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Die Bewertung von MalRnahmen in der Siedlungsensvésg unter Berticksichtigung

der europaischen Wasserrahmenrichlinie (WRRL) istutlch komplexer als die

traditionellen Methoden. In der WRRL ist der konibite Ansatz festgelegt, das heif3t,
dass sowohl Emissions- als auch Immissionsgrenewartgehalten werden mussen.
Die Immissionsgrenzwerte sind jedoch noch nichinisft, aul3er der Festlegung der
WRRL, dass alle Oberflachenwasserkorper zumindéseéne guten 6kologischen

Zustand erreichen mussen.

Das Ziel dieser Dissertation war die Bewertung dearswirkung verschiedener
SiedlungsentwasserungsmalRnahmen auf die Umwelgnthess auf Flie3gewasser.
Zwei Messkampagnen wurden durchgefuhrt, eine zussMieg der verkehrsbedingten
Verschmutzung von urbanem Schnee, die andere umubiwirkung von Parkplatz-
abflissen auf den Boden von Infiltrationsmulderbeatimmen. Fur die Bewertung von
Auswirkungen der Siedlungsentwasserung auf FlieBgser ist die WRRL heutzutage
von grundlegender Bedeutung in Europa. DeshalbewaZiel dieser Dissertation den
guten oOkologischen Zustand anhand von Wassergspgltgametern zu beschreiben.
Dieses ist jedoch heute aus verschiedensten Grimatsnnicht méglich (z. B. wegen
der noch nicht identifizierten Ursache-Wirkungskeézingen zwischen biologischen
Parametern und abiotischen GewasserparameternhaDesvurde stattdessen die
Identifikation geeigneter Immissionsgrenzwerte atgbt, welche als Ersatz fir den
guten Okologischen Status verwendet werden kdonAendem als Referenz fur die
untere Grenze des guten ©kologischen Zustands fiiol Tvorgeschlagenen
Flussabschnitt, dem Fluss Drau, wurden die wictdig§&Sewasserqualitadtsparameter fur
einen alpinen Fluss identifiziert. Von den in eirigteraturrecherche identifizierten
Immissionsgrenzwerten wurden Parameter als Indikato fir verschiedene
Auswirkungen der Siedlungsentwasserung auf den lMerf ausgewdahlt. Diese
Gewasserqualitatsindikatoren wurden verwendet, ienAdissagekraft verschiedener
emissionsbasierter Leistungsindikatoren fur Misctsealberlaufe zu untersuchen. Es
wurde festgestellt, dass keiner der traditionefigesetzten Leistungsindikatoren fur
Mischwasseruberlaufe etwas Uber akute Einwirkureygginden Vorfluter aussagt. Das
bedeutet, dass flr die Bewertung akuter Mischwébselaufauswirkungen der Einsatz
von Gewasserqualitatsindikatoren, wie denen in edieBissertation festgelegten,
unabdingbar ist. Die Gewasserqualitatsindikatoremden weiterhin in zwei Studien
zur Bewertung von Mal3nahmen der Siedlungsentwéasgaingesetzt. Die erste Studie
beurteilte die Kosteneffizienz von Mal3nahmen imsBlaur Reduzierung hydraulischer
Effekte. Es wurde festgestellt, dass Malinahmen lussFoft effektiver hydraulische
Auswirkungen reduzieren als eine Vergrol3erung degeRuberlaufbeckenvolumens.
Die zweite Studie verglich zwei verschiedene Arem Kanalsystemen, Misch- und
Trennsystem, und fand heraus, dass vom Trennsystefches oft als die bessere
L6sung angesehen wird, erhebliche Mengen von Schetatlen direkt in den Vorfluter
geleitet werden.

Um verlassliche Vorraussagen uber die Auswirkung &iedlungsentwasserungs-
mal3nahmen auf den 6kologischen Status machen zuekpmst weitere Forschung
notwendig. Wenn das Verstandnis der Beziehungeschen Wasserqualitat und der
aquatischen Flora und Fauna verbessert wird unthessere Immissionsgrenzwerte
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definiert werden, wird dies die Kosteneffizienz ier Siedlungsentwasserung
verbessern. Verlassliche Immissionsgrenzwerte zomammit Computersimulationen
des integrierten Abwassersystems werden die Paletigewandter Malinahmen
vergroRern, indem sie es ermdglichen die Auswirkander Implementierung einer
Maflinahme vorherzusagen.
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ABSTRACT

The assessment of urban drainage measures withhdrégathe European Water
Framework Directive (WFD) is characterised by cdasably increased complexity
compared to traditional assessment. In the WFD ctimebined approach is specified,
that is both emission limits and environmental quadtandards have to be complied
with. The ambient water quality standards howeverrmt specified yet, except for the
statement of the WFD that all surface water bodiage to achieve at least a good
ecological status.

The aim of this dissertation was to assess the dtnpéh different urban drainage
measures on the environment, especially on rivies® measurement campaigns were
performed, one to measure the pollution of urbaawsocaused by traffic, the other one
to assess the impact of parking place runoff onsthieof infiltration swales. For the
assessment of impacts from the urban drainage msyste rivers, the WFD is
fundamental nowadays in Europe. Therefore one &ithidissertation was to describe
the good ecological status of rivers in terms otewauality parameters. This is not
possible today due to various reasons (e.g. theyetoidentified cause-effect relations
between biological parameters and abiotic watearpaters). Therefore instead it was
aimed at the identification of appropriate ambiesater quality limits which could be
applied as substitutes for the good ecologicalstatt the river stretch proposed as
Tyrolean reference for the lower boundary of thedystatus, the river Drau, the most
important water quality parameters for an alpinerwere identified. From the ambient
water quality limits identified in the literatureview a set of parameters was chosen as
indicators for different impacts from the urbanidege system on the receiving water.
These receiving water quality indicators were usedevaluate the significance of
different emission-based combined sewer overflodicators, and it was found that
none of the traditionally used emission-based Q®iixators was able to describe acute
impacts. That means that for the assessment oé &80 impacts, it is necessary to
apply receiving water indicators as those idertifie this dissertation. The receiving
water indicators further were applied in two diffet studies for assessment of urban
drainage measures. The first study evaluated thst-eftectiveness of in-stream
measures to reduce hydraulic impacts and foundhattin-stream measures are often
more effective for mitigation of hydraulic impadtsan an increase of combined sewer
overflow basin volume. The second study compared tifferent types of sewer
systems, the combined and the separate sewer syatenfiound that from the separate
sewer system, which is often seen as the betteti@o] considerable amounts of heavy
metals are directly discharged to the receivingewat

To make reliable predictions of the effect of urlolmainage measures on the ecological
status, further research is necessary. If the staleting of relations between aquatic
biota and water quality is improved and thus bestebient water quality limits are
established, it will greatly increase the costedincy of urban drainage planning.
Reliable water quality limits together with compusemulations of the integrated urban
drainage system enlarge the scope of measures,val be possible to predict the
improvements realised by the implementation of mess (also more uncommon
measures as source control measures or in-streasunes can be tested numerically in
advance).
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INTRODUCTION

1 INTRODUCTION

Urban drainage is concerned with the collection andveyance of wastewater and
stormwater from urban areas. The main goal of st &fforts was to improve the
hygienic situation in the cities. The wastewateswecharged untreated into the rivers.
During the 20th century it was recognised that deshe protection of the uses (like
fishing), also the ecological quality of the watarcses is a valuable good which should
be conserved. The number of wastewater treatmemttlincreased. Less and less
sewers from settlements were directly connectetiéaeceiving waters. The next step
was the regulation of the amount of pollutants le teffluent of the wastewater
treatment plants. This approach caused significaptovements of the water quality.

However, to sustain the biological integrity italso necessary to consider the different
features of the water bodies. The stresses a waiteses can handle without loosing its

good ecological status depend highly on its charatics. For the design and the

evaluation of urban drainage systems this mearnstsdes the sewer system and the
wastewater treatment plant also the receiving waderto be taken into account. This so
called integrated approach can help to assuredbé gcological status of a water.

These new requirements have led to the need forpi@mning tools. Urban drainage
modelling is a powerful method to design and aralydan drainage systems. In the
beginning the computer programs consisted of flowdets for the sewer, today
complex flow and water quality models for the intgd urban drainage system are
available. These models allow system-wide analysisater flow and pollutant fluxes
(Butler and Davies, 2004).

The main features of the European Water Framewanéciive (2000/60/EC) for urban
drainage are the combined approach and the ligtriofity substances. Combined
approach means that the more stringent of emidsitts and environmental quality
standards applies. However, until now environmergablity standards are only
proposed for the priority substances and othewvaglesubstances. Besides it is only
specified that the water bodies have to achieveoad gecological status. For the
evaluation of measures in different parts of tHeaardrainage system, the definition of
the good ecological status given in the WFD is sudficient. In this dissertation it is
shown how it can be dealt with the WFD in urbarirdige. The different features of the
WEFD are explained. Environmental quality standadd ambient water quality based
approaches for the assessment of intermittent itap@e reviewed. Indicators for the
assessment of urban drainage measures with reg#né WWFD have been defined and
applied in two case studies. Further two measurérrempaigns are presented which
determined the contribution of traffic to the paiiun of snow and runoff.

As this dissertation has been elaborated duringvbri at the project CD4WC, many
of the results have been developed in the CD4WGegraeam of the Unit of
Environmental Engineering of Innsbruck UniversitlJT). Therefore the papers
included in this dissertation often present thatjeontributions of the team members.
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1.1 EU WATER FRAMEWORK DIRECTIVE

The European Water Framework Directive (2000/60/E¢2s enacted to create a
framework for the European water policy. It had®implemented by the EU member
states into their national law until 2003. The @leaim for water bodies, both surface
waters and groundwater, is to achieve a good s{@id@sh, 1999). For surface water
bodies at least a good ecological status (or gommlogical potential for heavily
modified or artificial water bodies, respectivehgs to be achieved, the good status is to
be defined using reference conditions (CIS-WG2E)3. River basin management
plans have to be prepared which illustrate witholwhineasures the good status will be
achieved (CIS-WG2.9, 2002). For this purpose ea@mber state has to identify
significant impacts and pressures on the waterdsoBorchardt and Richter, 2003).
The WFD established a list of priority substanc&$56/2001/EC), these are pollutants
which are especially environmental hazardous angs ttheir emission into the
environment are to be reduced. For this purpose@mental quality standards have to
be prepared by the EU member states (Lepper, 2002)WFD includes the combined
approach, that means that both emission standadisravironmental quality standards
are valid and the more stringent applies (Achleitee al, 2005). Intercalibration
procedures will ensure consistent requirementdliEld member states (CIS-WG2.5,
2002), intercalibration is planned among otherstfier environmental quality standards
for priority substances or the reference stretches.

1.2 IMPACTS ON RECEIVING WATERS

Generally receiving waters for wastewater can lmming waters, lakes, coastal waters
and the sea. In this dissertation only running vga(om creeks to streams) are taken
into account because the main proportion of theivaty waters in Central Europe are
running waters. Running waters are characterisatddflow which has major influence
on the aquatic biocoenosis. According to size almv,f running waters differ
fundamentally from creeks to streams and mountaatess to lowland waters
(Engelhardt, 1996). Respectively also the biocosndsfers, the river continuum
concept of Vannotet al. shows the relative changes of organisms in a system
from headwater to mouth (Wetzel, 2001). In CenEaftope, running waters can be
classified according to their fish biocoenosis isdmonid waters and cyprinid waters
(Schwoerbel, 1999), a classification which is oftesed for ambient water quality
standards (for example in the fish waters direc{if@®659/EEC), the urban pollution
management manual (FWR, 1998), the draft for antrfaums immission directive
(AImVF, Draft 1995) and many others). Due to thifferent characteristics, rivers also
react differently to pollution, for example rivassth high reaeration rate are less likely
impacted by oxygen depletion. Based on such gembaiacteristics, various authors
developed classification schemes showing the geneagnitude of impact of different
pollutants for specific types of receiving wateko(seet al, 1993), (ATV, 1993),
(Schilling et al, 1997), (Borchardt and Sperling, 1997), (BWK, 20QRossiet al,
2004a). The impacts of urban drainage on the raxgiwater quality have different
time and spatial scales (Houskal, 1993), they can be classified according to timeti
scale of their impact as acute, delayed, accunmglatnd long-term, or according to the
type of impact as hydraulic/ hydologic, chemicahygical and bio-chemical (ATV,
1993), (Schillinget al, 1997), (Borchardt and Sperling, 1997;Novotny aNdte,
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1997). Wastewater contains a mixture of differesitytants, this can lead to additive,
antagonistic or synergistic effects regarding thiupants’ toxicity (Welch and Jacoby,
2004). Only for very few pollutants such interansaare identified, for example for un-
ionised ammonia and dissolved oxygen (Gammeter Fantiger, 1990), (Borchardt,
1992), (FWR, 1998), nitrite and chloride (Oehal, 2003), (Wimmeret al, 2003) or
some heavy metals and water hardness (US EPA, 20@&2$59/EEC), (Wimmeet al,
2003).

1.3 INTEGRATED SYSTEM

The urban wastewater system consists of the sexwtars and the wastewater treatment
plant. The sewer system can be a combined systa@parate system or a mixture of

the two. Via the sewer system, the wastewaterissported to the wastewater treatment
plant. For optimal design of the urban drainageesgysan integrated approach, which

also takes the receiving water into account, isegsary (Harremoés and Rauch,

1999;Haugeet al, 2002), especially with regard to the Water FraorvDirective.

CSO o]
v v

Receiving Water Receiving Water
- ~—_— T~ T ~—_—  ~—

Figure 1.1: Schematic plan of a combined (left) and a separate sewer system (right), after Butler and
Davies (2004).

Combined sewer systems are the traditional typsewfr system, here both wastewater
and stormwater are conveyed in the same pipe nibtiseasible to design the combined
sewer systems to transport the whole wastewatemnmstater mixture at all times to
treatment. Therefore in case of large storm evethis, combined system can be
hydraulically overloaded. For such cases overflawcsures are built into the combined
sewer system via which the exceeding water careleased into the next watercourse
to prevent flooding of urban areas. Such a dis@haxgent (but also the structure itself)
is called combined sewer overflow (CSO). The owesvfktructures can be channel-like
or include a basin in which some of the wastewagar be stored before the basin is
filled and the water is discharged. This is an ingoat difference because the wave
travels faster than the water itself (Kredisal, 1999). This means that in case of a rain
event, the wave peak reaches the overflow struttei@re the rainwater that caused the
peak, causing an overflow of nearly undiluted waster. Further details regarding
different types of CSO and their design can be domnButler and Davies (2004) ATV
A 128 (1992) or OWAV Regelblatt 19 (1987;Draft 2003aIthough CSO spills can
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discharge significant amounts of pollution, it d@so not make sense to transport all
wastewater to the wastewater treatment plant becdusng large storm events, the
wastewater treatment plant’'s performance is deetely the high hydraulic load and
the highly diluted wastewater (Holzer and Krebs98,®auch and Harremoés, 1996,
1997).

Separate sewer systems consist of one pipe fa@ahi¢éary wastewater and one pipe for
the stormwater. This system has the advantagetisatot necessary to treat mixed rain
and wastewater at the sewage treatment plant. ©rmotther hand, the stormwater is
released directly to the receiving water, usualyhout treatment. Further details can be
found in (Butler and Davies, 2004).

The dry weather flow (DWF) is the wastewater ttetdischarged to the wastewater
treatment plant on days without rain. It consisfstlee domestic wastewater and
depending on the catchment also of varying amoohfsarasite water (e.g. infiltrating
groundwater, fountains or small creeks) and indhistvastewater. Concentrations of
various pollutants in dry weather flow have beeltected by Brombaclet al. (2005) in

a literature review on worldwide measurement ddtae results for Biochemical
Oxygen Demand (BOD), Chemical Oxygen Demand (CQtXypogen, phosphorus,
cadmium, lead, copper and zinc are listed in bbathpapers IV andVI. The dry
weather flow can contain hundreds of different cioafs only from household
wastewater. These substances and the resultinpaskeen investigated by Erikssgin
al. (2002). Pollution of stormwater has been meashyedarious authors (see literature
review of Brombactet al. (2005), some results are given in grapers IV andVl, the
heavy metal concentrations in surface flow of $¢@®d highways have been measured
by Boller (2004), Boller and Hafliger (1996), Diexk and Geiger (1999), Barbosa and
Hvitved-Jacobsen (1999) and reviewed by Welker Ritoher (2005) (summarised in
paper II) and roof runoff by Forster (1996;1999), Odnevakllinder et al (2000), or
Boller (1997)). Erikssoret al. (2004;2005) and Bauet al. (in press) investigated the
pollutants in stormwater and the associated riskksdeveloped tools for identification
of priority substances in stormwater.

1.4 COST EFFECTIVE DEVELOPMENT  OF URBAN
WASTEWATER SYSTEMS FOR WATER FRAMEWORK
DIRECTIVE COMPLIANCE (CD4WC)

The project “Cost effective development of urbanstewater systems for Water
Framework Directive compliance” (CD4WC) aimed a #ssessment of urban drainage
measures considering both the integrated urbannafyai system and the new
requirements introduced by the WFD. It was a retegroject supported by the
European Commission under the Fifth Framework Rwogne and contributing to the
implementation of the Key Action "Sustainable Masagnt and Quality of Water"
within the Energy, Environment and Sustainable Dgy®ent Programme. CD4WC is
part of the CITYNET cluster. It was coordinated By Dresden (Germany) and
included the following partners: RUG / BIOMATH (Bglm), IUT Innsbruck
(Austria), Panteion University of Athens (GreecByhrverband (Germany), Tiroler
Wasserkraft AG (Austria), AQUAFIN NV (Belgium) an®VK Prague (Czech
Republic). The project started in February 2003 emdkd in September 2006.
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CD4WC aimed at the identification of cost-effectiveasures in the urban wastewater
system. For the evaluation, the integrated urbastewaater system was considered,
including the receiving water. The project congisté nine work packages. Some work
packages were dealing with the basic system patist System Analysis, WP2 Sewer,
WP3 Wastewater Treatment Plant, WP4 Receiving Watek WP5 Source Control.
The work packages WP6 Operation, WP7 Integratioth W#P9 Synthesis aimed at
integrating the findings of the other work packag@¢P8 Economics deals with
economics as an instrument in urban wastewater geamant.

The Unit of Environmental Engineering at the Unsrgr of Innsbruck was leader of the
work packages WP2 Sewer, WP4 Receiving Water an8 B#rce Control and was
involved in the work of WP1 System Analysis and WR{égration.

1.5 STRUCTURE OF THE DISSERTATION

Sources:
Snow (I) i *.. Water Framework
Infiltration (IT) Directive (III & 1V)

Sewer System (VIII)

Standards, Indicators, O ] Morphological
Guidelines (V& VI) <L O€7 Impacts (VII)

Figure 1.2: Overview on the structure of the dissertation and the allocation of the papers to the different
parts of the integrated urban drainage system (number of paper indicated in brackets).

In chapter 2 two measurement campaigns and thgiltseare described. In the first

measurement campaign the pollution of urban roadsiow had been determined,
because polluted snow can have significant impacudban drainage and rivers in

regions with cold climate and in alpine regionseTheasurement campaign on urban
snow pollution is described paper | (see annex I):

Engelhard C., Toffol S. D., Lek I., Rauch W. andlibger R. (2007). Environmental
impacts of urban snow management - The alpine stagy of InnsbruckThe
Science of the Total Environme&82, pp. 286—294.

The second measurement campaign assessed the iofpte pollution in parking
place runoff on the soil of infiltration swales filtration of runoff from impervious
areas is increasingly applied to reduce the amotistormwater entering the sewer
system (or being discharged directly to the reogiwvater in case of separate sewer
systems), the assessment of the impact on soiendhdwater is however still subject
of research. The measurement of the infiltratiomlswpollution is shown ipaper I
(see annex lI):
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Achleitner S., Engelhard C., Stegner U. and Raucli2807). Local infiltration devices
at parking sites - experimental assessment of teshpbanges in hydraulic and
contaminant removal capacityater Science & Technologd5 (4), pp. 193-200.

In chapter 3, the Water Framework Directive andimplementation is illustrated,
because the WFD determines the current water policie European member states.
This chapter is based on the work of the papers:

Achleitner S., DeToffol S., Engelhard C. and Rawth(2005). The European Water
Framework Directive: Water Quality Classificatiomdalmplications to Engineering
Planning Environmental Managemer85 (1), 1-9. (not included in the dissertation)

andpaper Il (see annex IlI):

De Toffol S., Achleitner S., Engelhard C. and Rawth(2005). Challenges in the
implementation of the Water Framework Directiveseatudy of the alpine River
Drau, AustriaWater Science & Technology? (9), pp. 243-250.

and papelV (see annex IV):

Engelhard C. and Rauch W. (2007). Risk analysisirmpact assessment of urban
stormwater- with emphasis on the EU - WHD. D. R. Thévenot (Ed.). DayWater:
an Adaptive Decision Support System for Urban Stesiter Management, IWA
publishing, London. ISBN: 1843391600.

In chapter 4 first the case study of the river Dadined out which aimed at the
description of the good ecological status and tentification of the most important
water quality parameters for the alpine region. Thse study is the second part of
paper Il (included in annex Il1):

De Toffol S., Achleitner S., Engelhard C. and Rawth(2005). Challenges in the
implementation of the Water Framework Directiveseatudy of the alpine River
Drau, AustriaWater Science & Technologh?2 (9), pp. 243-250.

Modelling of river ecology is not possible yet besa the cause-effect relationships
between water quality and biology are still notntiged. Therefore ambient water
quality limits were collected instead to identiliable limits for important wastewater
pollutants. Various regulations regarding long-teampacts were compared, for some
pollutants the limits of the different regulatioase listed in annex IX. These findings
are included irpaper IV (see annex IV):

Engelhard C. and Rauch W. (2007). Risk analysisirmpact assessment of urban
stormwater- with emphasis on the EU - WHD. D. R. Thévenot (Ed.). DayWater:
an Adaptive Decision Support System for Urban Steaer Management, IWA
publishing, London.

Further a review is given on different approachesduto assess the impacts of urban
wet-weather discharges. The impacts of urban wettves discharges on the ecology of
the receiving water are difficult to assess andpaper reviews the current status of
research. The review is includedpaper V (see annex V):
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Engelhard C. and Rauch W. (submitted). Intermitientacts to receiving water bodies-
review on approaches, indicators and limits. WRiesearch.

In chapter 5 the receiving water indicators chdeerthe evaluation of urban drainage
measures are explained. They are derived from #ia impacts of urban drainage on
rivers. These receiving water indicators were Usedhe evaluation of different urban
drainage measures in the project CD4WC (two of ghegaluations are shown in
chapter 6). Further different traditional emisstmased CSO indicators are presented,
which are consecutively evaluated on the basib®fé¢ceiving water quality indicators.
This evaluation is described aper VI (see annex VI):

Engelhard C., De Toffol S. and Rauch W. (2008)idatbrs for the CSO performance
for compliance with ambient water quality targétsban Water Journal5 (1), 43-
49.

Chapter 6 finally shows two examples of applicatodrthe receiving water indicators,
specified in the previous chapter, to assess thenpal of different urban drainage
measures. Ipaper VII a study is explained which evaluated the effecigs of in-
stream measures to mitigate the hydraulic impagbeztk discharges from combined
sewer overflows (see annex VII):

Engelhard C., Achleitner S., Lek I. and Rauch V0@&). Mitigation measures towards
morphological alterations of rivers: The receivimgter as part of the integrated
wastewater systeriater Practice & Technologyt (1). doi10.2166/wpt.2006.013

Paper VIII gives the details of a comparison of the impantshe receiving water from
combined and separate sewer systems, and the ftadiveness of the two systems
(see annex VIII):

De Toffol S., Engelhard C. and Rauch W. (2007). God sewer system versus
separate system — a comparison of ecological amubeaical performance
indicators.Water Science & Technologhs (4), pp. 255—-264.

1.6 SCIENTIFIC CONTEXT OF THE PAPERS OF THIS
DISSERTATION

1.6.1 PAPER I. Environmental impacts of urban snow management -
The alpine case study Innsbruck

The accumulation of pollutants in roadside snow haen investigated by various
authors, especially in Sweden and Canada. Snow nmash higher capacity to
accumulate pollutants than stormwater (Glenn ants&ane, 2002). Therefore several
studies measured the pollutant concentrations awsat urban roads with different
traffic densities (Viklander, 1996, 1998, 1999) andnow banks at highways (Glenn
and Sansalone, 2002;Reinosdoteial, 2005;Sansalone and Glenn, 2002). Especially
the partitioning of heavy metals in dissolved aadgtipulate fractions was investigated
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(Glenn and Sansalone, 2002;Reinosdottr al, 2005;Sansalone and Glenn,
2002;Viklander, 1996). Reinosdotteet al (2005) investigated the pollutant
concentration in different distances from the ro¥lander (1998) found that the
pollutant concentrations in roadside sbhow are diffito predict. Road salt is also an
important topic: the roadside snow can contain dampncentrations of chloride
(Sansalone and Glenn, 2002) which can impact tkersi (Ruth, 2003) or the
performance of infiltration devices (Marsalek, 2R03he accumulation of the
pollutants can produce highly contaminated runofthe melt period (Westerlund and
Viklander, 2006;Westerlundt al, 2003;Westerlunckt al, 2005). Snow disposal into
rivers can lead to a decrease of water temperéRossi and Hari, 2004).

The case study presented paper | consists on the one hand of a measurement
campaign similar to some work done in Sweden ora@arbut for the alpine region.
Both the impact of different traffic densities amtistance from the road were
investigated. Further the impacts of the commoimalgnow management practice to
dispose snow into a river were estimated. Thistm@ds quite common in Tyrol and
often leads to problems between fishermen and atidso

1.6.2 PAPER II: Local infiltration devices at parking sites -
experimental assessment of temporal changes in hyiic and
contaminant removal capacity

Stormwater infiltration is a common measure in warbdrainage and there exist
numerous different types of storm water infiltratidevices (for a description see for
example Butler and Davies (2004)). It is realiskdt tcontamination of stormwater
differs according to the type of surface from whéhne runoff originates and that
accordingly also its treatment should be differegf@oller, 2004;Land Tirol,
2005;0EWAYV R35, 2003). To assess the risk assatmith stormwater infiltration,
concentration of pollutants in different types ohoff have been measured, for example
in roof runoff (Forster, 1996; 1999), or highwayaif (Barbosa and Hvitved-Jacobsen,
1999;Crabtreeet al, 2004;Sansalone and Buchberger, 1997); the mesthanif
pollutant transport in the soil of infiltration dees have been investigated (Mar@is
al., 2002). Different authors investigated pollutaohcentrations and distributions in
the solil of infiltration devices (Barrawat al, 1999;Datryet al, 2003), (Dechesnet al,
2004;Mikkelsenet al, 1996;Mikkelsenet al, 1997;Mikkelsenet al, 1994) and in
roadside green areas of urban regions (Lind andoKa®95) and highways (Dierkes
and Geiger, 1999).

The study of local infiltration devices at parkisiges, described ipaper Il is different
from the work presented before. First the soilnfiltration devices receiving runoff
from parking lots was measured, second it was kedrdor correlations of soail
pollution with infiltration device characteristicée.g. age of device, hydraulic
conductivity, pH of soil) and last an estimationswaade of pollutant loads received by
the infiltration devices.
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1.6.3 PAPER lll: Challenges in the implementation of the Water
Framework Directive: case study of the alpine river Drau,
Austria

During the implementation of the European Watemf@aork Directive (2000/60/EC)
several important aspects were defined, e.g. whatelies, ambient water quality
parameters or reference stretches. To increasentherstanding of the implementation
processpaper Il gives an overview of that process (more details loa found in
Achleitneret al (2005)). The Water Framework Directive (WFD) deek the aim for
water bodies as the good ecological status, whiclddfined based on biological
indicators as minor deviation from the natural damguiocoenosis. As it is not possible
to design urban drainage measures on this hzsgier 11l describes a case study where
for the alpine region ambient water quality pararetwere searched. Data from the
reference stretch for the lower boundary of thedgsimtus was used for an attempt to
describe the good ecological status in terms oémaality parameters (e.g. nutrients).
This approach is similar to what has been done iateDeutsch and Kreuzinger, 2005)
where for each ecoregion general water qualitydsteds were derived. Further the
water quality parameters were evaluategaper Il regarding to their impact on the
biological water quality of the reference stretetd do identify parameters with less
relevance for the biological water quality in thipime region. Such a weighting of
indicators has been made by several authors, elgjligg et al. (1997), Borchardt and
Sperling (1997), Rossit al. (2004a), or ATV (1993).

1.6.4 PAPER IV: Risk analysis and impact assessment of ban
stormwater- with emphasis on the EU — WFD

Although the European Water Framework Directive (@WFRnfluences the work of
numerous researches, many of them only know Httleut this directive and its actual
implementation. Therefongaper IV outlines the most important features of the Water
Framework Directive (2000/60/EC) for urban drainagg. the combined approach or
the list of priority substances (2455/2001/EC;Klan al, 1999;Lepper, 2002), and
describes exemplarily the implementation of the WiRDAustria (analysis of current
status of Austrian water bodies (BMLFUW, 2005), gmsal for environmental quality
standards (Wimmeet al, 2003), monitoring (Wimmeet al, 2002), definition of eco-
regions (Chovaneet al, 2000;Koller-Kreimel and Nurnberger, 2002a;Kregen and
Deutsch, 2003;Moogt al, 2001;Muharet al, 2003;Wimmer and Chovanec, 2000),
reference stretches (Koller-Kreimel and NuUrnberg2002b), and groundwater
(Philippitsch, 2002)). Following a short descriptiof pollutants in stormwater and
wastewater is given (Boller and Steiner, 2002;Braahbet al, 2005;Dierkes,
2000;Erikssoret al, 2002;Welker and Dittmer, 2005) and their impamtsreceiving
waters (ATV, 1993;Houset al, 1993;Lijklemaet al, 1993;Schillinget al, 1997). The
classification system for receiving waters desatibethe paper is based on receiving
water classifications done by Houseal (1993), ATV (1993), Schillinget al (1997),
BWK (2001), Rossiet al. (2004a), and Burton and Pitt (2002), Schwoerb8B9),
Welch and Jacoby (2004), Wetzel (2001), Gretgal (2005), Orthet al (2003),
Borchardt (1992) and Gammeter and Frutiger (198Bg review of different ambient
water quality standards included different natioaad international legislation and
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guidelines: the European directive on the qualityresh waters needing protection or
improvement in order to support fish life (78/658(), the draft for an Austrian
regulation regarding the general restriction of ission in running waters (AImVF,
Draft 1995), the Austrian environmental qualitynstards proposed in the course of the
WFD implementation (Wimmeet al, 2003), the US water quality standards handbook
(US EPA, 2002) and nutrient criteria (US EPA, 2004the urban pollution
management manual (FWR, 1998), the German BWK go&8 (BWK, 2001) and the
draft for the new Austrian guideline 19 (OEWAV RI¥aft 2003).

1.6.5 PAPER V: Intermittent impacts to receiving water bodies-
review on approaches, indicators and limits

Houseet al (1993) and Lijklemaet al (1993) reviewed the status of research related to
assessment of urban drainage impacts on receivagrwguality. Ellis (2000) reviewed
different approaches to assess the risk of intéentitimpacts on receiving water and
Preston (2002) the importance of indirect effectsecological risk assessment. In the
project STORM different literature on ambient wageiality approaches was reviewed,
e.g. (Krejci and Kreikenbaum, 2004;Rossial, 2004a). Zabeét al. (2001) and Fenz
(2002) list the requirements for CSO design inadtéht European states. Karr and Chu
(2000) compare the approaches of Index of Biotiedrity and RIVPACS. Novotngt

al. (2005) describe different Indices of Biotic Intdgriand their relation to
anthropogenic stressors.

The aim ofpaper V was to provide an overview of the approaches tbept receiving
water quality at wet-weather conditions. Todayifdgermittent impacts exist such large
variety of approaches, differing widely in indiceg@nd underlying principles, that it is
difficult to understand their advantages and disatiges. It was the aim péper V to
close this gap and give a critical overview of thevhereat special attention was given
to their applicability for wet-weather control pleng and to their potential to protect
ecological quality. The results show that the bemdéfooth emission and ambient water
quality based approaches is not stringent and tHually sound evaluated and
therefore a combination of the approaches seenosifale.

1.6.6 PAPER VI: Suitability of CSO performance indicators for
compliance with ambient water quality targets

The emission-based combined sewer overflow indisaised irpaper VI are chosen
from national and international regulations (ATV-A28, 1992;Krejci and
Kreikenbaum, 2004;0EWAV R19, 1987, Draft 2003;Zabkehl, 2001). The selection
of the receiving water indicators is based on dsifié international research (Borchardt,
1992;Harremoés, 1982;Housd al, 1993;Hvitved-Jacobsen, 1982;Lijklenet al,
1993;Rossiet al, 2004a;Schillinget al, 1997) and guidelines (BWK, 2001;Danish
Engineering Union Wastewater Committee, 1985;FWB98JOEWAV R19, Draft
2003). Such receiving water indicators have beexl urs different studies, e.g. (Krejci,
2004;0Orthet al, 2003;Weilandet al, 2005). Rauch and Harremoés (1998) showed that
total CSO overflow volume is a bad indicator foe tbxygen concentration in the
receiving water. Laet al (2002) found that CSO spill frequency / volume t& used
as indicator but has significant limitations. Tiwastigation made in this dissertation

10
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included more CSO performance indicators and rewgiwater indicators additionally
to total overflow volume and oxygen in the river.

1.6.7 PAPER VII: Mitigation measures towards morphologicd
alterations of rivers: The receiving water as part of the
integrated wastewater system

Combined sewer overflows can cause hydraulic ingpaspecially if the receiving
water is relatively small, e.g. Podraza (1999) Wwelyand and Schitthelm (2005) found
that the main impacts on the investigated riversulted from hydraulic impacts.
Borchardt (1992) concluded that measures in theivieg water could be an efficient
tool for mitigation of hydraulic impacts, if theyeduce the shear stress or create
hydraulic refugees. Gammeter and Frutiger (1989p@sed limits for hydraulic
impacts in the form of erosion frequency limitsidapproach has been accepted by the
Swiss project STORM (Rosst al, 2004a;Rosset al, 2004b) and is therefore included
in the software REBEKA (Rauchkt al, 2002). The study described paper VI
evaluated the cost-effectiveness of different reaah measures to reduce the erosion
frequency. It was found that also restoration messiseem to have potential to
effectively mitigate hydraulic impacts from urbaretwveather discharges. This is
especially interesting as in Central Europe thenrpabblems are morphological deficits
(BMLFUW, 2005;Buffagniet al, 2001;Interwieset al, 2004;Muharet al, 2000). The
efficiency of restoration measures for mitigatidrhgdraulic impacts is not confirmed
yet because so far nobody implemented such meaguresitigation of urban wet-
weather discharges. However, it is possible thiatulil be made in the near future as
several guidelines for urban wet-weather dischargfesss the importance of the
receiving water’'s morphological quality (e.g. in@GRM (Rossiet al, 2004a) or BWK
M3 (BWK, 2001)). The study also found that therensufficient knowledge about the
length of the receiving water stretch which is etiéel by a hydraulic impact. The
Austrian Draft for the new guideline 19 (OEWAV RI¥aft 2003) proposes to include
a stretch of 1000 times the width of the receivater surface with minimum 500m
and maximum 2500m length. Both, ATV (1997) and BW&001) do not specify the
length of the hydraulically impacted stretch beeaus natural watercourses it is not
possible to make generally valid statements. Inpgager included in the dissertation
also simulations were performed to get at leasbwgh idea of the length of the
impacted stretch, in Leét al. (2006) these investigation were pursued further.

1.6.8 PAPER VIII: Combined sewer system versus separate/stem - a
comparison of ecological and economical performanaaedicators

There has been a long discussion whether combineskmarate sewer systems are
better and it was generally assumed that sepagater system produce smaller impacts
on the receiving water (Brombaatt al, 2004). Stormwater from separate sewer
systems can contain high concentrations of poltstaespecially heavy metals
(Brombachet al, 2005) which are discharged to receiving wates@n accumulate in
the sediments there (Boller, 1997). Sieker (20G2mated the pollution loads from
combined sewer overflows and from separate systscharges for Germany (with
60% combined systems) and found that significarduats of pollutants are discharged

11



INTRODUCTION

via separate sewer system outlets. Bromhetchl. (2004) and Paoletti and Sanfilippo
(2004) compared the pollutant emissions from catttsrhaving combined or separate
systems. Both found that separate systems ardwaysapreferable. Although the work
presented irpaper VIII is based on a similar approach as in Bromheical. (2004),
this paper additionally considered real rain ddtdifferent meteorological regimes as
well as and different pollutant concentrations. rEfiere this paper identified the great
importance of rain type and pollutant concentragiam the performance of the two
different sewer system types. Sewer separatiorhesnbost common applied CSO
control measure in the USA (US EPA, 2004a). It asnmonly applied to reduce to
amount of discharged wastewater, but for exampieAttanta it was calculated that
sewer separation would increase the pollutant leksisharged to the receiving waters
(US EPA, 1999).

12
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2 TRAFFIC POLLUTION - CONSEQUENCES FOR SNOW
MANAGEMENT AND RUNOFF INFILTRATION

Two measurement campaigns were performed to agsesscumulation of pollutants
from traffic. The first one, presentedpaper |, measured concentration of pollutants in
urban snow. In the alpine region, melt water framovg can impact the performance of
the urban drainage system hydraulically, by dedangahe wastewater temperature and
by introducing large amounts of pollutants. Thusdwealuating the performance of the
urban drainage system, it is necessary to have ledge on the pollutant
concentrations in the snow. The case study in htsh presented ipaper |, was
performed because it was found that, despite Idtsresearch in Canada and
Scandinavia, there is little information about pothn of urban snow in the alpine
region.

Paper Il presents the outcomes of a survey on infiltratemales which was
accomplished because, although infiltration of atef runoff is common practise in
Austria, there is little scientific knowledge redang the impact on the soil and the risk
for groundwater resulting from the infiltration different types of surface runoff.

2.1 ENVIRONMENTAL IMPACTS OF URBAN SNOW
MANAGEMENT

Paper | evaluated the environmental impacts of urban smamagement in the alpine
case study Innsbruck. It is known that snow in orlgeas and at main traffic routes can
accumulate significant amounts of pollution, espikgiheavy metals, suspended solids
and chloride. Therefore a measurement campaigrcar@®d out at main streets in the
city of Innsbruck. The aim was to quantify polluismn roadside snow (copper, zinc,
lead, cadmium, suspended solids and chloride) artlier to assess the potential impact
of snow disposal in rivers. For sampling sitesugran and a rural reference, a site with
low traffic density, several sites with high traffdensity and a highway site were
chosen. Additionally sampling was performed at bdtim and 4 m distance from the
highway. The mean concentration of copper and swiguk solids were higher at the
high traffic sites and the highway, zinc and leadvaver were at the low traffic site in a
similar range as at the sites with higher traff@dmium was found also in the urban
reference in elevated concentrations, indicatiray there are other important sources
for cadmium beside traffic. The mean chloride cotiaion was at the urban roads (i.e.
low traffic and high traffic sites) similar and #@te highway significantly higher. With
increasing distance from the highway, the pollutemicentrations decreased: at 2 m
distance the mean concentrations of most pollutaate below the mean concentration
at low traffic site and at 4 m distance the poltiteoncentrations were at the same level
as at the reference sites. With the results ofntkasurement campaign, the pollutant
loads discharged into the river Inn due to the shandling practices in Innsbruck were
estimated. The large variations of pollutant cotr@ions found in the roadside snow
samples caused also large uncertainties in the &sgnations. Therefore further
measurements are necessary to assess the imghtt show handling practice on the
river’'s ecology.

13
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2.2 LOCAL INFILTRATION DEVICES AT PARKING SITES

The measurement campaign presentedpaper |l aimed at the investigation of
pollutants (hydrocarbons, copper, zinc, lead ardhhdam) accumulated in the soil of
grassed swales which receive runoff from supermar&eking lots. Infiltration of not or
little polluted runoff is a common measure to resltlce stormwater runoff in urban
areas. Various guidelines deal with the design amglementation of infiltration
devices (e.g. ATV-DVWK-A 138 (2002), ATV-DVWK-M 1532000), OENORM B
2506 (2000), OEWAYV R35 (2003)) as well as differezgearch projects (among others
the project DayWater (DayWater D5.1, 2003;Foérsteal, 2004) or CD4AWC (CD4WC
Deliverable 5.1, 2006)). The pollutants containedhe runoff can accumulate in the
soil of the infiltration device. Therefore in theeasurement campaign the total pollutant
concentrations were determined at various deptf-6rcm, 5-15 cm and 15-30 cm) and
compared to a reference sample from outside thdesvidecause it is theoretically
possible that pollutants from the infiltrated watezach the groundwater, the
concentrations in the eluate were determined amfditiy. The functional capability of
infiltration devices can be reduced during theiempion, thus this was controlled by
measurement of the infiltration capacity, the ptueaand the grain size. For neither the
pollutant concentrations in the soil nor in theagduthe limits of the Austrian landfill
regulation (BGBI. Nr. 146/1996, 2004) were exceed®dept for one sampling site.
Based on the results of the measurement campaignligmature data on runoff
pollution, an extrapolation was made to estimagettital pollutant load which can be
expected to accumulate during the lifetime of tifdtration device. Even after 15 years
only for some infiltration swales it is expectedatththe soil will contain pollutant
concentrations above the limits of the Austriardfdhregulation for not contaminated
soil (BGBI. Nr. 146/1996, 2004). The measuremempuaign showed that infiltration is
an adequate for this type of runoff and seems $e fitile risk to the environment.

14



WATER FRAMEWORK DIRECTIVE

3 WATER FRAMEWORK DIRECTIVE

To be able to assess urban drainage measures pliaooe with the aims of the Water
Framework Directive, the first step was to underdtthe Water Framework Directive
(WFD). Many points are only defined normativelythre WFD, therefore it was also
important to investigate how the directive is impented. As example the
implementation of the WFD in Austria is described.

The work done is included paper Il andIV:

IV: Engelhard C. and Rauch W. (2007). Risk analyst immpact assessment of urban
stormwater- with emphasis on the EU - WFD. D. R. Thévenot (Ed.).
DayWater: an Adaptive Decision Support System fabdd Stormwater
Management, IWA publishing, London. ISBN: 184339060

lll : De Toffol S., Achleitner S., Engelhard C. and &alV. (2005). Challenges in the
implementation of the Water Framework Directiveseastudy of the alpine
River Drau, AustriaWater Science & Technology?2 (9), pp. 243-250.

3.1 INTRODUCTION TO THE WATER FRAMEWORK
DIRECTIVE

The European Water Framework Directive (2000/60/B@hs at integrated water
policy (Barth and Fawell, 2001). It came into fornethe year 2000 and is supposed to
ensure consistent and clear water policy in theopean member states by combining
various earlier directives in the field of watakél for example the directive concerning
the quality required of surface water intendedtfi@r abstraction of drinking water in the
member states (75/440/EEC) or the directive onghality of fresh waters needing
protection or improvement in order to support figh (78/659/EEC), etc.).

The Water Framework Directive aims at a good st&usll European water bodies.
Further important traits are cross national adrviai®n of river basins on the basis of
management plans, a reduction of the emission airifyr substances, the no-
deterioration clause for water bodies, a widespreaxhitoring of the waters and
recovery of costs approach for all water servié#8dh, 1999).

3.1.1 The Combined Approach

The Water Framework Directive features the combiapgdroach, meaning that the
more stringent of emission limits and environmentplality standards applies
(Achleitneret al, 2005). Therefore it demands the setting of batission limit values
and of environmental quality standards. The conirs@proach in the Water
Framework Directive requires the member statesetiuge pollution from point and
diffuse sources by applying emission limits on llasis of best available techniques or
best available controls. Here old national regateti are still valid, e.g. regulations
regarding wastewater treatment plant performarfcthel pollution reduction achieved
by the emission limits is not sufficient to protasgtecific receiving waters (that is if the
quality objective or quality standard set for thpeedfic receiving water is exceeded)
more stringent emission controls have to be defifdge combined approach of the
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WFD does not permit to reduce the requirementsMastewater treatment below the
emission limits even if the receiving water coutibe with the pollution. However, it

has to be noted that the EU Water Framework Direds not European law but instead
a guideline to be adapted by the member statesiefiine national water law may

occasionally divert from the above (Achleitregral, 2005).
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Figure 3.1: lllustration of the combined approach (after Achleitner et al. (2005)).

3.1.2 Classification of Surface Waters

Inland surface waters are to be divided in watetid® (CIS, 2003). Each of the water
bodies has to have a good status. Further theréwarespecial water body classes:
artificial and heavily modified water bodies (CISGR.2, 2003a, 2003b). A water body
can be classified as heavily modified water bodyit iis substantially changed in
character as a result of physical alterations bydru activity. An artificial water body
is created by human activity. For these two spdgfas of surface water bodies not the
good ecological status is to be achieved but retlueguirements denoted “good
ecological potential”.

The Water Framework Directive specifies in Annexhiat the member states have to
characterise their surface waters. For this purgiosg have to determine the boundaries
of the water bodies and describe them accordingpgdVNater Framework Directive’s
methodology. As methodology for description eithe fixed typology (system A) or
the alternative description (system B) has to bgliegh. The water bodies shall be
differentiated by relevant ecoregions, like thosgppsed for system A (see Figure 3.2).
Further type-specific reference conditions for shieface water body types have to be
established (CIS-WG2.3, 2003). For the high statbgdromorphological and
physicochemical reference conditions are to bebbsked, as well as biological
conditions for the good ecological status, respebti for the maximum ecological
potential (Deutsch and Kreuzinger, 2005). Further member states have to carry out
an assessment of the likelihood that surface waddres within the river basin district
will fail to meet the environmental quality objects set in the Water Framework
Directive (CIS-WG2.1, 2002).
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Figure 3.2: System A- Ecoregions for rivers and lakes (Water Framework Directive (2000/60/EC) Annex
X1)

1. Iberic-Macaronesian region 10. The Carpathians 8. Gteat Britain

2. Pyrenees 11. Hungarian lowlands 19. Iceland

3. ltaly, Corsica and Malta 12. Pontic province BOrealic uplands

4. Alps 13. Western plains 21. Tundra

5. Dinaric western Balkan 14. Central plains 2AreeScandian shield
6. Hellenic western Balkan 15. Baltic province ZPaiga

7. Eastern Balkan 16. Eastern plains 24. The Cascas

8. Western highlands 17. Ireland and Northern Cspic depression

9. Central highlands Ireland

3.1.3 Surface Water Status

“Surface water status” is determined by the poatklits ecological status and its
chemical status. Good surface water chemical stagas that pollutant concentrations
in the surface water do not exceed limits set & \tthater Framework Directive or in
other relevant Community legislation. The good egualal status for surface waters is
in the WFD only described normatively on the basisbiological elements. The
biological elements defined in the WFD are phytogtan, macrophytes and
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phytobenthos, benthic invertebrate fauna, andfisha. These quality elements should
show only small deviations in composition and atanw from the natural status. The
implementation of this normative description islde made by the member states.
Supporting for the biological elements, hydromodphbaal elements as well as
chemical and physicochemical elements are to bedieappHydromorphological
elements are hydrology, river continuity and motphgyg. Physicochemical and
chemical elements are on the one hand general pggenlike nutrients or temperature.
On the other hand they include specific pollutartg,. the priority substances. All
surface water bodies have to achieve a good eaalogfatus. Only waters classified as
heavily modified or artificial water bodies do nbave to comply with the good
ecological status but with the reduced requiremehtee good ecological potential and
a good surface water chemical status.

Surface Water Status
= = = =
Ecological Status
— ﬁQ}H —— | Chemical
iological Quality Elements

S — Status
Hydromorphological|| Physico-chemical
Quality Elements Quality Elements

Figure 3.3: Components of the status of surface water bodies.

Environmental objectives are to be set to enswakegbod status is achieved (which is to
be realised until 15 years after the date of emity force of the Water Framework
Directive) and deterioration in the status of wstes prevented. It is however not
defined where the standards apply, directly at edisbharge or if there will be a
definition of a mixing zone. This is a considerapleblem for wastewater discharges
(Bleningeret al, 2004). Each member state has to develop a systdine classes for
the ecological quality, ranging from bad to higholegical status. The boundary
between high and good status as well as the boyhddween good and moderate will
be established through an intercalibration protessake sure that these boundaries are
consistent with the descriptions in the Water Frnaor& Directive (Annex V) and that
they are comparable between member states (CIS-8Y@Q02). The member states
have to present management plans in which theyidesthe programs of measures to
protect and enhance the status of their surfacenbaties.

3.1.4 Priority Substances

A list of priority substances is to be developed aegularly updated as prescribed in
the Water Framework Directive. The list of priorgybstances (see 2000/60/EC, annex
X) is the basis to establish community-wide harmeediquality standards and emission
controls for substances which pose a significasit 1 or via the aquatic environment.
The priority substances have been identified byhgishe COMMPS (combined
monitoring-based and modelling based priority sgitiprocedure (Kleiret al, 1999).

As hazardous those substances are classified velnechoxic, persistent and liable to
bioaccumulate or other substances which seem tofl@milar concern. From the
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priority substances so called priority hazardoussgances have been identified by using
information from different hazard assessments, Bskessments and other relevant
information like international treaties. Accorditaytheir “level of concern” (derived by
toxicological characteristics and distribution) tlseibstances from the list were
classified as priority substances (currently eighibstances), priority hazardous
substances under revision (14 substances) andityprioazardous substances (11
substances), see Table 3.1. The Water FramewosdctiMe aims during the next 20
years at the progressive reduction of the emissiqriority substance, and for priority
hazardous substances at the cessation or phagimgef alischarges, emissions and
losses.

Table 3.1: List of priority substances of the WFD, identified in (2455/2001/EC).

PHS Name of priority substance PHS  Name of pridgty substance

1 Alachlor 21 X Mercury and its compounds

2 (X) Anthracene 22 (X Naphthalene

3 (X) Atrazine 23 Nickel and its compounds

4 Benzene 24 X Nonylphenols

5 X (2) Brominated diphenylethers (1) (4-(panayrylphenol)

6 X Cadmium and its compounds 25 (X) Octylphenols

7 X Cio.1zchloroalkanes (1) (para-tert-octylphenol)

8 Chlorfenvinphos 26 X Pentachlorobenzene

9 X) Chlorpyrifos 27 (X) Pentachlorophenol

10 1,2-Dichloroethane 28 X Polyaromatic hydrooah

11 Dichloromethane (Benzo(a)pyrene),

12 (X) Di(2-ethylhexyl)phthalate (Benzo(b)fluoranthene),
(DEHP)

13 (X) Diuron (Benzo(g,h,i)perylene),

14 (X) Endosulfan (Benzo(k)fluoranthene),
(alpha-endosulfan) (Indeno(1,2,3-cd)pyrene)

15 Fluoranthene (3) 29 (X) Simazine

16 X Hexachlorobenzene 30 X Tributyltin compounds

17 X Hexachlorobutadiene (Tributyltin-cation)

18 X Hexachlorocyclohexane 31 (X) Trichlorobenzene
(gamma-isomer, Lindane) (1,2,4-Trichlorobergen

19 (X) Isoproturon 32 Trichloromethane

(Chloroform)
20 (X) Lead and its compounds 33 (X) Trifluralin
PHS Priority Hazardous Substance.

X Identified as priority hazardous substance.

X) This priority substance is subject to a reviewidentification as possible “priority hazardaisbstance”. The Commission
will make a proposal to the European Parliament@oahcil for its final classification not later thd2 months after
adoption of this list. The timetable laid down irtiéle 16 of Directive 2000/60/EC for the Commiss®proposals of
controls is not affected by this review.

Q) These groups of substances normally includenaiderable number of individual compounds. At pnésappropriate
indicative parameters cannot be given.

2) Only Pentabromobiphenylether.

3) Fluoranthene is on the list as an indicatastber, more dangerous Polyaromatic Hydrocarbons.

The European Water Framework Directive containsammex VIII a list of main
pollutants. But the decision of the substances lwkiwuld be monitored and for which
thus environmental quality standards are neededchbs made by the member states.
For the priority substances Europe-wide environeniality standards will be defined
after an intercalibration process, but for the othecific pollutants, defined by each
member state, the limits will only be valid on dioaal basis.
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3.2 IMPLEMENTATION OF THE WATER FRAMEWORK
DIRECTIVE IN AUSTRIA

In Austria it was decided to describe the waterié®according to system B of the
Water Framework Directive. For the classificatidrite types Austria was divided into
regions, the so called running water bio-regiorige@ewasser- Bioregionen), similar
to the ecoregions approach of the Water Framewadciive (Mooget al, 2001). The
minimal size of the water bodies ranges from 1 kmsmall water courses to 10 km for
large watercourses. The classification is donena $teps, first a basic classification
was done which divided water bodies at significaotindaries (e.g. at boundaries of
ecoregions or if there were significant hydrologiddferences). Afterwards a detailed
classification was made where stretches with sigamit anthropogenic impacts (e.g.
pollution point sources, migration obstacles eieje separated from unimpaired ones
(see Figure 3.4). This classification resultedAastria in about 1000 water bodies with
a catchment of more than 100 %rithis number is not fixed but it is planned toeap
the detailed classification regularly and to adapt number of water bodies according
to the changes of impacts (BMLFUW, 2004).

Basic water body

Stretch without
significant impacts Stretch with

significant impacts

Water body 1 Water body 2

: 2

| Detailed classification |

Figure 3.4: Austrian detailed water body classification (after BMLFUW (2004)).

In Austria for the good and the high status, biadaband physicochemical quality
elements are to be considered, and for the higtusstalso hydromorphological
elements. Therefore limits for general physicocloainparameters were proposed, i.e.
biochemical oxygen demand (B@D dissolved organic carbon (DOC), nitrate, ortho-
phosphate, filtrated total phosphor (Deutsch andukinger, 2005). The limits were
chosen on type-specific reference conditions focheaf the 15 running water
bioregions. The moderate, poor and bad ecologitaius shall defined by only
biological elements. For the specific pollutantshsances were chosen from relevant
European regulations as well as substances whechischarged in significant amounts
to the Austrian waterways. From this list of 32(stances those were chosen as
relevant for which either local pressures or wajeality impacts were identified. For
the 33 priority substances identified on a Europksuel and for 43 other relevant
substances, identified for the Austria situationyimnmental quality standards were
determined (Bursch, 2002;Wimmet al, 2003). In Austria the procedure for the
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determination of the environmental quality standarg based on a study for the
European commission (Lepper, 2002). The Water Fnarie Directive requires

environmental quality standards for water, sedinaga biota. But only for water there
is currently a good scientific basis and harmonigestructions for sampling and
analysis. Therefore in Austria currently only thefidition of environmental quality

standards for water has been made (Wimebat, 2003).

Table 3.2: Austrian proposals for Environmental Quality Standards (EQS) for the priority substances
defined in the Water Framework Directive (Wimmer et al., 2003).

Name of priority substance EQS g/l Name of priority substance EQSa/l)
Alachlor 3 Mercury and its compounds -
Anthracene 0.2 Naphthalene 1
Atrazine 1 Nickel and its compounds -
Benzene 80 Nonylphenols 0.3
Brominated diphenylethers 0.5 (4-(para)-nonylmten

Cadmium and its compounds - Octylphenols 1
C10-13-chloroalkanes 0.5 (para-tert-octylphenol)
Chlorfenvinphos 0.01 Pentachlorobenzene 1
Chlorpyrifos 0.0005 Pentachlorophenol -
1,2-Dichloroethane - Polyaromatic hydrocarbons -
Dichloromethane 10 (Benzo(a)pyrene),
Di(2-ethylhexyl)phthalate (DEHP 8 (Benzo(b)flunthene),

Diuron 0.2 (Benzo(g,h,i)perylene),

Endosulfan 0.001 (Benzo(k)fluoranthene),
(alpha-endosulfan) (Indeno(1,2,3-cd)pyrene)

Fluoranthene - Simazine 1
Hexachlorobenzene - Tributyltin compounds 0.001
Hexachlorobutadiene - (Tributyltin-cation) -
Hexachlorocyclohexane - Trichlorobenzenes

(gamma-isomer, Lindane) (1,2,4-Trichlorobenzene)

Isoproturon 0.2 Trichloromethane (Chloroform) -
Lead and its compounds 11 Trifluralin 0.1

For non-metallic pollutants the environmental gyaditandards are predicted no-effect
concentrations (PNEC) which are calculated fromicmegical data like lethal
concentrations (LC) or no-observed-effect-conceioina (NOEC) together with a
corresponding safety factor according to the WBRtamework Directive (2000/60/EC),
annex V. For metals the situation is more compdidailhe bioavailability of metals
depends on the water chemistry (like on pH, alkiglinvater hardness, presence of
complexing agents, etc.). Further, metals have g@ogources and thus, depending on
geochemical and hydrological conditions, the natwancentrations (also called
background concentrations) in running waters aghlii variable (Wimmeret al,
2003). Therefore the environmental quality stanslavére defined on the basis of an
added risk approach, whereat the environmentaltgushndard (EQS) is composed of
the natural background concentration in the riv@fai(rai backgrouns @and the maximal
tolerable additional concentration{&):

EQS=C +C

natural background max

The added risk approach is based on the assunipidrithe organisms are adapted to
the natural metal concentration and that the saiddéi@anal exposure leads to the same
effect, independent of the background concentrafitve maximal tolerable additional
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concentration was derived by a statistical intewpoh method as predicted no-effect
concentration from the 5-percentil of a logarithrrensformed distribution of no effect
values from different species. The added safetipfac/ary between one and five. The
environmental quality standards for metals in Aasinclude currently no dependency
on water hardness.

Every member state had to assess which of its vieteies might fail to achieve the
good status and report the outcomes to the Europaaamission. The results of this
assessment were published in the report “Osteisgichr Bericht der IST -
Bestandsaufnahme” (BMLFUW, 2005). For surface wataties Austria defined a set
of criteria to assess significant pollutant and royaorphological impacts. For specific
pollutants the environmental quality standards wapglied. The general chemical
status was investigated using the limits defined uraft for an ambient water quality
directive (AImVF, Draft 1995) and the saprobic ird@ biological index which covers
the impact of organic pollution) (OENORM M 6232,910. As hydromorphological
impacts the following instances were defined: desed flow by hydropower plant
withdrawal, high flow variations by hydropower plasperation, backwater, migration
obstacles and changes in watercourse structure.a¥bessment (BMLFUW, 2005)
found that only about 20 % of the Austrian runngwgface water bodies will achieve
the good status. About 40% will surely fail to amhe the good status and for the rest,
the data (either the information on the water bodthe data used to define the criteria
for the assessment) is not sufficient to clearlfinrgetheir status. Surface water bodies
fail to achieve the good status mostly because yafrdmorphological problems
(BMLFUW, 2005; Muharet al, 2000). Therefore Austria identified 44% of itater
bodies as candidates for heavily modified wateldo(BMLFUW, 2005).

3.3 PRESSURES ARISING FROM THE WFD TO URBAN
DRAINAGE SYSTEM DESIGN AND OPERATION

The Water Framework Directive is designed to be fthene of the European water
policy and to assure consistent and integrated rimai@nagement in Europe. The
management of the rivers is to be done on the lodsiger basin management plans. In
the Water Framework Directive the combined appraoadpecified, that means that for
wastewater treatment primarily the old emissiomasads apply (e. g. the urban waste
water treatment directive (91/271/EEC)). Regarditige environmental quality
standards, there are still many uncertainties, regarding monitoring, mixing zones,
standards etc. Currently no new requirements froenWFD to wastewater treatment
plants are observed. But it is possible that theason will change with the further
assessment of the watercourses in the monitoringrams of the WFD (Weyand,
2006).

In Central Europe wastewater treatment is highleted and most of the population
is connected to wastewater treatment plants (2%.i® Germany or 96% in the UK are
connected to main sewers (Butler and Davies, 200#)hese countries, the pressure on
the good ecological quality derives mainly from plwlogical degradation
(Grinebaumet al, 2002;Muharet al, 2000). Significant costs will arise for the
improvement of the situation (Weyarmd al, 2005). Usually the amount of pollutants
from diffuse sources is in these regions largentiram point sources (Fenz, 2002;
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Grinebaumet al, 2002). This picture may be different in South&urope (e. g. in
Greece only 58% and in Portugal 57% of the popaats connected to main sewers
(Butler and Davies, 2004)).

It is however to be expected that the requirememéduce the emissions of the priority
substances will influence urban drainage but alesee ht is not clear in which way

(Weyand, 2006; Butler and Davies, 2004). Most pbbpthe combined approach of the
WEFD will influence stormwater treatment (WeyandQ@0Butler and Davies, 2004). To
achieve a good ecological status in heavily urtehisvers, for stormwater treatment
cooperation of experts in the fields of biologybam drainage and hydraulics is
necessary (Weyand and Schitthelm, 2005).
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4 DESCRIPTION OF ECOLOGICAL STATUS USING WATER
QUALITY PARAMETERS

The aim of optimising the wastewater system witbard to the Water Framework
Directive is to achieve a good ecological status. @described above, the good
ecological status is composed of a good statufeitological and chemical quality
elements. Unfortunately, it was impossible to ficalise-effect relations between the
running water biocoenosis and chemical parametéishamvould allow modelling of
the Water Framework Directive’s biological qualigfements. River water quality
models do not include aquatic species, and no Ewwoge approaches for predicting
aguatic biocoenosis are available.

As modelling the biological quality elements on &agan scale is currently impossible,
the good ecological status had to be describedherbasis of physicochemical quality
elements. In the case study of the alpine riveruDtae relevant physicochemical
parameters to describe the water quality statusnoélpine river were identified (the
case study is described in more detail in paiper

The next step was a literature review on ambiertemwguality standards to identify
reliable ambient water quality limits. Two diffetertypes of regulations were
investigated, on the one hand regulations concgrnimermittent impacts from
stormwater, on the other hand long-term ambientwguality standardsPaper V
describes the results of a critical literature egwiof different ambient water quality
based approaches to assess the impacts from cairda@ner overflows.

In the Water Framework Directive the good ecololgstatus is not clearly defined. It is
only stated that these biological quality elemdnes phytoplankton, macrophytes and
phytobenthos, benthic invertebrate fauna, and fama) should show only small
deviations in composition and abundance from therahstatus (see chapter 3.1.3).
The evaluation of the performance of different wrldrainage measures and their
comparison in an integrated urban wastewater systanonly be done on the basis of
computer simulations. Therefore it was searchednfodels which are able to represent
the ecological status of a river which could bduded in such simulations.

Most river water quality models are based on alamapproach as the models for
wastewater treatment plants, i.e. they describeipggroof organisms which convert
relevant wastewater components. These river waiaitg models aim at the simulation
of receiving water pollution processes, e.g. euticgdion, acute and chronic toxicity
(Rauchet al, 1998), but not at modelling composition and alaumog of single aquatic
species. For example the river water quality moael (RWQM1) includes the most
important processes for C, O, N, and P cycling invar under aerobic or anoxic
conditions (Reicheret al, 2001;Shanahaet al, 2001;Vanrolleghenet al, 2001). The
organisms which are responsible for the conversiom grouped together, e.gy X
contains all facultative anaerobic heterotrophigamisms, X ¢ stands for algae and
macrophytes, nitrifying bacteria are summarisecKgs (ammonia to nitrite) and ¢
(nitrite to nitrate), and all types of consumers described with the parametegoX.

There are also approaches to model lotic ecosybtenvenosis, e.g. based on neural
networks. Examples for such neural network preaic8ystems are RIVPACS, which
predicts the natural macroinvertebrate composibbBritish running waters (Clarket
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al.,, 2003), a German study by Schleitet al (1999) or the European project
PAEQANN, which aimed at the prediction of the bienosis in different European
regions (Leket al, 2003). The prediction of macroinvertebrate comityuwith neural
networks performs quite reasonable, but only laeal if high resolution data of water
guality and quantity as well as of the macroinvaraée community is available.

4.1 THE GOOD ECOLOGICAL STATUS - THE CASE STUDY
DRAU

The first approach to assess the good ecologialstvas made in the case study of the
alpine river Drau in Eastern Tyrol. This river $tte had been chosen because at that
time it was proposed as calibration stretch forlttweer boundary of the good status for
Tyrol (although this has been changed later). Tinetch of the Drau, which was
proposed as calibration stretch, is in its uppet aesidual water stretch (most of the
water is bypassed to a hydropower station) andsifower part it is highly influenced
by fast alternations of peak discharges and lowchdisggyes due to hydropower
generation. There are three wastewater treatmantglhose discharges influence the
stretch. The aim of the case study was to identify relevant physicochemical
parameters to describe the water quality statusrofalpine river. The results are
summarised in the following table.

Table 4.1: Impact parameters importance for an alpine river (x: important; xx: very important; xxx:
dominant; (): dependent on local conditions).

Hydraulic Dissolved  Toxic : _
disturbance MOTPOIOgY "0 len  effects  \utrients  Chloride
Alpine
rivers XX XXX / (x) / (x)

The case study showed that the Water Frameworkciee will have only little
influence on urban drainage in the alpine regiohe Thain impacts on the rivers’
ecology result from morphological changes (e.g.anikation, flood protection) and
hydropower. For alpine rivers emission-based desjgidelines for wastewater
treatment plants are usually sufficient to securedgwater quality. Negative impacts
from acute toxic effects could not be excludedhia tase study because only data from
long-term water quality monitoring with low samminfrequency were available.
Therefore it is possible that the WFD will influenalpine stormwater management.
Further details of the case study can be fourghper IIl .

4.2 COMPARISON OF DIFFERENT AMBIENT WATER
QUALITY STANDARDS FOR LONG-TERM IMPACTS

As modelling of the Water Framework Directive’s lbigical quality elements is
impossible, it was necessary to find another amtroaf dealing with the good
ecological status. Therefore a study was condueibith aimed at comparison of
various existing limits regarding ambient water lgydo identify reliable limit values.

It was assumed that compliance with such limitsukh@ecure the good ecological
status from the water quality side. The findings @so shown ipaper V.
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Ambient water quality limits can be specified fbetwater phase, the sediment or biota.
Most common are limits for the water phase (Wimraeeal, 2003). These limits are
based on toxicological data like lethal concenbrat{LC) and include safety factors,
e.g. the safety factors to be applied for the siestsl for the priority substances are
defined in annex V of the WFD (2000/60/EC). Therelteristics of the pollutants and
their environmental fate have to be consideredtahdilly. The environmental fate is
different for each pollutant. On the one hand tb#upants can be changed by abiotic
physical or chemical reactions, e. g. photolysislatilization, chemical speciation,
sorption (Burton and Pitt, 2002). On the other haafter uptake, they are subject to
reactions in the organisms’ metabolism (biotransftion), or can be accumulated in
the tissue (bioaccumulation) (Burton and Pitt, 20@th, the abiotic as well as the
metabolic reactions can lead to changes of theifawit's toxicity: some substances are
mineralised, some changed to less toxic productssdime are also converted to higher
toxic substances (Burton and Pitt, 2002;Timbre893). Heavy metals are usually
bound to particles (Burton and Pitt, 2002). Thadessances which pose the highest risk
to the environment, due to their high persistenuog large emission, are identified as
priority substances in the Water Framework Dirextigee chapter 3.1.4). Ambient
water quality limits are derived by the identificat of the concentration with the lowest
reliable and relevant adverse effect from the tleigical data that is available. From
this concentration the limits are extrapolated gsafety factors (Whitehouse, 2001),
e.g. specified in the WFD in annex V.

Different ambient water quality regulations werevastigated, e.g. the European
directive on the quality of fresh waters needingt@ction or improvement in order to
support fish life (78/659/EEC), the British UrbaallBtion Management Manual (FWR,
1998), the US National Recommended Water Qualitie@a (US EPA, 2002) and the
Water Quality Criteria — Nutrients (US EPA, 2004lkihe environmental quality
standards for Austria proposed during the implerte of the WFD (Wimmeet al,
2003), the Draft of an general ambient water qualigulation for Austria (AImVF,
Draft 1995), the environmental quality standards @ermany proposed during the
implementation of the WFD (LAWA, 2003), the BWK tetucal fact sheet M3 from
North-Rhine Westphalia (BWK, 2001), the proposaltio¢ ATV working group on
nitrite in running waters (ATV, 1994), a study daneNorth-Rhine Westphalia (Orit
al.,, 2003), the European directive concerning the ityuabf bathing water
(76/160/EEC), the European directive concerningdginality required of surface water
intended for the abstraction of drinking water lne tMember States (75/440/EEC) and
figures from the book Introduction to Limnology (&werbel, 1999). The standards for
nitrite, un-ionised ammonia (N§J dissolved oxygen, total phosphorus, copper, zinc
and cadmium found in these regulations are ligteahnex IX of this dissertation.
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Deviation
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Figure 4.1: Comparison for different substances of the minimum and maximum values of salmonid waters
found in ambient water regulations. Deviation= value/ minimum value. * Limits depending on chloride
concentration. ** Limits depending on carbonate concentration in the water.

Figure 4.1 shows the relative differences of thats for salmonid waters found in the
above listed regulations. The largest variationseweund for those substances which
are specified in dependence of another substame, itrite, copper and zinc. The
differences result partly from the fact that thits for the different classes of the same
regulation already vary widely from each other, &gm 5ug Cu/l at 10 mg CaC4l to
112ug Cu/l at 500 mg CaC4D in 78/659/EEC (see Table 1X-5 in annex IX).

Also for cadmium relatively high variations wereufwl. Cadmium is identified as
priority hazardous substance in the WFD. Therefbms at the phasing out of its
emissions and intercalibrated limits will be set éadmium during the implementation
(for Austria, see Wimmegt al (2004)).

General parameters as oxygen concentration, phasphotrogen, salinity, temperature
or pH are type-specific parameters, i.e. the nhwoacentrations of these parameters
are quite specific and even varying for differeatt®ns of the same river. To include
this diversity, in the USA the standards for nuitge (i.e. phosphorus, nitrogen,
chlorophyll and turbidity) are defined specificaftyr each ecoregion (US EPA, 2004a).
Also in the Austrian implementation of the Waterafework Directive limits for
general parameters have been defined for each iAdmstunning water type region
(Deutsch and Kreuzinger, 2005).

Although for un-ionised ammonia and minimum oxygmmcentration there are also
type-specific differences, the variations betwedfeignt regulations are smaller than
for e.g. heavy metals or phosphor, probably becthesacute toxic properties of these
substances are the driving factor for setting Bmit

4.3 INTERMITTENT IMPACTS TO RECEIVING WATER
BODIES

Paper V gives a critical review of different approachesagsess the impact on rivers

from the sewer system at wet-weather conditiongyives a short introduction into

biological assessment methods and presents emisagad and ambient water quality
approaches to assess intermittent impacts frorarthen drainage system.
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The protection of the rivers’ ecology got incregtynof importance (Lijklema, 1995).
The Water Framework Directive is only one of thesi@cently enacted regulations,
e.g. already the US Clean Water Act (CWA, 1972unmegl to maintain the “biological
integrity” of the waters. Respectively in urbanidesge new methods were needed. The
traditional approaches used by civil engineersdsigh the urban drainage system are
emission standards. These standards are ofteredaising Best Available Technology
approaches (Ragad al, 2005), which means the standards are defined thaththey
can be fulfilled with currently established teclomies. However, there is not even
relation of emission limits and water quality oktheceiving water, and respectively
even less with ecological quality. The proceedireyelopment and application of
computer models in urban drainage initiated thentdation of ambient water quality
based approaches in civil engineering for the assest of stormwater impacts (Rauch
et al, 1998). These approaches aim at the descriptidheoivater quality status of the
receiving water in terms of physicochemical pararset The capability of these
approaches to protect the ecological quality though not yet been scientifically sound
proofed. Only few case studies have been perforfegd (Gammeter, 1996), (Fuchs,
1998), (Podraza and Widera, 1998) or (Gutlal, 2003)). The validation of the ambient
water quality based approaches would require imyasdn of the integrated urban
drainage system and thus huge monitoring effortzn(®leghemet al, 1999). Both
assessment of water quality with biological indicatand toxicity testing are currently
not sufficiently developed for application in urbaet-weather flow planning.

In the Water Framework Directive the combined applois specified. Thus in future
the emission guidelines for the design of wet-weaflow control will still be valid and
be combined with ambient water quality based apgres. However, the validation of
the appropriateness of emission and ambient watalitg approaches to protect the
ecological quality is necessary.
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5 INDICATORS FOR THE ASSESSMENT OF URBAN
DRAINAGE MEASURES

Indicators for stormwater management can be diogcindirect measurements of
conditions or elements that indicate trends or oesps of watershed conditions to
stormwater management activities and can be sdléztemeasure stress or the activities
that lead to impacts on receiving waters, to asessesource itself, and to measure the
regulatory compliance (Burton and Pitt, 2002).

< CSO indicators
(emission based descriptors)
e Receiving water indicators
T~ — ~—_ (water quality descriptors)

Figure 5.1: Combined sewer overflow and receiving water indicators.

In the following indicators for the assessment loé impact from urban drainage
measures on the receiving water are listed. Thieatmts are selected for assessment of
the impacts from wet-weather discharges, causéereity combined sewer overflows
or storm sewer outlets. In chapter 5.1 receivingewandicators are introduced, they
describe physical and chemical impacts on the weqtality. They were defined
because ecological quality in terms of biologicalakity elements could not be
described in the computer model.

In chapter 5.2 CSO performance indicators are destr These are emission-based
indicators which are used traditionally in urbamidage, for example in CSO design
guidelines. In chapter 5.3, the CSO performanceacatdrs are tested if they are
correlated with the receiving water indicatorst imeans it was investigated if the CSO
performance indicators describe the impact of tl8#Cn the water quality of the

receiving water.

5.1 RECEIVING WATER INDICATORS FOR URBAN WET-
WEATHER DISCHARGES

5.1.1 Receiving Water Indicators

The following receiving water indicators shall deise the status of the receiving water
in terms of environmental criteria, more precisdly hydraulic, biochemical and
chemical status. One indicator was defined for eaicthe impact types: hydraulic
impacts, oxygen depletion by input of organic sabeés, eutrophication, acute toxic
effects, and accumulation of persistent substaricssassumed that these indicators are
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able to describe urban drainage impacts on theogicall status of the receiving water
because these impact types have been identifiedabpus other workers (ATV,
1993;Borchardt and Sperling, 1997;BWK, 2001;FWR, 9&#louse et al,
1993;Lijklemaet al, 1993;Rosset al, 2004a;Schillinget al, 1997).

The following receiving water indicators have bednsen. As indicator for

- hydraulic impacts: the erosion frequency (Gammatet Frutiger, 1989;Rauch
et al, 2002),

- depletion by input of organic substances: the aaitioxygen deficit (BWK,
2001),

- eutrophication: the total nitrogen load per year,

- acute toxic effects: the wun-ionised ammonia comedéioh exceeded
continuously for a period of one hour per year, and

- accumulation of persistent substances: the copperdischarged per year.

The receiving water indicators have been definedvi@uate the results of numerical
simulations of the integrated urban drainage systéene they can be used for relative
comparison (to compare scenarios and determine bith the impact is lowest, as it
has been done in the studies described in chaptEo6the indicators hydraulic impact
(erosion frequency), oxygen depletion by input ajamic substances (critical oxygen
deficit), and acute toxic effects (un-ionised ammaoncentration), the results can also
be compared with limits given in ambient water gyabased regulations (erosion
frequency: (Gammeter and Frutiger, 1989;Radsal, 2004a); acute oxygen deficits:
(BWK, 2001;Danish Engineering Union Wastewater Cottaa, 1985;FWR,
1998;0EWAYV R19, Draft 2003;Rosst al, 2004a); acute toxic effects of un-ionised
ammonia: (BWK, 2001;FWR, 1998;0EWAV R19, Draft 2(R8ssiet al, 2004a)).

Examples for both applications are described irpt#hes: inpaper VIl the effect of the
measures was compared relative to each other,|dutlee magnitude of the measures
necessary to comply with the erosion frequency téindefined by Gammeter and
Frutiger (1989) was calculated.

For the computed simulation results gdper VIII only a relative comparison of the
indicators was possible. As the rivers used in #tisgdy as receiving water were
artificial and were assumed to be initially clean,exceedance of limits occurred- and
thus the different simulation scenarios could netcompared with each other on the
basis of environmental quality standards.

5.1.2 Hydraulic Impact

In urban areas large parts of the ground are inipesvso that only a small proportion
of the stormwater can infiltrate. The runoff coeiént (that is the proportion of rainfall
that contributes to runoff from the surface) isasidential areas between 0.3 and 0.7, in
the city centre even between 0.7 and 0.95 (Buthet Bavies, 2004). Urbanisation
results in an increase of flow in the rivers, esggcthe peaks can be magnified from 2
to 50 times to flows of predevelopment. Especitily frequency of flood events with
low return periods (e.g. 2-years flood) will be tiplled (Roesner and Bledsoe, 2003).
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Thus in urban areas, large parts of the rain watgers the sewer system with only short
delay, often resulting in an increase of flow i tteceiving water usually before the
flow increase from the natural catchment arrivethatpoint of the urban discharge. The
arrival of the discharge before the natural peakrablematic because natural floods
give an advance warning due to a slow increaséouf. fThis allows the organisms to
search for refugees on time. Artificial peaks froombined sewer overflows or storm
sewer outlets give no such warning. The pollutiérihe discharge can influence the
drift of the aquatic biocoenosis, e.g. oxygen defican lead to deliberate exposure to
the flow of benthic macroinvertebrates to improvaygen uptake (Borchardt,
1992;Gammeter and Frutiger, 1989). The increaslwfcan also multiply the number
of erosion events in the river. The losses of tloputations by drift have to be
compensated. The potential of a river to compensateh losses is called in the
German-speaking world “Wiederbesiedlungs-potentigfecolonisation potential)
(BWK, 2001). The recolonisation potential is deterad by the morphological
characteristics of the river. It is reduced by ratgm obstacles, if habitat diversity is
lost (e.g. by channelisation or channel stabilisatmeasures), and if there is no
connection to confluents with a natural statuso# kecolonisation potential makes a
river more susceptible to all kinds of disturban@@@/K, 2001;Frutiger and Gammeter,
1996).

Standards

There are different indicators for intermittent hgalic impacts, most important of
CSOs. One approach is to restrict the additionsthdirge on the basis of the natural
flow of the river, as done in the BWK M3 (BWK, 2001

Objectives of BWK M3 for hydraulic impacts are fliéd if:

QEl,zuI. < 1'0* qu,pnat * ?(;E + X* qu,pnat * AEO[I /S] [ 1 ]
HQ 1, pnat ... potential natural annual flood
A red ... paved area of attached urban area
Ago ... surface catchment of the watercourse
Qe zul ... acceptable critical yearly influent discharge
X ... multiplication factor for the acceptable iease of discharge by

anthropogenic influences, normally 0.1

The draft for the new OWAV technical fact sheet(D8aft 2003) includes as limit for
hydraulic impact 0.1 to 0.5 times the 1-year flowbereat the percentage has to be
chosen considering the receiving water's morpholdgy. sediment type, channel
geometry and recolonisation potential). In Switzed not the flow is restricted but the
number of erosion events. Here it is assumed hianipact is caused by disturbance of
the river bed. The number of additional erosionnéveaused by urban drainage that is
acceptable for a river depends on its recolonisafiotential and the availability of
refugees. It varies between 0.5 (low recolonisapiotential and little refugees) and 10
events per year (high recolonisation potential evahy refugees available) (Frutiger
and Gammeter, 1996).
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Modelling of the hydraulic impact:

The determination of the erosion frequency in themputer simulations presented in the
papers of this dissertatiopgper VI, paper VII andpaper VIl ) have been made with
the software REBEKA which uses the approach by Wi@&gter (see below). Ledt al.
(2006) compared the results of different sedimeamdport formulas on the computed
number of erosion events and length of the erosii@ich. Large variations between the
results were found, showing how important the ch@€ the right sediment transport
formula is. Leket al. (2006) also investigated the effect of multiplsatiarge points at a
river stretch and how the waves interfere with eattter, an effect which can be of
great importance.

Tr< Ter Tr> Ter

Figure 5.2: lllustration of the approach by Meyer- Peter.

The critical discharge was determined based on ntoglel underlying the Swiss
software REBEKA (Rauchkt al, 2000).

k[]j 1/6 3/2
Actual shear stress;, = g[p[RU (2—96‘;] [N/ m?] [2]
TR ... actual bottom shear stress [N/m?]
p ... density of the water [kg/m3]
g ... acceleration of gravity [m/s?]
k ... Strickler coefficient of side friction [Hi /s]
R ... hydraulic radius [m]
I .. river bed slope [-]
Critical shear stress, = 0.047g {p.—p) @~ [N/ m [3]
Ter ... actual bottom shear stress [N/m?]
p ... density of the water [kg/m3]
Ps ... density of the bed material [kg/m?3]

Receiving Water Indicator

As indicator the erosion frequency in the receivimgter was chosen, based on the
Swiss approach by Frutiger and Gammeter (1996). &twsion frequency was
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determined using the approach of Meyer- Peter, @dtaan erosion event takes place if
the actual shear stress in the river exceedsiiisatishear stress (see alsaper VII).

5.1.3 Oxygen Depletion

Acute oxygen depletion is mainly caused by the ewater in the CSO discharge
because surface runoff contains significantly lessdily degradable organic matter.
Wastewater discharges can cause acute toxic effaetso immediate oxygen depletion
by easily degradable organic material, but alsaysl effects of oxygen depletion due
to the slower degradation of particulate organidtena Standards for acute oxygen
impacts are defined in various guidelines and &guris (e.g. Danish guideline (Danish
Engineering Union Wastewater Committee, 1985), UsbAent Water Quality Criteria
for Dissolved Oxygen (US EPA, 1986), Urban Pollntidanagement Manual (FWR,
1998), the draft of the new OWAYV R19 (Draft 200B)VK M3 (BWK, 2001), STORM
(Rossiet al, 2004a)). These are described in detagaper V.

Standards

Both the BWK M3 (BWK, 2001) and the OWAV R19 (Dr&f003) define 5 mg/l as
standard for dissolved oxygen in the water phasev bxygen concentrations cause
always stress, even if they are not acute lethalerfore the Urban Pollution
Management Manual (FWR, 1998) is based on a coratemt/duration threshold
approach, which defines for different oxygen comaions the minimum time for
recovery (expressed in terms of frequency, thagtisrn period). The standards for (a)
ecosystem suitable for sustainable salmonid fish€by ecosystem suitable for
sustainable cyprinid fishery and (c) marginal cytifishery ecosystem are shown in
the following table. The limits include an interégplency of the standards for dissolved
oxygen and un-ionised ammonia. At high un-ionisedr@nia concentrations, higher
standards for dissolved oxygen apply.

Table 5.1: Fundamental Intermittent standards for dissolved oxygen (mg/l) — concentration/duration
threshold not to be breached more frequently than shown. Standards for ecosystem suitable for (a)

sustainable salmonid fishery, (b) sustainable cyprinid fishery and (c) marginal cyprinid fishery ecosystem
(FWR, 1998).

1 hour 6 hours 24 hours
a b c a b c a b c
1 month 5 4 3 5.5 5 3.5 6 5.5
3 months 4.5 3.5 25 5 4.5 3 55 5 3.5
1 year 4 3 2 4.5 4 25 5 4.5 3

Notes

1. These limits apply when the concurrent un-ichs@monia (NkN) concentration is below 0.02 mg/l.
The following correction factors apply at highemeooirrent un-ionised ammonia concentrations:

0.02 - 0.15 mg NKIN/I: correction factor = + (0.97 x loggmg NH-N/I) + 3.8) mg O/l

>0.15 mg NH-N/I: correction factor = +2 mg O/I.

2. A correction factor of 3 mg O/l is added forraahid spawning grounds.
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Modelling of the critical oxygen deficit:

The Streeter-Phelps model, developed in 1925, i ohthe earliest models for
modelling oxygen depletion (Tchobanoglous, 198%)cdlculates the oxygen deficit
which is caused by a wastewater discharge, takmg account deoxygenation by
various stream organisms due to oxidation of BO1dl, meaeration. It is one of the most
frequently used river models (Ray, 1995). More adea models also include the effect
of photosynthesis (Simonsen and Harremoés, 19g¢yahtiate between immediate
and delayed oxygen depletion (Harremoés, 1982;dditlacobsen, 1982), or represent
daily oxygen fluctuations (Harremoésal, 1996;Jacobseet al, 1996). State of the art
river water quality models include as processelsiémicing the oxygen concentration:
reaeration, biodegradation, sediment oxygen demphatosynthesis, respiration and
nitrification (Rauchet al, 1998).

Saturation DO concentration in river upstream of waste discharge
Actual DO concentration in river upstream of waste discharge
Saturation DO concentration in river

downstream of waste discharge at
the temperature of the river-

6‘ waste water mixture
2. [1
= =
o 4 D.=(C—C,)
o =¥
% " O} (s O2
> c
o2
32
25
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25 \Oxygen sag curve
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|
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point of waste discharge, km
Initial DO deficit at point

of waste discharge based
on DO saturation valve
downstream of waste
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Figure 5.3: Characteristic oxygen-sag curve obtained using the Streeter-Phelps equation (Tchobanoglous,
1987).

For the calculation of the critical oxygen defiait the studies presented later in this
dissertation the Streeter-Phelps model was usettsibed in the BWK M3 (BWK,
2001) (see formulas formulas [4 ]-[ 9 ]).
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Calculation of the critical oxygen deficit based orthe approach of Streeter and
Phelps (BWK, 2001):

Streeter-Phelps formuld®(t) = D, &7" + klc [ﬁe("‘lm) — gl m)]

k, -k [4]
[mg/l]
Do initial oxygen deficit [mg/l]
ky degradation rate [1/h] (default BWK M3: 0.03/h)
ko reaeration rate [1/h] (see formula[6])
Co BOD concentration [mg/l]

The critical oxygen deficit (Dc) is calculated frdimat as:

Critical (maximal) oxygen deficitDc :kﬁ (&, (&™) [mgll] [5]
2
ky degradation rate [1/h]; (default BWK M3: 0.03/h)
ko reaeration rate [1/h]; (see formula[6])
Co BOD concentration [mg/l]
tc critical flow time [h]
(3+ 40] d'm + 05
Reaeration ratek, = Ks) T [1/h] 6]
N h, (24
Kst Manning-Strickler coefficient [f/s]; (default values for different river
bed types proposed in BWK M3, usually 20-68°fs)
hm mean water level at mean low water flow (MNQ) [m]
Vm mean velocity at MNQ [m/s]

The mean water level at MNQg(his derived with the Manning Strickler formula.

vk, GNR”  [mis] [7]
v flow velocity [m/s]
Kst Manning-Strickler coefficient [/s]
hm, mean water level at mean low water flow (MNQ) [m]
Rn hydraulic radius [m]
1 k2 Dolk, —
Critical flow time: t, = [n< — l—M [h] [8]
k, -k k1 k, L€
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With the critical oxygen deficit, the minimum oxygeoncentration can be calculated
(the saturation of oxygen in water depends on themtemperature):

Minimum oxygen concentration:g% min= Cpo, saturatior— Dc [mg/l] [9]

Cpo, sawraion  --- OXYgEN concentration at saturation

Receiving Water Indicator

As indicator for acute oxygen depletion the critioaygen deficit was chosen. The
critical oxygen deficit is the oxygen that is comsd by degradation of the BOD in the
river. It has been calculated on the basis of gfpr@ach of the BWK M3 (see formulas
[ 4 ][ 9 ]). Originally it was intended to use thienits for acute oxygen deficits as
receiving water indicator, as they are specifiedha Urban Pollution Management
manual (FWR, 1998). After the first simulations,weaver, it was found that the
investigated scenarios (unpolluted rivers, runadfiytion according to literature etc)
resulted in only small variations of the oxygen alyrics, so that a comparison of
different simulation scenarios was not possibleeréfore the hour with the highest
BOD load was determined instead. From this loadtkean concentration of BOD and
the mean discharge were derived (for the perioonef hour) and with the formulas [ 4
]-[ 8], the critical oxygen deficit was calculated

5.1.4 Eutrophication

As already pointed out, nutrient standards havbetaefined river type-specific. The
substances that cause eutrophication are nitrogérphosphorus, the two main plant
nutrients. The loads discharged by combined sewerflows in Austria have been

estimated to amount to approximately 1-2 % foragiegn and 2% for phosphorus of the
total emissions from the urban drainage systemzF2002).

Receiving Water Indicator

The total nitrogen load discharged per year inwritier has been chosen as indicator
for the input of plant nutrients from the urbanidege system.

N, ..
Nitrogen load discharged per yed; =¥ [t/a] [10]

n ... number of years of the simulation

5.1.5 Acute Toxic Effects

There are several substances in wastewater whigll @ause acute toxic effect but
ammonia is usually present in high concentratiorésthus can lead to problems in the
receiving water. Ammonia and un-ionised ammonia iarequilibrium whereat the
amount of un-ionised ammonia depends on the watepérature and the pH. It can be
calculated according to the following formula (BWXQ01):
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_ : _ 1
Un-ionised ammoniaNH, = N = [m [(NH, -N [mg/l] [11]
with pKs= 0.09018+w [12]
272.2+T
T ... temperature in °C

In the simulations, the temperature variation i tiver was calculated according to the
following formula (Rauchet al, 2000), which is based on an investigation of the
temperature dynamics in an alpine river.

Temperatue (m) = Toin * T, T~ T B:os[ (errtm+ 4))} [°C] [13]
2 2 12
T ... temperature [°C]
Tin ... minimal temperature in February
Tmax ... maximal temperature in August
m ... value of the month (January = 1; Decembe2} 1

Standards

Acute toxic impacts by un-ionised ammonia are apartant topic regarding combined
sewer overflows. The German BWK M3 specifies tha toncentration has to be
below 0.1 mg NH-N/I. The OWAV R19 (Draft 2003) defines standards@&mmonia of

1 hour duration and distinguishes between salmwaittrs, where 2.5 mg NHN/I are
not to be exceeded, and cyprinid waters, whereeartration above 5 mg NFN/I are
seen as critical (it is assumed that with thesédiih is made sure that the un-ionised
ammonia concentration does not exceed 0.1 and §.RlHy-N/I, respectively). The
UPM sets the standards for un-ionised ammonia basedoncentration/duration
thresholds with specified return periods (see T&bB®), on the same approach as for
dissolved oxygen. Here again, there is an intendegecy of the standards for dissolved
oxygen and un-ionised ammonia: at low oxygen cotnagans, lower standards for un-
ionised ammonia apply.
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Table 5.2: Fundamental Intermittent standards for wun-ionised ammonia (mg NHs-N/l) -
concentration/duration threshold not to be breached more frequently than shown. Standards for ecosystem
suitable for (a) sustainable salmonid fishery, (b) sustainable cyprinid fishery and (c) marginal cyprinid
fishery ecosystem (FWR, 1998).

1 hour 6 hours 24 hours

a b c a b c a b c

1 month 0.06 0.15 0.17 0.025 0.075 0.100 0.018 0.030 0.050
5 0 5

3 months 0.09 0.22 0.25 0.035 0.125 0.150 0.025 0.050 0.080
5 5 0

1year 0.10 0.25 0.30 0.040 0.150 0.200 0.030 0.065 0.140
5 0 0

Notes

1. These limits apply when the concurrent dissotwadien concentration is above 5 mg/l. At lower
concurrent dissolved oxygen concentrations theatig correction factor applies:

<5 mg/l DO, multiplicative correction factor = 0.@6 (mg DO/I "2

2. The standards also assume that the concurreris gjfeater than 7 and temperature is greater than
5°C. For lower pH and temperatures the followingreation factors apply:

pH <7, multiplicative correction factor = 0.0003(pf’

Temperature <5°C, multiplicative correction factet0.5

Receiving Water Indicator

As receiving water indicator the concentration ofionised ammonia (mg NyFN/I)
was chosen. As for dissolved oxygen, also for umsed ammonia originally an
evaluation of the computed results with the Urbaslludon Management Manual
(FWR, 1998) was planned for the investigation. Heeveas for dissolved oxygen, for
un-ionised ammonia also no significant exceedant#se limit were found.

Thus for comparison of the different simulation reméos the un-ionised ammonia
indicator was defined as the un-ionised ammoniaceotnation that is reached or
exceeded for one hour continuously in the receiwatgr:

Lhour

CNH3—N,max = max ( ZCNH3 2 CNH3—N,max) [mg NHs-N/1] [14]

5.1.6 Accumulation of Persistent Substances

There are various persistent toxic substances stemater but for most of them there is
only little known about their pathways. Heavy mgtate measured relatively often by
environmental studies, e.g. in wastewater, surfaneff or snow. Cadmium, lead, zinc
or copper concentrations is found around 10 timesenoften recorded than PAH
concentrations. PAH concentrations have been orgasored around 15 times by
reliable sources (“ATV DVWK Datenpool 2001”, seeréBbach and Fuchs, 2003))
Compared to other persistent substances, thetsagelatively much known about the
behaviour of heavy metals, e.g. the percentage rlagldoto particles has been
investigated in various studies, in snow (Glenn &ahsalone, 2002;Reinosdotter,
2003;Viklander, 1999) snow melt runoff (Westerlwetdal, 2003), in surface runoff and
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in the sewer (e.g. by Chebbo and Gromaire (2004))) the wastewater treatment plant
(Karvelaset al, 2003).

Receiving Water Indicator

Copper has been found to be present in similarex@nations in surface runoff and in
wastewater. Therefore it was chosen as an indidatothe behaviour of persistent
substances. The indicator defined to assess thematation of persistent substances
was the copper load discharged per year.

Cu_ .
Copper load discharged per yeéu, :% [kg/a] [15]

n ... number of years of the simulation

5.2 CSO PERFORMANCE INDICATORS

In the following emission-based CSO performancecaidrs are presented which are
taken from different combined sewer overflow guilkes. These indicators are used to
assess the performance of combined sewer overflows.

5.2.1 Number of Overflows per Year

The number of CSO overflows per year (NO) is arerofapplied indicator, e.g. in

Belgium (Flanders) or the Netherlands (Zabelal, 2001). The computed number of
overflows depends largely on how an overflow evientletermined. It can either be
defined by breaks in the rain or by breaks in tiselthrge. Depending on how and how
long the break is defined, completely different tems of overflow events are obtained.
Here two CSO events are seen as distinct if treie break of one hour between the
discharges.

5.2.2 Mean Annual Overflow Volume

The mean annual overflow volume (VQO) is calculatsdthe total overflow volume
divided by the number of years of the simulation.

\/
Mean annual overflow volum¢QO = m [mm/a] [16]
n

n ... number of years of the simulation

5.2.3 Maximum Overflow Event Once per Year

The maximum overflow event once per yearh{) was chosen as indicator for
hydraulic impacts of CSO discharges. This indicasoused in the new OWAV R19
(Draft 2003), see also receiving water indicatarHgdraulic impact (chapter 5.1.2). It
was calculated with the Weibull plotting formula.
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. [
Return periodl =—— 17
P k+1 [17]
i ... rank of the values arranged in descendinigor
k ... length of simulation [years]

The maximum overflow event once per year is thehdisge during one simulation step
(in the simulations described in the following ctep always 5min) [rifs].

5.2.4 CSO Efficiency

The CSO efficiencyr) is used as indicator in OWAV R19 (Draft 2003)dathe
acceptable overflow rate (equalsn}/in ATV A 128 (1992). The CSO efficiency has
been calculated according to the following formula.

- VQO
CSO efficiencyn =|1-—— |[100 18
yn { VQR} [18]
VQO ... mean annual overflow volume

VQR ... rain runoff

5.3 CORRELATION ANALYSIS OF INDICATORS FOR THE CSO
PERFORMANCE WITH RECEIVING WATER INDICATORS

Combined sewer overflows have often been desigmedrding to emission-based
guidelines. Only recently also the effect on theeréing water became important. The
different emission and ambient water quality bagpgdroaches are discussedpaper

V. Emission-based CSO performance indicators arelwidpplied, but for example
Rauch and Harremoés (1998) showed that theretis tbrrelation between CSO
volume reduction and resulting oxygen concentration the river. Paper VI
investigated if there is a correlation between iotpan rivers and CSO performance
indicators. For this purpose numerical simulatiomere made with the software
CityDrain (Achleitner, 2006;Achleitneet al, in press) and the results evaluated the
receiving water indicators and the CSO performandeators described above.

The results show that the mean annual overflowmel{vQO) is ther best of the CSO
performance indicators to describe the receivingewandicators, second best is the
CSO performancenj. But none of the CSO performance indicators, aleb mean
annual overflow volume or the CSO performance, gtbwny correlation with the
indicators for acute impacts, i.e. critical oxygedeficit and un-ionised ammonia
concentration. These findings suggest that reguidatibased on CSO performance
indicators as number of overflows should be attleascally reviewed and if necessary
revised.
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6 EVALUATION OF URBAN DRAINAGE MEASURES

The following chapter describes examples of thdiegon of the indicators described
in chapter 5. The first study, presentegh@per VII, evaluated the cost-effectiveness of
in-stream measures to reduce the hydraulic impaot Eombined sewer overflows. The
study presented ipaper VIl aimed at assessing the environmental impact from
combined sewer systems compared to separate sgstems. The studies are based on
computer simulations with software representingitibegrated urban drainage system.

6.1 MITIGATION MEASURES TOWARDS MORPHOLOGICAL
ALTERATIONS OF RIVERS

The integrated system comprises not only of tharteal system like the sewer or the
wastewater treatment plant, but also of the riVdrerefore improvement can also be
achieved by measures in the river.paper VII a study was performed to assess the
cost-effectiveness of in-stream morphological mezsuThe simulations were done
with the program REBEKA (Rauchkt al, 2000;Rauchet al, 2002). The in-stream
measures were simulated by changes of the parametdach influence erosion in
REBEKA: the slope and the width of the river, ahd grain size of the sediment. These
measures can be “translated” to restoration messaralecrease of slope could be
realised by an increase of meandering which melamscaease of the river’s length in a
certain stretch. Widening of the river bed is alBocommon restoration measure
although in reality it results similar as an in@eaf meandering. The increase of grain
size is more critical as the introduced sedimeltikéy to be transported downstream at
the next higher flood event, therefore the stabitif this measure is uncertain. The
implementation of the changes to reduce the erdsemuency could of course also be
made by technical measures, as weirs or pavingeofiver bed, but in the light of the
WFD this seems counterproductive.

As indicator for hydraulic impacts, the erosionginency was applied (see chapter
5.1.2). The effects of the in-stream measures wemgared to the effect of an increase
of CSO basin volume, a common technical measurehwet proved to be ineffective

for reducing hydraulic impacts. The results of theidy showed that restoration

measures might be a cost-effective solution togaié hydraulic impacts from the

urban drainage system which additionally would iovar the morphological status of

the watercourse. The pollutants in the wastewat@relrer could cause problems if the
flow in the river is changed by restoration measueeg. it is possible that increased
settling of sediments or decreased reaeratiorcratdes oxygen deficit problems.

6.2 COMPARISON OF THE PERFORMANCE OF COMBINED
AND SEPARATE SEWER SYSTEMS

Paper VIII shows the results of a study in which the recgiviater indicators were
applied to compare the performance of combined sephrate sewer systems. The
comparison was made with computer simulations wthk program City Drain
(Achleitner, 2006;Achleitneet al, in press). Combined sewer systems, where sewage
and stormwater are conducted in the same pipetheretraditional type of sewer

43



EVALUATION OF URBAN DRAINAGE MEASURES

systems. This is due to the development of urbamadge, where initially the main goal
was to improve the hygienic situation by removingste and stormwater from the
urban development. At high storm events the hydrazdpacity of a combined sewer
system can be exceeded and it is necessary toadigcpart of the wastewater directly
(via combined sewer overflows) instead of trangpgrit to the wastewater treatment
plant. Due the problems of the combined systemmany countries separate sewer
systems are preferred today. Often even combinstersyg are changed to separate
systems. It is assumed that the stormwater isivelgtclean and can be discharged
without risk to surface waters. But looking at @@ncentrations measured in surface
runoff and the storm sewer of separate systerhgsito be expected that a considerable
amount of pollutants is discharged with the stortew&rom separate systems.

The study aimed at comparing the pollution dischdrdue to stormwater from the two
systems. Therefore catchments of the same sizeradiltained by a combined or a
separate system were simulated and the impacts arethp The impacts on the
receiving water were assessed using the receivatgrnindicators described in chapter
5.1. The influence of different boundary conditiomas considered: the pollution of
stormwater and sewage, the rain type and the populdensity. Beside the ecological
performance, also the costs of the systems weheded.

It was found that generally from separate systeargel amounts of copper (used here
as an indicator for heavy metals which are conthinesignificant amounts in surface
runoff) were discharged into the receiving wateheveat combined systems generally
discharged higher BOD loads, and caused highepnised ammonia concentrations
and larger oxygen deficits. The magnitude of thepdnt on the receiving water
depended largely on the rain characteristics. Baver system types had a similar
performance if the pollutant concentration in bathstewater and stormwater was low.
If no stormwater treatment is applied, also separaewer systems discharge
considerable pollutant loads.
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7 CONCLUSIONS

The results of the measurement campaign present@aper | found considerable
amounts of heavy metals, chloride and suspendedssiol the roadside snow. At the
low traffic site the heavy metal concentrations ever the same range as at the high
traffic and the highway site. Copper was an exoepthere the highest concentration
was measured at the high traffic sites, likely lbseabrakes are a source for copper
(BUWAL, 1996). Cadmium concentrations on the otleemnd were at the urban
reference site in the same range as the mean doso@ms of the roadside snow
samples, showing that beside traffic there are aivlyb other important sources for
cadmium. This agrees with the results of a studyDajlinger et al. (1998). The
measurement campaign also confirmed the findingotbér authors (Dierkes and
Geiger, 1999; Reinosdottet al, 2005) that pollution decreases rapidly with aliste
from the street. High chloride and suspended sodidcentrations were found at the
urban traffic sites and even higher chloride cotregions at the highway. This
corresponds with findings that during the melt perthe concentrations of suspended
solids are significantly higher than in stormwafévesterlund and Viklander, 2006;
Westerlundet al, 2003). The concentrations of the heavy metalasmed in the case
study in Innsbruck are similar to what has beemébby other authors (Reinosdotter,
2003; Viklander, 1998), only Glenn and Sansalor@®Z22 report significantly higher
concentrations for highways. Compared to the camagons in runoff the mean
concentrations measured in the snow roadside samm@ee mostly at the upper end or
above the range reported in literature (Brombatftal, 2005; Welker and Dittmer,
2005) which confirms that pollution accumulatesthie snow. It was not possible to
identify trends in the accumulation of the pollutam the snow but also other author
found that, due to the numerous influencing fagtarss very difficult to predict
pollutant concentrations of roadside snow (Viklandd998). Based on the
concentrations measured for the urban traffic saasestimation of the pollutant loads,
which are dumped due to the practice of snow dalpogo the river Inn, was made.
The estimation showed that with this practice, mpact on the river, especially in the
case of smaller rivers, cannot be excluded. Thexdnawever large uncertainties in this
estimation which would need to be reduced by furtheasurements in both snow and
river to optimise future snow management.

The measurement campaign of different Tyroleanltiafion swales, presented in

paper I, investigated the pollutant contents of the deviseil, the pH and parameters
of the hydrological functionality, as grain size damydraulic permeability. The

investigated pollutants were the heavy metals zopper, lead and cadmium, and the
hydrocarbon index. Unfortunately, the referenc&enarom nearby soils proved not to
be reliable, because repeatedly by subtractingdfiatant contents of the reference site
from the measured mean pollutant load of the swadd, negative pollutant contents

were obtained. The heavy metal contents were cadpaith the age of the devices,
their hydraulic permeabilities and their pH, but fwone of the three parameters a
correlation could be found with any of the four \xeanetals. The soil samples were
taken in three layers of different depth, becausaas expected that the highest
concentration would be found in the top five cemtiras. The expected depth profile of
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the pollutants could not be found, although sudfiles have been reported by various
authors (Barraucet al, 1999; Dierkes and Geiger, 1999; Mikkelseh al, 1996;
Mikkelsenet al, 1997). It is possible that such profiles did arist in the investigated
swales but it is also possible that, when removiregvegetation from the soil sample,
the highest polluted layer was accidentally removed. Based on data found in
literature, an estimation of the pollution introédcto the infiltration swales was made.
It showed that the load of heavy metals that ibéexpected to accumulate during 15
years lifetime due to surface runoff infiltrationould exceed the standards of the
landfill regulation only at very few sites, and pnf highly polluted surface runoff
would be discharged. The results of the study showignificant risk by infiltration of
parking place runoff for soil and groundwater. Alstikkelsenet al (1996; 1997)
concluded that neither surface nor sub-surfacdtration poses significant risk for
groundwater. For final conclusions, a long-termdgtustarting with the newly
constructed infiltration device and also includihg concentrations in the runoff would
be desirable.

The aim of the case study at the river Drau (preeskem paper 111') was to identify the
relevant physicochemical parameters to describemitter quality status of an alpine
river. Such a reduction of parameters to the mogtortant ones has been done by
various authors (Houset al, 1993; ATV, 1993; Schillinget al, 1997; Borchardt and
Sperling, 1997; BWK, 2001; Rosst al, 2004). Based on the results of the case study,
the importance of the parameters describing impantshe surface water status of
alpine rivers was judged. It was concluded that rawytic disturbance and
morphological deficiencies are very important, whibxic effects and elevated chloride
concentrations can be of importance. On the othed hnutrients and dissolved oxygen
depletion are not relevant parameters because ailggeh from facilities designed on
emission-based criteria usually are sufficient totgct alpine running water. When
applying such a parameter reduction, it has alwayse considered that, although the
conclusion may generally be true, there can bepiaes (Podraza, 1999). The findings
of the case study correspond with the results bérotvork done during the Austrian
implementation of WFD which found that high per@gds of the Austrian water
bodies have hydromorphological problems (Muhar, 20@BMLFUW, 2005).
Nevertheless, this picture could be different delpgm on the indicators developed
during the Water Framework Directive’'s implemerudati If type-specific biological
indicators would be developed, these could be #@bleeflect changes in the nutrient
status which cannot be assessed with the currpnilsa index.

The assessment of urban drainage measures wittdregéghe WFD can best be done
by computer simulations. The current models are &brepresent all parts of the urban
drainage system: catchment, wastewater treatmemtt @nd receiving water. The
testing of different measures with the computeovedl the analysis of the system
behaviour (Butler and Davies, 2004). Several moftelsivers have been developed to
be applied in simulations of the urban drainagdesys starting from simple oxygen
consumption (Harremoés, 1982) to complex modelshvican represent additionally
also processes as nitrification or photosyntheRigu¢het al, 1998). These models
represent important processes which convert pollsfabut not different aquatic
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species. There are some models for species congpoaitd abundance, e.g. RIVPACS
(Clarkeet al, 2003), PAEQANN (Lelet al, 2003), or a German study by Schlegéer
al (1999), yet there applicability is strictly restad to the regions they have been
developed for. The dynamics and relations of aquatiosystems are not yet fully
understood (Wetzel, 2001), therefore it is cursemibt possible to develop general
models for river biocoenosis.

Due to the current lack of appropriate models, évaluation and comparison of
measures in different parts of the urban drainggéem on a European scale can only
be made by using ambient water quality standardsepsesentation for ecological
quality. Therefore a literature review collectedioas standards for both intermittent
and long-term impacts (s@apers IV andV). It was found that the limits for long-term
impacts given in regulations show great differendespecially the limits for heavy
metals show high discrepancies because of the usrapplied dependencies of
standards on water hardness. The large variatiomatér quality standards have also
been shown by Ragas al (2005). During the implementation of the WFD sonasv
environmental quality standards will be developged.the one hand there will be limits
set for the priority substances (Europe-wide) atiteiorelevant substances (member
state specific), for Austria see Wimmet al. (2003). The problem of water quality
standards is that they often do not consider paliuinteractions (Ellis, 2000) and
indirect effects (Preston, 2002). In the framelaf WFD it is not sufficient to protect
the watercourse from serious toxic impacts, buitextlly its natural character has to
be preserved. Therefore for each region, type-Bpeauitrient criteria are needed. If
there will be limits for the general chemical arig/gico-chemical elements specified in
the WFD is not yet become apparent. In Austria h@veuality standards for BOD,
DOC, nitrate, phosphate and phosphorus have beepoged for each ecoregion
(Deutsch and Kreuzinger, 2005).

Paper V presents a critical review of different approachiesassess intermittent
impacts. There are different types of approachasgekample emission-based design
guidelines or ambient water quality limits basegrapches. Conventionally stormwater
treatment facilities are designed based on emidsiuts. These limits have advanced
from simple sewage dilution limits to percentagesteaater treated (e.g. CSO
performance of OWAV R19 (Draft, 2003)). Zabel al (2001) and Fenz (2002)
reviewed the current emission-based CSO guidelineBurope. Various guidelines
have been developed in the last decades based lmerdrwater quality limits (e.g. the
Danish approach (Danish Engineering Union Wastaw@emmittee, 1985), UPM
(FWR, 1998), BWK M3 (BWK, 2001), or STORM (Ros al, 2004a)) and are still
being developed (e.g. OWAV R19 (Draft 2003)). Thgsglelines contain limits for the
most important impacts and often also include feesyistic effects of high un-ionised
ammonia and low oxygen concentrations. The proldérinese standards is that they
are complex and therefore relatively difficult tppdy. Further they are limited to a
restricted number of pollutants because it is rasible to measure all possibly present
substances. Different ambient water quality stasiglave been reviewed by the project
STORM (Rossiet al, 2004a). Ellis (2000) reviewed various approacfasemical
limits, biological assessment, direct toxicity asseent and biomarker techniques) for
the risk assessment of intermittent pollution esenbncluding that each approach has
its limitations. Neither the benefits of emissioar rof ambient water quality based
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approaches for the reduction of intermittent impa@n receiving waters are
scientifically proofed. Due to the WFD they willgirably used in combination in the
future. However, to provide cost-efficiency in unbdrainage, the validation of the
approaches has to be accomplished.

For the assessment of urban drainage measuresingc®iater indicators have been
defined (applied ipaper VI, VIl andVIll) . These receiving water indicators are based
on the main impacts caused by wastewater dischaagddentified by various workers
(Houseet al, 1993; ATV, 1993; Schillingt al, 1997; BWK, 2001; Rosst al, 2004).
Some of these indicators can be evaluated usingeamvater quality standards for
acute impacts. For example the critical oxygenaitefihe un-ionised ammonia or the
discharge can be compared to the standards givamiment water quality guidelines
for intermittent impacts, e.g. Danish Engineeringdh Wastewater Committee (1985),
the UPM (FWR, 1998), BWK M3 (BWK, 2001), or Rosgial (2004).

In paper VI the correlation between the defined receiving wisi@icators and different
CSO performance indicators was investigated. It feasnd that emission-based CSO
performance indicators, like the number of overfiaov the maximum discharge event,
are not able to reflect the impact on receivingewajuality. Only the total overflow
volume, and to a lower extent also the CSO effigyeiave some correlation with the
receiving water indicators erosion frequency, disgbed copper load and discharged
nitrogen load. For the indicators for acute impactsne of the investigated CSO
performance indicators was able to represent thpaatn From the correlation analysis,
it can be concluded that regulations based on timaber of overflows should be
revised. Further it was found that for assessmérdcote impacts, simulations or
measurements are inevitable. Also Rauch and Hager(t®98) found that total CSO
volume is not a good indicator for oxygen statusha river, and Latet al (2002)
showed that the applicability of CSO spill frequgriorzolume as indicator for oxygen
and ammonia is restricted.

Paper VII aimed at the assessment of the cost-effectiverfeissstream measures for
mitigation of hydraulic impacts. It could be demwated that in-stream measures, even
restoration measures, have potential to reducefrdrgiency of erosion events. The
problem of proposing restoration measures in udraironment is that they are usually
not applicable, because in urbanised areas theisualy not enough space to allow the
river to follow a natural course. The increase &CQCbasin volume, a conventional
measure if there are problems due to combined sewaflows, was found to be an
inefficient measure for the reduction of hydrauhgpacts. It was also found that in-
stream measures are potentially even cheaper thamceease of CSO basin volume.
Still, there are large uncertainties regardinglémgth of the stretch which is impacted
by erosion and therefore also regarding the castdhle costs of the in-stream measure
depend on the length of the stretch). A followirigdy showed that it is difficult to
predict the length of the impacted stretch, esfigciathere are several discharge
structures whose waves interfere with each othad,that the predicted length varies
widely depending on the sediment transport equajaplied in the simulation (Leét

al., 2006). Inpaper VIl the in-stream measures were only investigatedrdeyn
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hydraulic impacts. Toxic effects by un-ionised anmmoor oxygen depletion were not

included. Nevertheless, restoration of the rivdragites its recolonisation potential and
thus also its resilience to toxic impacts. On thleeo hand it has never been really
investigated if restoration measures could detat@the situation in a polluted river.

Work done by Frey (2001) indicates that there cdaddproblems with oxygen due to

the decreased flow velocity and the increased diepo®f material in restored stretches
of polluted rivers.

Paper VIII describes a comparison of the performance of coetband separate sewer
systems using ecological and economical indicatarsnany countries separate sewer
systems are preferred today. In the study howe\aruld be shown that separate sewer
systems without stormwater treatment introduceegsignificant amounts of pollutants,
especially heavy metals, into the receiving watdso Boller (1997) stated that with
separate systems heavy metals are discharged hetaeceiving water, which in
combined systems are retained in the wastewatainient plant sludge. It was shown
in paper VIl that also separate sewer systems can induce higdnapacts in the
receiving water. Further it was demonstrated thatrhagnitude of the impact on the
receiving water depends on the rain characterisiibe€ composition and amount of
pollution from the storm sewer of a separate systiemends on the type of surfaces
connected to it, e.g. percentage of metallic ifetiahs like copper roofs, the traffic
density, or industrial areas (ATV-DVWK-M 153, 20Q00¥spectively the pollution of
the stormwater varies over large ranges (Bromlgackl, 2005). Inpaper VIII it was
shown that the pollution concentration of wastewated stormwater influences the
differences in the performance of the two systesng}. at low pollutant concentrations
the two systems have a similar performance. Gdgdraim the separate sewer system
smaller loads of organic substances but withoutnsi@ter treatment high amounts
heavy metals are discharged. This has also beewl foy Brombactet al. (2004).

The assessment of urban drainage measures witmdrégathe Water Framework
Directive on the basis of computer simulations meguappropriate indicators to assess
the impact on the receiving water. Currently thedyecological status is not defined in
a way that is applicable in urban drainage modglltherefore ambient water quality
standards should be applied. Different standarde baen reviewed, for both long-term
and intermittent impacts. The general comparisomefsures in different scenarios
proofed difficult. Thus instead of limit exceedascdéoads and concentrations were
defined as receiving water indicators. The applcatf the receiving water indicators
in paper VIl andVIIl shows that these indicators can identify the jpenpact on the
receiving water which is influenced by urban drgmameasures. Although the
indicators do not describe the exact situatiorhareceiving water, they can yet help to
identify interesting options. This can narrow thelestion of options in a specific
planning procedure, although before implementaitios still necessary to evaluate the
final options case-specific, e.g. by simulations tbé integrated urban wastewater
system including at least a simple model of theifigereceiving water.

The aim of Water Framework Directive is a good egalal status of the European
water bodies. Urban drainage is only one of theaict on the European waters.
Especially in Central Europe the main pressures tba rivers derive from

morphological degradation. In future due to thedpean Water Framework Directive
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ambient water quality approaches and the priosgitgstances have to be considered in
urban drainage. However, it has not been sciealificound proofed that the ambient
water quality limits existing today in Europe anmgtable to describe impacts on the
ecological quality. For priority substances curhgeniew limits are being specified. For
urban drainage however also adequate limits foreggrparameters (as nutrients or
BOD) would be required, both long-term standardsl éor acute impacts. These
standards are needed for planning purposes toaedloe results of simulations of the
integrated urban drainage system. However, sucitsliane not required in the Water
Framework Directive and thus it is uncertain whetligey will be defined. The
biological indicators to measure the ecological liwaaccording to the Water
Framework Directive are currently still under deprhent. Thus it is unclear if they
will be applicable for urban drainage, where biatay) indicators would be needed
which are able to identify the causes of impacteséntly the implementation of the
Water Framework Directive is still in progress. ther standards nor tools for its
application in water management have yet been dpedl Therefore it is currently
difficult in urban drainage to take the Water Frarek Directive into account. The
consequences of the Water Framework Directive ffioam drainage can currently not be
evaluated with certainty. However, this will probatbecome clear in the further
implementation process.

8 OUTLOOK

The Water Framework Directive demands that all paeam water bodies achieve at
least a good ecological status. Yet the definibbrihe good ecological status is still
ongoing. Currently it is defined with biologicaleehents, but today it is not possible to
model lotic ecosystems, although there are appesadhis also not realistic that there
will be easily applicable models in the next futlmecause lotic ecosystems are very
complex and the relationships between differentcigge are only insufficiently
understood. Also the impact of most pollutants asecially the impact of mixtures of
pollutants on different species and the effect loa Ibiocoenosis resulting from the
impact on a species are not known. Therefore im#ee future it will be inevitable to
use ambient water quality limits in urban drainagkhough the definition of good
ecological quality is not directly translatable fhysicochemical water quality
parameters. Aquatic ecosystems are highly complexiaere are many different factors
which influence the aquatic biocoenosis so thattnpogbably in the near future the
cause-effect relations abiotic and biotic elemerfitthe aquatic ecosystems will not be
understood. Due to the implementation of the W&m@mework Directive numerous
research projects are ongoing. Therfore the uralsistg of aquatic ecosystems will
increase. However, enormous research efforts aik rejuired to reduce the
uncertainties connected with the application of emibwater quality approaches in
urban drainage. In this dissertation various amtbigater quality regulations and
guidelines have been presented. Based on thes#yingcwater indicators were chosen
to assess the effect of urban drainage measuresnmimg waters. During the further
implementation of the Water Framework Directiveg tjood ecological status will be
defined. On this basis the ambient water qualityeldaapproaches should be verified
and improved.
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ABSTRACT

Pollution from urban stormwater discharges canrimne considerable pollution to the watercourseghis
paper a literature review is presented which gmesverview on the past and current methods toepitev
impacts from urban wet-weather flows. The potertiathe different approaches to enhance the eadbgi
quality of the receiving waters is critically evatad. The results of the review show that the ainmvater
management is nowadays generally to secure goodgical quality of watercourses. The conventional
approach to design wet-weather controls on emidsamed guidelines is well established and easpptya
but cannot guarantee the ecological quality of tbeeiving water. Toxicity testing methods deteat th
integrated toxic effects of complex mixtures of stalmces, but the methods are still premature arrérdly
not applicable for urban drainage planning. Ambiestter quality approaches based on physicochemical
limits are significantly more complex to apply thamission based approaches, but they are abl&écha
water quality into account in the planning procddswever, the relations of water quality and ecaaly
quality are still insufficiently understood. Currnthere are no biological measurement methoddablei
which provide indicators to assess intermittentdoip. Also only very few case studies have beefopeed

to validate the ambient water quality based apgresicAltogether, presently a combined approach s¢em
be best feasible for control of intermittent imgadtom urban wet-weather flows, whereat controls ar
designed according to well established emissiodadimes, and ambient water quality approaches gbeal
only if problems with the quality of the receivimgter are detected.

Key words: combined sewer overflow; emission standards; anthivater quality

INTRODUCTION

The reduction of impacts on the receiving waterligudrom urban areas at wet-weather

conditions is a demanding task in urban drainageermittent impacts can be caused by
stormsewer outfalls but especially by combined sewerflows (CSO). Combined sewer

overflow discharges consists of a mixture of stoatew and wastewater, and particularly the
organic pollutants and the ammonia contained inxthgtewater are responsible for intermittent
impacts on the receiving water quality. In the nhedof the 28' century wet-weather discharges

were increasingly recognised as source for reagiwater pollution (e.g. Bode and Weyand,
2002; Borchardt and Statzner, 1990; Burian etl@99; Butler and Davies, 2004). Accordingly

the management of wet-weather flows became an tapitopic in research and new concepts
for stormwater treatment were developed (Buriaal.et1999).

The methods for the design of stormwater treatrfailities have been continuously improved.
From the primary dilution methods, engineers cibat®re sophisticated design rules as for
example the critical rain (Bode and Weyand, 2002)he ‘formula A’ in the UK (Butler and
Davies, 2004). Computer programs were developed fbatsing primarily only on the
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discharge in the sewer. Since the 1980s additipnaditer quality models for rivers were

developed by cooperation between engineers andahatientists (Rauch et al., 1998). First the
research mainly focused on acute effects of oxydepletion (Harremoés, 1982; Hvitved-

Jacobsen, 1982), resulting in the definition of Eranish approach (Danish Engineering Union
Wastewater Committee, 1985). Today the ecologis&srfrom combined sewer overflows are
recognised widely (Ellis, 2000) and various guide$ for wet-weather pollution from urban

drainage based on ambient water quality have besgelaped, e.g. the UK Urban Pollution

Management (UPM) (FWR, 1998), the Swiss project BMJKrejci et al., 2004b; Rossi et al.,

2004a) or the German guideline BWK M3 (BWK, 2001).

The aim of this paper is to give an overview of éipproaches to protect receiving water quality
at wet-weather conditions. For intermittent impagtarge variety of approaches, which differ
widely in the indicators and underlying principlesist today. Therefore it is difficult to
understand the advantages and disadvantages otitherous approaches. It is the aim of this
paper to close this gap and give a critical ovevvid them. Special attention is given to their
applicability in wet-weather control planning amdtheir potential to protect ecological quality.
Therefore first the different types of impacts @ldy intermittent discharges on receiving
waters are presented. The pollutants containedeinwgather discharges cause due to their
different nature impacts on various time and spatale. Then the general typology of the
methods to define limits for intermittent impadsexplained. One major difference between the
approaches is that ambient water quality approacbesider the status of the receiving water,
whereas emission limits do not. Following varioumission based design guidelines for
combined sewer overflows and CSO basins are sh&ewadays the protection of the
ecological quality of the waters is an importarsktal herefore the current methods to measure
ecological quality in terms of biological water tjtiaindicators are explained. The limitations
of the actual biological indicators are shown. Esglly the impossibility to link the biological
indicators to physicochemical water quality paraerets a problem for their application for
wet-weather flow management. To protect the rengiviiater quality, various ambient water
guality guidelines have been developed, which atalthe impact from intermittent discharges,
especially combined sewer overflows, on the bagidimits for physical and chemical
parameters. Different approaches and the limitd tiserein are presented. As it is impossible to
monitor wet-weather discharges with reasonablerteffeese approaches are mainly applied to
evaluate the results of computer simulations ofititegrated urban drainage system (integrated
means including catchment, wastewater treatmenmnit ad receiving water) (Rauch et al.,
2005). Some authors measured the effect of wethgealischarges on the basis of changes of
the aquatic biocoenosis, and case studies arenpedskere. Beside measurement of biological
indicators and physicochemical parameters, toxigsts are used to assess the impact of wet-
weather discharges on the receiving water qualihe advantages and disadvantages of this
approach are discussed.

The comparison of the different approaches to egguhtermittent impacts from wet-weather
pollution shows that each has its advantages andréwbacks. Emission limits are relatively
easy to apply and there is little uncertainty aklibet costs (Krejci and Kreikenbaum, 2004).
However there is little relation between an emisdimit value and the concentration of the
respective chemical in the receiving water (Whitede 2001) and even less with the ecological
guality. Ambient water quality based approachessicter the varying characteristics of the
receiving water. The wet-weather standards usdtidee approaches are still associated with
considerable uncertainties and therefore need todbeeloped further (Ellis, 2000).
Additionally, there are several problems associat#d ambient water quality standards, e.g.
they are difficult to apply, usually not site-sdacibecause defined on relatively large spatial
scales), and there are difficulties due to the derity of the cause effect relationships to define
targets (Lijklema, 1995). Toxicity testing for wekather discharges is still on pilot study level
and currently not applicable for wet-weather flovamagement. The biological measurement
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methods are being improved, especially in Europe ithan important topic nowadays (e.g.
Hering et al. (2004)). Still, currently no biologicmeasurement methods are available which
can assess impairment from intermittent discharged, even if impairment is detected, it is
very difficult to determine its cause.

GENERAL TYPOLOGY OF INTERMITTENT IMPACTS

Although wet-weather discharges usually have atshoation, they cause several ecologically
relevant impacts on the receiving water in depeoéeof the pollutants contained in the
discharge. Stormwater outfall discharges contallugamts of the surface from which the runoff
originates. These are in urban areas especialffjctralated pollutants (e.g. heavy metals or
polycyclic aromatic hydrocarbons) and in smalleroants also organic pollution. Combined
sewer overflow discharges contain beside the statempollution also wastewater. Therefore
CSO discharges have significantly higher conceptratof ammonia and organic pollutants (for
concentrations see for example Brombach et al. Y900rhe timescale of the impacts of
pollutants from urban discharges range from acué delayed to accumulating effects (House
et al., 1993).These effects can be further clasbifis hydraulic, chemical, physical, and bio-
chemical impacts (Borchardt and Sperling, 1997; dtioy and Witte, 1997; Schilling et al.,
1997), see for example Table 1.

Table 1: Impacts of urban discharges on receiving waters (Schilling et al., 1997).

time scale characterization _indicator variable
acute hydraulic flow, shear stress, bed erosion
(hours) chemical toxic substances (WH
physical suspended solids
bio-chemical oxygen depletion in the water body
hygienic bacteria, virus
aesthetic floating material, odour
delayed hydraulic sediment carrying capacity
(days) chemical toxic substances (MHNO,)
bio-chemical oxygen depletion in the sediments
hygienic bacteria, virus
aesthetic floatables, debris, oil
accumulating hydrologic flow regime, morphology

(weeks, years)

chemical

bio-chemical

heavy metals
persistent organic substances
inorganic and organic sediments
oxygen depletion (eutrophication)

Beside the time scale also the spatial scale isiitapt (House et al., 1993). Acute toxic effects,
as they can be caused by un-ionised ammonia, oooly local and for short time.

Accumulation of persistent pollutants (numeroushssabstances can be contained in both
sewage and stormwater) can occur during decadesamndmpact a whole river system (see

Figure 1).
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Figure 1: Time and spatial scales for receiving water impacts (redrawn from Lijklema et al. (1989))

Most countries have significant percentages of éonethsewer systems (see for example Table
3) and respectively numerous combined sewer owerfivuctures. Monitoring of combined
sewer overflow impacts is complicated and expenditerefore for cost-efficient reduction of
their environmental impacts, preliminary identiica of problematic structures is
advantageous. Wolf and Borchardt (1990) made agsaifor an approach to assess the risk
potential of combined sewer overflows for the reww watercourse on the basis of an
"ecological tolerable pollution load per inhabitaimt dependence of flow velocity, water depth
and toxic un-ionised ammonia concentration. Thisppsal has led to a risk estimation
approach included in the advanced requirement€&0 discharges of the German association
for water, wastewater and waste ((ATV, 1993, 19%M)glish description can be found in
Borchardt and Sperling (1997)). With this approadan be estimated whether there is a risk of
ecological damage for a receiving water due to déb@mimpacts (risk factor defined as
inhabitant per base flow of the receiving water) hgdraulic impacts (risk factor defined as
percentage impervious area to total catchment.area)

The most common approach to predefine the risknpiateof urban discharges is the qualitative
description of risk in relation to the type of ttezeiving water. Based on typical characteristics
(as flow velocity or size), the risk potential hportant pollutants for the specific type of
receiving water is stated. The receiving water $ypged in these schemes differ in fundamental
parameters which determine their reaction to unvatrweather discharges. Various authors
developed such schemes (for example House et@3),LATV (1993), Schilling et al. (1997),
in the German BWK M3 (BWK, 2001) and in the proj&d&ORM (Rossi et al., 2004a), but the
different schemes are generally consistent witln exiser. An example for such a classification
scheme can be seen in Table 2.
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Table 2: Overview on selected watercourse protection problems related to sewer system discharges at
wet-weather conditions, their relevance in Switzerland and proposed emission and ambient water quality
requirements in the frame of the project STORM (Rossi et al., 2004a).

. Mech.-

Aesth-  Hygiene Temp- hydraul. NH,/ TSS TSS — \trients

etics  (mikroorg.)  erature NH.-N  sedim. turbidity
Type stress
Spring region +/E o/l o/l +/1 +/1 +/1 +1/1 X
small midland ., o/l o/l /1 1+ + X
creek
Small pre- +IE o/l X/ /1 # oll  +/I x
alpine creek
Large midland |y g +/1 X o/l o/l +/1 +/1 X
creek
Large pre- +/E +/1 X o/l o/l X +/1 X
alpine creek
Larger river +/E +/1 X X x/1 X X o/l
Small lake +/E +/1 X X X +/1 X +/1
Large lake +/E +/1 X X X +/1 X +/1

Frequency of occurrence: frequent (+), occasior(allynot observed so far (x)
Relevance of problem: important (dark grey), pogsimiportant (light grey), unimportant (white)
Type of requirement: emission (E), ambient wateality (1)

In the schemes, receiving waters are classifiestaagiant and running waters. Running waters
are on the one hand distinguished according to #ieé (e.g. river and creeks), on the other
hand according to their slope (e.g. in lowland amduntain watercourses). With this
classification, each group possesses several peam@hich determine the magnitude of
impacts. For example stagnant waters (e.g. lakeslba impounded streams) are sensitive to
nutrients, as the pollutants accumulate and caityé@ad to eutrophication. Large water bodies
as streams or big lakes are generally not sengiiaeute effects because they have sufficient
dilution capacity. Creeks however are due to thlsére sensitive to both acute toxic and
hydraulic impacts. Creeks with low flow velocity s(dowland and midland creeks) are
susceptible to oxygen depletion, because they hlawvesediment transport capacity and low
reaeration rate.

Naturally, such classification schemes give onlyeaeral idea. Dependent on local conditions
(as for example initial level of pollution), thehmanes may not be appropriate. For example
Podraza (1999) found that in the investigated véogiwater there occurred sometimes oxygen
deficits near the river bed, although the receivimater was a small mountainous river for
which oxygen concentration and solids should haveonlittle relevance according to ATV
(1993). Therefore predictions of impact relevantea igeneral way have always to be verified
site-specific.

GENERAL TYPOLOGY OF LIMITS AND STANDARDS
Emission limits

Emission limits are often referred to as “end gdefilimits to express that they are derived
irrespective of the receiving water (WhitehouseQ20 The underlying principle of emission
limits is the ‘precautionary principle approach'.id assumed that all pollution is potentially
harmful and thus all that can be eliminated with turrent technology should be removed.
With the Best Available Technology (BAT) approastandards are defined so that they can be
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achieved with the currently available technologgublly also economic consideration play a
role, which is expressed in the name of the aproBATNEEC: Best Available Technology
Not Entailing Excessive Costs or BPM: Best Prabliedeans (Ragas et al., 2005). Emission
limits derived by a BAT approach have to be updategularly to include technological
progress. It is important to recognise that nordfilink exists between an emission limit value
and the concentration of the controlled chemicath@ receiving water (Whitehouse, 2001).
Even less it is possible to find stringent relatlmetween emission limits and a quantitative
description of the ecological quality of a rivessym.

Environmental quality standards and approaches

Environmental quality standards are usually based oertain environmental quality objective,
like “the protection of human health and ecosysteors“protection of the drinking water
supply”. Based on the environmental quality objestistandards are defined to achieve the
objective (Ragas et al., 2005).

Increasingly the environmental quality objectivaxlude the protection of ecosystems.
Biological assessment methods, which measure imicaike species composition and

abundance, or trophic composition, are used tolctiee compliance with this objective. The

first biological water quality measures were samatdices which described organic pollution.

Today increasingly methods are used which aretalieflect various impacts and thus describe
the biological integrity of a water.

Chemical specific limits are usually defined to iagk the environmental quality objective.
Such limits are defined for very different typessabstances, like nutrients, oxygen, acute toxic
substances or persistent toxic substances. Preicomflir the derivation of a chemical specific
limit is that sufficient high quality toxicologicalata exists for the pollutant. Toxicological data
is usually restricted to a limited number of tegjamism species. Therefore safety factors are
applied for the extrapolation of the chemical sfieciimits from the toxicological data
(Whitehouse, 2001).

Whole effluent toxicity based approaches have layeloped to measure the toxic effect of a
mixture of pollutants where the different compormseat the mixture are not known. Toxicity
tests usually measure mortality. Permits based lolaveffluent toxicity are widely used for
industrial discharges (Power and Boumphrey, 20040t research is also done for wastewater
treatment plants and wet-weather discharges (2080).

EMISSION BASED APPROACHES

Approaches based on emission standards are thiiomat way of engineers. Emission
standards usually do not include relations to treracteristics of the respective receiving water,
except for simplistic statements as special primeatequirements for sensitive waters. The
advantages of emission based guidelines are thgtate easy to apply and require the same
effort independent of the region (i.e. no competitiisadvantages due to the receiving water’s
characteristics).

The legal situation for CSO design is relativelycdnsistent, usually no national design
guidelines for combined sewer overflow exists. Axeption are the United States of America
(US EPA, 2004) where CSO control is defined inoral law. Sometimes national guidelines
exists which are treated as legally binding reaquésts (e.g. Germany (ATV-A 128, 1992) or
Austria (OEWAV R19, 1987)), but in most cases detgrof different guidelines is used (see
Table 2). An overview on European CSO design ridedso given for example in Zabel et al.
(2001) or Fenz (2002). A comparison of the CSO gfesules in Canada and USA is for
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example given by Zukovs (2005). Also for separ&ees systems emission based guidelines
exist, e.g. for reduction of hydraulic impacts, thése are not discussed here.

Combined sewer overflows are mostly designed as\si&lrs, which divide the flow in two,
one going to the wastewater treatment plant andd@seharging to the watercourse. Rules for
the design of overflows exist since the end ofit@#h century, for example Sickert (1998) gives
an historical overview. Until the middle of the BQtentury these rules were typically based on
the dilution method, where overflow is allowed omen there is a sufficient dilution of the
dry weather flow with rain runoff (usually betwe2rand 8 times the dry weather flow) (Bode
and Weyand, 2002). In this approach the runoffssumed to be not substantially polluted,
however, measurements have shown that runoff cataicosignificant pollution (compare for
example Brombach et al. (2005)). In the seconddfdalie 20th century wet-weather flows were
recognised as a major cause for receiving watelitguegradation (Bode and Weyand, 2002;
Burian et al., 1999; Butler and Davies, 2004) damiis searched for solutions.

Combined sewer overflows consist either only of eirwover which the excessive water is
discharged to the receiving water, or they can mslide a detention basin. At CSO structures
without basin, only the flow that is retained irethystem for treatment can be prescribed. At
CSO structures with basin additionally also the sizthe basin can be specified. Pollution due
to wet-weather conditions from combined sewer sgstean originate either from combined
sewer overflow discharges, but also from reducedteveater treatment plant performance
(Rauch and Harremoés, 1996). Therefore beside 8@ @lso the inflow to the wastewater
treatment plant is defined in regulations (see @&hlcolumn QWWTP). This limit has to be
considered when designing the last overflow betbee wastewater treatment plant because
otherwise the hydraulic capacity of the wastewaatment plant could be exceeded.

At CSO structures the flow that is retained in Hystem can be prescribed using different
methods, e.g. with the dilution method, the nundfeyverflows or the critical rain (see Table 3,
column QQCSQ)). In the dilution method, an overflow is alled only if there is a sufficient
dilution of the dry weather flow with rain (e.g.etfeuropean standard EN 752-4 proposes 5-8
times the dry weather flow (EN 752, 1998)). Anothessibility to specify the retained flow is
the limitation of the number of overflows per yesmmetimes dependent on the receiving water
(e.g. Belgium, Denmark or Netherlands) (Zabel et 2001). In the critical rain method, the
retained flow is defined in direct relation to thenoff (for example in Germany 7.5-15
/(S hampervious areh (ATV-A 128, 1992)).

For CSO structures including basins, the volumehef basin can be regulated (see Table 3,
column ‘CSO storage volume’). The CSO volume camprescribed according to the size of the
connected catchment (e.g. 10-49 MBmpenvious areaiN Germany (ATV-A 128, 1992)). The
volume can also be defined over the detention foneéhe stormwater (e.g. 2 hours at 3 times
dry weather flow in Great Britain (FWR, 1998)), thie return period of the rain that is to be
intercepted (e.g. rain of 3-6 months return penoBrance (CERTU, 2003)).
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Table 3: Overview on the requirements for CSO in different countries (De Toffol, 2006). Described are the
percentage combined sewer system in the country (%CSS), throttle to the wastewater treatment plant
(QWWTP), throttle at CSO (Qt(CSQ)), prescribed CSO storage volume, percentage of stormwater to be
treated at the wastewater treatment plant (% Treatment WWTP) and if effects on the receiving water are

considered in the regulation.

% o) CSO % Effects
o CSS Quwtp (CSO) storage Treatment on .RW
Country  Guideline volume WWTP considered
Austria OEWAV <15 15-25
R19(1987) 80 2Qwr yshawd  mIhaum - no
Austria OEWAV 50% rain
new R19 (Draft 2 Qowrp runoff yes
2003)
Remaining
Belgium 20 3-5 5"10 spilling vol. ) yes
(Flanders) Qowrm N (SV:V;?a with T = 1/7
year
S QDWFp
Denmark 45-50 2 Rvep NO=2- - yes
10/a
Finland 10-15 2 QNFp 6-7 %me -
Interception
(CERTU, 2-3 of rainfall :
France 2003) 70-80 Qowen 3 Qowrp with T = 3-6 - sometimes
months
Germany (ATV-A 128, 67 20 7.5-15 10- 90% of
1992) WEp1)(shaamp) 40 m/haym, COD load
(BWK,
2001) ) ) ; ) yes
Greece 20 2 Qvem  3-6 Qwem - sometimes
Ireland 60-80 3 Qvem 6-9 Qwrm - sometimes
Local e.g.
Italy (Toscana, 60-70 2 Qwrm 3-5 Qwem - sometimes
2006)
tgﬁfm' (ATV-A128, o0 o0 2-3 7.5-15 10- ]
9 1992) Qowrm  U(Shaymp) 40P/,
5 Q)WFm
Nether- ca. .
lands 74 3 Quwrp N(1)07a3- 70 ﬁf/haAimp - sometimes
Portugal 40-50 2 &vem 6 Qowem yes sometimes
Spain 70 2Qwrm 5 Qwrm - no
3-4 5-20
Sweden 25-40 Qower Qowen
(AfU, 1977);
Switzer- (GSchG,
land 1991); 2 Qowrp - yes
(GSchv,
1998)
tD: 2h at
UK (FWR, 1998) 70 3Quem  6-9 Qwem - yes
(CWA > o 85%
y _ 0
USA 1972):(US NO=4-6 combined  yes
EPA, 1995) wastewater

Qowep: dry weather flow peak discharge, . dry weather flow mean discharge;,4 connected impervious area,
NO: number of overflowspt detention time; T: return period
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ENVIRONMENTAL QUALITY STANDARDS AND APPROACHES
Biological water quality indicators

Biological monitoring is a powerful tool for assiggriver degradation because biota form a
complex web which integrates the condition of tlverr(Karr and Chu, 2000).

The first biological indicators for water qualitave already been developed at the beginning of
the 20th century, e.g. the saprobic system by Kibkand Marsson in 1908 (Mauch, 1998;
Schwoerbel, 1999). During the last decades, eaodbgguality has been increasingly
acknowledged as valuable (Norris and Hawkins, 208@rordingly the legislation changed
(examples are the US Clean Water Act (CWA, 1972)her European Water Framework
Directive (2000/60/EC)). For this purpose new hjidal indicators have been developed which
are able to reflect more conditions but only tharshic status.

Generally, biological quality is quantified by feegs which describe the aquatic biocoenosis,
e.g. biocoenosis composition, species abundancdlaration of functional feeding groups.
Numerous biological assessment methods have beesloged for all kinds of aquatic
taxonomic groups (confer for example PAEQANN detade 3 (2005)). Biological assessment
methods have usually been developed site specifigparpose specific (Simon, 2000) and are
based on comparison of the actual state and refereonditions (Angermeier and Karr, 1994).
Establishing good reference conditions is crutiat,often no natural watercourses are available
and therefore historic data or minimally impairé®s have to be used instead (Nijboer et al.,
2004).

Evaluation of biological water quality is generallyade in form of indices (e.g. saprobic
indices, diversity indices or biotic indices) (PAERN, 2005). Usually not single indicators are
used in ecology, but several indices are integrédecevaluation, e.g. in a multimetric as the
index of biotic integrity (Boulton, 1999).

A problem of biological water quality assessmenthiat the measurement can often only be
made by experts, and strictly standardised assessprecedures (e.g. for sampling) are
necessary because otherwise the results are ngiacabte (Simon, 2000). The information of
biological water quality depends on the method withich it has been measured, e.g. life time
of the measured species or the purpose of the chetlife time decides the time horizon, e.g.
fish integrate various impacts over their relativeg lifetime and therefore indices based on
fish allow long-term conclusions. In contrast, nudigvertebrates have significantly shorter
lifespan and accordingly shorter is the time haoriod methods based on them (PAEQANN,
2005).

The purpose of biological water quality assessnmeethods is different. For example, if as

indicator some saprobic index is chosen, the bicdbgquality relates only to impacts by

organic substances (Schwoerbel, 1999); other mstlaon at the assessment of ecological
guality or biological integrity. River health inditors however are composed of numerous
indicators including saprobic quality (AngermeierdaKarr, 1994), species diversity and even
human uses (Simon, 2000). Indicators can be eaying indicators, diagnostic indicators or

compliance indicators (Boulton, 1999).

Following first biological measurement methods f&aprobic quality are described, these
indices evaluate the organic pollution status efagercourse. Then some assessment methods
for ecological integrity are explained, here twoimmigpes are to be distinguished: multimetric
and predictive modelling approaches. However, ctiyenone of the biological assessment
methods is able to give guidance for wet-weathatrobdesign and planning, as the indicators
reflect the integrated reaction to all impacts he tiver. Thus acute impacts and their cause
cannot be identified.
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Table 4: Examples for biological assessment methods and countries in which they are applied.

Approach  Impact Method Name Indicator Country References
type
Saprobic Organic Statistical Saprobic Macro- Germany (DIN 38 410,
indices pollution analysis of index invertebrates 1990)
measurement Austria (OENORM M
data 6232, 1997)
Indices of Impacton  Multimetric; Index of Fish, macro- USA (Karr and Chu,
Biotic biological  statistical Biotic invertebrates, 2000)
Integrity integrity /  analysis of Integrity plant Australia  (Harris and
ecological measurement Silveira, 1999)
quality data AQEM Macro- Europe (Heringet al,
invertebrates 2004)
European Fish Europe (Porgt al,
Fish Index 2006)
RIVPACS Deviation  Predictive RIVPACS Macro- UK (Clarkeet al,
from modelling invertebrates 2003)
natural AUSRIVAS  Macro- Australia  (Smithet al,
status invertebrates 1999)
BEAST Macro- Canada (Bailewt al,
invertebrates 1998)
PAEQANN Deviation  Predictive PAEQANN  Diatoms, Europe (Leket al,
from modelling macro- 2003)
natural invertebrates,
status fish

Assessment of organic pollution

Most methods to assess the biological quality whtercourse are based on macroinvertebrates.
In the German speaking region, the biological dualf the rivers is measured with the saprobic
index (e.g. Germany DIN 38 410 (1990), Austria ON@232 (1997)). The saprobic index is a
quite old system, its development already startedthe beginning of the 20th century
(Schwoerbel, 1999). Unfortunately it can only ddserimpacts by organic pollution but not
other impacts, as for example toxic, hydraulic istpabr a poor morphological status of a river
(Bohmer et al., 2004).

The saprobic index is based on the fact that somimads have very specific requirements
regarding nutrient and oxygen concentration. Sgeeiose abundances are significantly
correlated with saprobic condition are identifietlaised as indicators. For example organisms
with high oxygen requirements are indicators forad waters, whereas the occurrence of
organisms which can tolerate low oxygen concemtnatindicates polluted waters. The natural
saprobic status of running waters depends on tyyesd; i.e. lowland watercourses will naturally
have a slightly increased saprobic index (GDCh4200

Assessment of biological integrity

Saprobic indices include only species which arécatdrs for increased nutrient concentrations
but they are not able to reflect toxic or morphadagjimpacts. Therefore they are not sufficient
to reflect the biological integrity or ecologicalality of the watercourse. (The term “biological
integrity” is used in the US Clean Water Act anfere to conditions under little or no impacts
from anthropogenic actions (Angermeier and KarB4)9“Good ecological status” comes from
the European Water Framework Directive and is desdras only small deviation from the
natural status (Achleitner et al., 2005)). The éasing recognition of good ecological quality as
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a value and its definition as goal in legislati@s hed to various research to develop assessment
protocols and new indices which can represent vargiressors that can impact the ecological
quality.

There are two main types of approaches for thesassmt of biological integrity: the
multimetric approach (e.g. index of biotic integri{IBl)), and the predictive modelling
approach (e.g. RIVPACS). Both the multimetric apmto and the predictive modelling
approach need to establish reference conditioms fneasurements at unimpaired or minimally
impaired sites. In the predictive model approaclkempirical model is developed which makes
site-specific predictions of expected taxonomic poasition. Measurements at a specific site
can then be compared against this prediction. keliics are based on the identification of
spatially discrete areas within which the rangevalfies is small for each indicator and which
are used for the definition of the expected coadgi(Norris and Hawkins, 2000).

On which approach is the better, there are difteopmions: while Karr and Chu (2000) think
multimetrics are superior to the predictive modgbr@ach, Norris and Hawkins (2000) believe
the predictive model approach to be better.

Indices of biotic integrity

In the United States of America indices of biotidegrity are widely used to assess the
ecological quality of watercourses. The index daiftibi integrity (IBI) was originally developed
by Karr in the 1980ties but several new IBIs hagerbdeveloped (Novotny et al., 2005). The
original 1Bl was created to assess lotic fish comities. It consisted of numerical criteria on
species composition, and diversity, trophic comjpmsi population density, tolerance to
anthropogenic impacts, and health. These indicater® integrated into a single numerical
index. The watercourse was assessed by compaengé¢lasured condition against the region-
specific expectation for an undegraded watercoi#agermeier and Karr, 1994). Based on this
original concept new indices of biotic integrity needeveloped, on the one hand for other
regions, also outside the USA. IBIs have been dgesl for example in Australia (e.g. by
Harris and Silveira (1999)). On the other hand aedihave been created which also include
other aquatic groups, e.g. using macroinvertebmatgseriphyton, to improve the applicability
of the IBI for specific waters like lakes or langeers.

IBIs provide an integrated assessment of water simedwater pollution stressors. However,
linking the IBIs to stressors is still a problemoffdtny et al., 2005). Therefore currently the
IBls do not allow identification of impact sources.

In Europe efforts to establish Europe-wide multinest have only started recently, e.g. by the
European projects AQEM (www.agem.de), FAME (famk&ilbac.at) or STAR (www.eu-
star.at). The main driving force for their develgorh is the European Water Framework
Directive. For example the European project AQEMhE Development and Testing of an
Integrated Assessment System for the EcologicalliQuaf Streams and Rivers throughout
Europe using Benthic Macroinvertebrates”) developethultimetric classification based on
benthic macroinvertebrates (Hering et al., 2004)emeining quality by comparison with
reference conditions (Buffagni et al., 2001; Nijbast al., 2004). The sampling protocol
developed in AQEM was further improved, e.g. in BEagopean project STAR (Standardisation
of River Classifications) (Haase et al., 2004),bgr Bbhmer et al. (2004). Also fish based
indices are developed, e.g. the project FAME depedlahe European Fish Index (EFI) which is
based on the concept of the IBI (FAME, 2005; Paat.e 2006).
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Predictive modelling approaches

Predictive modelling approaches predict the comtgumhich should be present at a given site
based on relationships between environmental paeasnand biological indicators (Norris and
Hawkins, 2000). Examples for the assessment ofodichl quality based on predictive
modelling are the British RIVPACS (River Invertetadrediction and Classification System)
or the European approach PAEQANN (Predicting Agquitiosystems Quality using Artificial
Neural Networks). Both approaches predict commesitihich should be present in a specific
stream type under minimally anthropogenic impacdeaditions. But while RIVPACS is based
on statistics (Clarke et al., 2003), in PAEQANN tdations are established by an artificial
neural network (Gevrey et al., 2003). RIVPACS hasrb developed in Great Britain and
predicts macroinvertebrate communities on the bakistatistical relationships between the
fauna and environmental characteristics (e.g.udkitor distance from source) (Clarke et al.,
2003). RIVPACS based approaches have been develdpedn various other countries like
AUSRIVAS in Australia (Schofield and Davies, 19%nith et al., 1999) or BEAST in Canada
(Reynoldson et al. (1995) cited in Bailey et al998)) but there have been also developments
in the USA, New Zealand and Europe (www.ceh.acagtisns/re/ RIVPACS.html).
PAEQANN is based on an artificial neural networkNp® approach (Gevrey et al., 2003) and
predicts diatom (Gevrey et al., 2004; Tison et2004), macroinvertebrate (Park et al., 2003a;
Park et al., 2003b; Park et al., 2004) and fishroomities (Aguilar Ibarra et al., 2003).

Assessment of intermittent impacts on the basis ophysical and
chemical parameters

The most common approach is the assessment ofnittiamt impacts on the basis of physical
and chemical parameters because these are easyaguma and can be included in computer
simulation tools. This is important because nunarinodelling has become a major tool in
urban drainage planning. Various standards to asaeate pollution impacts have been
developed during the last decades. Although theyraainly designed for combined sewer
overflows, they are generally also applicable ftormasewer outfalls. Among the first are
standards for acute oxygen deficits (Danish EngingdJnion Wastewater Committee (1985)
or US EPA (1986)). The identification of synergiséiffects of oxygen deficits and un-ionised
ammonia led to the development of interrelated deteats for these two substances (FWR,
1998). Today most approaches also specify standardisydraulic impacts, either on discharge
volume (e.g. BWK M3 (BWK, 2001) or OEWAV R19 (Dra®003)) or on the frequency of
critical (erosion producing) events (Rossi et 2Dp4a). Some of the ambient water quality
based approaches for the assessment of combineer sexerflows are described in the
following pages.

Water quality standards are usually based on togocal data obtained under laboratory
conditions with single substance and constant cura@on. From these experiments toxicity
data for specific impact magnitude and exposuratdur are derived, like ‘lethal concentration’
(for example LGy(96hr) is the concentration at which 50% of the tgganism population die

during 96 hours) or ‘no observed effect concerdgrat{NOEC). The usefulness of such data to
describe the effects of combined sewer overflowlsriged. Therefore experiments have been
conducted applying for example fluctuating concatidns (Brooks et al., 1996; House et al.,
1993). Others investigated the impact resultingnflmombined oxygen deficits and un-ionised
ammonia impacts (Borchardt, 1992; Gammeter andigemit1990; Magaud et al., 1997) or
compared the effect of ammonia as single substavite the effect of ammonia from

wastewater (Borchardt, 1992). Beside acute moytaléo post mortality increase (Borchardt,
1992) and behavioural changes have been investigl@erchardt, 1992; Borchardt and

Statzner, 1990; Gammeter and Frutiger, 1990). Tardne the transferability of the results to
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natural conditions, some authors used artificighnetels with near-natural conditions (e.g.
studies of the effect of increased discharge, anemamd low oxygen concentration on
macroinvertebrates (Gammeter and Frutiger, 1990)macroinvertebrates and salmonids
(Borchardt, 1992; Borchardt and Statzner, 1990).

Novotny and Witte (1997) prepared risk functions deet-weather discharges on the basis of
toxicity data. Their approach was however only Hase laboratory toxicity data and therefore

its transferability to natural conditions is limit€Ellis, 2000). Further, most risk approaches
only consider direct effects (as acute mortalityt beglect indirect effects (i.e. effects on

species’ interactions, which can influence sigaifity the ecosystem’s response (Preston,
2002), see Figure 2).

Toxicant —2t 5 Species A «2% 5 Species B
Effects Effects

Indirect Effects

Figure 2: Conceptual model of indirect effects in ecotoxicology. Indirect ecological effects may result from
the effects of toxicants on the interactions of interdependent species (redrawn from Preston (2002)).

There is a considerable risk from numerous posgildgent pollutants in both wastewater and
stormwater, which cannot be monitored due to teairemely high number. Eriksson et al.
(2002) identified 900 different xenobiotic orgardiompounds which are possibly present in
Swedish greywater (household wastewater from kitchmath and laundry). Therefore they
developed a methodology for stormwater managemenidéntify the most critical and
representative chemical pollutants. With this mdtiogy, the site-specific priority pollutants
can be identified which can subsequently be indudeplanning and monitoring (Eriksson et
al., 2005). The identification of specifically ptematic substances has also been done in the
European Water Framework Directive, which specifigsority and priority hazardous
substances (annex X, (2000/60/EC)). Future wetlazdtow management in Europe will have
to include these substances.

It has also not been tested if a scaling down xicity data (i.e. to calculate for example an
LCso(8hr) from a LGy(96hr)) produces correct results (Ellis, 2000).e@ft differentiation in
salmonid waters and cyprinid waters (e.g. 78/65@E& coldwater and warmwater (e.g. US
EPA, 1986) is made, because salmonid/coldwateedisite adapted to clean highland streams
with high oxygen concentration (US EPA, 1986). Stimes also limits for salmonid spawning
grounds are included because their eggs and frindliin the interstitial) are endangered by
oxygen depletion in the sediment (Argent and Flethb89).

It has been found that after a disturbance, (&.doWw oxygen concentrations or high un-ionised
ammonia concentrations) fish are more susceptibéghter pollutants (FWR, 1998), and that an
increase in the frequency of disturbances leadasntincreased recovery time and a reduced
capability to cope with disturbance (Burton andt,Pi2002). Low dissolved oxygen
concentration cause invertebrate drift and it tadarse time until the population has recovered.
Un-ionised ammonia causes even in sublethal coratamts permanent damage to fish (FWR,
1998). Therefore limits for acute impacts of unis@ad ammonia and oxygen deficits often
include recovery time. The recovery time is spedifas intensity - duration - frequency limits.
The shorter the duration of the pollutant exposané the more infrequent it occurs, the more
severe impacts are tolerable. As an example fengity- duration- frequency dependent limits
the standards for un-ionised ammonia of the UPMuab(FWR, 1998) are shown in Figure 3.
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Figure 3: Example for intensity - duration - frequency dependent limits. Fundamental intermittent standards
for un-ionised ammonia of the Urban Pollution Management Manual (FWR, 1998).

The Danish approach

The Danish approach to prevent pollution impaatsnfrcombined sewer overflows specifies
criteria for minimum oxygen concentrations (Danidingineering Union Wastewater
Committee, 1985). The quality criteria for oxygar based on two endpoints. One endpoint is
the oxygen concentration sufficient to support fisstingly, the return period is defined as 0.1
years. The other endpoint is the absolute minimuygen concentration which can be tolerated
for only very short periods, here the 44G1h), respectively L& (12h), was applied. For the
absolute minimum concentration a maximum returmopefT .., is defined. Between these two
oxygen concentrations and their respective retemogds, the return periods for intermediate
oxygen concentrations are linear interpolated. Tihierpolation is done for two impact
durations (1 hour and 12 hours) and for three tiypes (salmonid spawning grounds, salmonid
waters and cyprinid waters). An English descriptdrthe approach is included in House et al.
(1993).

Table 5: Limits of the Danish approach (Danish Engineering Union Wastewater Committee, 1985)

ré\fljar);:n;g?od Duration: 1h Duration: 12h Duration: 1h Duration: 12h
River Type (Trn) T<0.1 year T<0.1 year T max T max
Salmonid
spawning 16 years 8mgd 9 mg G/l - -
ground
Salmonid 12 years 6 mgd 7 mg G/l 1.0 mg Q/I 1.5 mg Q/l
water
Cyprinid
water 8 years 4 mg ¢l 5 mg G/l 1.5 mg Q/l 2.0mg g/l
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Figure 4: Principle of Danish oxygen quality criteria (Danish Engineering Union Wastewater Committee,
1985).

Urban Pollution Management Manual (UPM Manual)

The Urban Pollution Management (UPM) developed neds Britain (FWR, 1998) provides
standards for acute effects of low dissolved oxygencentrations and un-ionised ammonia,
called Fundamental Intermittent Standards. Afteposxire to un-ionised ammonia or low
dissolved oxygen concentrations, fish will be msusceptible to exposure to any contaminant.
The UPM includes this effect by defining recovesrripds, the higher the un-ionised ammonia
concentration/the lower the dissolved oxygen cotraéon: the longer the recovery period (see
Table 6 and Table 7). However, it is also notethenUPM manual that these recovery periods
could not be defined with any certainty. Low dissol oxygen and high un-ionised ammonia
have synergistic effects, i.e. they aggravate edlobr. Therefore the UPM defines correction
factors for both substances in case the other autstis also present in high concentrations (as
indicated below Table 6 and Table 7).

Table 6: Fundamental Intermittent Standards for dissolved oxygen [mg O/l] — concentration/duration
threshold not to be breached more frequently than shown.

Sustainable Salmonid Sustainable Cyprinid Marginal Cyprinid Fishery

Return Fishery Fishery Ecosystem

Period 1lh 6 h 24 h 1h 6 h 24 h 1lh 6 h 24 h
1 month 5.0 5.5 6.0 4.0 5.0 55 3.0 35 4.0
3 months 4.5 5.0 55 35 4.5 5.0 25 3.0 35
1 year 4.0 4.5 5.0 3.0 4.0 4.5 2.0 2.5 3.0

NH; concentration

less than 0.02 mg NfN/I
0.02 — 0.15 mg NEIN/I
more than 0.15 mg N4-IN/I

Correction factor to be applied t@BGhresholds
No correction
+ (0.97 x log (mg NH-N/I) + 3.8 mg O/l
+2 mg O/l
Salmonid spawning grounds: + 3 mg O/l
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Table 7: Fundamental Intermittent standards for un-ionised ammonia [mg NHs-N/I] — concentration/
duration threshold not to be breached more frequently than shown.

Sustainable Salmonid Sustainable Cyprinid Marginal Cyprinid Fishery
Return Fishery Fishery Ecosystem
Period 1lh 6h 24 h 1lh 6 h 24 h 1lh 6h 24 h

1 month 0.065 0.025 0.018 0.150 0.075 0.030 0.175.100 0.050
3 months 0.095 0.035 0.025 0.225 0.125 0.050 0.250.150 0.080

1 year 0.105 0.040 0.030 0.250 0.150 0.065 0.300 2000. 0.140
DO concentration Correction factor to be applieduto-ionised ammonia thresholds

5 mg O/l or higher No correction

<5 mg O/l x 0.0126(mg OAY?

Acute criteria for pollutants in the USA

The National Recommended Water Quality Criteridhef United States of America (US EPA,
2002) include, besides the standards for long-ierpacts (called chronic criterion, CCC), also
for various substances standards for acute impa@btse standards for acute impacts are called
acute criterion (CMC). Acute criteria are defined éxample for ammonia, dissolved oxygen or
chloride, but also for various heavy metals (eaglnsium, copper, lead or zinc).

The freshwater ammonia criterion is pH, temperatand life-stage dependent. The CMC for
total ammonia nitrogen is specified as one-houmage concentration which is not to be
exceeded more than once every three years on #mager The CMC (acute criterion) is
calculated using the following equations (US EPB02):

Where salmonid fish are present:
0.275 390
+

= 1+107.204— pH 1+1CPH = 7.204 [mg N/I]
Or where salmonid fish are not present:
0411 584
CMC = 1+lc7.204— pH + 1+lcpH -7.204
[mg N/

The criteria for dissolved oxygen are defined inmidient Water Quality Criteria for Dissolved
Oxygen” (US EPA, 1986). For dissolved oxygen, itistinguished between coldwater criteria
and warmwater criteria. These are further distisiged into criteria for early life stages and
other life stages (see Table 8).

Table 8: Water quality criteria for ambient dissolved oxygen concentration, i= intergravel oxygen
concentrations (US EPA, 1986).

Coldwater criterion Warmwater Criterion

Early Life Stages  Other Life Stages  Early Lifegeta  Other Life Stages

30 Day Mean not available 6.5 not available 55
7 Day Mean 9.5(5.5 not available 6.0 not available
7 D?y Mean not available 5.0 not available 4.0
Minimum .
1 Day Minimum 8.0 (5.0) 4.0 5.0 3.0
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BWK M3

The technical fact sheet M3 of the German Assamiatdf Water Resources, Waste
Management and Land Reclamation Engineers (BWHK)adirst comprehensive ambient water
guality approach for the assessment of wet-weallssharges in Germany (BWK, 2001). In
this fact sheet, standards for morphological impaah-ionised ammonia and dissolved oxygen
are specified. The standard for morphological inpaltie to an increase of the watercourse’s
discharge by urban wet-weather discharges is défasepercentage of the near-natural 1-year
flood. The sum of all urban wet-weather dischaigés a water body (8, zul.), that is not to

be exceeded, is defined in the following formula:

* A\ed
10C

QEl,zuI. < 10* qu,pnat +X* qu,pnat * AEO[I /S]

HQ 1, pat..- pOtential near-natural yearly flood

A g ... paved area of attached urban area

A ... surface catchment of the watercourse

Q ez zu ... acceptable critical yearly influent discharge

X ... multiplication factor for the acceptable iease of discharge by anthropogenic
influences, normally 0.1

The standard in BWK M3 for dissolved oxygen is mthan 5 mg @/I, and for un-ionised
ammonia less than 0.1 mg BN /. The standards for impacts by low dissolvegygen and
high un-ionised ammonia concentrations are chosethat even through synergistic effects
sensitive organisms are not apparently damaged.s@ihee should be valid for standards for
suspended solids, but it was found that specitioatif general valid limits for suspended solids
was not possible with the present knowledge.

The Swiss project STORM

In Switzerland the project STORM (Krejci et al.,(2®) developed basic knowledge and
methods to harmonise requirements for wastewasshdrges at wet-weather conditions with
current Swiss legislation regarding water protectibhe Swiss legislation requires amongst
others integrated, site specific and problem oee@rplanning of urban drainage (Krejci and
Kreikenbaum, 2004). Therefore limits for acute iigawere proposed (Rossi and Hari, 2004,
Rossi et al., 2004a; Rossi et al., 2004b), and laiion tools for screening and planning were
produced (REBEKA (Rauch et al., 2002) and REBEKA(Mankhauser, 2004)). Further
planning procedures were created based on the apmalknowledge (Kreikenbaum et al.,
2004; Krejci, 2004a) and tested (Krejci, 2004b;jkiret al., 2004a).
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Figure 5: Critical intensity and duration of impact of un-ionised ammonia for trout. The proposed standards
are shown as dashed line. These values should not be exceeded more often than once every five years
(Rossi et al., 2004a).

The proposed standards for un-ionised ammoniaHiggee 5) were defined such that in case of
an exceedance at 100% oxygen saturation on angevd@% of the trout population die,

respectively 20% of the population at 40% oxygetursgion. For the standards for solids,
STORM distinguishes between effects due to inckasebidity and the effects of sediment
accumulation. For turbidity the following standa@® proposed: 50 mg/l during 60 minutes,
300 mg/l during 10 minutes and for longer expogumes (up to 24 hours) maximum 25 mgl/l.

The standards for particle accumulation are dividestandards to prevent the blockage of river
bed, accumulation of persistent substances andeoxydgpletion (see Table 9). During

spawning season (in Switzerland between SeptemberMarch) no blockage should be

tolerated (Rossi et al., 2004a).

Table 9: Proposals for standards for maximal TSS accumulation rates in sediments for a gravel river bed.

Criterion Standard for_ TSS Maximum time of standard exceedance
accumulation [% per year]

Blockage of river bed (physical) 625gm-a- 20 %

Accumulation of persistent 2 .1

substances (heavy metals, PAH) 25 grssm”d 5%

Oxygen depletion:
Combined system (overflows) Sgm?d? 10% (0% between September and March)
Separate system 16gm2d* 10% (0% between September and March)

As standards for oxygen depletion, the Danish apgprgsee Figure 4) and the oxygen standards
of the British UPM for Sustainable Salmonid Fishésge Table 6) are proposed (Rossi et al.,
2004a).

Hydraulic impacts of wet-weather discharges arevgmted by restricting of the number of
erosion events per year in the receiving water. mbmber of erosion events, which are
acceptable for a river, depends significantly om $hatus of the receiving water. The better its
morphological quality, the higher the tolerable f@m of erosion events (Frutiger and
Gammeter, 1996). The assessment of morphologicdityis based on the Swiss methodology
(“eco-morphological quality”), see Table 10. A wdl event, i.e. an event that causes erosion, is
determined using the approach of Meyer-Peter (Ratiah, 2002).
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Table 10: Standards of hydraulic-mechanical impacts, maximum number of critical events per year. class |
means “natural/near natural”’, class Il “slightly degraded”, class Ill “highly degraded” and class IV
“unnatural/ artificial” (Rossi et al., 2004a).

Eco-morphological Variability of width

quality significant restricted none

Class | 10 5 3 critical events/ year
Class Il 5 3 1 critical events/ year
Class lll & IV 3 1 <1 critical events/ year

The temperature which is tolerated by the aquatiamisms depends in general on numerous
factors, e.g. the temperature at which the orgamisormally live, the fish species and the

development stage, or the duration and magnitudeeotemperature change (Rossi and Hari,
2004). The standards proposed for acute temperalianeges are shown in Table 5 and Figure
6.

Table 11: Standards for the water temperature in the receiving water (Rossi and Hari, 2004; Rossi et al.,
2004a).

Temperature parameter Standard
Maximum temperature after the discharge from theesésummer time) < 2.5 c
(or Figure 6)
Maximum temperature after the discharge from theeséwinter time) <12°C
Maximal tolerable changes of temperature by digpdsafrom the sewer <7°C
32 1 hour —me 1 day-m 7 days =

30

28

Lethal temperature [°C]

26 !
\h\\
Proposal | ™~
24 Switzerland
22 1 1
10° 10" 10?

Duration of exposure [minutes]

Figure 6: Survival temperature in dependence of the duration of exposure for juvenile salmonids (in the
first to third year) at different acclimatisation temperatures (10, 15, 20, 24 C) (Rossi and Hari, 20 04).

The results of the project STORM are the basiglerdevelopment of a new Swiss guideline
for wet-weather discharges from urban drainagej{Ket al., 2004b).

Austrian OEWAYV guideline 19 (Draft)

In Austria, the fact sheet 19 regarding the desifjicombined sewer overflows is currently
being updated to include an ambient water quakiseld approach (OEWAV R19, Draft 2003).
The new fact sheet 19 consists of an emission bappdoach for the design of overflow
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structures, which specifies for the total sewertagysa percentage for suspended and for
particulate substances, which is to be conveydtidavastewater treatment plant. Additionally
it also includes further requirements for an ambieater quality approach. For the assessment
of the impact, all discharges into a stretch witke tength of 1000 times the width of the
receiving water’s water surface, respectively mimm500 m and maximum 2500 m length, are
to be considered together.

The limit for hydraulic impacts is defined in depence of the 1-year flood of watercourse:
Q.1 2 0.1to 0O5IHQ,

Qe1 ... 1-year stormwater runoff from combined seweasrflows and storm sewer outlets
(I/s)
HQ; ... 1-year flood of watercourse (I/s)

The smaller value of 10% is valid for watercourgégh mainly clayey- sandy watercourse
sediment, low variability of width and low recolsation potential from adjacent watercourses
or the upstream stretch. The higher value of 50%alisl for watercourses with rocky sediment,
high variability of channel width and high recolsafion potential. Intermediate values are to be
determined according to the eco-morphological sththe watercourse.

To avoid acute impacts by un-ionised ammonia, thenania concentration should not exceed
on short-term (1 hour) in salmonid waters 2.5 mg,MNIA (being equal to 0.1 mg/l Nd-N at

pH 8 and 20°C) and in cyprinid waters 5 mg N¥| (being equal to 0.2 mg/l Nd-N at pH 8
and 20°C). The dissolved oxygen concentration shoot decrease below 5 mg/l in the water,
and it is assumed that this standard prevents alpigestatus in the upper layer of the river bed.
For suspended solids, the standard by the German ATV, 1993) of 50 mg/l is proposed
(although other authors think the scientific bdsrghis standard is insufficient (BWK, 2001)).

Biological assessment of combined sewer overflow pacts

Some work has already been done on the effect @ @iScharges on biocoenosis of the
receiving water, but it is only very little compdre the huge amount of work performed with
simulations and chemical water quality paramet&@ammeter (1996) investigated in the
‘integrated urban drainage case study in Fehrdlt{lawitzerland) the impact of urban drainage
on the benthic invertebrate community of severadlsmountain running waters. She found
that the most severe impacts of wet weather digelsaresulted from factors with long-term
impacts, like habitat or morphology changes. FUY&898) examined the impact of a CSO on a
small German mountain stream in the Black Forest. tested various indices based on
macroinvertebrates for their ability to reflect t680 impact and concluded that indices based
on Ephemeroptera, Plecoptera and Trichoptera @&abhuto identify CSO impacts, contrary to
the saprobic index. Similar to the findings in Sitand, he found the main impact of the
investigated CSO was a hydraulic impact. Podraza\didera (1998) investigated protozoan
and macroinvertebrate communities upstream and stogam of a CSO in a small urban
mountain stream in North Rhine Westphalia in Gennarheir results show that these two
groups respond completely different to the CSOhdisges. Protozoa feed on bacteria whose
amount is increased both by the bacteria contaméte CSO discharges and by better bacterial
growth due to the nutrient input by the CSO. Ths humber of protozoan taxa and their
abundance, especially of sessile, bacteriovorusiepewas found generally to be elevated
downstream of the CSO (Widera, 2000). Macroinvesdtds on the other hand are due to their
size and habitats more susceptible to the hydramipact of the CSO and were thus rather
decreased in taxa and abundance downstream ofSfleac@mpared to the reference sampling
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point upstream. Partly Ephemeroptera and Gammaxigiee even missing below the CSO
(Podraza, 1999). Still, the study showed that tifience of the CSO for both groups could
only be identified by long-term regular measureraaitthe species level (Podraza and Widera,
1998).

Assessment of urban wet-weather flows with whole ffient toxicity
testing

The ambient water quality approaches describedeaboy based on measurements of different
chemical parameters in the receiving water. Botirnstvater runoff and combined sewer
overflows contain numerous chemicals, so that theasurement of all possibly present
substances is impossible. Further the complex cesitipo of the discharges can result in
synergistic or even antagonistic effects. Testihthe impact of the whole discharge allows an
overall evaluation. It can be done with direct tityi testing or with in situ ecotoxicological
studies. These approaches test the whole efflgmihst a limited set of aquatic organisms for
its ecotoxicity. Direct toxicity testing methodsearcalled among others ‘direct toxicity
assessment’ (DTA) or ‘whole effluent toxicity’ (WE{Whitehouse, 2001).

Direct toxicity testing is performed under laborgt@onditions. The test organisms usually
represent different trophic levels (e.g. bactedklae, invertebrates, and fish) (Power and
Boumphrey, 2004). Generally lethality is measured therefore toxicity testing cannot assess
sublethal stress (Ellis, 2000). Other toxicity sesddress cytotoxicity (cellular damage) or
genotoxicity (damage to the genetic material). €héssts are performed using cells or
bioparticles (Marsalek et al., 1999b). Further ¢ixiassessment methods have been developed
which also consider post-exposure effects (e.g-@xqsosure lethal exposure time by Brent and
Herricks (1999)), to overcome the problem of detayepacts.

Toxicity testing can be made for water but also $ediment extracts. For CSO it seems
important to consider both, as Marsalek et al. @9%ound that CSO discharges generally
seemed less toxic than stormwater. They conclutled this is due to the fact that the
bioavailability of pollutants is reduced in the C®ldcharges by sorption to organic matter.
This however would lead to increased toxicity af €SO sludge.

Toxicity testing methods have been applied worldwidr discharge permits of industrial
effluents. Pilot studies for combined sewer ovevlichave been made for example in Canada
(Marsalek et al., 1999b), the United States andt®etain (Ellis, 2000). Direct toxicity testing
has been applied for stormwater runoff (see formgpta Marsalek et al. (1999a), or Boxall and
Maltby (1995)). It has already been used to auskostormwater effluents, although the
technique is still premature. One problem is thealmlity in survival rates, which occurs
especially at the intermediate toxicity levels theg used as basis for permits (Ellis, 2000). At
the current stage toxicity data provide not sudfintiinformation for planning and design of wet-
weather flow management (Marsalek et al., 1999b).

The acceptable end-of-pipe toxicity can be deragdEllis, 2000):

end-of — pipetoxicity for mostsensitivespecie
safety factor (normally x 10)

edgeof mixing zone

- S .
acceptableoxicity = ( j > effluentconcentraion,

An assessment of acute toxicity of wet-weatherldisges can be made in situ by tests using
benthic macroinvertebrates, keeping them in cagssream and downstream of investigated
structure. Beside acute lethal effects, also actation of persistent toxic substances can thus
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be investigated (House et al., 1993; Mulliss et H97; Mulliss et al., 1994; Mulliss et al.,
1996).

Behavioural changes, e.g. drift, elevated respinathovements, active avoidance reactions, or
perturbed behaviour are more sensitive indicatorsstfress from wet-weather discharges than
mortality. Wet-weather discharges can lead to m®ed drift rates, up to highly elevated drift
(‘catastrophic drift’) (Borchardt, 1992), becaust axtive avoidance reactions, changes of
location (e.g. from bottom side to upper side ofstane) or perturbed behaviour (e.g.
uncoordinated movements or rigor) (Borchardt, 19%ammeter and Frutiger, 1990).
Behavioural changes however are difficult to manitositu, although an automatic device for
monitoring behavioural changes of fish has beerstcoated using gill ventilation responses
(sub-lethal stress response) (described in Houale, ¢1993)).

DISCUSSION

In future the status of the receiving water wilblpably become the benchmark for wet-weather
flow management. Under this presumption the differgpproaches to manage pollution from
wet-weather flows are to be evaluated. The congratimanagement strategy is the definition
of emission limits. The emission limits are usuatkgrived with a ‘precautionary principle’
approach. This means that elimination of pollutiomthe state-of-the-art level is provided. The
rules for the design are clearly set and guargpiseeing with relatively certain cost estimates
(Krejci and Kreikenbaum, 2004). The requirements @efined such that they are relatively
consistent, so that local conditions do not causessive economic disadvantages. Emission
based strategies, however, cannot assure theyqahtite receiving water. There is no relation
between the emission limits and the ecologicalstat the receiving water.

Conventional biological assessment methods medkaretegrated effect of all impacts on a
receiving water over an elongated period of timkigE2000). The time span which is covered
depends on the mean life time of the indicator wisgyas, e.g. indices based on
macroinvertebrates usually integrate several monthsreas fish based indicators reflect up to
several years. Exclusively biological measures fietime assessment of ‘biological integrity’
(aim of the CWA (1972)), or ‘ecological quality’ d¢gl of the European Water Framework
Directive (2000/60/EC)). However, measurements withiogical indicators allow only post-
impact assessment (Ellis, 2000). Further it isidiff to develop robust indices which can be
applied over a larger spatial scale, because agpiattoenosis differ widely from each other on
very small regional scales. The more advanced ladgial assessment method is, the higher
specialised experts are needed for their applicatiimon, 2000). Further biological
measurements are time consuming and thus expe(iEivg 2000). Aquatic ecosystems are
highly complex systems and the interactions betwtweir different components are not
completely understood (Wetzel, 2001). Therefoiie usually not possible to identify the cause
for impairment measured with biological indiceslig&l2000). Efforts are currently made to
define biological indices which allow the identditon of specific causes (see for example the
European project AQEM (Hering et al., 2004), or Nimy et al. (2005)). However, the
advantage that biological measures integrate varstnessors is also the major drawback, as it
hinders the clear identification of impacts. Cuthemo biological assessment method suitable
to evaluate the impacts from intermittent duschaungeavailable. For the application in wet-
weather flow management, biological indicators wlodle necessary which are clearly
correlated to the different types of impact andadrie to assess acute impacts.

Toxicity testing allows the integrated assessméttietoxicity of all pollutants contained in an
effluent, including interactions of toxic effectas(additive and synergistic effects). Therefore
these methods can predict biological impact of demmixtures of pollutants. From toxicity
tests numerical limits can be derived. Howeverse¢hiests do not describe the response of the
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ecosystem (e.g. the indirect effects on other sg@cEllis, 2000), nor the fate of the toxics in

the environment (like transformation, sorption, moaccumulation). Further the results are
obtained with a narrow range of test organisms {#iouse, 2001), and as the toxicity varies
for different species, limits defined from this @ahay not be sufficient to protect specifically

important species (like endangered species). Thiet@ots causing the toxicity are also not

identified with toxicity testing. The high variaibyl of wet-weather discharges can also not be
assessed. Toxicity testing is still under develaopnand currently it is not applicable for wet-

weather control design and planning (Marsalek.etL8B9b).

The renunciation from strict emission approachds mtroduce considerable uncertainty and
complexity to urban drainage planning. The coopanadf engineers with natural scientist will
be essential in future (Krejci and Kreikenbaum, £00-rom such cooperation, the ambient
water quality based guidelines for intermittent aofs have been created. These guidelines
specify environmental quality standards for différenportant impacts known to be caused by
wet-weather flows. These comprise usually acut&torpacts from un-ionised ammonia and
oxygen deficits, and acute hydraulic impacts (Hienés are either set for maximal permissible
discharge or erosion frequency). Some guidelings ialclude acute limits for further pollutants
(e.g. heavy metals), temperature changes or susgdesdlids/turbidity. These numerical
standards can be used to evaluate the resultsngbuter simulations of the integrated urban
drainage system. However, there are several umtietaconnected with environmental quality
standards. First, the limits are extrapolated ftowicological data of a restricted number of
species and it is unclear if the included safetydiss are too tight or too stringent (Whitehouse,
2001). It is also not proofed that scaling of thricological data to different exposure times is
valid (e.g. from a Lgy(96h) value to a Lgy(1h)) (Ellis, 2000). This, however, is usually ddoe
calculate limits. The transferability of toxicolegi data obtained under laboratory conditions to
natural conditions introduces additional uncertast (Borchardt, 1992). Further the
methodology used to define the limits does not antdor the impacts from delayed uptake,
bioaccumulation or sediment related chronic toripact (Ellis, 2000). It has been recognised
that pollutant interactions and frequency of expestan significantly influence the impact on
the receiving water (Burton and Pitt, 2002;FWR, 89%owever, there is insufficient data and
therefore today only for very few pollutants (eum-ionised ammonia and oxygen deficit),
limits are defined which consider interactions aedovery time. Thus the nature and level of
risk cannot be assessed with the current ambietdrvemality approaches (Ellis, 2000). The
application of these approaches is complex andinexsjadequate tools as computer programs
(Rauch et al., 2005).
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Figure 7: Current status of intermittent impact assessment.

Index for acute impacts
(not identified yet)

Generally, the benefit of both emission and ambigater quality based approaches is not
stringent and scientifically sound evaluated. Batle derived from theory and laboratory
results, and only few case studies have been peefbto evaluate the approaches. The reasons
are the difficulty in assessment of the impact adt-weather flows and the multitude of
influencing factors, whereat stormwater is only afiecnumerous impacts on receiving waters
(Merz and Guijer, 1997). Scientifically sound asseg#® needs investigation of the integrated
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urban drainage system and thus requires huge anobumonitoring efforts (Vanrolleghem et
al., 1999).

How to proceed:

1. Emission based methods are well established. Adth@udirect and definite benefit has
not been proofed, this approach will be pursuethéusrdue to safety considerations
(precautionary principle).

2. Ambient water quality based methods aim at a dicaase-effect mechanism, however,
because of its high uncertainty (i.e. numerousu@riting factors) also this approach is
problematic. As for the emission based approadhesscientifically sound evaluation
of the efficiency of the ambient water quality béseethods is lacking. Additionally it
is unclear if the parameters usually utilised iesth methods (e.g. dissolved oxygen, un-
ionised ammonia) are suitable for an adequate iggiscr of the biocoenosis of running
waters. However, it is to be expected that thisr@ggh — preferably in combination
with emission based methods — will further be aggbind improved.

3. Biological indicators and toxicity tests are getigraot adequate for urban drainage
planning as both methods are based upon monitofinig. means that it is possible to
assess the ecological impact only after the impigatmn of a measure. However,
these methods will probably be improved further bedome of importance for urban
water management in combination with emission amtbient water quality based
methods.

CONCLUSIONS

Emission based criteria for urban wet-weather disphs can reduce the impact on the receiving
water significantly, but cannot guarantee a goaixeng water ecological quality. Biological
measurement methods can represent the ecologatak stf a watercourse, but as the cause-
effect relations between changes of the aquaticoeioosis and physicochemical water
parameters are not known today, the results obtblegical measurements cannot be used to
identify problems caused by urban wet-weather @disgts. Collaborations between engineers
and limnologists have resulted in different ambigater quality based approaches to assess the
impact of urban wet-weather discharges. These appes are usually based on chemical or
physical specific limits. The computer simulatiaols, needed for the application of these
approaches, exist today. However, pollutant intesas can easily be overlooked, sub-lethal
effects are not always described, and scaling agifcity data to different durations has
insufficient scientific basis.

Currently the combination of computer simulatiofish@ integrated urban drainage system and
ambient water quality approaches seem to be thedodstion to deal with receiving water
quality in wet-weather flow management. It allows identification of certain impacts already
in the planning stage, therefore this combinatidhpwobably further be established. However,
this approach is complex and requires detailed datthe urban drainage system and its
receiving waters. Therefore a combined approacmsde be the most feasible, whereat the
urban drainage system is generally designed witlssom based standards, and ambient water
guality based approaches are only applied, if gmklwith receiving water quality are detected.

Although the development of ambient water qualiagdd approaches to assess the impacts of
urban wet-weather discharges is an important stefparmonise urban drainage planning
procedures with the aims of surface water quaditydiation, there is still a considerable need to
identify cause-effect relations between ecologjgatameters and chemical water quality to
establish ecological goal functions for urban dagim planning. For the future, easily applicable
biological indicators should be developed whiclowlithe evaluation of the performance of
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ambient water quality approach derived managemgategies. This would facilitate both,
compliance verification of existing structures, amgprovement of ambient water quality based
approaches (especially to adapt the limits togiesific requirements).
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WATER QUALITY STANDARDS

ANNEX IX: WATER QUALITY STANDARDS

1. Different long-term standards for nitrite

Table IX-1: Different long-term standards for nitrite (NO>).

Salmonid waters Cyprinid waters Source
mg/l mg/l
Nitrites (NO,) <0.01@ <0.03@
= 0.003 mg NO,-N/| =~ 0.009 mg NO,-N/I 7BIBSS/EEC
Nitrite (as NO,-N) 0-3 mg CI'/I: 0.01 mg/l
3-7.5mg CI'/l:  0.05 mg/I
7.5-15mg CI'/l:  0.09 mg/I (Wimmer et al.,2003)
15-30 mg CI/I:  0.12 mg/l
>30 mg CI-/l: ~ 0.15 mg/I
Nitrite highland watercourse  lowland watercourse
0.03 0.06 (AImVF, Draft 1995)
= 0.009 mg NO,-N/I = 0.018 mg NO,-N/I
Nitrite-N
(90percentile) 0.03 0.06
<10 mg CI'/I 0.20 0.40 (ATV, 1994)
> 10 mg CI'/I
sensible water with 0.05
<10mg CI'/| (Orth et al., 2003)

(G) Guide value

2. Different long-term standards for un-ionised amnonia

Table IX-2: Different long-term standards for un-ionised ammonia (NHs).

Salmonid waters Cyprinid waters Source
mg/l mg/l
Non-ionized
<0.025 ™ <0.025 ™ (78/659/EEC)

ammonia (NHs)

Un-ionised ammonia

(as NHs) 0.01

lowland watercourse
0.02

Un-ionised ammonia  highland watercourse

0.02

Simplified procedure <0.1

Un-ionised ammonia
99 percentile (mgN/I)

0.04 mg NH4-N/I
=0.051 mg NH4/I

0.082

Un-ionised ammonia 0.002

(Wimmer et al., 2003)

(AImVF, Draft 1995)

(BWK, 2001)
(FWR, 1998)

(Schwoerbel, 1999)
(Orth et al., 2003)

(M) Mandatory

ANNEX IX -i



WATER QUALITY STANDARDS

3. Different long-term standards for dissolved oxygn

Table IX-3: Different long-term standards for dissolved oxygen (DO).

Sensitive salmonid
water

Salmonid waters Cyprinid waters Source
mg/l mg/l
0, > (M) 0, > M)
50% =9 mg/l 50% =7 mg/l (78/659/EEC)

100% = 7 mg/l ©

highland waters

100% = 5 mg/l ©

lowland waters

>80%; <125%; >80%;
>7,5mg/L >6,5mg/L
80 — 100% ©
> 8 mg/l

(AImVF, Draft 1995)

(76/160/EEC)

(Orth et al., 2003)

(M) Mandatory, (G) Guide value

4. Different long-term standards for total phosphous

Table IX-4: Different long-term standards for total phosphorus (TP).

Salmonid waters Cyprinid waters Source
mg/l mg/l
(= 0.065 mg P/l) (=0.13 mg P/) (78/659/EC)

TP, dissolved highland watercourse  lowland watercourse
0.07 0.15
TP 0.01-0.07 (0.13)
(values for different Mean: 0.034 (0.041)
ecoregions) Max: 0.076 (0.128)
Min: 0.01 (0.010)
Median: 0.032 (0.033)

(AImVF, Draft 1995)

(US EPA, 2004)

(G) Guide value
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5. Different long-term standards for copper

Table IX-5: Different long-term standards for copper (Cu).

Salmonid waters Cyprinid waters  Source

ug/l ug/l
<50 mg CaCOy/l 1.6=1.1"+05"
50 — 100 mg CaCOgl/l 53=48M+0.5" (Wimmer et al., 2003)
>100 mg CaCOy/l 9.3=8.8™+0.5"™
10 mg CaCO4/I ™" 5©
50 mg CaCO4/I ™" 22©@
100 mg CaCOs/I ™" 40 © (78/659/EEC)
500 mg CaCO4/I ™™ 112 ©

highland waters lowland waters

<300 mg CaCOs/l 1 10 (AImVF, Draft 1995)
> 300 mg CaCO/l 6 30
cmc o™ 13
cCe 9 9 (US EPA, 2002)
Al, A2, A3 50 (75/440/EEC)

CMC: Criteria Maximum Concentration

CCC: Criterion Continuous Concentration

™ Maximum concentration

"> Natural background concentration

" Hardness dependent, limit stated is for 100mgrtihass (calculation see table below)
4™ | imit for dissolved metal concentration in the @ratolumn

™ Mandatory

Added risk limit: maximum acceptable concentrafiér natural background concentratidh

Calculation of water quality criteria by US EPA (2002):

Conversion Factor Conversion Factor Hardness dependency
freshwater CMC freshwater CCC Ma ba Mc bec

Copper 0.960 0.960 0.9422 -1.7 0.8545 -1.702

Hardness-dependant metals’ criteria may be cakeaifiom the following:
CMC(dissolve( = gmAlnthardnesyi+bA — (CF)

CCC(dissolveq = gmcinthardnesy+C — (CF)
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6. Different long-term standards for zinc

Table IX-6: Different long-term standards for Zinc (Zn).

Salmonid waters Cyprinid waters
ug/l ug/l

Source

96=86M"+10™
21=20™ +1.0"™
29.6=28.6™+1.0™

<50 mg CaCOg/l
50 — 100 mg CaCOsll
> 100 mg CaCOa/l

10 mg CaCOy/I 30 ™ 300 ™
50 mg CaCOy/l 200 ™ 700 ™
100 mg CaCOy/I 300 ™ 1000 ™
500 mg CaCOy/l 500 ™ 2000 ™

highland waters lowland waters

< 300 mg CaCOa/l 15 70
> 300 mg CaCOyll 60 180
cmc 4m hd 120
ccc m hd 120
Al 3000
A2, A3 5000

(Wimmer et al., 2003)

(78/659/EEC)(AImVF,
Draft 1995)

(AImVF, Draft 1995)

(US EPA, 2002)

(75/440/EEC)

CMC: Criteria Maximum Concentration
CCC: Criterion Continuous Concentration
™ Maximum concentration

"> Natural background concentration

" Hardness dependent, limit stated is for 100mgrtihess (calculation see table below)

M) imit for dissolved metal concentration in the gratolumn
™ Mandatory

Added risk limit: maximum acceptable concentrafiér natural background concentratich

Calculation of water quality criteria by US EPA (2002):

Conversion Factor Conversion Factor Hardness dependency

freshwater CMC  freshwater CCC Mma

Mc bc

Zinc 0.978 0.986

0.8473 0.8840.8473 0.884

Hardness-dependant metals’ criteria may be caketifiom the following:

CMC(dissolveg = gminhardnesiwoa — (CF)
CCC(dissolveg = gncnhardnesybc  (CF)

ANNEX VIII - iv



WATER QUALITY STANDARDS

7. Different long-term standards for cadmium

Table IX-7: Different limits found for cadmium (Cd).

Salmonid waters  Cyprinid waters  Source

ug/l ug/l
1 (Wimmer et al., 2003)
highland waters lowland waters

< 300 mg CaCOs/l 0.1 1 (AImVF, Draft 1995)
> 300 mg CaCOs/l 0.5 2

1
in coastal waters 0.5 (LAWA, 2003)
cmc 2.0
ccg @ hd 0.25 (US EPA, 2002)
Al, A2, A3 5 (75/440/EEC)

CMC: Criteria Maximum Concentration

CCC: Criterion Continuous Concentration

hd - Hardness dependent, limit stated is for 100hmydness (calculation see table below)
dm - Limit for dissolved metal concentration in thater column

Calculation of water quality criteria by US EPA (2002):

Conversion Factor  Conversion Factor  Hardness dependency

freshwater CMC freshwater CCC Ma ba Mc bc
Cadmium 1.136672- 1.101672- 1.0166 - 0.7409 -
[(In hardness)(0.041838)] [(In hardness)(0.041838)] 3.924 4.719

Hardness-dependant metals’ criteria may be caketifrtom the following:
CMC(dissolveg = gminhardnesiwoa — (C )
CCC(dissolveq = gncnhardnesyc  (CF)

ANNEX IX - v
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