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EVALUATION OF FISH PASSAGE DESIGN : A CASE STUDY IN
VEREI NI GTE WERMEERI TZ

SUMMARY

The fish passage issue is an essential element in theraneintal impacassessment

of small hydropower projects. These projects not only create a bfariepstream
movementput they can also induce mortality to fish population by passageigh
turbines.Downstream fish passage at hydropower stationsakatively recent issue,
anddevices to safely transit fish downstream of turbines are still under development.
Most of the devices that were installed were on existing generating statinuss),
owners usually did not have much flexibility in the typedetiice that was installed.
Three types of devices are usually found at hydroelectric sites, bypass channels,
physical barriers (i.e. screens), and physiological barriers (louvers, lights, stuhd,

The efficiency for downstream migration devices variaccording to site
configuration and species present. Even though high efficiencies were found for
certain salmonids such as Atlantic salmon, no single device has attained 100%
efficiency. The use of certain devices such as fine mesh screens has gheatbim
generating station operation because of high maintenance needs, and hieanlighs

the screens which lowers power productibipstream fish passage as the most
investigatedtype of fishways that are iplace have been so for a long time.
Conseguently, these systems are wattndardised and many authors have presented
guidelines for their design. Thmost common fishway is the pool and weir which is
found in many countries aroutice world. Finally, the monitoring of fish passages at
hydropowersites should be an integnadrt of the project. This activity is frequently

left aside, but needs to be carried owttaluate the efficiency of systems that are built
for fish passage. Martecapturgechniques or telemetry are tools that can be uwed f

such a purpose.

I n this thesis, the fish mwasshwesigaeedanstar by V
and novel fish passage design is proposed. Fish passage instructions, fish passage
design principledyackground ofhecase study aregeography, pagation and socio

economy, topography, meteorology, hydrolpgwer properties: ecohydrology,
hydromorphology, hydrobiology, hydrochemistry, ecohydrauliosaterials and

methods st atus quo of Vereinigte Wei Geritz

XXi



methods of approach: conventional and ecohydrawwaluations and discussions
practical solutions: optimum fish passage concept: legislation, proposed design:

operation criteria and novel fish passage dearggiven respectively.

The «isting fish mssage is one vertical slot type of fish passage and a small hydro
power plant i's |l ocated SeahytropowdipidlectBi ener t myg
development has been, for the last decade, one of the sectors in the energy field that
has been very active. Wte the preceding decades saw a fair number of large
hydroelectric developments, the last decade was almost exclusively made up of smaller
projects that were essentially developed by private produ€ers. of the main
environmental challenges of small hgdower development is related to fish passage
both upstream and downstream. These migrations are ecological imperatives for
populations of anadromous fish. Entire populations of these migratory species can be
eliminated if either up or downstream migragsoare blocked. Small scale hydro
developments are often an impediment to these migrations. Efficient fish passage is
required under many jurisdictions in order for regulating agencies to approve
hydropower projects, whether they be new developments orr uetieensing.
Hydroelectric dams can also cause other impacts apart from blockingifjedtions.

For instance, dams can have effemt water temperature, flovegimes, dissolved

gas content, species diversity, and other ecological pararttetersayhave direct or
indirect effecs on fish. Additionally, climate change alters the fish assemblage
structure and function distribution in Europe. For this reason, a relatively new field
called ecohydraulics that is a subdiscipline of hydraulics that dedish passage
facilities is proposed This field constitues links between biological (swimming
performance, behavioural responses of fish) and physical (hydraulic, hydyologic

features of aquatic systems.

Theresultof this thesisshowed thatthtsh passage near byweiWKA Bi ener
was foundo benot functional. Therefor@novel fish passage desitiratis comprisel

of two fish passage facilities (serves both upstream and downstream migaation)

operational systenvasproposed. Thisoveldesign igretrofitted degin of the existig

fish passage with new design for downstream fish migration.
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Depolama ve -evirme (reg¢lator) Ilyapehameénda
tesis edil mesi gerektijini, tesis eden kKirke

ve bakéméenée yapmakl|l a he¢gkegml ¢ kel mekt ér .

Bal ek ge-itleri, arazi, akar su, yapé ve can
karmakék yapéhbhalanmahade!| kgkawpl dej il dir. Pl
bal ek biyolojisi uzmanl aré dohil , farkl e di
Bal ék ge-itleri -evre ve ekoloji a-éeseéndan
°nemlidir. Bunlklaléamk °&ledjl é@rkd eoltwmll 8 estuki | er i
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1. INTRODUCTION

Introduction part express purg® objective and scope of tthesis titledevaluation

of fish passage design: a case study 1in

1.1 Purpose d the Thesis

Fish passage is consideradchecesty where a dam separates a target species from
needed habitat. Fish arenggally unable to pass upstream of a hydropower dam unless
some fish passage facility is present. Downstream passage facilities may not always
be necessary if the fish can safely pass through turbines, spillways, or sluiceways,
though there is significardebate about the adequacy of these latter two passage
methods. Decisions about the need for fish protection measures at dams are often based
on the perceived or measured impacts on one or more species at the site. Fish
populations may be adversely affectey hydropower facilities and many other
activities and facilities (e.g., multiple use, flood control, and water supply dams; land
use practices like grazing and forestry; and facilities like-tioad power plants that

cause acid rain). Migrations anchet important fish movements can be blocked or
delayed. The quantity, quality, and accesi$jbof up and downstream fish habitat,
which can play an important role in population sustainability, can be affected. Fish that
pass through power generating inds can be injured or killed. Increased predation

on migratory fish has also been indirectly linked to hydropower dams (e.g., due to
migration delays, fish being concentrated in one place, or increased habitat for
predatory species).he thesis seeks amsideration for the functionless fish passage

near small hydropower plants.

1.2 Objective of the Thesis

Fish passage can be defined ag form of conduit, channel, lift, other device or

structure which facilitates the free passage of migrating fish oveyghror around



any dam or other obstruction, whether natural or-made, in either an upstream or

a downstream direction.

In the pastthe provision of fish passes has usually only been concerned with the
upstream migration of the diadromous (sea to fkesér cycle or vice versa) migratory
salmonid species. In recent yeargerest has widened to include the potadromous
(within freshwater) coarse fish species, and other diadromous species such as eels and
shad.The objective of tis thesiswasto propose novel fish passagkesignthat serves

both upstream and downstream migratifum existing fish passage facility in

Vereinigte Wei Ceritz River.

1.3Scope of he Thesis

The scope of the thesis involves introduction, instructions and principles of fish
passage background of study areamaterials and methodfor the study area,
evaluations and discussiookfish passage, conclusions that were put forward at the
end of the thesig\s a conclusion, after the comparison of design manuals of 1996 and
2014, aretrditted existingfish passage desigand operatiorin lieu of existing fish
passage that is constructed in 2000 is propdsetidition, novel fish passage design

is proposed according to the new design manual that was published in 2014.



2. FISH PASSAGE INSTRUCTIONS

In this section literature review, fish migration types, river continuum concept, fish

passage and evaluation of some fish passage facilities are explained respectively.

2.1 Literature Review

Important esearches and publications about fislsgage (fishway, fish steps) up to
now is statedbelowin chronological order.

A In 17th centuryFrance and North Americ&irst research studies

A 1837, R. McFarlan, @&hadaPatent of fish passage in a reservoir

A 18521854, Ireland: Ballisodare fish passageounty Sligo for salmons

A

1880, United States of Americkish steps in Pawtuxet Falls reservoir in Rhode

Island

A 1909, G. Denil, Bgjium: Denil fish passage

A 1914, Royal Road#&niversity, Canada:Japon garden fish steps in Esquimalt

Lagoon

A 1908, H.Vm Bayer, C.E.: fFishwayso, Uni t ed
A 1941, A.M.MclLoed ve P.Nemenyi: AANn | nve
A 1992, C.Katopodis: #Alntroduction to Fis
A 1995, C.H.Clay: fADesign of Fishways and
A 1995, Congress ofJ. S. Of fice of Technol ogy As s
Technol ogi es: Protection at Hydropower
A 1996, DVWKFi( ®WAPasges: Design, Dimensio
A 2000, | EA Hydropower Agreement: @AlEA Te

A 2010,EAUKAFi sh Pass Manual o



A 2014, DWA:fiFish Passage Structures: Design and Quality Assuyance

2.2 Fish Migration Types

Rheotaxids a form oftaxisseen in many aquatic organisms, efish, whereby they
will (generally) turn to face into an oncomiogrrent Some fish will exhibihegative
rheotaxiswhere they will avoid current€hemical, mechanical, electric and magnetic
stimuli also affect the form of taxisThere are three types of fish migration:

potamodromous, diadromous and @walromous migration.

2.2.1Potamodromousmigration

Some of the riverine fish majisplayspawning migrabns between lakes and rivers,

or from one area of a river to another. This migratory pattern is referred to as
potamodromy Some common examples of fish that engage in potamodromous
migrations include trout, sauger, mooneye, some redhorse, some suckees, S
sturgeonsome lamprey, et&ollowing figure showsiie cycle of ptamodromous fish
(Figure 2.).

Potamodromous Life Cycle

Downstream

Upstream

Downstream

Upstream

Figure 2.1: Potamodromous life cycle (Fisheries Blog, 2013).
2.2.2Diadromous migration

Some fishdisplayspecialized migratory patterns involving regusgasonal, more or
less obligatory movements between fresh and marine waters. This strategy is generally
referred to agliadromy and there are three distinct fornisrst, in some species,
sexually mature adults migrate from the sea to spawn in freshstiagams/rivers and

associated lakes. This migratory pattern is cadleddromy Examples of fish that


http://en.wikipedia.org/wiki/Taxis
http://en.wikipedia.org/wiki/Fish
http://en.wikipedia.org/wiki/Current_(stream)

engage in anadromous migrations are Pacific and Atlantic salmon, American and
Hickory shad, Atlantic sturgeon, alewife, searun lamprey, Etfe cycle of

anadromousish is shown in Figure 2.2

Anadromous Life Cycle
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Figure 2.2: Anadromous life cycle (Fisheries Blog, 2013).

Secondsexually mature adults of some species migrate from freshwater streams/rivers
and associated lakes to spawn in the sea. This migratory pattadfedcatadromy
The most notable example of species that make catadromous migrations is the

American eelThe following figure shows life cyclef catadromous fish (Figure 3.3

Catadromous Life Cycle

Freshwater Estuary Marine

Freshwater

Estuary Marine

Figure 2.3 Catadromous life cycle (Fisheries Blog, 2013).

Third, somespecies make seasonal movements between estuaries and coastal rivers
and streams. This migratory pattern is callegpbhidromyand is typically associated

with the search for food and/oefuge rather than reproductidexamples of fish that
engage in ampbdromous movements include striped mullet and tarpibe.cycle of
amphidromousish is shown in Figure 2.4



Amphidromous Life Cycle
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Figure 2.4: Amphidromous life cycle (Fisheries Blog, 2013).

2.2.30ceanodromous migration

Some fishdisplayspecialized migratory patterns involvinggular, seasonal, more or
less obligatory movements between fresh and marine walées. cycle of

oceandromous fish is shown iRigure2.5.

Oceanodromous Life Cycle

Home Reef Spawning Grounds

Home Reef Spawning Grounds

Figure 2.5: Oceanodromous life cycle (Fisheries Blog, 2013).
2.3 River Continuum Concept

For hundreds of years, thughout the history of human development, rivers have been
diverted for irrigation, hydropower, navigation, provision of drinking water, removal
of wastavater, etc.A report by the World Commission on Dams (2000) and a recent
review by Kingsford (2011) gigested that modification of the river flow regime as a

result of regulation by creating barriers, impoundment and overabstraction, the spread



of invasive species, overharvesting and the effects of water pollution were the main
threats t o &l eetlandsrahtiese effectsi couk bhe compounded by
future climate change. The impacts of dam construction, river regulation and
channelisation have significantly reduced the natural variability of the flow regime and
channel morphology. This results degradation, fragmentation and loss of habitat
structure and availability with subsequent reductions in aquatic biodiversity. The EU
Water Framework Direte requires the achievementof ood ecol ogi c al
water bodies across EU member statgs2015. This, in turn, has required the
development of methods and techniques to assess the current status of clramical
biological water quality, hydromorphology and flow regime variability, and identify
ways of mitigating impacts and restoring rivdrannels and flow regimes where they

are an impediment to the improvement of river heaitcording to the European
Water Framework Directive (WFD), preservation and establishment of fish spawning
habitats should be considered as one of the major aisuseaessful river restoration.

River dynamic processes such as flow alteration, sediment transport and seasonal flow
events lead to mobilization of channel bed sediments and provide renewal of substrate
conditions But, they can also affect early fish lifstages or even destroy an entire
generation. Intrusion of fines or embeddedness contributes to a decrease in substrate
permeability in the hyporheic interstitial and negatively impacts the development of
early life stages. It may inhibit the emergencerpfifom interstitial spaces to the dree
water column and reduce the supply of dissolved oxygen and the transport of metabolic
waste during egg incubation. The significance of substrate characteristics is essential
for the ecological assessment of spawragitats.In particular, high flow events,

their frequency and intensity, are crucial in maintaining spawnafutdts as these
periodical evets remove fine sediments and avoid clogging of interstitial spaces in

suitablespawning habitats in a gravstd.

Ecohydraulics as well as ecohydrology, hydromorphology and hydrodynamics of
aquatic ecosystems is rooted in the river continuum concept, which establishes a
connection between abiotic processes and the biotic environment. They stem from the
principle thatthe structure and function of biological communities, which define
aquatic ecosytems, depend on interplay between biological, physical and chemical
processes in aquatic environments, such as rivers, lakes, estuariees and seas.

Developments in river scieacreflect this overall pattern, with the emergence of



ecohydrology at the interface of hydrology and ecology and hydromorphology, which
reflects the interaction of the channel morphology and flow regime (hydrology and

hydraulics) in rtaeating O6physical habi

2.4 Fish Passage

There are two types of fish passage which are d¢msature type fish pasge and
technical fish passage and explained below.

2.4.1Closeto-nature type fish passage

The nitonl atsere styl eo of const hasadckramps, of si |l | s
imitates as closely as possible natural river rapids or brooks with gtadpnts.

Foll owing constructtoomasure et ypé $(Mgerelf aci sic!| pa
2.6). a) Bottom ramps and slope4 sill having a rough surface amctending over

the entire river width with as shallow a slope as possible, to overcome a level

difference of the river bottom. This category also includes stabilizing structures (e.qg.

stabilizing weirs), if the body of the weir has a shallow slope sirtaléine slope of a

ramp or skie and is of loose constructidy) Bypass channelé fish pass with features

similar to those of a natural stream, bypassing a dam. As the dam is preserved
unchanged, its functions are not negatively affected. The whole mdpdwsection of

the river can thus be bypassed c) Fish ramps\ construction that is integrated into

the weir and covers only a part of the river width, with as gentle slope as possible to

ensure that fish can ascend. Independent of their slopeatbell called rampgn

generalthe incorporation of perturbation boulders or boulder sills is required to reduce

flow velocity.

Figure 2.6: Close to nature type fish passage types a) Bottom ramps and slopes, b)
Bypass chanels, c¢) Fish ramps.



2.4.2Technical fish passage

Technical fish passes include the followirslh passage/pes: pol passege.g.center
weir, centre overflow and orifice, side overflow wefgyll overflow, notched,
submerged orifice, sloped arpon, ice haypeertical slot passg®.g. one or two slot
Denil passesy(g. Alaska steeppagsel laddersfish locks, sh lifts, hybrid (pool and
chute) trap andhaul systems culverts (e.g. baffle array: slotted weir baffle, offset
baffle, spoiler baffle, weibaffle, fish weir). Below figures represents aforementioned

technical fish passages (Figur&R

a) Pool pass b) Slot pass c) Denil pass d) Eel ladder

e) Fish lock f) Fish lift g)®@nd chute (Hybrid)

o Water carries fish up tower

&into fish hauling tanker

o Gate doses
&towerfills
with water

OCrowderpushes N ~

fish into tower

© Fish dimb ladder
to holding pool Z

74t
s

-

o Migrating adult fish are o Vehide carries fish above dam &
attracted to flow from ladder releases them back into the river

h)Trap and haul i) Culvert (Spoiled baffle)
Figure 2.7: Technical fish passage types (DVWK, 1996; Aprahamian, M.W. et
al., 2010).



Slot passes (vertical®lpasses) are well suited to guarantee ascent by both fish species
that are weak swimmers and small fishRglatively high discharges can be sent
through, thus good attraction currents @ampose They are rore reliable than
conventional pool passes bese of the lower risk of clogging of the slo¥rtical
apertures that stretch over the whole height of the -wvalls are suited to the
swimming behaviour of both bottetiving and operwater fish. Reduction in flow
velocities near the bottom of theod also allows low performance fish to ascend. A
prerequisite for this is the installation of a bottom substrate with some larger
perturbation boulderd’hey are sitable for use even with varying headwawarels

and rot sensitive to varying tailwateevels. Benthic invertebrate fauna can also
migrate if the bottom substrate has continuous interstpiates. Becausthe orifices
extend vertically over the total height of the crassls the slot pass is less susceptible

to clogging than traditionaldh pass designs. Partial clogging of the discharge-cross
section does not cause complete loss of function. This type of construction is suitable
both for use in small streams with low discharge and for use in larger B\@rpasses

can cope with disarges from just over 100 I/s to severdlsriThey are currently the

best type of technical fish pass, being suitable for all species of fish and are passable
for invertebrates if a continuous bottom substrate is buifDther advantages ar¢

ascent bthe fishway is possiblat any depth the fish chooses, ii) the path of a fish
ascending the fishway is not tortuous, iii) conditions for resting in the pools are
satisfactory, if requiredAlso, it can tolerate reasonably large upper and lower water
levd fluctuations.One reason for this lies in their hydraulic function: flow patterns
inside inside the pools and water velocities in the slots are almost independent on the
water depth in the fishway. Velocity distribution in the slots is even, and the same
velocity prevails from bottom of the slot to the water surfRcesent knowledgaoints
outthat slot passes should be given preference over other technical fish pasaes.
illustration, \ertical slot fish passages in Saxony are shiowFigure 2.8

Figure 2.8: Vertical slot fish passage, from left to right: Rochsburg, Poppenwald,
Rochlitz (Saxony Dam Administration, 2014).
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2.5 Evaluation of Fish Passage Facilities

Three of the case studigise. culvert, vertical slot and @b and weir type of fish

passage)vere researched amageplacedin this section.

A case study in Alaska is specified as an evaluaifdhe fish passage facilitietn

the article hydraulic evaluation of fish passage through roadway culverts in Alaska i
mentioned (Figure 2.9). Culverts arevery simple hydraulic structure. However,
because the engineer must design for peak flows passing through the culvert while fish
are trying to move upstreanserious problems arise. The two major hydraulic
problems inregard to fish passage were high velocities and perching; inlet drops
caused by deposited sediment, aufeis, alignment of culvert with stream, and non
uniform culvert slopes are some of the other fish passage deterrents that were observed.
Also, all knownbaffled structures were evaluated. Numerous recommendations were
made that should improve the hydraulic conditions that exist at a culvert relative to
fish passageln addition it is recommended that further studies be carried out to
evaluate the swimmingerformance of the native fish. Present design criteria are based
on very limited studies. Lastly, it is recommended that the concept of the velocity in
the occupied zone (area in culvert where fish swim) be considered as the culvert design
velocity for fish passage in place of the presently used averagesacissnal velocity.

2 ey
f Dnf *.4. 1
4o Upstream view
e ek

Figure 2.9: Upstream view of roadway culverts in Alaska (Kane and Wellen, 1985).

A case studyThe Schuylkill River in Southeastern Pennsylvania once supported
massive springuns of anadromous fishes until the construction of dams in the early
18006s. The dam served as a physical bar

upstream movement and access to critical spawning grounds. In 1979, a vertical slot
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fish passage faldy (Figure 2.10)was constructed on the west side of Fairmount Dam
However, very few anadromous species were utilizing the passage and the fishway
was abandoned by 1984. No fish counts were conducted from 1984 to 2004, until
Philadelphia Water Departmiebiologists took responsibility for maintenance and
operation of the fishway and developed a digital video monitoring system to record
fish passageAn underwater viewing room and window allows direct observation of
fishes swimming through the fishway arsdthe primary means for evaluating fish
passage. In 2004, there were 6,438 fish of 23 species that ascended Fairmount fishway,
including 91 American shad, 161 striped bass, and 2 river herring. A total of 8,017
fishes representing 25 species were coupiesking through the fishway in 2005,
including 41 American shad, 127 striped bass, and 5 river herring. In 2006, a total of
16,850 fishes representing 26 species were counted passing through the fishway
including 345 American shad, 9 hickory shad, 61psttibass, and 7 river herring,
marking an astonishing 279% increase in American shad passage from 2004 to 2006.
The interannual trend in relative abundance of American shad below Fairmount Dam
increased, as did overall shad passage trends in the fishemyn@&d monitoring of

fish passage will be a critical component in assessing anadromous fish restoration
efforts on the Schuylkill River.

Figure 2.10: Overhead view of Fairmount fishway (Perillo, 2006).

Rio Paraopeba, a tributary Bf 0 S « 0o ,Fhasa signeter bigh dam, built in

1978 to divert water to the |l garap® Ther mal
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2.11) was built at this dam. The results of a marking and recapture program carried out
along rio Paraopeba between 1997 and 20@61dascribed, using information from

fish community studies conducted at ten sampling stations between 1994 and 1997.
During four rainy seasons between 1997 and 2000, fish were caught downstream of
the dammarked with external plastic tags, and immedyjateleased at the same site.

The objective was to evaluate fish passage thrahghadder, based on recapture
information fromartisanal and sport fishermeA. total of 3,642 specimens were
marked, adding up to a biomass of approximately 1.33 tons. Tysengpecies were

used, representing 28.5% of the total recorded richness (91 species). Maximum
recorded tag retention time was 10 months. Total recapture rate was 4.37% in four
years, reaching 5.75% in the last period (2@001). Of all recaptured specams,

14.0% were caught upstream of the dam, evidencing passage through the ladder. The
main result of the present program is the evidence of passage through the ladder by
three migratory species Bio ParaopebéP. costatud.. obtusidenandP. maculatus

which represented 90% of all marked species. With regard to the other species studied,
too few specimens were marked and recaptured to allow an evaluation of the capacity
of these other species to pass through the ladder and the extent to which they are
affected by hydraulic and water velocity limitations.

Figure 2.11:View of a fish ladder (pool and weir system) in Rio Paraopeba (Alves,
2007).
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3. FISH PASSAGE DESIGN PRINCIPLES

This section involves preparation of fish pagsalesign, fish passage design and

operating system design of fish passage.

3.1 Preparation of Fish Passage Design

For the preparation of fish passage design, physical and biological data must be

analysedefore the designing phase.

3.1.1Physical data analysis

Thefollowing physical datarerequired water quality of the tributary and mainstream

of the river, key curve of tailwatedgetailed plans of any existing structure (if none are
available, then a topographical survey may be requineoipthly flow duration arve

of spillway, bottom outlet and water passing through turbines, water surface level at
operational flow rates, monthly flow duration curve of reservoir, operational data of
the reservoirs, iceovered periods right before the project had started, water
temperature data for during the phasepaifticularly during key migration periods
range of water levels upstream and downstream of the barrier over a range of river
discharges corresponding with the hydrogragih,temperature (max., avg., min.),
sedimat knowledge, river morphology, geological maps and boreholes, topographic
maps, present reservoir drawings (plan, section, altitude), summary of the project
(turbine properties)head difference over the barriestation operation conditions,
access roatbr reservoirshydrograph at the sitepreferably over a period of years
including typically dry and wet yearsxistence of electricity, floatinggaste material

in upstream andownstream of the reservoir.

3.1.2Biological data analysis

Biological data musinclude target fish species that are expected tothassghthe
fish passage, other aquatic organisms, life stages of fish species, fish migration

properties (route, season, migration period), quantity and size of fish species that

15



migrate upstream or @mstream, fish species features (size, migration type,
swimming performance), abundance of fish species of each section of the river,
predators for the fish species, present ecosystem conditions and light, sound, current

effects of that river.

3.2Fish Passag®esign

Fish passage design is explained as optimum fish passage location. In this sense, fish

passage entrance, exit and bodydaefied respectively.

3.2.10ptimum fish passage location

While in riversthat have not been dammed, the whole width of thereas available

for the migration of aquatic organisms, fish passes at weirs and dams usually confine
migrating organisms to a small part of the cross section of the channel. Fish passes are
usually only relatively small structures arlerefore have he characteristics of the

eye of a needle, particularly invers and large riversin practice, the possible
dimensions of any fishway are usually severely limited by engineering, hydraulic and
economic constraints, particularly in larger rivers. Thusptbstion of a fishway at

the dam is of critical importancé&ish and aquatic invertebrates usually migrate
upstream in, or aly, the main currenkish swimming in or along the main current

will arrive at the weir along the side of undercut bank. Coressttyy a fish pass should

be positioned as closely as possible to the point where the fish meet the obstacle
(Figure 3.1a)Fish migrating upstream are guided by main current and swim up to the
zone of highest turbulence in the tailwater directly belowdtma ot the turbine outlet

In the vicinity of the bank, fish seek a way to continue to move upstream. Most
importantly, it must be ensured that fish can pass the bottom still of the stilling basin
(Figure 3.1b and Figure 3.1c).

For the entrance of a fislay to be detected by the majority of upstream migrating
organisms, it must be positioned at the bank of the river where the current is highest.
This has the added advantage that, with a position near the bank, the fish pass can be
more easily linked to t bottom or bank substrate. The most suitable position for a
fish pass at hydroelectric power stations is also usually on the same side of the river as
the powerhouse. The water outlet of (i.e. the entrance to) the fish pass should be placed

as close as @sible to the dam or turbine outlet. Placing the outflow of the fish pass

16



(and thus its entrance) in the immediate vicinity of the dam or weir minimizes the
formation of a dead zone between the obstruction and the fish pass entrance. This is
important asith swimming upstream can easily miss the entrance and remain trapped
in the dead zone. A fish pass that extends far into the tailwaters below the dam
considerably limits the possibility that fish find the entrance, a design fault that has
been responsibl®r the failure of many fish passes. Where dams or weirs are placed
diagonally across the river and overflow along their entire crest, upstream migrating
fish usually concentrate at the upstream, narrow aregleden weir and bank (Figure

3.2).

bank ™
undercut
pointbar bank
bank ~~__ =
\\\"\ \
a)
heaéﬂl«ater AR
dam copstruction _
{2
t it zone 75
c) b)
fish pass bypass channel
(technical ta"h‘tef (close-to-nature
construction) construction)

Figure 3.1: Left- Flow pattern in a river with undercut banks and point bar banks,
Right- a) Diagram showing the flow pattern in a river with undercut
banks and point bar racks ®ptimum position of a bygschannel
andc) optimumposition of a technical fish pass (DVWK, 1996).
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water inlet
(fish pass exit)

fishway

water outlet
(fish pass entrance)

Figure 3.2: Suitable location for the construction of a fish pass (DVWK, 1996).

Therefore, the fish pass should clearly bead#td in ths area. As regards bypass
hydroelectric power stations, there are two options for positioning the fish pass to
ensure longitudinal connectivity. Firstiyne fish pass can be built at the power station,
providing a link between the tailwater channel amel headwater channel. Secondly

it can be constructed at the weir, acting as a link between the original natural main
channel and the headwater of the impoundment. Usually a fish pass is constructed at
only one of these locations. Since the fish genefallgw the strongest current, they

tend to swim up the tailwater channel to the turbine outlet rather than entering the old
main channel through which the discharge is usually lower. Construction of a fish pass
from the tailwater channel to the headwatearmnel isthereforeneeded in such cases.
However, when the turbine capacity of the power plant is exceeded, excess water is
spilling over the dam into the old main chanaetsq, it is also advisable to install a

fish pass at the barrage. The water friims second fish pass can also be used to
provide minimum environmental flows in the old channel so that running water
conditions arenaintained there, provided that the discharge is sufficiently high. From
an ecological point of view, it isherefore highly advisable in such cases to construct
two fish passes, one at the hydropower plant and one at the barrage (Figure 3.3).
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Figure 3.3: Ensuring longitudinal connectivity at a bypass hydroelectric power
station through construon of two fish passes, i.e., one directly at the
hydropower plant and the other at the weir (DVWK, 1996).

3.2.1.1 Fish passage entrance

The entrance of the fish pass must be positioned where fish concentrate while moving
upstream. The characigtics of the tailwater currents and the structural details of the
hydropower station determine the area of concentration. In many tasés directly

below the weir or dam, at the foot of the barrage or at the turbine outlets. Therefore,
any currento attract fish must be directed from the entrance to the pass towards the
area of concentration in such a way that fish, in followtlregcurrent, will be drawn

to the entrance of the pass and thus enter the fishway.

A critical problem is how to construthe fish pass entrance so that fish can swim into

the fishway even at low water levels. Entry into the fishpass can be eased, even for
bottomliving fish species and macrozoobenthos, by linking the fish pass to the natural
river bottom.This can be don&ith a ramp with a raximum slope of 1:2Some
existing fish passes have their entrances oriented towards the weir and thus at an angle
of 180U relative t o (ttheentrandevseamnsuitable mthatitt .
can not establish an attraxgi current to enable the fish to find the entrance to the
fishway.

Since diurnal fish avoid swimming into dark channels the fish pass should be in
daylight and thus not covered over. If this is not possible the fishway should be lit

artificially in such away that the lighting is as close as possible to natural light.
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3.2.1.2Fish passage exit

Where the fish pass is installed at a hydroelectric power station, its water inlet (exit
into the headwater) must be located far enough from the weir or turbike sdadhat

fish coming out of the pass are not swept into the turbine by the current. A minimum
distance of 5 m should be maintained between the fish pass exit and the turbine intake
or the trash rack. If the current velocity of theadwater is greaterdah 0.5 m/sthe

exit area othe fish pass has to be prolonged into the headwater by a partition wall. In
general, if the headwater level of the impoundment is constant, the design of the water

inlet does not present a problem.

However, special provisionsave to be made at dams where the headwater level
varies. Herethe fish pass either has to be of such a type that its functioning is only
slightly affected by varying headwater levels, or relevant structural adaptations of its
water inlet area must bedorporated. A vertical slot exit has proved appropriate for
technical fish passes if the variations in headwater level are at maximum between 0.5
to 1.0 m. Where variations in level exceed one metre, several exits must be constructed
at different levels fothe fishway to remain functionalith certain types of fish pass,
mechanical regulation of the flethrough discharge may be necessary for the pass to
continue to function. Simple aperture controls at the exit (i.e. the water intake) may be
suitable. Wien the impoundment shows greater variations in level, more complex
structures with control systems or barrier devices may be necessary. Unfortunately
such devices are liable to malfunction or, alternatively, the staff may operate the
control systems impperly causing a lessening in the efficiency of the fish pass.
Strong turbulence and current velocities over 2.0 m/s must be avoided at the exit area
of the fish pass so that fish leave the pass for the headwaters more easily. Furthermore,
linking the exitof the fishway with the natural bottom or bank substrate by means of

a ramp facilitates the movement of migrant benthic organisms from the fish pass into
the headwater. The water intake of the fishway should be protected from debris by a
floating beam. Strctural provisions should be made so thabatrol device (e.g. a

trap) can be installed at the exit of the fishway to monitor its effectiveness. These could
be footings for a fish trap and an adjacent lifting device for instance. It should also be
possilbe to shut down the flow through the fishpass, e.g. for control and maintenance

work.
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3.2.1.3 Fish passageody
Discharge and current conditions in the fish pass

The discharge required to ensure optimum hydraulic conditions for fish within the pass
is gererally less than that needed to form an attracting current. However, the total
discharge available should be put through the fish pass to allow unhindered passage of
migrants, especially during periods of low water. This is particularly advisable for
damsthat are not used for hydropower generation. If more water is available to supply
the fishway than is needed for the hydraulicaibund functioning of the existing or
planned fish pass, alternative designs should be envisaged, e.g. the construction of a
rocky ramp that should be as wide as possible. In some, easesctural adaptation

of the fishwayds exit area may be necessa
e.g. during floods, in the interest of efficient functioning. Using supplemewiater

to increase flows that does not originate from the river on which the fish pass is
situated, such as discharge from water diversions or sewage treatment plants, should
be avoided. The mixing of waters of different physiclaémical properties distos

the sensitive olfactory orientation capability of the fish and thus reduces their urge to
continue migration. The turbulence of the flow through the fishway should be as low
as possible so that all aquatic organisms can migrate through the pass iedépend

of their swimming ability. larinier (1992b) recommends that the volumetric energy
dissipation in each pool of a pool pass should not exceed 150 to 200 W per cubic meter
of pool volume. In general, current velocity in figdys should not exceed 2.09mat

any narrow point such as in orifices or slots and this limit to velocity should be assured
by the appropriate design of the pass. The average current velocity in the fishway must
be significantly lower than this value, however. The pass should imedepsiructures

that form sufficient resting zones to allow weak swimming fish to rest during their
upstream migration. Furthermore, the current velocity near the bottom is reduced if the
bottom of the fish pass is rough. As a rule, there should be laffomathrough the

fish pass as plunging (turbulent) flow can only be accepted under specific local

conditions, such as over boulder sills.
Lengths, slopes and resting pools

Instructions for the correct dimensions of fishways include information on such

feaures as slope, width, length and water depth as well as the dimensions of orifices
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and resting pools. These instructions depend mainly on the particular type of fish pass
to be built as well as on the available discharge. Bgeeific instructions are toe

found in the relevant sections of these guidelines that deal with the different types of
fish passes. All instructions given in these guidelines are minimum requirements. The
body length of the biggest fish species that occurs or could be expectsrlitqin
accordance with the concept of the potential natural fish fauna) is an important
consideration in determining the dimensions of fish passes. The fact that fish can grow
throughout their whole lives must be taken into account when gathering itifmmma

on the potential fish sizes. The average body length of the largest fish species expected
in the river as well as the permissible difference in water level must be considered in
defining the dimensions of a fish pass. Since a difference in watepfemalyh = 0.2

m entails a maximum current velocity of 2.0 m/s for instance at orifices and crosswalls,
it is recommended that the water level difference between pools in a fishway be also
kept below 0.2 m. Such a maximum difference in water level eaalsurrent velocity

in the layer just above the rough bottom that allows even fish that have a weak
swimming performance to pass. Waterfalls and drops where aerated jets would form
must be avoided. For more technical constructitms maximum permissiélslope

ranges from 1:5 to 1:10, depending on the construction principle chosen, while close
to-nature constructions should show maximum slopes less than 1:15 corresponding to
the natural form of rapids. It is, however, acceptable for the slope of alrlatkiag

fish pass to not correspond to the natural slope of the river at this very location. The
swimming ability of the fish species of the potential natural fish fauna and all its life
stages has to be considered in setting the length of a fishwayuvdgvdata on the
swimming velocity of fish is not listed here since the values determined in different
investigations differ markedly from one another or is even contradictory (Geitner &
Drewes, 1990; Jens, 1982; PeckmannStathlberg, 1986; Pavlov, 198% any case,

the requirements of the weakest species, or of the weakest life stages, must be
considered when defining the dimensions of a pass. Resting zones or resting pools
should be provided in fishways. Hefish can interrupt their ascent and reeofrom

the effort. In some types of pass, such as slot or pool passes, resting zones are inherent
to the design. In others, such as rock ramps, they can easily be created. Resting pools
where turbulence is minimal should be inserted at intermediatédlosatto types of
fishways that havaormally no provision for resting zones due to their design. The

dimensions of a resting pool should be set so that the volumetric power dissipation
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must not exceed 50 Iw* of pool volume. Valid data on the maximum méssible

length of fish passes are not generally available. However, for types of pass without
rest zones and of a length that is excessive for fish to negotiate in a single effort, it is
recommended that resting pools are placed at intervals of suchdaaggtefined by

the difference in level of not more than 2.0 m between pools. Denil passes must be
broken up by resting pools at least after everymistretch of linear distance for

salmonids, and at least after every 6 to 8 m for cyprinids.
Design of the bottom

The bottom of a fish pass should be covered along its whole length with a layer at least
0.2 m thick of a coarse substraléeally, the substrate should be typical for the river.
From the hydraulic engineering point of view, a coarse substragcessary for the
creation of an erosieresistant bottom. However, the bottom material used for this
should be as close to natural as possible and should form a mosaic of interstices with
a variety of differently sized and shaped gaps due to the vaaedsiyze. Small fish,

young fish, and particularly benthic invertebrates can retreat into such gaps where the
current is low and can then ascend almost completely protected from the current. The
creation of a rough bottom usually presents few problensiogeto-nature types of
fishways. The rough bottom must be continuous up to and including the exit area of
the fish pass, as well as at the slots and orifices. In some more technical types of
construction, such as Denil passes, the creation of a rougimbigtnot possible. This
means that benthic invertebrates cannot pass through them and thus these constructions
do not fulfil one of the essential ecological requirements for fish passes.

Operating times

The migrations of our indigenous fish take placditierent times of the year. While

many cyprinid species (Cyprinidae) migrate mainly in spring and summer, the
spawning migrations of salmonid species (Salmonidae) occur mainly in autumn and
winter. The migratory movements of benthic invertebrates prglmadadur during the

entire vegetative period. The time of the day at which aquatic organisms move in rivers

also differs for the different groups. Thus, numerous benthic invertebrates are mainly
active at twilight and at night, while the time of maximumaigt of the different fish

species varies considerably and,gaffacte ven al ter during the vy

Because of this variability in the timing of migratiorissh passes must operate
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throughout the year. Limited operation can be tolerat#yg @uring extreme low and

high water periods (i.e. for the 30 lowest days and the 30 highest days in one year),
since at such times fish usually show a decrease in migratory activity. Continuous 24
hour operation must be guaranteed since, once they hdeee@ the fish pass,
invertebrates that are little mobile would be unable to escape even a short drying out
of the pass and inevitably die if the pass is only operating periodically.

3.3 Fish Passage Operating System Design

Operating system design of fish page comprise of monitoring, evaluation program

and maintenance plan.

3.3.1Monitoring program

The objective of monitoring is to prove explicitly that the fish pass entrance can be
found and the fish pass negotiated by fish. Monitoring goes beyond checking the
construction against the planning directives and construction certification, as well as
beyond the obligatory trial run, which is required particularly for the more natural
looking constructions. It also goégyond routine maintenancilonitoring is also
recommended for newly built fish passes when there is no, or only inadequate,
experience with the operation of the (new) type of construction chosen, or if the pass
is unique because of its dimensions (e.g. very high water discharges or fall heads).

Hydradic and biological performanceA full monitoring programme would
demonstrate that the fish pass is functioning as anticipated both hydraulically and
biologically. The use of gauge boards upstream & downstream of the pass to help
establish that the passdperating within the expected range of head levels is highly
recommended as part of the physical monitoring of the pass. Biological monitoring
should aim to demonstrate that the target fish species use the pass effectively and

efficiently.

While sufficiertly tested methods for monitoring upstream migration of fish exist, it

is generally very difficult to prove the efficiency of upstream migration of benthic
invertebrates in fish passes. The invertebr a
that proof & their migration has usually to be restricted to recording colonisation

within the fish pass itself. Present knowledge indicates that the existence of continuous

bottom substrate alone can be invoked as an indicator of the possibility of upstream
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migration of invertebrates. Most fisheries laws prohibit catching fish in fish passes. If
research necessitates the capture of fish from a fish pass, an exemption permit must be
requested prior to fishing. Granting of this permit is only possible if the ownkeof t
fishery is in agreement prior to any fishing action. Usually the management of
monitoring should bentrusted to fisheries expertie timing and duration of testing

are of great significance to the reliability of any control of functioning. This dhoul
preferably take place during the main migration periods, which can differ regionally
due to local particularities and weather conditions. The following biological and
technical elements should be considered when drafting a monitoring strategy and later
when assessing the functioning of the fish pass: The potential natural fish fauna of the
watercourse and the actual qualitative and quantitative composition of fish stocks in
the headwater and tailwater of each dam. In addition, similar assessments ghould b
made of the benthic invertebrate faunle unrestricted ascent of all migratory
developmental stages of the relevant fish spethescurrent state of connectivity of

the water systerandthe general requirements for planning and construction of the
fish pass as set out in these Guidelines. If necessary, proposals for optimising the fish
pass should be made. Control of the functioning of the fish pass requires not only the
obligatory counting of all fish that have negotiated the fishway but also thesassnt

of a number of other parameters and baseline conditions. These data are used to
appraise the efficiency of the pass by comparing the monitoring results with the natural
migratory activity of the fish fauna in the stretch of water being investigdieel
additional data include counting ascending fish classified by species and size groups,
data on sexual maturitydata on water level and discharge trends (increasing or
decreasing water discharges), weather, turbidity of the water or degree ofreangpa
details of lunar phase with reference to the migratory activity of the fish, particularly
during eel migrationmeasurement of current velocities and discharge in the fish pass
measuring oxygen content and water temperatdetermining fish stockén the
headwater and tailwater taking into account stocking measures in each of the stretches
of water; noting other relevant details of the fish such as disease or injury. Assessing
the overall condition of the fish pass and its level of maintenandeecording any
modifications of the environmental conditions of the river and recording particular
events such as maintenance measures, fish mortalities etc, that may have bearings on
the migratory activity in the fish paase the two procedure that néede done during

monitoring.It is recommended thadlready during construction of the pasovision
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shouldbe made for buitn trapping chambers or at least lifting devices for the use of
mobile fish traps to be installed directly at the outlet ef plass. This is particularly
necessary in technical passes to test ascent of fish in the pass. The methods for
controlling the functioning of the pass should be appropriate to the type of pass. If
necessary, several methods may have to be combined tedalanthe different
disadvantages dfie individualmethods. Various traditional methods are listed below,
which, when used in the appropriate manner, can help to provide reliable data on the

functioning of the fish pass.
Fish traps

The standard methodrfeesting both naturdboking and technical passes is trapping

the fish. Traps can be used provided that the cross section of the pass can be completely
blocked off by the fish trap and that there is a tight connection to the bottom. The fish
trap shoulde installed immediately at the water intake @ passand can be built as

a box, pedestal or special fish trap according to local circumstances. Box traps are the
most appropriate for use in pool or slot passes, their size being determined by the
dimenson of the pools. The traps should be set in the uppermost pool. Control traps,
which are, for example, set in resting pools or which are not set immediately at the
water intake do not give any definite proof that fish can negotiate the total length of
the pass. The fish trap should be made of robust, dark, plastic yarn with maximum
mesh size of 10 12 mm to allow the catch of young fish during the control. Box traps
consist of a light aluminium frame, whose sides are filled with either plastic netting or
coated wire mesh. Control tests with traps require intensive care by trained staff. Fish
may be injured as a result of higansity in the trap, particularly in times of increased
migratory activity. Frequent emptying can prevent this. The fish are renfroredhe

trap, measured and their parameters recorded according to the defined programme, and
released into the headwater. Since the trap, in the way it is set, prevents migration
downstream from the headwater into the fish pass, this method providéxderelata

on upstream movement.
Blocking method

This method involves blockingff the water intake of the fish pass (i.e. fish pass exit)
with a net or grid to prevent fish swimming in from the headwater. All fish are then

removed from the fishway, eithéy electrefishing or by drying the pass. Control
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fishing, which is carried out after a certain time, reveals the fish that have entered the
fish pass from the tailwater. This method can be applied at all passes that provide
places for the fish to rest.ik, therefore, not suitable for Denil passes. Problems arise
particularly from clogging of the blocking device by debris and floating solids. Test
fishing in a fish pass using conventional methods or eldistnong is not suitable as a
function controlunless the water intake of the fish pass (i.e. the fish pass exit) is first
blocked off. It is otherwise, impossible to determine from which direction the fish

migrated into the pass, i.e. whether they came from the tailwater or headwater.
Marking

Marking of fish can be used to control the functioning of the more natural fish passes
and is often used to study migrations in aquatic systems. Marking of fish must be
reported to, or approved by, the appropriate authorities. There are different methods
for making fish, such as the use of coded marks (tags) or dye injections, each of which
has distinct advantages and disadvantages. When using this method autochthonous
fish, that is caught in the relevant waterbody, is marked and released into the tailwater
of the dam being investigated. Control of the functioning of the fish pass then consists
of proving the presence of marked fish in the water intake area (fish exit area) of the
pass or in the headwater. Information about the recapture of the marked fish can be
gained either directly by using conventional methods, such as fish traps or-electro
fishing, or through the notification by anglers of any marked fish caught. Since the
recapture rate is generally low, large numbers of various species and sizes must be
maked for release into the tailwater. The relationship between the total number of all
fish marked and the number recaptured must be taken into account when assessing the

results.
Electro fishing

Electrofishing is frequently used for qualitative and quitive investigation of fish
stocks. Under the influence of an electric field in the waiay fish present first swim
towards the anode (galvanotaxis) and are then anaesthetised for a short period
(galvanonarcosis), whidiercesthem to be captured. Tlish can then be investigated

as to species, size category etc.. If the eldittiong equipment is used correcttize

fish are not injured. Electrfishing (in Germany) must only be carried out by specially

trained persons and requires the approvahefrelevant authority and the agreement
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of the holder of the fishing rights. Electfishing gives qualitative and
semiquantitative estimates of the fish stock in the headwater and tailwater of dams.
The determination of stock size can be used to assesstent activity of the fish
fauna at the time of monitoring and also constitutes the basis for estimating the
functionality of the fish pass. In combination with other methods, such as blocking the
water inlet to the fish pass or marking, electrofistgnges the possibility of proving

that fish manage to negotiate the pass.
Automatic counting equipment

Automatic counting equipment allows the ascending fish to be observed without
disturbing them. The various methods are based on different principlasdingl
movement sensors, light barriers or video control, and many are still largely in the
exploratory stage. Optical systems can only be applied if there is sufficient viewing
depth. Light barriers and movement sensors only allow the fish to be couttiedtwi
distinguishing species or size. A more sophisticated combination of video monitoring
and image processing systems allows a differential assessment of the functionality of
the fish pass (Larinier and Travade, 1992). In most ctseapplication of @tomatic
counting equipment presupposes separate observation chambers, devices or
installations mostly at the water intake (fish exit) of the pass. If these methods are to
be used, provision must be made at an early stage in planning before buildisy the fi
pass. Expenditure on regular checks and maintenance of automatic counting

equipment is high.

3.3.2Evaluation program

The assessment of the results of controls of the functioning of fish passes presupposes
detailed recording of data. In addition to locabpecific data for the river stretch and

other factors that may influence the test results, data on the methodology used,
including the duration of exposure of the fish traps or the cycle of emptying these traps,
are required for correct assessment. Unisttifunctioning and complete failure of a

fish pass are both easy to demonstrate, but proof of restricted or selective functioning
for specific species or sizes is considerably more difficult. Proof of the full functioning

of a pass by the analysis angessment of fish ascent figures should be carried out
using the following criteriai) Results of monitoring are to be assessed in relation to

the main periods of migration that are specific to species and waterbody. Here,
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concomitant factors such as diactpe conditions, temperature, moon phase etc, should

be consideredi) Fish migrating through the fish pass are to be assessed in relation to
the stock densities in the headwater and tailwater of the dam. This can be done by
comparing the results of thasli pass monitoring with the natural dominance
relationships (as percentage data) and the size range of the species actually present in
the water. According to thgeneral requirements fish pass can be recognised as
functional if all species of the patial natural fishfauna, in the different stages of
development and in numbers that reflect their relative abundance in the watercourse,
can find the fish pass entrance and negotiate the pass. However, this frequently
presents methodological problemEhis is becausgusually not all species of the
potential natural fish fauna are represented in the \matkm particular the presence

of small fish species is difficult to prove with traditional methods such as fish imaps
addition, species that arextremely rare in the river may not be detected during
monitoring, although these species miayprinciple be able to negotiate the pass.
Therefore, it isnow allowed to believe that a fish pass functions wedlah be proved

that all fish species aclly present in the affected river stretch, in their different stages
and relative abundance, can find the entrance and negotiate the pass. The pass can be
considered functional even for extremely rare species or species that are not recorded
because ofite methodological difficulty to catch theifi other species with the same

ratio of body size to pass dimensions and similar swimming performance are able to
negotiate the pasthe plausibility that the fish pass entrance can be detected and the
pass be egotiated must also be given for species of fish of the potential natural fish

fauna that are currently not represented in the population of the watercourse.

3.3.3Maintenance plan

The need for regular maintenance must be considered from the start of plafisiing a

pass as poor maintenance is the chief cause of functional failure in fishways.
Obstruction of the exit of the pass (i.e. the water inlet) and of the orifices, damage to
the fish pass structure or defective flow control devices are not rare but can be
overcome through regular maintenance. There must be unhindered and safe access to
the pass so that maintenance can be assured:-tGlaagure types of construction such

as rock ramps are easier to maintain than highly technical structures because
obstructon with debris of the water inlet area or the boulder bars is rarely total and
does not immediately halt operations. Highly technical structtinesefore require
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more frequent maintenance. A maintenance schedule can be drawn up or adjusted on
the basi®f operational experience of the type and frequency of malfunction of the fish

pass in question. Maintenance must always be carried out after floods, however.
Structural and operational maintenance

It is an offence not to maintain the pass in an effeciind efficient statd=ollowing
guestions must be asked for the maintenaHoev often will the structural integrity
of the pass be checked, and by whRdt#ow often will the pass be checked to ensure
that it is operating correctly and is not compromisedddyris collection, and who will

be responsibl2

3.4 Project Phases

Project phases of fish passage design includes preliminary project, feasibility and final

project reports.

3.4.1Preliminary project report

In this stagethe whole data about the suitable site sashbiological, physical and
economical are gathered. All the various fishway designs of conceptual design
alternatives that may meet fish passage objectives at the project site are idemdified
issues raisedthroughout the first elimination processamorg alternatives.To
summarize, preliminary project report consists of examination of various design
alternatives and preparation of feasible options by considering site conditions and dam,
weir, culvert characteristics, fish species and sizes, water lenelsflows, fish
behaviour and stamina, debris and ice, bank protection and stream scour or
sedimentation. It gives clear picture of the type of project envisaged, legal clearence
for construction from various agencies and individuals whose property magtis be
involved and provides initial list of alternative conceptual designs for a detailed

feasibility study.

3.4.2Feasibility report

Feasibility includes the detailed appraisal of the options and identification of the best
solution. T hi s phase iiosn aonf ficeovnacl eupattu a | design al't
includes a more detailed examination of site characteristics, conceptual design details

and limitations, and estimated costs for each design. The feasibility study supports
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selection of the prefered alternatigesign.At the feasibility stage the expediency of
using any of the practical options identified at the concept stage is investigated in
depth, and outline design is prepared for the recommended option(s) chosen for final
detailed designFeasibility assesnent report comprise of six sections such as
introduction, existing obstruction, constraints, feasibility options, conclusion and

appendices.

Introduction section includebrief, gte, fish species, dataosrces, river flows,
consultations Existing obstuction section includesistory, type & construction
(including plans), use & operation, visual inspection & condition, external influences,
hydraulic @sessmenConstraints section includes topography of existiogjroction,
structural condition of exigg construction,upstream & dwnstreamwater levels,
access & working, environment, ownership, conservation matters, planning matters,
utilities. Feasibility gtionssection includesequired operating range, option types,
assessm of options (1 to np)recommended option(s), budget costireate(s),
outstanding & miscellaneoussuesAnd finally, conclusions andmpendicesections

takepart in as a final stage in feasibility assessment report.

3.4.3Final project report

Final project report is the ultimateport of the fish passage desighis phase builds

on the preliminary design and incorporates review comments, recommendations and
the results of modelingFinal project report involves) project summary,ii)
introduction, iii) location, purpose and #uority, iv) biological considerations,
assessments, and benefits of fish passage, v) plan formulation, vi) proposed fish
passage facilities, vii) construction cost estimates and schedule, viii) economic
evaluation, ix) environmental compliance. The eratipct of this phase is the final or

functional design and specifications in preparation for the bid process.
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4. DESCRIPTION OF THE CASE STUDY AREA: VEREINIGTE
WEI CERI TZ RI VER

4.1 Background of Study Area

4.1.1Geography

The Wei Cer i t z isRtuatedrrthe @astern parhef the Ore Mountains,
East Germany, between®® and 5849 N (northern latitudpand 1385 and 1345

E (eastern longitugeWe i C eRivar tachmen(Figure 4.1)belongs to Elbe River
basin district{Upper Elbe River ésin)andsubdivided into Rote (Red), Wilde (Wild),
and (Vereinigtd ( Uni t ed) RiVe T Ber We z igee caichmentldivs
through the eastenpart of theOre Mountains The drainage area covers about 384
km? with a total river(including Vereinigte, Roterad Wi | driéz Rie) ler@eh
102 km.Length and aredataconcerningheriversmentioned abovaresummarized

in Table 4.11t should be notedtha t he Ri ver Wi thrdughbdtein Cer i t
Federal Republic dsermany and Czech Republic whilthers(Wilde and Vereinigte
Wei Cer itz Ri vanlynFefldrabRepublit df Geomegyh

Table4l: Mai n data of t héameRti(laneleshaVgestadC@resden z ¢ a
Die Oberburgermeisterin, Umweltan2)10)

River Length, km Area, km?2

Germany47 Germany150.3

Wilde (Wild)
Czech Republics.3 | Czech Republic12.3

Rote (Red) 35.4 154.3
Vereinigte(United) 14.2 66.7
Total 1025 383.6~ 384

33



Ver ei ni gtRiverwWéim€dby thetcanflueec of t he Wil de (Wil d) \
Riverand Rote (Red) Wei CeFraitdletwden 5086854'ANt t he t owl
(northern latitudpand 1337 46" E (eastern longitudeVer ei ni gt e Wei Cerit z
al so named as United Which@aranftuenceaiveroWei Cer i t z
Wei Cer itz RiFgee 4.1lkisaatls krmshaorttleft tribuary of the River

Elbe which flows through 5.5 km in Freital (District: Sachsishe Schwei

Osterzgerbirge 8.7 km in Dresden (DistricDresden Stadt) andpers up to Elbe

River (61.5th km of the River Elbe) in Cotresden between BB' 48" N (northern

latitude and 1341’ 12" E (eastern longitudeIn detail, it flows through (upstream to

downstream) FreitaHainsberg, Plauenscher Grund, Stadtgrenze Dredelanen,

Cotta respectively. The Ri vatchmaéheareainni gt e We i
Federal Republic of Germang.e r i a | view of Vereinigte WeiCe

Figure 4.2.

N
s Dresden
Legend
urban area
N river/brook o
. P
reservoir a?
0 -
o -
catchment Germany E il o ..0
area '.-"-‘. T Ceio
':"'-‘."' border ".‘Czechia ¢ L1 Skm

Figure 4.1: Catchment area of the case study (Bornschein and Zail).
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Figure4.2:Aer i al view of VereinigtdDrdddenCer i t z
Die Oberburgermeisterin, Umweltamt, 2010).

It has approximately ten small inflows such as Plauen Grund valley and Weidigtbach.

In urban area, there are seven water sources in the Plauen Grund @dfiey.

important tributaries outside of Dresden are WiederitzsPe n b ac h, Rot e We
Schloz b ac h, Heckenbach, Seerenbach, Henn e
(Landeshauptstadt Dsden Die Oberburgermeisterin, Umweltamt, 2010)

Catchment areas regarding each rivex.,, Ver ei ni gt e, Rote and \
Riverwith streamgauge stations and damillustrated Figure 4.3. The following
configuration displaystreamgauge stai ons i n Rote Wei Ceritz
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Rivers measuring water level or depilnere are additional three matreamgauge
statonagnVer ei ni gte Wei Ceritz River Hainsbergh ar e not

6 (after 2005replacement of Hainsberg dhd Plaueri2012)(Sachsisches Landesamt

fée¢r Umwel t Landwj20l®.schaft wund Geol ogi e
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Figure4.3:Ver ei ni gt e, Rote and Wil de Wei Ceritz Ri

The Wi ldaitRiWtariseSi n Czechi a nlketween5ddZ0®N MNst o
(northern latitudpand 1340 55' E (eastern longitude forms theCzechGerman
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border along 1 km anfiows through47 kmin Federal Republic of Germar{ifree

State of SaxonySachsische Schweiz Distriathtil it joinst he Rot e Wei Cer i
to form Verei ni a the towhef Fréital batween 5658 648 N

(northern latitudgand 1337 46" E (eastern longitude In detail, it flows through
(upstream to downstreaiNpve MO s t o, R lengenbierg, Datfhain KEdle Krone,
Tharandt, FreitaHainsbergrespectivelyThe Ri ver Wihhsdl23 Kiei Cer i
upper catchment area in CzeRlepublicand 150.3 krh catchment area in Federal

Republic of Germany

The source of the Rote WeisserRaver lies close to théowns of Altenberg and
Zinnwald-Georgenfeld (Cinovec) at the CzeGrrmarborder between 5845 42" N

(northern latitudgand 1344 13" E (eastern longitudeand flows througt85 kmin

Federal Republic of Germar(free State of Saxonysachsische Schweiz District)
untilitjoinst he Wi | de We i CV¥ereint gt eRiWesirCdroi tf 2 rRi v e
of Freital between 5858 54" N (northern latitude and 13 37 46" E (eastern

longitudg. In detail, it flows through(upstream to dowstream) Altenberg,
Waldbarenburg, Kurort, Kipsdorf, Schmiedeberg, Obercarsdorf, Ulberndorf,
Dippoldiswalde, FreitaHainsbergespectivelyT he Ri ver Rote Wei Cer
km? catchment area in Federal Republic of Germany.

4.1.2Population and socieeconomy

Population has an impact on water in direct and indirect Wédesformer consistin
modifications to the circulation of watand its quality by withdrawals, waste water
disposal, riveregulation etc. The latter conggt modifications of vegetatioand soil
cover: deforestation and compaction reduceabsorptive capacity of the soil and
accelerate water runoff; thtawuses floods and deficits of recharge of aquifers; the loss
of soil protection accelerates erosion and leaching, increasitey polution; finally,

air pollution affects the chemicptoperties of water through precipitations (viz. acid
rains) (Population Information Network (POPIN) Gopher of the EditNations
Population DivisionDepartment for Economic and Social Information and dyoli
Analysiscontrib. by FAQ 1994)

In order toperceive the population in the natural boundaries of the catchment area,
population density in regional boundariae introducedn Table 4.2 Study area
( We i Ce r iatclmmer® icongsts of part thfe DresdenStadt,Sacsische Schweiz
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(After 2008, Wei Ceritzkreis andndBamedhsi sche
asSacsische Schweiin Federal Republic of Germanyakca r | o v ain€2edh kr a |
Republicdistricts According to the population and area 31 December 2012 by

district free cities and counties of Free State of Sax@maple 4.2, population

densities of theidtricts that is mentioned beloare 1599 and 149 capita per square

km, respectivelyBased on the \aes that is shown in Table 4.1 can be interpreted

thatt h e We Riv@rcatéhment area densely populatedin the city centre of

Dresdenwhereas lessnhabitants settledn Sachsische Schweias compar to

DresdenStadtPopul ati on esti mates of tsioitl@er i t z Ri

scope of the thesis, therefore the population of the investigaton aretingluded
here.With regard to basipopulation in Dresden, Stadtithin the borders of the
We i C eatchment aredBornschein and Pohl (201%)ated that about700 (%0,9

of Dresden, Stadt populatiomhabitants live within the possible inundatiarea of a
100-year flood oftheRiver VereinigteWe i Cer i t z i n Dresden.

Table 4.2 The population and area of interested districts in Federal Republic
Germany (Statistics of Free State of Saxony, 2012)

District Municipality | Population| Area Population
(km) Density
(capita/knf)
Dresden, Stadt 1 525105 328 1599
Sachsische Schweiz
Osterzgerbirge 36 245927 1654 149

The WeiR@er isipart of a heterogeneous area with economic and social
development below average. In summatrgan be stated that the area suffers due to
its heterogeneous structure from an accumulation of environmental, economic and

social problems in additioto thoseof urban structure (Egermasenal, 2006).

4.1.3Topography

The Wei Ceritz cat chmeQrdMountinshndextandsefrdm i n t h e
the crests at the Germ&zech border over middle and lower mountain region as well

as the hilly country dowto the lowland of the Elbe vallelt.extends from Czechia in

the soutrabout909 netre above sea level to the Elbivd® at the city of Dreden in

the north 107 metre above sea lghtouskova et al., 2010y here is approximately

800 melevationdifference between the maximum headwater elevation level of the

S

RiverRot e Wei Ceritz and Wil de Wei &tyandt z at abot
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the confluence of the Vereinig®¥e i C d&ivarwitk the ElbeRiver nearDresden at

100 mabove sea levglASL). As it can be seen from the Figuded, Vereinigte

Wei Ceritz River i ¢ Véoeianiegt d nWd mili@erri et gzi oc
altitude (ASL: above sea level) chasgbetween the range of 0 to 400Upstream of

the River Ver ei ni-29Q re altWeeiwgezeas dovnstream ofahe 1 0 0
river is at0-100 m altitude before uniting witRiver Elbe(Bernhofer and Franke,

2009) Altitudes atthesourceo f t he Ri ver VerWiilndiegtWe iVeeirG
RoteWei Cer i t z ar maabdve SeaevelB(ASL), and® thémouth of the

River Vereinig9tled®WeW€e€Cetizt 21031488, 1880t e Wei
above sea level (ASkgspectively(Table 4.3Bernatowicz et al. 2008klopesn the

studyarea( Wei Cer i t z Rchanges beteagd chn@ A ) i sin pr eser
Figure 46c. S| opes of the Rote and Wil de Wei Ce
Wei Ceritz River (Table 4.3).

| Einzugsgebiete
Hohe in mii. NN
B 100-150
B 150 - 200
B 200 - 250
B 250 - 300
I 300 - 350
B 350 - 400
B 400 - 450
B 450 - 500
I 500 - 550
[ 550 - 600
[ 1600-650
L 1650-700
~1700-750
__1750-800
~1800-850
~1850-900
~1900-950

0 25 5 10
— e | i| 0 Mt er

Figure44:Topographic maps of Vereinigte, R
catchments (20 m rastdata, ATKISDGM2 5) (P°hl er , 20
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Table4.3 Al ti tudes above sea | evel of Wei Ceritz

River ASL at ASL at | Difference from| Slope
Source Mouth source to mouth (%)
(m) (m) (m)
Wil de We 860 183 677 1.03.1
RoteWé Cer i 905 183 722 1.1-3.0
Vereinigt 183 104 9 0.58

4.1.4Meteorology

The River Vereinigte WeiCeritz has its
which is prone to very intense rainfall eventfie easterrOre Mountains have a
moderate climig. Three climatic zones can be distirgled in the catchment of the
RiverVer ei ni gt e Abb\ei63D enraicdolaznountair) climate is preval@t

Below 650 m the loweOre Mountains have a moderate mountain clin@telhe

valley of the Rver Elbe @aound Dresden has a mild climate

The raise of the mountain range from north west to south east results in orographic
rain. Thereforelong lasting rainfall occurs during west and northwest wind weathe
and the Ore Muntains obtain twice as much rainritthe closeby plairifhe flood in

July 1987 and Agust2002 n t he Ver ei niwascausalbyiinCreasedt z
rainfall due to orographic effects time southern slopes during a Vb (Five B) weather
patterrt, which is identified by Bebber (1882), alknown as a subclass of storm
trajectory V of five weather pattern (OPAQUE, 2006PAQUE (2006) classified

climatic zones into three zonas illustratedn Table 5.1

Table4.4:Cl i mati c zones of Wei Ceritz River
Climatic Zone Mean Annual| Annual Rainfall
Temperature (mm/yr)
(AC)

Upper Eastern Ore Mountain 45 . 5 A 950-1050

Lower Eastern Ore Mountain| 6.1-:7 A ( 730-1000

Elbe River Valley 9. 1A 600-640

1L ow pressure trajectoriebom the Middle Atlantic southeastwardrass Biscay to the Mediterranean
area (Va), and from thete north-east(Vb), to Eastern (Vc) oto southeast (Vd)
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Between the years 194090, Tharandt meteorological station recorded annual mean
temperature as 7.9 AC, a nmu anbnthlynmeam pr e c
temperature asl . 2 AC ( mi n: January) and 16 AC
precipitation as 46 mm (min: February) and 82 mm (max: AugBsih¢hin et al.,

2007).

4.1.5Hydrology

Runoff is generated by rainstorms and its occurrence and quaetilependent on

the characteristics of the rainfall event, i.e. intensity, duration and distribution and
other site specific factors such as soil type, vegetation, slope and catchment size
(Critchley and Siegert, 1991\Vithin the middle and lower regiondo t he Wei Cer
catchment, runoff generation processes from arable land areas also called as
extensively used grasslands or agricultural areas with loess (silty) soil show potential
overland floww ( corresponds to 21% of Werdatorer it z
conditions.The quick interflod( cor r esponds t o 33 %ccar§ Wei C
particularly on steeper slop@sigure 4.€) and forested (spre)shallow soils (Figure

4.6b). Thedelayed interflo(corresponds th7%ofWe i Ce r i t 2 paticalare h me n t
originatesfrom areas with minor slopgEigure 4.€) and loess or deep soils below
extensively usedrassland (Figure 4%. Overland flow sealed urban are@sgure

4.5c) due to densely popukd settlement areas (Figurel#).@nd overland flovareas

with small infiltration (Figure 4.5c)due toloess (silty) soil typegFigure 4.@) is
generated in the | ower part of the Verei
flow sealed urban areas dominate throughout the towns in the uppeop#nes
Vereinigte We iBEcause of the slope tiffetemeesr{Rigure 4.6c), both
guick and delayed interflow is generate
(Figure 4.5c).

2Qverland flow (surface runoff) is the flow of water that occurs wheegxwater from rain, meltwater,

or other sources f | oMmgerflawisethe lateral enovenzent nflatérsn the ur f ac e .
unsaturated zone, eadose zonethat first returns to the surface or enters a stream prior to becoming
groundwater Quick interflow = Direct runofi Surface runoff (Overland flow), Delayed interflow =

Baseflowi Groundwater runoff.
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Legend
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Figure 4.5. Spatial distribution of runoff generation processes resulting from the
application of the Expert system FLAB:
subcatchment. (Ch)meWwWdi.C{iagh WeulCeatitz cat
(Bianchin et al., 2007).

4.1.6Geologyand hydrogeology

Wei Ceritz River <catchment(Centsal highdandsbioof Eur opesa
coenotically relevant siliceous highland streams and divansl its lithology is

dominated by by gneissic, granitic and porphyric bedrocKPottgiesser and
Sommerhause2004). The area of today's prevailing Proterozoic rock formations

initially between the Ore Mountains were intensely folded during the Variscan

orogeny in the Carboniferous asidlaped to metaonphic rocks (mainly gneiydn the

late phase ofhe Variscarorogeny (Upper Carboniferousgjranitic magma intruded

into the metamorphic rocks and led to the formatiovenristhat were used by mining

from the 10th century (Wagenbrefl982).

4Subecorgions: the piedmont along the Danube west of Vienna and the ggaeitss mountains
contains of Bohemian Massif extending north to the borders of Germany and Czech Republic.
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They are in the middle layers of the Ore Mountains inISE/direction as quartz dn
long granite porphyry(rhyolite), in the region of Tharandter forest and in the
southeastern region of the Ore MountainsflaBy quartz porphyriesDuring the
Cretaceous periodivers with wide floodplain$ormedthe landscape. Inortheastern
outskiits, smallandpowerfulsandstonesccurredon the beackre gneisandline of

the Cretaceous sea, and teasve as doundaryfor Elbe Valley zone. Tertianyeriod

lifted the Ore Mountainsandin the endCheb hillswas formed This process was
accompanié by basalt volcanisnalong thefault zone Deep erosiomccurred inthe

river caused the emergence of the existing tdday h i g hFinally Quatarcagy
period formed Ore loess soildrom north westernareato the partial southinsular
(Wagenbreth1982). TheOre Mountainss slightly permeable along with the fractures,
fault zonesweathered zones and sandstdahas havegoodground water conductivity
occurred in the period @retaceousThe hypodermic flowis dominant in the region

For the entirestudy areglow well yield of less than 1 §with mostly scree sources
which have a strong connection to downpowas specified(Lauterbach 2000).
Jordan andWeder (1995)ndicated thathe aboe and underground hydrogeological
characteristics intheesudy ar ea of Wei Gelamgdyadenkcalv e r
However, the local flow conditions can be greatly affected by miaictyities
Hydrogeology map (Figure A.1l) depicted by LfUG pointed out that Vereinigte
Wei Ceritz River coadreahdiserbed byi uadergraundpronsig d
hydraulically effective( pore fraction of minorand highimportance for the flow
events areas with groundwater management in rocks with mostly low to moderate or
locally strong varying permeabilitieareas withsilt and sands of terminal moraines
with very changeable hydrodynangondition, areas with rand pleistocene of local
importance as the maiarea of high surfaces and thalers predominantly lax
(downstream region) and silts and salts of the terminal nesawth very changeable
hydrodynamic condition (downstream region).

5 Also called as subsurface flows, the flow of water beneath earth's surface as part afidber cycle
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4.1.7Solil types

Germany

B

Legend

] Regosols, Rankers Il Settlement area — sealed = g“ < §° = \WeiReritz catchment border

B Gleyosols dystric [ Settlement area — partly sealed [N Mgl .

Bl Fiuwisols, Gley @ Agricultural crop land . 6°...< 12° = Hockenbach subcatchment border

[ Histosols [1 Grassland - 12°...<25° = \Weillbach subcatchment border

Hl Shallow, skeletic Umbrisols [ Deciduous forest — 25° ... < 309 NatiohalBorder

Bl Sandy loamy Cambisols Hl Coniferous forest Em 30°...<34

B Silty Cambisol B Mixed forest [ ] 34: oes % 50: 1:250 000

Il Stagnosols B Moist area H 50°...<60 0 25 5 10 15

Bl Podzols I Surface water Il >60° e el ilometer
Figure 4.6:Wei Cer itz Catchment a) Soil types 1:200000 b)

(CIR) Imagery Biotope Type and Land Use Mapping) c) Sl@g@eM 20

(Bianchin et al., 2007).
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Soils in the catchment area were mainly formed on periglacial debris. Therefore, the
soils, especially in the upper areas, are shallow and skeleton rich. According to the
geologicalinitial situation, sandy loamy Cambisols are widespread in the study area
(Figure 4.6a).

In the upper areapoor Podzols and shallow skeletic Umbrisols are dominating on

loess silty Cambisols and Stagnosols. The valleys are usually characterisederiéoloc

sedi ments. Only in the upper mountain re:q
few Fibric Histosols can be found (Mannsfeldd Richter, 1995) With regard to

Figure 4.@&, Regosols, Rankerand Stagnosoldormation is prevalent inthe
downstreanreaches while sandy loamy Cambisols is dominant in upstoéaine

Ver ei ni gt everWaiildReferande Basdifor SoieRourcedy IUSS(2007)

classified Regosolas soils with no significant profile developme@ambisols as
moderately developed sousder elatively young soils or soils with little or no profile
developmen{Group 10), Stagnosolss structural or modematextural discontinuity

under soils with stagnating wat@roup6).

4.1.8Land use

In referenceto Figure46a t hird of the Wei Cerit,z catc
which stands mainl consist of sprucePinewood forests atsshare great parts of the

area.Only some small woodlands consist of deciduous tree communities. Almost half

of the area is usefr agricultur, with considerably more agritiral crop land than
grasslandAgriculture dominates in the lower and middle regions. The northern part

of the catchment is particulangarked by the settlement areas such as towneifal

andcity of Dresd@ (Mannsfeld and Richter, 1995).

Deci duous forests are major component of
River. Along the watercourse, agricutiicrop land areas dominate the reaches with

few grassland and settlement areas. Matouskova et al. (2010) articulatadythiaé
upperreaches f Rot e We do@restreant from tRe Altenlberg reservoir, and

the lowerreaches beteen the Malter damand the townof Freital remain largely

uninfluencedby human activities (nature conservation areas)

Deciduous forests with agricultural crop land and grassland areas are primary fields of
the upstream reaches of Rote WeiizRieer, i t z Ri

the immediate vicinity of th&verWi | d e Wis almostuninhabited, except for
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the towns of Tharandt and Freit8maller settlements are located in side valleys or on
the valley slopes and affettte river only locallyMatouskowa et al., 2010)

Few forestagriaultural and grassland areas are located in the upstream reaches of the
Vereinite Wei Ceritz River wher eas densel vy

characterise the downstrearfigure 4.7 demonstrates the regional bounddriand

natural boundaries oftudyar e a . The | and cover of Wei Cer i
recorded by CORINE Land Cover (1993 given in Figure 4.71n reference to Figure
47, Vereinigte Wei Ceritz River is covered mo:

andupstream reaches where few agricultural, forest and natural areas is observed in
its surroundings
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(Merta et al., 2007).

SWei Cer i t z omedBachsidchesSchwedisttictin 2008and named aSachsische Schweiz
district ultimately
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LfUG (2004)stated thatbout 60% ofthe catchmenis dominated by spruce stands,
deciduous species and mixed type of forests; some 20% grassland, 10% arable land,
4% swamps and 6% sletinents characterize the remaining parts of the catchment.
More upto-date study that is carried out by Foltyn (20D@)icates that the catchment

area is composed of 34% of forest and afforestation areas, 26% of agricultural crop
land and horticulture, 24 of grassland, bushes and moorland, 1&%ettlement

areas, industry anahfrastructure, 1% of surface water, less than 0.1% of hedges,

groves, tree rows, less tharb@ of other areas (Table 4.5

Table45Act ual Land Use i n Wefiar€k(CIR)inmgeat c h me
Bi otope Type and Land Use Mapping) ¢
and H°ckenbach subcatchment (Foltyn,

Wei Ce Hockenb Wei Cba
Land Use Catchment| Subcatchment Subcatchment
ProportionOf Area (%)
Forest 12 16
Afforestation Areas 34 <0.5 8
Hedges, Groves, Tree <0.1 1.5 15
Rows
Grassland, Bushes, 24 7 44
Moorland
Agricultural crop land, 26 69 21
horticulture
Surface water 1 <05 <05
Settlement areas,
industry, infrastructre 15 9 9
Other areas <0.5 <0.5 <05

4.2 River Properties

River properties are investigated in terms of ecohydrology (hydromorphology,

hydrobiology and hydrochemistry) and ecohydraulics.

4.2.1Ecohydrology

Ecohydrology is an interdisciplinary field that iraetswater and its ecosystenihe

field consists of hydromorphologlgydrobiology, hydrochemistry and ecohydraulics.

4.2.1.2Hydromorphology

1) River mntinuity (Linearor longitudinalconnectivity)
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River continuity is evaluated by the number of impassaibiicial or physicabarriers

(weirs, sluice,crossingsparrage odams, etc.) that disturb the migration of aquatic
organisms and sediment transpbish rely on migrations to satisfy their requirements
with regard to the structure of the biotope idgr their different life stages.
Longitudinal connectivity of rivers thus has an extremely important role to play with
regard to reproductive exchange as well as to the spreading of populations and the

recolonizatiorof depopulated stretches of river (DVWK996).

TheVereinigteWe i C ®ivarwag the first SaxonRiver, for its management due to
perennial water measurements, a water management plan was drawn up, which aimed
in particular to the flow regulation by damRecorded flood in 1897, which had
devastating effects of the paeedthdvwasfahef Ver ei ni
construction of the dasin the 2" century Dams influence fish migration by altering

the flow of river systems as well as by presenting physical obstacles. The
impoundnent of a stream coverts flowing water into water that is essentially still. This
may slow or disorient downstream migrants that depend on the flow of the stream to
carry them to their destination and/or on the direction of flow as an orienting cue to
direct their movement. One might expect that the reduction in water flow above a dam
would facilitate upstream movement of fish through the impoundment by reducing the
velocity that they have to counteract by swimming. If the stream flow itself is an
importantdirectional cue, however, migrants may become disoriented in the quiet

water above a dam.

The RiverWi | d e WaeavasGanmedd ¢ t wo r eslkde(upstreamp Lehnmg
completed in 193and Klingenbergdownstreamgompleted in 1914vith its predam

strudure completed in 195#h German territory which is represedta blue circles

in Figure 4.8 Both supply drinking water for Dresden and Freital, serve flood

protection and hydro-power plant There are fifteerimpassableartifical barriers

(68,18%) togdher with six fish passage structures @76) out of twenty two

hydraulicst ruct ur es al ong t Heurfighipassage siNictirekse Wei Cer
(66.67%)out of sixarein operation and only two of thei{33.33%)are partially

operatedSMUL, n.d).

TheRivero f Rot e wasam@edrby thezMalter reservggdownstream) with
its predam structureompleted in 1913wvhich is represented as green citiol&igure
4.8, is serving flood protectionndustrial water supplyhydro-power plant and local
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recreation.And in the upstream, there are tewtificial lake bodiesgtorage structurgs
namedAltenberg(completedin 1993 and Gr o Cer (capletefie b563& i ¢ h
andreconditioned in 1942 and 1997Mhese lakesrerepreseted as blue circle in

Figure 4.8, and theysuppl drinking waterand serves flood protectiorLange and

Mel tz (2012) de n @dngrdction trgoinhgsihce 20d4eu 2018p e | (
and Waldbarenburg (planning-gioing) retention basins were going to be built for the

purpose offlood protection betweerMa |l t er reservoir and A
Galgenteichlake bodies gtorage structurgc | ose by upstream of
River. These two flood retentiontethassi ns i
red circles in Figure 8. There are nine impassable artifical barri@6.0%) togeher

with four fish passage structur@s$.(%6) out oftwenty fivehydraulic structures along

the River Wil de Wei Cer i t(75.0%)dubhof feuearefinn s h p a
operation and onef them(25.0%)is partially operategSMUL, n.d).
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Both Wil de and Rote Wei Ceritz have no fish p
hydropower plants. Construction of the fish
River near to its flood retention basins is not essential because of the seasonal

fluctuation of water level in the basin.

LAWA field survey method which took place between 2003 and 2005, detected 51

impassable crosstructures (smooth slide/ramp, high/vemgh fall/slope, rough

slide/ramp depending on slope, height and length) higher than 0.3 m that restrict river

continuty i n Wei Cer i t zhe Rumieeof structaresdeaammaonitong T

section of rivers are 10 impassable structures a&Nilde We i Cer i t z Ri ver up
Lehnm¢ghl e rl¢ $ dmpaseable strctdfes oWi | de Wei Cer it z Ri v
bet ween reservoirs LeR)hdnpassablastrtturéslom ngenber c
Wil de Wei Ceritz River up to confl uwttnce with
River up to confluence with Elbe River (8), 17 impassable sturctures @tote

Wei Cerit z Ri ver up t o c o(RW-1),uBeimpassablevi t h r ese
structuredsnRot e Wei Cer itz River up to confluence w
2) (Matouskowa, 2010).

Altough there are no dam structures along the water course of the Riveriyfterein

Wei Cer i t B), tHefe arg numeroudartifical barriédsne hydraulicstructures

were detectedlaong t he Ri ver aicareummarizediredbld4si Cer i t z
Ther e wer e t wo mor e weirs call ed Coschyg¢gt
Al bert/ Schwei zerf rSam atClree amo ultlh 0®f0 %emr ei ni gt e
which are decommisioned in 2007 (SMUi.d).

2) Hydrological regime
Quantity and dynamics of waterflow

Daily discharge measurements at the Vereinig
carried out since July, 1882. Outflow record (flood) in the past recorded was> 800 m

at the Plauen district in July, w&8e7. On t he
(di scharge) recorded in the past at the fornm
2000)) were 108 s and 230 rifs in July, 1954 and in July, 1958, respectively.

In accordance with LfUG, from upstream to downstream, there are two stream gauge

(gauging) stations which are established recently: Hainsberg 6 (water depth level with
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remote data transmission without flood warning function) and Plauen (water depth
level with remote data transmission with high water alarm function at 190, 220, 250,
280c m) on Vereinigte WeAw rage flowzeloftiessveere ( Fi ¢
between 0.D.6m/si n t he Wei Cer i MatousRavavetal., 2@€1@)t ¢ h me n t

Table46:Barri er structures on Vereinigte

Name Location Distance fom
mouth (km)
4618388.00
Elbe estuary 5659954 00 0.095
4618412.00
Hambur ger 5659868.00 0171
. 4618520.00
Sohl gl eite FI 5659396.00 0.677
4619655.00
Sohl abstur z H 5657866.00 3.640
. 4619432.00
WKA Bienert 565582600 5.930
Wehrschwelle Plauenscher 4617764.00 8.352
Grund 5655020.00 '
. 4616737.00
Wehr Hof emg¢ hl 5653978.00 9.990
] . 4615725.00
M¢chl e Freidt 5651868.00 12.710
. . . 4615050.00
Wehr Papierfabrik Hainsber 5651194.00 13.060

Branden-
burg

3

Sachsen-
Anhalt

= Tschechien
Legend:

O waterdepth evel with remote data transmission without flood warning functic
@ Water depthédvel with remote data transmission with high water alarm functic
o

No data available
@ Below mean minimunmvater flowrate

Figure 4.9 Stream gauge stations of pgr Elbe River basin (LfUG, 2014).
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Additional gaream gauge (gauging) station called Cdttperated between 1999 and

2012)is situatecat 11203 m elevationn DresdenStadt,1.2 km right from the mouth
(downstream)of Ver ei ni gt e We/B W ekm’iof z t Riev &Me,i Cer i t z Ri
catchmentThe fllowing table (Tablet.7) presers flow rates(minimum, average,

maximum)for each montlhat were measured Bireamgauge (gauging) statidbotta

between the years 192910. Average flow rates were obtained loglculating

arithmetic mean ofleven year§19992010) ofmean flow rate (dischargdata (Table

4.7) for each month.

Table 4.7 Minimum, average and maximum flow rates at stream gauge station Cotta
(m3/s).

Flow |Jan.| Feb| Ma | Apr | Ma. | Jun| Jul | Au | Sep| Oct | No | Dec
rate : r. . e y g. t. . V. .
Minim |03 | 06| 09| 06| 05|03|02|02,00|01|03|03
um |71 | 82 | 78 | 99 | 18 | 36 | 44 | 57 | 68 | 4 | 71 | 71
Averag| 421618044 |16|16|13|35/,19,20|36| 3.1
e 48 | 55| 98 | 42 | 91 | 45| 95| 13 | 65| 77 | 93 | 88
Maxim | 37. | 25. | 42.| 34.| 37.| 27.| 24. | 300| 47 | 37.| 36 | 28.
um 3 I 7 7 6 2 4 2 4

By making use of the data Trable 4.7 the followingfigure are introducedSecondary
axis was placetb showmaximum flow ratesAt stream gauge statidbottalocated

ontheVer ei ni gt e Wheeio@sstrflowtrate reRardedsas Q.068 ni/s in

September2009 whereathehighest flowrate recordesvas 300 r¥s in August,2002

(Figure 410).

Starting from 1999, eleven years of measurements of minimum, mean and maximum
flow rates had been taken at stream gauge station Cotta @il @ fUG, 2012) and

are given in Appendix B.1, Appendix B.2, Appendix B.3, respectively. Taking the
minimum flow rate records (Appendix B.1), a flow rate of 8.73smwas found to be

the highest minimum discharge recorded in the year 2009 and a floyf €068 ni/s

was found to be the lowest minimum discharge recorded in the year 2009. The mean
flow rate data (Appendix B.2) show that 23.9srflow rate was the highest mean
discharge recorded in the year 2003 and 0.3%4 was found to be the loweasian
discharge recorded in the year 2002. It was observed in the maximum flow rate data
(Appendix B.3) that the highest maximum (peak) discharge was 380and it was
recorded in the year 2002. In addition, the the lowest maximum discharge observed
in the same category was 1.08/snand it was recorded in the year of 2004.
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Stream Gauge Station Cotdde r ei ni gt e W

River
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Figure 4.10: Flow rate measures of stream gauge station Gétear ei ni gt e We i
River between years 1999 and 2010.

The kst three column@vinter, sunmer, yearpf AppendixB.1, AppendixB.2 and
AppendixB.3 aredepicted in Figure 4.11, Figure 4.12 and Figure Ad8pectively.
Minimum flow rate in a year is determined witspecto summer seasomhe lowest
minimum dischargeecordoccurred in thesummer of 2009Figure 4.1). Meanflow
rate in a yeawasdetermined based aneanflow rates in two season$he lowest
meandischargeecordoccurred in 200 whereaghe highestmeandischarge occurred
in 2010(Figure 412). And finally, maximum flow rée in a yarwasdetermined with
respecto winter and summer seasomhe hghest maximun{peak)discharge record

occurred in thesummer of 2002Figure 4.13.
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Minimum discharge
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Figure 4.11 Minimum discharge by seasons and year at stream gauge station Cotta.

Mean discharge
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Figure 4.12: Mean discharge by seasons and year at stream gauge station Cotta.
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Maximum discharge
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Figure 4.13 Maximum discharge by seasons and year at stream gauge station Cotta.

The relief and the geomorphology of e i C e r i dazhmé&nt area cause high
precipitations irthe upper part of the catchméRasternrOre Mountains Vb weather
pattern) and a high surface reoff. Runoff characteristics are strongly influenced by
precipitation storage as snow and by snow melt and summer fdiesrelated
discharge regime was atacterized by flood events in winter and spring, with peaks
between February and ApriAppendix B.3). A secondary peak was observed in
July/August and corresponded to extreme precipitation events and thundersstonms

as flash floode.g., the major flod event in Augusk002(Table B.3.

In August 2002, Dresden was hit by floods of the River Elbe and its tributaries
Vereinigte Wei Ceroneéweekebefare the oivekBlbe floadbdaleh  (
city- flood propagation time between Freital and Degsdity is about 3 houysvhich

discharge into the River Elbe within the city area of Dresddre flood of the

Ver ei ni g tirAudusti2@ewmth atdigchargeofdb mj / s, had a r et
of 400'500 years (Umweltamt Dresden, personal commupitpatAt the same time

extreme precipitation values up to 200 mm/day were measured in Dresden.
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Normally, the annual mean water level of the River Elbe at the stream gauge station

Dresden is 1.98 m. OAugust 17, 2
(the maximum water level at the
stationsinthe@t ¢ h me nt

records.

002, the Elbe River rose up to a levél.40 m
stream gauge station Drg®&f€n 2002). All
tehtzrecB®ded reew ativies r e |

area of

Rainfallrunoff diagram of the major flood event that took place in Aud2@02 is

given in Figure 4.14Grey bars andalues on theight axis,andcolourful lines and

values on théeft axisshow precipitation in deptand dischargeaespectivelyWilde

We i Cer i isrepresentety blu

Rote and

e lineandis a source of theonfluence point of

Wi | d eTheVighes flow rate recoasasaround 220 #s

on the source dhe confluence potron August 132002
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Figure 4.14 Simulation of rainfalr unof f mo d el in Wil de

August, D12 (TS: Dam (Landeshauptstadt Dresden Die

Oberburgermeisterin, Umweltamt, 2010).

Between 12 and 14 August 2Q@2e region of easte@re MountaingSaxony/Eastern

Germany) was affected by the heaviest rainfall event redmitee beginningf the

measuring period in 1882 his value is close to the maximum physically possible

rainfall. The intensive rainfall in the catchments of Rote Weisseritz and Wilde

Weisseritz led to unexperienced heavy flash floods with large matrensiport and

flow damagesThe resulting flood demonstrated the limits of retention capacity in the
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existing dams The buffer effect of the existing dam systen(Klingenberg and

Le hnm¢ hl was abmparsitively smallecause the reserved retaining cégac

for flood protection wasnly about 15 %of the total capacitySince the dams were

very limited in their ability to hold extremely large amounts of water back, its effect

was less in a reduction, but in a delay of the flood p€his delay of the flod crest

inthe WildeWe i @®iverby the dams Klingenbergaide hn m¢ hl e vgas pr e
the flood peaks of the Wilde n d Re d Rieiin(reeitaltHiaiasbergd (1927

2008 which arrived at the same time. If the vertices would be met, the peakrflow
Freital woul d have Isdkematiely,he reservoirsafited | v 50
quickly due to the very high maximum inflow of about 1B&s. Sq a longtime

overflow of the dam system occurred withmea X i mum o f about 300
VereinigteWei C e Rivettlrough the cities of Freital and Dresden (This situation

led, e.g., tothe flooding of central railwaytation in Dresden This water flow is
comparable with a medium flow rate of tRever Elbe in Dresden, and it is about 300

times higherthan thenormal drain oft he Ri ver Vereinigte We
(Bernhofer et al., 2002 hus thehighest (peak) discharge recavds able taeach

around450 n¥/s (Figure 4.15.
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Figure 4.15 Highest flow rate (peak discharge) in Wilde, Rote anceVegte
Wei Ceritz River in AugusnDe 2002 (1
Oberburgermeisterin, Umweltamt, 2010).
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The highest (peak) discharge recorded was around 460am the former stream

gauge station ckld Hainsberg 4 (operated between 1927 and 2008) in the Vereinigte

Wei Ceritz River on August 13, 2002. This is
highest (peak) discharge record consists of discharge recorded at gauging station Cotta

(300 n¥/s) and the amount that flowed through the city center of Dresden
(approximately 150 Afs) (Bernatowicz et al. 2008).

The hghest flow rates (peak discharges) that are recorded by stream gauge stations

Hainsberg 4 (at321 kho f t he Wei Cer i t a(at3@l&rhomeent ) and C
Wei Cer i t z fordl@aotsevithmetumnt pgriod of 20 years, 50 years, 100 years

and 200 years and 4@D0 years (extreme flood: 2002) occurred in Vereinigte

Wei Cer i tesumiarizeel m Table 4.8

Table 4.8 : Peak dischamep recorded floods having a return period of 20,50, 100,
200 years and 40800 years (extreme flood 2002) (LTV, 2004)

Stream Gaug¢ HQ2o HQs0 HQ100 HQ200 EHQ
Station (HQa400500-

2002

Hainsberg 4| 111 158 189 211 467

Cotta 133 194 234 263 495

Connection to groundwater bodies

Tengr oundwat er bodi es near t oare tfonr@lat Ri v er Ver
Lo°btauerbBteialCer geBr¢ésntaruasGevealagshT har andt er st r acCe,
Thar and tPestesnitzr Breta Wurgwitz, Kesseldorf, Gittlerseec hul st r aCe,
HainsbergFigure 4.16.

2 N S
e 7o NCor o el >
, b k N i
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}‘} S \ ~
- ' \ i) 7
— i ] /
, Shchsisches Landesamt f L at ologie!” /

g st et el dsokos 2 ; =Chke s gl &
Figure4.16 Gr oundwater resources in the Vereinigt
1:125000, with catchment and subcatchment boundaries) (LfUG, n.d.).
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In August, 20@Q, area that is inundatdry the Ebe River in Dresden (Figure 4d)7

has shown that groundwatero di es | ocated near thas Vere
been outflowed by the 2@0flood. Groundwater in some parts of the city including
downstream r eaches o fivertrdsesto theesurface and stayel We i

at very high level for many months.

By ()
,—'}f‘L “ -—"“-‘f*i‘ Barin
I = | B rooded and
Sart Y8 Y, (b) (777 around walsr lovel
& ,5 : y 5 o= L2l = 2m below surface
| ¢ ' Rivers

(d)
{c)

2 0 2 4 Kiomakrs
="

Figure 4.17. Location of the research area Dresden, Saxony, Germany (a) and (b)
Areas inundated by streams and by
Dresden (c) Area inundated by the Elbe River in Dresden (d) Areas of
high groundwater level in Dresden (Kreibich et al, 2005)

Groundwater depths at a flowrate of 100 y#aod (return period: 100 years) change
between 13 m of water lgel (Landehauptstadt Dresden, Geschaftsbeictschaft,
Umweltamt, 2011)

3) Morphological conditions
River depth and width variation

Water depths thaveremeasured in 2007 at stream gauge station Cotta are @sven
an illustration (Figure 4.)8 Based upn the figure below, highest water lewetre
achieved in May and November. Appendix B.4 presemter depths for each month
that were measured lsfreamgauge (gauging) station Cotta between the years-2001

2010.Briefly, the lowest water level (LWL), mealow water level (MLWL), mean
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water level (MWL), mean high water level (MHWLand high water level (HWL)
recordedwere 13 (20042010), 19 (2004010), 38 (2004€010), 151 (2004010),
430 (2002) cm, respectivelfhe hghest water levelvasrecorded inAugust, 2002
and itwas 430 cmwhereaghelowest water levelvasrecorded in August, 2062010
and it wasfound to bel3 cm.

Wazzerstand am Pegel Cotta in cm
450 |

hiichstes Hochwasser = 430 cm

40p—t
] Diagramm: Wasserstandsverlauf WeiBeritz i
330

200

230

200

130

juli}

S0

dan, 07 Feb. 07 HMrz. 07 Apr. 07 Mai 07 Jun 07 Jul 07 Aug. 07 Sep. 07 Okt 07 How 07 Dez. 07

]

hichster Wazserstand - niedrigzter Wazserstand —&— mittlerer Wazserstand

Figure 4.18 Water depths in 2007 at stream gauge station Cotta (Landehauptstadt
Dresden, n.d.).

Current water depth measuremetitatare being undertakeat steam gauge station
Hainsberg 6sariedbetween 4660 cm in August and 560 cm in September. Water

depths that are gathered from website ipt&mber are shown in Figure 4.19

Wazzerstand
in cm
g0

1609, 17.09. 18.09, 19.09. 2Z0.09, Z1.09. 2Z2.09.

Figure4.19Water depth of Vereinigte Wei Ceritz

(Umwelt Sachsen, 2014).
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Wi dth scale of t he dRanges betwdkeaZ eni Blevationef We i C
water | evel along the Vetween IDOPMEGodYei Cer i |
Earth, 2012)Ver ei ni gt e Wei Ceri tz River has aver
the Wei Ceritz kink (2.8th km of the riv

approximately
Structure and substrate of the riverbed

Ver ei niegtz Riveridavs, Sihce the realized 18911893 laying and channeling

along the EnerichAmbrosshore link sideat the 61.5h km of the Elbe River.
Previously,it led towardsthe site of preserd ay Mar i e Bri dge ( Wei C
the eastern edge of ti@&reat Ostragehege into the ER&/er which is outside of the

city centre(Landeshauptstadt Dresden Die Oberburgermeisterin, Umweltamt, 2010).

The riverhas beenlisplaced in an old sidearm in Dresden for flood protecgasons

and therefore canalise@&dermann et al., 2006n the 19th century, its estuary had

been shifted by 8m down the River Elbe inrder to gain the areas requia the

railway connection between Dresden main station and the railway station Dresden
Neustadt.

In August 2002, Dreten became a disaster area because masses of water from the
rivers VereinigteWe i Cer itz and EI be f | Toloaed eWeit@erriidtt
River caused heavy damages duringZ@@2 European flooda Dresden and Freital.

The river left its canalised bed near the inner city and went through itsvetded

(replaced in the 19th centuryllirectly towards the Elbe riverThe river
reachedDresden Hauptbahnhak well as th&wingerand flooded some districts of

the inner city. During the2002 flood the VereinigteWe i C eRiver in Dresden

sought their old riverbed t hr ough Wei CeritzstracCe
neighborhoods Plauen Loebtay which lies between the channel and the
sameFriedrichstadtthe historioold townand the main railway statiofihe floods of

We i Cer i t z nfinedrtoethe tower reaclof&germann et al.2006) On the

whol e term of tAkesberfoaKpsdoé DippadiswaldetheMdlter

Dam to Freital, at the WildeNe i C e r TiharandtandnFreital as well as at the
Vereinigte United We i Cer i t z of F r ecausat breat damaferte s d e n
homes, roads and railway$articularly affected were th®resderChemnitz

especially Tharandt and thelauptbahnhof Dreten and theWei Cer it zt al b

61


http://en.wikipedia.org/wiki/2002_European_floods
http://en.wikipedia.org/wiki/Dresden_Hauptbahnhof
http://en.wikipedia.org/wiki/Zwinger
http://de.wikipedia.org/wiki/Elbhochwasser_2002
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(Wikipedia, 2014 The water in the Wei Ceritz River flo
its former riverbed in 2002 flood that happened=tive River owing to displacement
of its estuary. Actual flooding areas of the

year d 2002 are given in Figure 4.20

e

Ko o'e .

Figure4.20 Act ual fl ooding areas of the River Ver
August, 2002 (Landeshauptstadt Dresden Die Oberburgermeisterin,
Umweltamt, 2010).
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In 2002, the urgent challenge was to remove flood damages and to improve flood
protection.In view of the flood expriences, thety of Dresden decided to gear the

protection measures towards a flood event happening once in 200 years.

The new flood protean concept is realised by théycin cooperation with the dam
administration of the Free State of SaxoApart from reactivating anéxpanding

protective facilities along the RivérfereinigteWe i Cer i t z , the rivertk
away and deeped on a section of Rmin order to achieve superior drainage capacity

for the river. The River VereinigteWe i Cer i t z receivedf a ne\
quarrystones and rough sett paving stabilising riverbed and slope toe. Breakwater
stones were furthermore added creating rest areas for creatures living in the river and
areas with different stream velociti@&/erkstattstadt, 2013)After the flood in 202,
riverbed has been excavated between Bi enece
protection measures of 2@@ar flood. In accordance with the excavation of the
riverbed still and fluvial sections acurredalong the rivethis sentence is not cled

could not understand what u wanted to. sagditionally, refurbishment of the river

bed between the bridge and the Al tpl auen
for the protection measures of 29€ar flood. 1.60 km excavation hasheone every

year since 2002 (Gloger, 2014).

Other improvements of the riverbed can be listedlasdehauptstadt Dresden,
Geschaftsbereich Wirtschaft, Umweltamt, 20HBepening the riverbed, plant a

parapet wall on the right bank, construction of a new seciidhe river wall of the

entrance to Dresden above the bridge Altplaaed these improvements were
implementedetween 2002010. Expansion of the overall course to improve drainage
conditionsincludel ) stretching and expansiession of t h
of t he riverbed bet ween the bri dges Froe
rehabilitationof the river bed and plant an embankment on the right bank ("New
Sorge") between the bridge and the access road Oederaner and machine steel

constructionn Dresden are planned and will be implemdrftem 2014 onwards.

The overall morphological status was moderfte the water bodyw-3 (Wilde

Wei Ceritz River up to confluence with Rot
up to confluence with Elbe RiverfFigure 4.21) (Matouskova et al., 2010).
Anthropogenicimpacts on morphology s t he hi ghest featz t he
Ri ver among other r i ver3tronghntocohplet€yer i t z Ri
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changed river sections are mainlgtectecat the Vereigte We i Cer i dugto Ri ver

higher influence by bank impairmentanduse, and migration barriers. Nearly the

entire river channel is significantijmodified at the Vereinigte Weisseritz between

Freital and Dresden Hyank fixation, river straightening ameaintenance, and human

impairmentsn the floodplain(Bernatowicz et al., 2008According to LfFUG (2009
Vereinigte Weasdfiedras stgficaRtly eghanged water bdde water

falls underthe German bi@oenotically relevant siliceousghlandstreams and rivers

(Pottgiesser anBommerhauser 2008.i ver bed of t heismMastyei ni gt e W
composed of granit stones (Graeber and Sitte, 20@A4dh respect to LTUG (2009

Vereini gte WelasgffiedrasiliceousRne to earse material rich upland

river.
Structure of the riparian zone

The flood events of August 2002 resulted in several bank overflows on the River
Vereinigte Wei Ceritz, which caused the fl ood
of Dresden, the capital citf the Federal State Saxormhe dam authority of Saxony

(LTV) then developed a flood protection concept irop@ration and coordination

with the municipal authorities of Dresden. This concept constitutes the basis for all

further planningAlongthe Vee i ni gt e We iw@gsidesiofttrmvat® bodyels , t

structured withconcretewall. The project aims at dightening of the existing

revetment wall by about 1,5 (RICHTNER,2014).For 500year flood following the

protection measuregsas implemented anare hereby givem a chronological order

(Landehauptstadt Dresden, Geschaftsbereich Wirtschaft, Umweltamt, : 2011)

demolition and replacement construction of the bridge in the course of Werner road

between 205-2006, construction of the rivevall destroed as early performance of

river development downstream left side of the road bridge Oededamalition and

replacement construction of the bridge Altplaaea demolition and in the course of

L°btauer r o a-8007) expanseore renovafio énaoastruction of the

bridge in Course of -2808§eomsructon of tharyerwdllet ween 2
destroyed as early performance of the downstream river development on the right side

of the road bridge Oederanstween 20020009.

Both upstream andodvnstreama | ong t he Vereinigte Wei Ceritz

settled reachesvhich mostly surrounded by oak tred@$ws, the aquatic flora of the
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Vereinigte WeiCeritz highly affected by
the condition of flora allog the riveiis not ecologically soun@Paul and Peters, 2014).

4.2.2.2 Hydrobiology
Fish species

According to the information that is acquired from the authorized person (Peters and
Paul) fish community in the RivevereinigteWe i Cer i t z thirteempfferens e s o f
types of fishspeciesThese fish arbisted in alphabetical orders i) Brown/Sea trout
(Salmo trutta farily ii) Dace (Leuciscus leuciscus)j) European broodamprey
(Lampetra planeri), iv) &opean bullhead (Cottus gobiw),Europan chub $qualius
cephaluy, vi) European river lamprey (Lampetra fluviatilis), vilupean grayling
(Thymallus thymallus),viii) Gudgeon (Gobio gobio), ix) Minnow Rhoxinus
phoxinug, x) Perch (Perca fluviatilis), xi) Pik€Esox lucius), xii) Roach (Rulus
rutilus), xiii) Stone loach (Barbatula barbatula)v) Threespined stickleback
(Gasterosteus aculeaju¥heir representationscientific classificatios (System Of
Nature, 1758) (Table 4.9 and Table 4.10) ahdracteristrics (Table 4.11) are given

for each fish species.

Characteristics of the fish specidisted as in Table 4.14re 1) Length, 2) Mass, 3)

Swimming behaviour(Sustained: the speed is defined as the increased speed
maintained by a fish during channel riffle, ram,a series of §hway pools, Brst: the

speed is defined as the maximum speed capability demonstrated by fish during a short
upstream movement challenge, such as escape from a predator, or a short high velocity
current, Prolonged or Cruesigm@undeéef smws mt
speed utilized by a fish species during upstream migration through natural river and
stream channel conditions), 4ying depth 5) Spawning seasort) Age at sexual or
reproductive maturity7) Type of migration 8) Migration periodand time 9) Life

span 10) Temperature of aquatic ecosystet) IUCN Red List Status

Native (resident) species of the Verein
grayling (Thymallus thymallusjish speciefAppendix C.2) ThereforgEuropean
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Table4d9: Taxonomi c

hi erarchy

of fish

species

i n Vereini

: Brown trout : .
Taxonomic Dace European brook European European chub | European graylingl  European river
Hierarchy | (Salmo truttefario) (Leuciscus lamprey bullhead (Squadius cephalu) (Thymallus lamprey (Lampetra
leuciscus) (Lampetra planeri)| (Cottus gobio) thymallus) fluviatilis)
Kingdom Animalia Animalia Animalia Animalia Animalia Animalia Animalia
Subkingdom Bilateria Bilateria Bilateria Bilateria - Bilateria Bilateria
Infrakingdom| Deuterostomia | Deuterostomia Deuterostomia Deuterostomia - Deuterostomia Deuterostomia
Phylum Chordata Chordata Chordata Chordata Chordata Chordata Chordata
Subphylum Vertebrata Vertebrata Vertebrata Vertebrata - Vertebrata Vertebrata
Infraphylum Gnathostomata | Gnathostomata Agnatha Gnathostomata - Gnathostomata Agnatha
Superclass Osteichthyes Osteichthyes | Cephalaspidomorpl]  Osteichthyes - Osteichthyes -

Class Actinopterygii Actinopterygii | Cephalaspidomorpl] Actinopterygii Actinopterygii Actinopteygii Cephalaspidomorph
Subclass Neopteryqgii Neopteryqgii Neopterygii Neopteryqgii - Neopteryqgii -
Infraclass Teleostei Teleostei - Teleostei - Teleostei -

Superorder | Protacanthopterygi  Ostariophysi - Acanthopterygii - Protocanthopterygi -

Order Salmaiformes Cypriniformes | Petromyzontiformeg Scorpaeniformey  Cypriniformes Salmoniformes | Petromyzontiformeg

Suborder - - - Cottoidei - - -
Superfamily - Cyprinoidea - Cottoidea - - -

Family Salmonidae Cyprinidae Petromyzontidae Cottidae Cyprinidae Salmonidhe Petromyzontidae
Subfamily Salmoninae - - - - Thymallinae -

Genus Salmo Leuciscus Lampetra Cottus Squalius Thymallus Lampetra

Species Salmo trutta Il_euc_lscus Lampetra planeri Cottus gobio S.cephalus Thymallus Lampetra fluviatilis
euciscus thymallus
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Table4.10:Taxonomic hierarchy of fish species in Verei
Minnow Threespined
Taxonomic Gudgeon (Phoxinus Perch Pike Roach Stone loach stickleback
Hierarchy (Gobio gobio) phoxinug (Perca fluviatilis) (Esoxlucius) (Rutilus (Barbatula (Gasterosteus
rutilus) barbatula) aculeatup
Kingdom Animalia Animalia Animalia Animalia Animalia Animalia Animalia
Subkingdom Bilateria Bilateria Bilateria Bilateria Bilateria Bilateria Bilateria
Infrakingdom| Deuterostomia | Deuterostomia Deuterostomia Deuterostomia | Deuterostomiaj Deuterostomia | Deuterostomia
Phylum Chordata Chordata Chordata Chordata Chordata Chordata Chordata
Subphylum Vertebrata Vertebrata Vertebrata Vertebrata Vertebrata Vertebrata Vertebrata
Infraphylum | Gnathostomata| Gnathostomata| Gnathostomata Gnathostomata | Gnathostomatd Gnathostomata| Gnathostomata
Superclass Osteichtyes Osteichthyes Osteichtyes Osteichthyes Osteichthes Osteichthyes Osteichtyes
Class Actinopterygii Actinopterygii Actinopterygii Actinopterygii Actinopterygii | Actinopterygii Actinopterygii
Subclass Neopterygii Neopteryqgii Neopteryqgii Neopterygii Neopteryqgii Neopterygii Neopterygii
Infraclass Teleostei Teleostei Teleostei Teleostei Teleostei Teleostei Teleostei
Superorder Ostariophysi Ostariophysi Acanthopterygii | Protocanthopterygi Ostariophysi Ostariophysi Acanthopterygii
Order Cypriniformes Cypriniformes Perciformes Esociformes Cypriniformes | Cypriniformes | Gasterosteiforme
Suborder - - Percoidei - - - Gasterosteoidei
Superfamily Cyprinoidea Cyprinoidea - - Cyprinoidea Cobitoidea -
Family Cyprinidae Cyprinidae Percidae Esocidae Cyprinidae Balitoridae Gasterosteidae
Subfamily - - - - - Nemacheilina -
Genus Gobio Phoxinus Perca Esox Rutilus Barbatula Gasterosteus
. Gobio gobio Phoxinus o . . . Barbatula Gasterosteus
Species ) Perca fluviatilis Esox lucius Rutilus rutilus
phoxinus barbatula aculeatus
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Table 4.11: Characteristics of fish species in the Veremmt e Wei Cer itz River (*:sustained
Salmo trutta Leuciscus Lampetra Cottus gobio Squalius Thymallus Lampetra
fario leuciscus planeri cephalus thymallus fluviatilis
Characteristics Brown trout Dace European brok European European chuby  European European
lamprey bullhead grayling river lamprey
Length(cm) 1856 1540 5-16 10-18 30-60 30-60 3550
(Avg.: 0.5 m)
Mass(kg) 0.524 1 - 1.8 8 (max.) - 0.150
Swimming behaviour | 0.92* 3.26** 0.73*, 2* 0.08*, 1.4** - - - -
(m/s) frrx
Living depth(m) 0.031.22 1.1 0.8 2 - 0.451.8 10-
(Avg..0.65)
Spawning season October March-May March-June March-April April-June March-June | March-June
March
Age at sexual or 1-10 years - - - - - -
reproductive maturity
Type of migration Anadromous| Potamodromouy Potamodromouy Potamodromou¢ Potamodromou Non- Anadromous
migratory
Migration time After 18 - - - - - -
months
Life span Av.: 10 years| Max: 16 years| Av.: 6 years Max: 10 years | Max: 22 years | Max: 14 years| Max: 10 years
Temperature of aquati| Toleration: - 1-15 A( 116 A( 4-20A C 6-18 A| 518AC
ecosystem 27 A
IUCN Red List Status Least Least Concern| Least Concern| Least Concern| Least Concern| Least Concerr Least
Concern Concern
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Table 4.12 Characterist s of fi sh species in the Vereinigte Wei Ceritz
Gobio gobio Phoxinus Perca Esoxlucius Rutilus rutilus Barbatula Gasterosteus
phoxinus fluviatilis barbatula aculeatus
Characteristics Gudg®n Minnow Perch Pike Roach Stone loach | Threespined
stickleback
Length(cm) 12-20 7-14 25-60 40-137 2550 12-21 -
(Avg.: 1.2 m)
Mass(kg) 0.220 (max.) - 4.8 0.51.4 1.8 0.2 (max.) -
Swimming behaviour - - 0.66*, 1.3** | 1.44*, 2.86** - - -
(m/s)
Living depth(m) - - - 1-5 - - 0-100
Spawning season April-June April-July April-June | FebruaryJune April-May FebruaryMay | MarchJuly
Age at sexual or - - - 2- 3 years - - -
reproductive maturity
Type of migration | Potamodromouy{ Potamodromouj Anadranous | Potamodromouy Potamodromou$ Potamodromous Anadromous
Migration period and
time
Life span Max: 8 years | Max: 11 years Max: 22 Av.: 10 years | Max: 14 years| Max: 7 years | Max: 8 years
years
Temperature of 2-18A C 2-20A C 10-22A C 10028 A 10-20A C - 4-20A C
aquatic ecosystem
IUCN Red List Status Least Concern| Least Concern Least Least Concern| Least Concern| Least Concern Least
Concern Concern
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grayling must be taken as a target fish species for the design of the fish passage.
Improved water qualy status in the river shows the abundance of European brook
lamprey in the river. However, because of the past moderate ecological status of the

river, salmons do not appear. Salmons are planned to be introduced in the future.
Composition and abundance obenthic invertebrate fauna

Official German system method AQEM software Version ¢le AQEM) was
applied to estimate the effects of the stressors organic pollution, acidification and
general degradation on benthic macroinvertebrates, and to descrili®ertiec

community by taxonomic composition, number of dataabundanceBased on the

monitored hydrobiological data in 20Gaxonomic groups in¥ ( Wi | de Wei Cer i t :

River up to confluence with Rote Wei Ceritz

confluence with Elbe River) (Figure 4.2are dominated by insecta (ca. 90%) with 25
number of species which compose of 32% mayfly (Ephemeroptera), 4% stonefly
(Plecoptera), 24% caddisfly (Tricoptera), 18% true flu (Diptera), 9% beetle
(Coleoptera), 5% crustaceariCrustacea), 4% snails and snugs (Gastropoda), 4%
leech (Hirudinea) (LfUG correspondence with Biemelt, 2003). In addition to that,
crayfish (Parastacoidea) and european otter (Lutra lutra) are other observed species in
the Vereinigte gW¥Wwe0ld eThe statas oRhe bi@agica( c@hponent
benthic macroinvertebrates was evaluated to be not good3rtdyether with other

four points, apart from WL water bodythat is shown in Figure 4.2ZMatouskova et

al., 2010). Regarding to the sampldsat are measured IANQEM software Version

2.5in 2001, quality classifications listed basedoamthic invertebrate faursae given

as follows: organic pollution is in good quality, acidification is not relevant, general
degradatiof (morphological degradian and land use) is in moderate quality. And,
thus, overall ecological quality class signified as moderate qualityG, 2003).

Benthic invertebrate fauna characterized by reduction in species composition and
abundance in downstream regions of the Ve r i t z Ri ver <catchment.

81t can be a result of hydrological regimes bytafftes, releases from dams, and backwater (e.g. artifical
barriers, weirs, water transfer) or chemical pollutants.
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4.2.1.3 Hydrochemistry

Harnapp and K¢ chlatoverdll 2ae0quality of ¢hpvereirtigeed t h
We i Cer i $moddrately poliute@Class Il)and emphasizedsaio new pollution
sources have been added, including angkan the other state is not expected in the
near future.LAWA (2003) classified modeately polluted watersQlass 1) as water

with moderate pollution and good oxygenation; very high biodiversitypapdlation

density of algea, snails, small craldsyvae;covered areas witlargely aquatic plant

stocks rich in fish speciesThese inalde water sections, especially in the middle and
lower reaches of major rivers and the warm summer inherently streams of the

lowlands.

According to LAWA (2003) Class Ilwaterhasthefollowing characteristics: saprobic
index changes between 1.8 to 28ygen content (deficits and saturations) is due to
wastewater pollution and algae growth is so high thatdesdthdo not occur, i.e.
consistently above 6 mgBOD:s is often betweeR to 6 mg/landNHs-N is typically
less than 0.3 mg/LfUG (2003) indiatedthatthe class of water quality in Vereinigte
We i Ce r i fallg in Rassvllevhich is moderately pollute@®ppendixA.2).

Recent monitoring data was supplied by LfUG, based oeopevation agreement

within the irterdisciplinary EMTALproject Matschullat et al. 2005; Weis et al.

2003). This project ran between 2002 and 2007, focussing on water quality related
issues from 1992 to 2003 (Bernatowicz et al. 2008). The year 2001 monitoring and
selected six pointesultswhich had been started monitagisince 2006 in the project

period represent the five Weisseritz water bodies1(VW-2, W-3, RW-1, RW-2)

(Table 4.8. These six points aret) W-1 (F0980: Streamtypg@) Wi | de Wei Ce
River at CzeckGerman border, 2) Y (F1000: Stream typ®) WildeWeCer i t z Ri v e
up to Lehnm¢hl-2(FIOBsStream typdr), WA )l dW Wei Cer i t
bet ween reservoirs Lehn-B§hnl3Gk Straamdtyp@| i nger
Wil de Wei Ceritz River up to confluence wi
River up to confluence with Elbe Rivef) RW-1 (F1090: Stream typg) Rote

Wei Ceritz River wup to conff2lFadm Streamtypet h r e s

9) Rote Wei Ceritz River up to confluence

9 1: unpollutedor very low polluted , HlI: lightly polluted 1I: moderately polluted, #lI: critically
loaded, IlI: heavily polluted, IHV: highly polluted, 1V: excessively pollute AWA classification)
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Figure4.22 Moni t oring st at i onachment(Matoskovaee i Cer i t z R
al., 2010).

Stream type specific backgroumdluesmake contribution to ascertaihe physice
chemical conditiongs compared witthe physicechemical referencstatus These
background values were publishkey LAWA (2007) to define théhreshold valuef
reference conditions (limit between high and good status), and are based on
maximum/minimum and mean valuéBable 4.8. The LAWA (2007) preliminary
specification uses the following statistivalues: meafor TOC, BODG;, chloride, Ry,
0-PQy-P, NHi-N, seasonal variabilityor temperature and dissolved oxygen, and

minimum and maximum fgpH-value.
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Table 4.13 Background and orientation values for the common stream types 5 and
9 in siliceous highland@reliminary specification by LAWA 2007: *
depends on fish region, increase in temperature caused by discharge:
type 5 max. 1,5 Kelvin, type 9 max. 3 Kelvin; Belhinhibited,
**background values are not useful for pH value)

0_
Temperature, Oxygen | Chloride | Ptot | PQs- | NHs- | TOC | BODs | pH-
AC mg/l mg/l mg/l P N mg/l | mg/l | value
mg/l | mg/l
seasonal seasonal .
o o mean mean mean mean mean mean min-
variability  variability Mmax

Background valas

<18 25* >9 50

0.05] 0.02 | 0.04 5 2 o

Orientation values

<20-28 * >9 <200 | <0.1 | <0.07| <0.3 | <7 <4 6.5
8.5

Hydrochemical monitoringinvolves basic physica&chemical parametersuch as
temperature, dissolved oxygen, chloridey, B-PQu-P, NHa-N, NO3-N, pH value,

COD, conductivity acidity andalkalinity. In 2001, temperature, oxygen, chloride,

NH4-N and TOC corresponded to the orientation values gtaatits (Table4.13.

These values were exceededHayand ePQs-P (Table 4.14 in thelower reaches of
Vereinigte Weisseritz (\B). Therefore,the parameters? and e6PQs-P can be

identified to represent possible pressdimsheVer ei ni gt e WRADLer i t z

was not detectenh the hydrochemical monitoring
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Table 4.14 Hydrochem¢ a |

status

esti

mati on

of t

parameters of the LAWA background and orientation values (LAWA

2007) and other common paramet€¢t$UG, correspondence with

Ziegler, K., D04; Year: 2001 italicdiffers from background values,

bold italic- differs from orientation values)

Parameters | Units | Statistic| F0O980| F1000 | F1010| F1130| F1090 | F1110
value | (W-1) | (W-1) (W-2) | (W-3) | (RW-1) | (RW-2)
Temperature AcC min- 0.3 0.1-13.4 0.1- 1.3 -0.1-15.1 1.5
max |12.8 11.0 16.7 15.1
Oxygen (at . 9.5 9.3 10.1 9.4 9.2 9.2
temperature,| mg min- (12.8) | (13.4y | (10.7) | (16.7) | (15.1) | (14.0)
AC) ' max |-12.7 12.7 13.3 12.7 13.8 ¢ 12.9
(2.3) (0.1;3.0)| (0.1) (4.2) 0.1) (1.5)
Chloride mg/I mean 3.2 7.5 8.3 41 20 23
Ptot mg/l mean | 0.023 | 0.052 0.026 | 0.18 0.063 0.16
0-POy-P mg/l mean | 0.018 | 0.018 0.018 | 0.12 0.027 0.12
NHs-N mg/I mean | 0.043 | 0.051 0.055 | 0.14 0.15 0.18
TOC mg/l mean 5.9 4 3.2 4.8 4.4 4.8
min- |5.36.7| 6.47.0 | 6469| 7.07.8| 6.27.0 | 6.87.3
pH value
max
Othercommon parameters
Conductivity &S/ min- | 50-102| 82-164 | 93-203| 251- 158 195460
(25AC max 870 256
Conductivity &S/ min- 4591 | 73147 | 83182 | 225 142 175412
(20AC max 780 229
COD mg/I mean 13 9 7 13 9 11
NOs-N mg/l mean 1.0 2.3 3.6 3.9 51 5.9
Acidity 0.13 0.31 0.27 0.26 0.59 1.2
(4.3) mol/I mean
Alkalinity 0.047 | 0.034 0.029 | 0.036 | 0.029 0.027
mmol/Il mean
(8.2)
Hi ghest salinity results were measured

which is caused by disk/ing minerals and pollutant supply (winter road salting).

Salinity, represented by conductivity, and anions such as sulfai)(&@ chloride

(CI"), is classifiedandregarded as | to-ll for chloride and 4ll to II-11l for sulfate

(Bernatowicz et a) 2008).Currentstatusof water qualityin the River Vereinigte

We i C ewasispezified by fUG (Table 4.14 in terms ofecological and chemical

characteristics. According to Water Framework Directilgssificatior®, overall

101) Ecological status dcaification: high (1), good (I1), moderate (lll), poor (1V), bad (V). 2) Chemical
status classification: good (1,11), bad (llI, 1V) (WFR000)
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chemical status and ecological status was regarded as poor and moderate status,
respectively (Table 4.15).

Table4.15Wat er quality status (UG nde.r ei ni gt e

Characteristics Staus Status
Classification
Nitrate 2 Good
Pesticides 1 High
Industrial chemicals 4 Poor
Heavy metals 1 High
Other pollutants 4 Poor
Chemical 4 Poor
Ecologcal 3 Moderate

Because of the ecological and chemical quality of Vergnt e We i Cer i t z Ri \
2009, desiredb go o d e amllichemicab a bt us o, w has eunface s di
water statuvy WFD (2000), will be achievkafter the year 2015 in tRéereinigte

We i Cer i tnordeRto mprove the ecological status of the river in the targeted

year, the aquatic flora must be improved. Due to poor chemical status of the river in

the past years, industries were beiamoved to achieve good chemis#tus in the

targeted year.

4.2.1.4Ecohydraulics

Only four of the barrier structuresn  Ver ei ni gt ewhighharie Geemint z R
Table 4.16have fish passage structuBe6 m height oElbe estuaryveir is located at

0.095km from the mouthof Mee i ni gt e WeHamberger 3ta CRi wer r i
positioned at0.17& m fr om t he mouth of Vereinigte \
identical to EI be estbuwasrcyk ewenieri.r 3 & gslieiutac
from the mouth of Vereinigte W&ier i t z Ri ver and has a 1
Bienertm¢ghl e weir h ais at 8.93 kne frogy the mauthof 0. 9 0
Vereinigte Wei Ceritz River

Existing typeoffishpassagal ong t he Ri ver \tlsete-natuiegt e We
and technicalClose-to-naturetype of fish passage called bottom ramp and sispe

situated & headwater of Elbe estuamyeir and Soh | gl ei t e Flo¢,gel we
overcome the level differena# the river bottom (Appendif.la AppendixA.le).

Closeto- nature typeof fish passage calledgh ramp(i.e., in this caseombines both

natural and technicgbne vertical slot fish passage strucjuppendixA.1c)) is
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situation of fish species n

integrated neato theHamburger Str@ e

t he

Ri ver

Table 4.16 Weir and fish passage structuresomMei ni gt e

wAppendixA.1b, AppendixA.1d). Fish

ramp type of fish passage aethlamburgeSt r a C e otfuenctional in serms of

fish migrationin reference to its wrongglection of slot widthHigh height differences

can restrict thenovementof fish speciedifferent than salmons which actually the

V Aftere¢hie recogstruetion™é i Cer i t z .
the weirs along the river, weir heighwere lowered to a point whefish can move

easily.According to the Table 4.16ish species canaturallypassthroughthe weir

structures with low heght difference thabhaveno fish passage nearby.

Wei Ceritz

n.d.).
Distance
Name Location from | Height| Width Fish
mouth (m) (m) passage
(km)
4618388.00 Bottom
Elbe estuary | 5659954.00| 0.095 2.6 27 ramp and
slope
Hamburger |4618412.00 28 Fish ramp
St r acCq{ 565086800 0171 | 26
Sohlgleite 4618520.00 N.A. Bottom
_ 5659396.00, 0.677 | 1.40 ramp and
FI ¢gel we
slope
Sohlabsturz | 4619655.00 N.A. None
Freiberger 5657m66.00| 3.640 | 0.90
StracCit
WKA 4619432.00 48 Vertical
Bi ener t| 5655826.00 5930 | 4.50 slot
Wehrschwelle | 4617764.00 N.A. None
Plauenscher | 5655020.00; 8.352 1.50
Grund
Wehr 4616737.00 32 None
Hof e m¢ | 5653978.000 9.990 | 1.70
Potschappel
M¢ hl e F 4615725.00 18 None
Deuben | 5651868.00 ~2 /10| 010
Wehr 4615050.00 N.A. None
Papierfabrik | 5651194.00| 13.060 | 1.30
Hainsberg

situated

at near
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Technical type of fish passage cdlleertical slot fish passage (Appendilf) is
WK A Bigragion eouté for §jshh Epeciesvie i r

the aquatic environment. Due to old design of technical fish passage structure, it is
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not functional with regard to fish migration. Moreover, vertical slot fish passage at
WKA Bienertm¢ghl e weievents (Bigue@3.cepti bl e t o

Figure422F|l ood event in June, 2013 on Verei
Wei Ceritz, n.d.)

In the event of flood whi ch i s an extreme occurrenc
River, that took placen 2013, fish species will be washed out immagely from the
fish passage. Ultimately, fish passage will be inactorethe flood periodand fish

species will not be able to migrate from one place to another.
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5. MATERIALS AND M ETHODS

This section involves information about fish passage and methods for evaluation of

fish passage.

51St atus Quo: Vereinigte WeiCeritz River

Current | ocation of fish passage at WKA BE

Wei Ceritz is given.

5.1.1Fish passage location

WKA Bienertm¢ghl e WegeReiteriBadgd imPtaaen @rdnd vahey e r
towardsthe direction of the towifrreital WK A Bi enert m¢ghl e weir h
power plant and fish passage structure adjacent to its location. Verticdisklot

passage OWK A Bi enert myYbltei wegre oWei Ceritz RIi
study area of this thesis. Satellite views (Image Landsat, Image IBCAO) of fish
passage | ocation near WKA Bienertm¢ghl e w
Figure 5.1 ad Figure 5.2.

A

Fish P,a'vs'éa je ‘WK ?\'Biénértr}]’;

AW - : L

Figure5.1:Satel |l ite view of fish passage near
eye elevation (Google Earth, 2012).
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£l i *‘ gt 7 |
Figure 5.2 : Satellite view of fish passage nd®K A Bi enert m¢ghl e weir at
eye elevation (Google Earth, 2012).

5.1.2Fish passage design

One verticaklot type offish passagand small hydro power plamtith intake screen
wereconstucted between the years of 13981 20000 e ar WKA Bi(Fegarer t m¢ hl e
5.3). 6% of the fis%r passage pass consists of C20/25 concrete whereas 94% of the fish

passage comprises of durable woduch has a service lifef 15 to 25 yearsHow
rateswhichwereobserved n t he ri ver aareO0B&Asaghlowester t m¢ hl e
flow rate, 2.0 i¥s & ameanflow rate and 10A.60 n¥/s as highest flowrate so far

(Gloger, 2014)The waterbodiethatmove forward tdailwatero f WK A Bi ener t m¢g hl e
weir structure can be summarized as folloastow rate of 0.34n’s directly flows

through weir structurand reaches downstream of the river, a flow rate of 0349 m

flows within the fsh passage, flow rate of 16 r#fs is directly bypassed ade4.4 n/s

is givenby hydro power planio downstreanof the river (Gloger2014).A plan view

of typical one vertal slot fish passage (Figure %4 designed to guarantapstream

fish migration In order to deter the fish species entering to the turbines of hydro power

plant while downstream migratignl8 mm barspaced intakecreen was locateid

front of the etrance of the hydro power plafiigure 5.5.
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Figure 5.3 :WKA Bi enertm¢ghl e weir, fish passag
2014).

Figure 5.4: Vertical slot fish passage struatur next t o WKA Bienert
(July, 2014).
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5,

\

k¢
Figure 5.5: Intake screen in front of the turbines of hydro power plant next to
WKA Bienertm¢ghle weir (July, 2014).

cross-wall with

GL hook-shaped
a projection
main |
current b
d

deflecting
blook

Figure 5.6 : Dimensions and terminology for slpasses with one slot onlilan
view) (DVWK, 1996).

Specifications obne vertical slofish passagare givenin Table 5.1andTable 5.2.

Gebler (1991) and Larinier (1992a) remarked pool dimension features édicstype
of fish in Table 5.1
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Table 5.1 : Pool dimensions of fish passage (Gebler, 1991; Larinier, 1992a: *Fish
fauna to be considered: Grayling, bream, chub, others (includes Brown

trout, salmon, sea trout, huchen))

Dimension *Rangeor Number(m) Given value (m)
Slot width (s) 0.150.30 0.18
Pool width(b) 1.201.80 2
Pool length(l) 1.903.00 1.8
Length of projection (c) 0.160.18 0.16
Stagger distanc@) 0.060.14 0.08
Width of deflecting blocKf) 0.160.40 0.16
Thicknessof wall in slot pasgd) 0.1 0.1
Minimum thicknes of substrate 0.2 0.2
Water | evel d 0.2 0.233
Water depth below a crosall 0.500.75
0.6
(hu,hmin)
Water depth above a cresall >0.5 0.74
(ho) '

Table 5.2: Water elevations in the fish passa@doger, 2014)

Water elevations Given value (m)
Max. headwater level 134.94
Min. headwater level 134.64
Tailwater level 129.74
Level of water inlet (g 134.107

substrate)
Level of fish pass bottom ¢z 133.97
bottom)

The maximum difference (maxdi) between headwater level (13494 and tailwater

level (129.74m) in the fish passags 5.20 m.The mnimum difference (min &)
between headwater level (134 ®%and tailwater level (129.74) in the fish passage

is 4.90 m.Level of water inlef(ze, substrate) isletermined bynmaximum headwater
level (134.94 miminus( oh 4 =0.6 K 0.233). Level of fish pass bottong, (zottom)

is determined byevel of water inlet(ze, substrate) minus minimum thickness of
substrat€0.2). Figure 5.7showsschemadt longtidunal section of the vertical slot fish
passage whereater depth in all pools in the vertical slot fish passage must be higher
than 0.5m, substrate must be placed at the bothmeh have at leat Or thicknessand

slope of the structure must lmaver than 0.1.
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Figure 5.7: Detail of vertical slot pass (schematic longitudinal section) (DVWK,
1996).

Number of pool&ind cross walls amalcubted from Euation(5.1).

h
n=—y -1=4.9/0.273 1 =20 (5.1)

Sixteen of the pools are on one side while four of them on the other sideoaktkiot
verticalfish passagéFigure 5.4. Total length of the one vical slot fish passage is
calculatedas1.8* (20-4)= 28.8 mHowever, vith additional distanceshe total length

of the fish passage equals to 31.8 Fror vertical slot passes water deptlscharges,

flow velocities in the slot (critical velocitiesand power density for the volumetric
power dissipation in the pools should be monitored under all operating conditions
(DVWK, 1996).

To achieve the same flow regimes in all poelg.,headwater levelgh,), tailwater
levels(ho), water level difference phbefween two succesive poofist bedesigned
assamefor all pools in the fish passQ (discharge coefficient) is a function af/h

ratio (f(hu/ho)) and elation betweendhor a t i q (dischadye ddefficienty shavn

in Figure 5.8 After interpolation processhecorresponding value for 0.81(%6/0.74
(hu/ho)) is found a . 4 9. Réqred discharggm?s)is calculatedusing Equation
(5.2)as0.169 n¥/s> Qs = 0.160 ni/s.

Q=-2s2 (@Y Z TH hoB2 (5.2

Flow velocity(m/s)in the slot is calculatedsingEquation(5.3)as2.14 m/s> V¢ = 2

m/s.
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slope boundaries.

Mean wate depth is calculatedsing Equation5.4as 0.7165 m Power density for
the volumetric power dissipation (W#mis calculatedusing Equation(5.5) as 155
W/m3 < Ecr: 200W/m3

hm=hi+ @h/ 2= 0,6 + 0,288/ 2 =
_ 7 z z z z 8z 8 z 8 _ 3
E= % 5T & g - 155W/m (5.5

Drawings of the fish passage pland sectiomare given in Figure A.2 and Table A.3

respectively.

A horizontally mounted Kdpn turbine, levied in October, 29 from the Czech
manufacturer KD Turbo Technics with a 2&h crane in the prepared foundatiend

then welded, adjusted and cemented, can achieve a nominal power of 200 kW. The
energy(0.51 MW/year)delivered is sufficient for the poweaupply of about 200
households wh a total investment 0460,163 Eurg and additional costs for tHesh
passge that is constructddr living fish in theVereinigteWe i C eRiver and the

backup of the weiRelateddata abouglevation and water depth above and below of
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hydropower planand its turbine and generator properties are gnérable 5.3 and

Tableb.4.

Table 5.3: Elevation and water depth above and below of hydropower plant location

next to the one vertical slot fish passage (Gloger, L., 2014).

Headwater | Tailwater
level level
Elevation (m) 134.64 129.14
Water depth (m) 0.3 0.7

Table 5.4: Turbine and generator properties of the hydropower plant next to the one

vertical slot fish passage (Gloger, L., 2014).

Turbine Properties Generator Properties
CKD Turbo M.L.S. Holice,
Manufacturer Technics s.r.o. Manufactuer spol.s.r.o.
Brno
_— Horizontal - Type GB 355 LX8
Description Kaplan Turbine Description
Double 3657, 50 Hz
Arrangement Internal frequency
regulated
Falling height 5-5.5m Revolution 760 r/min(rpm)
Performance Min. 28 kW- Pole 8
Max. 200kW
Flow rate 0.94.70 ni/s Power factor 0.80
. : 400 V
Revolution 346 r/min(rpm) Voltage
Speed 872 r/min Performance 200 kw
Central Fan system
Lubrication lubrication with Cooling
oil separator
Computer
control system
Control (water hel_ght Weight 1850 kg
sersor, quick
lock with

emergency stop
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5.2 Methods of Approach

In this section, methods approach which are conventional and ecohydraulics will be
discussed.Ecohydraulics approach should be taken as basis for the proposed design

of fish passage.

5.2.1Conventional approach

The traditional approach to developing fish passage criteria has been biased towards
forced swimming experiments conducted under controlled and uniform hydraulic
conditions. Measures of fish swimming ability obtained from fatcewimming
experiments have received criticism from forced swimming experiments have received
criticism for their universal application to multispecies fish passage d€Segiro

Santos anéiaro, 2006; Kemp et al., 2011 part this is because fish peege design

is considered to be biased towards upstream movements of anadromous salmonids, but
also because swim chambers generate unnatural hydraulic conditions (Enders et al.,
2003) and prevent fish from expressing natural, performance enhancing behaviou
(Peake and Farrell, 2006; Russon and Kemp, 2011).

Turbulence flow conditions, turbulent scale, vorticity (angular velocity) and eddy
orientationcan also negatively impact swimming performance and stabilfithin

the fluvial environment, turbulenceas the potential to influence habitat selection,
station holding and migratory abilities of fishes (Smith et al., 2005; Cotel et al., 2006)
Yet, for fish passes, turbulence is necessary to dissipate energy so that water velocity
iIs reduced to suitable lels relative to fish swimming capabilities, creating
contradictory pressures for those designing such structures. As such, turbulence is a
key hydraulic component that requires quantification and consideration during fish
pass design, a factor overlookedridg traditional swim chamber experiments. In
natural rivers, eddy shedding is often unpredictable and variable in scale, vorticity and
orientation, unlike the controlled laboratory conditions (Tritico, 2009). Despite this,
the potential to apply this kmdedge to fish pass design (i.e. modify turbulent
characteristics in an unnatural channel located in the field to facilitate more efficient

passage) presents an interesting avenue for the future research.

Traditional swim chambers confined fish in areadimited size as necessity for
researchers aiming to manipulate test conditions (velocity) while controlling for

confounding variables (e.g. temperature, oxygen, turbulence).
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Fish swimming capabilities determined using swim chambers (e.g. Brett, 1964) and
endurance models based on unrealistic assumptions (e.g. Beach, 1984) have formed
the main biological information used in fish pass design, and are still widely used
where velocity criteria are required (e.g. Santos et al., 2007). However, these
traditionalapproaches can underestimate the locomotory capacity of fish volitionally
swimming under more natural conditions (Casdantos, 2005, 2006; Peake and
Farrell, 2006; Russon and Kemp, 2011). Further, the unidirectional flows generated
within swim chambergarely occur in nature, where flows are characterized by varying
levels of turbulence, which affectsbitat selection, station holding and migratory
abilities of fish. Due to these limitations, we recommend that future research should
be based on an intlisciplinary approach to advance fish passage through the

development of realistic, mulipecies and muHtife stage design criteria.

5.2.2Ecohydraulics goproach

The need for interdisciplinary research and collaborative teams to address research
guestions thaspan traditional subject boundaries to address these issues has been
i ncreasingly recognized and hdiss aiemluil ntesdd itno

tackle these questions

Ecohydraulics is one of these emerging fields of research that has drgether
biologists, ecologists, fluvial geomorphologists, sedimentologists, hydrologists,
hydraulic and river engineers and water resource managers to address fundamental
research questions that will advance science and key management issues to sustain

both natural ecosystems and the demands placed on them by contemporary society.

Linking biological and physical features of aquatic systems necessitates an
interdisciplinary research approach (Lancaster and Downes, 2010). In modern river
management, the impance of this is increasingly acknowledged with
O0ecohydr awisdplns @ gcohgdrolgy,bgaining popularity (Wood et al.,
2008; Rice et al., 2010; Towler et al. 2018Jopting an ecohydraulics to fish passage
research would advance the methosisdto define suitable design criteria, and could
be used to identify, quantify and understand responses of fish to the hydraulic
environment relevant scales (Roy et al.,, 2010). Though ecohydraulics, the
development of fish passes can be approached ir@hodbistic and interdisciplinary

way.

88



Ecohydraulics aims to link the physical properties of flowing water with biological

and ecological processes (Lancaster and Downes, 2010). For fish passage,
ecohydraulics allows hydulic features of interest teelguantified and linked to the
swimming performance and behavioural response offiekearch should continue to

adopt an ecohydraulics approach and conduct studies across a range of spatial scales
and combine the advantages bbth laboratory and fieldased echniques.
Technological developments in telemetry and hydraulic profilling allow this to take
place in the field, while the evadvancing techniques employed within flumes enable

the direct observation and quantification of behaviour and hydraulameders at

much finer scales, under conditions in which test variable are manipulated while

founding factors are controlled.

Understanding the fundamental reasons why fish reject orgsotiirough fish passes,

be it due to physiological ability or behaur, will greatly improve our capacity to
facilitate more efficient passage or to deter fish from entering potentially hazardous
locations. With this in mind, ecohydraulics must not kmnstrained to linking
hydraulic and ecological processes, but shdolcls on bridging gaps between
disciplines. For fish passage, physchometric theories could advance the understanding
of mechanicsms governing migrant behaviour (Kemp et al., 2012), while other
environmental stimuli may also be influential (e.g. Vowles af&mp, 2012).
Interdisciplinary interactions will likely benefit fish passage and other areas of river
science in tackling unanswered questions. Adopting and ecohydraulics approach
throughout all aspects of river management should, therefore, be encouraged
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6. EVALUATIONS AND DISCUSSIONS

In this sectionevaluations of legislations in Germany and proposed novel fish passage
design will be given. Existing inaccuratatd about fish passage will be discussed and

finally an accurate data presented.

6.1 Practical Solutions: Optimum Fish Passage Concept

Fish passagmust be built in a way that balances terrain, river and strudmtenum

fish passage concept must be shapest upon the current regulations. Fish passage
studies should attempt to assess how and to what extent fishes use different types of
spatial information for orientation based on a detailed understanding of the habitat
selection and movement challenge®likto be encountered by fishes in their natural

habitats.Therefore, optimum fish passage location and design is extremely important.

6.1.1Legislation in Germany

European environment standards, such as the Water Framework Directive (WFD), the
FaunaFlora Habiat Directive and the Eel Regulation call for the restoration of the
ecological connectivity of the waterways and the protection and nurturing of their
fauna and flora. In Germany, Section 34 of the Federal Water Act (WHG) from the
year 2010 requires thdteé Federal Waterways and Shipping Administration (WSV)
implement the necessary measures for the restoration @f¢hagical connectivity on
federal waerways at the barragesat it has constructed or that it operatesthe
planning of this procedure, the Federal Waterways Engineering and Research Institute
(BAW), in association with the Federal Institute of Hydrology (BfG), is acting on
behalf of theFederal Ministryfor Economic Affairs and EnergyBMVI) in an
advisory capacity to the Federal Waterways and Shipping Administration (WSV).
FurthermoreGerman Renewable Energy Sources Act (REx#gs published in 1991

and lattermost revisioned in 201i4,the most important incentive for fish facility
installations and funding mechanicsenc cor ding t o t he WFD, reg

purposet he reservoir has to achiTeaclevetiee 6go
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6good ecol ogi cal WHFD,aaductold/relirgeishnient oft heedroe d 1 n
peaking, restoration of fish passage (upstream d&wnstream), minimum
environmental flows, restoration/improvement of sediment transparid
restoration/improvement of riverine environment (hydromorpholagg)vital. In
relation to this requirement, dams are to be considered as an integrated part of the
belonging catchment are@hus, it focuses on construction/retrofitting of fish passes
and the minimum amount of water flow rate that must be operated in fishgpass
Fish passes Design, dimensions and monitoring (DVM&gkblatt 232/1996) was
published in 1996 byGerman Association for Water Resources and Land
Improvemen{DVWK). Guidelinefor Fish Protection Technologies and Downstream
Fishways was published 2005 by German Association for Water, Wastewater and
Waste DWA). Screening criteria in downstreamigration are included in State
Fisheries RegulationSuideline.Upstream Fishways on German Federal Waterways
was published in 2011 kihe Federal Waterways Engineering and Research Institute
(BAW), in association with the Federal Institute of Hydrology (Bf@gcently,
Fishways andigh passage structurd3esign, dimensions, quality assurance (DWA
Merkblatt DWA-M 509) was published in 2014 by German Association for Water,
Wastewater and Waste (DWA).

6.1.2Proposed design

Proposal of new design for existing fish passage &tAN Bi ener t m¢ghl e wei r s
be based upon operation criteria which are explainéZDi#t design manuaFish
passage must be redesigned for the parameters that are chosen incorrectly.

6.1.2.10peration criteria

Pool fish passes with vertical slots aredzhen the principle of dividing the height to

be passed into several small drops forming a series of pools. The passage of water from
one pool to another is provided via a deep slot located in thewetlsseparating two

pools. The water flow forms a jat the slot and the energy of the jet is dissipated by
mixing in the pool. To improve fish passage, the first priorifyhsas to reduce the
maximum velocity (i.e. the drop between pools) which will both make fish passage
through slots easier and re@uarbulence intensity both within the jet and in the zones
which are potential resting areas. This reduction of the maximum velocity will in turn

result in lower values in the volumetric dissipated power, insofar as the length of the
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pools(L/lIs-which inreturn make it possible to increase the slope significaatigthe

shape factors (B)) that ensure acceptable flow patterns in the pools are maintained.
Reducing the dissipated power by adjusting only the volume of pools without reducing
velocities wil not necessarily improve flow conditions in the [sand thereforethe

ability of fish to clear the pasBnportant considerations are whether diadromous fish
are adversely impacted by project structures and operations that block or impair fish
movemets and whether the specific fish passage design will provide for the efficient,
effective, timely and safely upstream and downstream passage to fish to mitigate this
impact. For the operation of the fish passageesefollowing four criteriamust be
invedigated i) efficiency,ii) effectivenessiii) timely, iv) safdy.

i) Efficiency (quantitative concept)lo enhancehe efficiency of the fish passager
multiple species, there is a need to quantify swimming performance and behaviour
under realistic hygaulic conditions for a range of locomotory guilds. To achieve this
there is a need to: (1) create and quantify hydraulic conditions at biologically relevant
scales, (2) quantify swimming performance under conditions where natural behaviours

can be exmssed, using appropriate metrics.

Quantifying the hydraulic environment at biologically relevant scales remains a key
challenge. Advances in measuring hydraulic conditions at biologically relevant scales
were made through the use of AB\(Acoustic DoppleNVelocimetry) However,

ADVs can perform poorly during conditions of high turbulence and where air is
entrained in the water column in such instances flow visualization methods may be
appropriate. Particle image velocimetry (PIV) uses small seeding patbolesualise

the hydraulic environment. Typically, multiple photographic or fsgked video
methods record the particles as they pass through a laser sheet (laser PIV) that
illuminates the hydraulic area of interesiowever, the financial costs of ugirthis
technique can be substantially greater than those accrued using ADVs. Links between
fluid dynamics and fish swimming performance, stability and behaviour are starting to
emerge through the adoption of techniques that allow accurate quantification of
hydraulics. The intensity, periodicity, orientation and scale of turbulence are all
considered to be biologically relevant. Howevéris not clear which metrics
researchers should measure, as several have beasgulqge.g. turbulence intensity
turbulent kinetic energyshear stresseddy size eddy orientation and vorticidy
Frameworks that help shape which hydraulic parameters are quantified and integrate
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laboratory and filel research have been developetiich should aid the application
of an ecohglraulics approach to fish passage research.

The use of large, operhannel flumes enables the study of volitional fish movement
and performancenhancing behaviours in response to conditions relevant to fish
passage. Direct observation of fiseale behawaurs using filming techniques and
tracking software allows analysis and quantification of spatial distributions,
trajectories and speed of movement and interactions between fish, and for this
information to be linked to empirical maps or models (e.g. Cdatipmal Fluid
Dynamic simulations) of the hydraulic environment. Integrating techniques across
disciplines via the ecohydraulics approach yields benefits to fish passage research.
Until recently, those attempting to improve the efficiency of fish passesreens,

and who were enlightened enough to consider behaviour, often simplistic metrics such
as the proportion of a population that shows avoidance or attraction to a particular
stimulus (e.g. accelerating velocity). Such an approach ignores the hibgeskby
individuals, in which some fish may not respond to stimuli they detect, while others

will.

i) Effectivenesqqualitative concept)it consists checking that the pass is capable of
letting all target species pass through within the range wwfe@mental conditions
observed during the migration peridks a rule it is not possible to use a fishway for
upstream and downstream migration simultaneously as fish behave differently
depending on whether they migrate upstream or downstream. Nevesthelgen
planning a fishway the basic principles and side constraints applying to fish
downstream migration must be taken into account to ensure that the project does not
create obstacles to a potential construction of a fishway for downstream migration at
a later stage and/or that some synergistic effects are produced. This is particularly
relevant with regard to the space available in relation to the space required for a
fishway for upstream migration aid and a fishway for downstream migration aid as
well as the possibility of one common auxiliary water to extend the area of intensity
of velocity of outflow from the fish entrances to attract more fish and provide velocities
in fish transportation channels of sufficient magnitude to encourage the midistting

to keep moving in the required upstream or downstream direction conduit for both
facilities.
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iii) Timely: Avoiding eddy flowis extremely important within the fish passage to have
timely fish passage conditions. The cause of eddy is usually theediétein static

head between normal tailwater elevation near the shore and the loweswéee
elevation at the upstream end of the hydraulic jump at the base of the spillway. This
difference in elevation causes a velocity from the shore toward theftthsespillway,

where the water is at its lowest level. If the eddy can be eliminated or damped to a
point where velocities in it are not high enough to give fish a directional stimulus, then
the downstream velocity of water leaving the fishway entramidebe the chief

attraction to fish reaching this area, and there will be no delay in entering fishway.

Iv) Safely:Downstream migrants swept through hydroelectric plants will face similar
risk of mechanical damagk order to have a safe fish passagegeral methods have

been attemped for diverting fish away from the entrances to power plants or turbines
Physical barriers to migration may be effective in situations where behavioural barriers
are ineffective. Screens and similar physical barriers septea compromise between
interference with water flow and the blocking of fish entry. The more complete the
barrier to fish the greater the loss of fld8imple bar screens consists of vertical slots

or bars like a trash rack, spaced sufficiently closgréwent the fish from entering. It

has been useful for preventing entry of larger fish, because the close spacing for
smaller fish led to problems of intake foulling by debris and algae; in addition, the
narrow spacing restricted the flow into the intakeacceptably. For those reasons
simple bar screens have been largely abandoned for modern intakes. Woven mesh
screen is usually made from wire, and it has square openings between meshes. The
sizes of mesh and of mesh material have to be adapted tcethessip be excluded

and to the conditions obtaining in the lake or river such as temperature, currents, etc.
For an intake on a flowing stream or canalyiee mesh screers normally used.
Instead of conventional turbinesn improved turbine desigenvironmental friendly
turbineg which has redesigned gates with rounded edges & fewer gaps, curved walls
reduced places where fish may be pinched and blade, hub and outlet designs work
together to reduce the turbulence in order to reduce injury and morfdityughout

the operation of fish passagmonitoring & evaluationand maintenancglans must

be constitutedh order toprovideand maintairthose aforementioned criteria

v) Monitoring & evaluationFuture fish passage research that adopts the e@ahipdr

approach should not be based only on advances in novel technology that enable the
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complexity of the fluid environment toe determined at ever finer odstion, but must

also strive to improve methods by which animal behaviour is appropriatelylsbescri
Historically, the fieldbased application of the ecohydraulics approach has been
restricted by the resolution, accuracy and frequency at which both fish movements and
complex hydraulienvironments can be measured. Recording system (monitoring and
asessment) of how many fish species are getting inside or outside of that particular
passage will show the precise data about efficiency of the fish passage. Altough it
requires capital and labor work, observation of the fish species is crucial with regard
to their own migration patternk.is recommended that already during construction of
the pass provision be made for bunittrapping chambers or at least lifting devices for
the use of mobile fish traps to be installed directly at the outlet of the Tassis

particularly necessary in technical passes to test ascent of fish in the pass.

Conventional fiskracking techniques are best suited to reszdle studies of
movements, quantifying the location of tagged individuals within a general area rather
than their absolute position, or confirmed passage at a fixed point, e.g. dam, weir or
associated fish pas$?assive Integrated Electromagnetic Transmitter (PIT) tag
detection system can be implemented inside of the fish spgea@snitormovements

and suvival of fish at the site.Whilst, offering insight into rates and timings of
movements, lifehistory strategies and physical capabilities of many species, in
addition to quantitative evaluation of fish passage efficieny, such studies arguably
result in sibjective interpretation of behaviours and correlative factors. Recent
advances in acoustic telemetry now provide the potential for & 3D fish
movements to be tracked at neantinuous, sulmetre resolution. Movement
trajectories are obtained from calated positions of tagged fish, based on the
differences in arrival times of transmitted signals at multiple hydrophones, which are

typically positioned around the perimeter of the study site.

vi) MaintenanceOptimum operation time for fish passage nmhesB00 days in a year.
According to the seasonal changes of the weather, different hydrodynamic conditions
will occur. Both extreme conditions of dry and wet seasons (e.g flood events) will
adversely affect the fish passage operation. Consequently,iop&fahe fish passage
during the extremeonditions woulde very limitel and,therefore, care must be taken

into account to quantify and qualify the effect of these extreme conditibgkly
technical structuregherefore require more frequent maimance. A maintenance
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schedule can be drawn up or adjusted on the basis of operational experience of the type
and frequency of malfunction of the fish pass in question. Maintenance must always

be carried out after floods, however.

6.1.2.2Novel fish passagelesign

Existing fish passage design connoted that (Section 5.1.1.2) flow rate (Q), velocity (V)
and water | evel di fference (oh) in the p
the selection of pool length and width was not chosen within the range (Tabje 4
Hence, implementation of more tip-date design for optimising the existing fish
passage must be considered based on the new design manual that was released by
DWA in 2014 for both upstream and downstream migration. Since it was constructed

in the yar of 2000, it must be retrofitted in such a way that it would provide an
improvement in terms obperation criteria athe one vertical slot fish passage.
According to the new design manual (WKW509), design flowrates must be based

on 300 operational dayandQzo= Qmin (average annual minimum flowratand Qszo

= 1.5 * Qnean (average annual mean flowrateee Figure 4.10 and Figure 4)12
flowrates must be used in the designing ph&seaddition, screens must have a
sufficiently small spacing or meshnaiension to physically prevent fish from passing.
Sufficient screen araa much smallethan the determined valiee. 15 mm, Fisheries

Law). Design parametetthat were given in design mand#i96and2014 are given

in Table 6.1Fish passage nearby WKB\i ener t m¢ hl e wei r was ¢
anddesigned based on the design manual in 1B8@letermine the optimum location

of a fishway within a barrage structure that may consist of several functional units
(weir, power plant, lock (s), upstream andwistream fishways, boat channel, etc.) it

is important to take account of the power plant and weir operation strategies, flow
patterns and discharge distributions in the downstream Bred.length and pool

width values are not in the range of given valuéhus pool geometry was chosen
wrongly. Based upomhenew design manual in 2014po0l length and slot width must

be retrofitted in the novéish passagédesign.Fish transport relies on water velocities

not exceeding the swimming abilities of mignatispeciesWater level difference,

velocity must be calculatednd flow rateat the weirmust be chosemgain in

accordance with the new design manual in 2014.
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Table 6.1 Comparison of design parameters.

Parameter Symbol 1996 2000 2014
(Manual) | (Design) | (Manual)
Pool lengthim) b 1.903.00 1.8 1.953.00
Pool width(m) b 1.20-1.80 2 1.50-2.25
Slot width(m) S 0.150.30 0.18 0.200.35
Water depth below a Pmin 0.500.75 0.6 0.500.80

crosswall (m)
Water level difference ph 0.2 0.233 <0.15
(m)

Velocity (m/s) V (Vmin, Vmay) 2 2.14 0.31.9

Flow rateat WKA (m?®/s) Qz0, Q330 160 169 150,180

Comparison of impacts for fish passage alternats/dsscussed before retrofitting the
existing fish passagBam removal, naturkke fishway, fish ladder, trapnd haul and
walk away are preferences of a fish passAgéhe end of the discussion, one vertical
slot fish passagdtechnical type of fish passagé& determined uporpersonal
communication with Reservoir Adminstratof Saxony StateAs understood frm
Figure 6.1, the right side of the fish passage must be relocateith@rabine.A new
fish t he t he
be implementedThis new design ofih passagehat is demonstrated in kige 6.1
and Figure 6.2at the recent site with the inflomust belocatedtowards the middle
t he t he t he

passage on side of pnoust e r

of weir and entry at

. 4.0 'g:,,:r- - b

Figure6.1: Planviewo f exi sting fish passage. at
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Figure 6.2: Planviewof novel fish passage at WKA B

Completely new constructiaof vertical slot fish passadeft of the power statiothat

has downstreamsh passagmust be considered in design (Figure 6.3).

Figure 6.3 Closeupviewoffishms sage at WKA Bienert mg¢hl

99



In order to extend the area of intensity of velocity of outflow from the fish entrances
to attract more fish and provide velocities in fish transportation channels of sufficient
magnitude to encourage the migratiigh to keep moving in the required upstream
and downstreandirection, dtraction (or if it is needed auxiliary water must be

implemented.

The geometry of the facility is defined by the largest species and the maximum flow
speed by the weakest swimmddgpstream migration must be based on the fact that
migration capability of the fish (i.e. adults of anadromous species, juveniles of
catadromous species) that is considered when designing a fish passage at WKA
Bi ener t mBecduse ofwmech less advaddkan that for upstream fish passage
facilities, attentionshould be drawn to downstream fish passage facilfes.the
downstream migration, fish (i.e. juveniles of anadromous species, adults of
catadromous species) passing through hydraulic turlairgesubject to various forms

of stress likely to cause high mortality.

Since there is no monitorirapd evaluation system which includes both biological and
hydraulic parameteiis the river, DART (Data Access Real Timgystem mudbe set

up or developedn order to count fish species daily, montalyd onannual basidjsh
migration periodsfish speees count for each fish passafish behaviour monitoring

and timing of migration peakspawning location, estimated timing of each life stage,
estimatedperiods of upstream and downstream migration, predator species expected
to be presentAlso, flow frequency analysis, discharge rating curve, characteristic
velocity profile should be performed and low, average, high fl@harefore water
levels for eactsituation)must be specified for the fish passafad, design passage
flows for upstream and downstream passage for each target species across life stages
during both high and low flow conditions are neededrder to apply DART system

PIT tags can btagged for each target species.

To controlthe fish passage facility ittood seasons, upstream flood control structures
can be built in order to sustain progression of the systemce, a regular maintenance
program should be providddr the river.In addition, fishery management plans or
comprehensive water resources plans and security plans and facility features to guard
against unauthorized human activity, poaching, vandalism, etc must be proposed.
Structurally, all components of the fish passagetrbasdesigned accounting for all
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possible external, internal and superimposed loads and pressures. External loads
include soil and hydraulic pressure, hydraulic uplift, impact from flowing water er sub
merged & floating objects and surcharges such as emuipand vehicles. Internal
loading is normally hydraulic pressure depending on differences in outside and inside
water levels or full hydraulic head, e.g., plugged baffle slot(s). Various combinations
of these forces can occur and each structure mushdlgzad accordingly. This
requires extensive knowledge of engineering and hydraulic princgdesell as
experience in the design and construction of fishway or fish passage structures. The
safety of the general public and protection of the environmest be paramount in
implementation of works. All structural design must be in accordance with current

codes and standards and be carried out by professional engineers.
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7. CONCLUSIONS

In this study, fish passage design principles werkiated. Upstream and downstream
fish migration were investigatedn-situ evaluation of ish passage nearby WKA
(Windkraftanlage: Wind turbindg i e n e r t m¢ hekeeuted &nd projeet ariseria

were evaluated.

While river infrastructure such as dams, daaossings (e.g. culverts), flood control
barriers (e.g. levees, weirs and tide gatasg,importart in providing a range of
socioeconomic goods and services (e.g. water supply, transportation, renewable
hydropower and flood controijhey are well know for having considerable negative
impacts on freshwater ecosystems and the hydrologic processes which sustain them.
The development of waterways for hydropower and other industrial uses has
substantially altered many of the freshwater habitats of theefpland this has
considerable impactipon aquatic organisms. Fish passagsign is historically
biased. Early fish passes were intended to facilitate the upstream migration of
economically significant species, primarily salmonids, while the fate of dosamstr
migrating life stages and species of lower commercial value were often ignored.
Therefore, it is extremely important to examine to fish passage function for the target
fish speciesvhich migrate upstream or downstreafrthe study site.

The entrance ahexit of the fish pssage havgreat importance taope with the
assessmenthe fish entrance and exit ends of the fish passages must be located and
aligned to allow attractioof migrating fishto enter and swim through the structure
and then move safelupstream from the exit. This requires extensivesitam
observations of migrant fish at all concerned river stages, with documentation of
resting & holding areas and difficult swimming sites. The resulting data are important
in planning the most logica@ntrance and exit locationAs a result, etrofitting of the
current fish passage is considered in a way that alflvanigration for both sides

that isupstream and downstream migration.
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Therefore, professionals in fisheries engineering must be eatptoyimplement
extensive investigation and planning of fishways to ensure adequate fish passage. This
requires conducting detadl@ngineering and hydraulic surveys to document shoreline
topography, water surface profiles and flow patterns in the rivtioseto considered

for fish passages, obtaining water surface profiles for the operational design range of
the fishway(s)n level intervals of about 0ff; and carrying out model testing to verify

the maintenance of the original hydraulic river charsttes for the structures in

place.

In this study to determine whether the fish passage is appropriate pAMHOA
(Windkraftanlage: Wind turbineBi ener t m¢hl e weir fish passage
basis. In this purpose, evaluation 68h passage dam principles case study area

(Vereini gt e faure@edrpiojectcrit®in weeerrgsearched in the first

place and after that study sitasobserved and investigatetihe River Vereinigte

We i C dasinihezhydraulic structuresd one oftiem is WKA (Windkraftanlage:

Wind turbine)Bi e n e r t mligdximem waterilevel difference is 5.20 m whereas

minimum water level difference is 4.90 ah WKA (Windkraftanlage: Wind turbine)

Bi ener t miNativee(reswent) species of the Vereinifte i Cer i t z Ri ver ar
mostly European grayling (Thymallus thymallus) fish speciE#se Vereinigte

Wei Ceritz River is classified as moderately

conditionandecologically moderate condition.

Ecohydraulics approach niuse applied in order to retrofit the existing fish passage.
This field isinterdisciplinarythat needs$ollistic research and collaborative woakyd

has siitable design criteria (identify, quantify and understand responses of fish)
linkage between biobical (swimming performance, behavioral responses of fish) and
physical (hydraulic) features of aquatic systelhalso @mbineslaboratory and field
based techniqueso investigate applicability of fish passagl the field of
ecohydraulics, existingsh passage was evaluated as non functidiharefore novel

fish passage design that serves two types of migrétijpstream and downstreais)
found asmore appropriate design for the fish passage at WW/Andkraftanlage:
Wind turbine) Bi e ner t mAdd rele itvisenot possible to use a fishway for
upstream and downstream migrat@imultaneously as fish behave differently
depending on whether they migrate upstream or downstream. Nevertheless, when
planning a fishway the basic principles and sitconstraints applying to fish
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downstream migration must be taken into account to ensure that the project does not
create obstacles to a potential construction of a fishway for downstream migration at
a later stage and/or that some synergistic effectpraduced. This is particularly
relevant with regard to the space available in relation to the space required for a
fishway for upstream migration aid and a fishway for downstream migration aid as
well as the possibility of one common diagiy conduit forboth facilities.

WKA (Windkraftanlage: Wind turbineBi ener t m¢ hl e weir was <co
the years of 1998 and 2000accordance with the 1996 design manQdiservations
madeduring onsite inspections and investigations and evaluations of world standard
in the literature, and especially the authority and responsibility statements and opinions
over thethesiswere evaluated based on ttiteria of the projet The pojectwas
examinedand evaluateth accordance with the fish passage standards issued in 2014.
In accordance with the new standards in 2014, slot width, pool length, water level
difference, velocity and flow rate must be selected again. Downsfisarpassage
facility (i.e. one vertical slot)nust be located near upstream fish passage facility (i.e.
one vertical slot) as a secofigh passageln the light of this examination, for the
entrance of the fish passage i) physical (e.g. auxiliary fleslpcity, depth) ii)
behavioural (e.g. light, sound, etcij) chemical (e.g. temperature, DO, etay)
location(e.g. upstream abstractiamust be taken into accountorder to provide fish
migration and comply with the new standards that was healisn 2014 Merkblatt
DWA-M 509). In order to eliminate unfavorableness of the fish passtuge

aforementioned precautions must be followed.

In conclusion this casestudyis a sample model for the existing non functional Turkish
fish passage facilitee Having a better future of ecosystems sustainability is extremely
prominent especiallywhendealing with such biased facilitiés the history Before
construction environmental impact assessment must be conducted. Compatible fish
passage structuresrfsite specific fish species and river hydrodynamic conditions
should be designeby placing emphasis oterrain, river species edibrium. Fish
passage location, entranaed exitare extremely important for the operation of fish
passageMonitoring andcomputer aided sytems maintenance and control programs
should be set um order to providdongevity of the fish passage facilityhe fish
passage design process for upstream and downstream migrating fish provides an
opportunity to develop safe, timelpé effective fish passage facilities appropriate for
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the sitespecificand target species. Constructingféicient, effective,safdy, timely

fish passage at a barrier or impedement has been challenging because the natural
ecological flow and passage cheteristics of a site are greatly altered by barrier.
Identifying the most appropriate and cost effective fishway design to achieve this goal
will help in meeting fishery management objectives, including minimizing injury,
stress and migration delays, w@sttion and sustainable diadromous fish populations

in the future.
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APPENDIX A

Figure A.1: Hydrogeology map of Free State of Sax¢bfUG, n.d.).

116



Figure A.2: Water quality of Free State of Saxony watercourses (LfUG, 2003).
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APPENDIX B

Table B.1: Minimum flowrate (discharge) measures between 13®B) at stream gauge station Cotta (LfUG: Hydrologisches Handraiic8,
2012).

Year | Nov. Dec. Jan. Feb. Mar. Apr. | Ma. June July Aug. Sept. Oct. | Win.  Sum. Yr.
(m¥s) (m¥s) (m%s) (m%s) (m¥s) (m¥s)| (mds) (m%s) (m¥s) (m¥s) (m¥s) (m%s)|(m%s) (m%s) (mds)
1999 2.77 3.73 3.30 1.11 | 0913 0490 1.19 0.581 0.792 0.449| 1.11 0.449 0.449

2000| 0.490 0913 1.26 388 6.02 126 | 0535 0.336 0.371 0.303 0.371 0.371| 0.490 0.303 0.303
2001 | 0.371 0.371 0.371 0.682 0978 1.88 | 1.05 0.913 0.851 0.409 0.581 0.630| 0.371 0.409 0.371
2002 | 0.630 2.19 178 453 230 1.34|0978 0.792 0490 0.535 1.30 1.30 | 0.630 0.490 0.490
2003 | 260 151 348 151 1.63 0.853|0.580 0.371 0.371 0.257 0.258 0.344| 0.853 0.257 0.257
2004 | 0.393 0.517 0370 195 145 116 0912 116 0.604 0306 0.306 0.440| 0.370 0.306 0.306
2005 | 0.518 0912 3.78 234 435 145 |0.801 0.440 0.518 0.518 0.699 0.912| 0.518 0.440 0.440
2006 | 0.518 0912 145 161 161 3.51 | 0912 0.518 0.440 0.440 0.440 0.440| 0.518 0.440 0.440
2007 | 0.699 0.604 1.16 351 255 0.699|0.518 0.518 0.440 0.518 1.03 214 | 0.64 0.440 0.440
2008 | 1.82 236 159 228 273 421 0841 0.357 0.349 0.165 0.351 0433| 159 0.165 0.165
2009 | 114 169 177 176 873 144 |0.713 0.713 156 0598 0.068 0.140| 1.14 0.068 0.068
2010 | 1.29 145 153 0.753 510 219 | 1.00 0.576 0.244 1.89 1.59 225 | 0.753 0.244 0.244
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Table B.2: Mean flowrate (discharge) measures between -P8AD at stream gauge station Cotta (LfUG: Hydrologisches Handbuch Teil 4,
2012).

Year | Nov. Dec. Jan. Feb. Mar. Apr. | Ma. June July Aug. Sept. Oct. | Win.  Sum. Yr.
(m¥s) (Mm¥s) (m¥s) (M%s) (m¥s) (m%s)|(m¥s) (m%s) (m%s) (m%s) (m%s) (m%s)|(m¥s) (m%s) (mds)

1999 3.68 106 868 208 | 1.32 140 269 0925 0971 0.613| 6.19 1.32 3.24
2000 | 1.06 1.11 258 711 175 5.60 | 0.902 0.546 0.606 0.457 0658 0.665| 585 0.639 3.23
2001 | 0.720 0.604 0.629 7.17 591 280 | 287 125 109 0.776 1.78 131 | 199 151 1.75
2002 | 209 460 741 730 506 198 | 1.14 129 0.911 239 2.26 197 | 473 528 5.00
2003 | 10.7 6.22 11.3 354 414 173 | 1.00 0579 0531 0.352 0324 0.492| 6.31 0.548 341
2004 | 0482 0.601 0971 523 311 176 | 345 157 137 0483 0567 0817 200 1.38 1.69
2005 | 470 233 6.62 930 111 3.72| 141 0864 127 131 1.21 126 | 6.26 122 3.72
2006 | 0.881 3.89 3.48 412 851 115 | 184 116 0581 114 0638 0.875| 540 1.04 3.20
2007 | 2.26 0.938 2.26 780 579 121 | 128 110 0.862 1.33 2.91 328 | 3.32 179 255
2008 | 9.22 6.63 5.85 482 554 112 | 1.88 0.686 0.624 0.702 0.968 0.899| 7.20 0.962 4.06
2009 | 158 3.99 248 357 122 514 | 123 331 438 201 0.393 496 | 486 272 3.78

2010 | 6.93 416 3.72 330 9.64 458 | 197 599 182 8.77 10.9 7.78 | 542 6.18 5.80
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Table B.3: Maximum flowrate (discharge) measures between 989 at stream gauge station Cotta (LfUG: Hydrologisches Handbuch Tell
5, 2012).

Year | Nov. Dec. Jan. Feb. Mar. Apr. Ma. June July Aug. Sept. Oct. | Win.  Sum. Yr.
(m¥s) (m¥s) (m¥s) (m¥s) (m%s) (m¥s)| (m%s) (m¥s) (m3s) (m¥s) (m%s) (m%s)|(m3s) (m¥s) (m%s)
1999 6.22 222 281 453 | 3.03 6.22 161 5.62 6.64 1.19 | 281 16.1 28.1

2000 | 265 169 143 17.7 427 243 | 404 198 929 2.90 2.08 1.69 | 427 9.29 427

2001 1.78 160 178 330 140 562 | 801 151 6.02 3.73 3.58 277 | 140 151 151

2002 | 562 13.2 250 193 210 316 | 188 344 437 300 11.3 3.29 | 25.0 300 300

2003 | 36.0 245 373 11.3 11.3 348 | 184 163 407 0611 0873 127 | 373 184 373

2004 | 1.06 103 195 10.9 6.0 351 | 10.2 6.37 183 2.14 7.15 406 | 109 183 183

2005| 20.1 497 988 257 320 154 | 351 378 6.37 113 5.30 301 | 320 113 320

2006 | 1.77 146 827 192 365 347 | 435 127 435 8.90 2.14 858 | 36,5 127 36.5

2007 | 320 130 7.15 138 988 465 | 376 170 988 14.2 8.27 922 | 320 376 376

2008 | 244 157 184 151 911 224 | 643 115 3.22 187 11.7 762 | 244 187 244

2009 | 3.61 284 422 215 202 120 | 486 199 322 154 9.11 120 | 284 322 322

2010 | 15.7 126 101 178 163 108 | 114 272 244 293 47.0 372 | 178 372 37.2
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Table B.4: Water depth measures between 22010 at stream gauge station Cotta (LfUG: Hydrologisches Handbuch Teil3), 2

Year | Nov. Dec. Jan. Feb. Mar. Apr. Ma. June July Aug. Sept. Oct. | Win.  Sum. Yr.
(cm) (m) (em) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) | (cm) (cm) (cm)
2003+ 2003 2004 2010 2004 2007 2007 2005+ 2006+ 2004+ 2004 2004+| 2004 2004+ 2004+

LWL 16 16 15 23 24 18 16 15 15 13 13 15 15 13 13

MLWL 25 28 31 34 39 33 26 23 22 21 22 23 23 19 19

MWL 40 39 45 46 56 45 32 31 28 35 31 32 45 31 38

MHWL 74 71 74 85 89 69 65 73 70 104 64 59 110 136 151

HWL 132 123 151 135 140 108 113 128 134 430 174 148 151 430 430
2002 2008 2002 2002 2002 2006 2007 2010 2009 2002 2010 2010 | 2002 2002 2002

121




APPENDIX C

(€) (f)

(9) (h)

122



(n)

Figure C.1.Repr esentations of fish species alo
(Educational Technology Clearinghouse, 20()Brown/Sea trout
(Salmo tutta fario) (b) Dace (Leuciscus leuciscus) (c) European brook
lamprey (Lampetra planeri), (d) European bullhead (Cottus gobio), (e)
European chubSqualius cephalus(f) European river lamprey
(Lampetra fluviatilis), (g) European grayling (Thymallus thymallus),
(h) Gudgeon (Gobio gobio), (i) Minnowfioxinus phoxinus)j) Perch
(Perca fluviatilis), (k) Pike (Esox lucius), (I) Roach (Rutilus rjlum)
Stone loach (Barbatula barbatula), Tlhjeespined stickleback
(Gasterosteus aculeatus).
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FigureC.2:Fi sh passage types along the)Vereinigt
(a) Bottom ramp and slope type fish passage at headwater (b) Fish ramp
type fish passage at headwater (c) Fish ramp type fish passage combined
with technical fish passage (d) Bottom ramp alaghe fish passage (e)

Bottom ramp and slope type fish passage (f) Vertical slot fish passage at
headwater.
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Figure D.5: Fish passage (2000) plan.
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Figure D.6: Fish passage (2000) section.
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