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ABSTRACT

The reconstruction of the more than one hundred years old small Untertweng
hydropower plant in the Austrian Alps faces technical difficulties due to the steeply sloping
terrain and lack of accessibility. The economic constraints require an increased efficiency and
creative solutions in order to meet the project budget and time constraints. Tourism
requirements on the downstream lake and a fish breeding project on the lower course of the
river are further challenges for the planning and execution of works. Finished in August 2015,
the lessons learned shall be the focus of this paper.

1. Introduction

The Untertweng Hydropower Plant is situated in the Austrian federal state of Carinthia.
It was built more than a hundred years ago, in order to fuel the start of an upcoming magnesite
mining industry in the very beginning of the 20th century. The plant then consisted of a 10 m
high dam, an about 600 m long riveted steel penstock and a single Francis turbine.

The ravages of time, especially corrosion of the riveted steel penstock and increasing
silting-up of the headpond, required a major overhaul of the plant. Also, rockfall posed a threat
to the safe operation of the penstock, which was only partially covered by wood logs. The
silting up of the reservoir was a consequence of increasing constraints, regarding the flushing
of the weir, in recent years. Not only a pubic lido, just next to the water mouth at 7 km
downstream Millstéttersee, but also an ambitious fish-breeding project, on the lower course of
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the river, were the limitations regarding turbidity of the water. The flushing of the weir was not
permitted from September to April, during the spawning season. The bathing season on
Millstattersee lasts from June to early September. In the remaining time flushing was only
possible given a minimum flow. Thus, the first project foresaw the excavation, removal and
disposal of a few thousand cubic meters of sediments.

Fig. 1. Weir and water intake of the old HPP Untertweng (foto © RHI AG)

Due to the limited accessibility to the gorge part of the penstock alignment (about 400
m), it was considered to use an inliner to rehabilitate the steel penstock. It was also reflected to
backfill the whole penstock with concrete, to ensure rock-fall and corrosion protection. Both
concepts however had to be given up due to relatively high costs given an only limited increase
of the service lifetime of the plant.

It was then decided to replace the whole penstock and build a new from GFRP,
backfilled with reinforced soil. The decision to use GFRP pipes with not fully restraint
couplings also for the 38° steep headrace before the powerhouse was backed by the experience
from a recently completed project where similarly connected cast iron pipes were used. The
disassembly of the existing penstock, however, remained a problem, due to the limited
accessibility, and was foreseen to transport the pipes off by helicopter. For the new penstock
only short pipes with limited diameter would have to be used. Due to the comparatively low
weight of GFRP pipes they can also be transported with small machinery.

Due to the fact that an existing water right permitted the full use of water resources,
while a renewed plant would have to provide a sufficient biological minimum flow in the river,
a concept had to be found to still increase the energy generation of such a new plant, in order to
prove the economic viability of the project. Due to the very limited space on the gorge part of
the penstock alignment, a significant increase of the pipe diameter, in order to raise the rated
discharge, was not considered feasible. Thus, it was reflected to increase the head of the
hydropower plant. The powerhouse of a chain of two power plants is situated 400 m upstream
of the existing intake. However, in the middle of this stretch a small plant was derivating parts
of the water.

As this small private power plant was also in no good condition, an agreement was
found to compensate the former owners for its closing down. This way, the head of the new
powerplant was increased by 22 m. By using the existing intake and connecting directly to the
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upstream powerhouse, the necessary investment for the new project was reduced. Due to the
new layout, the old headpond would not be needed any more and the sediments could be
secured in their place such that they would not have to be transported off for landfilling.

Fig. 2. Steel penstock protected by logs from rock-fall Fig. 3. Former SHPP Obertweng

The new configuration required the installation of two turbines in the powerhouse, such
that the existing structure had to be expanded. Due to the difficult connection to the existing
foundation and the necessary widening of the tailrace channel, it was found that a complete
reconstruction of the powerhouse would be the most economical solution.

Beginning with the renovation of the penstock and the emptying of the reservoir, the
project thus developed into the almost 100% reconstruction as well as an upgrading of the
powerplant. One more technical challenge was to minimize the construction time in such a way
so that the existing plant to operate as long as possible.

2. Execution and Technical Challenges

Starting from the collecting tank and continuing downstream for almost exactly one
kilometer to the new powerhouse, several technical problems were to be solved in order to
reconstruct and extend the Untertweng hydropower plant.

In order to minimize the standstill time, the works were divided into two phases. In the
fall of 2014 the collecting tank and the first 400 m of the penstock were to be erected. Before
that a 600 m long access road had to be established in difficult terrain and the existing small
hydropower plant Obertweng had to be dismantled. From November to March no works were
allowed in the river bed, so that all works on this part of the penstock had to be finished before.

The second phase included the replacement of the powerhouse and the existing part of
the penstock. During this time the powerplant was out of operation. The upstream powerplant
had to stop operation for only 40 hours during the whole construction period.

Collecting Tank

The powerhouse of the upstream Tieferbach power plant is situated very much next to
the river on a steep slope below a federal road. The collecting tank for the new Untertweng
power plant had to be built attached to it. The 10 m high slope support for the construction pit,
made from reinforced shotcrete and rockbolts, was finished just before a major precipitation
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event. Although the whole slope would be backfilled in the end and the executed securing
works were thus of only temporary purpose, this event proved the necessity of the structure.

In order to minimize the standstill time of the Tieferbach powerplant, a temporary
tailrace opening was cast into the powerhouse side wall.

Fig. 4. Slope support and temporary outflow during construction time

All the works in this area could only be performed with walking excavators and
required the constant dewatering of the construction pit. However, for the hard rock excavation
below the river level, a heavier excavator was required in order to efficiently excavate the pit.
This excavator had to be transported to the site along the river bed and a ramp was required
down into the pit.

Lesson learned: Prefer rock excavation over water derivation. It is probably more
efficient to execute additional quantities of rock rather than to further derivate the river and
dewater the construction pit as rock excavation can be performed no matter which
meteorological conditions have to be faced.
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Fig. 5. Collecting tank bottom plate Fig. 6. Penstock placing in the river bed

Penstock in the river bed
The part of the penstock executed in 2014 had to be built in the river bed and had to
cross the river with a duct about 100 m before the old head pond. Construction was stopped
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twice by high water and river flow was generally significantly higher than the long term
average. Due to the fact that solid rock was encountered on most parts of the penstock
alignment, it was decided on site to rather excavate the penstock into the rock than to place it
above and protect it with rip-rap, as initially foreseen by the tender design. By using fibre
reinforced concrete it was possible to excavate the pit for two pipes of 6 m each, place the
pipes and backfill them with concrete, all in one day. The costs for the additional rock
excavation and the concrete were outweighed by the savings on rip-rap and backfill material,
the faster pace, as well as the fact that pipes already placed wouldn’t be damaged in case of
floods.

This construction method further allowed to postpone the re-vegetation to a low
discharge period in the following year and focus on finishing the penstock placing works
before the trout protection period, starting in November.

Lesson learned: A lump-sum contract allows for wide scale optimizations regarding the
execution of works if the designers are flexible enough to quickly execute changes in the
design.

Penstock in the gorge

The initial design envisaged demolishing the existing dam in order to access the gorge
section of the penstock. Due to the geological condition of the left slope of the reservoir, the
following deepening of the river bed by several meters would induce the risk of slope failure.
After consultation with the competent administrative bodies, it was decided to leave the dam in
place and keep the accumulated sediments as a counter weight. The consequence of this
decision was that the 100-year old dam had to be rehabilitated, while a new access to the
penstock alignment had to be built. By excavating a ramp into the left buttress of the dam, it
was possible to get access and start with the works on the penstock even before the end of the
trout protection period.

Fig. 7. Penstock before / while dismantling; installation of slope support system;
reinforced earth at access road

Given this new access road, it was considered to use bigger equipment also in the gorge
part, where the old penstock was placed on saddles while the maintenance catwalk for large
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parts was already protruding over the hillslope. The first ideas of a large scale building up with
reinforced soil, as it was used for the access road to the dam, or bridging the slope with precast
elements were skipped because of the time needed for their execution. Due to the fact that the
penstock could only be built with one team from the furthermost point back to the dam and the
difficult task to dismantle the existing penstock before, these works were very much on the
critical path of the project.

The solution found was an umbrella-like slope support system that can be backfilled and
loaded just after the anchor grout had hardened. The system consists of a metal cross holding a
wire net-cum-geotextile that is secured in place by a rock anchor. For this particular application
segments of 2.5 m x 2.0 m were used. Due to the difficult terrain, anchors had to be drilled in
by hand. As the system has a finite service life time it was clear from the beginning that the
purpose would be limited to the building up of the access road. The penstock had to be placed
into the slope on solid rock so that it would not be affected by possible long time settlements of
the backfilled access road.

Fig. 8. Installation of slope support system

Again the execution of this solution was not part of the initial tender, where precast
concrete elements and a much smaller access road were envisaged.

Also, in the gorge part of the penstock alignment it was decided to place the penstock in
fibre-reinforced concrete. This was necessary in the parts stabilized with temporary slope
support, but proved to be quicker and thus more efficient, compared to building up a backfill
from reinforced earth, as envisaged in the tender, as well as on the remaining penstock
alignment.

A single trench crossing the penstock route was filled up with soil material and thus had
to be bridged by a 15 m long reinforced concrete slab to ensure the sound foundation of the
penstock in this part, too.

Lesson learned: The first support elements were initially fixed to a rock nail and secured
to the rock anchor with a steel wire. As this wire was loose, a settlement of few centimeters
would occur when the rock nail corrodes and the load is transferred to the rock anchor. This
installation technique is appropriate for avalanche protection and protective hydraulic
engineering but has to be adapted where settlements matter.
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Fig. 9. Access road on top of slope support

Steep penstock section

Before the powerhouse the penstock faces a 38° decent over 70 m altitude difference.
This part is divided from the gorge section by a 32 m long pipe bridge and a following 35 m
long mostly flat section. The pipe bridge was only build 15 years ago, after a landslide on the
former penstock route. Thus it was rehabilitated and forms the only remaining part of the old
power plant incorporated into the new unit.

Fig. 10. Penstock placement in the steep section before the powerhouse

All the pipes, concrete and building material had to be carried over the steep incline
before installation. This was solved by a sledge built for his purpose, operated by a winch
where the steel wire was deflected on the walking excavator, which itself was operating on a
winch secured to a rock anchor
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Fig. 11. Steep slope section of the penstock before hydro seeding; hydro seeding machinery

The tender design envisaged a flexibly placed penstock with cross brackets every 12 m
which would fulfill majorly a sealing-up function. Due to the encountered shallow rock line,
this concept was changed to placing the penstock fully embedded in concrete. Thus, the
concrete also had to be transported with a sledge to the place of installation. For the concreting
of the anchor block at the transition from flat to steep inclination, the concrete was pumped as
the required consistence did not allow the transportation in a sledge. A special concrete mixture
had to be used to be able to pump the concrete up. While the concreting itself was finished in a
few hours, the mounting and demounting of the pipes on the steep incline was a matter of
several days.

In order to stabilize the topsoil layer, tree trunks were placed for providing temporary
stability until this function can be taken over by the vegetation. To ensure a fast growth on this
steep slope, prone to washing out, hydro seeding was used.

Lesson learned: Always double check the foundation conditions of existing retaining
structures.

3. Solutions and Findings

The findings from the deconstruction of the old steel pipes prove that the decision to
replace the existing pipes with a new GFRP penstock was correct. Moreover, the rehabilitation
of the more than one hundred-year old dam seemed to have happened at due time. Even the
comparatively new pipe bridge already showed commencing corrosion inside the pipe while
some weldings were badly made from the beginning. Thus, the overall rehabilitation of the
project was necessary, from a retrospective point of view as well.

The foreseen technical solution was widely optimized during the execution due to the
encountered geological conditions and potentials to speed up the works. This was facilitated by
the lump-sum contract and the comprehensive authority to decide of the contractors’
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construction manager. A qualified site supervisor intensively communicating with the client’s
own design office was a prerequisite just as well.

As stated before, due to tourism and fish protection, turbidity caused by the construction
works was a major issue during the works. Besides the projection period, when works in the
river bed were forbidden at all, also during the remaining time works had to be optimized in
this regard. To allow the start of construction works on the powerhouse in early spring, side
wall and tailrace channel had to be left out at the beginning and all water pumped from the pit
had to be percolated. In order to not mobilize the sediment in the head pond when emptying the
reservoir, for building the penstock and rehabilitating the dam, a dedicated derivation was built,
from the beginning of the backwater to the bottom outlet, already in 2014. The emptying
procedure itself was coordinated with all stakeholders and precisely monitored by the public
authority. A continuous monitoring of water parameters was also performed during the
execution of penstock placing in the river bed. Most importantly stakeholders were regularly
informed about the state of works, especially as there were also other construction activities
further upstream.

Optimized turbine equipment permitted abandoning the surge tank. On the other hand,
key structures such as the dam and the pipe bridge were renovated and integrated into the new
system. The previously mentioned slope support system permitted the access to the penstock
route without the use of helicopters for transportation. Where access was still not possible, a
combination of transporting pipes on sledges, as in the old days, with modern concrete
pumping technology and construction machinery, was efficiently deployed.

4. Summary and Outlook

As rehabilitation projects usually necessitate the standstill of an otherwise productive
unit, construction time is the key for the successful execution of such works. New construction
techniques have to go hand in hand with in-depth knowledge of the structures to be
rehabilitated. Where access is difficult and costly, replacement can then be more effective than
renovation if the latter cannot provide an equally long extension of lifetime. Only if design and
execution are flexibly adjusted to conditions encountered on site, works can be optimized.
Comprehensive site supervision by the client is therefore just as important as a contractor’s
construction management holding the required authorization to decide.
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PEXABMJIMTAIIUA U HAJITPA’KIAHE HA MAJIKA BEIl B
ABCTPUHMCKUTE AJHA

P. Macher*
Kniouosu oymu: pexabunumayus, manrka BEL]

PE3IOME

BEIL] ,,YHrepTBeHr* e usrpaneHa npe3 1907 r. ¢ uen noamnomaraHe Ha pa3BUTHETO Ha
MHUHHATa UHIYCTPHs 32 JOOMB Ha MarHe3uT B M3TouHuTe ANNM B aBCTpHiCKaTa MPOBHHIIMS
Kapunrtus. OThedaTblUTe Ha BPEMETO, OCOOCHO KOPO3WsATa Ha HUTOBAHHS TPHOOMPOBOI U
3aTIayBaHETO Ha HAMOpHUS OaceifH, HaJOXMXa OCHOBHA PEKOHCTPYKIMSA Ha IICHTpajara.
CTpBMHEAT TEpEH, KbICTO A0 TPHOOIPOBOIa UMAIIlE JOCTHII caMo Mell, 00yCIOBH caMO eTHa
OT MHOTOTO TEXHHYECKH, HO CBIIO Taka U MKOHOMHUYECKH TPYAHOCTH, KOUTO TpsOBaiIe na
OBIaT IPEOIONCHA TIPU PEKOHCTPYKITHUATA.

Pexoncrpykuusara Ha BEL] ,,YHTepTBeHT 3amouna mpe3 toiu 2014 1. u Hackopo Oerre
3aBpppiIeHa. M3MBbIHEHOTO pelieHrne BKJIIOYBAIIE BrpakIaHe Ha MO-MayKa [IEHTpala W TpsKa
BpB3Ka ¢ u3tnuanoTo 400 m Harope mno tedeHueTo. CriecTABaiKU OT pa3xoAUTe 3a HOBO WU
BB3CTAHOBEHO BOJIOB3€MaHE, HANOPBHT Oelle yBeNW4eH ¢ 22 m M 3aCTPOCHOTO BOAHO KOJH-
yecTBO Oemie yBenudeHo ¢ 50% 3a KOMIIEHCHpaHE HAa HEOOXOAUMHUS OBOJHUTENICH ACOUT OT
250 1/s. JIpyro TexHUYECKO MPEIU3BUKATEICTBO Oele M3rpaKIaHETO Ha HOB CTHKIIOIJIACTOB
TPBOOIIPOBOJ C HAKJIOH OT 38° mpes eHTpanara.

3a MHHUMHU3UpaHEe Ha M3ITyCKaHETO Ha OTJIOKCHHTE HAHOCH B cTapara BOJHA KaMepa
Oeme W3rpajeHa CICIMalHa IepUBAIMs Mpend HW3Mpa3BaHeTo My. HamoxutemHo Oemre u
pemonTHpanero Ha 108-romumHara creHa. ONTUMH3HPAHOTO HOBO TypOWHHO oOOpyIBaHE
MTO3BOJIM IIPEMaxBaHETO OT CXeMaTa Ha BOJHATa KyJa. [JJOMbIIHUTETHO Oelle peKOHCTPYUpaH U
CBINECTBYBAIIMAT MOCT-KaHaJ C OTBOP 32 m. YBEIHMYCHOTO BOJHO KOJHYECTBO M HOBAaTa
TEXHUYECKa KOHIICTIINS HAJIOKUXa WHCTATMpaHeTo Ha (e OpaHcuc TypOWHH, TOKATO cTapara
Oerre camo enHa. HoBa crpasa Ha 1ieHTpasnara Oelle u3rpajieHa ¢ rOTOBU €JIEMEHTH caMo 3a 4
mecenia. BEILL ,,YHTepTBeHr* cera mpejcTaBiisgiBa 4acT OT Kackaja OT TP LEHTPald C €IHO
€IMHCTBEHO BOJOB3EMaHe, KOMTO MOTAT Jla C€ eKCIUIOATUPAT HAI'BJIHO aBTOMATH3UPAHO.
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