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Since several years near-nature water coursesnatalléd at large hydropower stations in Germangt an
Switzerland. They serve as fishways and but as aghabitats, especially for rheophilic speciesf&8®3 of
them are in use at the rivers Rhine and Aare. Wittngth of about 1000 m, a width of 15-20 m amtiseharge
of 2.0-5.0 m3/s, these water courses have the dilmerf little rivers. Another much bigger riverurse with a
discharge of 10-30 m3/s has been commissioned ttg@1d others are in the planning stage. Thesemegaral
running waters are arranged with a natural rivet, ecluding riffles and gravel banks. The functiohthese
structures is to establish the habitat connectivétween the upstream and the downstream sectithre gfower
station but also to offer running water habitats feeophilic species. The author is the chief eigewf the
engineering consultants responsible for designcandtruction of these river-courses.

1 INTRODUCTION — OBJECTIVES

The facilities pictured in the following are locdta the centre of Europe in the borderland of 3eviand and
Germany. The stretch of the Rhine in between Laestince and Basel, known as High-Rhine, repredeats
frontier of these two countries. Coming from Switaad the Aare with its mean discharge of 560 ng/the
major tributary to the High-Rhine (mean dischar$@40 m?3/s). Due to the high slope of the river adb
running-water power stations are in function aldimgse river sections. Some of these big hydroéteptrwer
stations are running since more than 100 years. dpgmming granting of concessions is attended with
comprehensive analysis regarding the environmémizéct.

Because interventions like impounding and depressiave predominantly negative impacts on river-
biocenosis, the generation of characteristic fluliing space are prior compensating measures. th
purpose near-nature water courses were develogedh i addition to the function as fishway providening
water habitats and reproduction space as well.

2 ARRANGEMENT OF BYPASS CHANNELS

Bypass channels are fishways that circle an asoestacle widely via a standalone water course. tRer
arrangement and the design it has to be considératifor an efficient function as fishway the dmieam
outlet (fishway entrance) has to be located asechss possible to the weir or the turbine outlegi(Fe 1).
Achieving this requirement is often difficult, patlarly in case of big bypass channels.
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Figure 1. Arrangement of a nature-like bypad$Sgure 2. Nature-like bypass channel with two emtes.
channel.

Leading back the water course is often possiblefioaller bypass channels, whereby the lower sectiosists
of a technical fish pass in many cases. An examspliee bypass channel at the weir Wettingen orLthenat
downstream from Zurich (Figure 3-6) which surmouhtsvery big height of 18.30 m.
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Figure 3. Nature-like bypass channel: River Limnvagttingen (CH): Total length 620 m, discharge 1Bs,
additional attraction water 0.6 m3/s, total diffece in water level 18.30 m, mean slope 3 %.

Figure 4. River Limmat, Wettingn (CH) (CH): UppeFigure 5. River Limmat, Wettingen (CH):
section: nature-like brook course. section: rock-cascade-pass.
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Figure 6. River Limmat, Wettingen (CH): Downstreaection.

Whereas a near-nature water course was formedeimhber section (Figure 4), a rocky-cascade fishway
(Figure 5) with a height of 10 meters surmounts lifggest part of the altitude. Due to the limitgzthse the
lower section consists of a vertical-slot-pass Whie converted into a collection-gallery at the powouse
(Figure 6).

When it comes to bigger bypass channels leading thecwater course to the power house is not plessib
Splitting the water into two branches offers a gamdution for these cases (Figure 2). The main diran
continues towards the tailwater as a near-natuterveaurse and ends further downstream, where aection
to the natural river bed is possible. The smaksrosd branch diverts from the main branch towahndspower
house and can also be formed as a rock-cascad®pasertical-slot-pass.

3 GENERAL SHAPING

Bypass channels circumvent weirs or other obstustbutside of the main water course. As the coaistn is
outside the main flow cross-section of the rivezavy armouring of the stream bed is not necesgagording

to the available space the watercourse can beativiitto different sections with a different shapifrgupland

or mountain regions a near-nature bypass chantiaéhsits necessary drop with a series of rifflesascades as
in natural watercourses. Sections designed as ly rcascade pass are often necessary to overcoge lar
heights. A combination of conventional and biol@diarmouring of the channel bed can be appliedenidipg

on the design discharge. In lowland regions, thefepred construction material are dead and livir@pav
whereas in mountain regions grit, cobbles or basldee more common.

4  Examples

The first investigations of the author to createear-nature water course as a running water habést made
in the beginning of the 90th for the project “Newvr Plant Rheinfelden at the Rhine”. The mainntitn of
this water course was to provide suitable habdatltieophilic species, especially spawning grouodgravel
dependent fish species, for example barbel (Barhtsus) and nase (Chondrostoma nasus).

For designing this water course comprehensive tigagfons of natural structures in rivers as samplere
made. Also several structures and sections wetedtds/ hydraulic modelling at the University of Kauhe



(IWK 1994). Because of a large delay of the implatagon of the project “New Power Plant Rheinfefden
meanwhile these existing investigations were ugdté designing and constructing of similar prgject

4.1 Power plant Ruppoldingen, Aare (CH)

The first water course of this design was commigsibin the year 2001 at the river Aare, the mabutary of
the Rhine with a discharge of 130 m3/s up to 908.nThe old hydroelectric power plant (Figure 7%igaed as
a diversion-channel type was replaced by a new psteg¢ion designed as run-of-river type. The olddrace
channel was filled up and a near-nature artificadrrwas installed (Figure 8). With a width of 10-&h, a length
of 1.2 km, a mean gradient of 0.5 % and a dischafg&5 m3/s the water course has the character syhall
mountain river. A diverting rock cascade fishpassnects the river course with the tailwater of ploaverhouse
(Figure 9, 10). The river section offers a highietyr of structures, like riffles, pool, gravel islds etc.
(Figure 11). The main intention is the habitat emment for rheophilic species. The pool and riffetions are
divided in a deeper course for fish passage andfla made of gravel with potential spawning grosnd
(Figure 12). At the downstream end a rocky ramphwitsteeper gradient of 3 % is placed, thus doeastr
water-level fluctuations are limited to this ranfjigure 13).

Figure 7. River Aare, Ruppoldingen (CH): Oldrigure 8. River Aare, Ruppoldingen (CH): New
hydroelectric power-station. hydroelectric power-station. The headrace chanasl w
filled up and a nature-like river was installed.

Figure 9. River Aare, Ruppoldingen (CH). Figure 10. River Aare, Ruppoldingen (CH): Rock
cascade pass at the powerhouse.
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Figure 11. River Aare, Ruppoldingen (CH): Naturerigure 12. River Aare, Ruppoldingen (CH): Pool and
like river section with a high variety of structsre riffle section.

Figure 13. River Aare, Rupoldingen (H). Rock
ramp at the river mouth.

4.2 Power plant Abbruck / Dogern, Rhine (CH / D)

The hydroelectric power plant (Figure 7) at thelHihine is designed as a diversion-channel typgu(Eil4).
In addition to the main power station (Q = 1000sn& new second power station (Q = 300 m3/s) wstsliad
at the diversion weir to feed the natural river lwdith a sufficient discharge. In the course of thigject a
permanent near-natural running water, with a lengfttabout 900 m and a discharge of 2-5 m®/s has bee
installed at the left embankment (Figure 15). Tetaltheight of 10.4 m is established by a nearneatater
course with a slope of 0.8% and a steeper dowmstexad. The design of the running water (Figure i%6)
similar to the design at the power station Ruppgdn. At the upper end the water course is dividén two
arms (Figure 17). The rock-cascade-pass (Q = @.8A3/s) leads straight onto the river bed at tfftebi@enk. The
second arm, designed as a vertical-clot-pass ctstiee water course with the tailwater of the tneboutlet.
Above the turbine outlet a collection gallery widtiferent fish entrances is installed. The totalctiiarge at the
outlet varies between 0.6 m¥/s and 4.0 m3/s.



Figure 14. River Rhein, Albruck / Dogern (D): Figure 15. Rlver Rhine, Albruck / Dogern (D): Welr
Overview. new power plant, bypassing river.
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Figure 16. River Rhlne Albruck / Dogern (D)F|gure 17. River Rhine, Albruck / Dogern (D):
Bypassing running waters. Diversion of the discharge into two courses: rock
cascade pass, vertical slot pass with collectidierya

4.3 Power plant Rheinfelden, Rhine (CH / D)

The bypassing water course at the hydropower piingtinfelden, on the High Rhine, is the largest fisiss
facilitiy of this type in Central Europe. The old/dropower station was a diversion-channel type tplan
(Figure 18). The new station is a run-of-river poyéant. Three fishways are installed (Figure Xd)ertical
slot pass at the power house (left bank), the ngwassing river course installed in the old headEtnnel
(right bank) and a rock cascade pass which corthedtilwater of the weir with the river course.

The main intention of this new river course is toyide suitable habitat for rheophilic species,eesqlly
spawning grounds for gravel dependent fish specfes, example barbel (Barbus barbus) and nase
(Chondrostoma nasus).

With a width of 40-50 m, a mean gradient of 0.98d a discharge of up to 35 n3he bypass channel has
the character of a mountain river. The aim is tovjate a high variety of bottom and flow structuneduced by
sequences of riffles, bars, pools and single griseahds (Figure 20-22). The bed material consitontinuous
gravel. In riffles and fast flowing reaches coanseterial is provided. A deeper flow path ensurisls passage
even at minor discharges. The river banks are cteiaed by bars, shallow regions, small bays, twddéanks
and riparian vegetation. The bypass channel is exted to the weir impoundment with a gentle tramsit
involving several braided channels. The intakecstme itself is divided into two sections. One g&tiwill be
controlled by two gates, the other will be unreteda The unregulated section will guarantee a eomst
discharge of 10 m3in the bypass channel. Additional discharge uR%om3s' can be provided via the
regulated gates in order to provide a dynamic flegime.

The downstream entrance is designed as a rock (&mpre 19) with a steeper gradient (3 %), thus
downstream water-level fluctuations are limitedthis ramp; i.e. flow characteristics in potentiglagning
grounds in the bypass channel will not change. diess-section at the mouth of the channel is nazdoto
provide more efficient attraction flow into theltatce.
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Figure 18. River Rhine, Rheinfelden (D): Old hydtol Figure 19. River Rhine, Rheinfelden (D): New power

power plant designed as diversion type. plant designed as run-of-river type. Near-natureewa
course installed in the old headrace channel.
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Figure 20. River Rhine, Rheinfelden (D): Downstreafigure 21. River Rhine, Rheinfelden (D): Downstream

section of the water course at the end of constmuct  section of the water course in operation, Q = 1g.m3

Figure 22. River Rhine, Rheinfelden (D): Typical Figure 23. River Rhine, Rheinfelden (D): Typicdfle
elements: riffle made of gravel and stone, deelper f structure, Q = 10 md/s.
path (blocks) and structures of deadwood.




5 Experiences and Conclusions

The operating experience with near-nature watersesu are very positive. The results of the assatia
monitoring programs demonstrate that these watarses are used as habitat by many species, nobgtiiigh
but also by birds, amphibians and invertebrategeé&ially rheophilic fish use these running waterparmanent
or temporary habitat. The big water courses wittes made of gravel are used as spawning areatheb
(Barbus barbus) and graylingrhymallus thymallus). Particularly a lot of juvéngrayling could be observed in
these structures. Also the general public’s aecegtof near-nature water courses is very highcigpe
arrangements of visitor direction are necessapratect the created habitats

In summary near-nature water courses offer manwatdges:

- suitability for a wide spectrum of fauna

- habitat enrichment for rheophilic species

- flexible instead of static construction

- toleration of limited erosion an aggradation
- good integration into the landscape

- aesthetic value

REFERENCES

[1] Gebler, R.-J.,Schnell fliessendes Umgehungsgewasser Kraftwergdilipgeni in: Wasser Energie Luft,
No. 1/2, (2002), pp 33/34.

[2] Gebler, R.-J.,Examples of Near-natural Fish Passes in GermanypDstructure Conversions, Fish
Ramps an Bypass Chanrdls “Fish Migration and Fish Bypassgslst edition, Fishing New Books,
(1998), pp 403-419.

[3] Gebler, R.-J.,Entwicklung naturnaher Bache und Flisse — MaRnahroerStrukturverbesserunglst
edition, Verlag Wasser + Umwelt, ISBN 978-3-9391H76, (2005).

[4] Gebler, R.-J.,Fischwege und Sohlengleiten, Band 1 Sohlengleitest’edition, Verlag Wasser + Umwelt,
ISBN 978-3-939137-02-3, (2009).

[5] Gebler, R.-J. and Lehmann, PAUslegung der Umgehungsgewasser am Wehrkraftwerkaniaer
Altanlage der RADAG WasserwirtschaftNo. 6, (2010), pp 40-44.

[6] Ing.-Biiro Dr. Gebler, Genehmigungs- und Ausfiihrungsplanung, OkologiscisgléichsmalRnahmen
Neubau Wehrkraftwetk Auftraggeber Rheinkraftwerk Albbruck-Dogern AGADAG), (2005).

[7] Ing.-Biro Dr. Gebler, Genehmigungs- und Ausfuhrungsplanung Umgehungsgew&&ubau Kraftwerk
Ruppoldingety Auftraggeber Aare-Tessin AG (ATEL), (1995/ 1999)

[8] Ing.-Blro Dr. Gebler, Bauprojekt und Ausfiihrungsplanung Naturnahes Fls@&sser, Neubau Kraftwerk
Rheinfeldety Auftraggeber KWR/ Energiedienst (1994/ 2010).

[9] Ing.-Biro Dr. Gebler,Yorprojekt / Bauprojekt / Ausfuhrungsplanung FisegwVehr Wettingen,
Erneuerung Limmatwerk Wettindeuftraggeber Elektrizitdtswerk Stadt Zurich (EWZ2001/ 2006).

PHOTOGRAPH CREDITS

[1] Aare-Tessin AG fur Elektrizitat (Atel): Figure 79-

[2] Ingenieurbiro Dr. Gebler: Figure 1 — 6, 10 — 13;-188, 20 — 23.
[3] Luftbild Mayer: Figure 19.

[4] Rheinkraftwerk Albbruck-Dogern AG (RADAG): Figuret 115.



