee North and South gravity dams, con-
structed from 1921 to 1925, were heightened by 4 m in
the years 1963 to 1965 using corrosion-protected pre-
stressed anchors. Subsequent checking, however,
gave rise to doubts regarding the effectiveness of these
anchors. Detailed investigations showed that it was
possible to make up for the increased stresses result-
ing from the raised headwater level by reducing the
uplift pressures to a minimum. This lasting reduction of
uplift and joint water pressures was achieved by pro-
viding an adequate drainage and surveillance system
(Flégl, 1991).

2.2 Arch dams

The first Austrian arch dam was constructed during the
Second World War on the Gerlos river, a tributary to
the Ziller river in Tyrol (Grengg, 1948). An artificial
abutment was needed on the left side. Some 20 years
later, weathering of the rock led to a shallow rock slide
on the right-hand slope near the downstream face of
the dam, which gave rise to a large-scale stabilization
scheme in 1964 (Horninger, 1967). Recently, however,
slow but steady swelling of the concrete, probably due
to alkalinity in the cement, has reached a magnitude
that will call for a general repair in the course of the
next decade (Flégl, 1991).

By the end of the fifties, another eight arch dams had
been constructed. The largest of them was the Limberg
arch gravity dam of the Glockner-Kaprun development,
which reached a height of 120 m. In all the arch dams
dating from that time, the horizontal sections were cir-
cular arcs shaped as funicular curves to withstand hy-
drostatic loading. It was already for the Limberg arch-
gravity dam that the circular arcs of the upper dam
portion were lengthened by a straight section to ac-
count for the specific features of the valley configura-
tion at the dam site. At three of the arch dams of me-
dium height constructed in the fifties (Ranna, Bachen-
tal, Dobra), it was attempted to prestress the arcs by
joint grouting to improve stress distribution in the dam
structure. In applying this system it should be borne in
mind, however,

— that vertical tensile stresses at the downstream dam
toe should not reach objectionable magnitudes and

— that the prestressing is likely to decrease within a
few years due to the creep of concrete, as evi-
denced by the displacement measurements taken at
these three dams during the first years of operation.

At Dobra, during maintenance work on the power con-
duit in 1953, a minimum flow of 5 m%s had to be re-
leased through the bottom outlet, so that the whole
gallery was subjected to the full hydrostatic load. Leaks
in the lining led to the build-up of an increased joint
water pressure and to a local rock slide immediately



downstream of the arch dam (Petzny, 1956). Since an
impervious tunnel lining was provided, there have been

no further problems.

It was in particular for wide-span arch dams that the
introduction of variable-curvature arcs for the horizontal
sections appeared useful in order to achieve, by the
larger curvature of the centre portion, an increased
rigidity of the arches and also to obtain a second

crown towards the abutments in the lower dam portion.
This design ensured both maximum possible rigidity for
the arches in the uppermost dam portion and minimum
abutment moments for the bottom portion. As in some
places in the region of the highest dam blocks the rock
mass yielded less than expected, a tension zone
marked by the breaking-up of joints developed below
the upstream dam toe (Heigerth, 1976). Extensometer
measurements showed that this tension zone was lim-

Figure 2 Cross sections and longitudinal sections across the valley of Austrian arch dams higher than 100 m
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parameter for an improved adjustment to the statical
and topographical requirements. For the Kops arch
dam parabolas of the fourth degree were adapted for
the horizontal arches.

The Schlegeis arch dam presented difficulties because
of its extremely unfavourable crest-length to dam-
height ratio of 5.6. Comprehensive design studies were
required to find the optimal dam configuration. The best
results were obtained by horizontal sections with a cur-
vature decreasing from the crown towards the abut-
ments in the upper dam portion and increasing from the

ited to a layer of rock mass 2 m to 3 m in depth, where
flat joints had opened. Repair consisted of providing an
only 5m deep elastic slurry trench cut off especially
developed for this purpose. Reservoir operation was
fully maintained during the repair (Stauble, 1991).

Much in the same way as for gravity dams, the lowest
inspection galleries of arch dams were placed directly
on the rock surface. This ensured optimal reduction of
uplift and ground water pressures, but risked to allow
water to enter the base gallery in case the upstream
base joint opened, as was the case at Schlegeis.
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At the small arch dam at Klaus constructed only a few
years later, provision of a base gallery immediately on
the rock surface was again very successful. But at
Kélnbrein, the largest arch dam in Austria constructed
in the seventies, the lowest inspection gallery was no
longer placed on the rock surface. Optimal dam design
brought a substantial reduction of the bending mo-
ments, allowing a relatively thin structure to be real-
ized. The horizontal water load that acted, parallel to
the valley axis, on the upstream dam face attained
more than 5.2 milliont and led to high shear stresses
at the dam base, where presumably in combination
with the inevitable residual restrainis from the con-
struction period, oblique main tensile stresses built up
which exceeded the tensile strength of the concrete.
Water was forced under high pressure into the cracks
that originated at the dam base, so that finally the
upstream dam toe was separated from the rest of the
dam structure at the valley bottom (Baustédter, 1985).

The resulting underseepage in this zone of the dam
was substantially reduced in the years 1981-82 by re-
locating the grout curtain further upstream and by pro-
viding an apron between grout curtain and dam struc-
ture (with a rigid connection to the grout curtain and an
elastic connection to the dam). In this way it was possi-
ble to eliminate almost completely the very high uplift
pressures, which had extended to a point very near the
downstream toe of the dam, and to reduce drainage
flows to relatively low levels. In a second phase, the
transverse forces within the dam body will be transmit-
ted, via a bearing device, to a supporting structure
placed against the downstream dam face, so as to
ensure a large measure of load reduction for the
existing dam structure (Ludescher, 1991).

Simultaneously with Kélnbrein arch dam, two smaller
dams were constructed at S6lk and Paal in the Niedere
Tauern mountains.

In the years 1982 to 1986, the 186 m high Zillergriindl
dam was constructed. It is at present the youngest of
the high arch dams in Austria. Apart from placing an
upstream apron over the zone where the dam is more
than about 80 m high so as to allow the grout curtain to
be located further upstream, a perimetral joint was pro-
vided at the valley bottom between the upstream dam
face and the base gallery, which was again placed di-
rectly on the rock surface (Widmann, 1983). This
perimetral joint was sealed on the upstream side and
therefore was practically without pressure. When a
hydrostatic head of 175 m was reached, the joint
opened slightly and a parallel crack in one of the blocks
developed, running from the upstream face to the base
gallery, although normal loadings could not have
caused any major concrete stresses in a vertical
direction in this area. After a 40 m drawdown the crack
closed almost completely and was grouted with Rodur
so as to ensure the transfer of tensile forces. In order to
accomplish a lasting improvement of the stress
condition in this area, a water pressure corresponding
to about half the full hydrostatic head was introduced in
the perimetral joint. Since this measure was taken,
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normal reservoir operation has not presented any fur-
ther problems.

The Dabaklamm project provides for a 220 m high arch
structure, which would be the highest dam in Austria.
Due to the favourable valley shape, its concrete vol-
ume would remain under about 1 million m3. Although
drillings, galleries and rock mechanics testing both in
the laboratory and in situ have established the adequa-
cy of the rock mass at the dam site, an embankment
dam has been studied as an alternative project to ac-
count for recent developments and has finally been se-
lected for construction because it involves the smaller
loadings on the foundation. Construction of this dam
and power station has not yet been started because of
resistance on the part of environmentalists.

Fig. 2 is a diagram comparing the geometrical charac-
teristics of the Austrian arch dams exceeding 100 m in
height. Differing valley shapes and the design princi-
ples in respect of dam configuration developed in the
course of almost three decades may render such a
comparison interesting.

3 APPURTENANT WORKS

Design flows being fairly small by international stand-
ards, reaching maximum values of
100 m®s for power intakes (Ottenstein arch dam),
400 m¥s for bottom outlets (Klaus arch dam),
650 m®/s for spillways (Ottenstein arch dam),
these structures have moderate dimensions, but — per-
haps for this very reason — allow interesting engineer-
ing solutions.

Bottom outlets are used for occasional flushing of
empty reservoirs and for emptying the reservoir in an
emergency. Design flows for bottom outlets are usually
selected so as not to exceed the 50-year flood recor-
ded for the downstream stream or river bed prior to the
construction of the reservoir. A buried stilling basin
was developed for energy dissipation, which was con-
structed for the first time for the bottom outlets of the
Schlegeis arch dam (Widmann, 1973). As this design
was successful, the bottom outlets of the Limberg arch
dam were reconstructed according to this system, and
it was also this design that was adopted for the new
bottom outlets of the Zillergriindl arch dam. A feature
of particular interest is vibration absorption by the un-
derground location of the basin, limiting vibrations to a
range which does not represent a poten-tial cause of
structural damage even in the long term.

Flood relief works are usually ungated spillways
(Simmler, 1979). An exception is the Mooser gravity
dam, where crest gates were provided. The design is
based on the assumption of a flood wave correspond-
ing to a PMF with a probability of occurrence of
5000 years meeting a full reservoir. The volume
provided for retention is only the space available above
top water level. Turbine or bottom outlet operation is
usually not permitted to be allowed for in the design.
Energy dissipation is accomplished in stilling basins of



Figure 3 Paal.arch dam with flood discharge
Groysall

special design, especially at those dams where occa-
sional overtopping is expected. At relatively small arch
dams as Solk and Paal (Fig. 3), overflow is over the
entire dam crest, the discharge being conveyed along
both flanks along the downstream dam toe in a step-
ped channel, where the two jets meet and the rests of
the energy contained in the dropping sheet of water
are neutralized. Gates used in appurtenant structures
are all subjected to routine maintenance and to an
annual functional check.

4 ASPECTS OF CONCRETE DAM DESIGN
4.1 Remarks on the design of the dam structure
4.1.1 Stability aspects of gravity dams

The apparently simple stability analysis for gravity
dams consisting of statically independent blocks is
valid only on the condition that the uplift pressures
underlying the design are not exceeded. Comparative
analyses (Widmann, 1974) have shown that where the
forces due to the uplift pressure underlying the design
are exceeded by not more than 2% as a result of
additional uplift pressures occurring in the new crack,
the stability of the dam is already jeopardized.

4.1.2 Stability aspects of arch dams
Up to the last decade, the design of arch dams was

generally based on the load distribution method. Al-
ready for the first large arch dams, load distribution

was calculated by means of a system of equations (Ju-
recka, 1949) also for multi-cantilever grids. These first
analyses made allowance for radial displacement only.
Then, step by step, all the other deformations were
included in the adjustment.

Abutment deformations were accounted for by spring
constants adjusted to suit the geological conditions
along the circumference of the dam. These may be
introduced in the analysis so as to make approximate
allowance for anisotropy in different directions. The in-
fluence of horizontal cracks of limited extent in an up-
stream portion of the foundation contact on the stability
of arch dams proved to be small (Eiselmayer, 1975).

Over the last two decades, the finite element method
has been used for check computations. At the same
time, an attempt has been made to account for the
effect of the geological structure of the foundation on its
mechanical properties (Poisel, 1988). A very simple
method of estimating without any major computation
effort the stresses expected to occur in a dam is the
determination of the loop stresses (Lauffer, 1960). Ex-
perience has shown that later, following optimal design
and exact calculations, these calculated loop stresses
are rarely exceeded by the main stresses.

4.1.3 Statical model tests
Due to their generally plane state of stress and defor-

mation gravity dams generally require no model tests. It
is only for establishing the effects of an enlarged base
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gallery on the pattern of siresses within the dam struc-
ture that photoelastic tests were carried out some time
ago (Steinbéck, 1959).

As to arch dams with their three-dimensional load-bear-
ing behaviour, however, it is still necessary to perform
model tests to check the stability analyses, although
the use of computers has made it possible to make
design studies approach reality very closely. In Tauern-

Figure 4 Model test installation for Zillergriindl arch dam
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kraftwerke’s test laboratory at Kaprun, many model
tests were carried out for all arch dams in Austria and
some arch dams abroad since the fifties, using different
materials and loading equipment. The statical tests
only studied the effect of water pressure on the arch
dam. In simulating the foundation, allowance was
made for particularly yielding areas.

For the test of the Zillergriindl arch dam, a special load-
ing device was developed for applying the dead weight
to the statically independent blocks, so that it has
become possible since that time to simulate real
conditions very closely; it is only after sealing of the
vertical construction joints that water pressure is ap-
plied and increased until failure occurs (Fig. 4).

4.1.4 Aspects of dynamic dam analysis

Although the Austrian dams are almost all situated in
regions where disastrous earthquakes are not ex-
pected to occur, research was undertaken in this field
in the seventies which included the checking of the re-
sults by in situ testing.

If the design is based on a linearly elastic system — an
assumption which can be considered as being fulfilled
as long as the dynamic tensile strength even of the ver-
tical joints is exceeded only within closely limited areas
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— the analysis may be reduced to a relatively simple
modal analysis, which determines, following the deter-
mination of the natural vibrations by means of the
earthquake response spectrum, the stresses present in
the dam body. The basis for these studies is the well-
known vibration equation, which essentially includes
the mass matrix (of simple geometrical relationships)
and the stiffness matrix. The stiffness matrix is also
easily derived from the coefficients of the equation
system for the load distribution method (Tremmel,
1961). Since the individual arch elements have already
fulfilled a number of static conditions in the load distri-
bution analysis, this method allows the sufficiently
accurate analytical design of the dam body with a rela-
tively small number of equations (Eiselmayer, 1982).
The resonant mass of water was at first introduced
using the approximations by WESTERGAARD, but in a
second step was limited in proportion to the distance
between the vibration nodes in the various modes of
vibration. This resulted in a substantial improvement of
agreement between analysis and test (Widmann,
1987). The relevance of this limitation increases along
with increasing reservoir depth and is particularly
pronounced for the higher vibration modes.

For prototype vibration testing, dams were made to vi-
brate in a radial direction by means of an excentric.
The maximum force of 30 kN was first reached at 2 Hz.
The vibrator unit was placed at those points on the
crest where the resulis of the preceding computations
had placed the maximum vibration amplitudes for this
particular vibration mode.

Analyses and tests were carried out for four arch dams
ranging between 60 m and 200 m in height, for low and
high reservoir levels. Comparison of the results shows
excellent agreement between tests and analyses,
especially for the higher vibration modes.

4.2 Remarks on the consideration of the founda-
tion in the analysis

As practised all over the world, foundation investiga-
tions for the early dams relied on qualitative rather than
quantitative considerations. In order to arrive at a first
general idea of foundation safety, Austrian dam de-
signers introduced the term “spread angle” (Ausbrei-
tungswinkel), which is understood to denote the
smallest angle between the rock surface and the three-
dimensional abutment resultant. For average rock
conditions, this angle should be not less than about
25to 30°. Comparative analyses have shown, how-
ever, that the direction of the horizontal component of
the three-dimensional abutment resultant is mainly
dependent on the valley shape and little influenced by
the shape of the arch dam (Promper, 1987).

The foundation in 1951 of a Salzburg circle for rock
mechanics was the manifestation of an effort to evalu-
ate the behaviour of the rock mass also in quantitative
terms and already during the stage of design.

In the early sixties, design studies for the Schlegeis
arch dam included not only laboratory tests on speci-



mens and drill cores (deformation, triaxial and shear
tests), but also in situ tests using the radial jack, origi-
nally developed for pressure shafts, to determine the
modulus of deformation in different directions (Eisel-
mayer, 1970). At that time also an attempt was made to
establish characteristics for the anisotropic unfaulted
rock mass (Tremmel, 1970). Similar tests were carried
out for the Koélnbrein, Zillergriindl and Dabaklamm arch
dams. For the latter project, the testing scheme was
supplemented by a large-scale in situ shear test on a
20 m? rock in a steep cliff and several plate jack tests in
exploratory galleries. The problem remains, however,
that these tests cover a volume of rock mass that is
infinitely smaller than the volume that will later be af-
fected by the structure.

Neglecting for the time being analytical checking of
foundation stability as is occasionally required,
deformation behaviour of the foundation contact affects
the siress pattern in the dam body, especially near the
dam base, like the boundary condition of a shell does
to a distance from the base approximately
corresponding to the thickness of the dam. In the load
distribution analysis spring constants, which are
generally determined for unit loadings on the
assumption of an elastic-isotropic semi-infinite mass,
or deformations are introduced at the points of support.
For the determination of these deformations, the body
of rock mass can be looked upon as a continuum
provided it is attempted to simulate a behaviour
equivalent to the actual discontinuum on the
assumption of “smeared joints”. For the purposes of
foundation safety considerations, this will be an
adequate approach only as long as in zones of
structural weakness their strength, particularly against
tension and shear, is not exceeded. If this strength is
exceeded, major deformations result locally which may
severely affect the behaviour of the overall body of rock
mass and, hence, the stability of the foundation. In
such cases, more detailed studies allowing for these
discontinuities will be required.

4.3  Aspects of static design criteria

Much consideration has already been given to the
problem of vertical tension stresses at the upstream
dam toe, as these are considered to be one of the
causes of the difficulties encountered fairly commonly
in this area. A parameter study has shown that
particularly where the modulus of deformation of the
foundation becomes greater than that of the concrete,
these vertical tension siresses may increase rapidly
(Promper, 1987).

Even when taking the two-dimensional approach to this
problem, it will be seen right away that at least up-
siream of the dam base, horizontal tension stresses
must also be present. These are due to the horizontal
component of the abutment resultant causing displace-
ments of the dam base towards the downstream. The
rock mass immediately upstream of the dam can partic-
ipate in these displacements only if the corresponding
tension stresses can be transmitted (Lauffer, 1967).

Whereas the vertical tension stresses can be influ-
enced by the shape and thickness of the dam, horizon-
tal tension stresses resulting from horizontal forces are
essentially determined by the height of the dam. It is
only the distribution of the horizontal forces along the
perimeter of the dam base that can be influenced by an
adequate dam shape, unlike gravity dams with statical-
ly independent blocks where this is largely predeter-
mined. These horizontal tension stresses may result in
near-vertical cracking in continuation of the upstream
dam face into the foundation. Their exact shape and
location is dependent on the local structure of the rock
mass. The cracks not only risk to break up the grout
curtain, but may also reduce the loadbearing body of
rock mass, thus causing an increase in horizontal dis-
placement for a constant modulus of deformation of the
rock mass.

The problems encountered in Austria’s three largest
arch dams have led to a critical review of design crite-
ria. The results are outlined below:

— Upstream and downstream rotation of the dam base,
mainly a function of the stiffness of the dam body,
should be compatible with the vertical displacements
of the foundation. The usually practised superposi-
tion of the stresses resulting from dead load and
water load makes no allowance for the permanent
part of the settlements resulting from the dam’s dead
weight. This may result in near-horizontal cracks in
the concrete or in the opening of near-horizontal
joints in the rock mass, allowing water to enter under
high pressure so astoincrease the crackingtendency.

— The shear stresses at the base of high and thin
dams may cause main tensile stresses in the interior
of the dam cross section that are higher than those
at the dam surface (Widmann, 1989). This trend may
be intensified by the unavoidable residual restraints
from concrete cooling after placement and by water
pressure within these cracks (Widmann 1991).

— The entrance of water into an otherwise stress-free
concrete under a pressure approaching in magni-
tude of the concrete tensile strength may cause
spreading of the cracks, as is easily established by
methods of fracture mechanics (Linsbauer 1985,
Widmann, 1989). Where tensile stresses are already
present, the spreading of the cracks may be
prompted already by lower water pressures.

5 DAM CONCRETE
5.1 The cement

In terms of concrete technology, the requirements to be
met by a concrete intended for massive structures dif-
fer from those to be met by a concrete for slim struc-
tures in one essential respect: Particular attention must
be given to heat build up and the resulting temperature
stresses whereas all the other concrete properties can
be appraised according to the usual rules of concrete
construction. Up to the mid-sixties, maximum concrete
temperature in relation to the temperature of the rock
foundation was the only criterion considered whereas
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the time-dependent stress-strain relationships of the
young concrete and the corresponding strengths, in
particular tensile strengths, were neglected.

In the years after the Second World War, normal Port-
land cement had a heat of hydration of 260 Joule at 7
days, which approximately answers the requirements
of what is even by present standards considered a low-
heat cement. During the decades that followed, the
strength, particularly the early strength, of concrete was
increased to meet the growing requirements of building
and bridge construction, which brought the heat of hy-
dration to more than 340 Joule. The only possibility of
reducing heat build-up in the cementing agent is the
use of hydraulic additives, which at the same time slow
down the hardening process of the cementing agent.
Consequently, as the cementing agent consists of
components of different chemical reactivity, the
adiabatic rise of concrete temperature gives values
more relevant for appraising heat build-up than the
heat of hydration does.

The first criteria for avoiding temperature cracks were
only founded on the maximum temperature increase in
the concrete, thus dictating small percentages of a low-
heat cementing agent. Later criteria were founded on
the time-dependent relationship between tensile
strength of concrete and the simultaneous restraints
resulting from temperature change.

By considering the crack resistance as the distance
from ultimate strain, however, it is possible to avoid the
modulus of deformation — which is hard to determine
especially for the young concrete — for the conversion
to stresses (Widmann, 1985). Determination of this ulti-
mate strain, just like the determination of tensile
strength, should make at least approximate allowance
for the velocity of strain changes within the structure.
Incidentally, investigations have also shown that the
use of a cementing agent with minimum heat build-up
does not necessarily guarantee a concrete with maxi-
mum crack resistance (Fig. 5).

Up to the construction of the Schlegeis arch dam, Port-
land cements with an admixture of blast-furnace slag
(55% slag in the cementing agent for the Schlegeis
arch dam) were used. Variations in blast-furnace slag
composition resulting from the manufacturing process
made the use of flyash for reducing heat build-up ap-
pear desirable. Large-scale development work led to a
process consisting of grinding separately the flyash
and the cement clinker and then homogenising them.
Thus, the flyash contents of mass concrete are 30% for
the Kdinbrein arch dam, 33% for the Zillergrindl arch
dam, and 40% for the supporting structure of the Kéln-
brein arch dam.

5.2 The aggregate
It was already for the construction of the Glockner-Kap-
run development around 1950 that the great im-

portance of the finest grain for the properties of the
concrete was understood. Dedusting facilitates the
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introduction of air voids to improve frost resistance, and
a better grading of the fine sand allows savings in the
total water content and, hence, in cementing agent for
otherwise the same fresh-concrete properties (Fritsch,
1960).

By using a vertical-process settling tank as developed
by the mining industry, it became possible to introduce
the separation of 0to 3 mm fine sand at about 1 mm
into two fractions. Aggregate preparation for the Kéin-
brein dam was accomplished by mechanical-hydraulic
separation of sand. The separation at 1 mm was ob-
tained by means of inclined stationary screens. Super-
fluous fines smaller than 0.06 mm were eliminated in a
horizontal settling plant. For the preparation of the raw
sand for the Zillergriindl dam, a sand classification
method using an automatic horizontal settling tank
was applied. In this way it was possible to produce a
sand with a well controlled grading curve. With maxi-

Figure 5 Significant adiabatic concrete temperature rise
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mum variations of +/- 3% for the 0.25 mm grain size
and of +/- 4.5% for the 1.0 mm grain size, the desired
grading curve was obtained with optimal consistency.
The coarse fractions were separated by means of rub-
ber-plated flexible-drive screens.

The concrete for the three highest arch dams in Austria
had to be produced with an aggregate consisting of
gneiss relatively rich in mica. A very detailed investiga-
tion program led to the conclusion that water require-
ments increase along with increasing mica content,
especially in the fine sand fractions, whereas strength
and modulus of deformation decrease (Huber, 1971).

5.3 Concrete fabrication

Until well into the sixties the concrete was mixed in the



mixing tower in predetermined proportions without any
further checks, which led to substantial variations in the
effective water content as a result of the varying moi-
sture contents of the aggregates. In order to achieve
optimal uniformity for the concrete, a computer-con-
trolled water proportioning plant was used for the first
time at Kdlnbrein. In this plant, the moisture content of
the aggregate is measured by neutron probes and the
additional water requirements are determined and
batched by a computer. Provision of vibratory chutes in
the weighing hoppers and checking of actual values
against desired values allow a high degree of batching
precision. A permanent record was kept of all mix
compositions. In this way it was possible to reduce the
variation coefficient as a measure of concrete uniformi-
ty to less than 8%.

In order to minimize the pouring temperature and hence
the maximum temperature during the setting of the
concrete for the Zillergrindl arch dam, part of the total
water requirements was added in the form of flake ice.
Ice addition in an amount of 10 kg per m® of concrete
corresponded to an average temperature reduction of
2 °C in the fresh concrete. As the water requirements
limited the total ice addition to 50 kg per m?, the reduc-
tion in fresh-concrete temperature reached a maximum
of 10 °C. Due to these measures, the temperature of
the freshly mixed concrete ranged between 5°C and
8 °C, which was a maximum 5 °C above the annual
temperature mean, or a maximum 10 °C below the
average air temperature during concrete placement.

5.4  Concrete placement

Concrete is placed by tower cranes for the smaller
dams and by cable-cranes for the large dams. Table 1

is a list of characteristic data of site equipment for the
Austrian concrete dams exceeding 100 m in height. In
terms of concrete technology, the mean rising velocity
of concrete placement is also a determining factor. This
is listed for some arch dams of major height in Fig. 6.

The efficiency of the cable-crane equipment deter-
mines not only the length of the construction period but
also the dimensioning of all the other equipment
needed for concrete production and is thus a
determining factor for the cost of site equipment. As
manual determination of the optimal design of cable-
crane equipment is time-consuming due to the large
amount of parameters needed for different alter-
natives, a computer program was developed for the
deterministic simulation of concrete placement
(Jurecka, 1973). This program was used for deter-
mining the optimal sequence of concrete placement
operations for the Schlegeis arch dam and then also
for a comparison of the different cable-crane systems
proposed during the tendering stage for the Kdlnbrein
and Zillergrindl arch dams. The decisions taken on the
basis of resulis obtained from these preparatory
studies were subsequently borne out by the reality of
construction operations.

6 ASPECTS OF DAM SURVEILLANCE

6.1 Principles

It is a well-known fact that dam safety is not only a
matter of optimal adjustment of the design to the specif-
ic features of the site and to the possibilities of con-
struction practice; a requirement of equal importance is
the early recognition of potential alterations during oper-
ation. For a check to be kept on the state of the dam

Figure 6 Mean rising velocity during concrete placement for several Austrian dams
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structure, it is necessary to provide a surveillance sys-
tem designed to suit the special features of the structu-
re and its foundations and included already in the de-
sign. In Austria a record is kept of all the large dams,
which includes main design data (e.g. assumptions un-
derlying the design and results of design studies), con-
struction data (e.g. resulis of concrete quality testing,
geological data and methods of joint and foundation
grouting) as well as all readings and observations.

Surveillance comprises three systems:

— appurtenant works, the good working order of which
must permanently be guaranteed by careful mainte-
nance and occasional checking,

— visual surveillance of the dam structure itself, of the
reservoir slopes (for potential instability) and of the
terrain immediately downstream of the dam (for in-
stabilities and springs) by periodic inspection, and

— monitoring to check design parameters during the
first years of operation and to establish long-term al-
terations of behaviour at specific points regarded as
being characteristic, during the whole period of oper-
ation.

Undoubtedly, the required safety check on a large dam
would already be accomplished by establishing the
near-elastic behaviour of dam and foundation and the
sufficient and constant imperviousness of dam and
foundation. However, where indications of potential al-
terations are to be analysed and their causes found, it
is useful to install a much larger and more iniricate
monitoring system.

6.2 Remarks on the present state of concrete

dam monitoring

6.2.1 Modern monitoring systems

The following paragraphs will report on several unusual
features of dam monitoring especially developed for
Austrian dams (Monitoring of Austrian Dams, 1987).

New Tauernmoos gravity dam

Where gravity dams have open joints, each of the stat-
ically independent monoliths ought to be included in
the monitoring system. At the Tauernmoos dam, an in-
strument measuring relative displacement of the blocks
in three directions was installed in the joints, at crest
level. The blocks situated between the blocks equip-
ped with plumb lines are electrically connected with
one another by a chain of limit value sensing devices
in-stalled in the vertical joints. Response of the tightly
adjusted limit value transmitters releases a signal at
the signal board in the central control station. This
newly developed system guarantees continuous moni-
toring of the behaviour of each independent block of a
gravity dam.

Moll arch dam

This thin 56 m high arch dam is not accessible during
the winter months. Provision of plumb lines for measur-
ing displacements was not possible because of the
thinness and vertical curvature of the structure. In-
stead, a chain of clinometers was installed in recesses
arranged along the downstream surface of the crown
cantilever.

Table 1 Concrete pouring equipment data for Austrian dams exceeding 100 m in height

o . 2 5 :

3 (=] = ¥ (%} X N
Construction period 1948/51 1952/55 1952/55 1961/65 1967/70 1974/77 1983/86
Concrete volume 1000 m3 446 355 665 663 960 1580 1370
Aggregate fabrication capacity th 300 400 450 500 900 800
Mixing tower capacity m3/h 180 240 240 240 360 360
Bliaplis Span m 433 360 510 950 820 780 600

Bucket capacity m? 3x2.5 3x3.0 3x3.0 2x6.0 2x6.0 2x9.0 2x8.0

Number of concrete placing month n 17 14 20 20 21 18 19
Maximum daily output ma 2000 4100 3550 4400 7100 7100
Maximum monthly output 1000 m? 40 40 43 65 85 148 146
Lift height m 3.0 3.0 3.0 3.0 2.45 3.0 3.0
Average vertical rise of concrete m/day 0.29 042 0.33 0.28 0.29 0.52 0.45
Average stand-by time days 10.3 71 9.1 10.7 8.4 5.8 6.6
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The measured changes in inclination correspond to the
tangents of the bending line and thus allow the compu-
tation of radial crest deflections. The provision of these
clectrical instruments also involved the possiblity of
teletransmitting the measured data to a computer at the
control centre of the power station, where they are
checked for plausibility and stored in a data base to-
gether with reservoir surface level and air temperature

data.

Figurs 7 Laser-pendulum at Zillergriindl arch dam
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dam in order to allow metre-to-metre measurement of
changes in length. Data obtained over a period of
several years have conveyed valuable information on
the deformation pattern within the dam body (Lude-
scher 1985).

Zillergriind| arch dam

Data of great relevance for the checking of dam stabili-
ty include deflections of the dam crest relative to the
dam base. Pendulums are provided for that purpose
which require vertical shafts or boreholes. However, in
thin arch dams with strongly curved vertical sections,
provision of a pendulum shaft is often not possible. In
the past, this problem was solved by providing pillars
built against the dam face or by installing clinometer
chains instead of a pendulum system. Now, by using a
directed monochromatic light beam, it has become pos-
sible to take direct displacement measurements also in
inclined shafts. Teletransmission of the measuring sig-
nal is possible without provision of additional equip-
ment in the pendulum system. Transmitters and re-
ceivers are watertight; with a measuring range of
+/-40 mm, measuring accuracy is +/-0.2 mm (Fig. 7).

For the geodetic surveillance of the Zillergrindl arch
dam instrumentation was provided for the observation
of deformation by measuring

— reservoir slope convergence near the dam by means
of newly developed geodetic distance measuring in-

struments,

Figure 8 Touchless pendulum readings system
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Schlegeis arch gravity dam

Schlegeis dam, 131 m high and 725 m in crest length,
was equipped with inverted pendulums extending be-
tween 50 and 80 m into the rock foundations. Invar
wire extensometers were installed both in these
boreholes and in the pendulum shafts in the dam. This
made it possible to measure dam displacement in three
directions at right angles to one another at all
intersections between pendulums and inspection
galleries. Furthermore clinometers as well as
horizontal and near vertical extensometers were
installed at the dam base upstream and downstream in
11 measuring planes to measure deformation in this
area. As this type of instrumentation has performed
very well, it has also been used for the Kéinbrein and
Zillergrind! arch dams.

Kélnbrein arch dam

After the cracks had appeared near the dam base, slid-
ing micrometers were installed in several blocks of the
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— absolute displacements of the upmost gallery by
means of geodetic sighting lines from measuring
windows in this gallery to an observation grid down-
stream of the dam, to derive displacements of pen-
dulum anchorage points,

— foundation settlement at the centre of the gorge by
continuous levelling loops passing from downstream
bench marks through the lowest inspection galleries
of the dam.

In addition, for measuring rotation about the vertical
axis, additional horizontal tangential extensometers
were installed in the abutments, near the upstream and
downstream dam faces. Twisting can be determined
from differences in length variations.

Figure 9 Automatic telemonitoring system

ly measured and teletransmitted data but also direct
instrument readings. By introducing mobile and intelli-
gent data terminals, it is possible to rationalize, simplify
and accelerate the collection and evaluation of data
and to reduce potential sources of error. The main ad-
vantages of this new data acquisition system are

— advance determination of the sequence of measure-
ments to be taken and advance programming of
checks and their observance,

— identification of the instrument code by means of a
bar code reading device,

— keyboard entry of measured value,

— immediate checking of the new raw value by
comparison with the corresponding preceding
measurement,
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Hierzmann arch dam

For determining pendulum movements, an optical line
scanning camera has been used since 1988 with a
resolving capacity that allows an accuracy of 1% of
the measuring range. The range of movement of the
pendulum wire is limited by two fixed reference pendu-
lums arranged in the same plane. The specific pendu-
lum value is computed in the camera from the given
distances between reference pendulums and objective
and between image plane and objective, and from the
angle formed by reference pendulum and dam pen-
dulum. This technique guarantees the continuity of
measurements even when the camera is being slewed
or readjusted during replacement of the pendulum wire
(Fig.8).

Rationalization of manual acquisition and evaluation of
instrument data

A data base (Fig.9) should collect not only automatical-

90

— possibility of earlier assessment of measured val-
ues,

— absence of need to copy manual records several
times in various lists and tables due to direct trans-
mission of raw values stored in the portable terminal
to the memory of the computer.

6.2.2 Telemonitoring

The need for telemetering resulted from the necessity
of continuous full-year monitoring at many Austrian
dams at remote locations that are not accessible during
the winter months. The use of communications and
computer techniques developed over the last decades
has not only led to intensified continuous monitoring,
but has in most cases allowed short-term amortisation
of equipment due to the reduced staff expenses in-
volved.

The general aspects of monitoring at Austrian dams
have been treated in several publications (e.g. Monitor-



ing of Austrian Dams, 1989). In general, instrument
readings are recorded at a central station. In some
cases, the reading is compared with a limit value al-
ready at the dam and it is only the exceeding of limits
that is indicated at the central control station. As to limit
value monitoring it should be noted that in most cases
a2 constant limit value adjustment — with periodic re-
adjustment where necessary — is considered sufficient;
sliding limit value monitoring is carried out only at a few
major dams. When the measured data exceed given
limits, there is an optical or acoustic signal at the cen-
tral control station.

By way of summary, it can be stated, that

— for almost all the old dams, limit value monitoring
has subsequently been installed for at least one
instrument value considered of relevance for the
safety of the structure and

— for the dams of more recent construction, more in-
strument readings are being included in the telemon-
itoring and limit value monitoring system and

— sliding limit value monitoring, which has become
possible by the development of computers, has
been introduced by steps at the larger ones of the
Austrian dams.

6.3 Aspectis of instrument data evaluation

At the large Austrian dams, raw values are converted
into the data needed for assessment after a system
and reasonableness check, and are then stored in a
data base. Where no extraordinary instrument readings
or observations exist, stored data are evaluated on an
annual basis.

Various statistical technigues based on a graphical or
analytical system are available for the evaluation. For
gravity dams and small dams of minor thickness the
usual practice consists in separating by a simple
graphical technique the temperature influence as a
function of the concrete temperature at a characteristic
point of the dam from the influence of the reservoir
level. More information is obtained from a multiple lin-
ear regression analysis (Widmann, 1967), in which
certain proportions of the measured quantities are allo-
cated to the three main influences acting on a dam:
water pressure, air temperature and time. This tech-
nique was supplemented and refined by means of a
statistical trend analysis (Plrer, 1986).

These techniques allow the introduction of sliding limit
value monitoring, because a reference variable can be
computed from the data available at any time ~ date, air
temperature and hydrostatic head — and can be com-
pared with the actual measured quantity. If the meas-
ured value exceeds the allowable range (usually
+/-2mm), an optical or acoustic signal is released at
the control centre and the operators then order the
inspection of the dam (Breitenstein, 1985).

7 SUMMARY

By this review an attempt has been made to give an
outline of some developments and experiences in the
design, construction and operation of Austrian dams. In
the following paragraphs, some of these dams will be
described in greater detail.
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SPULLERSEE GRAVITY DAMS

Vorarlberg; Alfenz, Rhine
Nearest town: Bludenz

o W e

MAIN TECHNICAL DATA, Chapter K, 6 (1/7, 1/8)

General
Development Klostertal
Power Station Spullersee Braz
Construction Period 1922-25 1950-53
Gross Head 795 m 304 m
Installed Capacity 36 MW 30 MW
Mean Annual Generation 38 GWh 100 GWh
Reservoir
Catchment Area: Natural 11 km?
Inflow 14 hm?
Diversions 7 km?
Inflow 9 hm?
Normal Top Water Level (a.s.l.) 1829.6 m
Minimum Operating Level (a.s.1.) 1790.0 m
Gross Capacity 16.9 hm?
Live Storage 15.7 hm®
Area flooded by full Reservoir 0.57 km?

SPULLERSEE RESERV
BLUDENZ . RVOIR

[

nct

PSt SPULLERSEE

| POWER SCHEME ]
3 POWER STATION 0 5 10 km
===  POWER CONDUIT SYSTEM L: N [ wEEN
A STREAM DIVERSION
Dam

North South
Maximum Height above Foundation 28 m 39 m
Crest Length 200 m 294 m
Thickness at the Crest 4 m 4 m
Maximum Thickness at the Base 23 m 31 m

Volume: Excavation

{overburden, rock) 10 000 m* 14 000 m?®

Concrete 27 000 m® 66 000 m?

Appurtenant Works
Spillway

2 ungated overflow spillways, [=20+102 m

Capacity 20+17 = 37 m¥s
Bottom Qutlet

Capacity 15 m¥s
Power Intake

Capacity 6.3 m¥s
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1 GENERAL

Two gravity dams 39 m and 28 m in height, respectively,
were constructed between 1922 and 1925 fo raise the
water level of Spullersee, a lake situated about 800 m
above the Spreubach valley. The Spullersee winter stor-
age scheme so created worked in interconnection with
the Schénberg run-of-river station on the Ruetzbach
stream to allow the electrification of the railway lines
between Innsbruck and Bregenz. By the completion of a
downstream power station at Braz in 1953, an inde-
pendent Klostertal group of stations was created to ensure
the adequate supply of 50/3 Hertz railway power to the
Tyrol and Vorarlberg region.

In 1965, the two gravity dams were heightened by 4.6 m,
which enabled another 2.6 million m? of summer runoff to
be stored for utilization during the winter season. The
natural catchment of 11 km? (with an annual volume of
water yield of 14 million m?) to the west of the watershed
between Alfenz (Rhine) and Lech (Danube) was in-
creased in 1943 by 3.1 km? by the construction of the
Zirser See and Goldenberg diversions (4 million m3 of
annual water yield) and in 1965 by another two diversions
from adjacent caichments with a total area of 4.0 km?
yielding 5 million m? p.a. Having a storage of 15.7 million m®
with an average annual inflow of 24 million m?, the Spul-
lersee reservoir allows fairly constant energy generation
throughout the year.

2 GEOLOGY

The south dam was constructed on a narrow rock barrier
composed of tough and impervious Liassic marls. Bed-
rock is covered by a thin overburden of debris and bog
soil. An old fault passes beneath the left dam abutment.
The north dam rests on a low ridge of intensely deformed
Liassic marl with a steep dip to the upstream. Intercala-

Figure 1 Geological map

tions of Thiton limestones were found to be presentin the
eastern part of the foundation. The overburden of debris
and boggy ground is thin.

The stability analysis for the two dams was based on the
assumption of a horizontal/vertical acceleration of
0.04/0.02 g. Plumb lines have so far recorded several
earthquakes, including those from distant places as e.g.
Armenia.

3 DAM

Spullersee was the first reservoir in Austria to call for two
dams. Another novelty consisted in the dams being
constructed in concrete instead of the traditional rubble
masonry. The 39 m high south dam, although slightly
curved in plan to suit the topography, was designed as a
gravity dam with open joints.

The 28 m high north dam has a radius of curvature of
400 m. It was designed as a gravity dam with the same
proportions as the south dam, but the vertical joints were
filled. Use of prestressed anchors in the place of an ad-
ditional concrete volume represented another technolog-
ical novelty.

The low-level outlet is a pressure tunnel passing under
the south dam. It is equipped with a shut-off valve and a
ball cock located in the valve chamber for flow control
(0 to 13 m¥s).

For flood relief, a spillway section was provided in the
western abutment block of the south dam. Spillway
capacity is 20 m¥s with a clear width of 20 mand a 0.6 m
surcharge. As an additional precaution, the crest of the
central dam portion (102 m in clear width) was designed
as an emergency overflow spillway 40 cm above normal
top water level with a capacity of 17 m%¥s for a 0.6 m
surcharge.
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3.1 Material properties

Original dam: Aggregate for the original dam was ob-
tained from a gneiss quarry, mixed by volume in 4 fractions

Figure 3 Central cross section

TOP WATER

(1) Old dam

(2) Heightened dam
€)

@

prestressed anchors
Inspection gallery

with a maximum size of 60 mm. Cementing agent consisting
of 80% Portland cement and 20% Bavarian trass was
added to the three concrete types at the rates of 350/290/
205 kg/m?®. The respective water-cement ratios averaged
0.47/0.57/0.80. Compressive strengths reached 25/20.6/
16.9 N/mm? at 28 days.

The tamped concrete was mixed in 500 and 750 |
gravity mixers, hauled by rail, distributed by scaffolding
bridges to blocks between 20 and 22 m in length, and
placed in 1.4 mlifts in the lower portions and in 1.9 m lifts
in the upper portions.

Joints were protected with angle iron at the edges and
sealed upstream with tarred hemp rope, lead wool and z-
shaped copper sheetin the facing concrete. Downstream,
joints were sealed with caulked lead wool.

Heightening of the dams: a trapezoidal concrete body
projecting toward the upstream was placed on top of the
old structure. Prestressed anchors extending into bed-
rock were provided to transfer the resulting additional
overturning moment into the foundations. The required
anchoring force was 400 kN and 150 kN, respectively,
per linear metre of the north and south dams, or 1 320 kN
and 630 kN per anchor. In terms of safety, however, the
use of prestressed anchors corresponds to no more than
a 0.3 m raising of the top water level. Rotary drilled holes
were provided in the dam body to accommodate the an-
chors. In 40% of the holes seepage losses were found to
amount to more than 1.5I/s. The affected holes were
filled with colloidal cement and then grouted and redrilled.
2320m and 1090 m, respectively, of anchors were
installed. The anchor ends were grouted with cement
mortar composed of PZ 275 Portland cement and 25%
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flyash and 0.6% intrusion aid. The cube crushing strength
of the grout was 52 N/mm? at 28 days.

The trapezoidal body was poured in concrete consisting
of 90% Portland cement and 10% Styrian trass and
plastiziser addition to obtain an air content of 4.5%.

The new dam crest is at top water level. Freeboard is
ensured by a 1.30 m high parapet wall.

The upstream dam toe was sealed with a clay apron. A
shallow grout curtain was provided beneath the upstream
cut-off wall. Cement grout was pumped 2.5 m deep in
pipes laid in the rock at 5 m intervals. Mean grout take
under a pressure of 5 or 6 bar was only 10 to 15| per
pipe. Additional imperviousness is ensured in the grouted
anchor zones.

Figure 4 Uplift before and after drainage

TOP WATER

Old dam
Heightened dam
Uplift before additional
drainage

(@) Uplift after additional
drainage
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The contractor for both the construction and the heighten-
ing of the dams was the Innsbruck-based firm Innerebner
& Mayer. Insond, Salzburg, was responsible for the
drilling and installation of the anchors. Construction
supervision was carried out by Austrian Railways staff.

4 EXPERIENCES

4.1 Dam surveillance

Instrumentation: Only one inspection gallery was pro-
vided in the original dam. It was with the heightening of
the dam that a crest alignment (only south dam), a plumb
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line, atemperature measuring station, a seepage measuring
station and 3 piezometers were installed in each dam.

As there is no sufficient assurance of a lasting anchor
effect, especially near the dam base (anchors are grouted
over their entire length), a drainage system was subse-
guently provided to reduce uplift. The effect of pressure
reduction is checked by teletransmitted pressure gauge
measurements and manometers with limit contacts for
telemonitoring (limits independent of measured value
system). There are 16 piezometers in the south dam and
12 in the north 'dam.

In addition, 6 extensometers were installed in the south
dam and 3 in the north dam with 4 and 2 limit sensors and
joint meters (three-dimensional) in the inspection gallery
and at the dam crest (in the later case with limit sensors)
as well as drainage flow limit sensors.

These measurements are supported by surveying meth-
ods. Precision levelling is provided at each dam, in the
inspection gallery and at the crest with reference points
located in the terrain downstream of the dam for height
measurements and small-scale triangulations for the dam
crest.

Visual inspections of the Spullersee dams are also car-
ried out (observation of rock and concrete condition,
reservoir area, terrain downstream of the dam, etc.).

4.2 Experiences with instrumentation

Monitoring of pressure relief near the dam base com-
bined with appropriate maintenance of instruments is an
efficient means of meeting the safety requirements for the
Spullersee dams.

4.3 Experiences with ageing of concrete

The dam concrete, about 65 years old, is obviously in a
good condition. Samples have been taken and tested at
irregularintervals. Thetestresults have shown thatconcrete
strength is about 40% higher than at the time of pouring
and the modulus of deformation has increased by almost
40% over the last 30 years.
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VERMUNT GRAVITY DAM

Vorarlberg; Jll, Rhine
Nearest town: Schruns

MAIN TECHNICAL DATA, Chapter K, 9 (1/12)

General

Obere Jll-Llnersee
Vermuntwerk-Partenen

Development
Power Station

Construction Period 1928 — 1931
Gross Head 714 m
installed Capacity 156 MW
Mean Annual Generation 260 GWh
of which in-winter 97 GWh
Reservoir
Catchment Area Natural 57 km?
Inflow 103 hm?®
Diversions 50 km?
Inflow 70 hm?
Normal Top Water Level (a.s.l.) 1743 m
Minimum Operating Level (a.s.l.) 1719 m
Gross Capacity 5.7 hm?
Live Storage 5.3 hm?
Area flooded by full Reservoir 0.36 km?
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Dam
Maximum Height above Foundation 53 m
Crest Length (22 blocks) 386 m
Thickness at the Crest 35 m
Maximum Thickness at the Base 38 m
Volume: Excavation (overburden, rock) 105 000 m?®
Concrete 144 000 m?3
Appurtenant Works

Spillway, 2 free overflow

Capacity 32.5+65=97.5 m¥s
Bottom Outlet, 2 butterfly valves

Capacity 37+14= 51 m¥s
Power Intake

Capacity 26 m¥s
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1 GENERAL

The Vermunt reservoir was constructed in 1929/30 and is
part of the Vermuntwerk, which was the first facility of the
development scheme of the Vorarlberger Jllwerke AG for
the generation of peak energy. Meanwhile the Vermunt
reservoir has been incorporated into a continuous chain
of power stations.

In the course of time the reservoir has had to assume
different functions. Though in the beginning the facility
was designed for weekly storage, it now serves only as an
intermediate reservoir. Since completion of the far larger
Silvretta reservoir in 1949, which is situated at a higher
altitude than Vermunt, storage level variations have been
limited to the uppermost part of the reservoir. Tributaries
of the JIl and Valliila are conveyed to Vermunt reservoir.
At adequate storage levels, water can be exchanged
between the Vermunt and Kops reservoirs via a 6 km
connecting tunnel.

2 GEOLOGY

The dam is founded on the sill of a glacial basin, with a
polygonal axis to permit tie-in to the bedrock on the left-
hand bank.

Figure 1 Plan and cross section
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The foundation area consists of solid biotite gneisses of
the Silvretta nappe, often interbedded with augen and
nodular gneisses, with intercalation of fine-grained light-
coloured gneisses rich in quartz. The foundation rock is
free from major faults. The foundation of the dam is
merely crossed diagonally by some small fractured strips.

So far the site of the dam has never been the epicentre of
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alarge earthquake, but it has been proved that in the past
there were minor movements due to earthquakes that
had their origins in neighbouring Switzerland, especially
in the area of the Lower Engadine and Chur.

From the results of seismic evaluations the Zentralanstalt
flir Meteorologie und Geodynamik determined a design
earthquake of the intensity of 6.5° MSK and a destructive
earthquake of the intensity of 7.3° MSK. Peak accelera-
tion is of the order of 0.04 g and 0.10 g, with vertical ac-
celeration one third lower.

3 DAM
3.1 Design features

The gravity dam has an average downstream slope of
1 to 0.68 and an upstream slope of 1 to 0.05. In order to
achieve maximum stability with the above mentioned
design specifications, it is necessary to keep uplift pres-
sure as low as possible in the dam foundation area and in
the dam body itself.

The dam consists of 22 blocks with a length of 14to 31 m
each.

TOP STORAGE LEVEL @ NEW FACING CONCRETE

@ SEAL GROUTING 1988
GROUTING 1987
GROUTING CHAMBER

The keyed contraction joints are sealed with copper sheet
and a trapezoidal reinforced concrete bar. The facing and
the core of the dam are of tamped concrete. Aggregates
were obtained from deposits from the Silvretta reservoir
(crystalline rock) and mixed by volume in three fractions
with a maximum particle size of 80 mm. For the 2 m thick
upstream facing concrete a ratio of 300 kg/m?® of cement
was used, for the downstream facing 230 kg/m?® and for



the hearting concrete 150 kg/mé. The concrete was mixed
\nthree 1 500-litre gravity mixers, hauled by belt conveyors
and placed by means of distribution towers. Compaction
was performed with pneumatic tampers.

The whole of the upstream face is sealed with a 5 cm
layer of mortar.

According to the state of the art of that time a 2.5 m deep
toe cut-off wall was incorporated on the upstream side.
Due to the smoothing of the rock cut in the foundation
area an inclined surface rising from the heel to the toe has

been formed.

Sealing the dam foundation was performed at the imme-
diate dam base with 4 to 6 m deep contact grouting along
the axis of the dam.

3.2 Relief works and intake structure

The dam is equipped with a bottom outlet in the dam as
well as a further bottom outlet in the diversion tunnel
situated beneath the right-hand flank. Both bottom outlets
are equipped with a trash rack as well as with a control
valve and a shut-off valve.

Flood relief was initially provided only by a spillway at
maximum dam height above foundation with a discharge
capacity of 32.56 m¥s.

In 1969 an additional lateral overflow section was in-
stalled at the right-hand flank of the dam with a discharge
capacity of 65 m¥s.

The intake structure for the headrace tunnel is situated in
an intake tower 40 m in height equipped with a coarse
and a fine rack, an intake sluice and a further valve at the
beginning of the tunnel.

In 1987 —1990 the dam was subjected to extensive reme-
dial measures (see 4.2).

4  EXPERIENCES

4.1 Dam monitoring

The dam is equipped with a pendulum installed in the
highest sector of the dam, a full range of uplift pressure
monitoring equipment in the lowest inspection gallery,
plus seepage water recording equipment. The results
from the pendulum and total seepage losses are trans-
mitted to the control room near the dam. The pendulum
and the seepage water recording equipment are connected
to an automatic alarm system in the control room near the
dam as well as in the control rooms of the Obervermunt
and Vermunt power stations.

Since construction of the Silvretta reservoir at a higher
altitude than the Vermunt reservoir, the storage level of
the latter has been maintained in the zone of the top

storage level. Therefore movements in the dam body are
mainly due to temperature fluctuations.

Thanks to the good foundation conditions and the large
number of relief borings, uplift pressure is very small, far
less than 50% of hydrostatic pressure.

In addition to the above mentioned continuous monitor-
ing, the dam is subjected every year to geodetic surveys,
e.g. precision levelling of dam crest and toe and align-
ment at dam crest. Trigonometrical observation of targets
on the dam is performed every 10 years. Continuous
heaving in the dam crest has been observed in the last
few decades and as a consequence additional vertical
invar tapes have been installed. It has since been proved
that the heaving in the crest was due to increases in
valume of the immediate crest area (Fig. 2).

With a statistical model! designed for the Kops dam and
since adapted for gravity dams, a daily comparison is
made between measured and predicted crest displace-
ments.

Figure 2 Damcrest heaving
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4.2 Events

The Vermunt dam was subjected to a complete range of
remedial measures in 1987 — 1990, These measures had
become necessary because the dam body was absorb-
ing storage water that is aggressive to concrete, which in
the long term would have led to a loss of strength in the
concrete. Furthermore the zone of the dam crest had
been seriously affected by the alternation of frost and
thaw, with consequent heaving (see 4.1).

The seepage in the dam was caused by the fact that the
upstream sealing mortar had become pervious due to the
alternation of frost and thaw and to the mechanical effects
of the ice in the area of the crest and due to the pervious-
ness of the crest in the area of the vertical joints. The
seepage concentrated in large nests which developed
during the construction period in the generally high quality
concrete used for the dam. A comparison between the
results of the extensive analyses, especially the water
pressure tests for 1960/62 and 1988, showed a marked
deterioration and remedial measures had to be taken.
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These remedial measures were as follows:

- renewal of the upstream sealing layer by placing a
60 cm thick concrete facing on the dam body and
grouting for the upstream dam toe

— new relief boreholes for the dam foundation and the
dam body

— renewal of the dam crest and

— grouting for the downstream dam toe in order to im-
prove the strength of the dam.

These measures were completed in 1990. Total seepage

loss at top storage level is 0.2 I/s and is entirely due to the
relief boreholes in the area of the dam foundation.
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PACK GRAVITY DAM

Styria; Teigitsch, Mur,
Nearest town: Koflach
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MAIN TECHNICAL DATA, Chapter K, 10 (1/11)

General

Development Teigitsch

Power Station Pack St.Martin  Arnstein
Construction Period 1929 — 1930

Gross Head 28 m 74m 227 m
Installed Capacity 0.6 MW 11 MW 30 MW

Mean Annual Generation 1.8 GWh 14 GWh 50 GWh

Reservoir
Catchment Area: Natural 63 km?
Inflow 43 hm?
Normal Top Water Level (a.s.l.) 866.3 m
Minimum Operating Level (a.s.l.) 843.6 m
Gross Capacity 5.6 hm?®
Live Storage 5.4 hm?
Area flooded by full Reservoir 0.6 km?

Dam
Maximum Height above Foundation 334 m
Crest Length 183 m
Thickness at the Crest 4m
Maximum Thickness at the Base 25 m
Volume: Excavation (overburden, rock) 20 000 m®
Concrete 39 000 m®

Appurtenant Works
Spillway

ungated overilow along the dam crest

Capacity 250 m¥/s
Bottom Outlet

through the dam, 0.9/0.7 m dia., 2 valves

Capacity 7 mis
Power Intake

Capacity 3 m¥s
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1 GENERAL

The Pack dam was constructed in 1925 to impound a
reservoir for long-distance water supply to the Arnstein
power station with the Langman reservoir. Between 1947
and 1950, the Hierzmann dam and reservoir were con-
structed between the Pack dam and the Arnstein power
station, which brought the winter proportion of power
generation at Arnstein to 52%. In 1965 St.Martin power
station was placed in operation. The head of approxi-
mately 150 m between Pack and Hierzmann has so far
remained undeveloped. The group of reservoirs is situat-
ed in the south-eastern foothills of the Alps. The annual

Figure 1 Geological map

The decreasing efficiency of the old drainage system led
to a great number of piezometer and relief holes being
sunk in an attempt to fight against growing uplift pres-
sures and to investigate its distribution over the entire
dam base. In the first place, however, it was the large
amount of moisture absorption by the dam which called
for large-scale remedial action. Thus, between 1982 and
1985, the general repair of the dam was undertaken. This
had the following main purposes:

— Sealing of the joint between upstream dam toe and
rock surface and of the foundation in order to reduce
uplift pressures and moisture in the dam body;
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rainfall depth amounts to less than 1 100 mm.

Economic necessities led the owner to decide in favour
of amaterial rich in feldspar and mica available at the site.
Good-quality aggregate would have been found in the
Graz basin at a distance of about 60 km. Water quality
was another concern. It was well known from the outset
that with 1.4 degrees of German hardness and a pH of
about 6.2, the water would corrode the dam concrete. But
these risks were accepted.

It was realized already during the first years of operation
that the dam concrete was neither watertight nor frost-
resistant. Also, there was soon evidence of lime being
leached from the concrete. Remedial measures taken in
1935 included the sealing of the upstream dam face with
a reinforced shotcrete layer. In 1952-53 the downstream
dam surface was cut to a depth of 20 cm and a new about
80 cm thick facing of frost-resistant concrete was ap-
plied. Approximately 100 t of grout was injected into the
dam body and the contact between dam base and grout
curtain was re-injected with about 55 t of grout.
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— Sealing of the entire upstream dam face by means of
a frost-resistant concrete wall as another measure to
reduce moisture in the old dam body and in order to be
able to include the cross section of new concrete as a
loadbearing element in the stability analysis;

— Raising of the design flood from 190 m%s to 250 m¥s.

2 GEOLOGY

The wide V-shaped valley lies in an “old crystalline” arch
where mainly gneissic mica schists are exposed. Depth
to bedrock in the valley bottom is small. The basal rock
mass is cut up by a closely knit system of joints, the
greater part of which are gouge-filled. Passing on the left
slope is a fault some 20 m in width and mainly consisting
of fairly weathered sericite schist. The right-hand slope is
more severely jointed, but less weathered. Still, the dam
foundation is relatively impervious, although the feldspar
components are weathered and have been exposed to
chemical action.




3 DAM

pack dam is a gravity structure with a vertical upstream
face and with the downstream face inclined at 1 to 0.75.
The dam is arched in plan, consisting of a two-centered
archwithradii R = 200 minthe main portionand R = 450 m
on the left-hand side. Stability analyses included an uplift
pressure decreasing as a straight line from 100% at the
upstream face to the zero at downstream face, without
allowance being made for the arch action of the whole
structure. On the left side, the dam continues as a low
embankment with a core wall as an impervious element
tied both into the rock foundation and into the concrete
dam. Foundation treatment beneath the concrete dam at
that time consisted of a single-line grout curtain, which
was regrouted in the region of the foundation contact as
part of the 1952-53 repair. The overflow spillway, ar-

Figure 2 Plan

resulting from shrinkage and together with the stripped
surface of the old concrete in the drainage gallery, was to
enhance drainage in the old dam body. All construction
and vertical main joints of the new facing concrete were
provided with external and internal water stops.

A single line of grout holes were sunk through the con-
crete block and to a depth of 35 m below the dam base.
Borehole spacing was 3.5 m, grouting pressures reached
25 bar. Contactgrouting was carried out from the drainage
gallery to 8 m into the rock under pressures of 5 bar.
About 90 t of grout was injected in total. A slurry trench
cut-off wall was provided upstream of the old core wall to
ensure imperviousness, and this was tied both intobedrock
and into the new facing concrete.

For pressure relief in the foundation contact, 51 bore-
holes were drilled from the drainage gallery and
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NEW STILLING BASIN

ranged in the center portion of the dam, is equipped with
three hand-operated gates. Water release is normally
through a turbine with a rated discharge of 3 m?¥s and,
when necessary, also through the bottom outlet. These
facilities are accommodated in the powerhouse at the
right-hand downstream dam toe.

Work for the general repair of the dam commenced in
1982 at the upstream face. Along the upstream dam toe
the ground was cut to bedrock over a width of atleast 4 m,
and a 7 m high massive concrete block was poured from
at the original foundation level of the old dam. By means
of untensioned mortar anchors 3 to 4 m in length, it was
possible to provide a very stable connection with the old
dam body. The vertical joints were spaced 15to 26 m
apart so as to correspond to the joints in the old dam. By
arranging a drainage gallery in the new concrete block, an
attempt was made to provide for sufficient low-level
pressure relief at the foundation contact. The rising facing
wall is 120 ¢m and then 80 cm thick and consists, like the
concrete foundation block, of reinforced B 300 concrete.
It was also poured against the old concrete and connec-
ted to it by means of grout anchors. The anchors have a
horizontal spacing of 3 m and a vertical spacing of 1.5 m
to 3 m. Vertical split centre piping arranged at intervals of
4 mwas to prevent potential pressure build-up in the joint

supplemented at four selected instrument planes by an
additional two boreholes each. The above described
work at the upstream face was completed in 1983.

To 1985, structural work necessitated by the raised design
flood requirement (250 m®/s) was carried out. In order to
ensure safety from erosion at the downstream dam toe in
such an extreme case, an about 4 to 5 m wide concrete
channel descending in cascade on both flanks along the
dam toe was provided. The concrete of the old stilling
basin had to be renewed and a second stilling basin had
to be arranged below to ensure appropriate energy
dissipation. Heavy stabilization of the streambed had
been designed on the basis of model test results.

4 EXPERIENCES
4.1 Dam surveillance

Dam and slopes are visited and inspected daily by a dam
attendant. Leakage measuring devices in the drainage
gallery are read and serviced at regular intervals. Two
limit values of cumulative leakage measurements in the
drainage gallery are telemonitored from the Arnstein
power station. The yields of the individual drainage holes
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Figure 3 Central cross section

as well as the uplift pressures are measured at regular
intervals and distance measurements are taken between
dam body and facing concrete (at 3 points for radial,
tangential and vertical directions, at 2 points for radial
direction).

During floods, the dam is manned and flow control is
performed by the dam attendant at the damin accordance
with the operating instructions.

Long-term observation has shown the regular annual
pattern of movements mainly to be determined by the
seasonal temperature cycle.
4.2 Special occurrences
By the remedial measures moisture absorption was stop-

ped and uplift pressures as well as leakages were re-
duced considerably. Drainage holes still intact in the
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inspection gallery are either dry or yield no measurable
leakage flow.

The resulting stability reserve was high enough to allow
overtopping for the discharge of the maximum design
flood to be assumed in the design.

The yield of a spring that appeared some decades ago in
the left slope downstream of the dam has remained
unchanged. It shows no clear dependence on the reser-
voir surface level. Two horizontal drainage holes be-
tween the slurry-trench cut-off and the old core wall also
show only dripping water.
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SILVRETTA GRAVITY DAMS

Vorarlberg; JlI, Rhine
Nearest town: Schruns
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MAIN TECHNICAL DATA, Chapter K, 13a (1/22)
General

Depelopment Obere Jll-Linersee

Power Station Obervermuntwerk  Vermuntwerk
Construction Period 1938 — 1948 1928 — 1931
Gross Head 291 m 714 m
Installed Capacity 29 MW 156 MW
Mean Annual Generation 45 GWh 260 GWh
of which in winter 26 GWh 97 GWh
Reservoir
Catchment Area: Natural 35 km?
Inflow 63 hm?
Diversions 10 km?
Inflow 17 hm?
Normal Top Water Level (a.s.l.) 2030 m
Minimum Operating Level (a.s.l.) 1986 m
Gross Capacity 39.1 hm?
Live Storage 38.6 hm?®
Area flooded by full Reservoir 1.31 km?

Dam
Main Dam Lateral Dam

Maximum Height
above Foundation 80 m 31 m
Crest Length 432 m 140 m
Thickness at the Crest 35 m 35 m
Maximum Thickness
at the Base 58 m 23 m
Volume: Excavation

(overburden, rock) 250 000 m*® in total

Concrete 407 000 m®* 18 000 m?®

Appurtenant Works

Spillway, 2 free overflow

Capacity 36 + 68 =104 m¥s
Bottom Outlet, 2 butterfly valves

Capacity 26 +28= 54 m¥s
Power Intake

Capacity 14 m¥/s
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1 GENERAL

The Silvretta reservoir, constructed in 1938—1948, was
the second reservoir of the Obere JlI - Liinersee scheme
and is now the highest-altitude annual storage reservoir
of the Vorarlberger Jllwerke AG. With the completion of
the Silvretta reservoir, the winter percentage of total ge-
neration from the power scheme was improved from 15%
to 37%.

The power stations of Obervermunt, Vermunt, Rodund
and Walgau benefit from this capacity transfer. First
partial filling was performed in 1943, and first complete
filling in 1951.

The reservoir is formed by a 80 m high gravity dam,
Austria’s highest, a small lateral dam in the area of a fault
zone and the 25 m high Bieler dam.

In 1969 an additional spillway was built on the left slope
of the gravity dam.

The Bielbach, belonging to the Inn catchment area, is
diverted into the reservoir.

2 GEOLOGY

At the right flank of the valley the foundation rock consists
of heavily folded and thinly foliated mica gneisses chan-
ging into augen gneisses towards the valley floor. The left
flank of the valley is composed of amphibolite.

In the centre of the valley, overburden composed of
moraine material and river sediments with a maximum
depth of 21 m had to be stripped.

The dam is situated in a seismically inactive area. From
the results of seismic evaluations the Zentralanstalt fiir
Meteorologie und Geodynamik determined a design

Figure 1 Plan and cross section

' 2
f=]
Z S 2
& \ &
2040 - J}f] |3 )) S\ > T JREaS

0
k

(1) MAIN DAM

(2) LATERAL DAM (5) ADDITIONAL SPILLWAY
(3) PENSTOCK (6) BOTTOM OUTLET

(a) spiLLway (7) DIVERSION TUNNEL

106

earthquake of the intensity of 6.5° MSK and a destructive
earthquake of the intensity of 7.3° MSK. Peak accelera-
tion is of the order of 0.04 g and 0.10 g, with vertical
acceleration one third lower.

3 DAM
3.1 Design features

The gravity dam has an average downstream slope of
1 t0 0.68 and an upstream slope of 1 to 0.05. In the static
analysis, two different uplift pressure assumptions were
considered. In one loading case, uplift was considered to
be 0.5 of hydrostatic pressure at the upstream face,
decreasing to zero at the downstream face. In the other
loading case, uplift was calculated at full hydrostatic
pressure at the upstream face, and decreasing to zero at
the downstream face, but acting in only 60% of the dam
foundation area.

In order to assure optimum stability by modern standards
it is therefore necessary to continuously observe uplifts
and to keep them low.

The dam was constructed with vibrated concrete with a
Portland cement content of 150 kg/m® for the hearting
concrete and of 300 kg/m? for the facing concrete. Water/
cement ratios were 1.21 and 0.65. The aggregates were
obtained from the sediments found in the reservoir area
and separated into 4 fractions with a maximum grain size
of 100 mm.

The dam was constructed in blocks 11-17 m in length,
and the lifts were 1.70 m. The average compressive
strengths obtained after 90 days were 17.1 N/mm? in the
hearting concrete and 28.8 N/mm?2in the facing concrete.
The keyed contraction joints were sealed with a copper
layer and a cone-shaped reinforced concrete bar. All the
block joints are equipped with inspection shafts.
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Figure 2 Crest displacements 1988/89

The foundation area was sealed by means of a grout
curtain up to 35 m in depth and 5 to 6 m deep contact
grouting from the lowest inspection gallery. After first par-
tial filling of the dam, however, uplift was so great that
additional grouting and relief borehole were required.

3.2 Relief works and intake structure

The dam has a bottom outlet in the dam body and a
bottom outlet in the diversion tunnel situated beneath the

left flank.

Figure 3 Rock deformations

Flood relief was initially only provided by a spillway in the
highest sector of the dam, with a discharge capacity of

36 m3/s.

In 1969 an additional lateral spillway was installed on the
left flank of the valley with an ungated crest and an
additional discharge capacity of 68 m®s. The intake
structure of the headrace is located in the middle of the
dam. At the downstream toe of the dam, at the beginning
of the penstock, there is a valve chamber equipped with
a rapid-closing valve.

4 EXPERIENCES
4.1 Dam monitoring

Since the beginning, the dam has been equipped with
5 pendulums in the dam body and a large number of uplift
pressure gauges. The seepage water is collected in
several places and evacuated through the access tun-
nels to the inspection galleries.

In 1975 several clinometers were fitted and 2 vertical
triple extensometers installed in the zone of the highest
dam blocks. In 1984 the pendulum of the highest dam
block was equipped with an automatic data transmission
system linked to a warning device in the control room. In
1986 the upstream toe of the dam was equipped with
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2 inclined extensometers. In 1988 the system for measu-
ring total seepage was changed and seepage flows
chanelled to an automatic seepage measurement device
situated in the lowest inspection gallery of the dam.
Once a year the downstream toe and the crest of the dam
are checked by geodetic levelling, and the alignment of
the crest is also measured.

In order to forecast movement in the dam crest, a statisti-
cal prognostic model has been elaborated. A comparison
between the measured and predicted values for 1988/89
is shown in Fig. 2.

The extensometer readings have produced some remar-
kable results. First, uplift pressure has been reduced by
drilling a number of relief boreholes in the dam foundation
area, and this is clearly reflected in the results from the
extensometer readings. Second, the shortest extenso-
meter section length located completely within the dam
concrete reveals heaving which, although slight, has
been increasing continuously since monitoring began at
a rate of 2,10 per year. The results of the extensometer
readings are given in Fig. 3.

4.2 Events

In 1969 seepage losses were detected at the down-
stream end of the lateral bottom outlet. Therefore the
pressure tunnel, which up to that date was equipped with
a concrete lining, was sealed at the downstream end up
to an adequate depth of rock overburden with a steel
lining. The part without the steel lining was additionally
grouted in 1989.
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In 1989 the butterfly valve of the bottom outlet became
inoperative due to a breach of the valve body and was
replaced by a sluice gate in stainless steel.

In order to keep uplift pressure low, several new relief
borehols have had to be drilled at intervals of 10 to 15
years.

Water tends to incrust the relief boreholes, which indica-
tes erosion of the impervious blanket. Therefore it is
possible that parts of the impervious blanket will have to
be renewed in the future.

The sealing mortar on the upstream face has repeatedly
been destroyed in places by the alternation of frost and
thaw and by the mechanical effects of the ice. Therefore
the sealing mortar has been renewed several times and
has been replaced by shotcrete reinforced with steel wire
mesh. Furthermore the upstream face of the dam has
been treated by additional grouting.
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LIMBERG ARCH DAM

salzburg; Kapruner Ache, Salzach
Nearest town: Zell am See

WASSERFALLBODEN
RESERVOIR

MOOSERBODEN
RESERVOIR

[ POWER SCHEME ] \

O POWER STATION
e POWER CONDUIT SYSTEM 1
———__  STREAM DIVERSION

MAIN TECHNICAL DATA, Chapter K, 19 (2/6)
General

Development Glockner-Kaprun

Power Station Kaprun
Construction Period 1948-1951
Gross Head 860.7 m
Installed Capacity 220 MW
Mean Annual Generation 486 GWh
of which in winter 387 GWh
Reservoir
Catchment Area: Natural 15 km?
Inflow 21 hm?
Diversions 128 km?
Inflow 226 hm?
Normal Top Water Level (a.s.l.) 1672 m
Minimum Operating Level (a.s.l.) 1590 m
Gross Capacity 83.0 hm®
Live Storage 81.2 hm?®
Area flooded by full Reservoir 1.5 km?

Dam

Maximum Height above Foundation

Crest Length (23 blocks)

Thickness at the Crest

Maximum Thickness at the Base

Volume: Excavation (overburden, rock)
Concrete

Appurtenant Works

Spillway
Capacity

Bottom Outlet
Capacity

Power Intake
Capacity

120 m
357 m
6m

37 m

287 000 m®
446 000 m®

26 m/s

93 m¥s

36.5 m¥/s

109



1 GENERAL

The Limberg dam of the Glockner-Kaprun scheme is built
on the large natural basin at Wasserfallboden. This is a
wide and flat glacial trough which narrows into a gorge at
a rock sill before it descends to the valley terraces of the
Kaprun Ache stream, thus offering ideal conditions for the
construction of a dam. The first plan drawn up in 1938 was
for a solid gravity dam of the conventional type, shored
downstream against the rising rock, with a concrete
volume of approximately 750 000 m*. Further studies,
conducted with a view to reducing costs and especially to
saving time and material, resulted in approval of a project
incorporating a buttress dam slightly curved in plan.
Excavation started in 1939 and continued until 1945,
After the war there seemed no reason not to continue the
project, which had in the meantime been redesigned by

Figure 1 Geological map

construction of run-of-river stations became economically.
In addition to the runoff from the catchment of the Kaprun
Ache stream above the dam site, two left-hand tributary
streams (Zeferetbach, Grubbach) were diverted into the
power tunnel. Further diversions include the MOll river
with the Kéfer streams (1953) and the Hirzbach from the
Fuscher valley to the east (1973).

2 GEOLOGY

The dam site is situated in the northern slopes of the
Austrian Central Alps. In this area the Central Alps from
a syncline of the Pennine Tauern window which is shaped
like a dome over large areas. The Tauern “Schieferhdlle”
formation overlying this dome is bordered by the Granatspitz
Zentralgneis core in the west and the Hochalm-Ankogel
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Professor Stucky as a simplified straight buttress dam
with a volume of approximately 450 000 m®. But then,
primarily because of the fews entertained by Swiss experts
with regardto stability, the buttress type dam was abandoned
and serious studies were undertaken on an alternative
arched design. On the basis of preliminary plans drawn
up by Professor Stucky, Professor Grengg, Dr. Lauffer
and the Tauernkraftwerke the TKW 5 arch dam, a slightly
arched double-curvature unsymmetrical arch-gravity dam
present in spring 1948 was constructed. Development of
the Wasserfallboden basin as along-term storage reservoir
forthe Glockner-Kaprun scheme was the economic purpose
of the first major storage power scheme on the Austrian
grid. Construction of the Wasserfallboden reservoir was
another prerequisite for the construction of the upper
head pumped storage station. Due to the shiftin the inflow
pattern from summer to winter, the distribution of runoff to
the Salzach river was improved to such an extent that
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Zentralgneis core in the east. The southern Pennine rock
formation of the Glockner nappe consists of calcareous
mica schists with varying mica content, graphitic schists
and some green schists, with a thin mantle of weathered
material. A natural ridge is found between the shallow
Wasserfallboden basin and the steeply descending Kaprun
valley. The receding upper third of the western flank is
covered by moraine material. A fault crosses the valley
and the surface of the dam foundation. Joint sets and
discontinuities running more or less parallel to the valley
and traversing it with branches in places are partly sealed
with calcite. Local karst phenomena along the joints are
encountered only rarely.

The power scheme is situated between the seismically
active regions of the Inn valley in the NW and the Mur-
Mirz furrow to Villach in the SE, in an area of very low
seismic intensity.
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3 DAM

3.1 Design fundamentals

After preliminary single-section stability analysis, final
analysis for the “autumn main load case” (maximum
water level with summer temperature rise) was carried
out for the actual dam shape and valley topography. This
analysis was performed using the load distribution meth-
od with several sections and taking account of the criteria
commonly observed forarch dams, such as homogeneous
and isotropic material, and Hooke’s law and Navier's
hypothesis.

The rock-concrete elastic moduli ratio was assumed to be
0.75. Uplift pressure was based on the assumption of
0.25 of full hydrostatic pressure upstream decreasing
linearly to zero at the downstream face.

3.2 Construction

The following concrete mix was adopted: 250-260 kg
Portland cement PZ 225/m?, water/cement ratio: 0.55-0.57,
addition of Plastiment N at 1% of the cement weight. The
mean concrete strengths at 90 days were 4.7 N/mm?
bending tension and 31.1 N/mm? compression.

Concreting was performed in blocks with a maximum
length of 15 m. To avoid cracking and to obtain uniform
cooling, cooling slots were provided between the blocks
(1.20 m wide) and closed in the following year. At a dam
thickness of over 20 m the radial blocks were divided by
longitudinal joints. First reservoir filling was in 1952 after

three periods of impounding, one in 1949 (33% of filling
level), one in 1950 (75% of filling level) and the third in
1951 (96% of filling level).

Figure 3 Cross section
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Figure 4 Crest displacements

4 EXPERIENCES
4.1 Dam monitoring

Upon completion of the dam instrumentation mainly
consisted of three pendulums to measure horizontal
displacements in the dam crest relative to the dam
foundation, ganging weirs torecord the seepages emerging
in the bottom inspection gallery which is directly located
on the surface of the foundation rock, uplift gauges to
measure uplift pressures, and numerous thermometers
and deformeters embedded in concrete, which failed for
the most part. In addition, geodetic measurements are
carried out twice a year, such as crest levelling and
trigonometric observation of horizontal displacement using
35 targeis at the downsiream dam face and 7 survey
points on the rock near the downstream dam abutment. In
1983 pole socket extensometers (to measure rock
deformation) and piezometers (to measure pressure on
rock and uplift pressure) were additionally emplaced at
each dam flank.

4.2 Measuring results

Since the suspension locations of the plumbs were not
completed before the last year of concreting in 1951,
monitoring started in the central block at about half the
reservoir level during the first year of full filling, and in the
lateral blocks in spring of the subsequent year.

Synoptic presentation of annual extreme displacements
offers only an approximate guide to long-term tendencies,
since variations in the level curves and ambient
temperatures impede assessment. Multiple linear
regression analysis furnishes more satisfactory results.
Such analysis reveals permanent crest displacement
towards upstream of about 3 mm in the central sectorand
some 4 mm in the lateral sectors over the first 15 years.
Over the last 5 years this tendency has been reversed,
now indicating a downstream displacement of about
2.0 mm and 1.0 mm, respectively. Crest displacements
are about 30 mm in the central sectors and 19 mm in the
two lateral sectors. This amplitude has remained constant
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Figure 5 Vertical displacement

over the complete monitoring period, so that there can
have been no significant change in the modulus of
deformation of the concrete. This amplitude is composed
of one proportion relating to filling level (24 mm and
12 mm, respectively) and another relating to the season
and temperature (£ 9 mm and £ 8 mm, respectively).

The vertical displacements revealed by crest levelling
disclosed a similar tendency. Superimposed on annual
elastic displacements of + 12 mm is a continuous heave
in the crest of the order of about 0.18 mm annually,
relative to the arch abutments. Assuming swelling of the
concrete in the order of 0.0015 mm/m per year, the two
tendencies are in good accordance. Restraints are
undoubtedly eliminated by stress relaxation, so that this
phenomenon is of no importance for dam stability, evenin
the long term.

Uplift pressures upstream of the bottom inspection gallery
arecloseto 100% of hydrostatic pressure, while downstream
of the bottom inspection gallery they are less than 10% of
hydrostatic pressure. As an additional measure, ground
water pressure was monitored in the downstream vicinity
of the dam and did not reveal any influence of reservoir
filling on the pressure regimen.

Seepageswhich emerging inthe bottominspection gallery
amounted to about 0.8 I/s during the first year with full
reservoir before dropping rapidly on selfsealing. Today
the figure is less than 0.05 I/s. Annual seepage volumes
have decreased from about 9 000 m? during the first year
of full operation to 1 000 m? today.
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MOOSER GRAVITY DAM

salzburg; Kapruner Ache, Salzach
Nearest town: Zell am See

PSt KAPRUN

WASSERFALLBODEN
RESERVOIR
MOOSER DAM

MOOSERBODEN
RESERVOIR Y

[ POWER SCHEME ]

AY
)
O POWER STATION i
POWER CONDUIT SYSTEM ¥
STREAM DIVERSION

MAIN TECHNICAL DATA, Chapter K, 26a (2/16)

General

Development
Power Station
Construction Period

Limberg

Gross Head 365.1 m
Installed Capacity: Turbine 112 MW
Pump: 130 MW
Mean Annual Generation 152 GWh
of which in winter 86 GWh

Reservoir

Catchment Area: Natural
Inflow
Diversions
Inflow

Normal Top Water Level (a.s.l.)

Minimum Operating Level (a.s.l.)

Gross Capacity

Live Storage

Area flooded by full Reservoir

Glockner-Kaprun

Kaprun

1950 — 1955 1948 — 1951
860.7 m

220 MW
486 GWh
386 GWh

27 km?
62 hm?
72 km?
130 hm?
2036 m
1960 m
87 hm?
85 hm?®
1.7 km?

Dam

Maximum Height above Foundation

Crest Length (25 blocks)

Thickness at the Crest

Maximum Thickness at the Base

Volume: Excavation (overburden, rock)
Concrete

Appurtenant Works

Spillway, controlled overflow spillway
Capacity

Bottom Outlet, 2 bypasses
Capacity

Power Intake
Capacity

107 m
494 m
7m

70 m

193 000 m?®
665 000 m?®

100 m?%/s

62 md/s

36 m3/s
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1 GENERAL

Together with the Drossen dam the Mooser dam retains
the Mooserboden reservoir, which forms part of the upper
stage of the Kaprun scheme owned by Tauernkraft-
werke AG. The overall scheme is a longterm storage
scheme and exclusively serves generation of electrical
energy.

In the twenties a number of projects were prepared for the
utilization of the hydro potential of this area of the Hohe
Tauern. The Kaprun valley is characterized by the pre-
sence of two valley basins that lend themselves to reser-
voir construction, with high heads and low lengths of the
intake systems. Construction of the Kaprun main stage
started in 1939. The Mooser dam was constructed bet-
ween 1952 and 1955 together with the Drossen dam.

The catchment of the Kaprun Ache stream was greatly
increased by the simultaneous construction of the Marga-
ritze reservoir and the Moll diversion tunnel plus pumping
station. The head of the reservoir is utilized at two power
stations with a total capacity of 332 MW. The upper
station is a pumped storage station with a pumping
capacity of 130 MW.

2 GEOLOGY

The dam site is located in the central area of the northern
slopes of the Austrian Central Alps in the Pennine Tauern
window, which is shaped like a dome over large areas.
The Tauern “Schieferhille” formation overlying this dome
is bordered by the Granatspitz Zentralgneis core in the

Figure 1 Geological map

west and by the Hochalm-Ankogel Zentralgneis core in
the east. The southermn Pennine rock formation of the
Glockner nappe is bedded with a shallow dip towards NE
and consists of partly karstic calcareous mica-schists of
varying mica content, as well as prasinite, quartz schist,
mica-schist, dolomite and gneiss in places. A rock saddle
exposed to weathering and karstphenomena is incised
by the erosion of the Kaprun Ache stream at the down-
stream end of the shallow Mooserboden basin, which
was formed by glacial erosion above the escarpment
which steeply descends some 300 m down to Wasser-
fallboden. A NS striking fault, several metres wide, and
joints striking NS and EW are present in the upper portion
of the right flank and required deep grouting.

Seismicity: the power scheme is situated between the
seismically active regions of the Inn valley in the NW and
the Mur-Miirz furrow to Villach in the SE, in an area of very
low seismic intensity.

DAM

The dam is a constant radius arch dam with an arch radius
of 425 m. The upstream face is vertical, the downstream
face slopes 1 to 0.64 down to El. 1 980, and 1 to 0.685
below that. The absence of tensile stresses at the up-
stream face resulted from an uplift pressure assumption
of a linear decrease from 50% of full hydrostatic pressure
at the upstream face to zero at the downstream toe. Even
if uplift pressure rises to a theoretical maximum of 85%,
bending tensile stress is not more than 0.5 N/mm?. Maxi-
mum principal compressive stress under full reservoir
load is about 3.5 N/mm2,
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Figure 2 Plan

The dam consists of 25 blocks, each 20 m wide. The
concrete was placed without special cooling measures in
blocks no bigger than 15 by 20 m. The resulting longitu-
dinal joints are staggered block-wise and provided with
vertical shear keyways. The radial joints are keyed and
sealed with sheet strips upstream and downstream. Both
the longitudinal joints and the radial joints were grouted at
the same time.

Figure 3 Central cross section
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The hearting concrete contains 135 to 150 kg Portland
cement per m?, and the facing concrete 250 kg Portland
cement per m®. The mean strengths of the facing con-
crete after 90 days were 35.2 N/mm? compression and
4.6 N/mm? bending tension.

The dam is provided with an inspection gallery along the
entire length of the rock foundation, which constitutes an
efficient bottom drainage. In addition, a central inspection
gallery at El. 1 977 and a crest gallery are provided.

In addition to a sufficiently deep rock tie-in, a vertical
cement grout curtain was sunk in the cut-off wall to a
depth of 120 m and supplemented by an inclined second-
ary curtain 60 m deep. Contact grouting, 15 m deep on
average over the whole foundation area, served to conso-
lidate the foundation and prevent seepages from emer-
ging in the bottom joint.

The main instruments installed are three plumb lines. The
crest displacements measured in these locations are
remotely transmitted. In addition, about 50 uplift gauges
were emplaced.

Mooserboden resetvoir has a spillway atthe orographically
right flank of the Mooser dam, consisting of two automatic
gates, each 25 m long, and discharging 100 m¥s. Discharge
is through a short tailrace downstream into the bed of the
Kaprun Ache stream.

The bottom outlet for the Mooser dam is at the western,
orographically left flank. Downstream of the dam, 50 m of
a total tunnel length of 200 m are armoured, the remai-
ning length being sealed with a reinforced concrete ring.
Two jet valves with a discharge capacity of 31 m®s each
are provided at the downstream end.
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4 EXPERIENCES BIBLIOGRAPHY

Dam displacements during the first years were + 16 mm
a year and have decreased to £ 12 mm after almost
40 years of sound dam operation. The seepage emer-
ging in the bottom inspection gallery is extremely low.
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DROSSEN ARCH DAM

salzburg; Kapruner Ache, Salzach
Nearest town: Zell am See

MAIN TECHNICAL DATA, Chapter K, 26b (2/17)

General

Development Glockner-Kaprun

Power Station Limberg Kaprun
Construction Period 1950 — 1955 1948 — 1951
Gross Head 365.1 m 860.7 m
Installed Capacity: Turbine 112 MW 220 MW
Pump: 130 MW -
Mean Annual Generation 152 GWh 486 GWh
of which in winter 86 GWh 386 GWh
Reservoir
Catchment Area: Natural 27 km?
Inflow 62 hm?
Diversions 72 km?
inflow 130 hm?®
Normal Top Water Level (a.s.l.) 2036 m
Minimum Operating Level (a.s.l.) 1960 m
Gross Capacity 87 hm?
Live Storage 85 hm?
Area flooded by full Reservoir 1.7 km?

PSt KAPRUN

P

WASSERFALLEODEN

RESERVOIR
MOOSER DAM"

MOOSERBODEN
RESERVOIR \

[ POWER SCHEME |
a POWER STATION

A
I\
| 0
———m  POWER CONDUIT SYSTEM )’
STREAM DIVERSION

Dam

Maximum Height above Foundation

Crest Length (26 blocks)

Thickness at the Crest

Maximum Thickness at the Base

Volume: Excavation (overburden, rock)
Concrete

Appurtenant Works

Spillway
Capacity

Bottom Qutlet
Capacity

Power Intake
Capacity

112 m

357 m

7 m

25 m

315 000 m®
355 000 m?®

100 m?/s

62 m3/s

36 m3s
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1 GENERAL

To allow full utilization of the natural basins of the Kaprun
valley for annual storage, an upper stage had to be added
to Wasserfallboden reservoir. Since the natural runoff of
the Kaprun Ache stream is not adequate to fill both
reservoirs, the scheme required expansion by the addition
of the Méll river via a transbasin diversion. With two
longterm storage reservoirs in line, pumped storage has
been installed in the upper stage, thus creating ideal
conditions for further efficient pumped storage projects.
The geological and topographical conditions would have
permitted construction of any dam type. For this reason
detailed studies were carried out on an earthfill dam, a
buttress dam, an arch-gravity dam and an arch dam. The
arch dam, viz. a double-curvature constant-angle arch
dam, proved to be the most economical structure for the
same degree of stability. The natural catchment of the
Kaprun Ache stream is augmented by diversions from the
Mdll catchment (southern slopes of the Tauern range)
and the neighbouring Kéfer valley. The whole catchment
is 99 km? yielding a total runoff of 192 million m3.

2 GEOLOGY

The dam site is located in the central area of the northern
slopes of the Austrian Central Alps in the Pennine Tauern
window, which is shaped like a dome over large areas.
The Tauern “Schieferhiille” formation overlying this dome
is bordered by the Granatspitz Zentralgneis core in the
west and by the Ankogel Zentralgneis core in the east.
The southern Pennine rock formation of the Glockner
nappe is bedded with a shallow dip towards NE and
consists of partly karstified calcareous mica-schists with
varying mica content, with prasinite, quartz schist, micaschist
dolomite and gneiss in places. A rock saddle exposed to

Figure 1 Geological map

weathering and karstification is incised by the erosion of
the Kaprun Ache stream at the downstream end of the
shallow Mooserboden basin, which was polished by
glacial erosion, above the escarpment which steeply
descends some 300 m down to Wasserfallboden. A NS
striking fault with a 4 m wide crush zone is found in the
upper portion of the right flank, as are joints striking NS
and EW. The insitu rock is overlain to a depth of up to
13 m by moraine, stream-deposited and talus materials.
Bedding and jointing is unfavourable with regard to force
transfer to the dam foundation (gently sloping bedding,
joints and a minor fault striking NS). This caused difficulties
with the left dam abutmenttie-in.

Seismicity

The power scheme is situated between the seismically
active regions of the Inn valley in the NW and the Mur-
Miurz furrow to Villach in the SE, in an area of very low
seismic intensity.

3 DAM
3.1 Design features

Adouble-curvature constant-angle arch dam with constant-
thickness arch elements was constructed. Increasing the
arch radii resulted in a favourable angle between arches
and rock faces (radius at crest 199.65 m, subtended
angle 102°). This new dam type proved the effectiveness
of artifical deepening of the foundation base. It yielded
stress conditions, in areas with critical tensile stresses
upstream, which were no worse than those obtained with
arch dams with increasing thickness towards the abutments
(up to 3.5 times the thickness at the crown) commonly
constructed at that time.
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Figure 2 Plan

Figure 3 Cross section

3.2 Material properties

Forthe concrete used the mix was established as follows:
aggregate with a maximum grain size of 120 mm, Portland
cement 250 kg/m®, Frioplast added at 0.5% of cement

Tgf WATER LEVEL 2036 m

(1) Crestgallery

(2) Pendulum shaft
(3) Bottom gallery
@

Drainage tunnel

MINIMUM WATER
LEVEL 1960m
-~ . .

o 10
I

20 30 40m

weight, water/cementratio 0.48. Average concrete strengths
after 90 days were 4.8 N/mm? bending tension and
36 N/mm? compression.

3.3 Construction

Excavation (rock and overburden stripping) lasted from
October 1950 to July 1953. Concreting of Drossen dam
started in June 1953 and was completed in August 1955.
To avoid major cracking due to shrinkage and tempera-
ture variations, the dam was subdivided into blocks 15 m
long, and cooling slots were provided in places.

4 EXPERIENCES
4.1 Dam monitoring

The instrumentation installed at Drossen dam comprises
a plumb line system in the central block divided into two
sections due to the curvature of the dam, clinometers,
measuring lines for length gauging, uplift pressure cells
and seepage flow monitoring, plus geodetic systems,
such as crest levelling and trigonometric monitoring with
24 targets downstream and several monuments on the
rock of the eastern dam flank.
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4.2 Monitoring resulis
Crest displacements

Monitoring for horizontal displacements in the crest arch
indicates permanent displacement of the order of about
20 mm, with 4.0 mm having occurred during the past
10 years. Superimposed on this value is an annual elastic
displacement with an amplitude of 40 mm, including
* 13 mm attributable to seasonally fluctuating ambient
and concrete temperatures. The vertical displacements
obtained from crest levelling do not suggest any significant
longterm tendency and indicate load fluctuations in the
order of 5.5 mm depending upon the season and the
filling level, with a 1.25 mm range of variation. £ 0.5 mm
is tolerance in the levelling system and £ 0.75 mm is due
todeviations inthe actualfilingand temperature conditions
from the long-term annual mean value.

Hydrostatic pressures

As at all dams equipped with an inspection gallery located

Figure 4 Horizontal crest displacement
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directly on the surface of the foundation rock, the uplift
cells installed upstream of this gallery show a pressure of
up to 100% of hydrostatic pressure, whereas those cells
which were emplaced downstream of the bottom gallery
indicate 15% of hydrostatic pressure as a maximum.

Seepages

Those seepages which emerge in the bottom inspection
gallery have dropped from about 7 I/s during the first year
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of operation with full reservoir to 0.2 I/s at the moment.
Analogously, the annual seepage volume has decreased
from about 57 000 m®to 6 000 m? today. Another location
for seepage monitoring was installed in a dummy tunnel
in the eastern flank at El. 1 934 m in an extension of the
bottom inspection gallery. At drawdown level seepage
flows are about 0.9 I/s, reaching some 1.9 I/s at topwater
level. The annual seepage volume has remained more or
less constant at 42 000 m® over the whole period of
observation. It is assumed that these waters do not stem
from permeabilities in the foundation but from draining
ground water, the level of which depends on the reservoir
filling level over large areas.

Figure 5 Vertical crest displacement
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OTTENSTEIN ARCH DAM

Lower Austria; Kamp, Danube
Nearest town: Zwettl

VAIN TECHNICAL DATA, Chapter K, 27 (2/19)

Gieneral

Development Kamp

Power Station Ottenstein Dobra  Thurnberg

Construction Period 1954-56 1951-53 1950-52

Gross Head 58 m 65 m 20 m

installed Capacity 47 MW 16 MW 3 MW

Mean Annual

Generation 33 GWh 40 GWh 12 GWh

Reservoir

Catchment Area: Natural 889 km?
Inflow 221 hm?®

Normal Top Water Level (a.s.l.) 495.0m

Minimum Operating Level (a.s.1.) 476.5 m

Gross Capacity 73 hm®

Live Storage 51 hm?

Area flooded by full Reservoir 4.3 km?

KAMP
—_—

OTTENSTEIN RESERVOIR

ZWETTL DOBRA

RESERVOIR

THURNBERG
RESERVOIR
PSt OTTENSTEIN

[ POWER SCHEME |

O POWER STATION 0 5
e POWER GONDUIT SYSTEM 1

10 km
I

Dam
Maximum Height above Foundation 69 m
Crest Length 240 m
Thickness at the Crest 7 m
Maximum Thickness at the Base 24 m
Volume: Excavation (overburden, rock) 27 800 m?
Concrete 124 000 m?®

Appurtenant Works
Spillway, gated overflow spillway,

2crestgates, |=2x27m,h=2.6m

Capacity (height of overflow 0.6 m) 574 m¥/s
Bottom QOutlet, through the right-hand

dam abutment, 1.2 m dia., 2 valves

Capacity 16 m?/s
Power Intake

Capacity 100 m¥/s
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1 GENERAL By the end of 1992, power station operation is planned to
be converted from local manual control at Ottenstein to
central telecontrol and telemonitoring from the EVN load

The Ottenstein arch dam was constructed between 1954  control centre at Maria Enzersdorf am Gebirge near

and 1956 to impound the pilot reservoir for a three-stage ~ Vienna and from a regional grid control centre at Stratz-

developmentonthe riverKampin Lower Austria. Ottenstein  dorf.

is a pumped-storage scheme (20 MW pump capacity)

utilizing flow pumped fromthe reservoirofthe downstream 2  GEOLOGY

Dobra-Krumau power scheme with the Dobra arch dam.

The operation of the Kamp group of power stations is  The Ottenstein arch dam was constructed at a trape-

based on a uniform concept. Together with the Dobra  zoidal valley section with a wide valley bottom and

reservoir (51 million m® live storage), seasonal storage moderately steep slopes. Bedrock is composed of
raises the winter proportion of annual generation from  porphyritic granite covered with boulders and talus material

42% (corresponding to the natural inflow) to 52% and  inthe valley bottom. An aplite layer some 15 minthickness

substantially reduces flood risks to the populated passes through the left rock abutment. On the right-hand

downstream areas. Asthe reservoirhasbecomeapopular ~ slope, solid granite is encountered beneath a thin
recreation area, the water level is kept near top water  overburden. A system of steep joints with relatively large
level during the summer months. spacing prevails. Only in the valley bottom a completely

inactive 4 m wide failure zone is present. The whole

The reservoir has a live storage of 51 million m® and is  region is considered seismically inactive.

filled by the runoff from a catchment of 889 km?, reaching

a long-term average of 221 million m®* p.a. Due to the 3  DAM

provision of a spillway crest equipped with automatic

gates, the normal operating level is not exceeded during  The dam is a double-curvature arch structure with arch

floods. As the presence of the town of Zwettl near the  thicknessincreasingfromthe crown towardsthe abutments.

upstream end of the reservoir imposed a limit on the  Onlythe upperarches are of constant thickness. Following

maximum water level, it was possible by means of this  preliminary static analyses of several alternatives of a

spillway arrangementto accomplishamaximum operating ~ symmetrical substitute dam by a single-section load

level 2 m higher than would have been obtained in the  distribution and a main static analysis of the idealized
case of an ungated crest. Routine maintenance dam shape by the load distribution method with radial
guarantees the good functioning of the gates atany time.  adjustment, a subsequent check analysis with a triple

adjustment and allowance for dissymmetry was finally

The Ottenstein power scheme consists of an arch dam  carried out. This gave maximum main stresses of

with a powerhouse built against the dam on the right-hand 4.6 N/mm? compression and 2.5 N/mm? tension, a

downstream side. The switchyard is located on the maximum tensile stress parallel to the surface of

powerhouse roof. Following partial filling at EI. 486 m 1.4 N/mm? and maximum foundation stresses normal to

in 1956, top water level at the El. 495 m was firstreached  the slope of 2.8 N/mm? compression and 0.1 N/mm?

in 1957. tension.

Figure 1 Geological map
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Figure 2 Plan

The vibrated concrete was produced of 240 kg of iron
Portland cement or 216 kg of iron Portland cement and
24 kg of trass, per m?, with 0.5% plasticizer. The water-
cement ratiowas 0.53. Local gneiss was used as aggregate.
This was separated into 5 fractions up to 120 mm particle
size. 20% quartz sand of 0to 3 mm size was added.
Aggregate was heated during the winter months. Average
concrete strength at 90 days was 31 N/mm? compression
and 4.9 N/mm? bending tension.

The concrete was mixed in an automatic mixing plant with
three gravity mixers of 1500 | capacity each and was
placed by a blondinin 2.0 m lifts in blocks with a maximum
length of 16 m. In spite of the trass admixture, about half
the concrete volume was placed using artificial cooling.
Joints were sealed with 1 mm copper sheet at the upstream
face. Downstream, main joints and construction joints
were sealed with galvanished steel sheet and were grouted.

A grout curtain 15 000 m? in total area was provided
under the dam and in the rock abutments. The grout
curtain is inclined to the upstream and extends to a depth
of 30 m with several bore holes reaching a depth of 50 m.
The right-hand slope was grouted to a distance of 100 m
upstream of the dam and to a depth of 60 m, the left-hand
slope was grouted over an upstream distance of 70 m
and to a depth of 40 m. Grout, consisting of Portland
cementwith trass cement, was pumped inunderapressure
of 10 to 25 bar prior to concrete placement, occasionally

under higher pressures of up to 35 bar. In addition,
contact grouting was carried out in the foundation contact.

The overflow spillway with the two crest gates was
developed on a scale model. Spillway capacity with gates
open — without surcharge — is 420 m*/s (design flood).
The safe discharge of the HQ 5000 in the order of 600 to
650 m¥/s is possible. The power intake is located on the
right-hand slope 50 m above the dam. A 5.80/5.50 m
diameter power tunnel, which is steel-lined downstream
of the grout curtain, supplies the powerhouse with a
turbine discharge of 100 m®s. Two 1.50 m diameter
emergency outlets equipped with fuse plugs and capable
of 53 m¥s each are located in the centre blocks at
El. 436 m. Low-level discharge is provided through the
right-hand dam abutment at EL. 439 m. The outlet is
1.20 mindiameter and is equipped witha 1.20 m butterfly
valve and a 1.0 mdiameter hollow-jet valve. It discharges
into the stilling basin with a capacity of 16 m*¥/s.

Figue 3 Cross section
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4 EXPERIENCES
4.1 Dam surveillance
Dam instrumentation includes:

for measuring dam deformations:

— 4 pendulums (radial and tangential),

— joint gauges in the inspection gallery and at the dam
crest,

— 1 radial clinometer each in the inspection gallery and at
the dam crest;

for measuring deformations of the rock foundations:

— 1 pendulum and 1 inverted pendulum extending 12 m
into the rock,
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— 1 extensometer for vertical displacement in the middle
of the valley,
— 2 telerockmeters on the left slope;

for measuring uplift pressures:
— 52 instrument stations;

for measuring seepage:

— 15 drainage holes in both slopes,

— 1 seepage measuring station for each slope in the
base gallery,

— 4 piezometers in the left slope;

for measuring concrete temperatures:
— 30 thermometers.

Figure 4 Maximum and minimum radial deformation
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Limit value contacts are installed at the pendulum in the
main instrument plane and at two seepage measuring
stations in the inspection gallery. Unusual pendulum
deviations and seepage measurements are indicated by
optical and acoustic signals in the Ottenstein control
centre. Elastic radial deformations of the dam crest vary
between 16 and 24 mm. Seepage flow measured in the
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inspection gallery varies between 0.1 I/s and 0.5 I/s.
Maximum vertical movements between dam toe and rock
foundations amount to 2.4 mm. The pattern of move-
ments is in good agreement with the pattern of uplift
pressures.

Manual data acquisition is accomplished by means of an
electronic hand terminal. Identification of the instrument
station by means of a bar code reading device is followed
by input of the measured value, which is automatically
checked for preset extreme values (plausibility check).

The principal instruments of the dam are equipped with
automatic measured-data acquisition. Apart from direct
instrument readings, data is checked for limit value
exceedance on alocal datalogger and stored temporarily,
and is teletransmitted to a control centre manned round
the clock. Dam surveillance and teletransmission facilities
are automatic.

4.2 Special occurrences

The original stilling basin floor was unlined except for a
fault zone. During spillway tests in 1957 and 1959, the
impact of the water-air mixture caused erosion about
20 to 25 m from the dam toe. Lasting safety was accom-
plished by filling the scour with concrete and providing a
concrete slab anchored in the rock.

The 5 mto 7 m routine drawdowns every spring have not
revealed any evidence of reservoir silting in spring, neither
at the upstream end nor on the banks, and there is no
silting risk to the power tunnel and the inlet of the bottom
discharge.
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GROSSER MUHLDORFERSEE GRAVITY DAM

carinthia; Méll, Drau
Nearest town: Spittal/Drau
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RESERVOIR
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PSt KOLBNITZ

DRAU
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POWER SCHEME O

] POWER STATION 0 5 10 km
=== POWER CONDUIT SYSTEM
____  STREAM DIVERSION

MAIN TECHNICAL DATA, Chapter K, 29 (2/21)

General

Development

Power Station

Construction Period

Gross Head

Installed Capacity: Turbine
Pump

Mean Annual Generation

of which in Winter (44.5%)

Reservoir

Catchment Area: Natural
Inflow
Diversions
Inflow

Normal Top Water Level (a.s.l)

Minimum Operating Level (a.s.1.)

Gross Capacity

Live Storage

Area flooded by full Reservoir

Reisseck-Kreuzeck
Kolbnitz
1955-1957

1772 m
139.0 MW
18.6 MW
307.4 GWh
136.9 GWh

2.7 km?

4 hm?

5 km?

14 hm?
2319 m
2255 m

7.9 hm?

7.8 hm?

0.24 km?

Dam
Maximum Height above Foundation 46.5 m
Crest Length 432.7 m

Thickness at the Crest 20m

Maximum Thickness at the Base 31.3 m
Volume: Excavation (overburden, rock) 47 000 m®
Concrete 152 900 m®

Appurtenant Works

Spillway, overflow spillway at the highest block,
=10 m, with ski-jump

Capacity 17.0 m?/s
Bottom Qutlet, through the dam,

0.9 m dia., 2 valves

Capacity 4.2 m3/s
Power Intake

Capacity 4.5 m¥/s
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1 GENERAL

Utilization of the runoff from the Reisseck mountains was
first considered before the First World War. A power
station was constructed at Mihldorf between 1922 and
1924. In 1945 the projects were passed on to Kérntner
Elekirizitats AG and developmentwas continued. In 1948,
Osterr. Draukraftwerke AG took over the project under
construction and completed the construction of the group
of power schemes in 1961.

The Reisseck-Kreuzeck group of power schemes utilizes
the hydro potential of a catchment of 164 km? in the north-
west of the province of Carinthia, on both sides of the river
Moll. The main feature of the three-stage development is
the Reisseck seasonal storage reservoir, which develops
the hydro potential of a group of lakes situated in the
Reisseck mountains between El. 2 319 and El. 2 399 for
power generation during the winter months. At four of
these high-level cirque lakes, dams were constructed to
increase their storage from an original 5.37 to a total
17.5 million m®. Water from these reservoirs is collected
in a special hydraulic system and conveyed to the Kolb-
nitz power station in the Mdll valley. Water is utilized in a
single stage with a maximum head of 1 772.5 m, which is
still the highest in the world. The facilities provided for the
construction and operation of the scheme have been
adapted and then extended for tourist trade and now
attract great numbers of visitors every year.

The 46.5 m high Grosser Mihldorfersee gravity dam,
433 m long at the crest, raises the water level of a natural
lake by about 35 m, so as to create a live storage of
7.8 million m® which, due to the substantial head, corre-
sponds to a stored energy of 31 GWh.

Figure 1 Plan

2 GEOLOGY

Geologically, the Reisseck massif forms part of the Central
Alps. ltconsists of a core of Zentralgneis (“Central Gneiss”)
that daylights in a lake plateau flanked by an inner and
outer Schieferhiille (slate mantle) series. The Kreuzeck
mountains are formed by an Alt Kristallin (“old crystalline”)
block.

The dam site proper of Grosser Mihldorfersee is a ridge
of orthogneiss with feldspar eyes that has impounded the
natural lake. Schistosity planes show a downstream dip
of fairly uniform steepness; occasionally transverse faults
have manifested themselves as notches, the largest of
which formed the original outlet of the lake and has been
closed by the dam.

There have been practically no problems resulting from
the geological conditions.

3 DAM

The gravity dam is slightly curved in plan to follow the
crest of the natural ridge and ends to the left in a com-
pound-curved abutment. A striking feature of the dam
cross-section is the presence of two large galleries. The
lower gallery at the base was provided to restrict uplift
pressures at the upstream dam toe and also as concrete-
saving measure.

Compressive stresses in the rock foundations along the
downstream dam toe were calculated to be approximate-
ly 5 N/mm? with a full reservoir. Photoelastic testing
performed to check the results of the static analysis
confirmed the absence of tensile stresses in the gallery
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wall. Concrete aggregates had to be hauled over a
distance of 65 km from a limestone gravel pit on the bank
of the river Drau near Villach, as no material of adequate
quality and quantity was found in the vicinity of the dam
site. Aggregates were prepared in 5 fractions with a
maximum size of 130 mm. Concrete was mixed in four
1 000-1 gravity mixers and placed by means of two
blondins in blocks 11 to 14 m wide in 1.5 m lifts. A feature
of particular interest is the fact that, instead of the conven-
tional timber formwork, vacuum concrete slabs were
used as upstream and downstream boundaries of the
dam body. The slabs are 2.0 m long by 1.5 m wide and
5 to 10 cm in thickness and were precast at the site.

Table 1 Concrete

| part of structure Foundation | Hearting | Above | Upstream
block concrete | lower |concrete
gallery | slabs
Type of cement PZ 225 + 8 % slag PZ 485
Dosage of cement kg/m 225 | 180 145.00 | 350.00
W/C 0.52 0.62 0.40
Sirength  Compression 24.5 20.3 175 32.0
after Bending tension 3.9 3.7 3.0 8.2
28 days,
N/mm

The grout curtain was provided 1 m upstream of the dam
foundation. Bore holes were sunk every 2 metres to
depths alternating between 6 mand 12 m. A total amount
of about 80 t of grout was pumped into bore holes totalling
2 000 m in length.

Appurtenant works include

— a power intake, arranged at the bottom of the lake
100 m upstream of the dam, continuing as a tunnel of

Figure 2 Cross section
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4.5 m¥s capacity driven through the ridge,

— an overflow spillway on the highest block, designed for
a discharge of 14 m?*s at 74 cm surcharge, and

— a bottom outlet through the dam, with a capacity of
4.2 m¥s.

The latter two facilities are capable of a total flood relief of
18 m*s, which corresponds to 6.75 m®/s.km? of natural
catchment (2.7 km?).

4 EXPERIENCES
4.1 Dam surveillance

The dam surveillance system was completely renewed
between 1986 and 1987. Dam behaviour is now moni-
tored by an inverted plumb-line device, invar wire exten-
someters, a great numer of joint metres, uplift and joint
water pressure measuring devices extending into the
rock foundations and a central seepage measuring station.
The plumb-line and seepage measuring devices are read
automatically and their values teletransmitted to a central
control station.

In addition, the dam and surrounding terrain are ocbserved
geodetically by precision triangulation.

4 dam attendants observe all the 160 instrument stations
at the Grosser MUhldorfersee dam throughout the year,
even in winter, in accordance with an inspection schedule
imposed by the authorities.

Figure 3 Long term behaviour, results of measurements
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Since 1957, continuous records have been kept of crest
displacement, uplift and seepage measurements. In the
full reservoir condition, the dam crest moves about
81to 10 mm to the downstream and at the same time
heaves by about 2 to 3 mm. Uplift at the upstream dam
toe with a full reservoir reaches about 80% of the hydro-
static head. Seepage losses with a full reservoir have
stabilized at about 6 I/s since 1965.

4.2 Special occurrences

Maintenance of the originally bitumen-filled joints be-
tween the prefabricated facing slabs, amounting to a total
length of 11 600 m, turned out to be particularly burden-
some. Following several unsuccessful attempts to repair
defective seals, the entire joint system was repaired with
a compound called Kemperol in the years 1979 to 1982.
Upon careful cleaning of the concrete surface and appli-
cation of a prime coat, elastomer-coated diolene fibre
mat, 35 cm in width and 3 to 4 mm thick, was glued
across the joints. Another coating using polyester resin
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and finally Kemperol synthetic resin sealing has so far
ensured the watertightness of the joints.

These sealing measures have been supplemented by the
installation of a compressed-air bubbling device to avoid
ice formation in the vicinity of the dam and the resulting
damage to the seals.
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Steinbéick, W.: Planung und Bau des Winterspeicherwerkes
Reisseck-Kreuzeck. Osterr.Wasserwirtschaft 1953,
nos. 5/6

Die Staumauer am Grossen Miihldorfersee. no.10 of
the series Die Talsperren Osterreichs, 1959

Steinbéck, W.:

Osterr. Drau-

kraftwerke AG: Winterspeicherwerk Reisseck-Kreuzeck. Special
issue of the Osterreichische Zeitschrift fiir Elektri-
zitatwirtschaft 1960, no. 6

Magnet, E.;
Klemen, K.: Slab Facing of the Grosser Mihldorfersee Dam.
Qu.39, R.19, Ninth Congress on Large Dams,

Montreal 1970



il

| UNERSEE GRAVITY DAM

Vorarlberg; Alvier, Jli, Rhine
Nearest town: Bludenz

MAIN TECHNICAL DATA, Chapter K, 33 (3/2)

General

Development Obere Jll-Linersee

Power Station Linerseewerk
Construction Period 1954 — 1958
Gross Head 974 m
Installed Capacity: Turbine 232 MW
Pump 224 MW
Mean Annual Generation 371 GWh
of which in winter 291 GWh
Reservoir
Catchment Area: Natural 9 km?
Inflow 12 hm?
Diversions 3 km?
Inflow 3 hm?®
Normal Top Water Level (a.s.l.) 1970 m
Minimum Operating Level (a.s.l.) 1897 m
Gross Capacity 94 hm?®
Live Storage 78 hm®
Area flooded by full Reservoir 1.55 km?
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Dam
Maximum Height above Foundation 30 m
Crest Length (30 blocks) 380 m
Thickness at the Crest 4 m
Maximum Thickness at the Base 20 m
Volume: Excavation (overburden, rock) 15000 m?
Concrete 41 000 m?®

Appurtenant Works
Spillway, overflow

Capacity 58 m®/s
Bottom Outlet, 2 butterfly valves

Capacity 15 +5=20 m¥s
Power Intake

Capacity 32 mé/s
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1 GENERAL

The reservoir is situated in a glacially eroded lake 90 m
deep confined by a mighty natural rock sill transversing
the valley. Qutflow from the natural high- mountain lake is
via a karstic system in the natural rock barrier. This the
largest reservoir of the Vorarlberger Jllwerke AG was
thus created by sealing the rock barrier and by construc-
ting a 30 m high gravity dam on the apex of the rock
barrier. The reservoir is utilized in the Linerseewerk
pumped-storage plant. It is used as both a short-term and
an annual storage reservoir and forms part of the Obere
JII - Linersee power scheme.

The power plants downstream of Llnersee, i.e. Rodund |
and Il, and also the Walgau power plant all benefit from
the shift of generation to the winter period.

The first plans for the exploitation of energy supplied by
the Linersee lake were drawn up at the beginning of the
twenties.

In 1920 the Vorarlberg regional authority began the first
preliminary works for a Liinersee power plant with the
construction of a 190 m long outlet tunnel. The 90 m deep
lake was to be drawn down 50 m to below water storage
level, so that the natural rock barrier could be inspected
and sealing works performed.

After this outlet tunnel had been driven to the immediate
proximity of the lake, it was equipped in the middle with
two wedge type valves 400 and 600 mm dia., operated
through a 42 m deepshaft. For safety reasons a second
pair of wedge type valves 400 mm dia. were installed at
the downstream end of the tunnel.

An aquiferous layer encountered at a distance of 11 m
before the lake made it necessary to divert the tunnel to
the right. Then it was finally possible to continue the
heading of the tunnel until the remaining distance to the
lake was only 2.1 m.

These preliminary works conducted by the Vorarlberg
regional authority were continued after 1925 by the Vor-
arlberger Jliwerke AG including preparations for the final
blasting.

Depth gauging conducted from the frozen surface of the
lake provided a detailled survey of the rock surfaces for
the blasting and it was demonstrated that the rock was not
covered by any deposits. Thus it was possible to head a
few boreholes up to a distance of 40 cm from the lake.
Before blasting, the face of the tunnel was sand tamped
in order to improve intrinsic strength and absorb the water
hammer.

The final blasting on August 26, 1925 was a full success,
permitting controlled drawdown.

In 1926/27 and 1930/31 sealing measures were executed
and seepage through the natural rock barrier reduced
from an initial 350 I/s to 30 I/s.

It was not until construction of the Liinersee power plant
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and erection of the dam in 1955 — 1958, however, that
utilization of the reservoir began. In this period the natural
barrier was once more sealed with shotcrete and grout-
ing. After partial filling to EI. 1 960 in 1958, first full filling
was performed in autumn 1959.

2 GEOLOGY

The dam foundation is a narrow natural rock barrier
composed of dolomite, polished by glacial erosion and
sloping away steeply to the Alvier valley. Strata strike
across the valley and dip to the downstream. The dam
foundation is located on the dolomite ridge in such a way
that the downstream dam toe rests against on the crest of
the barrier. The exposed location required that the struc-
ture be carefully fitted into the terrain, with an undulating
axis and variable height.

The dam is situated in a seismically inactive area. The
design of the dam was based on a horizontal acceleration
of 0.04 g.

Figure 1 Cross section through the dam and the rock barrier
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3 MAIN FEATURES
3.1 Dam

The gravity dam has an average downstream slope of
1 to 0.68 and an upstream slope of 1 to 0.05. The crest of
the dam has a width of 4 m. The low height of the dam
permitted a degree of freedom with regard to the theo-
retical triangle and is a source of significant reserves
concerning the stability of the dam. The exposed location
of the dam on the natural rock barrier and the karstic
character of the foundation rock explain the favourable
uplift conditions.

The dam body is constructed of concrete with coarse with
aggregates and low cementcontentviz. 179 kg oftype 225
Portland cement per m? and a water/cement ratio of 0.56.
The aggregate was obtained from a quarry and an alluvial
deposit and fractioned into 3 grain sizes of 0 to 30 mm
and stones of 150 to 300 mm. The stones were added
using a tower crane and vibrated into the fine-aggregate
concrete. The ratio fine-aggregate concrete/stones is
about 1:1. The dam was constructed in 30 blocks, the
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Figure 2 Plan and cross section

lengths of the blocks varying from 9 to 21 m. The lifts
were 1.5 m. The average compressive strength of the
fine-aggregate concrete was 45.3 N/mm?.

The contraction joints were sealed with z-shaped copper
sheet. Then the cylindrical cavity was sealed with bi-
tumen. Behind the copper sheet there is always a vertical
inspection shaft.

The foundation area, i. e. the natural rock barrier, required
extensive sealing measures. The fissures, crevasses
and faults in the natural rock barrier had to be cleared and
washed out, then sealed and closed with concrete plugs.
Smaller fissures and crevasses had to be grouted with
cement. Afterwards most of the upstream surface of the
rock barrier was sealed with shotcrete. Contact grouting
of the dam base was performed from the inspection

gallery.
3.2 Relief works and intake structure

The former outlet tunnel constructed in 1925 in order to
draw down the storage level of the natural lake has been
equipped with a butterfly valve and a annular valve and
serves as a bottom outlet. An intermediate outlet was
constructed in a tunnel situated between the bottom
outlet and top storage level. This tunnel is equipped with
a shut-off unit and a discharge valve. Flood relief is
provided in the form of a spillway in the left dam abutment
with a fixed overflow crest which empties through an
opening in the dam body.

The intake structure is situated immediately above the
bottom outlet, the two forming one combined structure. It
is equipped with coarse and fine racks. After 100 m there
is a valve chamber in the rock with 2 butterfly valves. With
its total head of 950 m and a length of 9.8 km the power
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tunnel was a further engineering achievement at what
was then Europe’s largest annual storage system.

4 EXPERIENCES
4.1 Dam monitoring

The two highest blocks of the dam are equipped with a
pendulum each. In addition the dam foundation in the
area of the deepest cut in the natural rock barrier and at
the highest point of the barrier is surveyed by a pendulum
and by an invert pendulum respectively. The movements
of the latter are recorded automatically and teletransmit-
ted. The long-term behavior of the highest point in the
dam base is shown in Fig. 3. The dam also incorporates

Figure 3 Long term displacements of the rock barrier
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joint gauges and two seepage measuring devices.

Once a year the dam is submitted to geodetic checks.
Levelling is monitored from different points in the inspec-
tion gallery on the downstream dam toe and on the dam
crest. The crest alignment is also monitored.

On the downstream side of the rock barrier a large
number of small springs are intercepted in a water mea-
suring structure.

4.2 Evenis

After the first complete filling new springs were detected,
especially in the larger western part of the rock barrier
(anticlinal axis). A sophisticated investigation programme, -
including the use of colouring agents, enabled the exact
points of water ingress to be located. In 1960 these points
were sealed with shotcrete. In the area of the western
anticlinal axis a deep grout curtain was provided.
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KOPS ARCH AND GRAVITY DAM

Vorarlberg; Valliilabach, Jli, Rhine
Nearest town: Schruns
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MAIN TECHNICAL DATA, Chapter K, 38 (3/16)
General

Obere Jll — Liinersee
Kopswerk - Partenen

Development
Power Station

Construction Period 1962 — 1969
Gross Head 780 m
Installed Capacity 247 MW
Mean Annual Generation 392 GWh
of which in winter 134 GWh
Reservoir
Catchment Area: Natural 7 km?
Inflow 10 hm?
Diversions 163 km?
Inflow 223 hm?
Normal Top Water Level (a.s.l.) 1809 m
Minimum Operating Level (a.s.l.) 1730 m
Gross Capacity 45 hm?
Live Storage 44 hm?
Area flooded by full Reservoir 1.0 km?

Dam

Main Dam Lateral Dam +
Art. Abutment
Maximum Height

above Foundation 122 m 43 m
Crest Length 400 m 214 m
Thickness at the Crest 6 m 6 m
Maximum Thickness
at the Base 30 m 33 m
Volume: Excavation
(overburden, rock) 219 000 m®* 109 000 m?
Concrete 485000 m* 178 000 m?
Appurtenant Works
Spillway, ungated, | = 30 m
Capacity 41 m¥s
Bottom Qutlet, 2 sluice gates
Capacity 21+41 =62 m¥s
Power Intake
Capacity 37.5 m¥s
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1 GENERAL

The 122 m high Kops arch dam was constructed to form
the power scheme’s third annual storage reservoir for the
Vorarlberger Jllwerke AG. With a relatively small natural
catchment area, water from the diversions from the Tyrol
— from the catchment areas of the Inn and Danube to the
catchment area of the Rhine — is stored and exploited in
the Kops power station, which was constructed at the
same time as the reservoir. The power station forms part
of the Obere JIl - Linersee power scheme. The stored
water is also utilized in the two Rodund power stations
and in the Walgau power plant.

The dam extends over the main valley and a lateral valley.
After thorough investigations into various alternatives, an
arch dam with an artificial concrete abutment on the rock
and an adjoining gravity dam in the shallow secondary
valley were constructed.

At the time of construction, the dam was the highest arch
dam in Austria. The reservoir created helped to raise the
winter proportion of annual energy produced by the Vor-
arlberger Jllwerke from 37% to 46%.

The dam was constructed in 1961-1965. After partial
fillings in 1965 to El. 1 765 and in 1966 to El. 1 800, the
first complete filling was reached in November 1967.

2 GEOLOGY

The dam site is embedded in the crystalline formations of
the Silvretta nappe. The Kops basin, polished by glacial
erosion, is closed by a natural barrier, which slopes away
steeply about 200 m downstream of the dam site. The
dam site is mainly composed of aplitic gneisses and

Figure 1 Geological map

amphibolites interbedded with minor thicknesses of
quartzites, mica schists and foliated gneisses. In situ rock
was exposed in many places, and only covered by a 10 to
20 m deep overburden at the valley floor and lower levels
of the right-hand flank.

A zone of geological weakness in the valley floor required
local widening of the dam foundation area, as well as
special sealing measures at the upstream dam toe. Up to
now the site of the dam has never been the epicenter of
a severe earthquake, but it has been proved that in the
past there have been minor movements due to earthqua-
kes that had their origins in neighbouring Switzerland,
especially in the area of the Lower Engadine and Chur.

From the results of seismic evaluations, the Zentral-
anstalt fir Meteorologie und Geodynamik determined a
design earthquake of the intensity of 6.5° MSK and a
destructive earthquake of the intensity of 7.3° MSK. Peak
acceleration is of the order of 0.04 g and 0.10 g, while
vertical acceleration is of one third lower.

3 DAM
3.1 Main features

Stability analysis for the arch dam was performed using a
load distribution method for 5 cantilevers and 8 arch
elements. Four principal load assumptions were analy-
sed and radial and tangential adjustments made. Later, a
further analysis was made to determine the influence of a
torsional adjustment. The maximum compressive siress
was assumed to be 6.2 N/mm? and the maximum tensile
stress 1.3 N/mm2.

The results were checked by model tests at a scale of 1
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Figure 2 Plan and cross section

to 500 in the laboratory of the Tauernkraftwerke AG at
Kaprun.

The gravity dam has an average downstream slope of
1 to 0.68 and an upstream slope of 1 to 0.05. In order to
achieve maximum stability with the above mentioned
design specifications, it is necessary to keep uplift pres-
sure as low as possible.

Aggregate was obtained from alluvial deposits in the
Kleinvermunt valley (crystalline rock), screened into 6
fractions with a maximum grain size of 150 mm. The
aggregates then had to be hauled 8 km by road to the
concrete plant at the dam site.

Concrete was produced in three different qualities using
low hydration-heat type PZ 275 Portland cement and
adding an airentraining agent:

- Facing concrete with 230 kg of PZ 275 Portland ce-
ment per m?, water/cement ratio 0.49; average strengths
after 90 days 36.6 N/mm? compression and 3.8 N/
mm? bending tension.

- Hearting concrete for the arch dam with 180 kg of
Portland cement per m?, water/cement ratio 0.60; ave-
rage strengths after 90 days 30.2 N/mm? compres-
sion and 3.4 N/mm? bending tension.

- Hearting concrete for the side dam and abutment with
150 kg of Portland cement per m?, water/cement ratio
0.71; average strengths after 90 days 24.9 N/mm?
compression and 3.2 N/mm? bending tension.

The concrete was placed in 16 m long blocks and 3 m
lifts. The facing concrete is 1.5 m thick. Artificial cooling
was achieved with a system of 22 mm cooling pipes
spaced at 2 m intervals. The maximum concrete tempe-
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rature ever reached was 32 °C.

The contraction joints of the arch dam were designed as
helical surfaces with buckled keying. Grouting of the
block joints was performed in sections at a joint closure
temperature of 3 to 4 °C.

The foundation was treated with a single-line vertical
grout curtain extending to a maximum depth of 60 m and
covering a surface of 63 000 m2. The grout consisted of
colloidal cement emulsion and was injected under pres-
sures of up to 40 atmospheres. Drilling and grouting were
performed from the foundation area before the concrete
was placed. Merely the upper 10 m were grouted toge-
ther with the contact injections from the lower inspection

gallery.

Beneath the gravity dam, additional grouting with acetate
gel was necessary to plug seepage paths. The zones of
geological weakness in the valley floor, where the main
dam is placed, have been covered upstream of the dam
by a layer of hydrated clay 1.5 m thick.

3.2 Relief works and intake structure

The dam has a bottom outlet and an intermediate outlet,
both equipped with two gates. Both intake structures are
equipped with a rack.

At the deepest point of the reservoir a 300 mm stainless
steel outlet pipe for complete discharge has been instal-
led with 2 gates.

The flood relief works consist of an overflow spillway

located in the zone of the highest dam blocks of the side
dam.
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The power intake is situated in the area of the right-hand
dam flank and is equipped with a coarse and a fine rack
in precast concrete elements. A valve chamber situated
within the rock is fitted two butterfly valves.

4 EXPERIENCES

4.1 Dam monitoring

The Kops dam was the first Austrian arch dam with
separate monitoring of the dam and the foundation. Pen-
dulums and invert pendulums have been installed at
several points of the dam, in the rock foundation, in the
right-hand rock abutment, in the area of the right dam
crest, in the concrete abutment, and in the highest block
of the gravity dam. In the right-hand dam abutment there
are 3 triple extensometers plus one each in the left-hand

Figure 3 Crest displacements

performed, once a year. Surveying is carried out of geo-
detic alignment of the dam crest and precision levelling of
the dam crest, of the lowest gallery and of the down-
stream dam toe are surveyed.

For dam surveillance 2 statistical prognostic models have
been elaborated with regression analysis and autore-
gression analysis in order to be able to forecast deforma-
tions of the dam and the foundation, and the values
calculated are compared daily with measured values.

4.2 Events

So far there have been no special incidents in the normal
operation of the dam. But as only very few piezometers
had initially been installed in the vicinity of the dam,
additional piezometers were arranged in the right section
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dam abutment and beneath the concrete abutment. In ad-
dition, a large number of clinometers, thermometers and
telepressmeters are integrated in the dam.

The readings from 3 pendulums, rock strain meters, ther-
mometers and telepressmeters are teletransmitted to the
control cabin. The pendulum in the highest dam block has
an integrated safety contact pickup. If the prescribed limit
values are exceeded, an alarm device in the monitoring
centre of the Kops reservoir or the Vermunt power plant
is actuated.

After 25 years of operation it can be said that dam
foundation and dam body behaviour are regular and very
constant relative to storage level and temperature and
that plastic deformations have practically ceased. Defor-
mations due to the storage levels, as indicated by the
pendulum at measuring points near the foundation and
the dam crest, are shown in Fig. 3.

In addition to continuous dam surveillance using the inte-
grated monitoring systems, geodetic checks are also
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of the dam foundation and in the zone of the highest dam
blocks.

In 1990 the reservoir was completely emptied for the first
time since the beginning of operation. This permitted a
thorough inspection to be made of the intake structures
and of the sealing of the bottom outlets and power
intakes.
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SCHLEGEIS ARCH DAM

Tyrol; Zemmbach, Ziller
Nearest town: Mayrhofen

MAIN TECHNICAL DATA, Chapter K, 43 (4/3)

General
Development Zemm-—Ziller
Power Station Mayrhofen ~ Rosshag
Construction Period 1965 —1969 1967 — 1971
Gross Head 470 m 634 m
Installed Capacity: Turbine 345 MW 230 MW
Pump - 230 MW
Mean Annual Generation 426 GWh 284 GWh
of which in winter 194 GWh 217 GWh
Reservoir
Catchment Area: Natural 58 km?
Inflow 97 hm?
Diversions 63 km?
Inflow 102 hm?®
Normal Top Water Level (a.s.l.) 1782 m
Minimum Operating Level (a.s.l.) 1680 m
Gross Capacity 129 hm?®
Live Storage 127 hm?®
Area flooded by full Reservoir 2.2 km?
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Maximum Height above Foundation

Crest Length (43 blocks)

Thickness at the Crest

Maximum Thickness at the Base

Volume: Excavation (overburden, rock)
Concrete

Appurtenant Works

Spillway, ungated
Capacity

Bottom Outlet
Capacity

Power Intake
Capacity
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1 GENERAL

The reason for constructing the dam was to create the first

big annual reservoir for Zemm-Ziller hydroelectric de-
velopment.

The natural catchment area of the Schlegeisbach and
Zamserbach at the dam site is increased by means of
several diversions from 58 km? to a total area of approx.
121 km?. In a first stage the storage water is utilized in the
Rosshag power station (4 Francis turbines, 230 MW)
and subsequently stored in the Stillupp (Eberlaste) weekly
reservoir. From there the water is utilized in a second
stage at the Mayrhofen power station (6 Pelton double
turbines of 57.5 MW each). The entire power scheme has
been designed exclusively for producing peak-load energy
for grid regulation. A positive side effectis the improvement

Figure 1 Geological map

of flood protection throughout the entire Ziller Valley.

2 GEOLOGY

The dam is situated in the western part of the Austrian
Central Alps, which in that area consist of the deepest
central gneiss cores of the Pennine Tauern window
arched in the shape of a dome. The dam is embedded in
granitic mica gneiss of almost vertical schistosity and in
parallel biotite-schist layers of varying thickness. The
eastern flank of the dam runs almost parallel to the
schistosity, whereas the central part and the western
flank are transverse to the schistosity. The wide glacial
valley is covered by a thin layer of talus material. Joints
parallel to the slope surface are superficial. Because of
these joints, an elastic cut-off was incorporated in the
central portion of the dam.

RIGHT FLANK

VALLEY BOTTOM

Elastic diaphragm wall
Bottom outlet Il
Bottom outlet |
Supporting concrete

K = JOINTING

LEFT FLANK S — SCHISTOSITY

GNEISS GNEISS STRONGLY BIOTITE- HORNBLENDE 7 FAULT <SCHISTOSITY- «JOINT-
STRATIFIED IN FOLIATED SCHISTS DIP DIP
THICK BEDS
0 50 100m
L | _!
Figure 2 Plan

Dam crest
Intake structure
Bottom outlet Il
Bottom outlet |

EERE

Access tunnel
Drainage tunnel
Support concrete west
Support concrete east
Spillway

Power intake structure

Intake structure bottom outlet
Pressure tunnel

Valve chamber

138



geismic conditions: The dam lies at a linear distance of
approx. 30 km SE of the seismically active Inn valley inan
area of low seismic intensity with a slightly rising tenden-

cy.
3 DAM

The favourable site geology permitted the construction of
2 double-curvature arch-gravity dam with the unusual
crest/neight ratio of 5.5. The horizontal sections are
elliptical, which permitted optimum fitting into the unsym-
metrical valley configuration. The stresses the full reser-
voir loading condition were calculated at 5.5 N/mm?
compression and 1.0 N/mm? tension at the foundation

rock.

The dam consists of 43 blocks, each 17 m wide. The
blocks have plain vertical joints. The dam is provided with
4 horizontal inspection galleries and a base gallery lo-
cated on the foundation rock.

The dam has two bottom outlets. Bottom outlet | is located
at the orographically left-hand flank and served as a
diversion tunnel during construction. The steel-lined bot-
tom outlet Il runs through the centre block of the dam and
serves to empty dead storage. The spillway is located on
the orographically right-hand flank. It consists of an ellip-
tical spillway with ungated crest at top storage level and
an approx. 240 m long diversion tunnel.

The upstream grout curtain originally consisted of a
vertical main curtain beneath the dam base extending to
a depth of 50 m, and a shallower secondary grout curtain
extending from the base gallery and inclined towards the
upstream.

The hearting concrete has a maximum grain size of
120 mm and 160 to 175 kg of special cement per m® ata
water/cement ratio of 0.74 to 0.68. The facing concrete
contains 230 to 250 kg of special cement per m® and has
awater/cementratio of 0.51 and an air content of 3 to 4%.
The binder is a special cement with 40 to 55% interground
blast-furnace slag and develops a heat of hydration of

Figure 4 Longitudinal section

approx. 60 cal/g. Mean concrete strengths at 180 days
were 32.3 N/mm? compression and 5.6 N/mm? bending
tension for the facing concrete, and 22.4 N/mm? com-
presssion and 4.7 N/mm? bending tension for the heart-
ing concrete. The concrete was placed in 2.45 m lifts.

Figure 3 Central cross section
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Because of the large spanin relation to its height, the dam
is monitored with a wide range instrumentation. The most
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rectand inverted pendulums extending to a depth of 80 m
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below the dam base, more than 70 extensometers lo-

cated at 7 vertical sections of the foundation, 50 uplift
pressure gauges.

4  EXPERIENCES

When top storage level was first reached in 1973, seep-
age rates of 200 I/s were measured in the middle part of
the base gallery. They are believed to have been due to
cracking in the foundation rock caused by tensile stres-
ses. To cut off this seepage water, extensive tests and
experiments were carried out, uniil eventually an elastic
diaphragm wall was constructed, imbedded in a base
vault in the base gallery extending 5 m into the bedrock
(Fig. 5). Between 1980 and 1983 the diaphragm wall was
built in a total of 11 blocks. Since then the seepage rate
at top storage level has not exceeded approx. 25 I/s.
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TAUERNMOOS GRAVITY DAM

salzburg; Stubache, Salzach
Nearest town: Uttendorf

General

Development Stubach

Power Enzinger- Schnei- Utten- Utten-
Station boden derau dorf | dorf Il
Construction

Period 1926-29 1937-40 1940-50 1988-90
Gross Head 540 m 421 m 238 m 659 m
Installed

Capacity 81 MW 35 MW 27 MW 66 MW
Mean Annual

Generation 120 GWh53 GWh 41.5 GWh 111.5 GWh
Reservoir

Catchment Area: Natural
Inflow
Diversions
Inflow

Normal Top Water Level (a.s.l.)

Minimum Operating Level (a.s.l.)

Gross Capacity

Live Storage Capacity

Area flooded by full Reservoir

22 km?

51 hm?

28 km?

61 hm?®
2023.0 m
1984.5 m

57 hm?

55 hm?

1.89 km?

SA_LZ_AEH
PSt UTTENDORF
STUBACHE
PSt SCHNEIDERAU
,‘;
PSt ENZINGERBODEN "
3 TAUERNMOOS
\ POWER SCHEME | =>e RESERVOIR
o 5%
S ;g:vv:: :B‘:rrl)%?r SYSTEM yad © ? ‘5 10|km
——___  STREAM DIVERSION ¥ e
Dam
Max. Height above Foundation 53 m
Crest Length (65 blocks) 1100 m
Thickness at the Crest 4 m
Max. Thickness at the Base 37 m
Volume: Excavation (overburden, rock) 94 000 m?
Concrete 250 000 m®
Appurtenant Works
Spillway, ungated overflow spillway, | =67 m
Capacity 108 m?/s
Bottom Qutlet, through the dam,
1.55/1.40 m dia., 2 valves
Capacity 33 m%s
Power Intake
Capacity 18 m¥/s
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1 GENERAL

The Tauernmoos dam forms part of the Stubachtal de-
velopment constructed in several stages from 1926 in
order to supply the Austrian railway system with
50/3 Hertz power. Between 1926 and 1929 the Enzinger-
boden power station and the 28 m high Tauernmoos dam
were constructed as a first stage. A second stage, com-
prising the Schneiderau power station and the 29 m high
Enzingerboden gravity dam, was constructed immediate-
ly downstream and was finally followed by the construc-
tion of the Uttendorf | stage as the lowest station of the
cascade. From 1950 to 1952, a 37 m high gravity dam
was constructed to raise the water level of Weissee, a na-
tural lake above Tauernmoos, with the aim of storing
more of the summer runoff for utilization during the winter
months. Then followed, between 1955 and 1958, the
small Salzplattensee and Amersee gravity dams 16.5 m
and 30 m high, respectively, for stream intakes.

To answer the Austrian railways’ increasing demand for
peak energy, a new Tauernmoos gravity dam 53 m in
maximum height was finally constructed immediately
below the old Tauernmoos daminthe years 196910 1973,
so that power station operation was maintained during
the whole construction period. Following partial filling to
El. 2 021 m in 1973, top water level at El. 2 023 m was
first reached in 1974. The Uttendorf Il power station
utilizes the head above Schneiderau and Uttendorf | in a
single stage.

The Stubachtal scheme mainly utilizes the runoff from the
northern slope of the Tauern mountains in the Pinzgau
region in the province of Salzburg. In addition, there are
three diversion systems to fill the reservoirs: a northern

Figure 1 Plan and geological map

system with three intakes and 6 kilometres of tunnels
entering the Weissee reservoir at El. 2 250 m; a southern
system crossing the main ridge of the Tauern mountains
at El. 2 050 m, with 6 water intakes and 10 kilometres of
tunnels; and the upper Wurfbach diversion at El. 2 200 m,
with 2 kilometres of tunnel. These diversions have in-
creased the natural catchment of the Tauernmoos reser-
voir from 22 km?2to 50 km?and the utilizable annual volume
of water yield from 51 million m® to 112 million m?;
78 million m? of the total runoff may be stored in all
reservoirs during the water-rich summer months for
utilization during the dry winter season.

2 GEOLOGY

The dam site is located in the gneiss formations, which
make up the long barrier closing the lake basinto the right,
where they are covered by a shallow overburden of mo-
raine material and debris. In the valley itself, gneiss strata
(mainly eye-gneiss) alternate with plastic phyllonitic seri-
cite schist (called Weiss-schiefer) which, although imper-
vious, involve some risk of sliding. Slight arch action ap-
peared desirable at this place to provide additional stabi-
lity against sliding. The lower right-hand dam portion
spans six open joints with chlorite-covered slickensides.

The earthquake-stability analysis was based on the as-
sumption of a horizontal acceleration of 0.35 m/s (in-
tensity VI/VIl on the Mercalli-Sieberg scale). The instru-
mentation installed has not indicated any earthquakes so
far.

3 DAM

In order to maintain power station operation through the
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construction period, the new dam was built 25 m down-
stream of the old dam to enable the work to be carried out
in a dry pit. A base gallery was provided for uplift pressure
relief and to facilitate subsequent inspection and founda-
tion treatment. Joints were grouted only in the main dam
section spanning the valley to accomplish arch action.
The right-hand dam section is undulating in alignment to
follow the crest of the barrier across the outlet of the lake
basin. The dam is located at a safe distance from the
right-hand valley flank, where the ground surface slopes
away steeply to the downstream.

The Tauernmoos dam was constructed by a joint venture
hetween Stuag - Hamberger - Hofman & Maculan -
Kunz & Co. The Elektrobauleitung Uttendorf department
of Austrian Railways was responsible for the construction
supervision.

The stability analysis was performed for a theoretical
triangle with a vertical upstream face and with the down-

Figure 2 Central cross section
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Figure 3 Longitudinal section

stream face sloping 1 to 0.70 over its upper portion and
1 to 0.74 over its lower portion. The uplift pressure as-
sumption varied from 0.85 hydrostatic pressure at the up-
stream face to zero in the gallery. Maximum compressive
stresses were calculated to be 1.2 N/mm?; the analysis
gave no tensile stress at the foundation contact. A safety
factor of 1.5 against sliding was obtained by providing a
sloping foundation surface.

Aggregate was obtained from a gneiss quarry and sepa-
rated into 6 fractions with 100 mm maximum size. Vi-
brated concrete was produced in a mixing tower with
three 1 500-| capacity pugmill mixers, placed by means of
two blondins with capacities of 6 t and 5 t, respectively,
and two tower cranes, in blocks 12 to 8 m in length, and
in 2.5 m lifts. The facing concrete varies between 2.5 and
2.0 min thickness at the upstream face and is 1.5 mthick
at the downstream face. Railway rails were used as
reinforcement in the area above the slickenside joints in
the rock barrier.

Contractionjoint keying was obtained by means of buckled-
plate formwork. Over the arched section of the dam,
contraction joints were sealed with plastic waterstops to
El. 2 005 m, upstream and downstream, and were grouted
with type 275 Partland cement and 3% bentonite, under
a maximum pressure of 5 bar.

Concrete composition and properties

Foundation treatment consisted of a single-line vertical
grout curtain with a shallower secondary grout curtain
further upstream extending 25 m deep beneath the main
dam section and 115 m deep beneath the lateral section.
The zone of slickenside joints was treated with a grout
curtain 25 m deep and inclined at 30° to the upstream.
Grout curtains cover a total area of 23 500 m? and com-
prise 7 700 m in total drill hole length. Grout was pumped
in under pressures of up to 25 bar. Mean grout accept-
ance was 41 kg per linear metre of drill hole, or 14 kg
per m? of grout curtain area. Mean grout acceptance in
the slickenside joints was 32 kg/m?, while remaining
below 10 kg/m? in the other areas.

In order to ensure pore pressure relief, wells were sunk
into the foundation rock from the base gallery, and into the
rock barrier from lateral drainage galleries. Contact grout-
ing was performed at the dam base.
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The bottom outlet is located in the highest part of the dam
(block 20). It is equipped with a shut-off valve located in
the inspection gallery and a Howell-Bunger valve for flow
control between 0 and 33 m¥/s.

Flood relief is afforded by an overflow spillway built into
the west abutment of the dam. With a clear width of 67 m,
it is capable of handling 108 m®s at 1 m surcharge and
0.5 freeboard to the dam crest.

Total discharge capacity is 140 m3/s corresponding to
4.8 m¥s.km? of natural catchment and areas directly con-
nected by diversions (upper Wurfbach and part of the
northern diversion). The original power intake, situated in
the left valley flank above the dam, withthe sillat El. 1 982 m,
was retained. The intake is equipped with coarse and fine
racks. A bent inlet tunnel continues as a 1.3 m dia. power
tunnel capable of 18 m?¥s.

4 EXPERIENCES

4.1 Dam surveillance

Direct-reading instrumentation includes 3 inverted
pendulums extending to a maximum depth of 35 m
into the foundation rock, 30 tiltmeter stations, 114
joint  metering stations, 11 extensometers,
53 thermometers, 15 teleformeters and 4 telepressmeters;
77 uplift pressure cells, and seepage flow measuring
devices in the base gallery and in the drainage and
exploration galleries.

Telemetering instrumentation includes 2 radial pendu-
lum measurements, as well as water level and air tempe-

rature measurement.

Marginal checks include the movements of the vertical

Figure 4 Displacements of the dam crest

joints (three-dimensional at the crest), base gallery drai-
nage, extensometers, pendulums (radial displacement
only in the crest gallery).

Continuous monitoring of all the main joints at crest level
allows for the first time in a gravity dam with open joints all
the monoliths to be observed. Results show that the
influence of water pressure is relatively small, while the
influence of temperature changes is comparatively large.

Geodetic measurements consist of precision levelling
over the entire length of the dam and over local sections.

Periodic visual inspection is made of the state of rock and
concrete, reservoir area, terrain downstream of the dam,
etc.

Concrete properties were investigated 12 years after
completion of the dam using comparable test cores. The
results showed that the compressive strength of the
facing concrete had increased by 73% and that of the
hearting concrete by 141%, the tensile splitting strength
of the facing concrete had increased by 91%, that of the
hearting concrete by 53% as compared with the strength
at 90 days; and the modulus of deformation of the facing
concrete had increased by 38% and that of the hearting
concrete by 54% as compared with the values at 180 days.

4.2 Experiences

This type of dam surveillance, developed during the first
years of the dam’s existence, has proved to answer its
intended purpose satisfactorily. Regular maintenance
and performance checks of all instruments and appurte-
nant works ensures that technical safety requirements
are met.
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KLAUS ARCH DAM

Upper Austria; Steyr, Enns, Danube
Nearest town: Kirchdorf

KIRCHDORF

/ STEYR

PSt KLAUS

KLAUS RESERVOIR

[ POWER SCHEME ]

O POWER STATION
POWER CONDUIT SYSTEM

MAIN TECHNICAL DATA, Chapter K, 50 (4/17)

General

Development Molin
Power Station Klaus
Construction Period 1973 -1975
Gross Head 40m
Installed Capacity 18 MW
Mean Annual Generation 72 GWh
Reservoir
Catchment Area: Natural 539 km?
Inflow 805 hm?
Normal Top Water Level (a.s.l.) 463 m
Minimum Operating Level (a.s.l.) 457 m
Gross Capacity 12.6 hm?
Flood Retention Capacity 7.8 hm?
Area flooded by full Reservoir 0.9 km?

Dam
Max. Height above Foundation 55 m
Crest Length 188 m
Thickness at the Crest 20m
Max. Thickness at the Base 9.4m
Volume: Excavation (overburden, rock) 14 500 m?®
Concrete 39 000 m?

Appurtenant Works
Spillway, ungated overflow spillway

Capacity 340 m?/s
Bottom Outlet

a) Bypass, 6.0 m dia., tunnel I=260 m,

Control gate 5.4 x 3.7 m

Capacity 400 m¥/s

b) Through the dam, 1.0 m dia. dam gate

Capacity 18 m¥/s
Power Intake

Capacity 50 m¥/s
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1 GENERAL

The Klaus hydroelectric development was originally
conceived as a first stage of the planned Molln
project, which would have included a diversion of
the river Steyr combined with a pumped storage
facility in the river Enns and a large compensating
basin. Realization of this multi-stage development
was not possible forseveral reasons, but the Klaus
unit of the development was designed to allow
economical operation even asan isolated run-of-river
station. Following a 2-year construction period, the
power station was placed in operationin 1975.

Klaus was designed as a multi-purpose facility, its main
purpose being the generation of energy as a run-of-river
station. It is equipped with two power units of different
capacities to allow for the substantial flow variations of
the river Steyr. Had the multi-purpose project been real-
ized, the smaller unit would have utilized the compensa-
tion flow. A 120 m long 4.0 m diameter power tunnel
supplies a total flow of 50 m®/s to the power units.

2 GEOLOGY

The Klaus dam was constructed in a U-shaped glaciated
valley with a fairly level bottom and medium-steep flanks.
The structure is founded on dolomite (Hauptdolomit). The
rock is thick-bedded especially in the right slope and
shows a flat to medium-steep dip towards the reservoir
basin. The bedding joints occasionally show shale fills
varying between several centimetres and tens of centi-
metres in thickness. In the right-hand slope, which faces
west, the shale fills have weathered to clay in near-

Figure 1 Geological map

surface zones. Several fractured zones, most of which
were associated with steep joints, were not considered to
have any major bearing on dam stability or on the me-
chanical properties of the rock. The valley does not follow
a fault.

Exploratory drillings revealed a perched water table inthe
foundation. In order to preserve this, the depth of the grout
curtain was limited to 15 m. In spite of the existence of a
base gallery, leakage amounts to no more than an aver-
age of 0.2 I/s.

Seismicity in the Klaus area is below average even by the
modest Austrian standards. To allow for earthquake ef-
fects on the dam, a horizontal acceleration assumption of
0.4 m/s?, based on a report by ZAMAG, Vienna, was
included in the design.

During first filling, a seismic station situated near the
power scheme recorded an increase in micro seisms at
an old well-known focus of “swarm” earthquakes. The
earthquake richest in energy had a magnitude of 2.1,
focal depths varied between 1 and 4 km. The impound-
ment had obviously released formerly latent earthquakes,
but was not their actual cause.

3 DAM

At the selected valley cross section, compact bedrock
showing no major faulting is exposed. This allowed the
design of a thin double-curvature arch dam. Some gravel
overburden had to be excavated on the right-hand slope.
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The dam abutments were embedded to a depth of no
more than 2 or 3 m into the rock flanks. The lowest point
of the dam foundation in the valley bottom is about 9 m
below ground level. An about 5 m deep scour in the pre-
glacial river bed had to be filled with a concrete plug.

The stability analysis was performed for 4 m surcharge
level, using the load distribution method with 5 cantilever
and 5 arch elements. Optimal conditions resulted for a
dam combining three different conic-section arcs. As-
sumption ofan upliftvariationfrom 0.25 hydrostatic pressure
to zero gave maximum concrete stresses of 3.9 N/mm?
compression and 0.7 N/mm?® bending tension.

The dam was poured in the period from July 1974 to April
1975 without interruption during the winter months. The
vibrated concrete was made of 220 kg type 275 Portland
cement per cubic metre, and with a mean water/cement
ratio of 0.48. Cerinol AEAK was added as an air en-
training agent. At 28 days, an average compressive
strength of 35.5 N/mm? and a bending tensile strength of
6 N/mm were obtained. Allsamplesshowedgood frost
resistance.

Dolomite-aggregate was obtained from a borrow pit on
the right-hand riverbank and was separated into 5 fractions
with 120 mm maximum size. Sand from external sources
had to be added to the 0 to 1 mm fraction.

Concrete was produced in a punched-card controlled
1 500- capacity mixer with a daily performance of

Figure 2 Plan

1 000 m?, placed by means of 2 tower cranes, in 2.5 m
lifts, and compacted by immersion vibrators. The con-
traction joints between the 12.5 m long blocks were
sealed with waterstops upstream and downstream.

A single-line grout curtain with a total area of 3 200 m?
was provided to 15 m below foundation surface against
seepage suspected to occur in the dolomite. Mean grout
acceptance was 15 kg per linear metre of drill hole, or
4 kg per square metre of grout curtain. Drainage holes
beneath the dam base and in the rock downstream of the
dam were provided to afford relief of potential uplift
pressures downstream of the grout curtain.

Following joint grouting, first filling was commenced on

April 24, 1975, and the reservoir full level was reached
two months afterwards. Since that time, the reservoir
surface has been maintained at this level, except for
short-term variations for flood retention or partial draw-
down for joint regrouting.

Flood control is effected by two facilities. Preliminary
drawdown is through a 260 m long bottom outlet tunnel
6 m in diameter. A discharge structure directs the flow
towards the natural river bed. Energy dissipation is by
aeration and by a scour that has formed in the middle of
the river channel. The 5-section ungated overflow spill-
way with a total length of 45 m ends in a stilling basin at
the toe of the dam.

Figure 3 Central cross section
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4 EXPERIENCES
4.1 Dam monitoring, instrumentation

Abundant instrumentation was provided to monitor the
dam structure. Due to the station being operated ona run-
of-river basis with a constant headwater level, several
effects on deformation behaviour can be established with
great accuracy. By means of a great number of analyses,
that instrument was selected among the great number of
temperature gauges embedded in the dam concrete
which responds with the same delay as the pendulum
indication does. This gauge supplies a “representative
concrete temperature” with which it is possible to corre-
late pendulum movements with an accuracy of less than
1 mm. A deviation of 1.5 mm already releases an alarm
at the power station control centre. Deflection due to the
water load is about 7 mm, movement resulting from
temperature effects is about 17 mm p.a. An outstanding
feature is the low coefficient of temperature expansion of
the dam concrete, which has been calculated to be
approximately 7 x 10%. Correlation between pendulum
and concrete temperature with a constant reservoir level
also reveals the run of irreversible deformation due to
shrinkage and creep. Following an amount of 4 mm in the
first year, this displacement has not exceeded 0.1 or
0.2 mm per year ever since. Total deformation so far
amounts to 6 mm.

Leakage from the drainage holes amounts to 0.2 I/s with
a full reservoir, measured in the inspection gallery at the
base of the dam.

An instrument of particular interest is a pickup for vibra-
tion measurement installed at the dam crest to measure
potential vibration caused by the spillway. The natural
frequency of the dam was determined to be 6.5 Hz by
testing during construction. Vibrations for an overflow
depth of 2m range around 10 um double-amplitude,
which is far below the limit of discernibleness. It is striking
though that vibrations of the same magnitude occur when

Figure 4 Radial deflection of the crest
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flood flow is being discharged through the bottom outlet.
There is reason to assume that dam vibration is not
caused by overflow at the crest but by energy dissipation
in the stilling basin or at the bottom outlet.

4.2 Flood events

The second important purpose of the Klaus development
is flood control for an about 40 km long reach down-
stream from the dam, ending at the town of Steyr, with its
densely populated areas and a large number of struc-
tures and buildings located within the danger zone. A
several-hour flood forecast is made on the basis of rainfall
data from the catchment. Precautions are based on the
respective 4-hour forecast. This allows the water level in
the reservoir to be drawn down in time before the arrival
of the flood wave. Abatement of the flood peak is ensured
by the reservoir volume so obtained and an additional
3 m surcharge.

Forecast data are constantly determined by the power
station computer and compared with inflows to the reser-
voir. The principal instrument data are directly transmitted
from three rainfall stations and three inflow gauges.
Designed to answer flood retention requirements, the
overflow spillway and the bottom outlet are capable of
handling 600 m¥s and 400 m?s, respectively.

Flood peaks were reduced by 25 and 30 percent, re-
spectively, during the two largest floods since the com-
missioning of the project, in 1975 and in 1977.

4.3 Tourist trade

The third feature of the multi-purpose project is the de-
velopment of the reservoir lake and its banks of great
scenic beauty as a recreation area for both the local
population and holiday-makers. 7 kmin length and holding
12,6 hm? of water, the reservoir lake is remarkable for its
canyon-like character with its steep conglomerate shores.
First landscape preservation studies were already
conducted at the stage of design and the necessary
structural measures were included in the project. For
example, a gravel borrow pit was equipped as a marina
andincorporated into a recreation centre, and a swimming
pool and a camping site were created atthe upstreamend
of the reservoir.
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KOLNBREIN ARCH DAM

Carinthia; mall, Dreu
Nearest town: Gmiind

7

MAIN TECHNICAL DATA, Chapter K, 54 /4/20

General
Power Station Galgen- Rottau  Moll-
bichl bricke
Construction Period 1971 — 1979
Gross Head 135m 1106 m 45 m
Installed Capacity
Turbine 120 MW 730 MW 41 MW
Pump 116 MW 290 MW -

76 GWh 715 GWh114GWh
71 GWh 590 GWh 52 GWh

Mean Annual Generation
of which in winter

Reservoir
6.5 km21 081.3 km?

Catchment Natural 51.3 km?

Area: Inflow 105.6 hm?® 8.3 hm®*1 023.1 hm?®
Diversions —km? 70.8km? -  km?
Inflow 116.0 hm?® 121.0hm* -  hm®
Normal Top Water Level (a.s.l.) 1902m
Minimum Operating Level (a.s.l.) 1750 m
Gross Capacity 205 hm?
Live Storage 190 hm?
Area flooded by full Reservoir 3.5 km?

\ PSt GALGENBIC}HL
\\\\ /!
KOLNBREIN RESERVOIR L \\ J
\ ~——
\
OBERVELLACH \
EQSSKAR RESERVOIR
PSt ROTTAU
[_poweRschEmE |
(] POWER STATION
0 5 10 km
e i [ (T |
Dam
Maximum Height above Foundation 200 m
Crest Length 626 m
Thickness at the Crest 7.6 m
Maximum Thickness at the Base 41.0 m
Volume: Excavation (overburden, rock) 420 000 m®
Concrete 1580000 m®

Appurtenant Works

Spillway, uncontrolled overflow spillway at the right
slope,
Capacity

Bottom Outlet, through the dam, 1.2 m dia.,
2 valves
Capacity

Power Intake
Capacity

Flushing Outlet
Capacity

138 m¥/s

50 m¥s

80 mds

28 m¥s
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1 GENERAL

Development of the Malta stream for power generation
was first envisaged in the thirties by Allgemeine Elektri-
zitdtsgesellschaft (AEG) and later by Alpenelektrowerke
AG. Construction was finally commenced in 1971. The
development was completed in 1978.

The Malta power station develops the greater part of the
hydro potential of the eastern Hohe Tauern mountain
range in three stages. The so-called upper stage com-
prises the KdInbrein seasonal-storage reservoir created
by the 200 m high Kélnbrein arch dam and the Galgen-
bichl powerstation, utilizing a total head of 198 m. The
main stage is formed by two weekly-storage reservoirs,
Gosskar and Galgenbichl, and the Rottau powerstation
working under a head of 1 106 m. This isimmediately fol-
lowed by a run-of-river station on the Méll river developing
a head of 45 m.

The catchment of the upper and main stages has an area

Figure 1 Geology

and the eastern Alpine Altkristallin (“old crystalline”). The
dam site and reservoir in the Malta valley are entirely
located in the central gneiss formations. At the base of the
KéInbrein dam, three geological zones may be distinguis-
hed according to schistosity and jointing:

— Massive granitic gneiss predominates in the western
flank and in the valley bottom.

— Bedded gneiss is exposed in the left, eastern valley
flank, and

— at the toe of the left-hand slope these two rock types
are separated by a zone of schistose gneiss.

The extensive rock mechanics investigations yielded the
following properties for the three types of rock:
These values, combined with complementary investiga-
tions, were used as a basis for the 1986 repair.

3 DAM

Detailed study of alternative designs led to the selection

MASSIVE GNEISS
BEDDED GNEISS

[F ] SCHISTOSE GNEISS

of 129 km? and a mean altitude of 2 400 m above sea-
level. 11% of this area is glaciated. The average annual
runoff corresponds to a height of 1 826 mm, the usable
annual volume of water yield is about 235 million m?. In
order to save summer runoff, which accounts for as much
as 91% of the total annual runoff, for the winter months, it
was necessary to provide for seasonal storage affording
a net capacity of 190 million m®. As the most powerful
group of power schemes in Austria, Malta generates
high-quality peak energy, mainly in winter. The develop-
ment is also used for peaking on the interconnected grid
and serves as a reserve in the case of power station
failure.

2 GEOLOGY
The Malta power development touches three large geo-

logical units occurring in the Hohe Tauern mountains,
Zentralgneis (“central gneiss”), Schieferhdille (“slate mantle”)
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of a double-curvature arch dam. The horizontal arches of
the Kdélnbrein dam correspond to cone sections, which
permitted a continous transition from hyperbolas at the
crest to circular arches in the lower dam portion.

The load distribution method gave the following max.
stresses for the reservoir full condition:

Table 1 Rock mechanical characteristics

Deformation modules Shear Angle

Geological lower | deeper | gyength | offriction

formation than 10m
kN/mm N/mm g

Massive gneiss 25 35 20 45
1 25 30 0.8 35
| Bedded gneiss E 18 20 e 4
II's 15 15 0.3 35
Schistose gneiss _s . 5 1.0 i




ORIGINAL DAM

SUPPORT DAM

o LONGITUDINAL JOINT
@ CONCRETE CONSOLES
RADIAL JOINTS @ BOTTOM OUTLET

Figure 2 Plan

9.4 N/mm?2 in a horizontal direction at the crown

1.6 N/mm? tension at the upstream dam toe in a vertical
direction and

9.0 N/mm? compression at the downstream dam toe,
normal to the dam base

Abutment forces attain a maximum 140 MN/L.m.

Dam safety against failure was calculated fromthe quotient

Figure 3 Cross section
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of compressive strength of concrete (31 N/mm?) and the
calculated maximum compressive stress (9.4 N/mm?) to
be s = 31 : 9.3 = 3.3. Model tests have confirmed these
results.

Concrete aggregates were obtained from a quarry in the
vicinity of the site. A flyash cement consisting of 70%
Portland cement 375 and 30% flyash was used. Maxi-
mum concrete temperature near the dam base was
measured to be 29 °C.

During construction 20 000 m of drill holes were sunk
and 480 t of cement was pumped into the foundation for
consolidation and imperviousness. Vertical construction
joints were grouted in four successive years, during the
months of April and May. A total amount of 860 t of grout
was injected under pressures of up to 15 bar.

Kdinbrein dam is equipped with the following appurtenant
works:

— a power intake in the left slope, 60 m upstream of the
dam, capable of a rated flow of 80 m*¥s

— an uncontrolled overflow spillway in the right slope, de-
signed to handle a flow of 138 m%s under a 50 cm
surcharge

— abottom level outlet located in the middle block of the
dam, capable of 50 m*s, and

— a flushing outlet beneath the bottom outlet, capable of
a maximum discharge of 28 m?¥s.

Bottom level outlet and flushing outlet will be continued to
the downstream face of the supporting arch as part of the
large-scale repair scheme for the Kéinbrein dam.

Spillway and bottom outlet reach a total discharge capacity

of 188 m¥s or 3.7 m*s.km? corresponding to a HQ 1000
with retention afforded by the reservoir.
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4 EXPERIENCES

4.1 Dam surveillance

The instrumentation of the dam body and adjacent foun-
dation includes plumb lines, extensometers, inclinome-
ters, piezometers, teleformeters and telepressmeters, a
seismic station as well as an acoustic emission installa-
tion with more than 2 000 reading points. The 400 most
important of them are equipped with an automated data
acquisition unit with a check for exceeding of limits, and
teletransmission systems.

4.2 Special occurrences

When the reservoir surface level had risen beyond El
1860 m above sea-level and 42 m below normal top
water level in 1978, the following observations were
made:

Figure 4 Radial displacements

convincing improvement in the overall loadbearing
behaviour of the dam was accomplished. Therefore, the
water authority imposed a limit on the filling of the reservoir
to 22 m below top water level. In close cooperation with
the Swiss Consultant Dr. Lombardiageneral repair scheme
was developed comprising the following structural
measures:

— In order to reduce the high transverse stresses (the
obligue main tensile stresses resulting from these
transverse forces are considered to be the main cause
of the oblique cracks) in the area of the highest dam
blocks, the dam will be stabilized over its lowest one-
third by providing a supporting arch with a special load
transmission system.

— For stabilizing crack zones and for restoring the im-
perviousness of the foundation, cement and artificial
resin grouting will be provided.

— To safeguard the stability of the dam with an empty
reservoir, another grouting scheme will be carried out,
which may have to be supplemented by upstream
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— The leakage flows from the drainage holes in the in-
spection galleries increased sharply, reaching values
exceeding 200 I/s, with the reservoir surface 11 m be-
low top water level, and

— uplift and joint water pressures along the downstream
half of the bases of the highest dam blocks reached
values corresponding to up to 100% of the hydrostatic
head.

To reduce these uplift pressures and seepage losses at
high reservoir surface levels, the following remedial
measures were taken in the years 1979 to 1985:

— Foundation grouting,

— temporary sealing by providing a freeze courtain in the
cracked zone in the valley bottom, which separated a
wedge-shaped part at the upstream toe from the rest of
the dam, and

— provision of an apron covering the cracked areas up-
stream of the highest dam blocks.

Althoughthe intended purpose of reducing uplift pressures
and seepage flow was reached by these measures, no
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supports.

The repair of the Kélnbrein dam was started in 1989.
Work will probably be completed by 1993, and top water
level is planned to be reached in 1994.
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ZILLERGRUNDL ARCH DAM

Tyrol; Ziller, Inn
Nearest town: Mayrhofen

MAYRHOFEN

RESERVOIR

-------

[ POWER SCHEME |

O POWER STATION o 5
POWER CONDUIT SYSTEM

STREAM DIVERSION

ZILLERGRUNDL

10 km

MAIN TECHNICAL DATA, Chapter K, 60 (5/23)

General
Development Zemme-Ziller
Power Station Hausling Mayrhofen
Construction Period 1982 - 1986 1965 - 1969
Gross Head 694 m 470 m
Installed Capacity: Turbine 360 MW 345 MW
Pump 360 MW -
Mean Annual Generation 176 GWh 426 GWh
of which in winter 160 GWh 194 GWh
Reservoir
Catchment Area: Natural 30 km?
Inflow 49 hm?
Diversions 38 km?
Inflow 61 hm?
Normal Top Water Level (a.s.l.) 1850 m
Minimum Operating Level (a.s.l.) 1740 m
Gross Capacity 89 hm?®
Live Storage 87 hm?
Area flooded by full Reservoir 1.4 km?

Dam
Maximum Height above Foundation 186 m
Crest Length (26 blocks) 506 m
Thickness at the Crest 7 m
Maximum Thickness at the Base 42 m
Volume: Excavation (overburden, rock}) 1700 000 m?
Concrete 1370 000 m?®

Appurtenant Works
Spillway

Capacity 165 m3/s
Botton Outlet

Capacity 45 m¥/s
Power Intake

Capacity 65 m¥s
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1 GENERAL

The Zillergrindl dam was intended to increase total
reservoir capacity and to extend the Zemm scheme to a
turbine capacity of 960 MW and 600 MW in the pumping
mode, with an average annual energy of 1 140 GWh.
Runoff from the natural catchment area of the Ziller
stream above the dam site in the order of 30 km? is more
than doubled by two diversion systems.

Zillergriindl dam, Hausling power station, the intake system
from Zillergriindl to Hausling, and stream diversions were
constructed between 1980 and 1987. From 1974 to 1977
the first stage of the Ziller scheme was constructed, viz.
the diversion of the Ziller stream into the Stillupp weekly
storage reservoir. The head from the reservoir level to the
Ziller diversion into the Stillupp reservoir is utilized in the
Hausling station (2 Francisturbines, 180 MW each), before
being utilized a second time in the Mayrhofen station
(6 Pelton turbines, 57.5 MW each).

The whole scheme exclusively serves the generation of
electrical energy to meet peak load demands for grid
control. Improved flood protection of the whole Ziller
valley is a positive side-effect.

2 GEOLOGY

The central portion of the Austrian Central Alps in which
the dam site is located consists of the lowest Zentral-
gneis proportions of the Pennine Tauern window, which
is shaped like a dome. The dam foundation consists of
granitic two-mica gneiss with transitions to tonalite inter-
calated with amphibolite. Bedding of the rock series is
steep to vertical. Layers of sand in the deep overburden
at the valley bottom called for a supporting structure con-
sisting of bored piles to protect excavation for the dam
foundation proper. Due to the presence of slightly opened

Figure 1 Geological map

joints with weathering phenomena and sand to clay fill
running parallel to the slopes, an extremely deep excava-
tion was necessary, especially at the right flank. A fault
several metres wide with disintegrated and mylonitised
rock runs along the downstream dam toe on the left flank
before crossing the foundation surface almost at mid-
valley. At the lower portion of the left flank a narrow
secondary fault branches off the main fault, forming an
acute angle with the foundation surface.

Seismicity: The dam is located some 35 km linear dis-
tance SE of the seismically active Inn valley in a region of
low seismic intensity and slight continuous rising.

3 DAM

On the basis of the experiences gained with the Schlegeis
andKéInbrein dams constructed before, maximum stresses
for Zillergrindl were determined as follows: 7 N/mm?
arch compression, 6 N/mm? compression perpendicular
to the rock surface, no tensile stresses upstream or only
minor ones under extreme assumptions. Parabolic at the
crest, the elliptical arches of the almost symmetrical dam
become circular in the lower dam part.

The dam exhibits a number of interesting structural fea-
tures. Upstream a concrete slab was constructed, about
15 m in width and about 7 m in height, including two
galleries. At its upstream end the grouting gallery is situ-
ated, from where the grout curtain was sunk. This means
the grout curtain is situated more than 10 m upstream of
the damin an area unaffected by dam movements. On the
dam side of the concrete slab there is an inspection
gallery. This accommodates the main sealing element
which seals off the movement joint between the static
concrete slab and the dam moving under hydrostatic
load. The inspection gallery is flooded during normal
operation, whereas the grout gallery is accessible.
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(1) Pressure tunnel
(2) Circular cells
(3) Upstream concrete apron
(4) Bottom outlet
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(5) stilling basin
(6) Klammbichl pumping station
(7) Monitoring building

(8) Attendants cabin
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Figure 2 Plan

In the upstream dam foundation a horizontal movement
joint was arranged allowing for the construction of the
concrete slab supporting the dam. In this way structural
prevention of vertical tensile stresses at the upstream
dam heel is assured.

At the left-hand flank a massive concrete plug was pro-
vided to cover the rock fault zone paralleling the dam
downstream and thus support the dam.

Figure 3 Longitudinal section

The dam consists of 26 blocks, each 20 m long at the
crest. The block joints are somewhat twisted towards the
foundation surface.

The reservoir is provided with a bottom outlet through the
dam with two slide gates. Energy dissipation is provided
by a surge chamber backfilled with earth and a stilling
basin.

Flood relief works consist of an ungated spillway on the
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left portion of the dam, discharging into a rock channel at
a safe distance of the dam. The dam comprises 6 hori-
zontal inspection galleries, one bottom gallery a quarter
into the dam base on the upstream side, which is directly
located on the rock foundation and almost extends over
the whole foundation sur-face, and a downstream inspec-
tion gallery.

The dam concrete has a maximum grain size of 120 mm
and a binding agent proportion of 170 kg per m®. The
binding material is a mixture of two thirds PZ 375 and one
third fly ash. Concrete was placed in 3 m lifts, and in
1.5 m lifts in the massive bottom zones. Almost all the
joints were provided with a pipe cooling system. To
reduce the heat of hydration the mixing water was partly
replaced by flake ice. Dam concreting was performed
between 1983 and 1985.

For dam monitoring, an extensive instrumentation system
comprising more than 1 000 gauges was installed. The
most important readings and data are transmitted to the
control centre at Mayrhofen.

4  EXPERIENCES
4.1 Dam monitoring

Initial filling of the reservoir upon completion of concreting
was in autumn 1985. In 1986 the reservoir was filled up to
El. 1820 m, in 1987 and 1988 up to El. 1 840 m and in
1989 up to EI. 1 845 m. Top water level was reached for
the first time in 1990. The main data and readings relate
to displacements of the crest and bottom of the dam and
are obtained by means of plumb lines from three measuring
diameters. These readings are automatically transmitted,
as are the data for seepage flows, permanently polled by
the dam computer, compared with limit values and stored
hourly. Long-term results are not yet available.

4.2 Special events

In 1987 a crack appeared closely above the movement
joint in an area, where the concrete could not have any
vertical tensile stresses. The crack appeared in one of the
26 blocks, immediately before the envisaged filling level
at El. 1 840 m was reached. This crack extended from
upstream to the level of the bottom gallery. Leakage was
about 150 I/s. Apart from that the overall dam behaviour
was not affected to a measurable extent by this damage.
Occurrence of such crack was due to lacking vertical
compression in the upstream zone of the block. The
unfavourable stress conditions resulted from the con-
struction history and the sealing system applied. The
crack was caused by water penetrating into a small initial
crack with a pressure of 1.6 N/mm? corresponding to the
depth of the crack below storage water level.

The crack was grouted with epoxy resin with a high
adhesive strength in two stages (with partly filled reser-
voir and with empty reservoir). A watering system was
installed, which introduces a water pressure of approxi-
mately half of the storage level at the highest vertical
section of the dam into the movement joint. Peattern of
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compressive stresses a sufficient safety against similar
cracks was achieved. No more such problems were not
neither during the periods of partial filling in 1988 and
1989 nor in 1990 with full reservoir.

Figure 4 Central cross section
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Chapter G

EMBANKMENT DAMS IN AUSTRIA
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EMBANKMENT DAMS

By W. Schober/H. Schwab*

EMBANKMENT DAMS - GENERAL

1 INTRODUCTION

All Austrian embankment dams are hydropower instal-
lations. Prior to 1960 they were built for heights of up to
25 m, with concrete dams used for higher heads. With
a growing shortage of sites for concrete dams that
would be suitable in terms of both engineering and
costs, however, greater attention was paid to embank-
ment dam projects in Austria.

Figure 1 Location of embankment dams over 25 m high

The dams were built with earth cores (ie), asphalt
concrete core membranes (ia), asphalt concrete fac-
ings (fa), and cement concrete core membranes (ic). In
Fig. 1, dam volume is represented by a circle and dam
height as a superimposed bar. The data are summa-
rised in Table 1, which also distinguishes between seal
height above ground level (HDo) and seal depth under-
ground (HDu). As can be seen from the table, dam
heights vary between 25 m and 153 m, and dam vol-
umes between 0.06 hm? and 7.1 hm?. Of the four types

100km ie
Ly g Ly o0 ]

EARTH CORE

ia ASPHALT CONCRETE CORE MEMBRANES
fa ASPHALT CONCRETE FACINGS
ic CEMENT CONCRETE CORE MEMBRANES

As can be seen in Fig.1, the twenty embankment
dams built with heights of over 25 m are primarily loc-
ated in the west and south of Austria.

* Prof. Dipl.-Ing. Dr. techn. Walter Schober
University of Innsbruck,

Technikerstrasse 13

A-6020 Innsbruck, Austria

Dipl.-Ing. Dr.techn. Helmut Schwab

Head of dams depariment,

Tiroler Wasserkraftwerke Aktiengesellschaft (TIWAG),
A-6010 Innsbruck, Austria

of sealing works, typeie was employed four times,
ia four times, fa ten times and ic twice. The full data for
ten selected dams are given in the detailed descrip-
tions at the end of this chapter.

No clear preference for a specific dam design can be
derived from the list. The most frequently used impervi-
ous element (type fa — asphalt concrete facings) was
obviously the most popular choice from 1970 to 1980,
but it has not always proved effective in coping with the
difficult conditions encountered in high mountain loca-
tions (rockfall and climatic influences).
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P 1 2 Du? V4 Year of
No. | Name Cgr\:;;ny Hr[r:ﬁjx ) H[Dn% ) H[m] ) (108 zml Tyne completion
0 Bielerdamm VIW 25 25 0.375 TE ic 1948
1 Freibach KELAG 49 41 - 0.235 TE ie 1958
2 Diessbach SAFE 36 29 — 0.165 ER fa 1963
3 Gepatsch TIWAG 153 153 - 7.100 ER ie 1965
4 Durlassboden TKW 83 83 60 2.520 TE ie 1966
] Eberlaste
(Stillupp) TKW 28 28 53 0.790 TE ia 1968
6 Wurten KELAG 51 34 15 0.265 ER fa 1971
7 Latschau Il Viw 50 18 - 0.865 TE fa 1975
8 Galgenbichl &DK 50 50 - 0.0865 TE fa 1974
9 Gosskar ODK 55 55 - 0.540 TE fa 1975
10 Oscheniksee KELAG 116 61 - 2.250 ER fa 1978
11 Hochwurten KELAG 55 50 16 0.600 TE fa 1979
12 Gross-See KELAG 57 49 - 0.740 ER fa 1978
13 Langental TIWAG 45 32 12 0.400 TE fa 1980
14 Finstertal TIWAG 150 96 - 4.500 ER ia 1980
15 Bolgenach VKW 102 92 - 1.200 TE ie 1978
16 Bockhartsee SAFE 69 31 - 0.228 ER ic 1982
17 Zirmsee KELAG 44 37 - 0.525 ER fa 1983
18 Feistritzbach
(Koralpe) KELAG 88 85 = 1.500 ER ia 1990
19 Rotglildensee SAFE 45 45 - 0.350 ER ia 1990

1) maximum dam height

2 height of seal in dam body 4) dam volume

Table 1 Main data for embankment dams over 25 m high

2 DAM DESIGN AND CONSTRUCTION

2.1 Dam design

The four dams built with an earth core (type ie) all have
central cores. Only in the case of Bolgenach fill dam
(see detailed description) is the lower half of the core
inclined to the upstream side. Core permeability varies
between k=10%m/s and 10'®m/s. The cores are
made up of well graded talus and moraine material up
to a maximum particle size of 100 mm. The cores are
built on a foundation of bedrock, with the exception of
Durlassboden fill dam (see detailed description), where
the seal extends down through a 60 m alluvion layer.

The transitional zones mainly consist of well graded
sediment deposits or talus. The fill for the shoulders is
mostly quarry material, although sediment deposits and
talus material are also used. Maximum particle size,
which used to be 1m, now seems to have been re-
duced to 75-50 cm. For the load case of rapid draw-
down, the upstream shoulder should have both high
shear strength and a permeability > k = 10* m/s. Quar-
ry materials are -primarily used to meet these require-
ments. Upstream slope protection against wave ero-
sion is normally provided in the form of riprap, while
the downstream slope is finished either with a rock
dressing layer or soil and vegetation cover.

The type ia asphaltic concrete core membrane incorpo-
rated in the Finstertal dam (see detailed description)
in 1981 was a pioneer feat of dam engineering. With
maximum nominal load at a height of 97 m, the core
membrane is 77 cm thick in the upper third, 82 cm thick
in the middle section and 94 cm in the lower section.
Another innovative feature of the Finstertal dam was
the use of mechanical placement techniques for a core
with an upstream inclination of V:H = 1:0.4.
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3) height of seal in dam foundation

Another new development is to be seen in the vertical
asphaltic concrete core built for Eberlaste dam (see de-
tailed description), which connects with a 53 m deep
clay concrete cut-off wall. At the contact with the valley
flanks, and over a length of approx. 40 m, the two seal-
ing walls now display up to 2 m vertical deformation
from the original plane of the walls.

As already mentioned, type fa was the seal of choice in
the Seventies. The advantage of this type is that it
permits the seal to be constructed independent of the
embankment and that impounding has little effect on
dam behaviour. Asphaltic concrete facings are normal-
ly laid in a single seal layer. The type fa impervious ele-
ment also offers other advantages, like the ease with
which dam height can be increased and the possibility
of using all shear-resistant materials for the em-
bankment. Seepage water drains through a dewatering
zone beneath the impervious blanket. The disadvan-
tages of the design are the vulnerability of the facings,
the difficulty of achieving a good connection with steep
valley flanks, the difficulty of locating leaks, and expo-
sure to climatic influences.

A new development of type ic is the 60 cm thick con-
crete core of Bockhartsee fill dam (see detailed des-
cription), which has a 4 mm bituminous upstream slip-
layer to prevent excessive loading of the core caused
by skin friction and to provide an additional seal.

In the case of a typeia core, the upstream transition
zone is composed of fine-grain material as an addition-
al impervious element, while the downstream transition
zone is composed of gravel and serves as a drain for
seepage flows. The shoulders and slope finishing are
identical with type ie.

The first concrete core (typeic) in Austria was built



forty years ago. The 25 m high “Bielerdamm” listed as
number 0 in Table 1 is built on a foundation of moraine
material and to that extent is exceptional for concrete
cores.

2.2 Material quarrying, treatment and placement

Even on steep slopes, quarrying the fill materials is
rarely a problem as long as the face is always worked
from top to bottom. Nevertheless the actual logistics of
a quarry can be a demanding proposition. Fig. 2 pre-
sents a section through the quarry used for the Ge-
patsch fill dam (see detailed description), which had to
be worked with a maximum face height of over 230 m.

Core material treatment usually involves screening for
removal of oversize particles. In addition, wetting or
drying is often required to achieve the desired water
content. Fig. 3 shows the screening, drying and mixing

Figure 2 Gepatsch dam: Versetz quarry

Construction of the Gepatsch dam in 1961 involved the
first use of 8-ton vibratory roller trailers to compact the
quarried rockfill material placed in 2 m lifts. This com-
paction proved inadequate, however, and settlement
in the shoulders reached 5m and more. This in turn
caused longitudinal cracking along the dam crest,
although no negative effects have been observed.

In the case of the Finstertal dam (see detailed descrip-
tion), compaction of the quarry-run rockfill material was
significantly improved by placing the fill in lifts of
0.75m and 1.0 m and by the use of 15-ton vibratory
rollers. Maximum settlement in the shoulders was only
10% of the Gepatsch figure for roughly the same dam
height but using harder quarry materials. Self-propelled
vibratory rollers or trailers have now largely replaced
the rubber-tire rollers originally used for core compac-
tion.
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plant for the Gepatsch dam, with a wobbler used to
remove the grain fraction > 80 mm, four rotary tubular
kilns for drying with a throughput of 100 t/h each, and a
mixing plant for adding bentonite to part of the core
material.

Extensive on-site and laboratory testing is performed
to ensure that material specifications are met. Tests on
the placements are normally conducted at the rate of
one test for every 200-500 m? of earth core placement,
every 2 000-5 000 m® of transition zone placement, and
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Figure 3 Gepatsch dam: screening, drying and mixing plant

every 20 000-200 000 m® of shoulder. Laboratory tests
are conducted to check grading curves, water content,
Atterberg’s limits, proctor density and sometimes shear
strength and permeability.

For the Gepatsch dam a new test to establish the den-
sity of the core was developed, which has since been
incorporated in Austrian standards as the "test body
method”. As shown in Fig. 4, up to 10 kg of the fill ma-
terial is wrapped in film or filled in a bag made of film
and buried with the fill prior to compaction. The location
of the specimen must be marked, e.g. with a red wire.
After compaction, the specimen is excavated and the
film removed. The film serves to separate the test ma-
terial from the surrounding fill and also to produce a
smooth surface. The actual compaction test is then
conducted by dipping and weighing in an oil bath. The
advantage of the test body method over conventional
substitution methods is that the result will always err on
the side of caution, i.e. relaxation in the specimen en-
sures that the result can never be an incorrectly high
density. Where a ditch has to be dug, as in the water
substitution method of density-testing, the surrounding
soils, having been prestressed through compaction, re-
lease stress forces into the ditch. The resulting reduc-
tion in the volume of the ditch can lead to an incorrect
resuit, i.e. excessively high values for density. The test
body method is only suitable for soils with at least mini-
mum cohesion.

For coarse-grained materials (e.g. quarry-run material)
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a different compaction test method was developed for
the construction of the Finstertal dam. The procedure is
illustrated in Fig. 5. First, a layer of fill material is
placed and a hollow created in the form of a pyramid
base that is square on plan. The length L1 of the side
of the square forming the bottom of the hollow should
be at least twenty times maximum patrticle size. A geo-
detic survey of the hollow is then performed on a matrix
basis, and one or two gauges are placed to measure

Figure 4 Density test using the test body method in accordance with
ONORM B 4414, T2
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settlement in the bottom of the hollow. The next step is
to fill the hollow loosely with weighed material and to
survey the surface of the fill using a matrix pattern. This
dead level is used to calculate volume Va of the loose
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Figure 5 Density test with coarse grained fill [1]

fill. Then the fill is compacted with a vibratory roller,
and the settlements measured at intervals of two pas-
ses to calculate volume Vb. The advantage of this
method is that no excavation has first to be dug, and
that the lengths L1 and L2 remain practically unchan-
ged, so that the base and top surface of the fill body
are not changed by the compaction process.

2.3 Core connection and foundation sealing works

The connection between the earth core and the pre-
pared foundation rock took the form of an approx.
10 cm thick layer of puddle clay for the Gepatsch dam,
while fine-grained core material was employed for the
core contact of the Bolgenach dam. Man-made core
materials are tied into the foundation rock by means of
cut-off walls, which can also be designed as inspection

Table 2 Main monitoring equipment in Austrian fill dams over 25 m high

galleries. In the case of earth cores, the bedrock is
sealed by means of a blanket grout and a grout curtain.
In either case grouting is normally performed from the
grouting gallery with a part of the dam load already in
place. Foundation treatment is similar for type ia and
type ic cores. For both facings and core membranes,
the cut-off wall is connected to the bedrock with tie
bolts. For contact grouting it is then possible to work at
a grouting pressure of at least 3 bar without the risk of
displacing the cut-off wall.

The more unusual solutions adopted include the allu-
vion grout curtain used for the Durlassboden dam and
a clay concrete diaphragm wall for Eberlaste dam. In
both cases the sealing works had to be carried out from
ground level before fill placement began. Difficult and
time-consuming sealing works were also required for
the left flank of the Freibach dam (see detailed descrip-
tion), namely a concrete cut-off wall and an alluvion
grout curtain.

3  MONITORING EQUIPMENT

Table 2 shows the monitoring equipment installed in
the embankment dams listed in Table 1.

Dam surveillance comprises monitoring internal and
surface deflections at the various measuring points,
pore water and earth pressures, seepage flows and the
decrease of piezometric level in the foundation zone.
Total seepage water losses are normally monitored
and the results transmitted to the control room in the
power station. Seepage monitoring is also linked to a
warning system. One solution that has been particular-
ly successful is the plumb-line shaft and monitoring
system installed in the Finstertal dam. Fourteen out of
the twenty dams also have inspection galleries or

Number of measuring stations
Deformations Stresses
No. Name of dam Dam surface Internal Pore _— T—— rzle"-‘tzef:;
water
Settlements | Deformations | Settlements | Deformations| pressure Hizachs

0 Bielerdamm?®) 24 7 3 3 44

1 Freibach 5 5 8 43

2 Diessbach 3 2

3 Gepatsch 58 58 285 285 32 51 3 20

4 Durlassboden 18 18 143 140 24 6 17 23

5 Eberlaste (Stillupp) 21 6 16 11

6 Wurten 11 6 32 32 b

7 Latschau Il 102 29 5 16 6

8 Galgenbichl 37 37 6 5 7

9 Gosskar 64 64 8 6 8 6
10 Oscheniksee 62 62 47 47 4
11 Hochwurten 3 31 34 34 4 11
12 Gross-See 25 25 22 22 4
13 Langental 22 22 11 2
14 Finstertal”) 111 111 114 118 14 83 25 13
15 Bolgenach 28 28 20 29 28 10 5 3
16 Bockhartsee®) 23 23 36 104 21 8 2
17 Zirmsee 14 14 46 20 7 1
18 Feistritzbach (Koralpe) 39 39 95 95 62 7 28
19 Rotglildensee 38 38 81 81 10 24 11 8

*) plumb-line shaft
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shafts, which are primarily used for monitoring seepage
water losses in the individual sections. They also serve
as an access point for monitoring the decrease in pie-
zometric level and for laying the lines from the pressure
transducers. They are also used for regrouting work
and as a drainage tunnel during the construction phase
in some cases and also after completion of the dam.
Given the information made available via such galler-
ies, tunnels and shafts, the high cost of the construc-
tion work must be considered acceptable.

As a matter of principle, the greatest importance is
attached to dam surveillance for all dams in Austria.
The use of the latest equipment, including new devel-
opments like the horizontal plate gauges for the Ge-
patsch dam, has ensured a high standard in dam sur-
veillance. The Finstertal embankment dam described
below is an example of a sophisticated monitoring sy-
stem [2].

Figure 6 Finstertal dam — monitoring equipment

Finstertal dam is remarkable in that it is currently the
highest rockfill structure with an asphaltic concrete core
and that its foundation area straddles a rock sill.

Accordingly, the Tiroler Wasserkraftwerke AG (TIWAG)
installed a very full surveillance system, which is des-
cribed in this report.

The overall monitoring system is designed so as to
permit reliable appraisal of the condition of the dam at
any time during construction and operation. The majori-
ty of the instruments are located at maximum cross-
section and five secondary sections, and at three differ-
ent levels, with concentrated monitoring of the zone
immediately downstream of the inclined asphaltic con-
crete core. The number of instruments installed and the
measuring techniques employed are listed in the table
in Fig. 6, which also shows instrument locations for
cross-section, longitudinal section and plan.
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3.1 Deformations

3.1.1 General

Much of the comprehensive dam surveillance system is
designed to monitor deformations. Instrumentation is
provided both for selected points on the slopes and at
the dam crest and also to monitor movements in the
interior of the dam, especially in the core area and
foundation. The large number of parameters provided
for in the monitoring system necessitated the use of a
corresponding number of different measuring tech-
niques.

3.1.2 Surface monuments and benchmarks

Geodetic methods are employed to measure deflec-
tions using a total of 110 surface monuments and
benchmarks arranged at eight profiles distributed over
the whole dam including the downstream foreland.

Monitoring provides information on the deformation
properties of the fill as well as on the effect of its S-
shaped plan and its saddle-shaped foundation contact
area, which — although mainly bedrock — also includes
some moraine overburden. For surveying the dam
slopes, 3.4 m long precast concrete surface monu-
ments were designed and embedded approx. 80% in
the fill (Fig. 7).

A recess at the protruding end of the surface monu-

ment houses a steel target (14 cm in diameter), which
was fixed in place with sealing compound after place-

Figure 7 Finstertal dam - monitoring equipment: surface monument

TARGET Dl

ment of the surface monument. The target is surround-
ed on three sides by reinforced concrete to offer pro-
tection from rock fall, especially during construction. To
reduce the weight of the surface monument, there are
cavities in the embedded portion of the precast block.

As it extends relatively far into the shoulder, this device
provides meaningful deformation data and avoids the
misleading results from tilting often produced by small
monuments with only surface contact. The crest was
fitted with benchmarks of conventional design. The sur-
face monuments installed at the Finstertal dam pro-
duce measurements that are accurate to within+/-5 mm.

3.1.3 Vertical plate gauges

Tubular gauges with sliding metal plates for measuring
dam deformations using the induction coil probe devel-
oped by Dr. Idel were first installed on a large scale in
the Gepatsch dam. In view of the success of the basic
design there, the system was used with certain modifi-
cations and improvements for the Finstertal dam, too.

Each tubular section was accurately positioned during
installation, and no subsequent twisting was observed.
In order to avoid pendulum motion in the sensors, all
the gauges were installed at a slight inclination (89°).
Out of a total of seven vertical gauges, two were
placed in the main section and five in zones above
steeply dipping foundation surfaces. Inclination is
measured with the help of an inclinometer sensor
which runs in grooves on the inside of the tubes.

3.1.4 Horizontal plate gauges

At the Gepatsch dam, the induction coil probe and the
fluid level were fed into the tube and positioned with
the help of a rope, which passed through rings within
the tube and around a return pulley at the end of the
tube before being connected to the front of the gauge.
This device worked very well at first, but in the course
of time the ropes broke as a result of pipe constrictions,
dirt accumulation and icing. For the Finstertal dam, a
number of modifications were therefore made with re-
gard to the tube material and installation, gauge feed
and fluid level.

In order to avoid the ingress of dirt and the formation of
water pockets, the tube sections were joined together
with tightly fitting coupling sleeves, and the tube sys-
tem laid to provide continuous drainage, i.e. at a slight
permanent inclination towards the tube aperture, with
allowance being made for expected settlements. The
control ropes were replaced by thin PVC rods (25 mm
external diameter, 3 mm wall thickness), which do not
require guide rings along the tube wall and therefore do
not restrict tube cross-section, so that the gauge does
not block even when the tube is squashed somewhat.
These graduated feed rods are composed of individual
pipes, which are stored in the monitoring cabin when
not in use. The first section of the feed rod is equipped
with a carrier to hold the interchangeable probe. The
rod is easily moved even in very long tubes (127 m)
and has given excellent results in practice (Fig. 8).

The actual monitoring involves measuring displace-
ments and settlements at each aluminium plate loca-
tion before proceeding to the next.

With eight gauges installed in the Finstertal dam, i.e.
six at maximum cross-section and one each to explore
the overburden and fill on the steeply sloping founda-
tion, measuring is very time-consuming. However, this
disadvantage is more than offset by the reliability and
consistency of the results as well as by the relatively
low cost of the system.
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Figure 8 Finstertal dam — monitoring equipment: horizontal plate gauge

3.1.5 Accessible plumb-line shaft

In order to monitor the inclined core membrane and the
adjoining zone, an accessible shaft, with an internal
diameter of 1.3 m, was incorporated in the dam in two
sections to take account of core inclination. In addition
to other instrumentation, the shaft houses two precision
plumb-lines permitting continuous telemetering of crest
deflections (Fig. 9).

The shaft also affords access to the central area of the
dam over its full height, permits precise monitoring for
movement at selected points by means of fluid level
settlement devices and extensometers, and provides
for central laying and the orderly arrangement of all
cables and lines from the various instrumentation hori-
zons to the central monitoring chamber.

The shaft is constructed of precast. concrete rings ini-
tially spaced 10 cm apart by means of metal bolts. The
bolts were torch cut as soon as the fill was3to4 m
above the ring, which was then kept suspended in the
fill by its double-conical shape. The shaft is backfilled

166

with moraine material to protect against seepage water.
To prevent fill material from entering the spaces be-
tween the precast concrete rings, the gaps were cov-
ered with geotextile and wire mesh.

The lower plumb-line 1 measures displacement of the
suspension point in the middle of the dam relative to
the immovable foundation rock, whereas deflection of
the crest point is composed of the readings from
plumb-lines 1 and 2 plus differential movement in the
connecting gallery. In addition, the upper suspension
point can be measured by geodetical means as a
check.

Since the plumb-lines available on the market are de-
signed for measuring only small displacements as nor-
mally found in concrete dams, it was necessary to de-
velop an additional device to meet the requirements of
an embankment dam, i.e. displacements exceeding
100 mm. The system permits exact adjustment of the
direct-reading device (co-ordiscope), the telemetering
unit and the damping-oil tank through a system of two
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Figure 9 Finstertal dam -—— monitoring equipment: details of shaft and plumb lines

frames that can be moved in the horizontal plane for
the two coordinate directions.

3.1.6 Extensometers

Strains developing between the plumb-line shaft and
the asphaltic concrete core, and also absolute dis-
placements are measured by means of two to five-fold
extensometers installed at five levels distributed over
the height of the dam. For intensified monitoring of
crest deformations, extensometer chains were installed
in a cross-sectional plane extending from the slopes to
the core wall and thus permitting continuous measure-
ment of transverse strain in the crest area.

Additional extensometer chains (one to six-fold) were
placed lengthwise in the crest to measure longitudinal
strain near the abutments and above pronounced

changes in the longitudinal profile of the foundation sur-
face. The strain gauges, designed on the vibrating-wire
principle, are totally enclosed and impervious to water
under pressure.

3.1.7 Asphaltic concrete core thickness gauge

Extensive investigations, including long-term triaxial
tests, were carried out to ascertain and test the opti-
mum mix for the asphaltic concrete core of the Finster-
tal dam. As there have been few dam surveillance re-
sults relating to such laboratory data to date, it was
decided to verify the data in the case of the Finstertal
dam by measuring for transverse strain actually occur-
ring in the core wall, and to do so without having to
pierce the core wall with the measuring device.

Accordingly, a new thickness testing device was devel-
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oped by TIWAG in collaboration with Professor F.
Brandstétter of Innsbruck University. The thickness
tester has two strong permanent magnets attached to
either side of the core wall, and the magnetic field they
create permeates the asphaltic concrete (Fig. 10).

Any variation in the thickness of the core wall creates a
corresponding variation in the magnetic field. This per-
mits measurement to within a tenth of a millimetre with
a sensor installed on the downstream side between the
core wall and the magnet.

the asphaltic concrete core wall, some of them in
groups. To permit monitoring of two-dimensional stress
conditions, four cells were carefully positioned for
measuring planes at 0°, 45°, 90° and 135°. The surplus
cell is for mutual checking and as a standby in case of
failure.

3.3 Thermometry

In view of the mean annual temperature of about 0°C
prevailing at an altitude of 2 300 m, nine Huggenberger

Figure 10 Finstertal dam — monitoring equipment: magnetic measuring device for core wall deformations
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All the components of the gauge are accommodated in
two water-tight non-magnetic tubes and are tempera-
ture-resistant up to 200 °C. 36 m? of copper netting
was installed above the thickness tester to ensure uni-
form distribution of earth currents in case of lightning.

3.1.8 Strain gauge groups

This measuring device records the local deformation
components affecting the fill material in the cross-
sectional plane. It consists of one vertical, one horizon-
tal and two 45° electrical strain gauges set in an anchor
block, the latter for mutual checking and standby in
case of a failure. The gauges have a range of 3m
each. Three out of the four groups are installed on the
downstream side, while the fourth, with full protection
from water under pressure, is located on the upstream
side. In conjunction with the earth pressure cells instal-
led at the same locations, they permit observation of
the stress-strain relations in the fill material as they
vary during construction and operation, and especially
creep and saturation behaviour.

3.2 Earth pressure cells

Monitoring stress conditions in large embankments is
now common practice, as it yields valuable information
on the behaviour of the material and the stability of the
dam.

Out of a total of 83 earth pressure cells, 56 are instal-
led on the upstream and downstream sides of the low-
est measuring horizon alone. The remaining 27 cells
are distributed on the downstream side in the vicinity of
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resistance thermometers were placed in the dam fill to
permit investigation of temperatures within the fill and
particularly in the vicinity of the core wall. Such temper-
ature data is of particular interest because of the tem-
perature-dependent deformation properties of asphaltic
concrete.

3.4 Pore water pressure

Part of the downstream shell body of Finstertal dam
and several zones in the dam foundation comprise mo-
raine material. Conventional hydraulic pressure cells
are used to monitor for excess pore water pressures.

3.5 Seismic activity

Although potential earthquake intensities for the project
area are low (MSS VI) — hence the very steep design
of the dam slopes — provision was nevertheless made
for monitoring the dynamic behaviour of the dam and
its foundations. For this purpose, two strong motion ac-
celerographs were installed, one at the crest and one in
the central monitoring chamber located in the founda-
tion, to ensure complete automatic recording of seismic
events in three planes. They were supplemented by
peak-recording accelerographs installed at three loca-
tions on the downstream slope.

3.6 Seepage water losses

Accurate identification of seepage flows is essential for
monitoring the asphaltic concrete core and its founda-
tion contact for seepage water losses, and also — in the
most unfavourable case — for locating leakages prior to



performing remedial measures. Accordingly, small
weirs were installed at intervals of 25 to 30 m on top of
the inspection gallery under the drainage zone. They
permit the separate intake, by sections of core wall
length, of seepage water passing through the core and
flowing down the inclined contact of the drainage zone
with the impervious moraine zone. The seepage flows
collected for the individual sections are measured as
they discharge into the inspection gallery. Rock seep-
age and precipitation water that would flow to the gal-

Figure 11 Finstertal dam - monitoring equipment: drainage system

lery from the lie of the terrain are diverted by concrete
walls, also intercepted separately with the help of drain
pipes, and measured in the inspection gallery (Fig. 11).

3.7 Piezometers for measuring pore water
pressures

The bedrock at the dam site consists of sound, compe-
tent and relatively impervious schistous gneiss with
amphibolite inclusions. An inspection gallery, concreted
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Figure 12 Finstertal dam - results of the large-scale shear tests

more or less flush with the dam foundation in a groove
blasted into the rock, runs underneath the whole dam
from one end of the crest to the other. The gallery also
serves as a starting base for the asphaltic concrete
core wall as well as for the vertical single-row grout
curtain and the radially arranged contact grouting.

Figure 13 Finstertal dam — surface roughening for the bedrock

The adopted design implies very short seepage paths
around the inspection gallery. Therefore, radially ar-
ranged piezometers installed at its invert and on the
two sides are used to monitor the decrease in piezo-
mefric level in this zone.

4 RESEARCH AND DEVELOPMENT

Austria has a long tradition of research and develop-
ment relating to the construction of big dams, making
the results available to an international audience via
the reports submitted to the various ICOLD congres-
ses. In addition to the valuable work conducted by the
individual hydroelectric power companies, they have
also provided funding for a research programme into
embankment dams that was established at the Institute
of Soil Mechanics, Rock Mechanics and Foundation
Engineering at Innsbruck University in 1973. To date
the following subjects have been researched or are in
progress:

Shear resistance of loose rock on foundation rock [3]
Filter criteria for geotextiles [4]

Stress conditions in fill dams with impervious
membranes [5]

Bearing capacity calculations for fill dams taking
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Figure 14 Concrete core dam with slip-layer

account of 3-D effects [6] [7]
— Concrete core membranes with slip layers [8] [9] [10]
— Load transfer in dams [11]
— Prestressed fill dams with impervious foils
— Loading on inspection galleries in embankments (in
progress)
— Stability of slopes in reservoirs (in progress) [12]

All these subjects derive from actual questions arising
during the planning or construction of fill dams in Aus-
tria. To that extent the results are directly relevant for
the practice of dam construction. The following are typi-
cal examples of the direct utilisation of the research
results.

Construction of the Finstertal dam involved fill place-
ment on extensive inclined planes of smooth rock.
Large-scale shear tests were conducted to study the in-
fluence of the surface roughness of the rock on inter-
face shear resistance, and a coefficient of roughness
was derived to express the loss of shear strength in
any material on foundation rock. Fig. 12 shows the re-

sults for the Finstertal dam, and Fig. 13 the grooves
that had to be blasted to ensure reliable load transfer to
the foundation rock. A novel feature of the work was
the fact that the laboratory tests were conducted with
rock slabs with shear areas measuring approx. 2 m2

Figure 15 Large—scale tests for developing the bituminous slip-layer
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The Bockhartsee embankment dam was the first exam-
ple of the incorporation of a concrete core membrane
with slip-layers. Fig. 14 illustrates a dam with a central
concrete core and bituminous slip-layers incorporated
to reduce the main sources of skin friction loading to an
acceptable level. This permits such cores to be em-
ployed for very high dams. The construction of the
Bockhartsee dam offered an opportunity to test the
practical application of the relevant research. All data
obtained have been carefully evaluated and are now
available for further applications. Fig. 15 illustrates the
test setup for developing the slip-layer.

The use of a physical model to demonstrate load trans-
fer transverse to the axis of a narrow valley is shown in
Figs. 16 and 17. Because of the roughness of the val-
ley flanks, a share of dam load is transferred to the
bedrock at a higher level, so that reduced stresses can
be expected at the bottom of the valley. A comparative
study using data from a physical model and FEM cal-
culations provided more accurate quantification of the
influence of surface roughness in the valley flanks. Fig.
17 shows the experimental setup with the 2-D model of
a valley section

The results obtained with FEM calculations for the

e 'i

Figure 17 Experimental setup with the 2-D model of a valley section

bearing behaviour of embankment dams were checked
by post-calculation of the stresses and deformations
measured in completed dams. Extensive post-calcula-
tions were performed for the Finstertal and Bockhart-
see dams, where monitoring has produced a particu-
larly full picture of dam behaviour. Fig. 18 shows the
results of FEM analysis based on stress path diagrams
for selected points at maximum cross-section of a pro-
jected embankment dam. The continuous lines repre-
sent the load case for deadweight and the broken lines
the load case for first filling up to maximum reservoir

Figure 16 A Load transfer transverse to the axis of the valley — model tests
Figure 16 B Load transfer transverse to the axis of the valley — FEM calculations of model behaviour
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Figure 18 Stress path diagrams for selected points

level. The straight reference lines MU relate to material
utilisation. 100% MU means that 100% use is made of
the shear strength of the material. As can be seen, this
occurs at points 5 and 6 for deadweight and at point 3
for MRL. Full material utilisation at point 3 corresponds
to the case of active earth pressure and results from
the downstream core deflection caused by water load.
It is therefore irrelevant for the stability of the dam. At
points 5 and 6, on the other hand, the load case for
MRL involves states with very low material utilisation.

As the above examples show, research and develop-
ment form an integral component of dam engineering in
Austria, and the Austrian system of close collaboration
between research and practice has produced extreme-
ly promising results for future work.

5 APPURTENANT STRUCTURES

In the case of embankment dams, it is essential to
incorporate reliable structures to prevent overflow both
during construction and on the completed structure.
This presupposes accurate calculations for the expec-
ted inflows. The decades of run-off data now available
in Austria permit the use of stochastic calculation tech-
niques. The return period for a flood event is 5000

years for the completed dam. In view of the narrow
valley locations usually involved, diversion tunnels are
normally bored for the construction site, and shafts and
tunnels are the most common solution for flood dis-
charge. The intake structures are normally designed as
morning glory or uncontrolled spillways. Bolgenach
dam (see detailed description) illustrates the less fre-
guent case of gated spillways. In this case, however,
the structures are designed to ensure that a 5 000-year
flood would not overtop the dam even if the gate mech-
anisms were to fail.

Bottom outlets are provided for rapid drawdown. In
Austria the usual practice is to provide just one deep
outlet operated with vertical lift gates or Howell- Bunger
valves. In some cases spherical valves are employed
to control outflow into the tailwater (e.g. Finstertal
dam). The size of the bottom outlet is calculated on the
basis of the discharge capacity of the tailwaters. As a
safety precaution against blockage of the bottom in-
take, additional higher level intakes are provided for
drawdown and turbine water (e.g. Gepatsch dam) and
connected to the same tunnel. Flood discharge and
drawdown can also be provided via a common tunnel.
As mentioned above, the main data for the ten selected
dams are provided in the appendix.

173



BIBLIOGRAPHY

(3]

4]

(5]

(6]

174

Rostek, R.:

Schwab, H.;
Pircher, W.:

Schober, W.;
Rostek, R.:

Schober, W;
Teindl, H.:

Schober,W.:

Schaober, W.;
Rammer, L.:

Eine Methode zur Bestimmung der Einbaudichte
von grobkdrnigen Schiittmaterialien. Bauin-
genieur 55, 1980

Monitoring and alarm equipment at the Finstertal
and Gepatsch rockfill dams. Q.52, R.64, XIV
ICOLD, Rio de Janeiro 1982

The shear resistance in the interface of the fill
material on the rock overburden and the bed-
rock. Q.48, R.56, XlIl ICOLD, New Delhi 1979

Filter criteria for geotextiles. C.20, VIl ECSFME,
Brighton 1979

A study on the behaviour of embankment dams
with diaphragms. Q.61, R.53, XVI ICOLD, San
Francisco 1988

High embankment dams in ravine-like valleys. 9/
B/5, XI ICSMFE, San Francisco 1985

[7] Schober, W.;
Hupfauf, B.:

[8] Schober, W.:

[9] Schober, W.;
Lercher, H.:

[10] Schober, W.;
Henzinger, J.:

[11]Schober, W ;
Hammer, H.;
Hupfauf, B.:

[12] Lauffer, H.;

Neuhauser, E.

Schober, W.:

The bearing behaviour of embankment dams in
narrow valleys. Q.67, R.5, XVII ICOLD, Vienna
1991

Concrete core diaphragm walls for high
embankment dams. Q.55, R.12, XIV ICOLD, Rio
de Janeiro 1982

The concrete core diaphragm wall of the
embankment dam Bockhartsee - Monitoring and
interpretation. Q.56, R.55, XV ICOLD, Lausanne
1985

Membranartige Betonkerndichtungen flr hohe
Staudamme. 5. Fachtagung Talsperrenbau,
Weimar 1984

Load transfer in embankment dams - model
testing. 11/24, Xl ICSMFE, Rio de Janeireo
1989

Uplift responsible for slope movements during
the filling of the Gepatsch reservoir. Q.32, R.41,
IX ICOLD, Istanbul 1967



ROTGULDENSEE ROCKFILL DAM

Salzburg; Mur
Nearest town: St. Michael/Lungau

MAIN TECHNICAL DATA, Chapter K, 28 (2/22)

General

Power Station
Construction Period
Gross Head

Installed Capacity

Mean Annual Generation

Reservoir

Catchment Area: Natural
Inflow
Diversions
Inflow

Normal Top Water Level (a.s.l.)

Minimum Operating Level (a.s.l.)

Gross Capacity

Live Storage

Area flooded by full Reservoir

Hintermuhr
1989-1991
601 m
2 x 34 =68 MW
67 GWh

9.78 km?
16 hm?
23.18 km?
30.4 hm?
1733 m
1670 m
15.6 hm®
14.9 hm?
0.43 km?

PSt ROTGULDEMN

ROTGULDEN
RESERVOIR

[ POWER SCHEME I

O POWER STATION
POWER CONDUIT SYSTEM
—___  STREAM DIVERSION

0 5 10 km

Dam
Maximum Height 45 m
Crest Length 273 m
Thickness at the Crest 5m
Maximum Thickness at the Base 146 m
Volume: Excavation (overburden, rock) 99 400 m?®
Embankment 346 000 m®
Appurienant Works

Spillway, trough formed overflow spillway

Capacity 79 m¥s
Bottom Outlet, steelpipe with plunger valve

Capacity 18.5 m¥s
Power Intake

Capacity 20.7 m¥s

Inspection gallery under the asphalt concrete core with
seepage water monitoring and floodwarning systems
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1 GENERAL

To ensure adequate electricity supplies for the Lungau
district, Rotglilden power station was built in 1955-57
and the lower Rotglldensee raised by approx. 15 m for
the necessary pondage. Prior to that, in 1952/53, an
8 m high embankment of talus material had been built
across the natural lake outlet to utilize the lake for re-
mote storage for the Murfall hydropower plant built in
1922,

In view of the limited degree of electrification in the
Lungau at that time and the absence of a high-voltage
transmission line to the main consumer centres in Salz-
burg Province, no further hydropower development
took place for many years. With the construction of a
110 kV transmission line for the province in the mid
seventies and growing demand for electric energy,
however, the decision was taken to achieve more
effective utilization of the hydropower potential (as
proposed by the water authority in 1957 already) and to
submit plans for the Hintermuhr scheme.

Given the small natural catchment of only 9.78 km2,
this major hydropower development necessitated the
incorporation of an extensive adduction system, com-
prising the upper reaches of the Mur (11.66 km?), the
Muritzen (8.79 km?), and the Altenbergbach (2.73 km?),
making a total catchment area of 23.18 km?.

The first construction stage, from 1982 to 1984, com-
prised two water intakes and a 6.1 km long free

Figure 1 Plan

surface tunnel for the Mur and Muritzen diversions.
This was followed in a second stage in 1989-1991 by
the construction of a rockfill dam to raise the reservoir
by approx. 23 m and a bottom outlet, with a resulting
increase in live storage to almost 15 hm?.

For the new scheme, the power tunnel and inclined
steel-lined shaft now lead from the intake structure to
an underground powerhouse at Hintermuhr instead of
to the old Rotgiildensee power station. This makes for
a gross head of 601 m compared with the original
389 m, while the increase in design capacity from
1.1 m?¥s to approx. 14 m%s is accompanied by a rise in
generating capacity from 3.1 to 68 MW.

Of the present total annual generation of about
67 GWh, approximately 27 GWh is produced in the
high-tariff winter period, representing an improvement
in the relationship between winter generation and an-
nual energy from 27% to 40%.

The development project was based on a figure of
1 500 mm for available runoff derived from various an-
nual records and the mean runoff volumes for the up-
per reaches of the Mur, together with the results of
SAFE’s own monitoring activities.

As a result of the subsequent imposition of stricter con-
servation orders and changes to minimum streamflow
requirements to reduce flood wave development in the
tailwater, available runoff has since been provisionally
reduced for the first five years of operation.
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2 GEOLOGY

The dam and the various hydropower installations are
located between the Schober and Silbereck mountains
to the north of the Hafnereck in the area of the eastern
extension of the Hohe Tauern. The geology of the rock
massif of the site comprises fine to medium grained
migmatite rock of the Rotglilden and Mureck gneiss
types.

A natural rock sill with an undulating surface located at
1700 m above sea-level and closing off an approx.
30 m deep glacial trough was used as the foundation
for the old dam, which has now been incorporated in
the new embankment.

Figure 2 Cross section
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The dam foundation contact area is made up of migma-
tite granite gneiss with local inclusions of biotite amphi-
bolites. As on the rest of the valley floor, the rock is
very compact and almost completely free from disconti-
nuities. On the right flank the rock dips NNW at a
medium-steep to steep angle, becoming very steep on
the valley floor and left flank.

The rock is sound, with significant signs of weathering
limited to a few fault zones running parallel to the val-
ley, which were excavated accordingly.

From the base of the inspection gallery, the upstream
dam foundation area comprises dense deposits of fine
and medium-grain sand with talus inclusions, reaching
a depth of about 30 m at the outermost point of the
dam toe. Primary settlement in these deposits under
increasing overload during fill placement was only ap-
prox. 20-120 mm. At the margins of the glacial trough,
sandy sediments alternate with coarse stream and
mudflow debris, and talus material. Closer to the sur-
face, the coarser grain fractions increase and include a
few individual metre-size boulders. Organic material
and zones of pronounced oxidation are also to be
found here.

In view of the close proximity of the dam to the border
of a seismic hazard zone |, dam stability was calculat-

ed on the basis of a response acceleration correspond-
ing to 4% of acceleration g, i.e. for an earthquake
intensity of 5 on the Mercalli-Sieberg Scale.

3 DAM
3.1 Design parameters

The original proposal was to raise the old Rotglilden-
see rockfill dam built in 1957, which had an inclined
asphalt concrete core and a curved boomerang shape
on plan, by 30 m — subsequently reduced to 15 m — by
adding material on the downstream side so as to permit
the whole of the new embankment to be founded on
the bedrock.

As a result of significant changes to operating require-
ments, however, e.g. the need to complete reservoir
filling by 1 July, and the equally significant develop-
ments made in dam engineering in the meantime, the
project was re-submitted with a 23 m higher normal top
water level and upstream placement of the new em-
bankment, even though that meant it would be partly
founded on old, very dense lacustrine and glacial sedi-
ments. Only the new vertical asphalt concrete core and
the subjacent asymmetrical inspection gallery are
founded on the compact bedrock. Extensive
preliminary tests were performed with the fill materials
to determine the various parameters such as angle of
friction, Proctor density, volume weight, water content,
etc., and the results used to determine the required
slope inclination, zone dimensions and lifts.

Near the left abutment there is a side channel spillway,
which is partly covered both for avalanche protection

Figure 3 Longitudinal section

() GROUND SURFACE
(d) GROUT CURTAIN
(€) BOTTOM OUTLET TUNNEL

(@) SPILLWAY TUNNEL
(b)INSPECTION GALLERY

and for aesthetic reasons. The spillway discharges into
an approx. 170 m long reinforced concrete tunnel,
which is flat-bottomed with an otherwise circular sec-
tion. The tunnel is completely covered with rockfill ma-
terial and terminates at a natural rock face near the old
lake outlet.

The approx. 700 m long bottomn outlet is provided with
a tower-shaped intake structure and an additional in-
take pipe at the level of the outlet tunnel. A concrete
plug is employed for the bottom outlet to negotiate the
dam sealing element. In addition to the 1 200 mm bot-
tom outlet pipe, the concrete plug also accommodates
the 600 mm power conduit to the old Rotglilden power
station.
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3.2 Rockfill material

The fill material for the dam body comiprised both se-
lected and random talus material in particle sizes of up
to 500 mm. The material was excavated from a talus
cone near the dam and also from the valley flanks be-
low top water level in the upstream area of the reser-
voir, so that a quarry proper was not required for Rot-
gildensee. Also, the blasted rock from the excavation
for the underground powerhouse and for the low level
outlet was incorporated in the downstream surface
zone of the embankment. The transition and filter
zones on either side of the asphalt concrete core were
constructed with selected talus material in the grain
fractions 0-100 mm upstream and 16-40 mm down-
stream.

The fill for the main zone of the downstream shoulder
was random spoil from the excavation for the power
conduit and, as already mentioned, it was covered with
blasted rock from the excavation for the underground
powerhouse. A riprap of boulders measuring
500-1 000 mm in length was laid on the upstream
slope.

The fill material was of good quality, with high block
strength and a good angle of friction.

3.3 Construction

Excavation of the sandy overburden in the area of the
inspection gallery was followed by concreting for the
gallery, with its limited tie-in with the bedrock. The next
stage was placement of the fill for the embankment,
using lifts of 0.20 m for the core transition zones and
0.8 m elsewhere. Compaction in the main dam body
required 4—6 passes of a vibratory roller with dynamic
compaction control. Continuous compaction tests were
performed, with one test series planned for every
10 000-20 000 m?® of fill comprising porosity tests,
compaction testing with the water substitution method,
and seepage testing to determine Kf in the case of
impermeable or random fill materials.

Embankment tie-in with the sandy foundation on the
upstream side was engineered in the form of a geotex-
tile drainage blanket extending into the abutments. The
same technigue was employed for the transition to the
old dam, with the original riprap left in place.
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4 EXPERIENCES
4.1 Instrumentation

A full system of instrumentation was installed, with
12 earth pressure cells for horizontal and vertical load-
ing respectively and a complete geodetic monitoring
network comprising 32 surface monuments, 7 crest
benchmarks and 10 base gallery benchmarks for regu-
lar monitoring, 5 settlement gauges and 3 horizontal
plate gauges for monitoring dam behaviour on first im-
pounding and drawdown, and 8 piezometers, 5 piezo-
meter standpipes and 10 pore water pressure cells.
Core seepage losses are measured section by section
at 9 separate points and recorded together with seep-
age water in the downstream shoulder, first of all sepa-
rately for the left and right flanks and then in total using
a measuring weir and telemetry.

4.2 Monitoring and special events

At deep levels of the trough forming the natural lake,
the granite gneiss bedrock scoured by glacial action is
covered by fluvio-glacial sediments of mixed grain and
thick layers of silty-sandy lacustrine clay sediments,
which were a source of considerable difficulty in the
construction of the bottom outlet. In the case of the up-
stream dam foundation area, on the other hand, the
dense deposits of fine-to-medium sands were of such
good quality that the planned consolidation measures
(e.g. vibratory rolling) were considered superfluous.
Nevertheless, with a sand foundation thickness of 18 m
and a maximum embankment height of about 20 m,
primary settlements of approx. 10 cm have been
recorded. Most of these settlements have probably
occurred at levels close to the bedrock. The monitoring
results required for an analysis of long-term settlement
behaviour (secondary settlement) have not yet been
collected.
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FREIBACH EARTHFILL DAM

Carinthia; Freibach, Drau
Nearest fown: Ferlach

FERLACH

| POWER SCHEME

O POWER STATION

===  POWER CONDUIT SYSTEM

PSt FREIBACH

FREIBACH RESERVOIR

MAIN TECHNICAL DATA, Chapter K, 37 (2/24)

General

Power Station
Construction Period
Gross Head

Installed Capacity

Mean Annual Generation

Reservoir

. Catchment Area

Normal Top Water Level (a.s.l.)
Minimum Operating Level (a.s.l.)
Gross Capacity

Live Storage

Area flooded by full Reservoir

Freibach
1957-1958
3335 m

15 MW
36 GWh

44 km?
729.2 m
705.0 m

5.5 hm?

5.1 hm?

0.39 km?

Dam

Maximum Height 49 m
Crest Length 150 m
Thickness at the Crest 5m
Volume: Moraine and Rockfill 230000 m?
Appurtenant Works
Spillway, uncontrolled, at dam crest

Capacity 200 m¥s
Bottom Outlet, gate-controlled pipe with

stilling basin

Capacity 8.20 m®s
Power Intake

Capacity 5.75 m¥/s
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1 GENERAL

The Freibach dam and reservoir were constructed in
1957-1959 to utilize the runoff from a catchment lying
in the Karawanken massif. Prior to the construction of
the project for the development of the Freibach stream,
there had been several small hydro stations in this
area.

Generation of energy is the only purpose of the Frei-
bach development. The reservoir is operated on a sea-
sonal basis. A limitation has been imposed on water
level fluctuations during the summer months for rea-
sons of environmental protection. The power conduit
consists of a buried hillside penstock followed by a
gallery and an above-ground penstock, which ends in
the Freibach power station immediately next to the
River Drau.

In the construction of the Freibach dam in the late fif-
ties, it was mainly the substantial geological difficulties
that constituted a great challenge, as the extensive
foundation treatment requirements had to be met with
what technology was available at that time. At the time
of construction, the Freibach dam was one of the lar-
gest embankments in Austria.

With an average precipitation depth of as much as
1800 mm p.a. on the slopes of the Karawanken
mountains, the relatively small catchment area of
44 km? allows the generation of valuable peak energy,
with about 250 hours of full-load operation p.a. The
average annual runoff is about 55 million m?, of which
more than 50%, i. e. about 30 million m?3, occurs during
the winter months.

2 GEOLOGY

To the right, the Freibach dam ties into the Jurassic

Figure 1 Geology

rocks of the northern Karawanken mountains. The left
abutment of the dam rests on a near-horizontal series
of postglacial gravels, sands and silt deposited by the
Drau glacier during the Wirm glaciation.

From the foundation of the right-hand dam abutment, in
the solid Jurassic rock, two lines of grout holes were
sunk to a depth of about 20 m. In the left dam abut-
ment, a clay diaphragm was provided that extends from
the spillway about 40 m in a westerly direction to en-
sure imperviousness in the gravel. Further to the west,
this is followed by a grout curtain sunk from a gallery to
a depth of 20 m. By means of these measures, it was
possible to reduce underseepage through the gravel.

3 DAM

Geological conditions at the dam site precluded any
alternative to an embankment. The type adopted was a
rockfill dam with an earth core. The core material,
screened for 50 mm maximum particle size, was
improved by the addition of a maximum of 2%
bentonite. The talus material for the adjacent filter and
transition zones as well as ungraded talus material for
the shoulders was obtained from a borrow in one of the
reservoir slopes. A filter layer of gravel or screened
talus material was placed on the downstream side. The
dam surface was covered with top soil and seeded. For
lengthening seepage paths, an impervious blanket of
natural material improved with bentonite was placed
upstream of the impervious core and cut-off wall. The
upstream slope was protected with riprap with rock
sizes between 100 and 800 mm.

Geological conditions at the dam site rendered founda-
tion treatment particularly difficult. Whereas on the
right-hand side it was possible to treat the rock with a
grout curtain sunk from the cut-off wall, the region of
rock debris extending approximately from the dam

700 la__,___ ————
- £

e

> ._.7729.2 Tt r:
T Zave e
toiapli o, _‘.‘9‘".":
e

£ =aijj

t{”lm 1l

Mﬂﬂm RED ROCK GRAVELS WITH SILTY MATRIX 0

—— ]
% LIASSIC LIME MARLS WITH DOGGER LIMESTONE LENSES i
/| .

eoosoee OVERTHRUST PLANE, DIPPING TOWARDS THE VIEWER (TRANSVERSE PROFILE)

R L
LT JURASSIC LIMESTONES

& 05
s S

BARENTAL CONGLOMERATE (INTERGLACIAL)

180



700

720 710 700

~ _ e
e ..-\ H .
710 k / >, = //
S
720 A i
v =
5 ~ ~
730 S
N, -
\,\. — S

740+ ~
i Sk S
|
! 700

(2) POWER INTAKE 710

(B) VALVE CHAMBER
| (©BOTTOM OUTLET
! AND ACCESS TUNNEL 720
| (d) POWER TUNNEL 730 0 50m
| (@ OUTLET STRUCTURE
| (DINSPECTION SHAFT 740
| (@SPILLWAY
Figure 2 Plan

centre-line to the left called for the provision of a foun-
dation cut-off constructed by mining methods from the
bottom upwards. Starting at the spillway and extending
to the left, a grout curtain and a sili-filled cut-off trench
were provided as impervious elements. In the light of
experience gathered during the phase of first filling,
as further foundation treatment became necessary in
the left-hand flank, an injection gallery was driven for
further grouting.

Figure 3 Cross section
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Appurtenant structures include a spillway designed to
handle a 1 000-year flood with a discharge capacity of

200 m%s. Both the overflow structure and the chute and
ski-jump were studied on hydraulic scale models and
have worked satisfactorily during 30 years of operation.

In order to allow rapid drawdown and as an emergency
facility, a bottom outlet was provided as a branch
from what originally served for diversion during con-
struction and was then converted to a power tunnel. Its
maximum discharge capacity is 8.2 m%s (two 700 mm
dia. steel pipes); it is operated by means of a sluice
valve.

4 EXPERIENCES

The dam is instrumented with a number of pore water
pressure transducers located in the cut-off wall and in
the surrounding terrain. Springs whose yield is depend-
ent on the reservoir water level for geological reasons
and which are supplied from a very large body of
ground water also serve as an indication of seepage
conditions.

It has become apparent during operation that it is main-
ly the yield of the springs in the vicinity of the dam
which provides evidence of potential changes in the
foundation. But importance is also attached to the pie-
zometers located in the left-hand flank and in the down-
stream shoulder of the dam as well as downstream of
the grout curtain.

Long years’ observation of springs, piezometers and
pore water pressure transducers has shown the water
level in the piezometers to be dependent on the reser-
voir level and spring vields to have a decreasing tend-
ency.
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Figure 4 Measuring results

In addition, 10 benchmarks are available for the obser-  BIBLIOGRAPHY
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GEPATSCH ROCKFILL DAM

Tyrol; Faggenbach, Inn
Nearest town: Landeck

_—

[ POWER SCHEME

m] POWER STATION
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____  STREAMDIVERSION

'] 5 10 km

MAIN TECHNICAL DATA, Chapter K, 39 (3/14)

General

Development

Power Station
Construction Period
Gross Head

installed Capacity

Mean Annual Generation

Reservoir

Catchment Area: Natural
Inflow
Diversions
Inflow

Normal Top Water Level (a.s.l.)

Minimum Operating Level (a.s.l.)

Gross Capacity

Live Storage

Area flooded by full Reservoir

Kaunertal
Prutz
1961-1964
861 m
392 MW
620 GWh

107 km?
125 hm?
172 km?
177 hm?
1767 m
1665 m
139 hm?
138 hm?
2.6 km?

Dam
Maximum Height 153 m
Crest Length 600 m
Thickness at the Crest 11.5 m
Maximum Thickness at the Base 420 m
Volume: Excavation (overburden, rock) 1 000 000 m?®
Embankment 7 100 000 m®

Appurienant Works
Spillway, morning glory

Capacity 250 m®/s
Bottom Outlet, 2 slide gates

Capacity 75 m¥/s
Power Intake

Capacity 48 m¥/s
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1 GENERAL

The Kaunertal power station is a high-head storage
power scheme, with the Gepatsch seasonal reservoir
located at the end of Kauner Valley and the Prutz pow-
er station in the upper Inn Valley. The scheme was
constructed in 1961-1964 for the Tiroler Wasserkratft-
werke AG (TIWAG), who produced the plans and su-
pervised the works. A system of adducts and diver-
sions was built to increase the natural catchment area
of 107 km? to a total of 279 km?, including extensive
glacier fields, which ensure a fairly constant runoff
throughout the year. The power stage has an average
gross head of 861 m. It comprises a 13.2 km long pow-
er tunnel, a two-chamber surge tank with reverse-flow
control throttle and a 1.9 km long pressure shaft. The
6 km long reservoir with an active storage of 138
million m® is created by a 153 m high embankment
dam with a central earth core of clayey talus material.

2 GEOLOGY

The Gepatsch reservoir is located mainly on a wide
formation of foliated gneiss overdeepened to a depth of

Figure 1 Foundation geology
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Table 1 Fill specifications

approx. 70 m as a result of glacial abrasion and termi-
nating in a harder formation of Augengneis (eye
gneiss). Following the last glacial period, extensive
subsidence caused deformation to parts of the slopes
of the valley basin. On first pilot filling, considerable
movement occurred in the Hochmais slopes above the
western shore, which largely ceased after a total settle-
ment of approx. 7.5 m in the subsequent impounding
period. The movement can be explained as re-activa-
tion of post-glacial slip in a flat rock body resting on
moraine material caused by uplift forces acting on the
foot of the slope submerged in the reservoir. In the
case of the other subsidence zones, slight creep was
also observed. Deformation measurements in the steep
reservoir slopes, with annual increments of 0.2 to 3 cm,
are indicative of a process of stabilization in the long
term. In order to monitor slope movements, a compre-
hensive instrumentation network was installed. In addi-
tion, four exploration galleries were driven for purposes
of geological investigation and the installation of moni-
toring equipment within the subsidence bodies. The
geology of the dam site is illustrated in Fig. 1. The
Augengneis (eye gneiss) formation traversing the val-
ley, on which the dam is partly founded, is dissected
into jointed bodies by flat-lying joints and steeply dipp-
ing joints along the length of the valley. Seepage paths
were extensive in places and required careful treat-
ment of the bedrock with contact grouting for the whole
core foundation plus a grout curtain with a maximum
depth of 100 m (grout take: 11.7 kg/m? for the contact
grout- ing, and 26 kg/m? for the curtain). A steeply dip-
ping 20-30 m wide mylonitic fault zone passes roughly
through the middle of the valley. With the exception of
the downstream zone towards the right abutment, the
two shoulders of the dam are founded on the over-
burden, which is up to 30 m thick in places.

3 DAM

The Gepatsch rockfill dam is a three-zone structure
with a central core. It has a maximum height of 153 m,
a crest length of approx. 600 m, and a fill volume of
7.1 million m®. The dam axis curves upstream. The fill
material for the shoulders was quarried in the imme-
diate vicinity of the dam site. The earth core comprises
talus materials screened for a maximum particle size of
80 mm for greater homogeneity and improved imper-

dmax, LIFT  |FILL DENSITY|POROSITY|PERMEABILITY|  ANGLE OF
ZONE MATERIAL
[mm] | [em] | [/m?] [ n[%] | k [m/s] |INTERNAL FRICTION
Talus material -10 o
(ia)Earth core with bentonite 80 30 2.34 18.3 5 x10 35
(1)Earth core Talus material 80 30 2.36 17.4 5x107° 350
(@) Transition zone | Gravel 200 60 2.41 16.0 >1x10 7 4L0°
(55 Extended Gl 200 60 2.44 14.0 >1x107° 40°
transition zone
(B9)Shell zone contact | Quarry-run material | 500 200 1,90 28.8 >1x1073 430
Quarry-run material -3 2
(3)shell zone AL ] 200 1.90 28,8 1x10 L3
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meability. A drying plant was used to reduce the water
content of the material to the optimum level for fill
placement. For the upstream side of the earth core,
10 kg bentonite was added per ton of fill material in
order to further reduce seepage from 5x 10 m/s to
5x10"®m/s. The core zone is protected against
internal erosion by thick transition zones on both up-
stream and downstream faces. These zones comprise
well graded sediment deposits taken from the reservoir
area. On the downstream side, the transition zone had
to be extended to compensate for a shortage of shoul-
der fill material. The fill material for the shoulders com-
prised hard Augengneis (eye gneiss) taken from a
200 m high quarry plus oversize particles from the
screening plant used for the core material. The transi-
tion to the filter zones comprises quarry-run material
and gravel mixed in situ. The steep embankments
(1:1.5) were given a protective rock dressing for the
upstream and downstream slopes. The earth core
zones are founded entirely on bedrock, with a founda-
tion contact comprising an approx. 10 cm manually
laid layer of plastic clay. Before the clay contact layer
was laid, the rock surface was carefully prepared by
excavating overhangs, clearing out and grouting open
joints, and cleaning with a high-pressure hose.

Figure 2 Plan and maximum cross section
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Compaction of the core material and transition zones,
where the fill was placed in lifts of 30 and 60cm
respectively, produced low porosities of 14—18.3%. For
the fill zones, the material was placed in lifts of 2 m and
compaction performed with a 8.5-ton vibratory roller.
Compaction tests revealed a porosity of 28.8%. Table
1 lists the specifications and placement data for the fill
materials. Grouting work for contact grouting and the
grout curtain was performed from a grouting gallery
running the full length of the dam. This permitted all-
year working. The bottom outlet has a discharge
capacity of 75 m¥s, and flood discharge capacity is
250 m¥s. The two appurtenant structures are located in
the bedrock of the right valley flank. During the
construction period, the 1.3 km long bottom outlet
tunnel served as a diversion tunnel. It was then
converted to a bottom outlet by fitting a control gate
with a lifting trashrack. As a safety precaution against
silting up and obstruction of the intake, an upper intake,
also protecied with a trashrack, is provided. A valve
chamber with two vertical lift gates is located approx.
320 m along the tunnel. After a further 91 m the tunnels
from the bottom outlet and the flood discharge shaft
converge, and the combined outlet discharges into a
gorge. The bellmouth spillway connects with a shaft
with a diameter of 14 m, gradually tapering to 3.4 m.
An effective head of 197 m is available for flood
discharge. The appurtenant structures also include a
number of galleries, which permits all-year access to
the grouting gallery and drainage tunnel and to the
valve chamber.

4 EXPERIENCES
4.1 Dam monitoring

For the date of construction, unusually comprehensive
monitoring equipment was installed to cover all major
aspects of dam surveillance. Particular attention was
paid to the difficult question of monitoring internal defor-
mations. The horizontal plate gauges specially devel-
oped by TIWAG for this purpose have since been
used in many subsequent projects. Surface monu-
ments and benchmarks were installed to permit moni-
toring of surface deformations and crest deflection. In
addition, a large number of earth and pore water pres-
sure gauges were installed in order to monitor
stress conditions within the fill and decrease of piezo-
metric level within the core. Compaction of the rock
foundations under dam load is measured by means of
bar extensometers extending from the core foundation
contact area into the grouting gallery. In order to be
able to monitor the lowering in piezomeiric levels
achieved with the grout curtain, holes were bored up-
stream and downstream in the rock from the grouting
gallery and fitted with pressure gauge connections.
The seepage waters draining through the whole of the
downstream shell body from the dam core and rock
foundations are channelled to a monitoring point for
total seepage water loss. Seepage water losses are
also recorded on a section by section basis. After
26 years of operation, all monitoring activities are still
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being continued, albeit to a reduced extent. Even after
many years the dam monitoring system has continued
to provide new and valuable insights.

Figure 3 I1SO-settlements and radial horizontal deflections on plan

SURFACE SETTLEMENTS [cm] 1962-1987
max.247cm
‘J\ max.318cm
100 200m

HORIZONTAL SURFACE DEFLECTIONS [cm]
1962-1987

4.2 Special events

Given a dam cross-section with core zones that are
prone to settlement in the central area flanked by stiffer
gravel zones, stress transfer from the central area was
to be expected. Extensive data from earth pressure
monitoring show that the earth core transmits up to
about 50% of its dead weight to the transition zones.
This vaulting effect, which is found in varying degrees
in almost all embankment dams of this type, has not
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caused any problems with dam behaviour. The defor-
mations recorded for the dam surface and dam interior
— some of them quite considerable with vectorial maxi-
ma of 343 and 498 cm respectively — can be explained
by the low level of compaction achieved for the quarry-
run fill material in the shoulders (Fig. 3). As a conse-
quence of saturation settlements and changing load
conditions corresponding to fluctuating reservoir levels,
the upstream shoulder is much more prone to deforma-
tion than the downstream shoulder. The transverse
strains in the central section of the dam have led to
superficial longitudinal cracking at the crest, which is
basically harmless. In the meantime, apart from a maxi-
mum creep of 2 cm in the upper third of the dam, the
movements have practically ceased. On the basis of
calculations performed with the low residual pore water
pressures measured in the earth core, the Gepatsch
rockfill dam can be described as being extremely
stable. The present low figure of approx. 11 I/s for total
seepage water losses from the core zone and the rock
foundations also confirms the excellent behaviour of the
dam.
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DURLASSBODEN EARTHFILL DAM

Tyrol; Gerlosbach, Ziller, Inn
Nearest town: Zell am Ziller
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MAIN TECHNICAL DATA, Chapter K, 42 (3/18)

General
Development Gerlos
Power Station Funsingau
Construction Period 1965-1966
Gross Head 118 m
Installed Capacity 25 MW
Mean Annual Generation 25 GWh
Reservoir
Catchment Area: Natural 45 km?
Inflow 64 hm?
Diversions 30 km?
Inflow 35 hm?®
Normal Top Water Level (a.s.l.) 1405 m
Minimum Operating Level (a.s.l.) 1360 m
Gross Capacity 53.5 hm?
Live Storage 52.0 hm?
Area flooded by full Reservoir 1.9 km?
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Dam
Maximum Height 83 m
Crest Length 470 m
Thickness at the Crest 55 m
Maximum Thickness at the Base
(including stabilizing fill) 340 m
Volume: Excavation (overburden, rock) 230 000 m®
Embankment 2 500 000 m?

Appurtenant Works
Spillway

Capacity 200 m®/s
Bottom Qutlet

Capacity 130 m¥s

(limited to 45 m¥s)
Power Intake
Capacity 26 m¥s
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1 GENERAL

1.1 Purpose

The Gerlos power station, in service since 1948, was
initially operated on a weekly storage cycle, and in
summer even as a run-of-river station. Addition of the
annual storage reservoir has substantially improved the
operation characteristics of this station, enabling it to
meet peak loads all the year round. The winter percent-
age of generation has been increased from 22% to
47%.

1.2 Hydrology

The natural catchment area ist augmented to 75 km2 by
the diversion of the Salzach and Nadernach streams
(total runoff 95 million m3).

1.3 Project development

Due to the low level of the bedrock at mid-valley (up to
136 m below the surface) the embankment type was
the only feasible solution. The poor quality fill material
available dictated a flat and sloped earthfill dam. For

Figure 1 Geology

'SISAND AND GRAVEL

TALUS MATERIAL

BEDROCK (GREEN SCHISTS
AND PHYLLITES)

technical and economic reasons the earth dam with its
impervious core in the centre and the grout curtain
does not extend down to the rock at mid-valley but
ends in the overlying silt layer, which is for the most
part impervious. Underseepage into the subjacent
gravel and sand layers was taken into account in the
design of the dam. Since the site had been judged to
be unsuitable for a dam 25 years before the Durlassbo-
den dam is an example of the progress of dam
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technology.
2 GEOLOGY

The dam site is located on the northern slopes of the
Austrian Central Alps at the northern fringe of the Pen-
nine Tauern Window. At the southern valley flank the
insitu rock consists of green schists, with medium steep
dips to the north, and black phyllites, and at the north-
ern valley flank it comprises pale green sericite phyl-
lites with gypsum intercalations, and carbonate, quartz-
ite, phyllite and calcareous schists. Over a depth of
136 m the valley is filled with several moraines, gravels
and blocks of heterogeneous composition. At 30 m to
50 m below ground there is a 6-30 m thick sandy silt
layer. The northern valley flank is charactetized by an
extensive and mainly firm landslide mass. The grout
curfain covers the landslide mass and the sandy silt
layer, extending to the moraines of the southern slope
and down into the rock foundation.

The dam is located some 28 km SE of the seismically
active Inn Valley in an area of low seismic activity.

3 DAM

3.1 Site

The dam is founded on:

— exposed green schist with minimal overburden,
which is strongly disturbed and heavily disintegrated,
at the left flank

— talus material consisting of gravels, sand and silt ex-
ceeding 100 m in thickness in the middle of the val-

ley

Figure 2 Plan
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— an extensive landslide mass of heavily disintegrated
black and calcareous phyllites at the right flank

3.2 Zones and materials

Mixed-grained talus material with a maximum grain
size of 80 mm was used for the impervious core and
the impervious apron, 2 m thick, beneath the upstream
shoulder. The core material was dried to a water con-
tent of 8%. In order to increase plasticity, 1-2% ben-
tonite was added. The upstream shoulder consists of
sandy gravel to El. 1 380 m, and of talus material above
this level. Rip-rap using boulders of not less than
350 kg in weight protects the dam face against wave
action. The rip-rap rests on a transition layer of mixed
stone material. Downstream, a 3 m thick filter zone fol-
lows the impervious core: The downstream shoulder
consists of talus material to a particle size of 1m. A
stabilizing fill with a filter layer beneath and 7 relief
wells protects the dam from failure through piping.

3.3 Foundation treatment
The grout curtain, with an area of 10 600 m? extends

60 m deep into the foundation, ending in the horizontal
silt layer. Grout consisted of a clay-cement or bentoni-

Figure 3 Cross section
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te suspension with an Algonit gel admixture to preser-
ve soil deformability. The grout holes were arranged in
8 lines, of which only three in the centre extended to
full length. Injection was in 5 m sections, grout accep-
tance averaging 3.5 m? per linear metre.

4 EXPERIENCES
4.1 Dam monitoring

The effectiveness of the grout curtain is monitored by
16 piezometers and 22 pore pressure meters. For the
measurement of hydrostatic pressures upstream and
downstream of the grout curtain, 8 drill holes on each
side were sunk from the inspection gallery, sloping up-
stream and downstream respectively. Further instru-
ments, such as measuring weirs to measure the
amount of seepage emerging in the north exploratory
tunnel and in the inspection gallery, fluid level settle-
ment systems, invar wire extensometers, pole socket
extensometers, inverted plumb lines, clinometers, joint

gauges, piezometers and geodetic measurement sys-
tems provide surveillance of the dam body. In the
downstream foreland 12 relief wells and a great num-
ber of piezometers of varying lengths were installed to
monitor underseepage and thus uplift.

4.2 Resulis

Readings in the area of the grout curtain show that
headwater pressure is reduced by about 70% in the
grout curtain. Since the grout curtain was not expected
to assure 100% pressure relief, relief wells were pro-

Figure 4 Longitudinal section
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vided downstream of the dam in the valley area, drain-
age holes were sunk from the bottom outlet tunnel at
the left flank, and the north exploratory tunnel has been
used as a drainage tunnel at the right flank. Seepage
emerging in the relief wells slightly increased during the
first few years of operation, and remained constant
during the following 10 years, before it started to
decrease about 5 years ago from 36 I/s to 28 I/s under
full hydrostatic load.

Figure 5 Seepage at top water level
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The amount of seepage of < 2 I/s in the inspection gal-
lery suggests practically no permeability for the dam
body itself since completion. The foundation beneath
mid-dam settled by 95 cm during construction, then by
another 34 cm. The mean annual rate of settlement
measured at the moment in the inspection gallery is
about less than 1cm and some 1.5cm at the crest,
declining only slowly. In contrast to this, the elastic ver-
tical movements in the bottom gallery and at the crest,
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Figure 6 Settlement bottom gallery crest

which vary with the water level, have remained more or
less constant at 2 cm during the whole period of opera-
tion.

Downstream horizontal displacement of the dam crest
at mid-dam averages about 2.5 mm per year, whereas
the amplitude, which varies with the water level, has
remained practically constant over the last 20 years.

4.3 Special events

In accordance with the dam construction plans the
seepage potential in the non-treated gravel-sand layers
at great depth is not covered by the drainage facilities
arranged in the overlying silt layer in the downstream
dam area, or only to a very reduced degree. Conse-
quently, no less than 14% of total potential is still pres-
ent at a depth of about 20 m in the tailrace, approxi-
mately 330 m downstream of the impervious element
and thus 120 m from the dam toe. According to the
report from the piezometer drillings in 1985, the defin-
ed silt horizon disappeared more and more in this
area, so that seepage ranging between 30 and 601/s
between drawdown and topwater level in the mixed-
grain gravel sand with low silt content and varying per-
meability emerges in the form of springs in the tailrace.
Safety against failure through piping has been demon-
strated, with 1.8 under full water load. In spring 1990
additional relief wells were provided in this area to in-
crease safety against uplift along with a reduction in
the number of springs emerging.
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EBERLASTE (STILLUPP) EARTHFILL DAM

Tyrol; Stilluppbach, Ziller
Nearest town: Mayrhofen

MAIN TECHNICAL DATA, Chapter K, 44 (3/23)

General

Development

Power Station
Construction Period
Gross Head

Installed Capacity

Mean Annual Generation

Reservoir

Catchment Area: Natural
Inflow
Diversions and
upper Stations
Inflow

Normal Top Water Level (a.s.l.)

Minimum Operating Level (a.s.l.)

Total Storage

Live Storage

Area flooded by full Reservoir

Zemm-Ziller

Mayrhofen

1966 — 1968
470 m
345 MW
613 GWh

61 km?
89 hm?

328 km?
478 hm?
1120 m
1106 m
8.2 hm?
6.9 hm?®
0.6 km?

PSt ROSSHAG 0L

[ POWER SCHEME ]

O POWER STATION o
POWER CONDUIT SYSTEM
____  STREAMDIVERSION

5 10 km

Dam

Maximum Height
Crest Length
Thickness at the Crest
Maximum Thickness at the Base
Volume: Excavation

Dam fill

Appurtenant works

Spillway, elliptical with ungated crest

Capacity at 2.6 m surcharge
Bottom Outlet

Capacity at top storage level
Power intake

Capacity

28 m

480 m

6 m

158 m

90 000 m?®
790 000 m?

450 m®/s

55 m3/s

92 m3/s
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1 GENERAL
1.1 Purpose

Tailwater basin for the Rosshag and Hausling power
stations, lower basin for superimposed pumped-storage
operation, and weekly-storage reservoir for the Mayr-
hofen power station. The reservoir has an important
key position between the upper station and the lower
station of the power scheme, which supplies valuable
peak-load energy.

1.2 Hydrology

Runoff from the natural catchment of the Stillupp
stream is augmented by that from the catchment above
the Rosshag and Hausling power stations as the Stil-
lupp reservoir serves as a lower basin for these sta-
tions. In addition four diversions enter the tailrace tun-
nel from Rosshag and two the tailrace tunnel from
Hausling.

2 GEOLOGY

The flanks are composed of biotite and muscovite gra-
nitic gneiss and migmatite strata dipping at about 60°
towards the middle of the valley, where drill holes
attaining a maximum depth of 125 m did not encounter
bedrock. The rock channel is filled with very heteroge-
neous sandy/gravelly river-deposited material which is
interlocked with permeable talus material and boulders
at the foot of the valley flanks.

Figure 1 Geology
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3 DAM
3.1 Site

The location of the dam was more or less dictated by
that of the power conduit. Since the alluvium prevailing
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at the dam site extends down to a depth of more than
150 m, it was impossible to accomplish an economical-
ly acceptable connection to an impervious foundation
horizon. The alluvium beneath the dam core was there-
fore sealed to a degree which prevents foundation
erosion and reduces seepage.

Figure 2 Plan
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3.2 Zones and materials

Fill material was obtained from lateral talus cones. In
the outer cones of the shoulders the talus material was
placed in its natural state; in the interior a graded
0-200 mm size mix was used. The fill material was
compacted by vibratory rollers.

Figure 3 Cross section
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For the first time in Austria, an asphaltic-concrete im-
pervious core 40 to 50 cm thick, and continuous with a
slurry-trench foundation cut-off extending to a maxi-
mum depth of 52 m, was provided. The impervious
core was subjected to substantial stresses due to
differential settlement.

The asphaltic concrete was composed of 0-25 mm



gravel with 8% limestone added and 7% type B 300 bi-
tumen, and was placed in 25 cm layers by means of a
crawler-type vehicle especially designed for this pur-
pose. Placement of the 16 500t of asphalt mix took
8 months in total. The slurry used for the foundation
cut-off consisted of soil-cement with 0—40 mm aggre-
gate, cement, bentonite, and a chemical admixture.
Quality tests and material checks during construction
were carried out in a special site laboratory.

3.3 Foundation treatment

The cut-off is intended to reduce seepage through the
foundation to a reasonable degree. Complete impervi-
ousness was not achieved because of the absence of
soil layers of uniform density. In the middle of the val-
ley, there is a 20 m deep surface layer of silts of suffi-
cient density but subject to erosion. The cut-off is 22 m
deep in this area. In the permeable cones interspersed
with boulders prevailing at the foot of the slopes, the
cut-off extends to a depth of 52 m. The slurry-trench
cut-off was preferred over a grouted one because of
the great heterogeneity of soil types and anticipated
settlement. Only the contact between slurry-trench cut-
off and bedrock on the valley slopes was grouted in
places. 14 700 m? of slurry-trench cut-off were provided
in total.

Figure 4 Longitudinal section
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For the discharge of seepage water, 15 relief wells
0.25 m in dia. and 60 m deep were sunk on the down-
stream side of the dam. In order to accomplish ade-
quate safety against ground failure, a 50 m long
stabilizing fill was placed.

3.4 Flood relief works

— Elliptical spillway with ungated crest 60 m long, sit-
uated on the right hand valley flank, followed by
6.5 m dia. diversion tunnel terminating in the bottom
outlet. Discharge capacity is 450 m%s at 2.60 m sur-
charge.

— Bottom outlet in the right-hand slope, 580 m long,
with intake at El. 1098 m, 35 m in cross sectional
area, equipped with double gate 3.5m by 2.8 m.
Discharge capacity at top storage level is 55 m3/s.

— Required total discharge is 450 m%¥s corresponding
to 5 m¥s.km? of natural catchment, plus 2 x 50 m¥s
turbine discharge from the Rosshag and the Haus-
ling power stations, plus 35 m%s = 200 I/s.km? from
the stream diversions.

3.5 Power Intake

The intake to the power tunnel is combined with the
intake to the bottom outlet and the spillway. The intake
area is 66 m*. A 4.5m by 3.8 m double gate serves as
a shut-off. The power tunnel, 5.20 m in dia., conveys
92 m?¥/s.

4  EXPERIENCES
4.1 Dam monitoring

Measurements mainly relate to underseepage, which is
monitored by 15 relief wells and 14 piezometers. Both
the seepage rate — approx. 120 I/s at reservoir surface
El. 1116 m (4 m below top water level), i.e. about one-
third of the forecast value — and the solid content are
measured. The latter dropped to almost zero during the
first year of operation. This self-sealing allowed the re-
servoir to be filled to top storage level at 1120 m in
1971, as a result of which seepage losses rose to
150 I/s. In the following years the seepage dropped to
125 1/s due to self-sealing and is now constant. The
hydrostatic pressures obtained from piezometer
measurements varied but did not exceed the permissi-
ble limits. Vertical and horizontal dam deformations are
monitored by geodetic means, with crest alignment,
traversing and precision levelling. During construction,
the foundation settled about 2.20 m in the middle of the
valley. Since the end of construction work, secondary
settlement of 20 cm has been measured. Settlement of
the dam body itself has not exceeded 10 cm, i.e. 0.4%
of dam height, since completion of the structure.

4.2 Special events
4.2.1 Pemeability in the slurry-trench cut-off

Seepage emerging from 15 relief wells is measured at
every single well and conveyed to a pipe system which
also serves as drainage for the downstream shell.
Cumulative seepage measurement is also carried out.
During the first years of operation the sum of the seep-
age volumes that emerged in the individual wells was
in agreement with total seepage. From 1974 onwards
cumulative seepage exceeded the individually mea-
sured volumes by 20 I/s. In 1975 this difference rose to
50 I/s. The content of matter suspended in the seepage
water, which was measured every two months, had not
changed and was below that of the water in the
reservoir. One of the piezometers, however, revealed a
dis-tinct pressure increase, so that the permeable
section of the slurry-trench cut-off could be localized to
a certain degree. In autumn 1976 the first drill holes
were sunk through the dam down to a depth of 35m
and spaced 15 m apart upstream of the impermeable
cut-off, and 20 observation gauges were installed along
the axis of the relief wells. Tests with coloured water
were carried out at the individual holes with a sufficient
time lag and in 5m sections. In an area exceeding
20m in width near the original ground surface the
shortest time, i.e. 10 minutes, taken to reach the
downstream relief wells or observation gauges was
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recorded, whereas in the unaffected zones it took the
coloured water about 8 hours to arrive. Thus the
leakage was clearly localized and grouting could be
carried out.

4.2.2 Sealing measures adopted

The permeable area was provided with a two-line grout
curtain consisting of 41 drill holes extending to a depth
of 36 m upstream of the existing cut-off. In the dam
body the holes were equipped with solid pipes and in
the foundation collar pipes were used. The two lines of
holes were arranged at 2.5m and 4 m from the dam
axis. The holes of each line were spaced 3 m apart. On
drawdown, which was required for other operational
reasons between mid-October and mid-November
1976, the actual grouting was finally carried out. The
grout material was a mix of cement, bentonite and wa-
ter. For the last grout pass out of three 1-1.5% sodium
silicate was added to achieve a mix of higher stiffness.
Reservoir filling and operational experiences to date
confirm the suitability of the measures taken. Piezo-
meter P 5 again indicates normal water pressures, and
the difference between total seepages measured at the
individual wells and the volume obtained from the
cumulative measuring location does not exceed the
permitted tolerance.
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OSCHENIKSEE ROCKFILL DAM

Carinthia; Fragant, Méll, Drau
Nearest town: Obervellach
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MAIN TECHNICAL DATA, Chapter K, 49 (4/7)

General
Development Fragant-Oscheniksee
Power Station Innerfragant
Construction Period 4 phases, 1971-1979
Gross Head 1186 m
Installed Capacity
Generating Mode 108 MW
Pumping Mode 100 MW
Mean Annual Generation 82.2 GWh
Reservoir
Catchment Area: Natural 1.7 km?
Diversions, Pumping 110 km?
Normal Top Water Level ( a.s.l.) 2391 m
Minimum Operating Level ( a.s.l.) 2245 m
Gross Capacity 34 hm?
Live Storage 33 hm?
Area flooded by full Reservoir 0.43 km?

Dam

Maximum Height
Crest Length
Thickness at the Crest
Volume: Rockfill
Upstream Asphalt Facing

Appurtenant Works

Spillway, uncontrolled diversion
Capacity
Bottom Outlet, gate-controlled pipe
Capacity
Power Intake
Capacity: Generating Mode
Pumping Mode

116 m

530 m

5m
2100000 m?
41000 m?

6.4 mé/s

1.5 md/s

10.2 m¥%s
11.3 m¥s
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1 GENERAL

The Fragant group of power schemes develops the
runoff from the southern slope of the Hohe Tauern and
the northern slope of the Kreuzeck mountains at
several levels. Both the power stations and the main
reservoirs were constructed in several stages designed
to meet the increasing power requirements in the
period from 1967 to 1984. At present, the Fragant
group has a maximum capacity of 334 MW and
generates an average of 549 GWh p.a. The develop-
ment includes five power stations with five large reser-
voirs and several small basins.

The main dams are situated at altitudes between 2 300
and 2500 ma.s.l. They are all embankments of more
or less the same design as the Oscheniksee dam de-
scribed below. The runoff from the Tauern massif is
conveyed in tunnels and penstocks to the Zirknitz pow-
er station at El. 1 728 m. Passing through a compen-
sating basin, the discharge from Zirknitz is utilized in
the Innerfragant main station at EI. 1 205 m, which also
receives the discharge from the Oscheniksee power
station. Discharge from Oscheniksee is finally utilized
in the Ausserfragant power station El. 713 m.

Runoff from the Kreuzeck mountains is utilized in the
Wolla power station and then may either be conveyed
to the Ausserfragant power station for utilization or di-
verted to the Innerfragant power station for pumping.
Thus, the Fragant group of power schemes offers a
wide choice for utilizing the available runoff by storage,
intermediate storage, direct utilization and pumping.

2 GEOLOGY

Grosser Oscheniksee, a natural lake, is situated on the
south-western slope of the Sonnblick massif in the
Hohe Tauern mountains. With a natural depth of
116 m, it is one of the deepest natural lakes in the
Eastern Alps.

The geological setting of the dam site is formed by very
compact granitic gneisses and granites. Fault zones
cut through the lake basin in the north-east to south-
west (longitudinal axis) and north to south directions.
Due to the high altitude of the site, scree slopes have
formed, which descend to the lake mainly from the
north-eastern mountain flank. Fossil ice found among
the boulders are glacial remnants.

The rock bar at the outlet of the lake, actually the cir-
que threshold, was used as a foundation for the em-
bankment. Oscheniksee dam rests over almost its en-
tire central area on bedrock of flat-bedded granitic
gneiss. A fault passing through the southern part of the
dam foundation was closed with a concrete plug. Both
sides of the dam tie into irregular relief formed by vary-
ing moraine materials.

A single-line grout curtain was sufficent due to the ex-
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cellent mechanical properties of the rock. lts maximum
depth is 25 m. About 70 to 75 kg of cement was pump-
ed in per linear metre of grout hole.

3 DAM
The dam was constructed between 1971 and 1979 in
four stages. The stage-wise construction scheme was

adopted in view of the relatively short construction
season at the high-level site and in order to enable im-

Figure 1 Plan
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mediate utilization of storage capacity. This concept
was a determining factor in the choice of the dam type
and the asphalt diaphragm as an impervious element
that can be extended at any time.

Parts of the foundation surfaces of the first and second
construction stages were covered to a maximum depth
of 12 m by moraine material rich in boulders. The fill
materials used for the first two construction stages, to
El. 2351 m and 2 358 m a.s.l., were first moraine ma-
terial and then quarried granitic gneiss.

During the third construction stage between 1974 and
1976 — involving a fill volume of 1 million m® — quarried
rock of high strength was the only material used.

For the final construction stage, completed in 1979, it
was necessary to pump out the natural Kleine Osche-
nik Lake situated in the contact area of the dam. First a
filter was placed in the lake basin. Then the fourth-
stage dam toe was placed in moraine material with a
maximum particle size of 1m in maximum layers of
1.3 m. The main shoulder was constructed in quarried
material and was also placed in layers of 1.3 m with a
maximum particle size of 1 m. The rockfill was com-
pacted by 450-kN (dynamic) vibratory rollers.

A filter of 50 cm thickness and a maximum particle size
of 200 mm was generally provided between the main
fill and the single-layer asphalt diaphragm. Before plac-
ing the binder course, the surface of the filter had to be
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Figure 2 Cross section with settlements and horizontal deflections

levelled and shaped with a fine-grained levelling
course. In the area of maximum dam height, the binder
course is 12 cm thick at the base and decreases to
8 cm at the crest. The void content of the binder varies
between10 and 15%; the bitumen content is about 5%.
Finally the impervious diaphragm was applied from the
top downwards, with the horizontal construction joints
dictated both by the construction stages and by the
finisher size. The maximum permissible void content
was 3%. The bitumen content was approximately
7.5%, and diaphragm thicknesses varied between 12
and 7 cm. During the final construction stage, an addi-
tional impervious diaphragm was applied over the
lower portion of the dam surface to an average
thickness of 8 cm. This brought the total thickness of
the diaphragm to 18 or 20cm in the highest dam
portion.

A concrete cut-off trench with a crawl space entirely
tied into bedrock forms the transition between the im-
pervious diaphragm and the single-line grout curtain.

Stability analysis for the embankment was based on
the assumption of an angle of friction of 38° and com-
pactness of 23 kN/m? for the moraine material, and an
angle of friction of 41 to 45° — depending on the depth
of overlying fill—and compactness of 21 kN/m? for the
quarried material.

Particular attention had to be given to the steep and
smooth natural ground surface in the area of the left-
hand downstream dam base, where fill depths tended
to be small for topographical reasons. By means of a
rock profilograph especially developed at the Innsbruck
University of Technology, the macro and micro rough-

nesses of the smooth rock surface were determined in
order to establish its shear resistance. Reduced angles
of internal friction of 35° without special roughening of
the rock surface were assumed in the analysis.

The spillway was arranged in the left portion of the dam
crest. It is an uncontrolled structure followed by a trap-
ezoidal channel and is designed for a 24-hour rain-
storm with a rainfall depth of 325 mm.

In addition, there is a discharge conduit consisting of
an adit followed by a pipe embedded in the dam shoul-
der.

4  EXPERIENCES

Seepage is measured separately by dam sections and
is discharged through the inspection gallery in the cut-
off trench and the adit. Maximum seepage flow is at
present about 51/s with a full reservoir. Six horizontal
gauges were provided to monitor the internal deforma-
tion behaviour of the embankment. Maximum settle-
ment about halfway up the dam is around 80 cm and
mainly dates from the period of construction and first
filling. Long-term settlements already show clear evi-
dence of fading.

62 benchmarks are available for observing the down-
stream slope of the dam. Horizontal and vertical
changes in position are measured twice a year. Maxi-
mum settlement at the dam crest has been 18 cm since
completion of the structure, which corresponds to
about 3%o. of the dam height of 60 m at the centre-line.
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FINSTERTAL ROCKFILL DAM
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MAIN TECHNICAL DATA, Chapter K, 57 (5/3)

General

Development Sellrain-Silz scheme
Power Station Kihtai Silz
Construction Period 1977 — 1981

394 m 1250 m
292 MW 500 MW
57 GWh 45 GWh

Gross Head
Installed Capacity
Mean Annual Generation

Reservoir
Catchment Area: Upper Stage 6 km?
Inflow 8 hm?
Lower Stage 133 km?
Inflow 153 hm?
Normal Top Water Level (a.s.l.) 2322 m
Minimum Operating Level (a.s.l.) 2220 m
Gross Capacity 60.5 hm?
Live Storage 60 hm?
Area flooded by full Reservoir 1 km?

Dam
Maximum Height 150 m
Crest Length 652 m
Thickness at the Crest 9m
Maximum Thickness at the Base 388 m
Volume: Excavation (overburden, rock) 250 000 m?
Embankment 4 600 000 m?®
Appurtenant Works
Spillway
Capacity 3 m¥s
Bottom Qutlet, 2 butterfly valves
Capacity 18.4 m%/s
Power Intake
Capacity: Generating Mode 80 m¥s
Pumping Mode 68 m?/s
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1 GENERAL

The Sellrain-Silz Power Scheme was constructed in
1977-1981 for the Tiroler Wasserkraftwerke AG
(TIWAG), who produced the plans and supervised the
works. The scheme is in two stages and utilizes high-
level drainage areas (139 km?) with a total gross head
of 1678.5 m in the northern Stubai Alps to the west of
Innsbruck. The main structure of the scheme is the
150 m high Finstertal embankment dam located at an
altitude of 2 325 m above sea-level, which creates a
seasonal reservoir with an active storage of
60 million m®. The extensive adduction system leads to
the Langental storage reservoir at an altitude of
1901 m, which is also the location of Kiihtai power sta-
tion and the 82 m deep shaft power station for the up-
per stage. The upper stage is provided with reversible
pump-turbines for pumped storage operation. The
power scheme incorporates two short pressure shafts.
The two generating sets in the lower stage power sta-
tion at Silz are among the most powerful hydropower
installations worldwide (500 rpm rated speed, 352 MVA
rated output per generator).

2 GEOLOGY

The glacial trough of the Finstertal lakes is traversed by
a steeply dipping, south-plunging series of foliated
gneisses, mica schists, hornblendic gneiss and grano-
diorite gneiss. Two rock sills are the dominant morpho-
logical feature of the reservoir area. The more souther-
ly granodiorite ridge was quarried for rockfill material,
while the sill to the north, which for the most part con-
tains a high proportion of quartz and feldspar, passes

Figure 1 Foundation geology

it

through the dam foundation area in places. More than
two thirds of the foundation contact area of the Finster-
tal embankment dam was only thinly covered bedrock,
while the remaining area, and especially the left up-
stream abutment, was covered with an overburden of
dense moraine material up to 20 m thick offering good
bearing characteristics and with narrow zones of
coarse-grained talus material. Two mylonitic fault
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zones with a maximum thickness of 3 m traverse the
axis of the dam at an obtuse angle. On the basis of
large-scale tests conducted to improve the key
between the rockfill and the smooth bedrock polished
by the abrasion of the glaciers on the steeply sloping
right upstream abutment, notches were blasted into the
rock, with a average depth of 70 cm, over an area of
approx. 20 000 m?. Although the foliated gneiss in the
foundation area generally proved to be relatively imper-
vious, a single-row vertical grout curtain up to 60 m
deep was provided to intercept every single fracture or
zone of increased permeability. Average cement up-
take in the grout curtain was 16.5 kg/m?2. This reduced
water inflow into the test boreholes to a maximum of
1 Lugeon. Contact grouting was also performed for the
zone around the inspection gallery.

3 DAM

The 150 m high Finstertal rockfill dam was built in
1977-1980, with the difficult climatic conditions at an
altitude of over 2 300 m permitting an average of only
105 placement days per year. Of the dam types investi-
gated for the site, including concrete wall designs, a
rockfill dam with asphaltic concrete core membrane
and steep slopes proved to be the most cost-effective
solution, quite apart from the ability of such a design to
harmonize well with the mountain scenery. Optimum
dam geometry with regard to embankment volume and
stability was achieved by incorporating a slight up-
stream curvature of the main body across the valley
followed by a short reverse curve to the right abutment.
An inspection gallery, concreted more or less flush with
the dam foundation in a groove blasted into the rock,
runs the full length of the dam. During construction it
served as the starting point for the asphaltic concrete
core membrane and also for the curtain and contact
grouting. With the location of the gallery only slightly
upstream of the original lake retention sill, the core
membrane, with its maximum height of 96 m, rests on
a base measuring only 37 000 m2.

The Finstertal rockfill dam is currently the highest dam
in the world with an asphaltic concrete core membrane.
Another innovative feature was the decision to place
the 50-70 cm thick core at an angle over its full height
— a significant further step in the development of this
dam type. The inclination of the core also ensures that
hydrostatic load is transmitted with optimum efficiency
in terms of deformations and stress patterns to the
larger portion of dam volume allocated to the down-
stream shoulder. Furthermore the design ensures that
the core membrane receives greater support from the
shoulders, so that the risk of undesirable deformation
behaviour in the core membrane is largely excluded.
The seven fill zones of the dam incorporate 80%
blasted material, while the rest is moraine material from
the overburden of the quarry area. The following
Table 1 lists the various specifications. for the fill
material and details of lifts and compaction.

The 3m thick upstream transition zone of screened
moraine (100 mm max. particle size) is designed to re-



ZONE MATERIAL dmax. LIFT [cm ] FILL DENSITY|POROSITY|PERMEABILITY ANGLE OF SHEAR RESISTANCE
(mm] | AND COMPACTION (t/m®] | n[%] | k[m/s] |[NTERNALFRICTION| ON BEOROCK
T ctically
. 25, vibrating finisher beam| {744 <32 h.pnmerm Ble
@Core membrane | asphaltic concrete 16 ard AEvibratery roller [ ?-:10?‘? ! _ e T
Upstream screened ; iM. 2. i 107 - -9 0140
tr%nsition zone | moraine material 100 |25, 22t vibratory roller | M. 236 | iM.20 |2x107-210 36.5°-414
DownstrEGm screened 100 |25,22tvibratory roller | i.M.216 |iM. 24 |[2x102-2x10°%| £16°—460° i
transition zone|quarry material
; : 100 ; : 5!
= M. 213 0 — S
@Blanket drain |quarry-run material| 700 T i 5 i.M. 235 >10 416° — L60°
75
(3)3hell zone quarry-run material | 700 |6x15t vibratory roller iM222 |iM.21 >107% 416°— 460° 390°_415°
{6t near core
(Egshell zone quarry-run material| 700 15[525tvibrutory roller M. 213 | iM 24 >107* 416° — 4E0° 39,0°-41.5°
100
Shell zone moraine material 700 6x 15t vibratory roller LM, 241 iM. 18 |gx108-2x10"° 365°. 4140 —_—
{6t near core)
(&) Top layer rock dressing SCIE:QOOO placed — — S
Natural ; : . .
overburden | Moraine material rolled iM 240 |iM 22 365°— £414° 349°-383°

Table 1 Fill specifications

duce seepage flow in case of leakage through the core
membrane, to provide fines to plug minor leakages and
to permit the drilling of grout holes if necessary.

Downstream from the core membrane is a 2 m thick

Figure 2 Plan and maximum cross section
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zone of crushed granodiorite (100 mm max. particle
size) with limited fines content, which serves to drain
any seepage loss water and convey it by sectors to the
inspection gallery. Apart from a 1.4 m wide section at
the connection of the core with the inspection gallery,
which was placed manually, the asphaltic concrete
core was placed with the help of a special machine.
The core and adjacent transition zones were placed in
25 cm layers and subsequently compacted simultane-
ously using a group of three vibrating finisher beams.

The four-component mix for the asphaltic concrete,
comprising 75.9% by weight crushed granodiorite
(18 mm max. grain size), 3% natural sand (0—-3 mm),
8% limestone filler (0-0.09 mm), and 6.1%—6.3% B 65
bitumen, was calculated with the help of extensive ex-
periments, laboratory tests and long-term triaxial tests,
in order to achieve an optimum result with regard to
imperviousness, crack-free deformation, shear
strength, and weathering and aging stability. On the
basis of large scale compaction tests, lifts of
0.75-1.0 m were selected for the main upstream and
downstream fill zones, and compaction performed with
6 passes of a 15-ton vibratory roller. The result was a
porosity of 18-24%, with increased compaction per-
formed on the area adjacent to the transition zones so
as to reduce the forces of deformation acting on the
core membrane. To achieve better compaction and to
partly anticipate post-construction settlement under the
influence of fluctuating reservoir levels, the upstream
shoulder was wetted with 0.5 m® of water per m? of fill.
A full quality assurance and test programme was elab-
orated to ensure consistent results in the asphaltic
concrete core and all fill zones. In view of the short
construction period and the additional constraints im-
posed by frequent bad weather periods, the construc-
tion schedule was very tight, involving a labour force of
up to 390 and a fleet of construction vehicles and ma-
chines with a total output of 24 700 kW. The average
daily volume of fill placed was approx. 9 700 m?, with a
maximum daily placement of 21 000 m®. For the as-
phaltic concrete core the average daily placement rate
was 70 m®, with a maximum of 149 m®. In view of the
small catchment area and its pronounced retention ca-
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pacity, a flood water discharge capacity of only 3 m¥s
is provided in the form of a covered chute spillway at
the left extremity of the dam crest leading to a concrete
pipe. An intake tower 30 m upstream from the dam
footing is designed for a maximum discharge of 80 m%/s
and pumped water throughput of 68 m*s. A 230 m long
intake tunnel, from which the bottom outlet branches
off, connects the tower with the combined valve cham-
ber, which is fitted with two butterfly valves for each
tunnel. The chamber can be reached via an access
tunnel, and the tunnel mouth is the location of a control
valve for the bottom outlet pipe laid in the tunnel floor.

4 EXPERIENCES
4.1 Dam monitoring

A full dam surveillance system was installed to provide
reliable appraisal of the condition and behaviour of this
high dam at all times. Instrumentation is located over
five different levels in one principal section and five
secondary sections and comprises a total of 793 meas-
uring points for monitoring external and internal defor-

Figure 3 1SO-settlements

SURFACE SETTLEMENTS [cm]

1977-1989

MAXIMUM CROSS-SECTION SETTLEMENTS
[em] 1977-1989

mations, pore water pressures, earth pressures, tem-
perature distribution, response acceleration, and seep-
age water losses. An accessible shaft was incorporat-
ed in the dam to permit surveillance of the core and
surrounding areas. It is constructed of precast con-
crete rings embedded independently of each other in
the fill in two staggered sections to take account of the
inclination of the core membrane. The shaft accommo-
dates two precision plumb-lines permitting continuous
telemetering of crest and centre zone deflections and
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the orderly routing and arrangement of all lines and
cables to the central monitoring chamber. Above all, it
affords access to the central area of the dam over its
full height, thus allowing precise monitoring of selected
points in the core membrane by means of fluid level
settlement devices, extensometers and a new type of
magnetic deformation gauge developed by TIWAG in
collaboration with Innsbruck University. The system
permits changes in the thickness of the asphaltic con-
crete core to be measured to within a tenth of a milli-
metre. Any leaks or seepage in the core can be ac-
curately localized thanks to structural measures per-
mitting section by section capture of core seepage
water in sections of 25 to 30 m.

4,2 Special events

The trouble-free operation of the Finstertal dam over
the last ten years and the good results achieved with
the asphaltic concrete core membrane are clear confir-
mation of the soundness of the design principles on
which it is based. Surface deformations, with maximum
settlements of 20-25 cm (Fig. 3) and maximum hori-
zontal deflections of 15cm, are of a magnitude that
would hardly have been considered possible with ear-
lier rockfill dams of such a height. As expected, the
2-4 cm thickening of the core observed during first fill-
ing quickly disappeared as a result of the support pro-
vided by the carefully compacted shoulders. No signifi-
cant redistribution of stresses was observed. Total
seepage water losses through a 37 000 m? core mem-
brane surface were only 9l/s on first filing, and de-
clined to 3.5 I/s by the end of 1989.
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BOLGENACH EARTHFILL DAM

vorariberg; Bolgenach, Bregenzer Ache, Lake Constance

Nearest town: Bregenz

.

MAIN TECHNICAL DATA, Chapter K, 58 (4/23)

General

Power Station
Construction Period
Gross Head

Installed Capacity

Mean Annual Generation

Reservoir

Catchment Area: Natural
Inflow
Diversions
Inflow

Normal Top Water Level (a.s.l.)

Minimum Operating Level (a.s.l.)

Gross Capacity

Live Storage

Area flooded by full Reservoir

Langenegg
1975 - 1979
280 m
80 MW
227 GWh

89 km?
169 hm?
98 km?
183 hm?
7442 m
690.0 m
8.7 hm?
8.4 hm?
0.3 km?

BREGENZ @
O

BOLGENACH ****%
ESERVOIR :

POWER SCHEME |

] POWER STATION
(1] 5 10 km
= POWER GONDUIT SYSTEM
____ STREAMDIVERSION

Dam
Maximum Height 102 m
Crest Length 240 m
Thickness at the Crest 6m
Maximum Thickness at the Base 315 m
Volume: Excavation (overburden, rock) 150 000 m?
Embankment 1350000 m®

Appurienant Works
Spillway, gated overflow weir

Capacity 450 m¥/s
Bottom Qutlet, 2 slide gates

Capacity 100 m%/s
Power Intake

Capacity 32 m¥/s
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1 GENERAL

The Bolgenach dam and the reservoir impounded by it
form part of the Langenegg development.

The decision on the construction of the Langenegg de-
velopment was taken in 1971, following extensive plan-
ning studies. In the spring of 1973, Vorarlberger
Kraftwerke AG as the utility responsible for electricity
supply in the region signed a contract with Vorarlber-
ger Jllwerke AG for the design and construction of the
project. Work was commenced early in the summer of
1975. First power was generated in spring 1979.

The Langenegg power station develops the flows of the
Bolgenach stream and the diverted Subersach stream
under a total head of about 280 m. The long-term aver-
age annual runoff of 2 000 mm makes the catchment
area above the Bolgenach reservoir one of the regions
of highest precipitation in the Eastern Alps.

The Subersach stream is impounded at the intake to a
depth of some 12 m. The weir is a gravity structure with
a maximum height of about 19 m, diverting an average
annual 183 million m® of water from a catchment of
about 98 km? to the Bolgenach stream through an
about 3.7 km long free-surface gallery.

The Bolgenach dam is an embankment with an imper-
vious core constructed in a post-glacial gorge cut by
the Bolgenach stream. Flood relief is provided by a
bottom outlet as well as by a spillway consisting of an
overflow section with a crest gate, an inclined shaft
and a gallery. Energy dissipation is via a stilling basin.

Power water is conveyed from an intake works on the
left-hand bank to a valve chamber equipped with a
gate. This is followed by the Bolgenach pressure shaft
about 270 m in inclined length, the low-level Rotenberg
pressure tunnel about 5370 m in length, the Langen-
egg pressure shaft about 45 m in inclined length and a
manifold. The power conduit is about 5920 m in total
horizontal length.

The powerhouse is located underground on the right-
hand bank of the Bregenzer Ache stream in a sand-
stone rib of the “Baustein” zone. This site was selected
for geological reasons. The electrical and mechanical
equipment consists of two vertical-shaft Francis
turbines with a 43-MVA generator each. The power sta-
tion is telecontrolled and monitored from the control
centre at Bregenz.

2 GEOLOGY

The reservoir and the greater part of the Bolgenach
catchment above the dam as well as the pressure tun-
nel and the powerhouse are situated in the Subalpine
Molasse of Vorarlberg. The narrow postglacial Bolgen-
ach gorge was cut by the stream into a U-shaped val-
ley carved by glacial erosion. It is for this reason that
unconsolidated material as is normally left from the gla-
cial period and its stages of retreat, such as moraines
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and subglacial sediments, is lacking in this gorge.

At the dam site, the gorge narrows due to the pres-
ence of five thick conglomerate and sandstone ribs
separated by marl layers up to 20 m in thickness trav-
ersing the valley at the boundary between the marine
molasse and the lower lacustrine molasse. Detailed
mapping of the dam site included an accurate survey of
structural features such as stratification and jointing.
This gave the following sequence, listed from north to
south (Fig. 1).

There is seismological evidence that the dam site has

Figure 1 Foundation geology
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been affected by frequent earthquakes. The probable
upper limit has been determined to be an earthquake
intensity of 6.5° on the Mercalli-Sieberg scale with an
average return period of at least 1 000 years.

3 DAM

The design of the dam had to make allowance for
some unusual features of the site. These were mainly
the narrowness of the gorge and the difficult access,
the alternation of rocks of different strength and per-
meability in the foundation and the irregular ground sur-
face profile in the longitudinal direction of the valley.
Additional limitations came from the relatively small
storage available with the resulting filling and draw-
down speeds, the impossibility of providing a lateral
spillway as well as the forested catchment area result-
ing in floods with floating timber.



Eill material for the dam was obtained from unconsoli-
dated material in the immediate vicinity of the site. The
shoulders were constructed of gravel of low permeabili-
ty, the core of dense ground moraine material. Both
gravel and moraine are mixed-grained and lend them-
selves to compaction. The bulk densities reached dur-
ing placement were 2.37 t/m® and 2.22 t/m® respective-
ly, well above the simple Proctor density. The gravel
was placed with a moisture content somewhat below
optimum to reduce deformations, whereas the moraine
material was placed with a moisture content slightly
above optimum to enhance deformability. The up-
stream dam face was stabilized with conglomerate and
sandstone riprap.

The impervious core of the embankment ties into a
20 m thick marl layer. For optimal embedding, the core
is angled in elevation and curved in plan. The founda-
tion contact of the core was provided with an about
10 cm thick layer of moraine material (less than 30 mm
in particle size) with 3% bentonite added.

Overburden stripping for the foundation of the core in
the gorge walls was carried out by caterpillars sus-
pended from rope capstans. The high and partly over-
hanging sandstone and conglomerate cliffs had to be
stabilized with prestressed anchors monitored by
appropriate instrumentation. Over the foundation sur-
face of the core, the waste mantle was carefully
removed with an Alpine-Miner excavator and the fresh-
ly exposed ground surface was immediately protected
from drying by placing the connection layer of moraine
material with bentonite added.

A wobbler plant was installed to screen stones larger
than 90 mm from the moraine material. This also
proved efficient in ensuring uniform addition of water.
The material was placed in layers 20 cm deep and
compacted by 9-ton sheepsfoot rollers.

As placement proceeded, the planned grouting opera-
tions beneath the core were undertaken with particular
care from the inspection gallery and the inspection
shaft. Faulted marl areas that had been left in the foun-
dation were included in the grouting scheme.

During construction, the Bolgenach stream was
diverted through a gallery which subsequently became
part of the bottom outlet and spillway structures. The
authorities had required a 5 000-year flood to be
assumed in the spillway design. The spillway structure
consists of a central gate-controlled section and two
lateral ungated overflow sections. The overflow struc-
ture is followed by an inclined shaft and a slightly in-
clined gallery ending in a stilling basin. A hydraulic
scale model test was performed for the entire flood
relief works to obtain a better idea of the complex
hydraulic conditions involved.

Intermediate flood relief afforded by a cylindrical spill-
way tower 20 m in height and temporary closing of the
diversion tunnel allowed partial reservair filling and
power station operation before the embankment was

completed.

The bottom outlet is equipped with an inspection gate
and a regulating gate and ends in the stilling basin of
the flood relief structure.

4  EXPERIENCES

4.1 Dam monitoring

Figure 2 Plan

(€) SPILLWAY TUNNEL 1
() STILLING BASIN
(g) ACCESS TUNNEL
(h) ACCESS ROAD
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(©) INSPECTION GALLERY

(d) BOTTOM OUTLET TUNNEL

Figure 3 Cross section
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Due to the relatively small net storage of
8.4 million m?, substantial water level variations may
occur within a short time. This may cause strongly al-
ternating stresses acting on the embankment. In order
to obtain detailed information on its behaviour, exten-
sive instrumentation was provided. 37 pore pressure
gauges and 90 earth pressure gauges were installed at
4 levels. Horizontal and vertical displacements are
measured by 3 settlement gauges and 4 horizontal
plate gauges.

The terminals of the inductive displacement measuring
devices at the downstream dam face were integrated
into the surveying system. The consolidation process
has practically come to an end (see Fig. 4).

Extensometers were installed at critical points to meas-
ure relative movements between fill and in-situ rock.
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From a system of pillars, points on the dam surface are
observed for changes in position and level. The points
situated along the dam crest provide information on
surface movements and, through transmission by mo-
bile inverted pendulums, they also allow observation of
the moraine core.

Figure 4 Crest surface monument settlements
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Seepage flow, considered a main indication of dam
stability, is measured by means of a weir and an auto-
matic poise beam. Readings can be taken directly on a
horizontal scale and are transmitted to the control cen-
tre at Bregenz, where they are recorded. The same
method is used for the measurement and display of
surface flows. Surface and seepage flows are mainly a
function of precipitation depths (see Fig. 5). Seepage
water also contains hillside surface water emerging
from the core area. This explains the dependence of
seepage flow on precipitation.

4.2 Special eventis

After several years’ reservoir operation (top water level
first reached in 1980), it may be stated that the core of
the embankment and its foundation contact as well as
the underlying marl layer are impervious. The antici-
pated redistribution of stresses due to bridging resulting
from the irregular topography of the foundation surface
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Figure 5 Precipitation and seepage water losses

and differential settlement between core and shells
have remained relatively small due to the low deforma-
bility of the fill materials used. No indication of fissuring
has been found on the embankment. With maximum
settlements not exceeding 25 cm, dam behaviour is as
expected.
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BOCKHARTSEE ROCKFILL DAM

Salzburg; Nassfelder Ache, Salzach
Nearest town: Badgastein

MAIN TECHNICAL DATA, Chapter K, 59 (5/7)

General

Power Station Nass- Bock-
feld stein

Construction Period 1978 - 1983

Gross Head 280 m 452 m

Installed Capacity 29 MW 46 MW

Mean Annual Generation 120 GWh in total

Reservoir
Catchment Area: Upper Stage 5 km?
Inflow 9.5 hm?
Lower Stage 58 km?
Inflow 92 hm?®
Normal Top Water Level (a.s.l.) 18725 m
Minimum Operating Level (a.s.l.) 18120 m
Gross Capacity 14.8 hm?
Live Storage 14.2 hm?
Area flooded by full Reservoir 0.42 km?

GASTEINER ACHE

BADGASTEIN

BOCKHARTSEE ,/PSt BOCKSTEIN

RESERVOIR

NASSFELD RESERVOIR _{psy NASSFELD

[ POWER SCHEME

m} POWER STATION
=== POWER CONDUIT SYSTEM
STREAM DIVERSION

5 10 km

Dam

Maximum Height

Crest Length

Thickness at the Crest

Max. Thickness at the Base

Volume: Excavation (overburden, rock)
Embankment

Appurtenant Works

Spillway, morning glory
Capacity
Bottom Outlet, 1 Howell-Bunger valve,
1 butterfly valve
Capacity
Power Intake
Capacity: Generating Mode
Pumping Mode

69
239.5

6

176

70 000
230 000

333333

44.3 m/s

11.6 m%s

11.3 m%s
9.1 m¥s
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1 GENERAL

The Bockhartsee power scheme, currently comprising
the Nassfeld upper stage and Bdckstein lower stage,
was constructed exclusively for hydropower genera-
tion, although its side effects in terms of flood retention
and control and its relevance for a burgeoning tourist
indus-try are also worth mentioning. A third stage is
also to be built to replace the Badgastein power station
built in 1914, which has a head of only approx. 80 m
and a design capacity of 3.5 m%s. When complete, this
third stage will permit the turbine water from the Bock-
stein lower stage to be used for power generation with
the additional head of the steep drop down to Badga-
stein at the mouth of the main valley. This will give the
Bockhartsee power scheme a total head of approxima-
tely 1 000 m. The reservoir is based on a natural lake.
Active storage from the lake was increased by locating
the turbine water intake close to the deepest point and
by building a dam for an extra 25 m of head. An Iso-
gyre pump-turbine set is used to fill the reservoir and
reduce replenishment times as well as for short-term
pumping. A trans-basin diversion from the adjoining
Rauris Valley adds an additional 21 km? to the
37.4 km? catchment of the Béckstein lower stage, the
flow being limited to 2.5-3 m®s by the tunnel cross-

Figure 1 Plan
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section and available gradient. Minimum flow orders
ensure an adequate volume of water in ecological
terms for two noted waterfalls during daylight hours in
summer and autumn. An active storage of 14.2 million
m?® permits the summer inflows to be partly stored for
the winter peak tariff period. Nevertheless, out of a total
annual generation of approx. 120 GWh achieved with
the present two-stage scheme, only about 46 GWh is
generated in the six-month winter period. Plans for the
effective exploitation of potential capacity date back to
the year 1949. The first project had to be shelved in
1954 in the face of resistance from the local residents
and contradictory evidence presented on the subject of
possible risks to the Gastein medicinal springs.
Following further exploration of the source of the
Gastein springs and a number of changes to the pro-
ject, the Austrian water authorities gave the go-ahead
in 1971, but work on the scheme was postponed once
again because of rising prices in the construction
industry. As a result, the project was modified once
again to provide for higher capacities for both stages,
and this required a corresponding revision of the plan-
ning permission issued by the water authorities. Final-
ly, the decision was taken to implement the project on
a partial basis, and work began on the lower stage in
1978. Before this was completed, however, it was de-
cided to start work on the upper stage as well, and
dam construction was begun. By December 1982,
partial impounding had been completed, and the tur-
bine went on line without pump working. It was not
until the 110 kV power line had been built from Béck-
stein to Nassfeld in July 1984 that first filling could be
continued to just below top water level with the pump-
turbine working in the pumping mode.

2 GEOLOGY

The Ankogel-Hochalm massif, which forms part of the
Goldberg mountains, belongs to the Pennine tectonic
system. The Bockhartsee reservoir is located in its en-
tirety in siglitz gneiss (a hybrid granite gneiss with fre-
quent albite predominance), which is cne of the meta-
morphic mixed rocks of the central granite. Morphologi-
cally, the area is characterized by pronounced
S-planes and by joint sets that are maostly very
pronounced as well. The rock sill retaining the lake was
formed not only by glacial action but also by moraine
deposits in part. The local major tectonic fault zones,
such as the steep WNW plunging Gastein Faulen
system or the ESE plunging ore joints, do not affect the
area of the impounding rock sill. Although there are no
areas of high seismic hazard in the Salzburg Region, it
was decided to accept the suggestion of the Austrian
Dam Commission to base stability calculations for the
dam on a response acceleration of 4% of acceleration
g, which is the equivalent of an intensity 5 earthquake
on the Mercalli-Sieberg scale. The overburden on the
rock sill was several metres deep, comprising moraine
material, silty, fine-sandy sediment deposits, and in
places detritus and organic peaty soil. This was
stripped to provide a total dam foundation area of



approx. 74000 m? of consistently highly compact
granite gneiss with only moderate jointing in the main
(medium to widely spaced). The smooth rock surface
created by the abrasion of the glaciers showed no
signs of deep loosening or weathering phenomena. No
difficulties were therefore encountered in sinking a
contact spur for the core wall down to a depth of 2.5 m.

3 DAM

3.1 Design parameters

The rock sill formed on the southeast side of the Bock-
hartsee as a result of glacial action is relatively narrow,
with high flanks that are very steep on the downstream
side. It would therefore have been theoretically better
suited to a concrete gravity dam design rather than a
rockfill dam. All in all, however, the latter proved to be
the more cost-effective approach and also more aes-
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(1) CONCRETE CORE WALL d =60 cm [
WITH BITUMINOUS SLIP-LAYER [

(2) UPSTREAM TRANSITION ZONE
(3)DOWNSTREAM TRANSITION ZONE
(4) SHELL ZONE (MORAINE)

@ SHELL ZONE (QUARRY MATERIAL)
(6) GROUT CURTAIN

(7) MONITORING CHAMBER

Figure 2 Cross section

thetic. On the other hand, the original plan for an as-
phaltic concrete core was rejected during the actual
construction of the dam and replaced with a concrete
core wall. The work was carried out in the framework of
a research project into high concrete core walls funded
by the Austrian electricity generating industry and su-
pervised by Innsbruck Technical University.

3.2 Fill materials

The central — or siglitz — gneiss employed is very
coarsely jointed and offers high rock strengths. The fill
material quarried from a site in the vicinity of the dam
was in the form of boulders up to 1 m in length. Fine-
grained material was used for the transition zones on
either side of the core, namely 2-100 mm for a 90 cm
transition zone on the downstream side, and 0-30 mm
for a 20 cm contact area followed by 0-300 mm for a
100 cm transition zone on the upstream side. The ma-
terial, which offered good compactability, was placed in
1 m lifts for the shoulders, and in lifts of 0.5 m for the
two transition zones. Compaction was performed with

8 passes of a 14.5-ton and 3-ton vibratory roller
respectively. On the downstream side, moraine
material and talus from a slope area adjoining the dam
was also incorporated in the fill. To monitor the
suitability of the placement criteria derived from
compaction testing, a number of tests were performed
dur-ing the construction phase. Compaction tests using
the water substitution method were performed for every
5m of lift in the shoulders, and ten further tests were
carried out for the zone with the talus and moraine
material. In addition, grading curves were produced
and water content measured for every 1 m of lift in
the transition zones.

4 EXPERIENCES
4.1 Dam monitoring

Geodetic monitoring is performed with six surface mon-
uments located on the dam crest plus three monitoring
sections extending from the upstream slope to the
downstream slope with five to six benchmarks each
plus a benchmark on the crest. Four settlement gau-
ges, two on the upstream side and two on the down-
stream side, were used to monitor dam behaviour dur-
ing first filling and first drawdown. During construction
and the first few years of operation, the behaviour of
the concrete core wall was monitored with the help of
concrete and earth pressure cells, concrete strain gau-
ges and thermometers, and sliding micrometers. The
monitoring system also includes a plumb line installed
in an accessible shaft, and nine triaxial joint gauges
located in the shaft plus five on the dam.

4.2 Monitoring resulis and special events

During construction and on impounding, settiements at
the upstream slope benchmarks were greater than on
the downstream slope, namely 136 mm versus 37 mm
or 3.67 : 1. On the other hand readings from the settle-
ment gauge located on the dam crest were fourteen
times higher on impounding than for the gauge on the
downstream slope, namely 362 mm compared with
25 mm. Seepage water losses through the core wall on
the one hand and surface water from the downstream
shoulder plus ground water from the foundation area
and abutments on the other are collected separately
and in five sectors each. The monitoring chamber is
located at the dam footing. The readings for ground
and shoulder seepage water losses roughly reflect pre-
cipitation patterns. Total core seepage flows are dis-
charged over a weir, where they are measured. The
stilling basin located before the weir is fitted with a sub-
mersible electrode, which activates the warning system
when flows reach a preset limit of 11/s (one litre per
second). The records for seepage flows from 1985 to
1989 show core seepage water losses of between
0.0025 and 0.11 I/s. For other results of dam monitor-
ing and their analysis you are referred to Volume 9 of
the “Mitteilungen des Institutes fir Bodenmechanik,
Felsmechanik und Grundbau” (University of Innsbruck).
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FEISTRITZBACH ROCKFILL DAM

Carinthia, Styria; Feistritzbach, Drau
Nearest town: Lavamiind

| POWER SCHEME |

a POWER STATION
POWER CONDUIT SYSTEM
STREAM DIVERSION
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MAIN TECHNICAL DATA, Chapter K, 66 (.../...)

General

Development

Power Station
Construction Period
Gross Head

Installed Capacity

Mean Annual Generation

Reservoir

Catchment Area: Natural
Diversions

Normal Top Water Level (a.s.l.)

Minimum Operating Level ( a.s.l.)

Gross Capacity

Live storage

Area flooded by full Reservoir

Koralpe
Lavamiind
1987-1990
7355 m

50 MW
83.5 GWh

29.8 km?
37.0 km?
1080 m
1053.5 m
22.2 hm?
16 hm?
0.87 km?

Dam

Maximum Height
Crest Length
Thickness at the Crest
Volume: Rockfill
Asphalt Membrane

Appurtenant Works

Spillway, uncontrolled chute
Capacity

Bottom Outlet, gate-controlled pipe
with stilling basin
Capacity

Power Intake
Capacity

88 m

370 m

12 m

1 600 000 m?
14100 m?

105 mé/s

15 m¥/s

8 mis
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1 GENERAL

The Koralpe development, completed in 1990, utilizes
the runoff from an area situated on the border between
Styria and Carinthia for power generation. First
development studies were undertaken in 1960,
providing at that time for two major reservoirs with a
pumped-storage facility supplied from the river Drau.
The project finally adopted, however, consists of a
large reservoir on the Feistritzbach stream with a
diversion system from the Krumbach stream basin and
has no pumping facility.

The only purpose of the development is the generation
of energy. Its main feature is the Feistritzbach reser-
voir, which is operated on a seasonal basis. For rea-
sons of environmental protection and planned recre-
ation uses, a restriction has been imposed on reservoir
operation to the effect that water level fluctuations are
not allowed to exceed 1.0m during the summer
months. Another requirement is that the reservoir
should be full by mid-June, which limits or even ren-
ders impossible turbine operation during reservoir filling
in a year of average rainfall conditions. Special land-
scaping measures were taken in the bank zone affect-
ed by water level variations and on the downstream
face of the embankment. Dyed concrete was used for
the spillway and breakwaters.

Runoff from the catchment area of 66.8 km? is
50.3 million m® p.a., about two-thirds being accounted
for by summer flow and one-third by winter flow. Mini-
mum flow requirements are 65 /s below the Feistritz-
bach dam, 90 I/s below the Krumbach stream intake,
and 1 m%s for 10 months and 0.85 m%s for 2 months
on the border with Yugoslavia.

The Koralpe power development was constructed as a
joint venture by Kérntner Elekirizitats-AG (80%) and

Figure 1 Foundation geology
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Elektrogrospodarska Slovenje, Yugoslavia (20%), their
shares corresponding to the ratio of heads of the Fei-
stritzbach stream on Austrian and Yugoslav territory.

2 GEOLOGY

The Feistritzbach embankment rests on the gneisses of
the Koralpe Altkristallin (“old crystalline”) formations.
The steeper right-hand abutment has an even relief,
with zones of compact rock alternating with varying,
and in some places substantial, thicknesses of residual
soil resulting from deep weathering. At the lowest point
of the dam, a north-south striking fault line cuts through
the dam site.

The left-hand abutment is composed of fairly uniform
rock, but is covered almost throughout by severely dis-
integrated gneiss material interspersed with boulder
zones.

Geological and soil mechanics investigations led to the
identification of different zones within the up to 6m
deep overburden and in the transition to the bedrock.
Therefore, large quantities of soil had to be removed
before placing the dam fill, so as to ensure a stable
foundation. Foundation treatment consisted of sinking a
two-line grout curtain to a maximum depth of about
60 m. Several lines of contact grouting were provided
in the transition zone between cut-off wall and bedrock.

All the appurtenant structures — bottom outlet, adit to
power conduit and spillway — are located in the com-
pact gneiss of the right-hand abutment.

3 DAM

Several alternative designs of dam structure were
studied. These included single and multi-layer asphaltic
concrete facings placed in one or two construction
phases as well as central asphaltic concrete
membranes, vertical or inclined. Experience gathered
and the results obtained from Finite Element analyses,
cost estimates and topographical studies led to the
adoption of a zoned embankment with a central vertical
asphalt membrane inclined to the upstream over its
upper 15m. Quarried gneiss showing varying
intensities of weathering was used as fill material.
Weathering is particularly severe in near-surface zones
and therefore determines the quality of the fill material.

The upstream shoulder was constructed in slightly
weathered quarried material placed in layers of 60 cm
maximum thickness and with a maximum particle size
of 400 mm. Compaction was by vibratory rollers ap-
plying a dynamic load of about 32 kN. Although the
required compactness was usually obtained by two or
three roller passes, four passes were in general carried
out.

The upstream face is protected by a 2 m thick riprap
layer with a maximum boulder size of 70 cm.

Between the upstream main fill and the central asphalt



membrane the embankment is structered as follows. A
3.5 m wide filter zone placed in 0.2 m lifts and with a
maximum particle size of 65 mm is followed by a 2m
wide zone of fine material with a maximum particle size
of 65 mm. The asphaltic concrete membrane was
placed in 0.2m layers in a single operation together
with the downstream filter and the fine particle zone by
means of a finisher. The membrane decreases in
thickness from 0.7 m at the base to 0.5 m at the top.
The bitumen content is about 6.5%; maximum particle
size is approximately 16 mm and the required voids
content is less than 3%.

Figure 2 Plan
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On the downstream side, the upper limit imposed on
particle size is 65 mm, and fine particles of less than
0.5 mm are limited to 10%. A horizontal filter layer 2 m
in thickness was placed over the downstream portion
of the dam base, and a toe drain installation of highly
pervious material was provided on the downstream
side.

Severely weathered rock that crumbled during quar-
rying and placement was used for the downstream
shoulder, mainly in the portion below the berm at
El. 1050 m. The downstream dam face was covered
with top soil and seeded.

Appurtenances include an uncontrolled trough spillway
followed by a partly very steep chute ending in a
stepped stilling basin. Hydrological analysis for deter-
mining the design flood in the catchment area of
29.8 km? above the dam site was based on two, six,
nine and twelve-hour rainstorms with maximum rainfall
depths of 90, 135, 155, and 185 mm. With allowance
being made for the flood retarding effect of the reser-
voir, a six-hour rainstorm with a peak flow of 98 m¥s
from the catchment was used as a basis for the de-

sign. Allowing for the discharge capacity of the Krum-
bach diversion, the spillway was designed for a capaci-
ty of 105 m¥s.

In addition, a bottom outlet was provided to allow rap-
id drawdown in an emergency. This facility, however,
is not intended for the discharge of floods.

In the normal operating condition, the bottom outlet is
closed by two valves located in the valve chamber,
with the following 1 200 mm dia. steel pipe empty. The
regulating gate at the end of the pipe line is closed
before the outlet is operated. The pipe line is filled
through a bypass in the valve chamber before the gate
at the end of the pipe is opened. This gate also regula-
tes outlet discharge. The outlet ends in a concrete con-
duit and stilling basin.

Figure 3 Cross section
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The earthquakes underlying the design were assumed
to have a horizontal acceleration of 0.04 g and a verti-
cal acceleration of 0.02g. To comply with additional
wishes on the part of Yugoslavia, analyses were car-
ried out for other safety criteria for a horizontal acceler-
ation of 0.12 g and a vertical acceleration of 0.06 g.

Angles of friction depending on normal stress were as-
sumed to be 36° to 44° for the severely weathered to
sound rock and were entered in the stability analysis
for the embankment.
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4  EXPERIENCES

Instrumentation provided for the observation of the
embankment includes a floating shaft in the upper half
of the embankment, 3 vertical and 5 harizontal plate
gauges, 39 benchmarks at the upstream and
downstream dam faces, 2 instruments for measuring
asphalt thickness, 72 earth and bitumen pressure
transducers in the downstream filter and in the contact
between concrete, drainage gallery and asphalt for
measuring horizontal and vertical pressures, and in the
lowest area of the downstream dam base, on the
access structure, 9 extensometers on the upstream
side for observing potential deformations in
topographically critical cross sections, as well as
additional instrumentation for seepage and turbidity.
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RIVER BARRAGES IN AUSTRIA
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RIVER BARRAGES IN AUSTRIA

By R. Fenz*

CHAINS OF POWER PLANTS

This report wants to give a description of the chains of
power plants on the main Austrian rivers and to demon-
strate the importance of this type of power stations for
Austria’s electricity supply, as well as to present the
historical development and the different solutions of
constructional details for these large river barrages. For
the sake of clearness the scope of plant discussed here
will be limited in terms of power station capacity i.e.
stations with a max. capacity less than 10 MW will be
precluded from consideration.

The importance of hydro power for electricity supply is
very much a function of the geographical, hydrological
and topographical conditions of a country and, hence,
varies considerably. The hydraulic share of total electrici-
ty production is for instance 12% in U.S.A., 68% in
Canada, 19% (mean value) in Europe. In Austria the
contribution of hydro power was about 50% in 1918,
increased to more than 80% in the years 1932 to 1938,
then decreased under 60% by 1971/72. At present the
percentage varies between 68 and 72%, even in dry
years hydro accounts for almost two thirds of total gen-
eration.

that of Switzerland; the hydro resources per inhabitant
are 18% larger but related to the area of national territory
Austria’s “hydro-density” is 29% lower than that of Swit-
zerland (Table 1). The developed share of the develop-
able potential is at present 93% in Switzerland and 60%
in Austria.

In 1989 total electricity generation was about 50.2 TWh
(i.e. 50 167GWh), of which 36.2 TWh (or 72 %) came from
hydro stations and 14.0 TWh ( 28 %) from thermal sta-
tions. The above 36.2 TWh of hydro generation falls into
26.1 TWh from run-of-river stations and 10.1 TWh from
storage schemes. The 26.1TWh of run-of-river energy
thus accounted for 52 % of the total generation (hydro and
thermal) of 50.2 TWh. For the sake of completeness, 5.9
TWh of imported electricity must be added, which brings
the total energy to 56.1 TWh of which 8.3 TWh was ex-
ported and 47.8 TWh was used for domestic consump-
tion.

Out of the total of 26.1 TWh/a of run-of-river energy 23.5
TWh/a or 90 % was generated by the seven series

Table 2
In Europe large hydro shares are only found in Norway  Austria's chains of run-of-river stations, 1990
(99,7%) and Iceland, whereas Austria and Switzerland River Energy Capacity Number of
. i power stations
can be regarded as almost equally entitled to the attribute GWhia MW dounianesttions)
Table 1 Danube 11 696 19186 (1/2)+ 8
Comparison of Alpine hydro power countries Switzerland—Austria Drau 2917 615 11
- Enns 2373 518 14
Spec. potential Inn 1922 333 2+ (1/4 + 5/2)
[ A VA P P/ PIA Mur 1155 216 12
Salzach 1015 234 8
Inhabi- | Area Hydro- Traun 531 112 4
tants potential
GWh/ total 21609 3944 59 + (7)
(105 | 10 km GWh/a | kWh/a/l | arkm
Switzerland
(CH) Gl 1 Ul | 2P0RY | BRSO | GR0 (chains) of powerstations on the rivers Danube, Drau,
P Enns, Inn, Mur, Salzach and Traun and 2.6 TWh/a or
(A) 7.5 84 80 | 53700 | 7160 | 0.64 10 % hy other run-of-river plants.
&gg?”son +23% | +105% | —40% | +45% | +18% | -29% Table 2 is a list of the seven river basins mentioned
above, arranged in order of average annual energy in

of *hydro power country”. Both countries situated in the
Alps are similar in many respects but there are some im-
partantdifferencesin “hydro”. Austria’s developable hydro
potential is 53 700 GWh/a and thus some 45% larger than

* Dipl.-Ing. Dr. techn. Baurat h.c. Robert Fenz, retired Executive
Director of Osterreichische Donaukraftwerke Aktiengesellschaft
(DoKW)

A-1180 Wien, Martinstral3e 83, Austria

Gigawatt-hours (GWh/a) and shows also the maximum
capacity in Megawatt (MW). For the rivers Inn and Dan-
ube only Austria’s share of the output produced by bound-
ary stations has been allowed for. The following descrip-
tion of river basins will be in the same order as shown in
the table.

Austria’s dense population, especially in the wide river
valleys, and the topographical and civilisational condi-

tions in this country allow practically no major impound-
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ment, because the resulting flooding of river banks would
involve considerable relocations and loss in cultivated
land and cultural assets. The most common type of run-
of-river power station works under a limited head of be-
tween 8 and 16 m and, in reaches of very favourable
topography, under heads of up to 20 or 25 m. A few power
stations are of the diversion type with long tunnels, repre-
senting in fact a transitional type between run-of-river
station and alpine high-head station. Apart from their

primary activity of energy generation, many run-of-river
projects in Austria carry out a number of other important
activities. This is particularly true of the development of
the Danube as a high-capacity waterway. But other run-
of-river projects, too, may be called multi-purpose, espe-
cially with respect to flood protection for the banks,
prevention of natural river bed degradation, and meas-
ures for handling sewage problems so as to contribute
towards water pollution control and, as a consequence, to
the creation of touristical resources, etc.

Table 3
Chronological table of run-of-river plants
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GENERAL

The Danube, Europe’s largest river, crossing eight coun-
tries along its path from West to East, has not only been
a factor of great historical and cultural consequence, but
has for many centuries been a boundary and oftener still
a link for Europe. Above all, however, the Danube has
always been a traffic route and will in two years constitute
an essential part of the Rhine-Main-Danube trans-Euro-
pean waterway. Along its course through Austria, the
Danube is characterised both by a considerable gradient
and by an abundance of water, resulting from the sub-
stantial flows contributed by the river Inn at Passau.
Whereas the reach immediately upstream, in Germany
has a gradient of only 0.02%, and the almost 1 800 km
long eastern reach, down to the Black Sea drops at about

Figure 1

0.006%, except for the gorge development by the
Djerdap power station (Iron Gate), the Austrian reach,
more than 350 km in length, has a gradient of 0.04%. This
involves not only a high energy potential for this country,
but also a small channel depth due to the high flow
velocities, especially during low flows. A multi-purpose
plant on the Danube thus provides the required improve-
ment for navigation as well as valuable and clean domes-
tic energy production.

The great diversity of contributing catchments (Central
Alps, foothills) ensures a most favourable distribution of
river flow, so that the ratio of winter production to summer
production by the Austrian power stations on the Danube

iasterplan of the Danube power-stations (by Osterreichische Donaukraftwerke AG, August 1990)
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is about 43% to 57%. In wet years (for instance in 1981),
this may even be 49% to 51%. All the power stations on
the Austrian Danube are multi-purpose installations, which,
although planned, designed and constructed by an elec-
tricity-supply company, (Osterreichische Donaukraftwer-
ke AG [DoKW] in Vienna, “Donaukraft’) constitute an
essential factor in the improvement of the waterway. This
implies that allowance is made for navigation require-
ments by providing locking facilities, and that on the other
hand the government authorities responsible for the
waterway payed a share of the total cost (approx. 20%).

Development of the Austrian Danube was commenced
when the demand was consistent with the large energy
potential available, which actually was not the case until
the period after the Second World War. Only some
preliminary studies and isolated projects had been pre-
pared before that time. This led to the most welcome
result that, prior to the construction of the first power
project at Jochenstein, a master plan covering the whole
Austrian reach of the Danube was available. Although
this was subsequently modified in some respects to allow
for the progress of technology — in particular, the number
of planned power stations was reduced from fifteen to
twelve by combining projects for reasons of economy —
the Danube Master Plan continues to be used as a
general guide. lis stage wise implementation has been in
progress ever since 1953to 1984, practically for 30 years,
and has been characterised by an almost perfect conti-
nuity with respect to both time and especially staff. Con-
centration of planning and design, construction supervi-
sion, operation and administration in a single company
and the continuity that has partly been accomplished in
the execution of construction items and supplies have
allowed extraordinary cost savings and reduction in
construction time.

Among the power stations shown on the Masterplan
(Fig.1) the first was Jochenstein, owned by Donaukraft-
werk Jochenstein AG (DKJ), a bi-national company in
which the Austrian and the German partners hold 50% of
the shares each. The output being shared between the
two countries (half and half). The remaining 11 or 12 power
stations are owned, operated or planned for construction
by Osterreichische Donaukraftwerke AG (DoKW) Vienna,
“Donaukraft”.

The Masterplan covers a river length of 350 km and a
total head of approx. 150 m; all the power stations,
including half of Jochenstein are capable of a total power
of 2 622 MW and a total energy of 15 722 GWh/a. The
power stations Jochenstein, Aschach, Ottensheim, Wil-
hering, Abwinden-Asten, Wallsee-Mitterkirchen, Ybbs-
Persenbeug and Melk, as well as Altenworth and Greifen-
stein have been completed in the above mentioned per-
fect continuity of practically 30 years. This continuity
suffered an unexpected interruption when work was due
to start on a power scheme at Hainburg in the winter of
1984-1985. A powerful demonstration and occupation of
the construction site by environmentalists risked to con-
stitute a severe obstacle to the execution of the licensed
and officially approved project. Underthese circumstances,
the government decided to discontinue construction
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preparation and ordered a “pause for reflection”. At the
same time, DoKW was ordered to prepare the Freudenau
project (Vienna), which would follow downstream of
Greifenstein, and to submit project possibilities for the
reach between Vienna and the Austro-CSFR boundary,
which would consider a proposed national park, the
needs of navigation over this 40 km reach of the Danube
and the electricity requirements in Austria.

Construction of the Freudenau project is expected to start
in 1991, so that energy could be produced after 1995. At
present, the Danube in Austria supplies 11 696 GWh/a
(mean flow). In 1989, energy production amounted to
11739 GWh and accounted for as much as 25% of the
total domestic consumption of approx. 47 800 GWh.

Whereas Jochenstein, Aschach and Ybbs-Persenbeug
are situated at narrow valley sections which the Danube
has cut through the granitic gneisses of the Bohemian
Massif, all the other stations, that is, from Ottensheim
down to Greifenstein are situated in flat lowlands, where
it was possible and expedient in each case to locate the
main structure lateral to the natural river channel. The
advantage of such an arrangement is that the whole
project, consisting of powerhouse, spillway and lock, is
constructed speedy in a single pit, safe from floods and
interference from navigation, obviating the need for pro-
visions to handle floods during construction. In the case
of the former group of power projects, the narrowness of
the sites allowed only stagewise construction in several
successive construction pits. The resulting increase in
flood water depth during construction was tolerable there.

Construction sites in the lowlands, with the main structure
located besides the natural river channel, compared very
favourably in terms of construction time and cost with the
sites at the narrow vallery sections. Another essential
difference concerns the effect of floods in the backwater
areas. Whereas between the high banks the entire flows
remain within the river channel even during floods, large-
scale flooding is an essential characteristic of the riverine
lowlands. In order to maintain this for ecological reasons,
and for its flood retarding effect on downstream reaches
as well as for economic reasons, overflow sections were
provided at all the lowland stations except for Melk. For
this purpose, some of the flanking embankments were
constructed lower and designed so as to allow floods in
excess of a given magnitude to flow outinto the areas that
used to be attained by the floods prior to development of
the river. This prevents aggravation of the flood situation
in downstream reaches. During an extreme flood wave,
as much as 20% of the total flow may pass over the
overflow sections, and as this drains off in the areas
outside the dykes to return to the main river downstream
of the power station, spillway design can be limited to
80% of the maximum flood.

A fundamental difference between high-bank and low-
land power stations on the Danube lies in the geological
conditions. Whereas Jochenstein, Aschach and Ybbs-
Persenbeug are founded on granitic gneiss, the lowland
stations had to be built mainly on sediments, mostly
“schlier”, a local variety of shale, covered by alluvial



material about 10 to 14 m in thickness. Special founda-
tion measures were required in places to prevent slope
caving and to transfer horizontal forces safely into the
schlier. At Melk, the structure was founded on densely
packed sands, requiring a continuous cutoff, whereas
Greifenstein had to be built on flysch of varying mechani-

cal properties.

In the following paragraphs, some special design charac-
teristics of the main features (lock, spillway, powerhouse
and dykes) will be discussed in greater detail.

LOCKS

The dimensions of the locks to be provided to allow
shipping on the river have been laid down by the Interna-
tional Danube Convention. This provides that twin locks
24 m in width and 230 m in effective length be built within
the Austrian reach of the Danube.

In order to allow major trains of barges as are planned in
the Eastern countries to go up to Vienna (and to the
Korneuburg shipyard), one of the two lock chambers will
be 34 mwide and 275 m in effective length at Vienna and
downstream.

In spite of the different heads (between 9 and 16 m),
depending on the respective river topography, and the
resulting differences in lock filling flow, it is considered
desirable that all the locks be designed for an uniform
filing time of approximately 15 minutes so as to accom-
plish a uniform capacity of about 40 million t of annual
navigation for each scheme on the river. It is only at
Jochenstein and Ybbs that locks are filled from the upper
approaches and emptiedto the lower approaches, through
the lock gates. Since the construction of Aschach in
1962, locks have been filled from the impounded head-
water and emptied to the tailwater, but outside the ap-
proaches, so as to afford greatly improved navigation
conditions. The locks including training and quay walls
along the approaches cover alength of more than 1000 m
in the direction of flow and account for 50 to 60% of the
total concrete volume needed for a power project. Lock
chamber walls are comparable to concrete dams as to
their statical function, with vertical side walls being a re-
quirement and with the two faces of the middle wall alter-
natively acting as “upstream” and “downstream” faces in
terms of statics. Crest height (in general, 2 m above water
level) from lowest foundation is 33 m at Aschach. Wall
thickness varies between 10.5 mand 15 m. As the gravel
present in the riverbed is an excellent concrete aggre-
gate, attempts to replace the gravity type by a different
design have given no economical results. Rationalisation
efforts have been aimed at using a cement-saving con-
crete by careful mix design and by allowing for the
moisture contens of all the aggregate components to
minimise the watercement factor.

Lock walls founded on rock are statically independent of
the chamber floors and are designed to resist unilateral
water or earth pressure and ice pressure (maximum
pressure, 50 kN/m). For structures founded on the schlier
(lowlands), the whole lock cross section (three walls, two

floors) is regarded as an articulated chain, so as to
include the chamber floors as supporting elements and
above all to ensure safety against sliding with the cham-
ber empty or partly empty. For this purpose, joints are
grouted after the end of the setting process, as is prac-
tised in high concrete dams. Similarly, the extremely high
pressures from the mitre gates are absorbed not only by
the abutment blocks but also by the adjoining lock wall
elements, which are bonded by joint grouting to form a
statical unit.

Another important statical factor is the location of the
main structural axis relative to the lock, which passes
across the upper gate at Jochenstein and Ybbs and
across the lower gate at all the other power stations on the
Danube.

The walls of lock located in the tailwater (Jochenstein or
Ybbs) will be pushed outwards during chamber filling,
whereas the walls of a lock situated in the headwater will
be pushed inwards when the chamber is empty. Concrete
is better suited to meet the requirements of the latter
design, which also allows the chamber floor to be includ-
ed as a supporting element, which is especially desirable
where the foundation is prone to sliding.

The overall concept of the power schemes on the Danube
provides for the locks to be used besides the spillways for
the passage of catastrophic floods, as navigation is
stopped anyway in the case of large flows for reasons of
flow velocity, clearance under bridges etc. The additional
costincurred for the lock, especially for the steel hydraulic
gates, is only a small proportion of what additional spill-
way bays would cost.

SPILLWAYS

The spillway is intended to handle flows in excess of the
turbine flow. Overflow over the lowered gates occurs
rarely and then will at first be of a small magnitude. It is
only in extreme cases that the spillway bays are used
more or less for the discharge of floods. Up to 1974, all the
spillways on the Danube were equipped with mechanical-
ly driven hook-type double leaf gates. Oil hydraulic driven
tainter gates with flaps on top have been used since
construction of Altenwérth. All the spillways have an
uniform bay width of 24 m, i.e. the same as the lock
chambers. An exception is Ybbs with a bay width of 30 m.
The uniform width of 24 m allows the application of
stoplogs bothin locks and spillways and exchange among
the power stations. Maximum hydraulic loading is highest
at Aschach, equal to 11 000/7x24=66 m®/s/m, or 11 000/
6x24=77 m®s/m, depending on whether the maximum
design flood is assumed to be handled by (n) or (n-1)
openings. Piers, especially those founded on bedrock,
are designed as single structures. Measures are taken in
the spillway floors to ensure uplift relief in the case of
unwatering for maintenance and repair. At the lowland
stations founded on the schlier, spillway bays and piers
are either combined to form frames or designed as drop-
in girders. A massive concrete key under the weir sill of
each station accommodates an inspection gallery which
also serves for potential subsequent grouting, as an
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instrument gallery and for relief and observation of pore
pressures, especially at the foundation contact. At Alten-
worth, the key connects to a concrete trench cutoff 10 m
deep to prevent seepage. Similar provisions had to be
made at Melk. In the longitudinal direction, piers are
shaped as stepped blocks with subsequently grouted
joints.

Cut granite stone facings were first applied over the whole
spillway bays (stilling basins) and piers, but were then
reduced from project to project. At present, hard-aggre-
gate or high-quality concrete facing is used almost exclu-
sively. End sills are steel-lined. Due to the fairly continu-
ous development of the Danube and main tributaries (Inn
and Enns) by series of power stations, bed load transport
through the spillways is expected to occur only under
extreme conditions.

Apart from Jochenstein, whose spillway is curved in plan
and not equipped with a crane runway, all the dams on the
Danube are provided with a 120t to 220 t capacity gantry
crane running across powerhouse, spillway and locks.
This serves for erection and for lowering stoplogs up-
stream of the spillway. Crane girders, first of the steel box
type, have been of reinforced concrete since Wallsee.
The same is true of the intraplant roadway bridges taken
across the pier tops.

The piers, up to 41 m high above lowest foundation and
only 6.0 mto 7.5 m wide, are outstanding features requir-
ing solid keying in the bedrock, or studs in the “schlier”, to
resist the substantial water load. In addition, they have to
withstand high linear loads where hook-type double leaf
gates are present, and concentrated load in the case of
tainter gates, with prestressing anchorage fixtures being
used in the latter case.

POWERHOUSE

Power station design on the Danube has undergone
changes in two respects, although the nine projects have
been constructed in relatively rapid succession, between
1952 and 1984. One essential change relates to the
selection of the type and number of turbines; these are in
chronological order: five at Jochenstein, six at Ybbs, four
at Aschach, six at Wallsee, all vertical-shaft Kaplan
turbines; since 1970 (commencement of work at Ottens-
heim), nine horizontal-shaft Kaplan turbines (bulb tur-
bines) each. It should be pointed out right away that,
despite this variety and the very different heads involved,
it has been possible to maintain a largely uniform inlet and
outlet width so as to ensure universal use of stoplogs. The
single-part inlets and outlets of the stations equipped with
horizontal-shaft turbines are of a width corresponding to
half the width of the inlets and outlets (divided into two) of
the stations equipped with vertical-shaft Kaplan turbines,
as for instance Ybbs, Aschach, Wallsee.

Partly due to the choice of turbines as described above —
governed by economic aspects, especially in the structu-
ral sector —and partly as a result of the basic project idea,
a second development took place in the form of a sub-
stantial reduction in powerhouse height above the im-
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pounded water level. Whereas this is as much as 22.4 m
at Jochenstein, the only plant with the big crane provided
in the powerhouse hall, powerhouse heightisonly 10.5 m
at Aschach, 9.3 m at Ybbs and as little as 5.0 m at
Wallsee, which does not even exceed the height of
powerhouses equipped with horizontal-shaft turbines. It
should be pointed out in this context that the level of the
powerhouse roof, which serves as a runway for the
universal gantry crane described in connexion with the
spillway, is dependent to a high degree on the position of
the main axis of the power station relative to the lock.
Where the main structural axis crosses the lock at the
upper gate, as at Jochenstein and Ybbs, the required
clear height of 8.0 m above the impounded water level
will have an important bearing on the choice of the roof
level. At all the other stations, the lock is crossed at the
lower gates, where the water level is lower. This also
avoids the unfavourable visual effect of a lock wall tower-
ing over the tailwater level in its full height. Naturally,
powerhouse statics is largely a function of the foundation
conditions. As a feature common to all the power stations,
there is a structural unit, separated from the adjoining
blocks by joints, for each power unit; in this context,
reduction of block width from a maximum of 32 m (Aschach)
to a value between 17 m and 18 m for the bulb turbines
has not only been a great advantage in terms of statics,
but has helped to overcome construction problems and
avoid cracking. In some cases, the joint separating the
power unit blocks is deliberately connected to the adja-
cent water pressure.

Viewed in the direction of flow, powerhouses equipped
with vertical-shaft units show a structural division into
inlet, middle block and outlet, mainly to answer the
geometrical requirements of spiral casing and draft tube
bend. Mutual statical support between the three power-
house elementsis ensured. Inthe powerhouses equipped
with bulb turbines, the inlet structure, much shorter in this
case, directly passes into the middle part, which houses
the power units.This is an essential advantage of this
arrangement. Only the outlet structure is constructed as
a separate element but then made to form a statical unit
with the whole powerhouse cross section by means of
joint grouting. It should finally be mentioned that it has
lately been made a rule to place gravel fill on the draft tube
for ballast.

At the power stations founded on the schlier, deep exca-
vations (Wallsee) first presented some difficulties from
slides; this gave rise to the development of keying struc-
tures in the form of concrete-filled wells acting as “studs”
projecting downwards from the base of the structure. In
addition, large-area excavation, especially in the power-
house area, called for special precautions to protect the
schlier, which tends to heave when exposed and later
settles again when covered.

DYKES

It would be very much beyond the scope of this report to
mention even the most important problems, their solution
and the structural measures taken in the backwater areas
above the power stations on the Danube. Therefore,



discussion will be limited to the embankments in the
backwater areas on the Danube. Whereas very few
dykes were provided at the high-bank power sites, Jo-
chenstein, Aschach and Ybbs, they constituted a very
important structural and cost item at the power stations in
the lowlands.

Having to retain the impounded water so as to protect
low-level country behind (riverine lowlands or cultivated
land), dykes have to answer high stability standards and
must ensure watertightness both within the structure and
more or less also in the foundation. In addition, waterside
facings of new dykes must meet the requirements of a
navigable river as well as the requirements resulting from
ice formation, water level variations and ecological and
biological needs. A special case are the overflow sections
mentioned earlier in this report.

The development of dyke cross sections reflects techno-
logical and economic progress made in recent construc-
tion methods. A decisive feature is obviously dam height
above ground level. Fill volumes at lowland power sta-
tions vary between 5.0 and 12.0 million m® and may well
compete with large dam projects in terms of volume of
earth moved.

At the first lowland power station, Wallsee, impervious-
ness was achieved by two light-weight sheet walls (35 to
40 kg/m?). The lower one was vibrated into position from
ground level down to the impervious schlier. Then a strip
of bitumen was placed at the head of the sheet wall and
the dam fill deposited on top. The second sheet wall was
then carefully sunk by vibration through the dam fill and
into the bitumen strip. In some very low dykes, impervious
cores consist of a special mix of sandy gravel and river-
side sand. Bank protection is by riprap everywhere on the
Danube.

In the construction years 1970 to 1973, more economical
methods were developed for the Ottensheim project.
These included the use of thin diaphragm cutoffs, con-
structed by vibrating an I-beam some 20 m deep in
alluvial material, then injecting a mix of cement, flour-
sand and bentonite when gradually withdrawing the
I-beam, so as to form an impervious diaphragm. In addi-
tion, bituminous concrete was used for the first time on
the Danube for sealing a waterside slope. This was
however limited to a bank length of 5.6 km, where site
conditions allowed a gently sloping fill of natural gravel to
be placed in front, which saved riprap and accomplished
a flat bank of great biological value. For the rest, the
development of impervious core material (gravel/sand
mix) from natural sources, its processing and continuous
test measurement during construction were systemati-
cally pushed ahead.

At Altenwérth, involving the largest amount of dyke fill the
above-mentioned 12 million m?, thin diaphragm were the
only foundation cutoffs used. Forlow embankment heights,
the diaphragm was connected to an impervious core.
Where major fill heights were concerned reaching a
maximum of 12 m above ground level at Altenwérth, the
thin diaphragm was arranged at the waterside toe and

connected to a bituminous slope facing carried to a level
above the top water level. This facing, serving as a
sealing and bankprotection element, was applied in a
single 8 cm layer and, in the area of potential berthing
impacts, in two 8 cm layers. Upwards from a berm pro-
vided on the bitumen facing below top water level, the
facing was covered with riprap as a protection against
wave action from navigation and potential damage from
ice, as well as to allow men and animals to climb up and
down, and above all to answer the requirements of
stream biology in the important uppermost, light-filled,
water layer; the latter is an important factor enhancing the
self-purifying capacity of the dammed-up river.

From the economic point of view, the above mentioned
bituminous slope facing was not acceptable for fill heights
less than 8 or 10 m. Another important economic crite-
rion is the availability within easy haul distance of quarries
for the large riprap stone requirements. At Altenwdrth,
almost 1.8 million t of stones were placed in the main
structure and in the backwater area, within a period of
about two years. :

Cut-offs are carried down to the impervious schlier (some
10 to 14 m below ground level) only where the im-
pounded water level is at least 3 or 4 m above ground
level, or near towns and villages. Otherwise a short cut-
off extending into the gravel foundation is sufficient to
prevent seepage flow from reaching unacceptable
magnitudes. An important element in dyke structures is
the landside drainage channel (bottom some 1.0 m below
mean water level, original condition), serving to maintain
the inland water table at the original level or to control it as
desired; special water release structures (inlets to convey
stored water to riverside plains) are provided for this
purpose.

A special design is required in the so-called overflow
sections of the flanking embankments. Whereas all the
other dykes at the power stations on the Danube are not
overflown even during maximum floods and have un-
paved landside slopes sown with grass seed, overflow
sections allow part of flood water to flow out into the
hinterland. For this reason, the heavy riprap protection is
notlimited to the waterside slope, but covers the crest, the
landside slope and a widened channel along its toe,
serving as a stilling basin. A lightweight sheet wall in the
middle of the dyke, extending from the crest down to the
gravel foundation or below the channel bottom prevents
erosion within and below the riprap. Dyke cross section
and stone size were tested and determined on hydraulic
scale models.

As overflow sections are rarely in action (approx. every
two or three years) and, if so, nearly never over their
whole lengths, landside riprap-protected slopes are cov-
ered with riverside sand and seeded. Otherwise they
would look barren and ugly. It has even been found out
that this grass serves as an additional slope and crest
stabilisation. The risk of potential destruction during floods
is accepted.

It should be mentioned that in special cases plastic foil
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has lately been used as a sealing element in permanent
embankments on the Danube. This development was
spurred by the excellent experience made with sealing of
construction-pits up to 1.4 km2 in area by providing thin

diaphragm cut-offs in the foundation and plastic foil in the
fill. This method has completely replaced the former
expensive sheet piling, and has contributed a great deal
towards accelerating and rationalising the construction
process.

Danube
Power station Jochenstein Aschach 0“"7“5“?""" aowincery: Haksap: foha- Melk Altenwérth | Greifenstein | Freudenau
Wilhering Asten Mitterkirchen | Persenbeug
Owner DKJ DoKW DoKW DoKW DoKW DoKW DoKW DoKW DoKW DoKW
Operation since 1955 1963 1973 1979 1968 1957 1982 1976 1984 Project
Stationing km 22033 2162.7 2146.7 2119.5 2093.6 2060.4 2038.0 10979.8 1949.2 1821.056
Storage level m 290.3 280.0 264.0 251.0 240.0 226.20 214.0 193.5 177.0 161.35
o ms/s 1430 1450 1450 1600 1730 1750 1807 1830 1882 1700
Flow Quax ma/s 8 900 8900 8900 9500 11100 11100 11170 11170 10 750 8200 ¢
Qratec ma/s 1750 2000 2250 2475 2600 2100 2700 2750 3150 3000
Head Hpezn m 10.20 15.30 10.70 9.30 10.90 11.0 8.4 14.80 12.6 8.5
Capacity (MC) MW (130) 65 286 179 168 210 200 187 328 293 165
Energy (AAE) GWh | (850)425 1648 1143 1028 1320 1282 1180 1950 1720 1017
A5 [\ 2 c
Layout H i! 3 1 RE
6 A4 A 1 | A9 et ElE2
5 3 8 b B
Spillway/Weir
Bays width m Bx24 5x24 5x24 5x24 624 5x30 Bx24 6x24 6x24 4x24
Pier width/height m 5-6/31 7.10/41 7.50/37 6.0/37 7.50/37 7.50/34 6.0/31 7.0/37 6.0/31 6.0/33
Q maxgg my/s 8900 8900 5940 8450 8 600 11100 11170 9785 8650 6530
Gates hook- hook- hook- tainter hook- hook- tainter tainter tainter tainter
double double double +flap double double +flap +flap + flap + flap
Powerhouse
Construction, type high medium low low low medium low low low low
max height m 52 53 39 40 42 42 39 46 44 47
Turbines, number and type 5 Kaplan 4 Kaplan 9 Kaplan 9 Kaplan 6 Kaplan 6 Kaplan 9 Kaplan 9 Kaplan 9 Kaplan 6 Kaplan
{ 1 = - 1 & - = - -
Backwater area
Length km 27 40 16 27 28 33 22 32 31 28
Overflow flood ma/s = = 2960 1050 2500 = = 1385 2100 2200"
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YBBS-PERSENBEUG

River Danube, at km 2 060.4
Nearest town Ybbs, Lower Austria
Owner DoKW

Osterreichische Donaukraftwerke AG
Parkring 12, A-1010 Vienna

MAIN CONSTRUCTION PARTS AND FUNCTION

Barrage Weir: 5 openings of 30 m each
Power station: 2 parts (southand north
ofweir), 2x3 turbines, 200 MWin total
Locks: 2 chambers, 24x230 m

Apart from developing the river for power generation, an
important purpose of the project was to improve naviga-
tional conditions in the Strudengau, a narrow part of the
Danube valley, by flooding shoals and eliminating other
obstacles such as cross-currents, one-way sections and
the need to split up trains of barges.

Operating since 1957

Purpose Hydropower
Inland navigation
Flood protection

HYDROLOGY

Catchment Area

Q mean
Flow Q max

Q rated
Storage Level (a.s.l.)
Mean Head
Capacity
Energy Output

92 464 km?
1750 m¥s
11 100 m¥/s
2 100 m3%s
226.2 m
11.2 m
200 MW
1282 GWh/a
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GEOLOGY

At the barrage site, the bedrock is composed of various
types of gneisses cut up by a dense network of joints and
minor faults, and two wide fault zones passing in the
direction of flow. It is covered by varying thicknesses of
gravel overburden. The high permeability of the rock
made it necessary to provide a grout curtain and uplift
relief downstream; effectiveness of these measures is
checked at regular intervals.

The main part of the backwater area (10 km, 33 km in
length) is situated within a narrow valley section where
the Danube has cut through the granite formations. The
most upstream part is bordered on both sides by overflow
levees, closing off the low-lying areas from the backwater
during low flow but providing retention space during
floods, as was the case prior to construction of the
barrage. Drainage of the polders is ensured by two
automatic pumping stations (of a capacity of 16 m%s and
10 m%s respectively).

HISTORY AND DEVELOPMENT OF DESIGN

A project prepared by a Swiss engineer named Hoehn
had been submitted to the water management authorities
as early as 1928. Preparatory work was performed by
Rhein-Main-Donau AG between 1938 and 1944, but was
delayed and finally discontinued because of the war. The
cofferdam from that period was then used for constructing
the locks beginning in 1954. Some project plans had
placed the barrage close to Persenbeug castle, but the
final design located it further upstream at the upper end of
the locks. The weir is at some distance from the long
south wall of the lock and is flanked by the two parts of the
powerhouse to ensure better flow conditions. The power-
houses are of the semi-outdoor type with low generator
halls and two 135 t capacity gantry cranes traveling on the
crest of the whole station (powerhouses, weir and locks).
A public road bridge is located downstream of the crane
track. Construction was performed in several successive
pits in the river channel and the right bank, enclosed by
double or single walled cofferdams (phases 1 and 2) and
by cellular cofferdams (phases 3 and 4).

FOUNDATION

In view of the permeability shown by the granite/gneiss, it
was necessary to provide a three-line grout curtain extend-
ing over the whole base, 27 m in depth, 6 400 m in total
drill hole length. Average grout acceptance was 46 kg per
linear meter of drill hole. Imperviousness of the right-hand
bank is ensured by a slurry trench cut-off 145 m in length
and 24 m in maximum depth, with a total area of 2 500 m2.
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Connection to the bedrock on the left-hand bank is en-
sured by a short concrete wall constructed in an open pit.

INSTRUMENTATION

Geodetic monitoring of all structures. Jointing of the
bedrock requires close observation of uplift pressure,
performed by 114 instrument locations, 54 of which are
equipped for seepage measurement.

CONCRETE

Aggregates were available from the overburden at the
barrage site. They were washed and screened into five
fractions to 105 mm in maximum size, with the addition of
sand from a different source. Two concrete qualities were
produced: bucket concrete with 220 kg of type 225 Port-
land cement per m?, and pumped concrete with a maxi-
mum particle size of 65 mm and 260 kg of the same
Portland cement per m® The water/cement ratio was
0.60. Concrete strengths reached at 28 days were
36 N/mm? in compression and 6 N/mm? in tension.
Strengths, imperviousness and frost resistance were
checked in the on-site lab. Locks were built of bucket
concrete poured in blocks of 15 min lengths and in lifts of
2.4 m. The powerhouses and weir were mostly made of
pumped concrete using pumps for distances of up to 400 m.

FLOOD RELIEF WORK

Weir with 5 openings of 30 m in clear width each, closed
by 13.5 m high hook-type double-leaf gates; the inlet sill
is at elevation 213 m. Granite lined stilling basin with
end sill and scour protection at the outlet. Gate area
is 1960 m2.

Locks are also used for flood discharge. For this
purpose, the upper gates are equipped with hook-type
double leaves with a total area of 620 m2.

Total discharge of the design flood (Qmax) of
11 100 m¥s is through the weir and one lock chamber,
ensuring that the natural flood level is not exceeded.
With one weir opening blocked, the maximum unit
discharge is 64 m*/s per linear meter of weir and lock sill.

POWERHOUSE

The two powerhouses (north and south) flanking the weir
are each equipped with three vertical-shaft Kaplan tur-
bines of a rated discharge of 350 m¥s and a maximum
capacity of 35 MW. They are coupled to three-phase
generators of 45 MVA capacity. The turbine runners,
7.4 m in diameter, are located at elevation 214.2 m, i.e.
0.8 m below mean tailwater level.
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MAIN DIMENSIONS

Weir Powerhouse
Height 35m 41m
Length 5x30+4x7.5=180m 2x93 =186 m
366 m in total

The locks consist of two chambers with an effective area
of 24x230 m each. Normal height is 23 m, at the gates
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VOLUMES OF BARRAGE

Excavation
Overburden
Rock

Concrete

VOLUMES OF BACKWATER AREA

Embankment and Land Raising

Rock excavation (incl. blasting of
obstacles for navigation)

Riprap

Concrete Walls (roads)

1 600 000 m®
280 000 m?
690 000 m?®

2900 000 m?
350 000 m®

300 000 m?
45000 m®
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ASCHACH

River Danube, at km 2 162.7

Nearest town Aschach, Upper Austria

DoKW

Osterreichische Donaukraftwerke AG
Parkring 12, A-1010 Vienna

Owner

MAIN CONSTRUCTION PARTS AND FUNCTION

Weir: 5 openings of 24 m each
Power station: 4 turbines, 286 MW
in total

Locks: 2 chambers 24x230 m, filling
and emptying system in the floor of
the chambers

Barrage

The station opened a 40 km stretch of the Danube be-
tween Jochenstein and Aschach for power generation
and improvement of navigation in this very narrow part of
the river valley. Power generation efficiency is enhanced
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1963

Operating since

Purpose Hydropower
Inland navigation

Flood protection

by the large head and the high winter percentage of
annual energy (almost 40%).

HYDROLOGY
Catchment Area 78 190 km?
Q mean 1450 md/s
Flow Q max 8 900 m¥/s
Q rated 2 000 m¥s
Storage Level (a.s.l.) 280 m
Mean Head 15.3 m
Capacity 286 MW
Energy Output 1648 GWh/a



GEOLOGY

Fine-grained granite largely free of faults is encountered
at a depth of 8 m below the river bottom. Ice-age glaciers
removed friable and weathered material with the result
that foundation conditions are excellent. Some 90 drill-
holes were sunk to determine the best place for the
barrage, and a horizontal drillhole (300 m long) under the
riverbed was carried out from a shaft on the left bank to
check for fissures, faults or gorges which might put the
planned barrage at risk.

The backwater area (40 km in length) extends to the
upstream Jochenstein power station. It is situated in a
very narrow granite valley, with no road for most of its
length and a few small villages at the mouth of tributaries
only.

HISTORY AND DEVELOPMENT OF DESIGN

After Ybbs-Persenbeug, Aschach is the second power
station at the Danube constructed solely by Austria. It is
situated near the downstream end of a narrow rocky
stretch of the river extending upstream to the next power
station at Jochenstein (owned equally by Austria and
Germany) and on to Passau. Its length of 40 km provides
for a head of nearly 16 m, which in turn translates into a
high capacity. Planning started in 1957, construction in
1959. The arrangement of a powerhouse with four tur-
bines in the middle of the river, flanked by the weir on the
left bank and locks on the right bank, both partly behind
the natural river banks, was tested hydraulically in a
model of 1:80 scale.

The powerhouse is of the semi-outdoor type, equipped
with a 16 t capacity indoor crane and a 220 t capacity
gantry crane traveling on the crest across the whole
structure.

Construction was in open pits, in three phases. The
cofferdams consisted partly of circular cells, but mostly of
gravel fill dams with a central sheet piling extending to the
bedrock. Due to the substantial space requirements for
the cofferdams, the transition block (between weir and
powerhouse) which formed part of the longitudinal enclo-
sure of phases 2 and 3 was built by pneumatic sinking.
The powerhouse was constructed at the same time that
the second lock chamber was completed, after diverting
navigation to the southern lock 23 months after start of
construction. The first turbine was operable after a total
construction period of 45 months.

FOUNDATION

A double grout curtain of clay-cement mix with an area of
1 450 m? was injected. Average grout acceptance was
43 kg cement per m®. On the left-hand bank the weir
abutment is directly embedded in the bedrock, on the

right-hand bank water tightness is ensured by single steel
sheet piling.

INSTRUMENTATION

Leveling in the inspection gallery; approx. 130 instrument
locations for uplift pressure and seepage. Effectiveness
of uplift pressure relief is checked every two years.

CONCRETE

The aggregates were obtained for the most part from a
borrow pit 5 km from the site, screened into 6 fractions of
120 mm maximum size, and hauled to the site by rail ata
daily capacity of 8 500 tons.

Two types of concrete were produced: bucket concrete of
200—-220 kg of cement per m® of concrete, and pumped
concrete with 260 kg of cement. The concrete was mixed
at a total rate of 330 m*h in special towers on both
riverbanks, but mainly on the right-hand side for the locks
and powerhouse. |t was transported by trucks to the tower
cranes for the locks and central pumping station. The
maximum pumping distance was 200 m. Bucket con-
crete was poured in 2.4 m lifts.

FLOOD RELIEF WORK

Weir on the left-hand bank with five openings of 24 m in
clear width each, closed by hook-type double-leaf gates
15.8 m in height; the inlet sill was at elevation 261.0 m
during phase 3 (powerhouse under construction and one
lock only for navigation), and was then raised by 4 m to its
final elevation of 265.0 m using stoplogs.

Locks also serve for flood discharge. The upper gates of
both chambers are therefore of the same type as those at
the weir. A special feature at Aschach is its filling and
emptying system through canals and slots in the bottom
of the lock chamber.

Total discharge of the design flood (Q max =8 900 m%/s)
is possible through five weir openings and one lock, or
four weirs and two locks. Q max is then 64 m%/s per linear
metre of opening. Together the seven openings (5+2)
discharge 11 000 m%/s.

POWERHOUSE

The powerhouse is situated between the locks and weir
and is connected to the switchyard and operational build-
ing by bridges above the tailwater. It is equipped with four
vertical shaft Kaplan turbines for a rated discharge of
510 m®s and 72 MW maximum capacity each, coupled
to generators of 85 MVA. The turbine runners are 8.4 m
in diameter (at the time of their delivery in 1963 the largest
inWestern Europe). They are located atelevation 260.5 m,
i.e. 3.50 m below mean tailwater level.
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MAIN DIMENSIONS VOLUMES OF BARRAGE
Weir Powerhouse Excavation
Height 42 m 52 m Qverburden 2 800 000 m®
Length 5x24+4x9 = 156 m 164 m Rock 280 000 m?®
320 m in total Concrete 1 050 000 m®

The locks consist of two chambers with an effective area  VOLUMES OF BACKWATER AREA
of 24x230 m each. Normal wall height: 33 m, normal

width of the central wall: 15 m. Land Raising 2500 000 m?3
Riprap, Slope 590 000 m?
Concrete Walls 45 000 m®
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MELK

River Danube, at km 2 038.0

Nearest town Melk, Lower Austria

DoKW

Osterreichische Donaukraftwerke AG
Parkring 12, A-1010 Vienna

Owner

MAIN CONSTRUCTION PARTS AND FUNCTION

Weir: 6 openings of 24 m each
Power station: 9 bulb turbines,
187 MW in total

Locks: 2 chambers, 24x230 m

Barrage

The backwater area is 22.5 km long and ends at Ybbs-
Persenbeug. Most of the construction work concentrated
on the lower 13 km, especially around Péchlarn and
some small villages nearby.

The Melk power station was built as a multi-purpose
project with due consideration to all economic and ecolo-
gical factors, to produce a harmonious balance between
the two requirements. Major concerns governing its de-

1982

Operating since

Purpose Hydropower
Inland navigation
Flood protection

Environment and ecology

sign and construction were blending the project with its
vicinity dominated by Melk Abbey, energy generation,
flood protection in the backwater area, improving condi-
tions for navigation, and creating recreational facilities
and nature preserves.

HYDROLOGY
Catchment Area 94 545 km?
Q mean 1807 m¥/s
Flow Q max 11 170 m¥/s
Q rated 2700 m¥s
Storage Level (a.s.l.) 214 m
Mean Head 84 m
Capacity 187 MW
Energy Output 1180 GWh/a
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GEOLOGY

The area covered by the project is characterized by a
highly complex geoclogical structure. A detailed image of
the structure emerged only after long-term and compre-
hensive geophysical examinations (magnetic, seismic,
gravimetric tests) and a great number of bores. The
power station itself sits at the Diendorfer fault, one of the
major geological faults at the southern rim of the Bohe-
mian Massif.

After several relocations, a practical site was finally lo-
cated that permitted founding the works uniformly on
tertiary sediments (Melk sand). Only a few deep-lying
parts (spur of the weir) reach down to the tertiary clay or
the primary rockbase.

HISTORY AND DEVELOPMENT OF DESIGN

Melk closes the chain of power stations up to Jochen-
stein, as envisaged in the master plan. In addition to
generating 1 180 GWh/a, it also eliminates several ob-
stacles to navigation and shallow spots by its submerg-
ence. Embankments and cut offs built in the backwater
area reduce the flooding risk for numerous settlements
and in one case (Pdchlarn) ensure total flood protection.

Analogously to the Danube power stations erected be-
fore, Melk once again exploited the benefits provided by
the situation in a flat terrain. The barrage was built on the
right-hand bank in a single large-scale pit which cut down
on construction time and did not impede navigation. The
former course on the left-hand side was remodelled into
a recreational and watersports area. By using bulb tur-
bines, the barrage could be kept very low and thus blends
harmoniously with its setting, without impairing the view
of Melk Abbey.

FOUNDATION

The final site of the barrage on the right-hand bank at
kilometer 2 038 is situated on an overburden of 10 to
16 m. Of this some 4 m is wetlands sand, and the rest is
a conglomerate of sand and gravel intermingled with
some large blocks. The structures are all founded on the
Melk sand below this stratum.

An exploratory shaft was sunk to 10 m below the lowest
foundation bottom before construction began. By that it
was possible to extract some intact soil samples and
obtain information on the compactness and permeability
of the Melk sand. An apron (cut-off-curtain) underneath
the barrage reduces underseepage to acceptable levels.
A gallery is installed to allow subsequent grouting.

INSTRUMENTATION
Geodetic surveillance, monitors for settlement, uplift pres-

sure, etc. permit continuous observation and monitoring
of all structures.

232

CONCRETE

Aggregates were taken from the pit excavation material
and screened into six fractions up to max. 64 mm at a
gravel plant. A total of 900 000 m® of concrete was pro-
duced, shipped to the site by truck dumpers (6 m?) and
poured by telescope crane belt conveyors with a capacity
of 40-50 m¥h each.

A lab operated by DoKW monitored aggregates, their
contained moisture, cements and admixtures, concrete
strength, frost resistance, etc. during construction time.

FLOOD RELIEF WORKS

Weir: The weir between the powerhouse and locks has
six openings of 24 m in width each, spaced by five piers.
The openings are shut by oil-hydraulic tainter gates with
flaps on top. Upstream and downstream stoplogs are
provided for maintenance purposes.

The six openings of 24 m each at Melk have the same
effect as the five openings of 30 each of the Ybbs weir,
the next link in the chain upstream of Melk, because both
stations allow no flood relief from the backwater.
Q max =11 170 m%/s.

Locks: The locks can also serve for discharging extreme-
ly high floods; therefore the upper gates are the hook-type
double-leaf gates with oil-hydraulic drive. The lower gates
are fitted with mitre gates.

POWERHOUSE

The powerhouse on the right-hand bank accommodates
nine turbo-generator sets, each consisting of a horizontal
Kaplan bulb turbine with an output of 21 MW, a runner
diameter of 6.3 m and a 24 MVA, 9 kV three-phase
generator. The units each take up 18 m in width. The
design water volume was defined as the 50-day flow
Q rated = 2 700 m*s. When the turbines are opened
excessively, the station’s absorption capacity can be
boosted to 3 000 m¥/s.

A turbine room crane with a carrying capacity of 25 t
travels across the nine sets and assembly bays. A 120 t
gantry crane running on a truck along the powerhouse
roof covers the entire barrage structure (powerhouse,
weir and locks) via crane bridges.

The use of bulb turbines permitted very low building
heights to fit the structure into its surrounding. For scenic
considerations, the open-air switchyard was moved 4 km
away from the vista of Melk Abbey and linked to the
powerhouse by high-voltage cables.

BACKWATER AREA

The Melk backwater extends over a length of 22.4 km
from the barrage (at kilometre 2 038) to the Ybbs-Per-
senbeug power station (at kilometre 2 060.4). Most of the
work concentrated on the lower 13 kilometres of the
backwater area. Settlements on the right-hand banks



now enjoy total flood protection, and the flooding frequen-
cy could be significantly reduced on the left-hand side.

Gravel and wetland sand for the embankment fillings
were extracted from gravel banks in the Danube and from
the main excavation pit. Cut-off was provided by dia-
phragms and some subterraneous curtains. Dam fills
have a core of gravel/sand mixture (wetlands sand). The
slopes were faced with riprap on the water side and har-
monized with their surrounding on their off-water side. A
system of parallel and drainage ditches on the land side
of the slope ensures that the criginal mean ground water
table could be maintained.

ENVIRONMENT AND ECOLOGY

The Melk power station has succeeded in combining
engineering and ecology into a harmonious whole by
meeting recreational and leisure-time needs, ensuring
flood control, protecting cultural monuments and taking

into account both ecological objectives and technical
requirements. The original riverbed of the Danube now on
the left-hand bank was redesigned to serve as a recrea-
tional center, and a new yachting harbor was built at its
downstream end. An aquatic bird sanctuary was created
above the original course in cooperation with the Nature
Conservation Board and provided with suitable vegeta-
tion and man-made gravel islands to serve as landing
spot for water fowl.

Flood protection structures helped revitalize town cores
of adjacent communities, particularly in the Nibelungen
town of Pdchlarn. Landscaping activities on the flat em-
bankment slopes have created picnic spots and walks.
The water regime of the Melk Branch, an existing water-
way next to Melk, was repaired by comprehensive solu-
tions for waste-water problems and by building compen-
sation water outlet works to supply the branch with fresh
water. A sewage system and watertreatment plant combine
to achieve ayear-round Danube-water quality of category 1l
or better.
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Excavation
MAIN DIMENSIONS Gravel, Sand 14 000 000 m?
Rock, Schlier 600 000 m3
Weir Powerhouse Concrete 900 000 m?®
Height 31m 39m
Length 6x24+5x6 = 174 m 9x18 =162 m VOLUMES AT BACKWATER AREA
336 m in total
Excavation 3 000 000 m?
The locks consist of 2 chambers of 24x230 m in effective  Diaphragm Walls 300 000 m?
area each. The middle wall has 10.5 minwidthand22 m  Cut off (concrete) 14 000 m?
in height. Riprap 460 000 m®
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GREIFENSTEIN

River Danube, at km 1 949.2

Nearest town Stockerau, Lower Austria

DoKW
Osterreichische Donaukraftwerke AG
Parkring 12, A-1010 Vienna

Owner

MAIN CONSTRUCTION PARTS AND FUNCTION

Weir: 6 openings of 24 m each
Power station: 9 bulb turbines,
293 MW in total

Locks: 2 chambers 24x230 m

Barrage

The backwater area extends across the Tullner Feld
basin, for a length of 31 km. Embankments and flood
banks had to be constructed on both sides of the river.
The town of Tulln on the right-hand bank is now fully
protected against flooding.

The groundwater situation up-country to the left was

1984

Operating since

Hydropower

Inland navigation

Flood protection

Ecological effects (riverside forest
irrigation system, “Giessgang”)

Purpose

reactivated by a generous network of ecological engineer-
ing activities, which improved the growth conditions of the
riverside woodland for a terrain of more than 90 km2.

HYDROLOGY
Catchment Area 100 100 km?

Q mean 1882 m¥/s
Flow Q max 10 750 mé/s

Q rated 3 150 m®/s
Storage Level (a.s.l.) 177 m
Mean Head 12.6 m
Capacity 293 MW
Energy Output 1720 GWh/a
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GEOLOGY

The Greifenstein power station is located directly to the
west of the Danube gap, where the river leaves the
Molasse zone of the Alpine foothills to enter the inneral-
pine Vienna basin through the hills of the Alpine flysch
zone. With the latter overthrusting the rock of the Molasse
zone, the barrage is located entirely in the flysch zone.
“Flysch” is a clayey-sandy type of sedimentary rock of
highly varying shares of sand or clay.

The backwater area is characterized by an alluvial sand
and gravel layer of approx. 10 m in thickness overbur-
dening the Oligocene “Schlier” (local name for a type of
shale), which consists of more or less sandy and clayey
strata and which is virtually impervious.

HISTORY AND DEVELOPMENT OF DESIGN

The master plan developed by DoKW in 1953-56 pro-
videdthree power stations (Grafenwérth, Tulln and Kloster-
neuburg) for the stretch of the Danube between Krems
and Vienna (Tullnerfeld basin). Positive experience ac-
quired during construction of the Wallsee and Ottens-
heim plants, both of them located in flat lowlands, led to
modifications in the master plan for the stretch, so that
only two power stations were planned (Altenwérth and
Greifenstein) which reduced the construction period to
two thirds of the original schedule, produced major cost
savings and significantly lessened the impact on the
surrounding wetland forests. Another consideration was
that two units with higher heads are more cost-efficient to
operate with regard to energy generation and navigation
than three barrages with lower heads each. Experience
gathered in building Altenworth (1976) showed that the
higher embankments required for the backwater area
posed no great difficulties.

The Greifenstein barrage was built in the chord of the bow
of the original riverbed between kilometres 1 948 and
1 9852, with its axis at kilometre 1 949.2, entirely in the
left-bank wetlands vis-a-vis Greifenstein. Its location later-
ally to the Danube permitted running up the structures in
a single large, unconfined and flood-protected pit without
impairing navigation.

The retention water level for Greifenstein was set at
177.0 m to ensure uninterrupted impounding from Alten-
worth in order to fully exploit the energy generating
potential of the river and guarantee sufficient water depths
for navigation. In line with recommendations by the Inter-
national Danube Commission, the bridges must provide
for a clearance of at least 8.0 m, which meant that the
road and rail bridges in Tulln had to be raised by 2.0 m.
Greifenstein again is a multi-purpose project whose main
objectives include generation of energy (1 720 GWh/a),
flood protection, improving navigation on the Danube
waterway, comprehensive ecological measures in the
northern hinterland, landscaping and a rich offer of lei-
sure-time facilities.
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FOUNDATION

The barrage is located so that all its structures are placed
on Flysch on a varying stratification of clay and sand-
stone. The powerhouse and sluice head are founded on
clayey layers, the weir and sluice tail are set on sand-
stone. The adjacent dams are cut off at the bottom by a
diaphragm connecting to the Flysch. The dam fillings
have a core of gravel/sand mixtures or a plastic sheet of
0.6 mm in thickness.

Upstream of the power station, excavations reached
down to 6-8 m, while the downstream depth was 9-10 m
from the original level of the left-hand bank. Excavation
quantities for the power station and the two sections of the
new river bed totalled 13.9 million m® of gravel and
2.4 million m? of Flysch.

INSTRUMENTATION

Geodetic surveillance, monitors for settiement, uplift
pressure, etc. permit continuous observation and monitor-
ing of all structures.

CONCRETE

The concrete aggregates were taken from the excavation
material of the throughcut and the gravel banks in the
Danube. Concrete was shipped to the site by truck
dumpers (6 m?) and poured by seven mobile telescope
crane belt conveyors with a capacity of 40-50m?h each.
The total volume of concrete used was 1.1 million m3
(B 160, B 225, B 300).

A lab operated by DoKW on site performed regular
material tests, and monitored manufacturing, charging
and curing.

FLOOD RELIEF WORKS

Weir: The weir between the powerhouse and locks has
six openings of 24 m in width each, spaced by five piers.
The openings are shut by oil-hydraulic tainter gates with
flaps on top. Upstream and downstream stoplogs are
provided for maintenance purposes.

Flooding tests found that of Q max = 10 750 m¥/s about
8 650 m¥s pass through the weir while the remaining
2 100 m¥s flow through the left-hand hinterland into the
tailwater downstream of Greifenstein (overflow sections
of the embankments).

Locks: The locks can also serve for discharging extreme-
ly high floods; therefore the upper gates are of the hook-
type double-leaf gates with oil-hydraulic drive. The lower
gates are fitted with mitre gates.

POWERHOUSE

The powerhouse on the left-hand bank accommodaies
nine turbo-generator sets, each.consisting of a horizontal
Kaplan bulb turbine with an output of 34 MW, a runner
diameter of 6.5 m and a 38 MVA, 8 kV three-phase



generator. The units each take up 19 m in width. The
design water volume was defined as the 36-day flow
Qrated= 3 150 m¥s. An internal crane with a carrying
capacity of 250 kN serves the turbine room and assembly
bays. A 1 500 kN gantry crane travels on the crest of the
barrage on a track running along the powerhouse roof
and the crane bridges across the weir and sluice tail.

BACKWATER AREA

The Greifenstein backwater extends upstream to Alten-
worth whose tailwater is slightly raised. The entire length
of 31 km is within the Tullner Feld basin. Its embank-
ments were placed on the bank terrain to meet static and
hydraulic requirements. Where settlements (e.g. Tulln)
reach close to the Danube it was, however, necessary to
extend the fill into the river. The fill was taken from
dredging in the Danube and lateral excavations. The
embankments are cut off by diaphragms in the substra-
tum topped by gravel/sand mixtures. Concrete cut-off
curtains were used near settlements to avoid damage
from vibrations. The slopes were faced with riprap on the
water side and harmonized with their surrounding on their
off-water side. A system of parallel ditches on the land
side ensures that the original ground water table could be
maintained.

ENVIRONMENT AND ECOLOGY

Ecologically, the measure of greatest impact was raising
the phreatic surface which in turn improved growth condi-
tions for a wetland area of more than 90 km? up-country
to the left. The Danube training scheme implemented
more than 100 years ago had produced a degradation of
the bed which had lowered the main ground water levels
and dried up the riverside forests.

At the heart of the environmental engineering measures
to revitalize the wetlands is a system of irrigation chan-
nels 40 km in length. A naturalized, active course was

achieved by incorporating ditches and hollows and by
irregular routing of the channels. Fresh water is supplied
by small tributaries, percolation water and seepage and,
if necessary, by three compensation water outlet works.
When the river reaches its flood level, an overflow section
and flooding hollow located at the upstream start of the
irrigation system gradually floods the entire forest area.
The ground water table is controlled by opening and
closing the 25 overflow cross-dams of the system (called
“Giessgang’).

A few years into operation, the irrigation system has
already come up to expectations and generated obvious
ecological benefits.

The line of the embankments was varied by incorporating
four bays, and some biotopes have been established
within the overall system of the river wetland.

In Tulln, the right-hand embankment had the effect of
savely sealing off the town against flooding which in-
creased the degree of protection — and incidentally the
value —of the settlements nearthe banks. By adapting the
flood bank to existing structures it was possible to create
a recreational area that enjoys great popularity.

Yachting harbors, bays and flat river banks, surfaced
dam-crown paths for bikers, bathing and watersports
facilities at the original course of the Danube have en-
hanced the attractiveness of this stretch of the river for
tourists and locals alike.

A comprehensive system of water treatment plants along
the entire backwater area ensures that the water quality
corresponds to or surpasses category Il both in the
Danube and in its former course near Greifenstein. Eco-
logical measures implemented forthe Greifenstein reservoir
have thus improved the quality of life for the local popula-
tion and at the same time created a valuable recreational
area for the adjacent urban agglomeration of Vienna.
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MAIN DIMENSIONS

Weir Powerhouse
Height 31m 44 m
Length 6x24+5x6 = 174 m 9x19 =171m
345 m in total

The locks consist of 2 chambers of 24x230 m in effective
area each. The middle wall has 12.5 min width and 27 m
in height.
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VOLUMES OF BARRAGE AND NEW RIVER BED

Excavation
Gravel, Sand 13 900 000 m?®
Rock 2 400 000 m?®
Concrete 1100 000 m®
VOLUMES AT BACKWATER AREA
Excavation 9 900 000 m?®
Diaphragm Walls 380 000 m2
Sheet Piling 4 000 m?
Riprap 990 000 m?®
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The river Drau, flowing through East Tyrol and Carinthia
in an easterly direction, collects the greater part of the run-
off from the southern flank of the main ridge of the Alps
and from the northern flank of the Southern Calcareous
Alps. With a catchment area of 11 000 km? and a mean
flow of 275 m%s, it leaves Austrian territory near Lava-
mnd. Its adjoining reach in Yugoslavia is also developed
for electricity production. Development completed by
1990 encompasses a 159 km long reach between the
national border at Lavamiind and Paternion — halfway
between Villach and Spittal/Drau — with a total head of
176 m. Upstream of the Parternion station, in operation
since 1988, there still remains an undeveloped reach up
to the outlet of the Malta lower stage at Mdllbriicke, which
is 21 km long and has a fall of 37 m. A master plan exists
for this section which originally included two power sta-
tions, but has been modified to comprise four power
stations with a total capacity of 89 MW and an annual
energy of 346 GWh/a. Studies on the environmental
impacts are in progress.

Independently of these reaches of the Drau in Carinthia
construction of a run-of-river scheme at Strassen-Amlach
was started in autumn 1984 and finished early in 1989.
This is a diversion-type power station with a 22 km
tunnel, utilizing a head of 370 m between Tassenbach
(Strassen) and Lienz (Amlach) both in East Tyrol. Having
a capacity of 60 MW, the power station generates
233 GWh/a.

For chronological reasons the description of power sta-
tions given in the following paragraphs will be against the
direction of flow, proceeding upstream, from the Austro-
Yugoslavian border. The series of developments on this
lower and middle Drau (Lavamiind to Rosegg) comprises
7 power stations with a total capacity of 483 MW and an
annual generation of 2 381 GWh/a. On the upper reach of
the Drau the three power stations at Villach, Kellerberg
and Paternion are completed (72 MW, 303 GWh/a in
total). Four more run-of-river stations are in the project
stage, their construction having so far met with yet un-
solved ecological and environmental problems. These
four projects would total 89 MW in capacity and 346 GWh/a
energy. At the moment (1990), the total capacity (in-
cluding Strassen-Amlach) is 615M W, producing 2 917
GWh/a., which makes the Drau developments the se-
cond largest chain of run-of-river stations in Austria.

Five of the seven power stations on the lower and middle
Drau are barrages with spillways and powerhouses form-
ing together a single structure. The uppermost station
Rosegg - St. Jakob has a separate weir structure, a
headrace canal, 3.4 km long designed for a discharge of
430 m¥s and a powerhouse located on the riverbank.
The most downstream station, Lavamiind, was constructed
as the first pierhead power station in the world (project
Grengg-Lauffer) in 1942. This is equipped with vertical-
shaft Kaplan turbines, originally 8.3 MW and, since 1985,
9.6 MW in capacity each, in the three weir piers. The
same design was applied for most of the power stations
following downstream, on the Yugoslavian reach of the
Drau (as for instance Dravograd and Maribor).

Heads attain a maximum of 26 m which implies that the
water level is raised substantially. This calls for dykes up
to 24 m high along the backwater reaches. Recent dykes
are almost uniformly of the gravelfill type with bitumen
facings (concrete at Edling) on the waterside slope (in-
clined at 1:1.75) and with thin diaphragm and cast-in-situ
walls as cut offs in the foundation as impervious ele-
ments. Weir piers and powerhouse structures designed
in accordance with the surface level of the impounded
water attain heads of 40 m. Some of the power stations
are founded on rock. Those situated in flat valley reaches
on conglomerate, which called for deep cut offs; at Anna-
briicke, where the foundation consisis of sand-gravel
layers, a grid of cut-off wall elements had to be provided.
At almost all the stations there are inspection galleries in
the weir silland below the turbine inlet, rendering possible
subsequent grouting.

Whereas Lavamiind and Schwabegg were constructed
during the war, between 1939 and 1945, development
was continued from 1959 onward and terminated with
the completion of Annabriicke in 1981. It may be worth
mentioning that the first two stations are equipped with
hook-type double-leaf gates and all the following stations
with tainter gates on the spillway structures. Concrete
volumes vary between 130 000 and 170 000 m® for a
head between 20 and 24 m. The Lavamiind pierhead
power station with a head of only 9 m, required only
52 000 m® of concrete. The dykes on the banks of the
backwater reaches, 61io 24 m high have fill volumes
between 0.4 and 5 million m?, depending on the local to-

pography.
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The Villach, Kellerberg and Paternion stations are pier-
head power stations similar to Lavamind, but with two
power-unit-piers and three spillway bays each. They
came in operation 1984, 1985 and 1988 and have a
capacity of 24 MW and an output of approx. 100 GWh/a
each. The next two stations are planned to be constructed
to the same design, but for the remaining two, two design
alternatives — pierhead or side plant — are being con-
sidered. Except for the Villach station which is located on
aridge of rock, the remaining stations had and have to be
founded on fine-grained, poorly consolidated postglacial
lake deposits, so that here the main structures must be
placed on foundation grids of cut-off wall elements as a
precaution against potential earthquake risks.

Backwater along these series of power stations had to be
confined to the original width of the river, as the valley
floor in this area is intensively cultivated. Except for the
Villach station whose backwater area is situated between
high natural river banks, continuous dykes had to be built
on both banks almost everywhere. They are continued as
flood protection dams beyond the upstream end of the
backwater areas, so as to connect to a ground, natural or
artificial, that is high enough to be safe from floods. The
dykes of the same system as at the lower part of the river
give a full flood protection, showing the multipurpose
character of these power stations.

All the power stations in Carinthia on the river Drau are
operated by Osterreichische Draukraftwerke AG (ODK)

Klagenfurt. Except for Schwabegg and Lavamind they
have also been designed and constructed by this compa-
ny. The existing stations are operated on a pondage basis
in accordance with the demand for electricity. The flow
regime during the wintermonths is greatly enhanced by
valuable contributions from upstream storage-schemes
(Reisseck, Fragant, Malta), so that winter energy ac-
counts for 37% and summer energy for 63% of the total
annual generation.

The above-mentioned Strassen-Amlach power station
onthe Drau is situated in the most upstream reach in East
Tyrol and has been constructed and is owned by Tiroler
Wasserkraftwerke AG (TIWAG), Innsbruck. The Drau is
diverted near the Austro-Italian border by a two-bay weir
and a daily storage basin, from which a power tunnel
some 22 km in length (design cross section ranging from
3.20to 3.40 m) leads to a surge tank, pressure-shaft and
above-ground powerhouse in the vicinity of Amlach near
Lienz. With a rated discharge of 20 m®s and working
under a head of 370 m, the station has a capacity of
60 MW and produces an annual energy of 233 GWh/a
(67% in summer and 33% in winter). This station was
commissioned in 1988. The 60 km reach of the Drau be-
tween the outlet works near Amlach and the upstream
end of the Spittal backwater reach is the subject of
general development studies. It should finally be men-
tioned that the Malta lower stage, in fact also a run-of-
river scheme (41 MW and 114 GWh), joins the Drau as a
tributy at the upstream end of the Spittal backwater reach.

Drau
. Strassen- . y Rosegg- Faistritz- Ferlach- i 2 .
Power station Amlach Patemnion | Kellerberg Villach St Jakob 4| Maria Rain Annabriicke Edling Schwabegg | Lavamind
Owner TIWAG ODK ODK DK ODK ODK ODK ODK ODK GDK GDK
Operation since 1989 1988 1985 1984 1973 1968 1975 1981 1962 1942 1944
Stationing km 253/230 140 (75) 130 (85) 119 (96) [10083 (115122)| 78 (137) 89 (146) 54 (161) 30 (185) 13 (202) 7 (208)
Storage level m 1069 515.0 505.3 496.1 485.5 461.5 437.5 416.4 390.8 369.0 348.7
Qrrean ma/s 10 (+1.4) 145 151 154 220 220 225 231 260 269 274
Flow Qmax ma/s 210 1660 1690 1700 2 300 2300 2300 2450 2 700 2700 2700
Qraed ma/s 20 320 320 320 430 420 450 440 440 405 405
Head Hnean m 370 9.7 9.7 10.6 227 23.7 21.0 25.6 211 20.5 9.0
Capacity (MC) Mw 60 235 24 24 80 80 75 90 70 60 28
Energy (AAE) GWh 233 88.0 101 104 370 390 336 416 375 340 154
2 V\ +
Layout I % Y * * * +
g E ATAN | a1 }m ALY N 3 AM2)|\pf2 N’_Z) M2 A 3) [WIAF AL
S|y Gl
o 5 Al L Tt bt 1 Al ol L .3 3 3 3 4 Pt b
A2 * A2 l l l l' l l
Spillway/Weir Strassen St. Martin
Bays width m 2x9 3x16 3x16 3x16 4x15 3x15 3x15 3x18 3x15 4x19 4x24
Pier width/height m 2.09.9 20/27.5 20/24.5 20/25 4.3/22 2.4/39 4.6/40 5.0/40 5.7/36 5.0/33 16/17
Gatas tainter tainter tainter tainter tainter  [tainter + flap tainter tainter tainter hook- hook-
+flap +flap + flap +flap +flap concr. beam +flap + flap +flap double double
Power conduit km tunnel 22 - - - canal 3.4 - - - - = .
Powerhouse Amlach Rosegg
Construction, type high pier-head pier-head pier-head high high high high high low pier-head
max height m 34 27.5 27.5 28 44 47 42 40 38 34 28
Turbines, number and type 2 Francis 2 Kaplan 2 Kaplan 2 Kaplan 2 Kaplan 2 Kaplan 2 Kaplan 2 Kaplan 2 Kaplan 3 Kaplan 3 Kaplan
1 l 4 {4 { & 4 { 1 d 1
Backwater area
Length km 1 59 10.6 10.1 15 15 9 15 24 17 6
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LAVAMUND

River

Drau, at km 208 (7)

Nearest town Lavamiind, Carinthia
ODK
Osterreichische Draukraftwerke AG
Kohldorferstrasse 98
A-9010 Klagenfurt
before 1947 Alpen-Elekirowerke AG,
Vienna

Owner since 1947

MAIN CONSTRUCTION PARTS AND FUNCTION

Lavamind is the first pierhead power station in the world.
Weir: 4 openings, each 24 m in width (Q =5 000 m¥s),
spaced by 3 piers, with one 9.6 MW turbine each, 28 MW
in total.

Lavamind was built as a link in the development chain
from Vélkermarkt to Maribor, solely to generate energy.
To utilize the facility as soon as possible, engineers
developed the pierhead type of power station which
allowed operation already after the first stage of construc-
tion (1 pier, 2 weir openings) had been completed and
when the backwater was not yet fully developed. The

Operating since 1944 (2 turbines), 1949 (3 turbines)

Purpose Hydropower

station was built in the river bed, the customary method at
that time.

HYDROLOGY
Catchment Area 10 964 km?

Q mean 274 md¥/s
Flow Q max 2700 (5 000) m%s

Q rated 405 mé/s
Storage Level (a.s.l.) 348.7 m
Mean Head 9.4 (8.6) m
Capacity 28 MW
Energy Output 154 GWh/a
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GEOLOGY

At the barrage, the Drau river has cut into the bed rock
several metres deep. The rock is part of the primitive clay
schist interstratified by thin layers of quartz. The backwa-
ter area, whose level is only slightly higher than the
original river bed, is at the border line between the schist
formations to the north and the Triassic Karawanken
range to the south. The Triassic dolomite on the right-
hand (southern) bank is mostly covered by glacial gravel
and moraines.

HISTORY AND DEVELOPMENT OF DESIGN

Apart from some preliminary concepts and construction
of the Fala power station in the war-years of 1914—1918,
Alpen-Elektrowerke AG made its first action plan for
exploiting the hydropower potential between Volkermarkt
and Maribor in 1938, which was soon followed by
Schwabegg as the headwater station. Plans of following
up with Mariborski otok as the most productive facility
were waived in favor of Dravograd in 1941 and Lavamuiind
as the downstream station in 1942 in order to develop a
closed chain. The first two turbogenerator sets became
operable in April 1944 and August 1945 respectively, in
spite of the difficulties caused by the war and post-war
period; the third was added in April 1949.

The pierhead power station follows the philosophy de-
veloped by Grengg/Lauffer: arranging the turbogenera-
tors “in the flow” provides for numerous benefits: lower
space requirements by accommodating the powerhouse
in the pier, the turbine inlet sill is always flushed, easy
removal of floating debris in case of flooding, higher head
from the flow velocity, uniform shape of the structures so
that they blend better with their surrounding, shorter
construction periods and lower building costs. (Model
experiments carried out later at the Graz Technical
University established that the benefits provided by a
pierhead power station are highest at heads between 10
and 15 m.)

FOUNDATION

The barrage was entirely founded on the outcropping
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primitive clay schist. No cut off was necessary either at
the bed or at the slopes. With regard to cut off for the
pervious gravel at the upper flanks, experience with the
upstream station at Schwabegg found that the Drau pro-
vided the necessary sealing by filling the cavities with fine
and colloidal sediments physically and chemobiological-

ly.
INSTRUMENTATION

A series of spindles has been placed at the weir to monitor
structural displacements.

CONCRETE

Aggregates were taken from nearby gravel terraces be-
tween the Drau and Lavant rivers. A mixture of 150 kg
cement and 150 kg Thurament per m? of concrete was
used for binders. The concrete was partly mixed by hand
and poured with crane buckets and trolleys. In spite of
impaired operations due to the war builders achieved
adequate concrete qualities, B 225 at 23.5 N/mm? after
28 days and 32.5 N/mm? after 90 days.

FLOOD RELIEF WORKS

The weir has four openings of 24 m each, in total 96 m.
It can discharge a probable maximum flood of Q =
5 000 m?¥s calculated at the time (reputedly measured in
1851). The openings are closed by hook-type double-leaf
gates of 11 m in height. Stoplogs at the headwater and
needles at the tailwater are provided as emergency gates
and for maintenance.

PIERHEAD POWER STATION

Each pier holds a turbogenerator set consisting of a four-
blade Kaplan turbine and attached umbrella-type genera-
tor with a capacity of 9 580 kW and 12 500 kVA each.
The inlets and outlets can be closed by stoplogs. A gantry
crane with a total capacity of 140t travels on the crest to
serve the stoplogs, turbines and weir. Rake cleaning is
performed by a unit covering the entire facility.
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MAIN DIMENSIONS VOLUMES
Weir Pier (turbine) Concrete 52 000 m?®
Heigth 25m 28 m Reinforcement Steel 1120 t
Width 52m 44 m
Length 4x24 m=96m 3x18m=54m BACKWATER AREA
150 m in total
Length 6 km
Max. Width 300 m

No embankments necessary
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EDLING

River Drau, at km 185 (30)
Nearest town Vélkermarkt, Carinthia
Owner ODK

Osterreichische Draukraftwerke AG
Kohldorferstrasse 98
A-9010 Klagenfurt

MAIN CONSTRUCTION PARTS AND FUNCTION

Weir: 3 openings, each 15.0 m in width.
Power station: 2 turbines of 35 MW each, 70 MW in total

Edling is the first power station built in the course of a
development stretching between Schwabegg and Vil-
lach. It is directly upstream of the backwater of
Schwabegg, which was finished in 1942,
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Operating since 1962
Purpose Hydropower
Recreation area
Flood control
HYDROLOGY
Catchment Area 10 656 km?
Q mean 260 m?¥s
Flow Q max 3 500 (2 350) m®s
Q rated 440 m¥/s
Storage Level (a.s.l.) 390.8 m
Mean Head 212 m
Capacity 70 MW
Energy Output 375 GWh/a



GEOLOGY

Within the site, the Drau is the general boundary between
the schist formations to the north and the Triassic rocks of
the Karawanken range to the south. At the barrage, the
Triassic dolomites reach far across the Drau to the north
so that the weir could be nested into the dolomites which,
while full of fissures, are consistent thanks to a Tertiary
overburden compacted in the Ice Age. A fault in the form
of a marl band bounded by layers of ankerite, while
impairing the stability of the pit slopes, does not reduce
the soil bearing capacity. To the south of the pit, a thick
layer of glacial gravel deposited in several thrusts with a
strong flow of ground water covers the sloping dolomite.
The ground water flow presses against the backwater,
thereby reducing the otherwise considerable flow of per-
colation water.

To the east of Volkermarkt the backwater is located in a
gorge-type valley cut out of the gravel deposits and
dolomite by post-glacial melt water; to the west itis in a
wide basin created by a post-glacial reservoir filled with
fine sediments.

HISTORY AND DEVELOPMENT OF DESIGN

The rising demand for energy after the end of World
War Il made it necessary to start exploiting the energy
potential offered by the Drau at around 1955. Projects
dating from before 1918 and from 1940-44 were used as
a basis for drawing up a new action plan covering Villach
to Schwabegg/Vélkermarkt (end of the backwater area).
With the former headwater stage at Schwabegg silting
up, Edling was realized as the first stage of the new de-
velopment. At a remarkable 20 m, the storage level was
then state-of-the-art. It produced a reservoir 21 km in
length and more than 10 km? in surface and at that time
was considered ecologically beneficial. lts construction
method in a single pit laterally to the river was a notable
first in Austria.

The project had a significant impact on the entire region
because its access roads and bridges across the Drau
improved the link between Vélkermarkt and its wider
surroundings.

FOUNDATION

The barrage, situated on the right-hand bank of the Drau,
is founded on fissured but stable dolomite that does not
show any karst features. No cut off was necessary as the
dolomite is covered by a compacted Tertiary layer and the
structural concrete connects closely to this layer.

The embankments of the backwater area and next to the
barrage are set on gravel deposits of the Drau. They are

sealed on the water side slope by concrete slabs, and in
the substratum by various types of soil-cement walls, pre-
decessors of today’s diaphragm walls.

INSTRUMENTATION

Displacement of the embankments and weir are moni-
tored geodetically. Percolation water flows in the em-
bankments and abutting slopes of the weir are measured
in stand pipe piezometers. Stability of the barrage is also
monitored by measuring the uplift pressure.

CONCRETE

Aggregates were taken from a gravel terrace on the
southern bank of the Drau and separated into four frac-
tions to produce concretes from B 160 to B 450, mainly
B 225. For binders, 85% cement 275 (230 kg) was used
together with 15% flyash (40 kg) from the St. Andrd
steam generating station. The concrete quality was
24.3 N/ mm? (31.7 N/mm?) after 28 (90) days.

The embankments of the backwater area were filled with
Drau gravel; their slope has a general incline of 1:2 at the
off-water side and 1:1.75 at the water side. They are
fortified by concrete slabs serving as sealing elements
and erosion protection. Crest width: 3.5 m.

FLOOD RELIEF WORK

The weir has 3 openings of 15.04 m in clearance, which
discharge HQ 5 000 = 3 500 m¥s. If one opening is
blocked the other two can discharge HQ 100 =2 350
m?s. The gates are of the tainter type, 13.6 m high, with
flaps 3.5 m in height. They are moved by chains and
hoists installed at the pier crests. Stoplogs at the headwa-
ter and needles at the tailwater provide for emergency
closing and maintenance.

POWERHOUSE

The powerhouse accommodates two turbogenerator sets
on a vertical axis, consisting of six-blade Kaplan turbines
with attached umbrella-type generators. The turbines
have an absorption capacity of 220 m%s each and a
capacity of 37.5 MW. The generators are designed for
45 MVA.

The inlets and outlets can be closed off by emergency
gates (bulkhead gates). They are moved by a trestle
crane of 54 t capacity which is installed on the crest. A
crane with 2 x 90 t capacity is provided for assembly in
the powerhouse. A separate unit cleans the rake. Four
pump stations were built to drain the four polders in the
backwater area. A total of 11 pumps of capacities of
200 to 1 500 I/s have been installed.
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MAIN DIMENSIONS

Weir Power station
Height 355 m 40.0 m
Width 52.0m 60.0 m
Length 56.5m 472 m

103.7 m in total
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Weir section

Storage level s 7
390.80
¥z
369.02
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L 52.80 ___!
110.40
I
VOLUMES
Excavation (gravel) 590 000 m®
Concrete 150 000 m?
Reinforcement Steel 1900t
Embankments (dykes) 455 000 m?®
BACKWATER AREA
Length 26.0 km
Width max 1.2 km
Surface 10.7 km?



VILLACH

River Drau, at km 96 (119)
Nearest town Villach, Carinthia
Owner ODK

Osterreichische Draukraftwerke AG
Kohldorferstrasse 98
A-9010 Klagenfurt

MAIN CONSTRUCTION PARTS AND FUNCTIONS

Villach is the second pierhead powerstation on the Drau
river. |t was built 35 years after the first one at Lavamiind.

Weir: 3 openings of 16 m in width each, spaced by
2 piers, each with a 12.3 MW vertical Kaplan turbine,
24 MW in total

An embankment of 600 m in length was necessary on the
left river bank.

Operating since 1984
Purpose Hydropower
Flood protection for Villach
HYDROLOGY
Catchment Area 5 164 km?
Q mean 154 m¥/s
Flow Q max 2500 (1 700) m%s
Q rated 320 m¥/s
Storage Level (a.s.l.) 496.1 m
Mean Head 106 m
Capacity 24 MW
Energy Output 104 GWh/a
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GEOLOGY

A tectonically formed cone projects from the Drau allu-
vions at the site of the barrage. Its rocks are of the Millstatt
crystalline series and are characterized by a fluent transi-
tion of schistous gneiss, mica schist with a high content of
biotite, chlorite schist and gneiss phyllite. In spite of the
spider-web-like tectonic diversity of the contact surface,
the rock has been found to be very stable. The small-
scale and frequently laminate structures nevertheless
translated into a higher excavation volume which as-
sumed considerable dimensions at two fault zones so
that an additional 3 000 m? of concrete were found to be
necessary. The project was also affected by a tectonic
node at the Villach basin, focus of severe earthquakes in
Austria with an earthquake coefficient of E = 0.12-0.6.
The structures thus had to be calculated taking into ac-
count a horizontal acceleration of g = 0.2.

The backwater area is embedded in the Drau alluvions. At
some places it touches on the rocks of the Millstatt
crystalline series (which also encloses thick layers of
marble) and on its right-hand bank on the Triassic lime-
stone of the Bleiberg mountain. The slopes are all con-
sidered stable.

HISTORY AND DEVELOPMENT OF DESIGN

The Drau as a source of hydropower was not utilized
except around Villach by some floating mills operating in
the 17 century. It was only the energy crisis of the 1970s,
together with completion of the large-scale Malta storage
power station in Western Carinthia, that gave the impetus
for ODK to draw up a master plan for building power
stations at the Drau river between Rosegg and the Malta
tailrace stage upstream of Spittal, and to start construc-
tion at Villach.

The low storage levels and low water flow in the Drau
without its tributary Gail have made it necessary to find
highly economical modular solutions. Engineers thus
used the pierhead type of power station whose “Lava-
miind” prototype is operated by ODK and which has since
found updated applications along the Inn.

FOUNDATION

The weir is founded entirely on a cone of crystalline rocks.
The tectonic diversity of this rock necessitated removal of
soft parts and replacing it with concrete. So far it has not
been necessary to make cut-off groutings thanks to the
mylonite veins in the system of fissures.

INSTRUMENTATION

Geodetic monitoring of structural displacements by spin-
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dle series, monitoring of the uplift pressure by piezometer
tubes. Seepage at the embankment and site abutments is
monitored by stand pipe piezometers. Percolation water
at the dam is also measured by stand pipe piezometers,
its volume is measured in parallel percolation water
channels.

CONCRETE

Some 51 000 m® of concrete had to be poured into the
barrage. Of this quantity, 3 000 m® were bed compensa-
tion and sealing concrete and 48 000 m® were used in
construction with 2 570 t of reinforcing steel. This large
quantity of steel was necessary in view of the earthquake
risk.

The aggregate was supplied infive fractions by an existing
gravel pit in the vicinity. Concrete was produced in the pit.
Homogenized special cement PZ 275 FF with a flyash
rate of 33% was used as a binder. The concrete was
mostly of the B 225 type, to some extent also of catego-
ries B 300 and B 160.

Asphalt concrete was mixed with finishers and poured on
the waterside slope to provide cut off. The ground was cut
off by curtains and diaphragms.

FLOOD RELIEF WORKS

The three weir openings spaced between the banks and
piers are designed for a maximum calculated flood of
5 000 year probability HQ 5 000 = 2 500 m%s and an
HQ 100 =1 700 m¥s, which has to be discharged through
two openings (“n-1 rule”). In both cases the headwater
level will be slightly below the retention water level.

Tainter gates with flaps were used. Their dimensions are:
Opening Width 3x16 m
Height of Tainter 7.75m ;
Height of Flap (vertical) 3.05m } 18=0nrirics
The openings can be closed by stoplogs in the headwater
and by needles in the tailwater for maintenance.

PIERHEAD POWER STATION

The two piers each hold a vertical turbogenerator set, a
four-blade Kaplan turbine with attached three-phase
generator of 12 MW output. The inlet spiral and draft tube
can be closed off by stoplogs. The rake is cleaned by a
special machine. A gantry crane of 80 t capacity runs on
the crest of the weir and piers. The energy is fed into the
20 kV national grid via two 15 500 kVA transformers.
The transformers and switchgear are included in the
piers. Connection to the national grid is by cable lines.



Weir
opening

Pier section through pierhead power station

C

Storage level
496.10

MAIN DIMENSIONS

Weir
Height 24 m
Width 58 m
Length 3x16 + 2x4=56'm
96 m in total
VOLUMES OF BARRAGE
Excavation Gravel
Rock
Concrete
Reinforcement Steel

Pier (turbine)
27 m
64 m
2x20=40m

630 000 m?®
60 000 m®
51 000 m?®

2570t

Weir section
C

VOLUMES AT BACKWATER AREA

Excavation Gravel 450 000 m®
Riprap 30 000 t

VOLUMES AT TAILWATER AREA (OVERDEEPENING)

Excavation Gravel 1130 000 m?
Riprap 230000 t
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LEGENDE:

Rising in the northern part of the Alps (Niedere Tauern),
the Enns is the only major river (catchment area is
6 100 km? and mean flow is 220 m?s) to flow on Austrian
territory over its whole length. The main part of this river,
that is its middle and lower course about 130 km in length
and with a substantial fall, down to its mouth in the
Danube, is developed by a continuous series of power-
stations. Itis only near the town of Steyr that a reach about
3 km long has remained unaffected. In this manner, a
total gross head of 324 m is utilised by fourteen power
stations with a total capacity of 518 MW and generating
2 373 GWh/a. This also includes the most upstream
Hieflau, a diversion-type power station with an about
6 km-long tunnel and a combined surge tank and daily
storage reservoir at Waag, developing the steep gradient
of a gorge named Ges&use.

This pilot power station is followed by stations at Landl,
Krippau and Altenmarkt. These have weirs equipped with
small turbines for water release to the reach from which
flow is abstracted, as well as power tunnels and power
stations (of which two are underground) equipped with
one power unit each. This group of four power stations,
situated along the Styrian reach of the river Enns, were
placed into operation between 1955 and 1967 by Steiri-
sche Wasserkraft und Elektrizitdts AG (Steweag) in Graz.
All the stations are located within a narrow valley, the
Enns has cut through limestone and dolomite formations.
No unusualfoundation problems were encountered, except
for foundation treatment in the weir areas to ensure
imperviousness.

Downstream follow ten power stations with different lay-
outs to suit local conditions. Schénau, Losenstein, Tern-
berg, Rosenau, Staning and Muhlrading show the usual
side-by-side arrangement of spillway and powerhouse,
with 3 to 5 spillway bays and 2 to 4 turbines. The Nar-
rowness of the valley section at Weyer and additional
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difficulties from the presence of a railway line and a road
called for a concept with 2 spillway bays and a power unit
pier in between and with a second power unit located at
the end of a short tunnel in the river bank about 1 km
downstream of the weir site. At Grossraming, a symmet-
rical arrangement was adopted with a two-bay spillway in
the middle and one power unit on each bank. At Garsten,
the power station was built in a cut across a river bend,
with a small turbine catering for water delivery to the dead
branch. St. Pantaleon is a diversion-type power station
with a 9 km-long asphalt- lined headrace, a powerhouse
equipped with two power units and a downstream tailrace
ending in the Danube. A remarkable feature of the two
vertical-shaft Kaplan turbines in the St.Pantaleon power-
house is the so-called spiral casing outlet. This consists
of a gate device provided in the rear wall of the spiral
casing. The gate opens when the unit is stopped, so as to
prevent surge from developing in the long headrace. An
other feature is the fact that one Kaplan unit each at
Weyer and St.Pantaleon is designed for 16%/a Hz traction
current, used by the railway. All ten power stations of the
Enns are operated by Ennskraftwerke AG (EKW) in
Steyr.

Development of the river Enns was started in 1941 and
terminated in 1972. The characteristics of river course,
geology, population pattern and traffic routes led to a
multitude of interesting solutions. Many of the experiences
gathered in this way have subsequently been used in
other run-of-river developments. It should be mentioned
in this context that the middle reach of the river Enns was
the subject of discussions that went on for years. Besides
the multi-stage project finally realized, an alternative was
considered which provided for a single-stage scheme
with a dam about 100 m high. The advantage of a large
energy reserve, which would also benefit downstream
power stations, conflicted with adverse effects on in-
habited areas, railway lines and roads. In fact, almost
30 years ago, the problems created by a large reservoir
with fluctuating water levels in an inhabited region in the
foothills of the Alps (about 400 m a.s.l.) were already felt,
perhaps even subconsciously, and the decision then
taken appears to have been the right one in the ligth of our
present consciousness of environmental impact.

The power and energy of the continuous series of power
stations on the Enns, i. e.

Steweag 140 MW 681 GWh/a
EKW 378 MW 1692 GWh/a
total 518 MW 2 373 GWh/a

has been available to the Austrian electricity supply since
1972, that is, for more than 18 years. Nearness of these
power stations to the Upper Austrian and Styrian in-
dustrial areas affords considerable advantages, addi-
tional benefit resulting from pondage operation carefully
scheduled to meet the requirements as they arise during



the day. These past decades have also shown that nature
and man have willingly accepted the inevitable changes
involved. The scenic appearance of the backwater areas
along the river is anything but that of destroyed nature.
The river Enns is a very good example of how wrong it
would be to assess environmental effects on the basis of
the planning and design stage. It should also be men-

tioned in this context that hydro development was accom-
panied by the construction of roads and sewage treat-
ment plants and the provision of recreation and sports
facilities. In the long abstraction reach downstream of the
weir diverting flow to the headrace of St. Pantaleon, a
separate weir was constructed only to maintain the water
level in the river bed.

Enns
z . £ Alten- o GroB- Losen- ’ Mahl- St.
Power station Hieflau Landl Krippau marie | Schénau | Weyer raming stain Temberg | Rosenau | Garsten | Staning rading | Pantaleon
Owner Steweag | Steweag | Steweag | Steweag EKW EKW EKW EKW EKW EKW EKW EKW EKW ERKW
Operation since 1955/56 | 1967/68 | 1965/66 | 1960/61 1972 1969 1950 1962 1949 1953 1967 1946 1948 1965
Stationing km | 12617 | 114111 | 108/101 98/91 86 77.5/76.5 64.4 55.7 47.9 40.2 34.3 200 13.8 8.1
Storage level m 564.5 479.0 453.0 425.0 400.5 388.0 371.0 346.5 331.0 315.0 302.0 283.2 268.3 260.0
Qrean ms/s 78 94 126 129 147 156 162 163 164 166 208 208 209
Flow Quax ms/s 1000 1100 1400 1400 1870 1900 2000 2100 2120 2130 2150 3000 3000 3000
Qrated ma/s 90 | 120 +(20) | 120 + (45) | 106 +(18) 280 280 280 280 280 280+ 15 315 315 315+ 10
Head Hmean m 78.4  |21.4(153)]23.0(14.0) | 23.9(134)| 1.2 15.7/16.1 235 14.8 15.0 12.7 123 14.2 8.0 18.8
Capacity (MC) Mw 63 25 29 23 26 65 38 40 28 32 a7 21 54
Energy (AAE) GWh 269 123 153 136 17 245 166 168 134 143 190 101 264
Layout =i 3 &L _EI | v
£ w18 | Elwn® | 2| | a2 e Wl a2l Al A2 el
2 3 ai 5 ATR
3 b\“ 2 3 3 4 3
A3 1| A1 % + L] ¥ + + +
2 = 2 B-
Spillway/Weir Gséf,'éf," Wandau S{fﬁng Essling Thurnsdort
Bays width m 3x12 3x12 3x12 3x12 ax12 2x18 2x22.5 3x13.5 3x16 4x16 x4 5x17 5x17.2 4x14
Pier width/height m | 44185 | 47/21.0 | 41/200 | 30192 | 4.0/255 | 18.0/350 | 4.0/37.0 | 5.2/31.0 | 57/32.2 | 55280 | 40230 | 50260 | 4.8/23.0 | 40215
Gates tainter tainter tainter tainter tainter tainter flap hook- flap hook- tainter top leaf hoak- tainter
+flap +flap + flap +flap +flap +flap bottom g. double bottomn g. double +flap tainter double +flap
Power conduit km | 2205 | wn2s | tna4 | wnze - tun. 1.0 s
Powerhouse Hieflau Landl Krippau | Altanmarkt Fa,fa';uon
Construction, type high high cavern. cavern. low pgj;?,id high low- high med. high high med. high
max height m 29.5 34.3 320 335 29.5 35.0/35.0 453 36.6 36.5 320 374 31.0 24.0 42585
i 1Kaplan| 1Kaplan| 1Kaplan 1 Kaplan . S S 2 Kaplan el T 2 Kaplan
Turbines, number and type AFmEncs (. 4 Kaplan | + 1 Kaplan |+ 1 Francis 2Kaplan | Kaplan 2Kaplan | 2Kaplan aplan aplan | 4 Kaplan plaf aplan | | 4 Francis
$ 1 1 1 1 L 1 & i 1 1 i 1
Backwater area
Length km 20 2.5 3.0 29 7.0 8.9 12.1 87 7.8 77 5.9 10.0 8.2 5.7
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LOSENSTEIN

River Enns, at km 55.7

Nearest town Steyr, Upper Austria

Owner EKW
Ennskraftwerke AG
Resthofstrasse 2,
A-4400 Steyr

MAIN CONSTRUCTION PARTS AND FUNCTION
Barrage Weir: 3 openings of 13.5 m each

Power station: 2 turbines of 19 MW each,
38 MW in total

Losenstein acts as a link in the planned chain of power
stations lining the middle and lower Enns, closing the gap
between the Grossraming (1950) and Ternberg (1949)
power stations.
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Operating since

Purpose

HYDROLOGY

Catchment Area
Q mean
Flow Q max
Q rated

1962

Hydropower

Storage Level (a.s.l.)

Mean Head
Capacity
Energy Output

4 840 km?
162 m¥/s
2 100 m¥s
280 m¥s
346.5 m
14.8 m
38 MW
166 GWh/a




GEOLOGY

The Losenstein power plant is located in the Upper
Austrian limestone Alpine foothills. It is founded on a
rocky threshold of Vils limestone (upper Jurassic malm-
stone) ranging across the river at a width of 70 to 80 m.
The walls of the valley are remains of a glacial terrace. lts
bottom consists of gravel deposits from the last Ice Age.

HISTORY AND DEVELOPMENT OF DESIGN

The first plan for developing the energy potential of the
Enns river from the provincial border between Styria and
Upper Austria to its confluence with the Danube was
drawn up by Osterreichische Wasserkraft- und Elek-
trizitdts AG as early as 1925. The plans and pre-paratory
work for the Losenstein project were passed to Enns-
kraftwerke AG (EKW), Steyr, a company founded in
1947, where they were adapted and harmonized with the
downstream Ternberg power station and Grossraming, a
project already in progress upstream of Losenstein.
Construction was started in 1958 and completed in 1962.

FOUNDATION

The barrage is founded on a threshold of limestone rock
shaped so as to allow proper cut-off connection to the
limestone. The limestone threshold is enclosed up- and
downstream by marl which would have been much less
suitable for foundation work.

INSTRUMENTATION

Geodetic monitoring comprises settlement and position
measurements.

CONCRETE

The concrete used at Losenstein (approx. 86 000 m?® in
total) was mixed with aggregates taken from the excava-
tion pit for the tailrace channel of the St. Pantaleon power
station planned next to the mouth of the Enns, as no
suitable gravel deposits could be found nearer to the site.
Supplementary to pure Portland cement, 15% pozzolana
was added to some concretes as a binder.

Coarse concrete B 160/225, max. grain: 100 mm
Binder: 200-250 kg/m?

Pumped concrete B 225, max. grain: 80 mm
Binder: 280 kg/m?®

FLOOD RELIEF WORK

Weir with three openings, 13.5 m clearance, 16.2 m
closing height. The openings are closed by hook-type
double leaf gates. Q max is discharged through two
openings of the weir. Seven stoplogs serve as an emer-
gency gate.

POWERHOUSE

Two turbo-generator sets with vertical Kaplan turbines for
a rated flow of 140 m®%s each, three-phase generators
(20 MVA). The intake is fronted by a rack of about 180 m?
in surface and a bulkhead gate. Each set is provided with
a sluice gate fitted stationarily as a tailrace gate atthe end
of the draft tube. A gantry crane is provided for hoisting
and moving equipment.
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Plan

Powerhouse section

L IO o o

48.50

Bridge

Weir section

[

Storage level

$348.50

MAIN DIMENSIONS

Weir
Height 31m
Width 47 m
Length 51m
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Powerhouse
38 m
48 m
50m
101 m in total

50.60

VOLUMES

Excavation

Gravel

Rock
Concrete
Riprap (backwater)

160 000 m*
90 000 m*
86 000 m*
70 000 m°
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Apart from the Danube, the Inn is the largest river in
Austria. Its uppermost catchment area lies in south-
eastern Switzerland. Then it flows through Austria over a
length of 220 km, from the Tyrolean-Swiss boundary
near Pfunds (Hochfinsterminz) to the boundary with
Germany near Kufstein. It is only after a further length of
150 km in Germany that, from its junction with the Salzach
coming from the central Alpine region in Austria, it forms
the Austro-German boundary and then, near Passau,
discharges in the Danube , which at this point is divided
between Germany and Austria. Catchments and mean
flows at the above mentioned points along the Austrian
boundary are as follows:

Boundary Catchment Qm
(a) Switzerland/Austria 2 700 km? 75 m¥/s
(b) Austria/Germany 9400 km? 305 m¥/s
(c) Germany/Austria

(incl.Salzach) 22 900 km? 700 m¥/s
(d) Germany/Austria

(Passau) 26 000 km? 750 m¥/s

The 220 km-long upper course of the Inn (Tyrolean Inn)
is at present utilized for energy production by not more
than two power stations, Prutz-Imst and Kirchbichl. Both
are isolated power stations owned by Tiroler Wasser-
kraftwerke AG (TIWAG), Innsbruck, described later in
this report.

Inthe German reach of the river Inn, systematic develop-
ment was carried on, with some interruptions, ever since
the construction of a diversion-type power station was
started at Tdging as far back as 1919, and was finally
completed with the commissioning of Nussdorf in 1982.
This developed reach comprises 10 power stations —one
diversion-type power station and nine stations in the river
bed — of which the youngest and most upstream station,
Nussdorf, is situated entirely on German territory (Bava-
ria), whereas backwatering partly extends into the right-
hand bank area, which is Austrian, so that Austria’s share
of this stations’s output accounts for 23.5%.

Upstream of Nussdorf follows the site of the Oberaudorf-
Ebbs project, also jointly owned (one half each) by Ger-
many and Austria, with the powerhouse and backwater
area being situated along the upper Boundary Inn, which
extends as far as Kufstein. Construction of this project,
originally planned to start in 1983, was actually not started
until 1989, as very complex legal aspects had to be
solved with the responsible German and Austrian water
authorities, the main issues being the expected environ-
mental impact and acceptance by the affected communi-
ties. The difficulty of appraising the amount of damages to
be paid was the main cause of the delay. Besides,
attempts were made by groups of environmentalists to
prevent the realization of the hydro project altogether.

In the boundary section (“Grenz-Inn”*), covering a length
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of 70 km between the mouth of the tributary Salzach and
the junction with the Danube, development as a continu-
ous series of power stations was started in 1939 and
completed in 1965. Five power stations with heads of
between 9.6 m and 11.6 m were constructed. A fairly
uniform general concept was maintained, in particular on
the projects realised between 1951 and 1965, Braunau-
Simbach, Scharding-Neuhaus and Passau-Ingling. To-
getherwith the Ering-Frauenstein and Egglfing-Obernberg
power stations, constructed in the years of war 1939 to
1944, this group develops about 70 km of river length with
a head of about 53 m, with a generating capacity of
435 MW and an annual energy of 2 470 GWh made
available in equal shares to Germany (Bavaria) and
Austria.

The importance of the Inn in terms of water resources and
energy potential is illustrated by the following characteris-
tic values of the Inn at its junction with the Danube near
Passau, where it substantially exceeds the Danube in
flow:

Inn Danube
48 200 km?

Catchment Area 26 100 km?

Annual Volume of Flow 23 -10° m® 21-10° mé

Q min 195 m¥/s 165 md/s
Q mean 750 m¥/s 630 m?/s
Q max 7 400 m¥/s 3 700 m¥s

Allthe power stations along the Boundary Inn are equipped
with vertical-shaft Kaplan turbines (14 to 24 MW each)
and show a completely uniform design for reasons of
economy. The same applies to the spillways, which
consists of five bays of 23 m width and 6 m-wide piers, all
closed by hook-type double-leaf gates, at four power
stations alike. Only Ering has six 18 m-wide spillway
bays and 5 m-wide piers. All the stations are founded on
schlier localy called “flinz”, except for Passau-Ingling,
which is founded on granitic gneiss. The flinz present in
the Inn basin is a very stable, impervious and ultra-fine
grained sediment perfectly capable of withstanding the
structural loads involved. The statical system of the
spillways consists partly of a continuous slab with piers
placed on top and partly of independent spillway bays and
piers (on the granite at Passau-Ingling). In the latter case,
bays are fixed with rock anchors to absorb uplift forces.
The spillway and powerhouse structures are provided
with sheet piling cut-offs and/or appropriate keys. Concrete
volumes are all between 150 000 m* and 180 000 m? per
power station. All the power stations were constructed in
the original river bed in two successive pits, with diversion
of part of the river flow. Pit-enclosures consis-ted of
caisson walls as well as gravefill dams with sheet piling
cores or partly anchored sheet piling or sheet pile
cofferdams.

The structural design of the whole development is called
“Inn-type” and is characterised by flat buildings serviced
by a main gantry cran moving over the whole barrage.

Structural measures in the backwater areas included
embankments (dykes) up to 9 or 10 m high, especially at
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Braunau-Simbach and Scharding-Neuhaus. Waterside
slopes (1:1.75) are protected with poured in-place
concrete blankets with wave breakers on top and sheet
piling at the toes. This shows that construction of thin
diaphragmes, later to be applied on the Danube and on the
Drau, was not used before 1960. Recipient and drainage
channels and, where required for topographical reasons,
pumping stations had to be provided outside the dykes.

As mentioned above, Nussdorf, the second power station
downstream of Kufstein, near the boundary, has been in
operation since 1982. Nussdorf is of the pierhead type.
The foundation is made up of largely impervious fine
sand. Sheet piling and heavy spillway floors safe from
uplift were required. Dykes received concrete blankets on
the slopes and thin-diaphragm cut offs as impervious
elements. Nussdorf is capable of 48 MW and generates
226 GWh/a. Austria’s share accounts for 23.5%
(i. e. 11.3 MW and 53 GWh/a).

The Oberaudorf-Ebbs station will be fairly similar to
Nussdorf, except that horizontal-shaft Kaplan turbines
(bulb turbines) will be provided in the powerhouse- piers.
Generation from this power station (expected to be in
operation in 1991/1992) will be devided in equal shares
between Germany and Austria (30 MW and 134 GWh/a
each).

By way of summery, it can be said that the almost
completed development of this boundary Inn is evidence
of successful technological efforts and a perfect example
of how river development is realized on an international
basis through the phases of design, construction and
operation. Essential problems of ecology arising from the
hydro projects have been solved in a perfect way for the
Inn, in particular for its boundary section. The fact that the
backwater areas on the river Inn have been made an
international nature reserve for wildlife (waterbirds and
biocenose) many years after the completion of the hydro
projects shows that technology and ecology need not
necessarily represent conflicting interests.

All development since 1950 has been undertaken by
Osterreichisch-Bayerische Kraftwerke AG (OBK) having
its headquarters at Scharding, Austria.

The Prutz-Imst power scheme, mentioned at the begin-
ning of this chapter, is situated in the Tyrolean reach of the
river Inn and utilizes the fall of the river near Landeck by
cutting across a large river bend by means of a 12.3 km
long tunnel; it was completed in 1956. The station is
designed for a discharge of 75 m?/s, the developed head
is approximately 140 m. The weir is situated at a narrow
section of the valley near Prutz, the site of the large
Kaunertal station with the Gepatsch reservoir, and con-
sists of three bays arranged polygonally in plan to allow
hydraulically favourable discharge, and closed by hook-
type double-leaf gates. Desilting basins next to the weir
form the transition to the power tunnel. The underground
power station is equipped with three Francis turbines
(total 82 MW). Annual energy-production, enhanced by
the storage effects from the Kaunertal scheme and from
reservoirs inthe uppercourse in Switzerland, is 500 GWh/a.



The second power station on the Tyrolean Inn, Kirchbichl,
was constructed as a run-of-river station 1938—1941. lis
headrace canal 1 km long, cuts across a pronounced
river bend upstream of Kufstein. The four-bay weir struc-
ture, equipped with hook-type double-leaf gates is cap-
able of a Q max of 1 800 m¥s. Next to it is the headrace
inlet for 250 m?%s; head is 8.5 m. Foundation of the weir
on course gravel called for a large amount of sheet piling.
Kirchbichl has a capacity of 23 MW and generates
134 GWh/a.

At present the Austrian electricity supply derives from the

river Inn: 50% of the lower boundary-Inn (Braunau to
Passau), 23.5% from Nussdorf and 100% from Kirchbichl
and Prutz-Imst. In total: 217+11+23+82 = 333 MW and
1 235453+134+500 = 1922 GWh/a. The Oberaudori-
Ebbs power station will add 30 MW and 134 GWh/a.

Planned projects for the Tyrolean part of the Inn include
a diversion-type power station utilizing the 160 m head of
the Austrian-Swiss boundary section and the adjacent
purely Austrian section down to Prutz. Several run-of-
river stations, some upstream and some downstream of
Innsbruck and one near Kufstein form part of a general
masterplan.

Inn
: Prutz- i i Oberaudorf- Braunau- Ering- Egglfing- Scharding- Passau-
Poawercstation Imst Kirenbich! Ebbs HuBdorf Simbach Frauenstein | Obemberg Neuhaus Ingling
Owner TIWAG TIWAG opk | WA OBK IWAG IWAG OBK OBK
i g constr.
Operation since 1956 1941 (19a1) 1982 1953 1942 1944 1961 1965
Stationing km 387/360 233/230 21 198 61 48 35 19 4
Storage level m 858.5 497.0 477.4 464.4 348.5 336.2 325.9 314.9 303.0
Qrmean ma/s 80 320 305 320 706 715 721 732 746
Flow Qray m3/s 600 1800 2150 2400 6200 6400 6 600 6 800 7400
Quatea mi/s 80 250 580 550 1000 1040 990 1000 1000
Head Hyean m 141.5 8.5 11.7 11.6 1.6 9.6 10.5 11.2 10.0
Capacity (MC) MW 82 23 (60) 30 (48) 11 (96) 48 (72) 36 (84) 42 (96) 48 (86) 43
Energy (AAE) GWh 500 134 (268) 134 (226) 53 = (554) 277 (428) 214 (468) 234 (540) 270 (480) 240
©
€
o &
2iis f f i
789%
Layout M“/"h Nﬁ&’\/‘ 57-5 A4 A3 re 4 M4
BTER 2 + = 5 -
e | o SEST
GE S + f * + +
Sl
cu=
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o ®
[
Spillway/Weir Runserau §_
Bays width 3x13 4x20 3x16 3x18 @ 5x%23 6x18 5x23 5x23 5x23
Pier width/height 5-1116 517 20/35.3 25/30.4 6/30 531 6/28 6/25 6/27
Gates hook- hook- tainter tainter hook- hook- hook- hook- hook
double double + flap +flap double double double double double
Power conduit km | tunnel12.3 | canalh 1.1 - - - - - - -
Powerhouse Imsterau
Construction, type cavern high pier-head pier-head low low low low low
max height m 30 37 36.3 30 34 34 27 32 32
Tlirbiries, nfaber-and e 3 Francis 3 Kaplan 2 Kaplan 2 Kaplan 4 Kaplan 3 Kaplan 6 Kaplan 4 Kaplan 4 Kaplan
‘ 2 1 - 1 { 1 ) 5 L
Backwater area
Length km 3 9 11 13 14 13 13 17 15
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SCHARDING-NEUHAUS

(OO T NI

River Inn, at km 18.8

Nearest town Schérding, Upper Austria

OBK

Osterreichisch-Bayerische
Kraftwerke AG

MuUnchnerstrasse 48,

D-8265 Simbach

50% held by Austria and Bavaria
respectively

Owner

MAIN CONSTRUCTION PARTS AND FUNCTION
Barrage: Weir: 5 openings of 23 m each
Power station: 4 turbines, 96 MW in total

Development of the Inn on the border between Germany
and Austria was continued by a run-of-river station largely
similar to that previously built at Braunau-Simbach (1953)
and constructed in line with the same economic princi-
ples. This chain was completed four years later when the
Passau-Ingling power station went into operation in 1965.
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Operating since 1961
Purpose Hydropower
Flood protection
HYDROLOGY
Catchment Area 24 430 km?
Q mean 732 m¥/s
Flow Q max 6 800 m¥/s
Q rated 1 000 m¥s
Storage Level (a.s.l.) 3149 m
Mean Head 11.2 m
Capacity 96 MW 50% each for
Energy Output 540 GWh/a }  Austria and Bavaria



GEOLOGY

The granite subsoil sloping from the right-hand bank
towards the river is overburdened by impervious marl
layers (flinz) interstratified with thin layers of fine sand.
They are covered by alluvial river gravel up to 10 m in
depth, interspersed by some blocks. At the selected site,
both the weir and the powerhouse are founded on flinz
whose permeability and shear resistance were estab-
lished by in-situ testing and lab tests. The backwater area
(17 km in length) on the right-hand (Austrian) side is
bounded by a natural high bank, while the left-hand
(Bavarian) boundary is formed by an embankment ex-
tending to the Obernberg station situated upstream, to
provide flood control for an area of 8 km2. The backwater
has an average width of 300 m, widening in places
depending on the line of the high bank.

HISTORY AND DEVELOPMENT OF DESIGN

Two power stations (Ering-Frauenstein and Egglfing-
Obernberg) were built on the stretch of the Inn along the
border during the war. New stations were added between
1951 and 1965, at Braunau-Simbach, Schérding-Neu-
haus and Passau-ingling. These stations have been
planned, built and operated by OBK, a binational compa-
ny whose shares and electricity generation are owned in
equal parts by Austria and Bavaria (Germany).

The structural design of this type of station is called “Inn
model”. It is characterized by flat buildings serviced by a
main gantry crane traveling across the powerhouse and
weir for assembly and maintenance. Construction of the
barrage was carried out in two successive pits in the river
channel widened at places.

FOUNDATION

Imperviousness of the weir and powerhouse foundations
is ensured by cut-off walls extending deeply into the flinz.
Grouting was found to be unnecessary. The stability
analysis was based on the full uplift pressure, taking into
account the mechanical properties of the soil. The stilling
basins were reinforced against uplift occuring during
repairs.

INSTRUMENTATION

Standard geodetic monitoring. Piezometers in each weir
pier, between powerhouse and weir and in the left quay
wall for monitoring uplift pressure.

CONCRETE

Concrete aggregates obtained from the river and its
banks were screened into five fractions (70 mm max.).
Two types of pumped concrete were produced with 250
and 300 kg of Portland cement per m®. Compression
strengths achieved at 56 days were 28.5 and 33.0 N/mm?
respectively. The concrete was poured in 2.4 m lifts by
means of concrete pumps over distances of up to 180 m.
Stone lining for the weir openings was not necessary,
with surface protection afforded by a 30 cm vacuum
concrete facing.

The left-hand embankments, 3.50 m wide at their crest,
with a slope of 1:1.75 at the water side and 1:1.67 to 1:5
at the off-water side, consist of gravel of 100 mm maxi-
mum size, placed in compacted layers. The water-side
slope is protected by a concrete slab of 16 cm in thickness
and a wavebreaker. A narrow trench was excavated to
allow the concrete facing to be carried down to the top of
the 40 500 m? steel sheet piling which extends through
the gravel overburden into the flinz.

FLOOD RELIEF WORK

Weir with five openings of 23 m in clear width, with hook-
type double-leaf gates 13.8 min height. The design flood
of 6 800 m¥s can be discharged even with one weir
opening blocked and with the normal headwater level
maintained. A total of 7 530 m®s can be discharged
when all gates are open. Maximum unit discharge of the
design flood is 52 m%s per linear metre of weir.

POWERHOUSE

Equipped with four vertical shaft Kaplan turbines with a
rated discharge of 250 m¥s and a capacity of 24 MW
each, coupled to umbrella-type generators of a capacity
of 30 MVA. The intake is protected by a three-part rack of
265 m? in surface. Gantry-type stoplogs are provided in
front of the rack, and stoplogs are fitted in a slot behind the
rack.
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MAIN DIMENSIONS

Weir Powerhouse
Height 31m 32m
Width 36 m 57 m
Length 139 m 102 m

241 m in total

VOLUMES OF BARRAGE
Excavation
Gravel 310 000 m?®
Flinz 75 000 m®
Concrete 168 000 m?®
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VOLUMES AT BACKWATER AREA

Left Bank

Embankments (10 m high max.; 16 km long)

Volume 2 400 000 m?®
Concrete 45 000 m?
Sheet Piling 40 500 m?
Right Bank

Natural Slope Stabilization

Concrete 35000 m?®



OBERAUDORF-EBBS

River

Inn, at km 211.4

Nearest town Kufstein, Tyrol

OBK

Osterreichisch-Bayerische
Kraftwerke AG

Minchnerstrasse 48,

D-8265 Simbach

50% held by Austria and Bavaria
respectively

Owner

MAIN CONSTRUCTION PARTS AND FUNCTION
Barrage Pier-head power station

Weir: 3 openings of 16 mwidth each, spaced
by 2 piers of 20 m width and one 30 MW
bulb turbine each, 60 MW in total

Final stage of the combined German/Austrian hydro-
power development on the upper reach of the Boundary-
Inn downstream of Kufstein.

Operating Scheduled as of February 1992
Purpose Hydropower
Flood protection
Prevention of riverbed degradation
HYDROLOGY
Catchment Area 9 400 km?
Q mean 305 m¥/s
Flow Q max 2 150 m%s
Q rated 580 m¥s
Storage Level (a.s.l.) 4474 m
Mean Head 11.7 m
Capacity 60 MW } 50% each for
Energy Output 268 GWh/a Austria and Bavaria
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GEOLOGY

After sinking a total of 21 exploratory drillholes at the
barrage area, it was found that no rock or impervious
ground could be reached so that the weir and piers had to
be erected on gravel and layers of sand. The pit had to be
sealed by a diaphragm 20 m in depth in the gravel
combined with a 10 m cut-off-curtain above. To cope with
the unexpected inflow of water (seepage), mostly from
the bottom, it was necessary to raise the pump capacity
at almost 3 m%s. The Inn power station at NuBdorf, only
12 km away, which was built in 1980 under similar geolo-
gical conditions, required only 0.1 m®s in pumping capa-
city. Even then, original plans for Oberaudorf-Ebbs had
already provided for pumps of a total capacity of 1 m¥s,

HISTORY AND DEVELOPMENT OF DESIGN

Oberaudorf-Ebbs is the final link in the chain of Inn power
stations downstream of Kufstein. It will complete the
development of the 220 km stretch of the river until its
confluence with the Danube in Passau. With it, the Inn
now accommodates seven power stations operated joint-
ly by Austria and Bavaria plus nine more along its stretch
on German territory.

When the Nussdorf power station started operation in
1982, plans provided for an immediate realization of the
Oberaudori-Ebbs project directly upstream, i. a. to halt
degradation at the free-flowing stretch of the river. The
water management approval procedure was, however,
retarded by objections voiced by the adjoining communi-
ties and in particular by Kufstein, by environmentalist
concerns and by divergent statements submitted by the
two countries involved. Accordingly construction, which
had been scheduled to start in 1983, did not commence
until February 1988 and then only for diverting the Inn for
the excavation pit, only to be suspended four weeks later.
It took fully one year (until February 1989) before work
could be resumed after solutions had been found for the
legal difficulties encountered.

Oberaudorf-Ebbs is a pierhead power station of a type
similar to Nussdorf except that it has horizontal bulb
turbines in its piers.

Its backwater area stretches for 10 km and requires
embankments of up to 8 m in height, although at some
places natural high-level river banks could be used.
Diaphragm walls (max. 20 m) are provided for cut off.
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The embankments are made of gravel from the “Schanz-
ler Lahn” (rock debris) mixed with wetland sand. Biotopes
of a total extension of 125 000 m? will be created on both
banks of the Inn.

FOUNDATION

The weir and piers are provided with a shallow foundation
on the sand/gravel layers. Cut off against excessive un-
derseepage is provided by a reinforced concrete curtain.
No additional grouting work is planned. The uplift pres-
sure is accounted for in the stress calculations. The weir
links up laterally with the embankments by wing walls
founded on concrete curtains.

The barrage is being built in a single pit after diverting the
Inn on its left-hand (Bavarian) bank for the construc-
tion period. The diversion channel, designed for
Q = 2 150 m?¥s, required excavation of 200 000 m?® of
gravel and sand.

INSTRUMENTATION

Geodetic monitoring, piezometer tubes for uplift pressure
and percolation water measurement.

CONCRETE

Excavation material produced from the diversion channel
is taken and processed for use as aggregates. A total of
150 000 m? of concrete will be poured. The sill and stilling
basin will be surfaced with granolithic concrete.

FLOOD RELIEF WORKS

Weir with 3 openings of 16 m width each, closed by
tainter gates with flaps (15.5 m in total height). Q max =
2 150 m%s can be discharged by 2 (n-1) openings; all
3 openings can release Q =2 700 m%s.

POWER STATION

Pierhead power station with 2 piers, each 20 m in width
and 36.3 min height, 1 bulb turbine of Qrated =290 m¥s,
6.10 m in diameter, 30 MW, 35.3 MVA generator in each
pier.

Two gantry cranes of 60 t capacity each are provided for
maintenance. They run across the crest of the weir and
piers and are also used for moving stoplogs.
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MAIN DIMENSIONS VOLUMES OF BARRAGE AREA
Weir Powerhouse Pier Excavation (sand/gravel) 2000000 m?
Height 35.3m 36.3m Concrete 150 000 m?®
Length 3x16 m 2x20 m
88 m in total VOLUMES AT BACKWATER AREA
Embankments 1 600 000 m?®
Riprap 210 000 m?
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The river Mur rises on the southern flank of the main ridge
of the Alps (Niedere Tauern). It first flows in an easterly
direction, then continues southward, passing through the
city of Graz and finally reaches the Austro-Yugoslav
boundary zone. Its catchment area there is approximately
10 300 km? and its mean flow 158 m?/s.

Development of this river began before 1904, then was
carried on at large intervals and is now nearing comple-
tion in the middle reaches upstream and downstream of
Graz. Over the last few years development has been
startet in the uppermost reach, which is partly on Salz-
burg territory. There, enlargement and upgrading of the
Rotglildensee hydro scheme is under construction, the
power station on the Zederhaus, a tributary of the river
Mur, is completed and Einach (28 MW, 125 GWh/a) is in
the project stage. Further downstream, where the Mur
enters Styrian territory, there is a small power station at
Bodensdorf (Mur: 7 MW, 34 GWh/a.; Paal: 27 MW,
86 GWh/a), which has been in operation since 1982, and
one at St. Georgen (6 MW, 32 GWh/a), in operation
since 1985. Construction of a power station at Fisching
(18 MW, 74 GWh/a), due to start in 1990, is meeting with
some resistance on the part of environmentalists.

Over the last two decades development has proceeded
stage-wise, mainly in the reach between Graz and Spiel-
feld (where the boundary Mur begins). All the projects are
run-of-river stations with three-bay spillways and adja-
cent powerhouses equipped with 2 bulb turbines each.
Development of the reach upstream of Graz, up to the
Dionysen station, dates back to the period between 1908
and the time of the Second World-War. In accordance
with the state of engineering at that time these power
stations are mainly of the diversion type, with long open
headrace canals, which allowed heads of up to 19 mto be
accomplished. Construction and operation is in the hands
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of 2 companies: Steirische Wasserkraft und Elek-
trizitdtsgesellschaft (Steweag), Graz, and Steiermérkische
Elektrizitits AG (StEG), Graz.

The six major power stations (of more than 10 MW each)
situated upstream of the provincial capital Graz, at Diony-
sen, Pernegg, Laufnitzdorf, Rabenstein, Peggau and
Weinzédl have a total capacity of 89 MW and generate
492 GWh/a. This total output is increased by existing
minor power stations in the reach upstream of Graz,
owned by comunities, industries, private owners with a
total of approximately 23 MW and 150 GWh/a. Down-
stream of Graz the 6 power stations at Mellach, Lebring
(new), Gralla, Gabersdorf, Obervogau and Spielfeld have
nearly the same output i. e. 91 MW and 448 GWh/a.

As mentioned before almost all the stations in the upper
reach are of the diversion type, equipped according to the
state of engineering at the time of their construction: ver-
tical-lift gates, roller drum gates and hook-type double-
leaf gates; concrete-lined trapezoidal canals, later partly
replaced by bituminous concrete. Powerhouses have
been equipped with Francis turbines, most of them have
meanwhile been replaced by Kaplan turbines. The newer
stations are equipped with bulb turbines, only Weinzédl
has two Straflo units, where the generators are attached
around the turbines.

With about 216 MW and 1 155 GWh/a the chain of power
stations on the river Mur, although counting among the
smaller developments, is interesting in conveying an idea
of hydro-development in Austria over the whole century.
Many valuable impetus has come from engineering hy-
dropower on the Mur, both in the past and in our times.
The continual growing demand for renewable and clean
energy, to be produced in the own country, urges the



further development of the hydropotential on the river  are still available, both in the upper course and along the
Mur, which is estimated about 3 000 GWh/a in total and  reach forming the boundary with Yugoslavia over a length
only 1/3 is used until now. Substantial hydro researches  of about 36 km with a fall of 50 m.

Mur
. . : Laufnitz- - i Lebring Gabers- Ober- .
Power station Fisching Dionysen Pernegg dorf Rabenstein Peggau Weinzd| Mellach (neu) Gralla dorf vogn Spielfeld
Owner STEWEAG | STEWEAG | STEWEAG | STEWEAG SIEG SIEG SIEG STEWEAG SIEG STEWEAG | STEWEAG | STEWEAG | STEWEAG
Operation since constr, 1944 1927 1931 1987 1908 1882 1985 1987 1964 1974 1977 1982
Stationing km |307.7/304.3 | 244.2/239.9 | 229.6/226.7 | 222.7/214.8| 207.5 |205.2/200.8 184.0 159.1 151.6 147.6 142.6 137.6 132.3
Storage level m 681.0 504.3 467.3 448.3 418.8 410.0 363.0 3055 202.0 281.0 2715 262.0 254.0
1o T ma/s 48 80 105 108 15 115 115 124 135 135 135 140 157
Flow Qpax m3/s 620 1200 1500 1500 1250 1250 1250 1250 1250 1250 1250 1250 1500
Qratod m/s 86/167) 85 140 110 180 110 180 180/12/8") 200 200 220 240 240
Head Huean m | 223/11%) 16.5 16.7 18.6 8.2 14.4 9.0  [9.6/7.4/7.4™) 10.2 8.3 8.2 71 7.0
Capacity (MC) MW | 16.5/1.5%) 12 18 17 13 13 16 150,750.55") 19.4 145 14.5 13 13
Energy (AAE) GWh 67/7") 70 108 108 62 78 68 76/6/2*%) 89 71 68 60 76
) y
Wy ¥ A\ . t -
Layout 3 3 3 * 3 o + + W) f * f * *
= 2 ﬁ
] T 5|3 E 2 N 2| | |2 2 2 2 ENTE
8 g8 8 o | 3 3 3 3 3 3 3
L A -5 N A T I R t ot
g )
o 2| A3 A2 2
Spillway/Weir Mbtschlach | Pernegg Mixnitz Peggau
Bays width m 3x10 3x15 3x15 2x25 155 | 2x14/3x12 |  3x16.5 3x15 3x15.5 ax15 ax15 3%20 3x20
Pier width/neight m 3.0/21.0 3.8/15.5 5.0/27.0 5.01135 3.0118.0 2.0/11.0 3.0/18.0 2.5/18.0 3.0/22.0 4.0116.0 4.019.0 2.4116.0 2.4/16.0
Gates tainter hook- hook- roller- tainter tainter tainter tainter tainter tainter tainter fainter
+flap double double drum +flap leaf +flap +flap +flap +flap +flap +flap + flap
. h 1.1 h 37 h23 h7.0 canal 2.1
Power conduit km | canaly oy |canaly gy |canaly g3 [canaly g = wnnel 1.0 = = - - = ~ >
Powerhouse Dionysen Kirchdorf | Laufnitzdorf Peggau
Construction, type covered high high high high high high high high high high high high
max height m 40 33 32 31.4 20.4 17.0 23.0 27.0 237 20.9 257 25,0 26.0
1apian | 2 Kapl 3F 2 Kapl 2 Kapl 2 Kapl 2 Koplair | 2Kapkin 2 Kapl 2 Kapl
. ian
Turbines, number and type |+ 1 Kaplan*) dpian rancia aplan aplan aplan Straflo = | 2Kaplan apl 2Kaplan | 2Kaplan plan
. 1 L L L d . 2 Kaplen™) 25 1 = 2 -
Backwater area
Length km 49 15 53 4.0 4.0 2.5 1.2 34 4.9 38 5.4 46 5.3

265



GABERSDORF

River Mur, at km 142.2 Operating since 1974
Nearest town Leibnitz, Styria Purpose Hydropower
Limited flood protection

Owner STEWEAG Biotope

Steirische Wasserkraft- und

Elektrizitats AG

Leonhardgdrtel 10

A-8010 Graz
MAIN CONSTRUCTION PARTS AND FUNCTION
Barrage Weir: 3 openings of 15 m each

Power station: 2 bulb turbines, 14.5 MW in HYDROLOGY
total

Link in the development between Gralla (1964) and the  Catchment Area 8 204 km?
Austrian-Yugoslavian border at Spielfeld. The barrage Q mean 135 m¥/s
was designed analogously to the Gralla power station.  Flow Q max 1250 m¥/s
Primarily it serves as a source of hydropower and pro- Q rated 220 m¥/s
vides limited flood protection. With the backwater area  Storage Level (a.s.l.) 2715 m
silting up, it is expected to become a biotope similartothat  Mean Head 82 m
at the Gralla backwater (which is already a bird sanctu-  Capacity 14.5 MW
ary). Energy Output 68 GWh/a
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GEOLOGY

The relatively flat Mur river bed cuts through an alluvial
gravel field thinly covering a tertiary system that consists
mainly of sand, clay and marl transitions. The grayish
brown tertiary substratum called “Tegel” is sufficiently
stable and impervious. Exploratory drilling found that the
tertiary layers crop out at some 4-6 m below the original
ground, so that it was no problem to provide adequate
foundations.

The backwater area is enclosed by embankments of
6.5—7 m on both sides to account for a reservoir level of
about 5-5.5 m above the original surface. Their length of
about 3.3 km on both sides was filled with material from
underwater excavations which was interspersed with a
high rate of the Tegel which had to be excavated as well.
Adjacent to the weir, diaphragms of 400 m in length were
built on both banks to link up with the compact tertiary
system. No cut off was necessary at the upstream back-
water area, either for the embankments or for the recent
gravel between the dam contact surface and the tertiary
layer, because the Mur carries considerable amounts of
suspended particles (paper and woodpulp mills) which
effectively seals the barrage area.

HISTORY AND DEVELOPMENT OF DESIGN

The first stage of a development project spanning the Mur
to the south of Graz was begun by STEWEAG in 1962
with its Gralla power station (completed in 1964). The
rising demand for energy and gradual degradation of the
Mur bed in the Gralla tailwater made it necessary to
construct the Gabersdorf station. The construction meth-
od and plant type used for Gralla were reemployed for
Gabersdorfand laterforthe nextstationsinline, Obervogau
(1977) and Spielfeld (1982), with the exception of the
turbines (bulb type) and the architectural structure of the
powerhouse.

FOUNDATION

The weir and powerhouse are founded on sufficiently
stable and impervious Tegel, at places anchored by
studs. No cut-off structures were necessary except for the
embankments abuting the power station (for a length of
400 m on each side).

Stability was calculated for a standard uplift pressure
(linear decrease to the tailwater) to take into account the

50il mechanical properties even though the area down-
stream of the stilling basin is drained. The bottoms of the
stilling basin have no static effect on the weir.

INSTRUMENTATION

Usual geodetic monitoring, drainage water is measured
in monitoring galleries, oxygen content of the river water
is checked at a turbine, ground water monitoring along
the backwater area and tailrace.

CONCRETE

Aggregates were taken from gravel pits of the Graz and
Leibnitz fields. Bulk concrete parts such as the weir and
underground structures for the powerhouse used B 225
with at least 250 kg of Portland cement per m* of con-
crete, while B 300 with 300 kg of Portland cement was
used for the finely structured parts such as bridges, the
powerhouse building, buttresses and pulling heads for
the tainter gate bearings.

In view of the relatively minor bed load transport (usually
small-grained) there was no need for comprehensive
armotring at the weir or any special surface hardening
measures at the weir concrete. Accordingly, only a small
area of the weir sill has been armored.

The water-side slopes in the backwater area and tailrace
have an incline of 1:2. They are secured by slope plates
near the power station and riprap at the other places.

FLOOD RELIEF WORK

Weir with 3 openings, each 15 m in width and with a gate
height of 8 m. The tainter gates and flaps are moved
hydraulically.

The maximum flood of 1 250 m%s can be discharged
even when one gate is blocked and the top water level is
retained. Some 1 800 m®s can be discharged when all
gates are opened and the top water level is retained.

POWERHOUSE

The powerhouse accommodates two bulb turbines on a
shaft inclined by some 14°. The rated flow is 110 m¥s
each. Atarated head of 8.6 m the capacity is @ MW each.
The stoplogs for the turbine inlets are moved by the rack
cleaning unit.
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MAIN DIMENSIONS
Weir Powerhouse
Height 19m 26m
Width 51 m 51m
Length 53 m 25m
78 min total
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The Salzach drains the northern flank of the Hohe Tauern
and flows over almost its whole length of 225 km (source
to junction with the river Inn) on the territory of the
province of Salzburg; only its lowest reach of 59 km forms
the boundary between Bavaria (Germany) and Austria.
At its junction with the Inn it has a catchment area of
6 734 kmZ2. In spite of the substantial energy potential of
this river only a small station of 3 MW capacity was
constructed for a papermill at Hallein in 1928.

It was not before the construction of Glockner-Kaprun
with its large storage schemes and of the schemes owned
by the Austrian Railways in the Stubach valley that a
reach with a high gradient between Bruck and Golling
was worth developing. The main reason was the in-
creased streamflow inthe Salzach during midwinter months
due to these upstream reservoirs (February 11 m®s to
27 m3/s, or March 15 m¥s to 30 m¥s). This effect — very
similar to the river Inn (power station Prutz-Imst) — made
it usefulto start construction of the power station Schwarz-
ach 1953 as the main station of the Middle Salzach chain.
The three-bay weir, capable of discharging a maximum
flood of about 1 100 m%s, diverts a maximum flow of
90 m¥/s. After passing through sand traps (Dufour) the
water is conveyed through a tunnel 16.9 kmin length and
5.5 min diameter, which ends in a daily storage reservoir
(1.5 million m®) for peak load. The power station is lo-
cated downstream of the reservoir and is equipped with
4 Francis turbines of 30 MW each, generating total
480 GWh/a.

It was for the construction of the long and large diameter
power tunnels for the Inn (Prutz-Imst 1953-56) and the
Salzach (Schwarzach 1954-58) that the most outstand-
ing progress in modern tunnel engineering was achieved,

now universally known as the NATM (New Austrian
Tunnelling Method) which is based on the principle of
immediate application of shotcrete and rock bolting or
anchorage to mobilize the rock mass as a load-bearing
element.

Following the Schwarzach power station, study of a great
number of project possibilities led to the selection of a
Middle Salzach series of 7 power stations (total length
22 km, head 70 m) to be constructed in several phases.
The names of the 7 plants — in direction of flow — are
Wallnerau, St.Veit, St.Johann, Urreiting, Bischofshofen,
Kreuzbergmaut and Pfarrwerfen. Work was started with
Bischofshofen (1985) followed by Urreiting immediately
upstream and of practically equal design (19886).

The stations St.Veit (1988) and Wallnerau (1990) fol-
lowed next. The fifth station, St. Johann, is under con-
struction and will be completed 1990/91. By that time
more than 70% of the planned total of 112 MW and
504 GWh/a (30% in winter and 70% in summer) will be
completed. Each station, except Wallnerau, consists of a
powerhouse block with 2 horizontal bulb turbines and an
adjacent three-bay spillway block. The design of Wallner-
au makes allowance for the particular project situation at
the confluence of the river Salzach with the tailrace from
the Schwarzach power station. It consists of one power-
house with 2 bulb turbines (16 m head) for the river
Salzach and one powerhouse with 3 S-turbines (6 m
head) for the tailwater of the Schwarzach station. This
part can be overflowed to enable independent operation
of Schwarzach in any case. The spillway for the river
Salzach consists of 2 bays, each equipped with a tainter
gate and a flap and a concrete beam between.

Most of the relatively low dykes of all the other stations
have an asphaltic facing covered with dry stone pitching
and a thin diaphragm cut-off extending almost 20 m into
the foundation for imperviousness. A great deal of work
was done to preserve the nature, landscape, flora and
fauna in cooperation with ecological specialists and in
accordance with the desires of the population. The next
stations to be built will be Kreuzbergmaut and Pfarrwer-
fen downstream of Bischofshofen.

In the much flatter reach between Golling and the river's
junction with the Inn only 2 power stations have so far
been built. Between Hallein and the city of Salzburg the
first one was Urstein (1971) with a capacity of 20 MW and
an output of 107 GWh/a. In terms of stream engineering
Urstein has to fulfill the additional function of preventing
further degradation of the riverbed. A similar project was
realized at Hallein, where a sill dating from the year 1972
was reconstructed as a power station, which was put in
operation in 1987. It has a capacity of 12 MW and
generates 66 GWh/a.

For several decades plans have been considered, which

provide the construction of a series of power stations in
the reach downstream of the city of Salzburg, where the
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Salzach forms the boundary with Bavaria. A definite date

for the implementation of this project is not known.

Schwarzach, Wallnerau and St. Veit were constructed
and are owned by Tauernkraftiwerke AG (TKW), Salz-
burg, Construction of the other schemes on the Middle

Salzach is jointly undertaken by TKW and SAFE (Salz-
burger AG fir Elektrizitdtswirtschaft, Salzburg), whereas

Urstein and Hallein were constructed by SAFE alone.

At the time of completion of St. Johann (1990/91) the then
8 power stations, Schwarzach to Urstein will produce
234 MW and 1 015 GWh/a.

Salzach
: Wallnerau ) ; Bischofs- . )
Power station Schwarzach St. Veit St. Johann Urreiting Hallein Urstein
tailrace Salzach hofen
Owner TKW TKW TKW SAFE/TKW SAFE/TKW SAFE/TKW SAFE SAFE
Operation since 1958 1990 1989 1991 1986 1985 1987 1971
Stationing km 154/135 134.8 131.7 128.6 124 120 80 75
Storage level m 738.0 588.5 588.0 582.0 570.6 559.2 547.8 440.7 434.0
Diiciiy ma/s 60 48.4 41.2 89 97 103 106 154 174
Flow Qnax ms/s 1100 - 1134 1150 1255 1320 1356 2200 2730
Quated mi/s 90/110 105 95 183 190 186 202 220 250
Head Hpean m 132 6.1 15.4 10.8 104 10.8 9.7 6.7 8.9
Capacity (MC) MW 120 5.1 12.0 16.5 16.5 16 16 12 20
Energy (AAE) GWh 480 19.3 43.2 71 75 80 73 66 107
7] 3\ + * * + *
Layout ‘g__),E Me2| | |af2 A2 A2 A2 Af2
fx
Sin 3 3 3 3 4 3
——
Spillway/Weir Hégmoos
Bays width m 3x10 - 2x10 3x10 3x10 10 3x10 4x25 3x16
Pier width/height m 3.5/15.0 = 3/25.3 3.0/20.5 3.0/20.9 3.0/21.7 3.0/21.7 1.5/18.6 4.5/21.0
i flap : . . . .
tainter tainter tainter tainter tainter tainter
Gates concr. beam flap
+ flap - taiitor +flap + flap +flap +flap +flap
Power conduit km tunnel 17 - - - - - - - -
Powerhouse Schwarzach
Construction, type high submerged low low low low low low low
max height m 25.0 15.4 28.0 27.3 27.3 27.3 273 28.0 26.0
Turbines, number and type 4 Francis 3 S-Turb. 2 Kaplan 2 Kaplan 2 Kaplan 2 Kaplan 2 Kaplan 2 Kaplan 2 Kaplan
1 N - - - - - e
Backwater area
Length km 1.5 0.2 1.4 341 3.5 4.5 47 2.4 53
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WALLNERAU

River Salzach, at km 134.8
Nearest town Schwarzach, Salzburg
Owner TKW

Tauernkraftwerke AG
A-5020 Salzburg, Rainerstraf3e 29

MAIN CONSTRUCTION PARTS AND FUNCTION

Two independent power stations at the point where the
tailrace canal from the Schwarzach power station dis-
charges into the Salzach provide the link-up of the Middle
Salzach development to the Schwarzach power station.

DOUBLE POWER STATION

a) at the Salzach  Weir with openings of 10 m in width
each,
Power station with 2 bulb turbines,
12 MW in total

b) Schwarzach tailrace
Power station with 3 S-turbines
5.1 MW in total

Operating since 1990

Purpose Hydropower
Flood protection

HYDROLOGY
a)
Catchment Area 2161 km?
Q mean 41 m¥s
Flow Q max 1134 m¥s
Q rated 95 m¥/s
Storage Level (a.s.l.) 598 m
Mean Head 15.4 m
Capacity 12 MW

b)
46 m3/s
105 m3/s
588.5 m
6.1 m
51 MW

17.1 MW in total
Energy Output 43 GWh/a 19 GWh/a
62 GWh in total
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GEOLOGY

At the barrage, the rocky outcrop of the greywacke zone
(graphitic schist) slopes from the right-hand wall (17 m)
towards the centre of the valley (50 m). The layers top-
ping the primary rocks consist of a displaced base mo-
raine, strata of fine sand with varying rates of silt, and
sandy/pebbly sediment. The soil-mechanical parame-
ters for the subsoil were identified by in-situ and |ab tests.
The backwater has a natural high terrace as its left-hand
flank. The primary rocks crop out to the surface at places
on both banks. The rock is normally covered by densely
packed layers of little imperviousness which offer excel-
lent cut-off conditions for the backwater area (diaphragm
at the right-hand bank).

HISTORY AND DEVELOPMENT OF DESIGN

The St. Veit power station, originally planned to serve as
the first stage of the development, was extended by an
upstream stage at Wallnerau after it was found that the
additional overdeepening to be provided at the tailwater
of the Schwarzach power plant proved difficult to imple-
ment both from the engineering and economic points of
view. Several options for locating the barrage at Wall-
nerau were examined. Damming up the tailrace canal of
the Schwarzach power plant would have raised the
phreatic surface and would have been detrimental to the
powerhouse area, so that it was decided to divide the
retention water level for the Wallnerau power station into
588.5 m at the tailrace canal and 598.0 m in the Salzach
bed. This rather uncommon selution meant lower land re-
quirements, alleviated hydraulic, geological and engi-
neering problems and at the same time improved effi-
ciency.

FOUNDATION

The barrage and the two power stations have the usual
surface foundations on gravel and sand. In sections
characterized by unstable layers the soil had to be re-
placed. A subterraneous curtain reaching down to 15 m
below the foundation bed serves as an apron abuting the
cut offs on both banks at the headrace of the weir and the
two power stations.
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INSTRUMENTATION

Standard geodetic monitoring of all parts. Piezometers
downstream of the two weirs and at the contact surfaces
of the power stations above and below the apron.

CONCRETE

Atotal of 12 differenttypes of concrete (ready-mixconcrete)
ofvarying proportions of the five aggregates (up to 63 mm)
and admixtures were prepared. The cement used was a
special type “Salzach” FAS 30, with 30% flyash (230
—350 kg/m?®) and Portland cement 375 (340-380 kg/m?).
Compression strength after 28 days varied between
28.0 N/mm? and 62.0 N/mm?, depending on the quality of
the concrete.

FLOOD RELIEF WORK

Weir: 2 openings of 10 m in width each

lower gate: tainter gate Height:
stoplog (concrete): 5.5 m in height y 13.9m
upper gate: flap gates in total

HQ 100 can be discharged even if one of the four gates is
blocked. The discharge is 1 134 m®s when all gates are
opened. In this case the stilling basin receives
56 m*s.m.

POWER STATIONS

a) At the Salzach: two Kaplan bulb turbines (axis inclined
by 10°) of 47.5 m®/s and 6 MW capacity, runner diameter:
2.70 m; 2 three-phase generators of 8 500 kVA rated
output each; turbine axis at elevation 578.7 m.

b) At the Schwarzach tailrace: 3 S-turbines of 35 m%s
and 1.7 MW capacity each, runnerdiameter: 2.2 m, 3 gear-
coupled generators of 2 000 kVA rated output each; tur-
bine axis at elevation 581.0 m. The powerhouse can be
submerged by the water from the Schwarzach power
station.



Schwarzach
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Plan

a) Powerhouse section, Salzach b) Powerhouse section, Schwarzach tailwater
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a) Weir section

Storage level
598.00

107.31

I |
MAIN DIMENSIONS VOLUMES
Weir Power station Excavation
a) b) Barrage 165 000 m?®
Height 27.3m 28.0m 15.4 m Deepening 230 000 m?®
Width 29 m 34m 31m Embankment 150 000 m®

Length 48 m 35m 29m Concrete 37 000 m3
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Rising in the limestone and dolomite mountain region of
Aussee and Dachstein in the Salzkammergut the river
Traun flows through the Hallstatter and the Traunsee
lakes. Leaving the Traunsee at Gmunden it is joined by
the Ager at Lambach, the Ager being a tributary with
severe quality problems. The Traun then flows through
the lowlands near Wels and discharges in the Danube
right below Linz. At Gmunden, where it leaves the Traun-
see the catchment area 1 490km? and mean flow is
72 m3/s. 75 km further downstream, at the river’s junction
with the Danube, the catchment is 4 300 km? and mean
flow is 138 m®s. The lakes in the upper reach of the river
and its tributaries, numbering more than 50 and totalling
124 km? in surface area, have an equalizing effect on the
flow regime and help to retain floods.

Inthe past, the Traun was used as a waterway, especially
for the transport of salt coming from the salt mines in the
Salzkammergut region. At the falls, a bypass canal was
constructed for navigation as early as 1552. Water power
was used a long time ago for small industrial mills (paper,
wood, etc.). A 32 km long canal connecting the Traun at
Wels with the Danube was constructed in the Middle
Ages.

First small hydro stations were built near Steyrermtihl,
Laakirchen and Lambach. All of them had relatively low
heads and rated discharges and hence limited capaci-
ties. Subsequent reconstruction rendered possible the
installation of larger power units. The Traunleiten power
station, owned by the Wels electricity supply company,
was substantially enlarged as recently as 1970. Between
1969 and 1982 major run-of-river stations were commis-
sioned on the Traun. These are Gmunden (Traunfall,
howeverofonly 8.8 MW capacity), Marchtrenk and Traun-
Pucking constructed by Oberdsterreichische Kraftwerke
AG (OKA), Linz, and further downstream Kleinminchen
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by the second provincial company of Upper Austria, ESG,
Linz. Further hydrostations — partly replacing existing
small plants — are planned to be built in accordance with
a masterplan that has been prepared for the river Traun
by the OKA.

An interesting fact from the engineering point of view is
the installation, for the first time (1968) in Austria, of two
bulb turbines in an inclined position at the Gmunden
powerstation. The recent stations in general have 3-bay
spillway structures and adjacent powerhouses. ltis only
at the most downstream station, Kleinmtnchen, that an
open headrace canal, some 5.8 km in length had to be
constructed.

Impounding by the three lower power stations has greatly
improved the groundwater conditions in the Welser Heide
plain and in the whole area extending between Wels and
Linz, where unacceptable riverbed degradation had oc-
curred. The degradation was as much as 15 cm per year
(max.) and had a total amount of 7 m (!) at the city of Wels
in this century (1900-1980). Severe groundwater lower-
ing was stopped and it became possible to stabilize or

Traun
. Traun- Klein-
Power station Gmunden | Marchtrenk Pucking minchen
Owner OKA OKA OKA ESG
Operation since 1968 1979 1982 1978
Stationing km 72 24 14 8/2
Storage level m 422.6 308.5 289.3 262.5
Qhean ma/s 72 128 128 138
Flow Qe ma/s 1300 2300 2300 2300
Qiaed ma/s 150 244 206 124
Head Hpean m 2.8 19.7 25.5 10.1
Capacity (MC) MW 12 43 46 11
Energy (AAE) GWh 48 181 222 80

Layout

5.8 km
canal

f f
g_?{ SA/zMzs
sl

Spillway/Weir St. Martin
Bays width m 3x22.5 3x13 3x13 3x18
Pier width/height m 2.0119.5 4.8/36.0 5.0/44.8 4.0/12.0
tainter tainter lifting
aates flap +flap +flap gate
Power conduit km - - - canal 5.8
Powerhouse Linz
Construction, type low medium medium high
max height m 235 38.5 H1.3 26.0
Turbines, number and type 2 Kaplan 2 Kaplan 2 Kaplan 2 Kaplan
N 1 L -
Backwater area
Length km | Traunsee 14 8 10 6




even increase the phreatic level. In addition development
of this reach of the river Traun gave the decisive impetus
fortacklingthe severe wastewater problems mainly caused
by the paper- and cellulose- industries on the Traun,
Krems and Ager. The development of the Traun de-
monstrates that run-of-river powerprojects may very well
fulfill several functions at the same time and can solve
ecological problems in a perfect way.

Electricity generation at the Traun in the four power

stations at Gmunden, Marchtrenk, Pucking and Klein-
minchen is 531 GWh/a with a capacity of 112 MW.
Addition of the two stations of slightly less than 10 MW
capacity, Traunfall and Traunleiten (Wels) would bring
this to 659 GWh/a and 130 MW. Including the small
industrial power stations the river Traun produces more
than 700 GWh/a. This will substantially be increased to
about 1 060 GWh/a and 260 MW, when the masterplan
is realized. Construction of the Lambach and Saag power
stations is planned to be started during the next years.
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TRAUN-PUCKING

Traun, at km 13.8

Nearest town Linz, Upper Austria

OKA

Oberésterreichische Kraftwerke AG
Béhmerwaldstrasse 3

A-4020 Linz

Owner

MAIN CONSTRUCTION PARTS AND FUNCTION

Weir: 3 openings of 13 m in width each
Power station: 2 turbines, 46 MW in total
No navigation lock

Barrage

Within the scope of the General Traun Development
Plan, the hydropower station at Traun-Pucking was built
after completing the upstream Marchtrenk power station
in 1979. Traun-Pucking is a combination of two stations
originally planned for this stretch of the river. It went into
operation in 1982.
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Operating since 1982
Purpose Hydropower
Prevention of further degradation of
the Traun river bed
Stabilization of the phreatic surface
HYDROLOGY
Catchment Area 3 647 km?
Q mean 128 m¥/s
Flow Q max 2 300 m¥/s
Q rated 206 m?s
Storage Level (a.s.l)) 2983 m
Mean Head 255 m
Capacity 46 MW
Energy Output 222 GWh/a



GEOLOGY AND ENVIRONMENT

A thick stratum of highly compacted silistone called
“Schlier” is situated at the barrage site underneath the
post-glacial river gravel. The main construction parts
(weir and powerhouse) are founded on the Schlier whose
surface is about 8 m below the original ground surface.
The backwater area stretches for about 10 km, bordered
by embankments on both sides for a length of 7 km. The
dams are continued by a cut reach of the bed to the
tailwater of the Marchtrenk station. The tailwater section
of Traun-Pucking is shaped by an overdeepening with a
maximum drawdown of 9.0 m extending over 4 km to the
storage level of Kleinmiinchen.

Both sides of the embankments and the draw-down
tailwater are provided with draining flumes and rivulets to
stabilize the groundwater level. The system ensures that
the water level is maintained at some oxbows, seven
large and several small ponds, and has restored the
ecological balance of the surrounding woodland which
had been endangered by the rapid drop in the groundwa-
ter level in the last 80 years after the general river training
program caused straigthening and rapid drawdown of the
riverbed to a depression of up to 7 m.

HISTORY

The Traun river, traditionally long ago an important water-
way for Upper Austria because of its geographical situa-
tion, hydraulic gradient and relatively high flow, was
considered as a potential source for hydropower from an
early date.

After World War |, a scheme was developed to build a
chain of power stations from its outflow from Lake Traun
toits confluence with the Danube. The plan was based on
long-term scientific research into the river regime. The
economic, biological, geological, botanic and engineer-
ing aspects of the research project were collected in a
General Traun Development Scheme in 1955-1961, and
served as the foundation for actual development although
some parameters such as number and dimensions of the
power stations had to be amended to take into account
recent progress in engineering. The first power station to
be realized under the scheme was Gmunden, whose
construction was started in 1967 and which went into
operation in 1968.

From the 1970s, development has concentrated on the
lower stretch of the Traun, from the Ager tributary to the
backwater area of the Kleinmlnchen power station near
Linz. Of the four stations planned, Marchtrenk was builtin
1977-1979, and Traun-Pucking in 1980-1983, while two
more stages are to be located near Lambach.

FOUNDATION

Thanks to its high compactness, the Schlier at the bar-
rage site is impervious and shows excellent bearing ca-
pacity. The weir and powerhouse were nevertheless se-
cured against upliftby enclosed horizontal concrete aprons
and cut-off walls. Static safety is ensured for all parts.

INSTRUMENTATION

Geodetic monitoring of the barrage and embankments.
Continuous measurement of uplift by piezometres.

Inclinometers and settlement monitors complete the
measuring instrumentation.

CONCRETE

Standard procedure

FLOOD RELIEF WORK

The weir has three openings of 13.0 m in width each,
closed by tainter gates with upset flaps of 15.5 m in
overall height.

All three openings are used to discharge the maximum
probable flood (RHHQ) of 2 300 m¥s, while two open-
ings are sufficient for a 100 year flood. Maximum dis-
charge is 59 m®s per metre of width.

POWERHOUSE

The power station is equipped with two vertical-shaft
Kaplan turbines of a rated discharge of 103 m*/s and a
capacity of 23 MW each, directly connected to three-
phase generators of 26 kVA and transformers of 32 MVA
each. The turbine runners, 4.7 min diameter, are situated
at elevation 262.0 m, i.e. 2.2 m below mean tailwater
level.
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MAIN DIMENSIONS
Weir Powerhouse
Height 45 m 46 m
Width 90m 65 m
Length 48 m 55m
103 m in total
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Weir section

Storage level

Weyerbach

289.30 292.00
¥
T 1] &
I |
VOLUMES

Excavation of Siltstone (“Schlier”)
Excavation of Loose Soil
Embankment Materials

Concrete

Diaphragm Walls (cut-off)
Bituminous Facings of Embankments
Riprap and Pitching

Reinforcement Steel

1460 000 m®
3890000 m?
2550000 m®
108 000 m?
300 000 m?
173 000 m?
490 000 t
6400t



Chapter J

DAM CONSTRUCTION IN AUSTRIA

A CONTRACTOR’S VIEW
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DAM CONSTRUCTION IN AUSTRIA

A CONTRACTOR’S VIEW

By W. Reismann and R. Petter*

Hydro power holds a place of particular importance in
Austria. In fact, two out of three kilowatts supplied to
the consumer come from this inexhaustible resource.
For a long time, this inestimable value was fully appre-
ciated, the more so as the conversion process has no
detrimental environmental implications. Recently, how-
ever, there has been a change in the public view of
hydro power development, and this change in values,
although hard to explain by rational arguments, has
almost entirely paralysed hydro plant construction.

1 THE IMPORTANCE OF HYDRO POWER
DEVELOPMENT IN AUSTRIA TO THE CON-
STRUCTION INDUSTRY IN THE COURSE OF
THE PAST FOUR DECADES

The utilization on a major scale of the Austrian hydro
potential by hydro power stations started around the
middle of this century. Generating plant constructed in
the four decades between 1950 and 1990 produces
about 30 000 GWh p.a., corresponding to 55 or 60% of
Austria’s maximum developable potential. Qut of this,
about 70% is accounted for by run-of-river plant and
30% by storage plant. The construction efforts required
have been of great importance to the Austrian con-
struction industry. Both technological and economic
impetus has come from power plant construction and
has had an immensely stimulating effect on the na-
tion’s economy as a whole.

Construction process engineering has developed along
with the construction of these power projects by the
use of ever more refined equipment so as to bring a-
bout increasingly radical rationalization effects. These
are felt both for the run-of-river stations on our rivers
and for the storage developments in the mountains.
The two types of power developments, although funda-
mentally different in terms of construction method,
have many features and problems in common with re-
spect to the development of the construction methods.

In the following, the development of construction tech-
niques will be described for the series of power stations
on the river Danube as well as for selected construc-
tion sites of storage developments. This does not

* Prof. Dipl.-Ing. Dr. techn. Wilhelm Reismann, Vienna Technical
University, Karlsplatz 13, A-1040 Wien, Austria

Dipl.-Ing. Reinhold Petter, Managing Director of Dam and
Tunneling Department, Strabag Austria AG, Salzburger Strasse
323, A-4021 Linz, Austria

mean, however, that the remaining hydro projects have
not contributed their share to this development. Valua-
ble impulses have come from the construction sites on
the rivers Enns, Drau, Mur and Inn and from a great
number of medium-sized and large storage develop-
ments in all parts of Austria.

The run-of-river stations constructed on the Danube
between 1950 and 1990 are Ybbs-Persenbeug,
Aschach, Wallsee-Mitterkirchen, Ottensheim-Wilhering,
Altenwérth, Abwinden-Asten, Melk and Greifenstein.

The large concrete dams dating from this period are
those at Limberg, the two Mooserboden dams, the
dams at Kops, Schlegeis, Kolnbrein and Zillergriindl,
the large embankment dams at Gepatsch, Durlassbo-
den, Eberlaste, Innerfragant, Finstertal, Léngental and
Feistritz.

2 CONSTRUCTION SITE DEVELOPMENT AND
INFRASTRUCTURE

The success of construction operations is dependent
on a careful development of the construction site and
an efficient supply with material and equipment, includ-
ing the necessary precautions against natural
influences as e.g. floods on the rivers and avalanches
and mudslides in the mountains.

A common feature of all the consiruction sites is that
during the first one-third of the period under study rail-
mounted vehicles were the dominating means of trans-
port. At Ybbs-Persenbeug and Aschach, railways led to
the very centres of construction activities, and a railway
also led to the main store of the Kaprun high-mountain
construction site. In addition, to provide access to the
high-level sites of the Kaprun and Reisseck projects,
continuous ropeways, shuttle ropeways and inclined
hoists were provided to handle the required passenger
and material transports. The disadvantage was that,
with their limited capacities, these facilities caused the
bottlenecks that determined the length of the respective
construction period.

During the mid-sixties and onwards, as large
construction equipment was developed and road
construction techniques were improved, roads of
increasing capacity were constructed to provide direct
access from the public road network. For the high-level
sites, veritable mountain roads with turning bends and
often with a great number of tunnels were constructed.
Apart from the problems of road alignment in difficult
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terrain, allowance had to be made for avalanche and
rockfall risks. The construction of two-lane access
roads boosted construction work progress and was a
prerequisite for a great number of rationalization
measures and the development of tourist trade that
followed.

Apart from the access roads, there are other facilities
needed to ensure supplies to the sites. They may be
summarized under the term infrastructure. This
includes electricity and water supply, sewerage, facil-
ities for staff accommodation and catering workshops,
stores and offices with their telecommunication
equipment.

This is another field where a fundamental change has
taken place over the past 40 years. The growing use of
construction equipment has allowed increasing cuts in

construction activities workshops outside the project
site.

The standard of staff accommaodation has definitely im-
proved, although the dominating type of building was
the wooden hut through almost the whole period. It is
only recently that accommodation containers have
come into use.

Full use has also been made of the merits of tech-
nological development for the other facilities of
infrastructure as e.g. telecommunications, and the
requirements have been adjusted to the growing
necessities. Thus, sewage dispcsal regulations are
becoming increasingly severe, and ground storage
makes allowance for environmental aspects fo the
largest possible extent.

Figure 1 Location plan of site installations for Greifenstein power project on the Danube
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number of personnel — from about 3 000 workers at
Kaprun to about 500 at the Zillergriindl dam, from a-
bout 3 000 workers at Ybbs-Persenbeug to about
1 000 at the Melk run-of-river station, and from about
1000 workers at the Gepatsch embankment to 200
workers at the Finstertal embankment.

In spite of that, motor capacity per man has also
increased from 12 KW to about 20 kW. But this does
not necessarily mean that any greater expenditures
have been required in the field of workshop equipment.
Whereas in the earlier days of dam construction it was
necessary to provide self-sufficient workshops, it has
become increasingly possible to include in the overall
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Figs. 1 and 2 are location plans showing site installa-
tions at a run-of-river station (Greifenstein) and at a
storage project (KéInbrein), respectively.

3 COFFERDAMS

This chapter mainly deals with run-of-river stations, al-
though the foundations for large concrete dams may
also call for huge excavation volumes. At the Ziller-
grindl concrete dam, stream engineering techniques
using bored cut-offs and bored circular cells were ap-
plied to stabilize the slopes.

During the first two decades of the period under review,




steel sheet piling was practically the only method in
use for stabilizing excavation walls. These were pro-
vided as required, in the form of simple sheet piling
with fills of gravel or rock, wattle work rolls or coarse-
gravel dgabions. For the larger flow velocities, double-
walled cofferdams made of sheet piling with coarse
gravel fill, walings and anchors were used. Where very
large flow velocities were present, as e.g. in the centre
excavations of the first power projects on the Danube,
circular cell enclosures were needed. 12-m diameter
cylinders filled with coarse gravel were sunk around the
excavation (Fig. 3).

Driving was at first carried out with clumsy tubular scaf-
fold equipment mounted on rails, which was then grad-
ually replaced by cable-operated crawler-type excava-
tors. For the pile hammers, development led from
steam operation to hydraulic operation.

Figure 2 Location plan of site installations for KéInbrein dam project

large excavation safe from floods. These substantial
advantages for the construction operations in general
have also led to cuts in construction time and cost.

Especially on the Danube, where it was once neces-
sary to split up the work into up to four excavations and
four construction phases to safeguard the maintenance
of navigation, the advantage of carrying out the work in
a single excavation is obvious (Fig. 4).

Following completion of the barrage and power station
within an excavation that is protected from floods by
levees, the river is diverted into its new bed. After
flooding the construction pit, dam fill is placed from
both banks so as to cut off the original river bend,
which now becomes a dead branch.

This concept of dry-pit construction for run-of-river sta-
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The driving operations were carried out during low-flow
periods from filled-up ground or in some cases from a
floating platform. The narrowed river channel repre-
sented a constant potential flood risk, whereas on the
other hand working across the whole cross section was
not possible due to the necessity of maintaining a cer-
tain minimum of river flow. Therefore, these operations
held little possibility of rationalization.

A new concept, which provides for locating the barrage
and power station in a cut across the neck of a river
bend in combination with thin diaphragm cut-offs and
plastic film, has led to new ways of excavation design.
The outstanding feature of this concept is the
possibility of constructing the whole project in a single
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tions implies that earthworks are assuming an ever in-
creasing importance. The development accomplished
in this field has greatly contributed to the success of
the dry-pit method.

4 EARTHWORKS

Earthworks are an item of particular importance in pow-
er station construction. Geologically speaking, the
earthworks cover a large variety of ground extending
from loose soil to rock. Earthwork operations are
needed for the provision of a construction pit, for
excavating the foundation for the structure itself as well
as for obtaining fill material and concrete aggregates.

283



Figure 3 Circular-cell enclosure of excavation for two spillway bays of Ybbs-Persenbeug power station on the Danube, 1956

The following paragraphs give a description of how a
number of selected aspects in the large field of earth-
works have developed over the past four decades.

4.1 Earthworks in soil

Typical works covered by this item are the stripping of
humus, topsoil, sand and gravel at run-of-river station
sites and of talus material and gravel from valley bot-
toms for storage schemes at high-level locations.

At the beginning of the period under study, rail-
mounted equipment was still in common use. Thus, for
the excavation of the Limberg dam foundation, steam-
operated grab excavators were used which loaded field
railway wagons pulled to the dumping sites by steam
engines (Fig.5). Then followed the era of cable
excavators and haulers. First, at the Mooserboden
high-mountain site and at the first run-of-river station
sites, diesel-operated cable excavators with bucket
capacities of 1 or 2m?® and hauling units of 12 to 15t
payload were used. In fact, it was not before the early
sixties that with the construction of the Gepatsch
embankment dam a change took place in the character
of construction equipment. The cable-operated
excavators, driven by diesel engines or electric motors,
became substantially heavier, reaching bucket
capacities of up to 3.6 m?, while the haulers had
payloads of as much as 25t. The earthwork equipment
used at the Gepatsch dam site totalled 30 000 kW in
capacity.
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In the years that followed the trend continued to be
towards larger capacities, with the hauling units reach-
ing a payload of 35t at the high-level sites of Kdinbrein
and Zillergrtindl, and of 50 t at the hydro power sites on
the Danube.

Another landmark in the history of earthwork machinery
was the replacement of cable-operated excavators by
hydraulic excavators and wheel loaders. A further step
in this direction was finally made by the introduction of
self-propelled scrapers with capacities of 24 m®, which
were used at Altenwérth on the Danube in 1973.

Table 1 Relationship of equipment cost of loosening, loading, haul-
ing and placement of unconsolidated soil by means of earthwork
equipment

Type Total Percentage
of cost of
equipment ratio equipment

cost

1.7-m® cable-operated excavator
38-t off-road hauler 1.00 70
103-kW bulldozer

4.5-m? cable-operated excavator
56-t off-road hauler 0.78 80
126-kW bulldozer

5.4-m?® wheel-loader
56-t off-road hauler 0.63 80
126-kW bulldozer

24 5-m? self-propelled scraper 0.40 86




For reasons of economy, the use of cable-operated ex-
cavators has since been limited to dredging with bucket
equipment. For all other uses, the much faster hydrau-
lic excavators or wheel loaders are superior in econo-
my, whereas the use of scrapers depends on whether
the material to be worked lends itself to this method
and whether the areas to be worked are large enough
to be economical.

Table 1 is a list of several groups of equipment which
shows the cost aspect of construction machinery in
earthworks and in particular demonstrates the sub-
stantial magnitude of this item of capital expenditure. In
this way, continuity in the use of such equipment
becomes a crucial problem in construction man-
agement. Between 1965 and 1985, this continuity was
ensured by an uninterrupted series of power plant
construction sites on the river Danube. These were
Wallsee-Mitterkirchen, Ottensheim, Altenwérih, Ab-
winden-Asten, Melk and Greifenstein.

Earth moved within this period amounted to a volume
of about 100 million m?, with about 50 earthmoving
machines working at a time, which corresponded to a
present value as new of about 200 million Austrian

Figure 4 Excavation for Greifenstein power project on the Danube, 1983

Schilling. With the service life of a machine being
20 000 operating hours, each machine reached some
10 000 operating hours at each site and thus had to be
replaced twice during this 20-year period. This
continuity, which has yielded optimal results, has for the
time being been brought to a sudden end by the ban on
the Hainburg project.

Conditions to be faced by earthwork at high-level dam
sites are much less favourable. Material to be moved in
the valley bottom usually contains stones and boulders.
Excavation dewatering and slope stability present fur-
ther difficulties.

Overburden stripping on the flanks of dam sites poses
problems because of the steepness of the terrain. At
Limberg, the greater part of the overburden was
stripped by hand. It was only later that hydraulic
excavators and crawler pushers were introduced.

As compared with low-level sites, earthwork at moun-
tain sites has been calculated to cost roughly twice as
much in the valley bottom and about three times as
much on the flanks.
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4.2 Construction in rock

Open cuts in solid rock were required at some river
sites in the lowlands for the tie-in or foundation of struc-
tures. Rock needing blasting was rarely encountered at
the construction sites on the Danube. At Ybbs-
Persenbeug and Aschach, shot holes were hand-drilled
into the foundation rock within the excavation before
blasting.

It was not before Greifenstein that bedrock was en-
countered in the form of flysch. Work at that site was
carried out by 86-t bulldozers more than 500 kW in en-
gine capacity and equipped with ripper teeth. The three
bulldozers used there ripped 1.7 million m® of flysch,
with a maximum monthly performance of 300 000 m?.

Dam construction in the mountains always involved the
cutting of rock for the foundations and the quarrying of
materials for embankment construction and aggregate
production. This has also led to a certain continuity in
the development of construction methods. Whereas at
the dam sites of the Kaprun development shot holes
were largely hand drilled, crawler mounted wagon drills
equipped with heavy air hammers were already used at
the Gepatsch quarry in order to drill the shot holes for
excavating the 20-m high benches by auger mining
methods. The same method was used for the excava-
tion of the foundations for the dam projects which fol-
lowed.

For the first time at Kéinbrein, the smooth blasting and
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Figure 5 Excavation for Limberg dam. Steam-operated grab excavators loading field railway wagons pulled by steam engines
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presplitting methods were used by sinking parallel per-
foration drillings for the excavation line in the flanks. In
this way blasting damage to the foundation rock was
minimized, so that less treatment of the rock surface
was needed.

An important cost factor in foundation excavation is the
removal of shot rock. As access to the higher levels of
rock flanks is hardly possible, vehicles must be loaded
near the valley bottom, which calls for large amounts of
pushing work. The crawler pushers used at Schlegeis
were 250-kW CAT D8 machines. At Kélnbrein, 340-kW
CAT D9 were also used, while at Zillergrindl
CAT D10 machines of 52 kW capacity were employed.

Another important landmark in the development of con-
struction in rock was the use of hydraulic drilling equip-
ment, which allowed the drilling performance of the in-
dividual machines to be doubled. Such equipment was
first used in 1978 in the quarry for the Finstertal em-
bankment and in 1982 for the Zillergriindl arch dam.

4.3 Equipment used in earthworks and rock exca-
vation

The effects of rationalization in earthworks and rock ex-
cavation in the course of time is best demonstrated
by relating equipment capacity, the product of rated en-
gine capacity and number of operating hours, to the
volume of excavation work accomplished. Mean values
of kWh/m?® for several construction sites and types of
work are listed below:




"Natural gravel 0 - X mm"

#1200 t/h

Cleaning water

Sewerage water

1 Screening feeder 2 Conveyor belt 3 Screening machine 4 Conveyor belt

9 Screening machine 10-13 Conveyor belt 14-15 Screening machine

5 Screening feeder

16 Conveyor belt

€ Crusher 7 Cane crusher 8 Conveyor belt

17 Sand classifier 18 Conveyor belt 19 Sewerage waterpump

Figure 6 Material flow chart of preparation plant for moraine gravels with a feed capacity of 1000 t per hour at Zillergriindl construction site

Rationalization effect in earthworks:
Wallsee-Mitterkirchen run-of-river station on the
Danube: for about 10 million m® of excavation,
18.8 kWh/m?® on average
Greifenstein run-of-river station on the Danube:
for about 15.7 million m® of excavation, 8.0 kWh/
m? on average

Rationalization effect in rock excavation:
Gepatsch quarry for fill material: for about
4.6 million m® of rock, 23.0 kWh/m?
Kélnbrein quarry for aggregates: for about
1.6 million m?® of rock, 18.0 kWh/m?
Finstertal quarry for fill material: for about
3.2 million m® of rock, 10.0 kWh/m?

Rationalization effect in pushing rock from flanks:

Kélnbrein 12.5 kWh/m?
Zillergrundl 7.0 kWh/m?
Rationalization effect in rock drilling:
Kdlnbrein 10.8 kWh/m?
Zillergrund] 2.5 kWh/m?®

The above figures show on the one hand that moun-
tain sites require the larger equipment capacities, and
on the other hand that the technological development
that has taken place is reflected by the decreasing
values of kWh/m?®.

5 MATERIAL PREPARATION TECHNOLOGY

Whereas preparation plants for the impervious cores of
embankment dams were used only at Gepatsch, Bol-
genach and Durlassboden, aggregate preparation
equipment was provided at all the concrete dams and

at the large run-of-river stations on the Danube, so that
we can look back on a 40-year period of development
in this field.

In the course of the decades, this development has
mainly been influenced by concrete technology aiming
at minimizing cement contents in order to reduce heat
build-up and save costs. This has been accomplished
by an increased accuracy in separating the size frac-
tions, screening out fine particles smaller than
0.06 mm, washing the coarse fractions and by exact
weighing and mixing in the fabrication of concrete.

A novelty introduced in gravel preparation in 1951 at
Mooserboden was sand separation at 1 mm by decant-
ing. 30 years later, at the Zillergriindl arch dam, use of
a sand processing plant allowed the production of sand
of any desired grading. Exact separation of size frac-
tions was accomplished by increasingly sophisticated
vibratory screens and by spraying the screening decks.
The large water requirements of 2 m? per ton of aggre-
gate called for the provision of large pumping and wa-
ter supply facilities (Fig. 6).

Since 1989, for the construction of the supporting
structure for the Kdlnbrein arch dam, water clarifiers
have for the first time been used for purifying waste
water from gravel preparation. Apart from facilitating
the decanting process in a settling basin, this method
recovers about 90% of the service water and limits the
supply of raw water to 10%.

Since the construction of the Kélnbrein dam, handling
of gravel between the preparation plant and the
concrete mixing plant has been converted to belt-
conveyor operation both on the Danube and at concrete
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dam sites, with the gravel being drawn from the stock
pile heap into conveyor belt galleries placed
underneath. This has superseded the cableway
installations used at Kaprun or road haulage as
practised at Schlegeis.

For concrete production, mixing towers with hoppers
and gravity mixers were used at the construction sites
of both run-of-river stations and storage schemes. It
was only at Limberg, up to 1950, that continuous-flow
pug mill mixers with feed-type weighers were used.

Concreting performance was boosted by increasing the
size of mixing towers to an output of 360 m* per hour,
as at Kdlnbrein and Zillergrindl, or by providing two
towers, as practised on the Danube. Improvement of
concrete quality was mainly achieved by the constant
improvement of weighing techniques as well as by
providing automatic control and supervision for the
plants. An important step in this direction was the
introduction of nuclear measurement of the water
contained in the sand and the automatic reduction of
water addition as was introduced at the Ottensheim
dam. This aided in achieving a substantial improve-
ment in the uniformity of concrete consistency.
Computer technology has been introduced in the
mixing towers for optimizing economy and concrete
quality and ensuring complete supervision of concrete
quality by checking each individual batch.

Constant development work in the field of concrete
technology has accompanied dam construction and

has also influenced construction operations. As to the
cement, efforts have been directed at reducing heat
build-up in the mass concrete. This has obviated the
need for providing cooling slots, which had neces-
sitated a second concrete pouring operation at Kaprun,
and it has become possible to pour larger blocks with
higher lifts of up to 3 m.

At first, blast-furnace slags were ground together with
the cement (as e.g. at Schlegeis) until, at KéInbrein,
flyash was added for the first time. To ensure the ap-
propriate mixing of cement and flyash, special blending
plants were needed at Kélnbrein and Zillergriindl. Re-
cently, the flyash has been added already at the ce-
ment works, which now supplies the flyash cement as
a finished product.

At Zillergriindl, an ice production plant was used for the
first time. This method uses flake ice instead of water
for concrete production in order to reduce the placing
temperature. The maximum temperature of the mass
concrete of the Zillergrindl dam was thus reduced to
35 °C and that of the concrete for the Kdlnbrein
supporting structure even to 29 °C.

6 CONCRETE CONSTRUCTION
6.1 Concretie placement
The treatment of mass concrete holds a prominent

place in the construction techniques for both large
concrete dams and large barrages. This is why great

Figure 7 Transport of freshly-mixed concrete for Limberg dam in 1948. Diesel engines pulled two dollies each on three tracks from the three

continuous mixers to the three 9-t capacity blondins
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efforts have always been spent on the development of
the construction techniques and the corresponding
machinery in this particular field.

The concrete placement operations at high-level sites
are mainly determined by the fact that the working sea-
son is limited to six months a year. This renders any
increase in pouring performance twice as important, so
that it was at a relatively early stage of development —
in 1947 at Limberg — that blondins were used for con-
crete pouring. Buckets holding 3 m? of freshly mixed
concrete were transported on dollies drawn by diesel
engines from the mixing tower to the blondins, where
they had to be hung onto the crane by hand (Fig. 7).

Figure 8 Manpower-intensive concrete placement at Limberg dam in
1948

At the Mooser dam, this time-consuming manipulation
of the buckets was replaced by the concrete being di-
rectly filled into the buckets by diesel dumpers.

A particularly critical operation was the manual opening
of the buckets. The "bucket jumpers” on the blocks of
the dams of the Kaprun development were quite fa-
mous, but their job was extremely hazardous (Fig. 8).

At Schlegeis, it was already 6 m® of concrete by crane
cycle that was transported on two parallel craneways,
the buckets being already opened hydraulically with
the help of a pull rope. Rail-mounted bulk transporters
pulled by electric locomotives filled the concrete into
the buckets on the concrete quay. Although this
represented a considerable improvement, the rail-
mounted system still lacked flexibility.

The latest development in this field took place with the

introduction at Kélnbrein of the trackless concrete quay
with centre pivot steered diesel-driven hopper lorries.
The capacity of the hopper lorries and pouring buckets
had meanwhile increased to 9 m® (Fig. 9). The modern
26-t capacity blondins also allowed higher driving
speeds, so that a substantial increase in pouring rates
was accomplished. The maximum daily performance at
Kélnbrein was 7 200 m® of concrete placed by two
blondins (Fig. 10).

The high placement rates called for high compaction
rates. While at Kaprun the concrete had been spread
and compacted mainly by hand, crawlers were used at
Schlegeis for concrete spreading. Concrete com-
paction at Schlegeis was accomplished by crawlers
equipped with four electric heavy-duty immersion
vibrators. At Kéinbrein, hydraulic-driven vibrators were
used instead of the electric vibrators, so that the
particularly troublesome electric cable was no longer
needed. At Zillergriindl finally, eight hydraulic vibrators
per crawler ensured optimal and sufficient concrete
compaction.

Figure 9 Transport of ready-mix concrete by 9-m? capacity hopper
lorries as were used at the Kdélnbrein and Zillergriindl construction
sites

The problem of concrete placement has been entirely
different at the large barrages of the run-of-river sta-
tions. At the first hydro schemes on the Danube, con-
crete was placed by pumping. However, this extremely
efficient method of concrete placement had to be aban-
doned for reasons of concrete technology, as the high
cement content needed for the pumping led to exces-
sive heat build-up in the mass concrete.

At the Wallsee-Mitterkirchen power station on the Dan-
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Figure 10 Concrete placement at Zillergriindl dam by vibrating and spreading crawlers in 1983

ube, heavy tower cranes with a load moment of
2 500 kNm were used for the first time, with the
concrete being placed by buckets. For the reinforced
blocks in the spillway area and above all for the
powerhouse, hoppers with breeches pieces had to be
used for pouring in order to avoid segregation.
Complex supporting frames holding these hoppers
were an outstanding feature of such construction sites.
The development then led to the use of high-velocity
belt conveyors mounted on the booms of telescopic
cranes. At Greifenstein, as much as 70% of the total
concrete quantity was already placed by conveyor belt.
With the concrete being placed in the block by means
of a hose, frames for the hoppers were no longer
needed (Fig. 11). While at first the freshly mixed
concrete was hauled to the tower cranes and conveyor
belts by normal lorries, with the transfer of the concrete
being carried out by tipping silos, special concrete
bowls were later used which allowed direct loading.

6.2 Formwork technology

Great progress has also and above all been made in
the field of formwork technology. From the very
beginning, large-panel formwork with units of some
10 m? in area were used for the mass concrete. At first,
mainly steel formwork was used. At the large river
barrages, formwork was pulled into place by tower
cranes, whereas at the construction sites of the Kaprun
dams formwork was lifted into place by devices
consisting of winches and racks. At Schlegeis, it was
possible by means of the 20-t capacity blondins to lift
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mobile cranes onto the blocks. Carpenter-produced
plate-lined wooden climbing formwork was used there.
In the years that followed an Austrian timber construc-
tion firm developed in cooperation with dam construc-
tion firms a climbing formwork that was designed to
answer the special requirements of the mass concrete.
Starting from the Kdlnbrein dam and the Altenwoérth
run-of-river station construction sites, DOKA climbing
formwork for dams entered the path towards worldwide
application (Fig. 12). By using this type of climbing
formwork it was also possible to accomplish a sub-
stantial reduction in the number of hours spent per
square metre of formwaork.

7 THE USE OF BITUMINOUS ELEMENTS IN HY-
DRAULIC ENGINEERING

Bitumen as an impervious element was used already in
antiquity. Its use in hydraulic engineering is closely as-
sociated with the development of laying machines in
asphalt road construction. The first construction project
in Austria where asphalt was used in the form of an
impervious blanket was the Schwarzach storage basin
in 1956. Material properties with respect to impervious-
ness and stability were studied by means of model
tests. Placing on slopes was by means of converted
road surfacing finishers and winch-driven vibrating roll-
ers and or base plates.

The mixes applied were rich in bitumen and fine parti-
cles to permit adequate compaction by means of the
equipment available. Stability was accomplished



through the addition of fibrous material.

As laying machines have been improved, leaner
asphalt mixes with smaller percentages of fine particles
have become feasible. The result of this development
is a well graded mineral aggregate with a small
proportion of voids, which are filled with bitumen. The
increased internal friction of the mineral constituents
and their cementing with the bitumen ensure the
required stability.

Besides, owing to the use of modified and up-to-date
asphalt finishers, there has been a steady increase in
laying performance.

Outstanding landmarks in this development are the
Hochwurten, Grossee, Oscheniksee and Gosskar em-
bankment projects.

Especially at high-level sites, impervious slope facings
are subject to mechanical and thermal loadings during
water level fluctuations, mainly as a result of ice forma-
tion and insolation.

Also, asphalt surfaces in mountain landscapes tend to
be an irritating sight to mountain lovers.

This led dam designers to seek alternative solutions in
the use of asphalt in hydraulic engineering. By the
introduction of asphalt core membranes, the imper-

Figure 12 DOKA climbing formwork used at Kélnbrein and Ziller-
griindl construction sites

vious element was moved from the surface to the
interior of the dam. The construction of such asphalt
membranes called for the development of special
equipment capable of placing a narrow asphalt
structure by layers, while the asphalt mixes only
needed some modification, as the functional criteria
remained the same.

Particular attention must be directed at the course
joints to ensure the continuous imperviousness of the
structure. Pretreatment of the preceding course helps
to accomplish a satisfactory bond. Uniform and contin-
uous filling on both sides is required to support the

Figure 11 High speed conveyor belis on telescoping cranes pouring concrete at the consiruction site of the Melk power project on the Danube

in 1980




Figure 13 Placement of asphaltic-concrete core membrane at Finstertal embankment dam

membrane. Although this construction method was first
applied as early as 1967 at the Eberlaste reservoir, a
spectacular breakthrough was not achieved until the
construction of the about 100 m high Finstertal em-
bankment dam (Fig. 13) with an asphalt core mem-
brane. A special finisher was used for the first time
which placed and compacted the asphaltic concrete
and the supporting shells in layers up to 30 cm deep in
a single operation. As evidenced by the extremely
small seepage flows, the performance of this impervi-
ous element is excellent. The latest application of this
design is the 80 m high Feistritzbach dam constructed
in the year 1989-90.

Development studies on construction equipment for as-
phalt membranes have not so much been aimed at
boosting output, as this is a quantity defined by the
filling operations, but at reducing the concrete-pouring
crews and at improving compaction.
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8 CONSTRUCTION SITE ORGANIZATION

An essential factor in the good functioning of construc-
tion operations is adequate project management and
organization. As almost all the large hydro power pro-
jects are constructed by joint ventures, the first step
has always been to conclude a joint-venture contract
between the participating firms. Preparation of a joint-
venture standard contract by the Vereinigung Industri-
eller Bauunternehmungen Osterreichs (association of
industrial construction enterprises in Austria) has led to
a large measure of standardization of these contracts
over the last two decades. In this way, the conclusion
of such contracts has become routine work, and admin-
istration has become highly efficient. This has mainly
been accomplished by the appointment by name of one
or several persons to be entrusted with the responsible
management of contract implementation.

A clear site management organization chart with the



Site Manager at the top and a subdivision of spheres of
competence at the second level has been successfully
used for the execution of the individual construction
projects. The organization chart for the Greifenstein
power scheme on the Danube is given as an example
(Fig. 14).

Due to the more or less uninterrupted sequence of con-
struction projects, firms and individuals have had the
opportunity to cooperate at several sites so as to ac-
quaint themselves well with the work and acquire a cer-
tain routine. On the other hand, however, new firms
and persons that have joined the team have brought
the necessary renewal and have facilitated, by their
new ideas, the progress of rationalization. It is also
such measures that have brought about substantial re-
ductions in the number of senior staff needed at a site.
The number of employees has steadily been reduced
in this way.

illustrate the repercussions of the above developments
in power project construction as reflected by
rationalization.

In view of the relatively high cost of labour in Austria,
rationalization efforts have primarily been directed at
this cost factor. The use of more and better equipment
and the simplification of construction methods have re-
sulted in a progressive reduction of the number of
hours spent per unit of work done. Careful and ample
work preparation as practised to an increasing degree
in power project construction has also helped to ac-
complish a large measure of rationalization.

The concrete pouring operations for large dams exhibit
particularly pronounced industrial features. The man-
power and machinery employed at a site provided with
appropriately dimensioned equipment are a nearly con-
stant quantity. In this way, the increase in work done

Figure 14 Organization chart at the climax of construction operations at the Greifenstein project site on the Danwbe

Sen. Project Eng

Senior Engineer
Technical Office

lSen. Eng. Meclwicai| | Admin. Manager

|

An incentive wage system and working hours attractive
to the workers have also contributed a great deal to-
wards improving economy.

At remote high-level sites, work organization on a fort-
night basis holds great attraction to the construction
worker. As this also presents advantages in terms of
site management due to the reduced number of inter-
ruptions, the fortnight system has been adopted at
practically all high-mountain sites. It is only lately that
there has been a growing opposition to this system on
the part of the authorities and trade unions, so that,
despite the workers’ resistance, construction opera-
tions will soon return to the seven-day system. Then
continuous operation schemes as practised e.g. at
Koélnbrein to make optimal use of the short concrete
pouring season will become impossible.

9 RATIONALIZATION OF CONSTRUCTION
OPERATIONS

In the following paragraphs, the wage factor in the cost
of construction will be discussed as an example to
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directly results in a reduction in the number of hours
spent per unit of work. Fig. 15 is a graph showing con-
crete pouring performance plotted against man-hours
spent. As the five comparable construction sites extend
over a period of four decades, the amount of rationali-
zation is clearly recognized. If the skilled workers’ wage
based on collective labour agreements is introduced as
a parameter and related to the number of hours spent
as shown in Fig. 16, it will be seen that for moderate
wage increases the labour costs have been constant or
decreasing, while large wage increases have been ab-
sorbed to a very large degree by the rationalization.
This has also been reflected by the prices, which have
remained far behind the wage increase.

The eight power stations on the river Danube, con-
structed in the three decades between 1955 and 1985,
are ideally suited to demonstrate the importance of ra-
tionalization at large run-of-river stations. As river bar-
rages are much more complex than high concrete
dams, it is necessary for any general considerations to
reduce the work to the two main items, earthworks and
concrete construction. For the sake of comparison, the
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Figure 16 Rationalization in the construction of large concrete dams
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construction cost of the respective main structure has
been expressed in 1988 prices by use of appropriate
indices. It should be noted in this context that cement
and structural steel have always been provided by the
owner. The large amount of data available shows that
the ratio of expenses, both for manhours and construc-
tion cost, of 1 m® of earthwork to 1 m® of concrete has
been 1: 20. All the cost items of these construction
projects have been related to these two main work
items. The amount of rationalization achieved can be
seen from Figs. 17 and 18.

Analysis of the curves shown in the Figures leads to
the following conclusion: Rationalization reached a
climax between the construction sites of Ybbs-
Persenbeug and Wallsee-Mitterkirchen, which was due
to a large extent to the adoption of a new project idea
providing for the construction of the project in a dry pit
located across the neck of a river bend.

The rationalization curve flattens towards the end of the
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Figure 17 Development of man-hours in the construction of the main
structures of the power projects on the Danube, both in absolute
numbers and as parameters related to the main construction items

period under review. The slight increase in the number
of man-hours spent per unit of work done at the Grei-
fenstein power station is a result of the greatly reduced
construction period.

The reduction in man-hours has for the greater part
been reflected by the construction cost per unit of work
done. Part of the savings in cost of labour have, how-
ever, been needed for covering increased cost of
machinery.

Part of the savings in man-hours have been consumed
by the increase in average gross wages being larger
than the amount of rationalisation achieved, which is
particularly true of the second part of the period under
review.

10 CONCLUSION

The development of construction operations at the
power project sites in Austria has led to a large
measure of rationalization. This has implied substantial
savings in the cost of constructing new projects.
Another result of this development is that power
projects that were formerly put aside as their
construction was considered uneconomical are now
becoming attractive in the light of the lower
construction cost.

As mentioned earlier, other developments have led to a
loss in public acceptance of power project construction.
This makes it almost impossible at present to benefit
from and continue to develop the experience gained in
this field. But recent discussions regarding the ban on
nuclear power have certainly initiated a reversal of
opinion with respect to hydro power. At any rate, a
large enough number of projects still exist in Austria
both for run-of-river stations, as e.g. Freudenau on the
Danube in Vienna, and for high-level sites, as e.g. a
group of power schemes near Matrei in East Tyrol.

In any case, Austria’s construction industry is ready to
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continue to use and develop the experience gained in
power project construction, and the Austrian construct-
ion firms offer their skill and experience for projects
abroad.
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REGISTER OF DAMS IN AUSTRIA

By R.Widmann*

INTRODUCTION

The following Register of Dams in Austria shows the main
data of all structures of more than 15 m in height, accord-
ing to the ICOLD guidelines. Thus this Register is meant
to update the former editions of “Large Dams in Austria”
presented at

- the 8" Congress on Large Dams, Edinburgh 1964,
- the 45" ICOLD Executive Meeting, Salzburg 1977.

On the occasion of the 15™ Congress of Large Dams in
Lausanne in 1985 a further overview entitled “Hydro

Power Schemes and Large Dams in Austria” was pub-
lished.

A more detailed description of 26 dams of special interest
is given in Chapter F (concrete dams) and G (embank-
ment dams); these dams are marked with an asterisk *.
The dams in the register appear in chronological order of
the start of construction (first figure in accordance with the
1964 and 1977 editions); in each case the corresponding
number in the World Register of Dams is added in
brackets for easy cross reference.

The location of the dams can be found on the map at the
end of this book.

LEGEND

The "Legend to the Register of Dams in Austria”, in which
all the symbols are explained, is printed on the next page.
Only a few additional remarks are provided below.

H (RowS5, line 1, 2) The governing height of embank-
ment dams from the design point of view is the
height of the impervious zone above foundation,
which may be somewhat smaller than the greatest
height above the lower dam toe for dams with anim-
pervious core.

(Row 6, line 3) The hydrostatic load acting on the
dam parallel to the valley is the most important
parameter for characterizing the size of the dam and
comparing dams of different types.

J (Row 8, line 1-3) The normal annual inflow into the
reservoir is devided into natural inflow from the
catchment area of the reservoir (row 7, line 1), and
the collecting works (row 7, line 2), and inflows from
pumping operations.

E  (Row 11, line 1-3) From this figure one can see not
only the importance of the reservoirs for the imme-
diately connected power station, but also for all
power stations downstream.

A,S (Row 12, line 1, 2) These figures are based on
experiences at Austrian reservoirs with different
geologies of their catchment areas.

T  (Row 14, line 1) The time required for drawdown
may be of importance for relieving the dam of hydro-
static load in the case of unforeseen events.

Q, (Row 15, line 2) The volume of the flood wave may
be of importance for evaluating retention volume in
relation to surface area at top water level (row 9,
linet).

Q_  (Row 15, line 3) The peak inflow of a design flood
may be reduced at reservoirs with a large surface
area and ungated spillways due to the retention vo-
lume between normal top storage level and storage
level in case of a design flood.

(Row 16, line 2) Negative values show the height of
overflow above the dam crest.

F_ (Row 186, line 3) The observed probability of over-
spill at dams more than 10 years old is an indicator
for the correct selection of the discharge capacity as
well as for the improvement in flood protection of the
downstream area.

* Dipl.- Ing. Dr. techn. Richard Widmann, retired Director of Tauernkraftwerke AG (TKW), A-5021 Salzburg, RainerstraBe 29, Austria
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Legend to the Register of Dams in Austria

7  Chronological sequence

(1/16)  No. in the World Register of Dams
Name
Name of dam; in brackets name of reservoir
if different from name of dam
Provinces
2 K Karnten (Carinthia)
N Niederostereich O Oberdsterreich
(Lower Austria) (Upper Austria)
S Salzburg St Steiermark (Styria)
T Tirol (Tyrol) V' Vorarlberg
Owner
Verbundkonzem
EKW Ennskraftwerke AG - Steyr
ODK Osterr.Draukraftwerke AG - Klagenfurt
TKW Tauernkraftwerke AG - Salzburg
VIiw Vorarlberger Jllwerke AG - Bregenz
OBB Osterreichische Bundesbahnen - Wien
Landesgesellschaften
EVN Energie-Versorgung Niederdsterreich - Maria
3 Enzersdorf
KELAG Kamtner Elektrizitat-AG - Klagenfurt
OKA Oberdsterreichische Kraftwerke AG - Linz
SAFE Salzburger AG f. Elektrizitatswirtschaft - Salz-
burg
SSTW Salzburger Stadtwerke - Salzburg
STEWEAG Steirische Wasserkraft-u. Elektrizitats AG - Graz|
TIWAG Tiroler Wasserkraftwerke AG - Innsbruck
VKW Vorarlberger Kraftwerke AG - Bregenz
Contractor
J.V. Joint Venture, Technical Management
Type of dam (according to the World Register)
PG Gravitydam  TE Earthfilldam
VA Arch dam ER Rockfill dam
Position and nature of impervious element
1%t letter..... position f  face
4 i core
2 letter..... nature a  asphalt
¢ concrete
e earth
G Geology
R Rock S Sail
¥ Year of completion, /....Year of heightening or rehabilitation
Height of the dam
5 H. above foundation m
(at fill dams of the impermeable zone)
H. at fill dams above the dam toe m
L. Crest length m

V.  Volume of excavation (rock and overburden) 1000 m*
6 v, Volume of dam body 1000 m?
W,  Water load parallel to valley above foundation 1 000 MN
7 C.,  Catchment area of reservoir km?
C,  Catchment area of collecting works km?
Normal annual inflow from the
8 Je Catchment area of the reservoir hm?
J,  Catchment area of the diversions hm?
J, Pumping mode hm?
SL  Surface at top water level km?
9 TL  Top operating water level ma.s.l.
ML Minimum operating water level ma.s.l.
V.  Totalvolume hm?
V, Active storage capacity hm?
10 Type of reservoir
RA Annual storage RwW Weekly storage
RD Daily storage RF Flood retention
Energy potential of the reservoir
11 E, of the related power scheme GWh
E, including downstream power stations GWh
E,  related to Austrian territory GWh
A Annual abrasion of C mm/km?
12 S Annual sedimentation in the reservoir % V,
M Periodical measures necessary yes/no
Q, Design flow of the power station m?/sec
13 GC  Generating capacity MW
Q,  Design flow of the bottom outlet m¥/sec
Tz Reservoir emptying time h
(Q,+Q,, without inflow)
Ty Method of energy-dissipation at bottom outlet
S stillingbasin G gate/valve
14 T.  Type of flood discharge
1% letter: type 2m [etter: situation
L(V) uncontrolled (controlled) spillway
C Crest O through the dam body
B  Bypass
N Probability of design flood Years
15 | Q, Volume of design flood wave hm?
Q, Peakinflow of spillage m3/sec
Freeboard to dam crest
16 Fr above normal top water level m
Fe in case of design flood m
F Probability of spillage Years
n no-data available
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Appendix

WORLD REGISTER OF DAMS
FOLIOS CONCERNING AUSTRIA

From ICOLD'S World Register of Dams
1984 Full Edition, Updating 1988 and
Supplementary Data 1991

309



UV @idenyyedy I9333qTIVION MAA
9V ®YAeATTI IeSieqiaviop MIA HY oAoN3FULY YOBTYIFRLLSIEpARq) V0
9V oNdaMdjeIyulane] MNI OV Ienijumnnvaq yo8 FyoFaaLaIsy Jap
oV saRaTzIINeTY wm:nx“w”m”wnwﬂmgu”u?pﬁ Ui e s fem
! = IYoEYaTaag oVaNais OV SIRIFzTANPTY Suauigy  HVon
21qQETIRAR EIEp OU u
s IegoR s IV 9TDA FeayE U
EELELEY Lieic)
LR R S =SIMIATZLAPPTT *J IIPYOS 1580wty 2aFanqz1ey 2IVS SV Ishaemnrucg sysbigotosaeaeq Hea S96T WY Wy £q posyaa gZET JO wuQ (v SIIONI00S
S310N
2V A (8 | it 1
sz Az31ds 3 Tmreg-zapaidey A4 318 S9VaMa1s q 871 (o] B 5o0TT £z el 34 b YA wradag uzdTT suug *x)  ByeT VZ'Vs| sz
v 12YyasTj - IafFaxajury ueTdialul - § 4 V S 44VS Al oog H mMMI 91 g LTS 878 @1 q1 Bangzyeg TTUISASNIIH | YIHQBISTYOH 6% T HOVESHATION| vT
NEBQIITUOH U0J - Zzu A - = =
£z i s IOAEIET - K L A HIA H i stg ogt sz |srs ot | x| Sxeqravzop eunyos 1 8vet ot |2
zz NBqI3TUOY U0Jag - zumy TekemieT - M I A MIA m (111 M W H MMMm 19y ity og 'S 94 | Sxagtavaop sunnyag 111 av6 I VIITIATIS| 22
UUEBMmZ oo vliysny
¥4 TOH susws1g AYa A cogg 1 Fee- st cog Iz s ad lxanorty aaddn akang suuy  gu6 I ONLAOVI'THR] 1z
oz BITE 12 BIT2Y "A°C L A . ah A A go| H MM.__“I I (44 61 e nd danqzyes 89571192 MUE._”MM IY6T 24| oz
wi1gsn
61 wuewzIoH susua1g A3 A coge | W umm.wm.ﬁ L o091 iz s o .Huswduuwg akaag suuy  9yg( ONINVIS| 61
' 0y 7 3sY anaamoayaTRuRd LY Xag A oogE " |“.uawmu 75 o1 61 Ed 5d| erautie) | Baewsyien nexd Gyl ANRVAVT] g1
/
m nequotup MAL - 23amoryaauadly MYI A ooz 0 wmm_| MN_+ 69 o ¥ Gﬂw toxfy | ay1rz/119Z | wovqsoriad AMNM“ SOTdaI| ;|
§i u 9VENTLS avVANALS A ooz u mmm_l of €5 61 s 9d vrakag | xmy/yonag ang  hye L HOVTHOSION| g,
IyspaIndzay
st 00 3 38y siaaND I3 HE Tated Y iag A coge | W g 091 It ve | ¥ ad| ®tuautiey | MaewreNies mead gyl MOFVHHOS | 51
vl 1akey g 19uqaiduul 1akel B Iaugazauug DVMII A ooag H .moamr 8 90| L1 H 04 1011 18204 uu (461 THOTEHOYIN| v1
oogg
£l a[esIaATu( s{enT1EY TRI2pag sfemTRY TEaapajg 1 og| H “Mﬂl 4] 89 67 L od Sanqz1es | [y1sa933tH AY2wqnas| Oy [ NAAOTLIONI ZNE | €1
®IT® 32
2| youzesskg erusasaton *h-p o) 3 askeuye MIA _w Sl Mm.mr_ " “wm.nl oy 98 €S ¥ 94 | 8taqyaeop sunayog tryl  rest INMREAA| z1
I neqyaty pueTuadiy 9VAMTLS ovan o8S £ % 3L FIENE
318 A 061 H -oogT- = o €€ ¥ 03 vrakag yoeren MaeItBIaL Ay g6l MoV 1
oL u oV aAM ool 281 SL a1 epak x an a
418 IVAKALS A 51 H ot > £l 71 b 5 Yahag LTEELES: " 1€61 ZLINXTH| g1
6 u IVINILS a9vVanaLs A oog| " mmm_l mm 191 sz ¥ .wm wrakag | any/yonag any 261 99aNad| 6
g a124pl § I2ugalauul skem11ey TEIepaj SABATTRY [Bl0pag = - H N 12z oog 8z A 5d | 81sqraviop Zuspnyg | zuaIly .nunn % yaxoy @asxajindg 8
" 1sfel 3 I3uqarauuy sfem1rey TRIapal SABATIRY [Blapag 1 1% H mmlm_“mq ag 862 6 ¥ 9d | 819q1avI04 Zuopnyg | zuazTy .nuﬁn % HLA08 FAS¥ATINGS| 4
IENTpULSNPQIASSEY 1 oy 13 :
9 S9Y9s 111238 2vaNdLs OVIMNILS = 998 el R dmﬁ- zl <8 92 ke 2d wakag S10qentos | yosardrey  czel HNVHONV) g
5 12339Ma5NERIg § 123714 Iajoyakey Sanqzres £3t1edistung % ogg M Mmm H ol_.MM| 6 98 9g a od 3anqzyeg UIdTI®H yoequiy  %z61 WAVTAENYIS| §
v wavwaaey g 198uTyaAds atanag *p Vo0 A ooy u 8 o1 L | oa| "FIGEN | wovamou TmeIs 4z HASTVHONVT)
€ 8anqzres A311edroTUny Turdicey - I27INH Sanqzyes £3tTedroTuny A oL H mmﬂ Tl 99 8T L od 8anqz1es WIATIVH yawquiy; €161 TVISAIH| €
z TI933BH R ulaag 112J3TH § uI21g vio A og H m.orwmm £z oc ‘[ s/u a1 i1 &HMMM 33838 119 uunsunL 61 avsos| z
2VHAAN 1 2eT__ erajsny
I IVHAN IVH AN Al og[ H 50 7T 88 J43 u B Tronon | T1REERIVR Jnerrd ey ASOVDIANVTEE| L
‘oN (s/cw) “ (2w e0L) wy | | inv3wz1z on
savm | (W g01) — noiLva | o V| oniTvas AYLNNOD O
El Sivi |70 | vIdy £ 8 () wnod | 0 4o JONINOYI ALI2 NolL 3
N Uy | | YI0N83STY_ | | Wy 40| ;o35 40| L5FMOT | V| gunuvn | 3 FIVIS 153YvIn | HIANY  [ITHOT N
! A8 NOILINYLSNOD A8 ONIYIINIONT HINMO 40 IdAL o v[ YioAy3STY L NFINO noay |, 0 /
7 HN3LONYLSNOD $30N13.0 Nv3ung 3YIV1314d0ud SUNIL |y 1o | 40 ALIOVEYD | [gunon)) HIONIT | guoray | vl OWY | g | INwaL | 3HooMd | Av3D i Wva 40 IWYN a
‘ 3 VNIVAI ¥ S04 alguo3a| NOIL |a | NOMISO) | .yyyaqno | snidvi | S¥NOD 39VHYVE NQ WON
3 S3q [ SHMAL - | YI0AY3SIY HOVHEYE yhgng | YANO4 & | 3113HD JONIAOHd 3A ILNIWIA 3
2 JdAL [YNIVA3 na 3av4dns na assva |, NI § L -3HOV.Q N
5 530 W (¢ s 0Au353y | NOT lspgvaa 7 of NV43Q o 3NN 2
f IXYW 3| na3TvidL Famoa snssagny| @ 4| 3dAlL3 3NN |
! Juovava [ 0| '3iovdvo Mn3Lnvw| 4 [NOLLYNLIY NOILYI0T — NOILYNLIS 1
6l 8l Ll 91 Sl 141 £l zl L oL 6 8 L 9 S v € z )
| on o0 VIHLSNV NI SWYd 40 YILSIDIY

JHIOIHINY NI SIODVHHYE S3Ad FHISIDIH

310



JHOIHLNY N3 SIDVHHVYE S3d JHLSIDIY

YV IYIINIFVIY T9BADQTIVION A S
OV SNIDATTI I0ZaaqTava0f MIA 9V eAIMITRIY BYISTYOTP1I0IE QIR0 V0
OV dqTahygeayuianey] ML 9y 2313M1FRIYNRI( YIS IYITIIAIE( Aag
IV IMIDAIFULILOESRY T 1oy SVALL OV 2)\10A8IBITZTINDTI IYOSTYITRAIRISQIDPOIN  OVMAN
a1qe7rvar v3Ep 0w u OV BIRITZLAIPTY pun -3enixaseEy UOSTALAIS  HVAMAIS OV SIRITZFIMPTA WUIWIEY  OVID —
2Injusp Juror CACL AJVYIE3aTA OV NI JRIBUNY oia +Aupdida zeiod yeuciavu-fq £q pouso —
' =BIRITZLANITY ' 3J¥Qos [TaeeBual 1y 2032z 1vg 48 IV 93IaAlTUINVUOQ IYIETYITALINIER  HOQ fAunuzag oy’ pa/uIIIENY TRq 29paog (v satonioos O
S3LON
6z BIIE 39 D[ESIAATU AL A a 291 £ 22l k14 b st ? uEua,ﬂ.L JLEERLH TIeW "1l gsel TISWIVHOOH | 62
I 0 iag A sl H. w17 re icT ! 54 fuaut L &
ve 8e3121 3 sshop - BLOST IV 113y 9V 1TaA » 80T M .m.alm H _96E__ SET oG Iy s/ ot joh eIyjutIey yowiaag nexq ‘1) gs6l HOVHIEYA | vZ
Ueﬂﬂ
£z nequotup - zumy sAeATtey TeIapey sAenytey TeIapag 1 8 H NIMW- oz 291 og " LE fanqzyes| TU181933IW | YowZIVS'I3|  BCEL HASWANY | €T
jTUOjag 01XaJ -
(22 NN st maaion ussod - T AV Y zavs| am 19 H -8 3 zZtr 81 $/Y er | wa|  Sanqzres| tewqapw tas ang a1 sl RASHICINOTON | 2T
§js " . AFSHADIOCTHR
k4 BITR 12 21ESIRATUL ATC iap qagQ » Lt Mml_ H ”Imﬂ €51 32 9y b 5d| etujuravg 1311ds TIOH I3 56T wassous | V%
equOTUf] — LYSUITO,
0z O v g 0 IVALL svaril a4 051 u e nl s 91 s/u 0a Toaky]  yoopuet vl gg1 aviEsKnY | oz
- eTI® 30 BTN AL AfwoeanEy Suswayg svaan 4 9€Y H . vzt ong 69 u VA i 113047, dumy g6l NIZISNATIO |61
i 0B LRESTER AR EE
8t B ==Nw_w.mamomm$muml.b.n r Q) ursisusysep jIamiJeryneuo(| A ooof| |N‘H ao.m”w. onYy £8€ og o od _sny 1addg snunm_:w mm aqnued 9661 T NIAISNEHDOr | 8L
i BIT® 12 BITa4 ‘Al [ B HAT A ( og H " cGE LGE i o YA 2anqzey 298/11°2Z ha::wuww 4431 uass0Iq ‘
ogp (
T wIT® 12 BI13Y “A'[ H A3 [ B 4 A Cogr| H “N.l”.m 599 w6y o1 q od Bxnqzws) 298 /11972 nusawmw”_ SS61 HASOOH | gy
gu| 4zards 3 1wray ‘Iapaidey SVINALS 5VdHAIS A ooo( H m¢ 6 s 8l ] od erafag neTFelH suug  SG6 | NIQORHWALIVISD | St
¥ITE 32 Ioulgy . . vTavARg/eTa)
vl 19885 - o0 § ISV AL A € Q) OV Teadyrayt Iadvg- - 11038 4 0079 H mmem oyl onz 2z s 9 | gny hu&: nRunRIg sl pS6T| (, HOVEIS-NVNOVHE | vl
G £z31ds p Tural'Iaparfel aviay sviad M gor H e 8 I og ¥ VA| wiysutaeg You1TTA | uowquesstol 561 ONIMROSWAGHIM | EL
z 18y-32312que-1apailey N YT MY A 19134 1 Mumo_ oo oy [ 44 bt 94 c,m“wwmm ka8 suuy €661 OvIEsod | zu
1
" eT1oH Atwoeaneg suawers ovaan & o n Stk o6 wEe 25 L vA e 3308z duey 561 vidog | 11
oL zuny SABATIVY TVIOPaL skoattey Terspay 1 £7 H mme_l 9 S€T (33 b 5d Banqzes| [YISX233TH [oydEqnag "2y 7G6 | qASSIAM | 04
BIIjSN
6 sne1) aAepaileq JyfuyosIneg suswmayg OVMHIN A oog H 1MMMM| 69 mmmrmn 8%z [+ s/d 23 .WM@. .uw.:u“ uzog duey  z661 OUIAINEAHL | 6
8 110g AL EYL 1 (orz| ® . 33 oLl 6¢ b 9d| ¥rautIeppnIquady TN T 2561 azytaediey 8
vz (
0 110g LB AXI A (v | u mmm- SE %91 €6 ¥ VA| EryauriEphniquelyyren TI9H 2561 TIQN | ¢
BITE 32 BITaY A" (9 o a2
9 T 1138 "A'C AAL AAI w oIt ¢ m..op " m._mmd“m 94y 1SE 0z1 ¥ VA 31nqz1Es 38 /1192 tounide| 1561 OWACHIT | 9
g o) g a8y IVMLL SVHIL 1 ocr u suon € of ve bl VA 1oaky yawquar yowxang  oge [ TVINZHOYE | §
Lz31dg i 00 wviags
v T AR ouw»m 33uwaap - ataneg vVio0 1 091 H mw..ﬁ.ﬁ| 43 9zl 13 ¥ VA .uwmmﬂ youqryoy vuury  ocs| viv | °
¢ 9TESIBATUL - 38V gvaMniaLls AT % ooz M W | o mom-mﬂ..ihl £y Ll 85 ¥ YA wradag youTIoN yosatdtey 0GH| NNVWHZAHIH | €
¢ BLI9Y ~ Zuny susualy aAa A oTye H lmmm_wm 57z 2zl Iy ¥ ad uﬁ““MMM_ REYCT) suug| ogg( DNINVESSOUD | ¢
N 0 ¥ 38V (15304 Zu¥y MiEMTYYIE Azl & vogz | W i <6 o1 62 ¥ 5d kvic i akang vuug g6l ONANNEAT | |
- wew | o] (2Ol W | |LINIHWI13 oN
N SAVM (sw c0l) w noiLva | o V| oniTvas AYLNNOD YO
3 savm |TT1e5 40 |7 ! vIHY (Wedll | (w -Nnod |, o s JONIAOY | ALID NOIL E
N “771ds |ALIOVAVD (S L) yIOAWISTY_ | WYQ.40 | o3y0 go| LSIMOT | V| suniwn | 3 FIVLS 1SIHVIN Y3IAE  [TTINOT N
1 A8 NOILINYLSNOD A8 ONIHIINIONT HINMO 40 FdAL m@.m.q\}.u 0 Y| HIOAY3ISTY I NTLNOD Jnoav L any nva.a 40 !
7 HN3LINYISNDD $30N13.0 Nv3uNna 3UIVA3IHdOUd SUNIL |mrewm [¢ N[ FOALDVIVD | [qyqqna| HEONIT | droran | v | oLl 4| ANaWaL o 3HOOUd oo | yvaa | _tvadowen 7
3 3 VAOVA3 ¥ SSOH9 a13uo3a| NOlL |a A | Hvd3ano [ SNdVI SHNO2 3DVHHYE Na WON
3 E L] SHN3L p 1| HIOAY3ISIY BOVHYVYE yR[ang | WANOH | 3LIFHD IONIAOHd ITIA WNIWIN 3
3 3dAL | ¥NIVA | NG 30v4HNS | na N07 | 3SSVE | AN Nwiza | L 1v13 [3HIv.0 .
530 W |4 S [gigAYIEIH INNTOA sn1dv13al o : : 33NNV 9
i XV 3| na3vibL snssag-ny © 4| 3dALl3 ? i
| JLIOVdVD 4 . NOILYNLE =
i 3 a| 3FLIOVAVD HNILAVYH J NOI/LVY307 — NOILYN.LIS |
-1} :18 Ll 9l 18 vl €l (4 48 oL ] 8 i 9 ] 14 £ z I
. on orvos VIHLSNVY NI SWYd 40 43LSIDIY




LA

NIa OY IaMITRIY SYOEIYILRIANISRIqQ Wi0
OV Syasngyvamjuzenyy B 2V AanlFeinuaq SYIsTYIEILRIeq nag
OV I3 JURINWS WY TaT0aTy OVMIL 9V 93IMSIRITZIANIATY L TYOTIILDIEQIIPITN  DVAEN
21qvITEAR BIED OU u OV 8aR3ITZ1A9TT pun ~azwrysmcewy Y28} Ao OVaNIIS OV BIRATZIIPATI ISuIUIM  OVID
aImuap qutop tptp e . Ay aaa OV oydanazvaysusy  Na *Auvdios Janod YuctIvu-3q 4q pomio
“EIMILAPDTY ‘7 Ageyaey1aeaduataygy aa8anqzeg q4vS OV 9 dan]yennBuoq Y FYIFOMIIER  MANOQ ‘Auvtag doy pol VY Iqeny weq dopiog (+ S3I0N1004
S3LON
PIJE 39 uenoey uewjoy o rrAIEMW
2 _steioe e naoa #yxoa| 1 32| ey 8 505 ory 2 ¥ 92| Janoqsaedd) uroy aqnueg  g9s1 aasTTv| s
b BIOST - x104 - nMuHM“m q1ag Aage A oolg H mmmmm o9 S6 8¢ s/ od| eruIutavy aanguelery nead  g96 [ ZLINIST3a) vZ
BITE 34 " LSV AT
€2| Sequizg .iu_,_ustﬁcﬁ.b..ﬁ MR L HdL m gog .mmm " mmmm %6 ogy ez s et a1 1014y wegoyakuy woaz txy  go6 | & %ﬁws €2
£z314d
T2l 5 qurag - zapeidey - mﬂ:” avinaLs oviMaLs A oo H MH_ t <h 1z |s 9 wtadag ne1yaTH surd  fo67 avaxw| zz
14 ©0 § zumy MAa AdA A S19 H 5991, [4 col1 8 b S od | Sxaqravaoy zZuapnig zIWy 961 TIVOOVY| 12
OQQN
ne ¥riys
pechieis - xRy depenie] 'R maa| A ooz | g - 59 58 g |s/m 54 e kg swrd 967 wazsuva| oz
oV ayIam he't 1w, a }
61| BITE 38 UUBWZOH-E{T8Y "A'[] Ad Q| -3rery syostiakeg -axa3sg A oopy H MMW..WMI SEl ™me k44 S 94 .mﬂn““mwwwm“ negeug uuyl 9961 A+UZH_.EZH(D<mm<w 6l
81 EITE 72 1103 A‘f| LIS B4 L A onz S| g o881 _ (Y434 oLy €8 s /e a1 41 102k} 1917117/1122 | yowqeoriay 99 NIAOgSSYTiNa) g¢
(CH 505ES
neq n u vraisny % -
£t uotup -10819quey - 19paikel 14 M i oose H BoRg EE = L . 02 xano/xedd 38 sUey 5961 UOISNUOHT) £
5q
PITE 3@ 108ursol-ilog +p-f| FIPTIIDFIPIEQUOT - M T A H1aA 4 o (99 | H oo 9981 p1g C 71T £y ' vi| 3eqraviof sunIjag 10T '3 g9t s
9L d 1 zo1 o ey 9 (can ( ooy el Vi 4oy o1
Az31dg
St| 3 Turag - 1apaiden - ©yqay ovamais 9VINTLS A ooy : mmﬂ 1 4] 07 s/ 5d viadag neLraTH swug 961 ONI'TAITISSOUD)| 51
BITE 19 J9TIYd0Q -|
1] - :t.zuw-:a“ n.,u;, OVHAIL 9VMTL m ozt Mmmrm H mmmmﬂ ooy 009 EST | s/¥ a1 3 1ox4] Aoapur] | yomquadle] cop( HOS1Vdao| vi
e 12930103uTy - 1104 avamals svamals A o5z1 H mmml_- £z 16 8l s 9d erakag)  zatuqpan L1 Y VTTVES| EL
BIT® 32 3Joy A oogg BIIISNY]
2 _aayokq - 2ug - verey ope] Hxeq Knxoa A oz6g | N'H serT o501 86€ e ¥ 5d Yoddg  Suteaeia sqnueq  y941 HOVHDSY| 21
11| ETIE *32 198Baiequry -A"C] 24VS 44V m 9 M.W il mwmw <91 40T 9€ ¥ ey ¥z Banqz1vg| weprayivEs [ woerves'iy  cogl Hovassaal 11
[BTIBAI T
OL| BI1® 32 uuemZIOH-BITaW *A°[| AdqQ e mﬂumzamqmuwuwwwww A o0ogg H memm 891 19T sz s ad ...a:ﬂnw”n._aw_ Buypagnyog uuy 2961 (+ SNVHNEN-ONLQEYHOS | o1
T
g nequotup My MY A oocz | w mel 98 zo1 of ¥ 2a a.nwumu akaas suud 96l NLIISNESOT| 6
g [®T1E 29 19pAIken - asy -p-(| ido qag A oogg H mmm,mm 841 o[ 9€ ¥ 0d|  eiyIurIe| MAPKINYTRA nvxg 7961 oNIa3| 8
‘ £231dg g Twiay - iapaifey DVIMALS SVEIHALS A 0oy | 1 .n._.mm_l of wh 61 b 9d vradag eIt suug  og6( DNITSSH| £
o5
o v acoe] o ViLany s
9 TI® 32 BIla¥-ai0d ‘A'r axeaq Adxoaq A cozil | NN F55n7 69 ey st ¥ 9 | 4addn/1an07 s panuEq 6561 INMNAWAL-BTAL | o
el
S 1a88a123u1y AN A KA A org H |NMM| ) oy 61 ¥ 0d | Sxaqraexop zZuapnig zang  6S61 ZiN1| S
v nequotupn - zumy sAuaytwy [eaapag sdwAT{vy TvIopag 1 y i mmﬂ- S g8 a0 | 54|  Sanqares| TTrsze3aTH | uowzies-xa ol NILIVIAZTVS| b
£ BITE 98 2104 *p°r Aag sag | am 1z H m".wlm: 2z v 91 1 ot ¥i | vtyaurzey pupmy | Iessyt ‘33 gShl azsav| ¢
4 03 3 zuny ATA nea| 4 3 mw_ H - 19 oge og ¥ 54 | Sasqravios|  zuepnig T x| gssr HISHANIT 2
At 211 AISULILOATHAR
L PITE 312 2[BSIIAT .
1 TesIoATun AL ddag Aag Al 91 " Sog7 o9 651 Iy A 9d | wmauraey [vaayds 1190 33| 8g6I srmirareal ¥
‘oN (8/5u) ol lzcon w) | w |LiNIWFTF -aN
sava || (e col) TR noiva | o V| onrtvas AH.LNNOO B
3 SAvM |-77/dS 40 vYIyY e e (w) Nnod | O 40 FONIAOY ALID NOIL 3
N TUdS |ALIVAVD (5 UL HIONYISTY | | WYG A0 | eqyn yo| LSIMOT | 1| qunsww | 3 | aiwas | LS3uvan | ¥3AWW [374WOD L
] A8 NOLLONYLSNOD A8 OMINIINIONT yanmo 40 3dAL | FIEVHI o v [ YioAy35TY linz LN JN08Y | - 4| T gy 40 /
sunaL |- S 1w | 40 ALiDvavo HIONTT [ Jpoiay | v 4 | 1InawaL JHO0Hd nvaa WY S0 IWYN 7
7 YNILONHLISNOD $30N13.0 Nv3¥ns 3HIVLIIHIOHd wnowng [#IHIXvH | SS0YD FHATOA| oo gal TNoIL | @ ¥| NOLLISOS Uvd3an0 | SNV synoy | YVI4 JovuLYE NG KON
3 30 | SnaL | | uioAu3s3Y ovHYvd “ynane | YANOd |4 ¢ EITE ) Al 3oninoud ITNA LNIWIA 3
i 3dAL | YNIVA | N0 39v3uns | na NOT (3558 (oM Nviza | L | T ivia Hdv.d s
N 530 VW |4 s [ 3 i5Au3838 SRR snav1adl jo| b ; 3INNY 2
_ 1XYW 3| Na31vioL snssaa-nyl © 4 2 |
! 3La¥IVO | | giiavavd ynarnwH| 4 - |NOILYNLIg NOILYI0T — NOILYNLIS g
6l 81 m 9l sl vl £l zl 1) ol 6 8 L 9 g ¥ € z 1
£ ‘N o104 VIYLSNY NI SWYd 40 YILSIDIY

FHOIYLNY N3 S3IOVHHVYE S3A 3HLSIDIY

312



OV ytasagexy aeBiaqrivaoy

Ghv e . ws . o

w9y + 02 + L

OV 9YIBATI1 298Ieqravaoy, MIA OV 9jIaM3FeIy AYDETYITIIIISQIAQ0 vio AQ 6167 PUB 9£6T *fL6T UT pasTea Z/6T 4O
OV qIadayvnuanyy, v hA IV _®jlasigeaynedq oyosiyoieliaieq AaQ wep 3517 tpauueTd Se UOTIONIISUCD astmdays (q
P T— OV aaMy Jeayzene Uy Ta1bary, OVMIL IV NAIMEIRITZTANYATY 8YdSTYIT21Ia3eRIBpatN OVMAN = e
IRITZPINITY pun 3 JUDIDBEEN dY95TaTAY 4391 29 Elgicel
siarTTear vavp o “ uus_.unwbm. ovalaIs oV Emu«mwhuuwwmmuwwm%mm fram woly 3TTNG ‘130T wQZ INQ BWEL Bues S ToNIGEY
3INJUap Juiof p'p =SIRITZTANPTL *F 33vy0s [[eeafwrayy aa8angzieg VS DY jIaA3FEIynvueq ayostyotoRieIE] o 40 wep Jarraes pabasuqns pue padeldal (e S0
5z 1ekauzuriago| MIA - HXA NAA 7 58T H mm«-- 8 56 S1 ¥ 9d | 9xeqrivio zuaBaag| uovsIoqng| g6 [ HOVSYaHNS| 5z
8 650! 108
vz I8y - uuﬂaﬂam& ANL«-9VINALS ovVAMALS 1 ooz H mmml_l I3 8zl 6€ q VA v1141g) UTWPETY S| ATRS S80I Gr6T A105| vz
- aTes 12ATU) ML A CHE A KA A ogg H mwmul ooz | oyz 6 s/¥ at ay [ Sasqravsop zuaBaag| vyowweSyo gi6l HoVNEOT0H | T
zuny-1a8er-ayar TITIH ogeg w3
2z 3101g] diwovgneg « SuswaIS| 23309y WIsMsagatziieTd A 0oz H |o|wﬂ-| $ mm_m.wlm 7€ u Bl 5 Toa£ 233n2% Y29 a3l [461 HOFTIOY mm
\z 9v neqyetg) DVINALS SVIHELS A osz1 H mmm!_l £z [ L ¥ 93 wrakag z3tuqyary and £261 avooxdago| 12
oz PITE 39 110 ‘A"l AN¥L-NaQ Aag w 881 .Mw H mmmalm ogs1 929 oog ¥ VA ¥IyIuTIvD) pupug TP LL61 NIFNENTON| 0Z
Bv1I38NY
eI1® 12 ueinopy uewjoy L 2061 . JOOOTT ogz1 L5y Le ¥ od N ugny aqnueqd 9/6( HIMQMNALTY] 61
6L]  _ii0g-e{1ey-Iapoakeq ‘p-r Adoa AR 8 4 A 00gg L CECHS |
zumy g0r .. 598 oog og s/¥ LH 31| Sasqriexe funayog 111 '3y 660 NVHOSIVT) 81
8L 19uqa1auuI-1288P-TATIH “A°[] 414 HIA Al st H o0g ¢ ! -
e A @12 | e oo " VA 3 Jaopyoury akag 61 SOVDI| £1
(1| @1uBaa 7 pron-atuoiag oxaay AAL-nAa | = 8se oLt| o' o 6€ 281 11 Tadd,
91 eqeass - e11ay Aag Aag m %€l mamm H mmm._lmll oRg 097 44 s/ ey L BTYIUT IR pupmy  ®eITEN ‘13 <761 wvassgo| a1
gu| PTIP 39 1z04-13paakey ‘p-p Aag Aag A oogg H munwwﬂu £6 L6 oy sy 9d| eryjuriey 428124 nexq G61 HOVTHAA) g1
I
¥l Beqel1lg -B[OS] - PIAEIOS aoviaiy avVIEA 1 1Z H mlwwﬁ_| oag 09z 43 s/u L-H joh d wiyjurdeny yoeiraaxaqQ juedeayg ...L.“ WMM“ NIIMNMHOOH| vL
. 1o/ (P8L61
€L Seqeaag - 1ofeg 9VITaA 9v1axN 1 8 H mmﬂ; onL Shy 117 1 eF wa| emutavl anjquedirey  tren -yl vict FASSOUD| €L
1 ) L 58 sL M v 11w B37E zi
20 124awzuRaIaqo ddaQ qagq T | 9w M$ H mmmﬂ' 5 o 3 4 e3 o tyauraey pupuy ATeH he61 THOTANADTVO
a1Bs1aaTun-2103-K231dg og el 237uqtaT] I w6 JH0ASYAAVI| L1
L ? Ture] - 1338aaajury 9VYaIMNILIS OVIMALS A gz H mmMAI| T 111 gl S 94 11438
oL 2172 12 Senis *A'C) sleattey {exspeg sdeatiey 1RI9pag w oy .Mw_mﬂ H mmm.n_.wl 267 o011 €5 i od 8inqzies| 111829331H ayorqnagl €61 (2 SOOWNWENYL| 01
6 |--BTT® 19 1Iog-12paideq "A°f| iag AaqQ A oo H mwmmﬂ- 9 73 9z 5/4 93| etyjuraep yoeyTr neagl €461 NITHVH “IS| 6
TTI38NY|
EIIE 32 uBImoEy uemjoy 1 2862 . oo0g oo, o 13 A od ; zup] aqnueq g/61 WISHSNILIO| 8
B | -1z0z-e11ey-zepeken a-r A A2 A oyes | A B55YE ’ o o (98261
L 8vqei3s-T1osI-ETARIOS 9V TaA av1aA 1 9 H mmmmwlm. °57T ogg 91T |s/u L ¥I | BTYIUTIE)| yow([aAd2qQ) JuwSeiy ‘1) 261 AASHINGHISO| L
wlIISNY
9 | 3TuoIsy o1ipg-a98Fa323uTH HAa HAd A onzz n mmmmf °9 <6 114 ¥ ad 10ddy aakap suugl 761 NYNQHOS | o
H 11712289y 5V 1a3x ERAE- B » o7z meq n mmmm.i s9z 787 12 s/ ey 3L | wryauraey| yoeyrsazeqo| aueSeagcxal 1g61 NEIAOM | §
v ZUT9H-1104-128Faxa3uTH 18914 - 34V S TAVS A o7 H mwmml u 58 61 5 2d 8anqzes uTaTIvH uowzTes| (/61 NIAIS¥A| ¥
£ BITE 39 PI124 "A'[ HAL HAL w oy me.,_m H mmmmﬂ 096 STL €1 q VA 1014L|  uagoyrkel| yowquuRz I [f6] SI493THIS | €
BIIISNY
z uotun-12819quEl-12pakeR LS LI ¢ A 08z H mmﬁl of s 9z L B 1addp Tokapy) SUdl G961 WIRAM | T
- v
t |129330K % uieag-29882103uTy JTuyaaInEg-sUdLaLS V1o A oog( H |mm¢mm; ct 5 1z ¥ 51 ﬂwwwmw dwccaj uneag| go6r NgannHa| |
(s/cw) NI faweon {w) P ERE ] on
1N SAVM g {ew €01 s NOILYa | o N| oniTvas AHINNOI 4O
El SAvM |-TTds F0 |7 ! vIYY (g450 fu) -¥nod |, 0~ 40 IoNAOEd | ALID NOIL H
N -771dS L%m_ﬂﬂﬂ.ﬂb S L] wioAyISTY_ | WYa 40| o349 40 me..%%cw 2| 3univn | 3 JLVLS 1S3HVIN YIANY - [ITINOT '
1 A8 NOILONYLSNOD A8 ONIHIINIONI HINMO 40 3dAL | 394 w “ u_,%mu n_um%%%.u ULNILNOD 1yionaT | Troram qw any d AN3WAL 3IHO0Hd nva.a tﬂw n Wva 40 IWYN 7
7 HNILINHLSNOD $30N13.0 Nv3y¥na JYIVLIIYdOHd %k%%»w womwixvm |9 0 SSOH9 IWATOA| S tunaal NOIL | @ o|Morisod| 1 yyaaano | SNTd VY SHNOD A Fovusvanamon |
s3a SHN3L HIOAH3SIH POVHYYE yA3no | WANOd | v 3113HD 3IONIAOHd ITIA ILNIW3I
3 3dAL |YNIVAZ I L] ng 30vaMns | na NOT 3s8vE |0 fyiga | L 1913 -3HOV.a N
N S30 2 | & S [ ~y)0A8383 n smdv13al | o ? ; 33NNY 2
B 1XYW 3| navisL IWN10 Snssaa-ny O 4| 34ALL3 3 :
.“ 30¥evd | ol 31iowdvo HA3LAYR| 4 [NOILYNLIS NOILY3I07 — NOILVNLIS 1
61 8L i 9l st vl EL zi 1L oL [ 8 L 9 [ v £ z 1
¥ 'ON OIT04

JHOIHLNY N3 SIOVHHVYE S3A JHULSIDIY

313



G S AN S AN ADNADY A BAUN mAn

JHOIYLNY N3 SIDVHHVE S3d JULSIDIYH

9¥ 2)I9MTTI Iabragrierop MIA oY 2 IeMmIFeay JYOSTYDT2IIBISQIABG0 A0
5¥ aXIsmigeayurane] ML 9¥ 9)I9M3IRIYNEIQ SUDSTYSITaIAAISQ AagQ
DY 3YIBMIIVIHIISSEPM IAITOITL OYMIL 9y 2YIPMSITITZTIANATA 2YOSTYDTIIIB]ISQIBPAITH OVMAN
O¥ S3IEITZTIFYTI PUN -3JPIYIBSSEM DYDSTIATIIS OYVIAMILS 9Y S3IBPITZTIINSTI ASUJUIBY OVTIA
a1qeTTeAR ®jEp OU u OY S3IBITZTIINSTA SYISTHIPWIATA3ZS 9aLS O @jIam]FeRIYSUUI L &
2Injuap jutor “A'L 3JPYDSIATMSIBITZTIINATE I oY xabinqzies T4VS 9¥ s)Iamijjeiyneuod 9YsSTYDTaIIajsQ mMMoa §3I0NI00OS
S31ON
& beqexys‘aapaaken ‘xabbyg A Lt oL I 88 €€ a3 YA banqzes urexbem b ...nn_c:mm: NYNIS 5T
3| sanutn *iebasquen -4 I9QTd + ¥ X O ¥ %0 = Lov sz | ® 2 1 ' | voihan ﬂ_:mum:
uajye
v ueInoeH %7 uUBRWIOH eI3}Y8[aSTNS 93 LS A o081 H Wmm.m 09E S6 ze o 24 e1ai3s —uyoxg Iny 3 NIZLSNAaYy v
B4 wernaER :nauww >un AL aA L m nqmmmﬂvﬁ " mwwmm oLET 205 981 | ¥ WA 1oxkg| usgoyiken I2TTTY 9861 TANQEOUATTIZ| €2
2z zebyq JNTUYsegned-suswats uojuvY 35 YIoM-T m ;NM.Mmla " w.w z1 Ls 113 M od ToxAy uo3uy-3s vuuesoyd 861 TTYMNEEA| 22
TEGSSNZUETHORR ¥ 1ed) 0N gLz a| Banqzres| uueuor-as yoezted s861 oNTLIaNun| 12
1z <65 % 38Y mIcgey enuN MA L MXL+3aYS A 0ZET H |ow: 9€E z8 154 s 9 qz1
oz neqzaty S¥YdMNELS oW dMAdJIS A 095 H % sz 95 £z b od erxias neIn| any] 5861 aowodn -1s|oz
61 ateszaaTun ovaMELS Svamauys A 0591 | ® %ﬂ. 9z L8 oz s od erxkas uopTIM ELU T T HowTTAM| 6L
Bl neqr1I + Iopaxdey aag AagqQ A 0082 H Wmmm Sv a8 LT S 9d | ®TY3UTIRD YyseIITA nexd S861 OMIAHITIAN| 8L
Ll aabaaquen -"A°Q ¥anoQ XAagQ A 0082 H MJmlmﬂ (4] 88 LT o 94 | BTy3juTIed YoRTITA neaqa vee6l HOWTIIA| L1
BILRIR URTRIEH URNTON 1 or1e ‘ 000071 u 12 s/4 a4 Eygneny nexayso3s aqnued| ¥861 NIZLSNIJIIIUD| gy
9| xx0g-eTToH-T0poXKCH A" ) M3oa M A od A oves [N P 000L8 55 1€ / z9MOT
51 sutdiy-30660a03uUTH ML MM I +EdYS A 95E1 H mw.m.ﬂ 9¢ z8 i s od | bangzies| usjou,® yoezTeSs| PE6T NZJOHSJOHISIE|S)
aniq .
ol beqexas 5 v 1Tax o v Tau T z1 H mm.m szs StE 1 q ey sa | eyusuraen| 2RI Ttron’ 13| £86T aaswaIz| vl
ci| 1saga - zepeiakew - sy eI3¥aTasTNS >xwﬂmawhuwﬂxmwmwwwwum A 008t H u u £6 0z ¥ 94 RTIA3S zex9 A0H[ Z86T TAQZNIFM| EL
eTI3SNY
A eTTe 32 xapaxfeW *A- [ FTUYOSINEE~-SUBWATS ¥ A0 A Q0€Ez H .Mumw o1t 101 (417 o 24 ,uwnmn ZUTI unexy| z8e6T ONINONA-NOVHL| T
" aTeszaATUn oY aIMILS 5% dMKELS A 0991 H wmm Lz 66 61 5 od eraiis| zatuqren anu| za61l arad1aIds| i
eITe 3@ ueInoeW uewoH| ! 005¢ 6 s/¥ od ¥raaany AToH aqnueal zg61 y1aM| oL
Ol 110g-w1od-10paafen A" O L M3 oa A 0OLI1Y |N'H Goore 006 444 4 / TaMOT
a2d S
6| urazeis-neg si-beqeais 9 %Y 3 M3 LS 9 vdMNIILS A mﬁm_.mwcwlm H %m. [+F4 811 6E o S eTIA3S neany InW- I3 7861 (Jxopuapod) TWYVd| 6
g z3Tx3-x06b2x93uUTH ovaMmadLs SYamauis A 09§ H % o€ L9 £z q 04 etikas nexny anu| ze61 4d4oanaaod| 8
XTuysss A (21 o1p o a1 wa | bangzyes| UTPISED [ SUSV IRW .. FISTAVHADOE | £
‘ axodl g suetieE - o s 34VYs 7 9 5 | ® T 82z ove €€ ; Cig © kregsesmay
BTTI® 39 a 00SE g 0d |eTyautaen| -Jusbery nexdl 18671 ANDQUEAYNNY| 9
9 1104-10paaken ‘A" L) ¥aQ A1aqQ A 00£f | H R BOT voT ov
bt - 08 1 bingzies | rasebpea 2= aTaass¥n| s
] —Tun-x10d-12662193UTH uyoaslneg susaWaIS-TAVS g2 4 ¥ 8 A 08¢ 00z H A j (4] i &4 a o4 angqzies 3 P ~pTozgeN 0861
I2UgaIAUUI -niEq] A (og [olx4 HYT| ¥
V.l{t1-aTesasatun-zapaaien| LA I 2 M T, T 92t (gp7 | M JOEE oov 8Iv LE s/4 e3 aL Toxky 2z3Q | yoeqzopan| o861 TYLNEONY!
®vIT® 312 beqeiis-aslam| T (E oovo1l uorq
o = s/ T E i<} okl z3 E TYIYAILSHIA| €
E | zuezaaqo-zetrayoon *A°D SYMTIL 5Y M1l > te oz | H OCE09 oos¥ zs9 ostT |s/ T . Q | zapon - 33| 0B6T
eTI}SOY
4 BTIT® 319 XapaxAeW "A'D HTUYDDSINEedg SUSWATS ¥io0 A 00EZ H mw_wﬂ. 001 BE BE a 2d .memn sSTaM unerll 6L6T MNAALHOUYH|
®ITe 3@ UETNORW UBHWIOH 1 ovor s 0056 Sy adeny e _
! |zz04-e1To8-35poxARH A" LIS M X oa x oove |V H 00097 058 SEE T S oa it (IS ST sqnued| 6L6T NALSY-NIANIMEY| |
18/ g} NI w0l w | w | anawar3 o
EN SAVM 9 (cW ¢01) NOILYT | o V| onrTvas AYINNOD HO
3 savm | 719530 |7 ! vIyy (w0l | () -wnod |0l a0 Sahinourl A NOIL 7
N TS (ALIOVAVD S L WIONSISTY | | WYTH0 | joayy go| ASTMOT| ) | quntvn | 3 | guwus | LSTHVIN | HEAN 37403 N
o v
Il A8 NOILINYISNOD A8 ONIHIINIONT YINMO m%uﬂmmﬁh sia i mw%mmmm%.%%.u haﬂnﬁu HLONTT | Tnoran 1“ anv £ iNaWAL JHO0Yd nva.a E“Wx DS 7
7 HN3LINYLSNOD $30N.13.0 Nv3ung 341V.13IHdOHd YNOVA3 wnnwixvi (o SS0¥9 FWAT0A| | up3a|  NOIL a. NOILISOd A | Hvazano | sM1dv1 SYNOD 29vHHYE NA WON
§3g | s¥nai | | uloAu3s3Y OVHHYE ynano | YANOA | w 9| 3Liawo IONIAOHA | 3TTIA RLENER 3
2 3dAL | ¥NIVAS | NG 30v4HNS | na w01 | B5VE oM wviza | L | ivia -3HOv.0 N
M wmmxmdﬂ__u_s 4 8 [THiDAYESIY JNNTOA mnmm_qn._wm. 0® 3dAL 13 i JINNY mw
! Il Na3vioL SNSS3a-| 4 .
! 319vavd | ol 3iiovivo unaLnvH| 4 zo_.E?:J NOIL¥I0T — NOILYNLIS 1
6l 8l L 9l Sl 14} £l zZl L ot 6 8 L 9 ] 14 e 4 I
g "oN 01104 VIHLSNV NI SWVA 40 YILSIODIH

314



DY 9AAYMIIELN ABDIBGTITION MAA

O¥ INIDMTTI iabaeqraezop MIA OY BYIamMIJeIY DYDSTYDTIIIIISQIaO ¥A0
DY 9jIam3zJeajursne] MML O¥ 8xIam3ljeInerq IYISTYITIIIagsQ naq
OV {I2MIFLIYIISSEM IDTOITL S¥MIL D¥ 33I3MSIPITZTIFHATI BYOSTUDTOIIDISQIAPATN  OVMAN
O¥ SAVITZTAIYITE PUR -3JBINIISSBY 2YOSTATEIS OVIMILS O¥ SIBITZTIIYBTA IABUIUIAEN OYTAN 0
STqeTTeAR ¥3Rp OU u O¥ S3ITITZTIIYLTI aYosTyipmaatass 9358 DY ayIamFeIYsuumg M3 iy
@anjuep jutorL “ATC IFRUDSIATMSIPITZTIFINSTE "3 DV aobangzres advs 9Y 9YIIMIFRIYNEUOQ BYOSTUITBIIBISQ nioa SlONLIOO4
S31ON
002T ExaATd
PUGEIFUUI-UTTRZ-TIOQ A" L idEQ Ad0 A 0oLz | GoLT 05T 88 13 s 0a /To3AL|  uteasyny uur | zesT ELCLREN GRS T
oey (zz/g eowrdex ‘meu)
eTre 3e IebBorelutH A’L ToQ1d + T A Y § 24VYSs T poT H 90951 9vE £LZ 47 o vy wz| Bangzies| TOYITH IS :“u“ 066T FISHIATHOIOY
oLB )
®E[® 3@ UTTQRZ A‘L oW TaN oV Tay 1 8 B o022z 0097 oLe 98 ¥ ef| wa| eyyausaes| punueawr| -zataaeyea| o661 HOVEZIIMISITI
TT66T
VEWO XAVINANITINS
S [pTT® 32 19BBoxajuTH-A’L HX L Mg A oeTT H mﬂ o€ 59 8z s 5al Bangzies aNu“msum suaﬂmm.mmum: avaaNTIVM| 6
v PTT® 32 29660123uUTH AL MY T A A 0511 " % 9€ 8 134 s 94| bangzies -nmmmﬁm :ucimm;mum: IIZA 38| ¥
nEITII + a9paxded xagq iaq9 A 00se H %Wm SY a8 Lz s 9d| ®TU3UTIRD 1e331dsg 5mhnnmmum: NOINHALVL| €
1104-TTT0a6aN *A-p ex3yaTesTNE 95341 s A 0081 H 00F 0€9 86 vz d 94 et1h3s| Butaget usznmmum: ontugat z
0087
IBuTIRZ - A =]
mzﬂmﬁaummummww“ﬁm T9QTd + T 4 ¥ s 4449 s A 00zz H %IM 55 Svi 61 s 04| bangzies| uratTeH :umu?m:mum: 2aNISTHOS NIFTIVE| |
(57 et n (2w 0L) w | |LNIWII7 "oN
SAVM (eW <01 - NOILYG | o M| oniTvas AYLNNOD U0
F] sava |Tas 0 (7! vayy L -nnod | ;0 a0 INIACES | ALID NOIL Fl
N TS MOV o b 2AEISIY | | Wva 0| fogyn go| LSIMOT || qunguw | 3 | T zivis | Lszsvan | 3 |[F74m03 N
A8 NOILINYISNOD A8 ONIYIINIONT YINMO 40 3dAL | FIHVHD o v [ GYioAYISIY linZINOS Jnogvy T I 40 /
: ; sunalL SI0 |4 n| 40 ALIDVIVD HLONIT | jpotan |V, d | 1INawaL IHO0Hd nv3.a Siplf Wva 40 FWYN M
7 HNILINHLSNOD §3an13.0 Nvaune IHIVLIIHMOHd VNOVAI WAWIXVYI 5 Ssou0 IWNT0A 313u03al NoiL | o ¥| noiLisod A | Hvdzano | snava SHNOD 29VEHVYE N0 WON
= S3a |, S¥nAL |0 | WioA¥3s3W AOVHEVE ynang | VONOS v 2| 3p3nn JONTAOHd A LINaW3A )
N 3dAL [JYNIVAS | N0 30v4HNS | na -NO1 3SSvE | o N fyiza | L 1v13 ‘FHIv.G e
530 31V |4 S [ |5AuGSIY sn1dv13g - o ; ; JINNY #
i IXYIW 3| na3vioL e snss3any| 9 | 3dALL3 ; |
X 2udvdvo | ol 3 iovavo ¥naLnvH| 4 ° [NOILYOLIg NOILYDO07 = NOILYNLIS 1
6l =13 Ll 18 18 14 £l zl L a1 6 8 L 9 S 14 £ z L

9 "oN 01104 VIHLSNV NI SWVAd 40 HILSIDIY
JHOIHLNY NI S3IDVHHVE S3d 3HLSIDIY



CONVERSION FACTORS

For changing International Standard Units to English-Pound

Denomination Sl English Denomination Sl English
Length im 3.281 ft Pressure/Stress | 1 N/mm? 145 psi
Area 1m? 10.76 ft? 1 MN/m? 145 psi
Volume 1m?d 1.308 yd® 1 MPa 145 psi
108 m® (1hm®)| 810.7 acre ft Flow 1 m®%s 35.31 ft¥/s
Mass 1 kg 2.2051b Energy/work 1 MJ 0.2778 kWh
Mass density 1000 kg/m?® 62.43 Ib/it® Power 1 kW 1 kW
Unit weight 1 kN/m? 6.243 Ib/it? Cement content | 100 kg/m?® 1.8 bags/yd®
Velocity 1m/s 3.281 fi/s 55,6 kg/m?® | 1 bag/yd®
Force 1N 0.2248 Ib
1 kN 224.81b
1 MN 112.4 US ton
a.s.l. - above sea level log - logarithm
avg - average m - metre
cal - calorie m/s - metre per second
cm - centimetre m? - square metre
dia. - diameter m? - cubic metre
El - elevation m®/s _- cubic metre per second
°C - degrees Centigrade M - Magnitude (Richter scale)
g - acceleration of gravity MCE - Maximum Credible Earthquake
or gram MN - Meganewton (10° Newton)
GN - Giganewton (10° Newton) MSK - Medvedev - Sponheuer -
GWh - Gigawatt-hour (10°-watt- hours) Karnik - Scale 1964
ha - hectare mm - millimetre
hm? - cubic hectometre MM - Modified Mercalli scale
hp - horsepower MVA - megavolt-ampere
HQ 5000 - 5000 year flood MW - megawatt
Hz - Hertz MWh - megawatt-hour
J - Joule N - Newton
kJ - kilojoule N/mm? - Newtons per square millimetre
kg - kilogram Pa - Pascal
kg/m? - kilogram per square pH - potential Hydrogen
metre PMF - Probable Maximum Flood
km - kilometre PMP - Probable Maximum Precipitation
km? - square kilometre ppm - parts per million
km/h - kilometre per hour R,r - radius
kN - kilonewton RCC - roller compacted concrete
kPa - kilopascal rpm - revolutions per minute
kV - kilovolt s - second
kVA - kilovolt-ampere Sl - International System of Units
kW - kilowatt SIS - Seismic Intensity Scale 1985
kWh - kilowatt-hour t - ton
I/min - liters per minute TWh - Terawatt-hour (10"*-watt-hours)
I/s - liters per second % - per cent
I/s.km? - liters per second and square %0 - 0,1 percent
kilometre °d.H. - degrees of hardness (German)
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HOCH DAS GLAS UM S 0,90.

Wenn Weinkenner den trockenen WeiBbur- Handarbeit gefertigt werden. Eines von vie-  *) Wirgratulieren dem Gewinner des internationalen Wett-
gunder im stilechten, mundgeblasenen Glas  len Beispielen, wie sinnvoller Einsatz von b‘?;”e’b:s’Elneg%geg“ie‘;t:g'dte';f“‘??"lri“é?e‘:?ge
goutieren, so hat das viel mit Energiesparen  Strom den Energieverbrauch senkt: Denn g‘mbﬂf&aﬁ:mefRizi';,;a'g(fﬁg,,s,;"n‘e' aehate
zutun*) Dennim modernen Elektro-Schmelz-  Strom ist Energie zum Energiesparen.

ofen fallen pro Glas nur mehr S 0,90 an Haben Sie Fragen zu diesem Thema? Wir

Stromkosten an - weniger als die Halfte der  stehen lhnen gerne zur Verfligung. Schrei-

Energiekosten im Vergleich zu friilheren ben Sie einfach an den Verband der Elektri- I]l-[. E W k

Olsfen. Und anschlieBend kann jedes Glas, zititswerke Osterreichs, Brahmsplatz 3, o er

wie seit iiber 200 Jahren, in traditioneller 1041 Wien.

Hinweis des Wirtschaftsministers: Sparsamer Einsatz von Energie hilft unserer Umwelt.
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ALLGEMEINE BAUGESELLSCHAFT - A. PORR AKTIENGESELLSCHAFT
A-1031 VIENNA, RENNWEG 12, TEL. +43/1/79720, TELEFAX +43/1/7991332
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n civil engineering a good name means

a great deal. A good reputation is a

= — guarantee of competence. The
owf highly qualified engineers and
the experience of decades qualifies PORR as
one of Austria’s leading civil engineering com-
panies. For more than 120 years PORR has built
all types of power stations, dams and tunnels in

Europe, Asia and Africa. Reliability is the basis

of our success.

SHAPING THE FUTURE TODAY



ED. AST & CO.

Baugesellschaft m. b. H.

[AST.

GRAZ VIENNA
8011, Burgring 16 1061, Getreidemarkt 11
INNSBRUCK KLAGENFURT
6010, LeopoldstraBe 52a 9020, VillacherstraBe 57
SALZBURG MUNICH
5020, BergstraBe 2a 8000, Prinzregentenstrale 89
BUDAPEST PRAGUE
1075, Wesselenyi utca 16 12 000, Jaromirova 64 / 239
TURNKEY PROJECTS

BUILDING-, INDUSTRIAL-, POWER STATION-,
BRIDGE- AND TUNNEL CONSTRUCTION

J
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hamber

baugesells,chaft m. b. h.

BlrgerstraBe 11
4010 Linz

Postfach 326
Fernruf (0732) 271111 Serie

Mitglied der Vereinigung Drahtanschrift: Hambergerbau Linz

industrieller Bauunternehmungen

Osterreichs Fernschreiber: 021294
Telefax (0732) 271111-70

Wien
Langenzersdorf
Graz

Steyr

Salzburg
Klagenfurt

ger

Zweigniederlassungen in:

\




HOFMAN
LARGE DAMS by [WJ:X{T[V.\}

Hofman & Maculan

Bau AG

Ungargasse 59-61

A-1030 Vienna, Austria
Telephone: (+222) 71121
Telefax: (+222) 71121-145

=2

Remedial works at Kélnbrein-dam " Carinthia
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ROCK + BLASTING
BUILDINGS.
RAILWAYS + ROAD

MAYREDER

LINZ / WIEN / GRAZ / INNSBRUCK / SALZBURG
KLAGENFURT / ST. POLTEN / EISENSTADT / LIENZ
BLUDENZ / JUDENBURG / MURZZUSCHLAG
MUNCHEN / SPRINGFIELD - NEW JERSEY




STRABAG

YOUR
BUILDING
PARTNER

STRABAG OSTERREICH AKTIENGESELLSCHAFT

323, SALZBURGER STRASSE
A-4021 LINZ, AUSTRIA
TELEPHONE (732) 810810
TELEFAX (732) 81081-260
TELEX 21571
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The Logical
Concept for
all parts of
Construction Business.

Schanraintunnel - western portal with ma

326

i ‘u 4 TR

terial belt conveyor bridge in Gemiinden, BRD, execution in joint venture

STUAG

Bau-Aktiengesellschaft

A-1015 Vienna, Seilerstétte 18 - 20
P.O. Box 251, 1015 Vienna

Tel. 0222 /51 5 57-0

STUAG with a total annual turnover of
ATS 5,9 billions is one of the biggest
Austrian construction companies. The
field of activities covers all branches
of building construction and civil engi-
neering with the point of gravity in road
construction, tunnelling and bridge con-
struction as well as general contracting
for industrial complexes and dwelling
projects, furthermore STUAG is special-
jzed in heavy engineering and environ-
mental constructions. In the near past
environmental structures and pollution
control/removal with high technology
became more and more important.
STUAG is mainly involved in Austrian
projects but is also engaged in the BRD
and Hungary and other neighbouring
countries.

Activities:

road- and bridge construction,
tunnelling, special civil engineering,
general building construction, industrial
construction, large scale steel construc-
tion, hydrological projects, environ-
mental constructions, power station
projects and sports constructions.

Associated companies:

Josef KLUG Ges.m.b.H., Regensburg;
Basaltwerk Pauliberg Ges.m.b.H.,
Neudorf bei Landsee;

Osttiroler Asphalt-Hoch- und
Tiefbauunternehmung Ges.m.b.H.

& Co KG, Lavant; and so on.

Important executed projects:

New Reichsbriicke/Vienna
Carinthean highway No. 2
Construction of subways/Vienna
Tunnelling project f. the high velocity
railway Hannover-Wiirzburg
Hotel-projects in Hungary

River power station Greifenstein

at River Danube

River power station Wald at Krimmi.



The more impressive the

Fact: The opening-up of Eastern Europe, above all in the building sector, fac_ts =
Universale-Bau.

Total turnover 1989: AS 4.76 billion.
and capabilities of this great Austrian building & construction firm have been Staff 1989: 3000. Dividend 1989: 25 %

: on the capital stock of AS 250 million.
acknowledged through major contracts from countries such as Hungary, Board of Managing Directors: Dr. Josef

has resulted in a “perestraika” for Universale know-how. The gualifications

Vicek, General Manager and Chairman;
Dr. Ferdinand Birkner, Dipl.-Ing. Peter

Fact: With increasing frequency it is Universale that is being appointed as Hemmelmayr, Dipl.-Ing. Ule Seltenhammer.

Poland, Bulgaria and the Soviet Union.

general contractor. From Eisenstadt to Bregenz, from Austria to Venezuela

and beyond in bath the public and private sectors, contractors are relying upon the extensive experience of Universale whether for
specialised technical ideas or for residential projects.

Fact: Universale is sought after as a highly competent partner for major technical construction projects requiring structural and
civil engineering and as an experienced project director in reconstruction and renovation programmes - and the whole range
in-between. Listed in Universale's contract records for 1989: turnkey construction of the Hotel Korona in Budapest within the
Hotel Kalvin Ter Cooperative; general contractor for the turnkey construction of a 4-star hotel in Jelenia Gora, Poland; Apron
Extension West, Vienna Airport; underpass of highway L 54 beneath state road B 190 and the west railway line of the Austrian
National Railways in Frastanz, Vorarlberg, at groundwater level and with uninterrupted traffic flow; construction of the Bau-Max
and PS Market hall complex at Shopping City Siid, Vasendorf; expansion and adaptation of Hamberg monastery in Upper Austria
for use as student dormitories, including the construction of a fully biological sewage treatment plant.

Fact: Not only are Universale stocks high up on the list of market winners: the new share issue of 1989 and early 1990 was
promptly purchased. This capital market evaluation reflects the image of a highly successful company with very encouraging

future prospects. After all, Europe is on the threshold of great changes and Universale is right there in the forefront.

However great the challenge. Universa'e
BAU

Universale-Bau AG, A-1011 Vienna, Renngasse 6, P.0.B. 342,
Tel. (0222) 534 61-0

The universal Universale: Financing, planning and execution of overground and civil engineering works of any scape. When desired as general contractor. Branches for foundation work, building-pit
sheeting, waterproofing of masonry, special civil engineering works, exploratory borings, anchorage, injections and prestress components for bridge building, concrete testing, applied research on
building materials, waste disposal and environmental technolagy, demolition work, project management.
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Cool deliberation

ears of experience pin-point the aim. Each movement is carefully and deliberately VOEST-ALPINE M.C.E.
provides custom-made solutions in
the Hydraulic Steel Structures and
the finishing touches, to achieve a decisive lead. Penstock Construction secior.

aimed at its mark. The task is accomplished with the utmost of precision, technology giving

The Hydraulic Steel Structures and Penstock Canstruction Division has a high degree of know-how and
technology at their finger fips, established in their years of experience. Plants and penstocks are technically
optimized in terms of manufacturing and flow, using the finite elements method, CAD and the most up-to-date

\\

A\

stress analysis procedures. 40 years experience gained on the international market and continuous

 w

development work, has steadily improved technology, particularly in the site manufacturing sector, achieving
a significant fechnological advance. The Hydraulic Steel Struciures and Penstock Construction Division
provides a wide-range of services from one source: planning, supply, erection and modernization of existing ‘ 1
plants not to mention the planning and execution of service and repair work. sz\achwery Conspudion- Enameermq

-
o
T
v
i
T
P
oy
rTi

E
m

VOEST-ALPINE Machinery, Construction & Engineering Gesellschaft m.b.H.
Subdivision: Hydraulic Steel Structures and Penstock Construction, A-4031 Linz-Austria, P. 0. Box 36, Tel. +43 (732) 5987-8803, Telefax +43 (732) 5980-3317
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= WAAGNER-BIRO

WAAGNER-BIRO Stahl- und Maschinenbau GmbH, WIEN
A-1220 Wien, Stadlauer StraBe 54 / Tel. (222) 22 44, Fax (222) 22 44-333

¥

Stahl- und Maschinenbau Ges.m.b.H. Wien

ENGINEERING
CONSTRUCTION
ERECTION
of
Hydraulic Steel Structures
Penstocks
Steel Bridges

Building Construction and
Industrial Siructures

Facades
Tank Construction
Leisure Technology
Filter Systems

TECHNOLOGY FOR A BETTER TOMORROW o TECHNOLOGY FOR A BETTER TOMORROW o TECHNOLOGY

329



We export
our expertise.

@

Whether you’'re trading in the Far East,
out of the United States, or with Central
and Eastern Europe, Creditanstalt has
expert advisors in place. They have the
experience and commitment to ensure
the success of your international busi-
ness. Through our own offices and
those of our subsidiaries and affiliates,
we provide local teams who understand
the complexities of international trade
and can set up everything from finance
to imaginative countertrade deals. It’s
the kind of expertise exporters value
most.

For more information about where we
are and how we can help contact:
Mrs. E. T. Schuster in Vienna on

+43 1531 31/ 8777.

CREDITANSTALT

Austria’s leading bank.

Head office: Schottengasse 6, A-1010 Vienna,
Tel.: +43 1 531 31/8777, Telefax: +43 1 310 0643.

Further offices in Atlanta, Berlin, Bozen, Bratislava,
Budapest, Buenos Aires, Dubai, Hong Kong, London,
Milan, Moscow, Munich, New York, Prague,

San Francisco, Tokyo.
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Hydroelectric power is
a pure and environment-
friendly type of energy
for light, power and
heat.
| The electrical equipment
of 95% of all hydro-
electric power stations in
Austria was supplied by
Elin.
¢ Elin makes sure that the
lights don't go off in
Austria.

N Elin Energieversorgung
.' Penzinger Strosse 76

. A-1141 Vienna, Austria
Phone +431/89 100-0
Telefﬂx +431/89 100-197

Electric
Power Engineering //\

made in A;ISTF!IA

Regulating and control
panel of an excitation
system for a 200-MVA-

storage power station.
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