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Magdeburger Gewasserschutzseminar 2016

Magdebursky seminar o ochrané vod 2016

Das Magdeburger Gewasserschutzseminar 2016 findet unter der Schirmherrschaft der Bundesministerin fur Um-
welt, Naturschutz, Bau und Reaktorsicherheit Deutschlands und des Ministers fir Umwelt der Tschechischen Re-
publik statt. Das Seminar dient auch der Information der Offentlichkeit im Rahmen der Umsetzung der Wasser-
rahmenrichtlinie (2000/60/EG) und der Hochwasserrisikomanagementrichtlinie (2007/60/EG) in der internationalen
Flussgebietseinheit Elbe.

Magdebursky seminar o ochrané vod 2016 se kona pod zastitou spolkové ministryné zivotniho prostfedi, ochrany
pFirody, stavebnictvi a bezpe&nosti reaktor SRN a ministra Zivotniho prostfedi CR. Seminaf je i sougasti informo-
vani vefejnosti v ramci implementace Ramcové smérnice o vodach (2000/60/ES) a Smérnice o vyhodnocovani a
zvladani povodniovych rizik (2007/60/ES) v mezinarodni oblasti povodi Labe.






Sehr geehrte Teilnehmerinnen und
Teilnehmer des Magdeburger
Gewidsserschutzseminars 2016,

die Tradition der Magdeburger Gewasser-
schutzseminare entstand im Jahre 1988. Seit-
her hat sich das Seminar als bedeutende in-
ternationale Veranstaltung auf dem Gebiet des
Gewasserschutzes im Einzugsgebiet der Elbe
etabliert. Es findet alle zwei Jahre abwechselnd
in Deutschland und der Tschechischen Repu-
blik statt. Die langjahrige Kontinuitat des Aus-
tausches neuester Erkenntnisse ist im Kontext
europaischer Flussgebiete einmalig.

Das diesjahrige 17. Magdeburger Gewé&sser-
schutzseminar hat einige Neuerungen auf-
zuweisen. Erstmals wird die Thematik Ge-
wasserschutz am Beispiel urbaner Gewasser
betrachtet, einschliellich der Themen, die mit
der Umsetzung der europaischen Wasserrah-
menrichtlinie und der Hochwasserrisikoma-
nagementrichtlinie im Zusammenhang stehen.
Die Auswirkungen des Klimawandels, die Belas-
tung von Gewassern mit Mikroschadstoffen und
mit Plastikpartikeln sind einige aktuelle Themen
in diesem Jahr.

Zum ersten Mal beteiligen sich die Technische
Universitat Dresden und das Center for Advan-
ced Water Research an der inhaltlichen und or-
ganisatorischen Ausgestaltung. Und schliel3lich
ist die Stadt Dresden, auch Elbflorenz genannt,
zum ersten Mal Tagungsort des Seminars.

Wir winschen dem Seminar einen erfolgreichen
Verlauf und lhnen, sehr geehrte Teilnehmerin-
nen und Teilnehmer, viele interessante Gespra-
che, Diskussionen, neue Anregungen und gute
Kontakte fur Ihre weitere Arbeit. Wir freuen uns,
dass auch in diesem Jahr auf die Erfahrungen
anderer Flussgebiete zurilickgegriffen werden
kann, da Expertinnen und Experten vom Rhein
und der Donau mit ihren Vortragen zum Gelin-
gen des Seminars beitragen werden. Wir hoffen,
dass dadurch das Netzwerk der Fachleute Uber
das Einzugsgebiet der Elbe hinaus gestarkt und
erweitert wird.

Vazeni uc¢astnici Magdeburského
seminare o ochrané vod 2016,

tradice Magdeburskych seminafd o ochrané
vod vznikla v roce 1988. Od té doby si seminar
ziskal povést vyznamného mezinarodniho fora
v oblasti ochrany vod v povodi Labe. Kona se
kazdé dva roky stfidavé v Ceské republice a
v Némecku. Dlouholeta nepfretrzita vyména no-
vych poznatkl je v kontextu povodi evropskych
fek ojedinéla.

LetoSni 17. Magdebursky seminaf o ochrané
vod prichazi s nékolika novinkami. Poprvé
bude posuzovana problematika ochrany vod
na pfikladu tokd ovlivnénych urbanizovanym
prostfedim, v€etné témat souvisejicich s imple-
mentaci evropské Ramcové smérnice o vodach
a Povodrniové smérnice. DalSimi aktualnimi té-
maty v letoSnim roce jsou dopady zmény klima-
tu, zatizeni vodnich tok( mikropolutanty a plas-
tovymi ¢asticemi.

Poprvé se na pfipravé seminafe podili po ob-
sahové a organizacni strance Technicka univer-
zita Drazdany a vyzkumné pracovisté Center
for Advanced Water Research. A v neposledni
fadé je poprvé mistem konani seminarfe meésto
Drazdany, nazyvané také Florencie na Labi.

Seminafi pfejeme UspésSny prubéh a Vam,
vazeni ucastnici, fadu zajimavych rozhovord,
diskusi, novych podnétd a navazani dobrych
kontaktl pro Vasi dalSi praci. TéSi nas, ze také
v letoSnim roce bude mozné vyuzit zkuSenosti
Z jinych povodi, jelikoz ke zdaru seminare svy-
mi pfednaskami pfispé&ji i odbornici z povodi
Ryna a Dunaje. Doufame, Ze touto cestou dojde
k posileni a rozsifeni sité odbornikd nad ramec
povodi Labe.

Na tomto mist¢ bychom chtéli srdeéné
podékovat za vykonanou praci hlavnim
pofadatelim seminafe, Stfedisku pro vyzkum
zivotniho prostfedi H. Helmholtze, Technické
univerzit¢ Drazdany, vyzkumnému pracovisti






Wir mochten uns an dieser Stelle bei den Haupt-
organisatoren des Seminars, dem Helmholtz-
Zentrum fur Umweltforschung, der Technischen
Universitat Dresden, dem Center for Advanced
Water Research, der Internationalen Kommission
zum Schutz der Elbe und ihrem Sekretariat sowie
bei allen anderen, die an der Vorbereitung und
Durchfliihrung des Seminars mitgewirkt haben, fr
die geleistete Arbeit herzlich bedanken.

Dr. Barbara Hendricks

Ministerin fir Umwelt, Naturschutz, Bau und
Reaktorsicherheit

der Bundesrepublik Deutschland

Mgr. Richard Brabec
Minister fur Umwelt der Tschechischen Republik

Center for Advanced Water Research, Mezinarod-
ni komisi pro ochranu Labe a jejimu sekretariatu,
ale také v3em dal8im institucim, které se podilely
na pfipravé a realizaci seminare.

Magr. Richard Brabec
ministr Zivotniho prostfedi Ceské republiky

Dr. Barbara Hendricks

ministryné zivotniho prostfedi, ochrany pfirody,
stavebnictvi a bezpecénosti reaktord

Spolkové republiky Némecko
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Overall Elbe strategy — current developments

Hans Baérthel

1. Introduction

The Binnenelbe or Inner Elbe has been a waterway for many centuries. As a waterway system between the
German-Czech border and Hamburg, the Elbe creates, with the entering navigable watercourses, a connection
between the industrial centres of the Czech Republic, Saxony, Saxony-Anhalt, Lower Saxony, Brandenburg and
Berlin and the port of Hamburg.

In the past, the various use requirements for the Elbe, i.e. shipping, nature conservation, water resource manage-
ment with flood control, tourism, ports sector, etc. have led to controversial disputes among stakeholders. The aim
of an overall Elbe strategy is to strike a fair balance between the conflicting demands, to make the use of the Elbe
as a waterway reliable and to further develop and improve the basic ecosystem principles. The development of
an overall strategy and its implementation does not fall exclusively under the responsibility of the Federal Govern-
ment, or more precisely the two relevant ministries (the Federal Ministry of Transport and Digital infrastructure
(BMVI) and the Federal Ministry for the Environment, Nature Conservation and Nuclear Safety (BMUB)). Some
essential parts, i.e. flood control as part of water resource management, nature conservation, tourism and the ports
sector are within the competence of the federal states.

With its catchment area, the Elbe is tangent to 10 of the 16 federal states. The regulatory environment has changed
over the past years.

The European Water Framework Directive (WFD) assigned a challenging task to the federal states, namely to
establish a good ecological status for the Elbe within a few years. This means that the Federal Government’s
Waterways and Shipping Administration (WSV) is obliged to comply with the ‘no deterioration’ rule of the WFD
regarding any measures related to the Elbe. With the technical means available and its expertise in improving the
structure of watercourses, the WSV can already support the federal states in achieving the objectives of the WFD.
For a few years now, the WSV has also been able to act in the field of water management maintenance, fulfilling
its ownership responsibilities for the federal waterways.

2. Process initiation

Given the various use requirements with the related legal obligations and the assigned responsibilities, BMVI and
BMUB agreed on a benchmark paper for the Elbe strategy at the federal level in 2010. The first draft of this paper
represents the Federal Government’s priorities for the development of an overall strategy. To accommodate all the
use requirements, also against the background of the legal responsibilities when developing an overall strategy,
every federal state in the Elbe catchment area is given the possibility to get actively involved in the process. In
January 2012, the Federal Government and the federal states of Saxony, Saxony Anhalt, Brandenburg, Thuringia,
Lower Saxony, Mecklenburg Western Pomerania, Berlin and Hamburg met for the first time to discuss an overall
strategy for the Elbe. They constituted the decision-making body for coordination purposes. Control over this
body is equally divided between BMVI and BMUB. The Federal Waterways and Shipping Agency (GDWS) mana-
ges the office.

In a first step, a Federal Government-federal states working group and the WSV adapted the benchmarks to fit the
needs of the federal states. The draft results were presented at the “Elbe River Conference” hosted by the WSV in
Magdeburg in March 2013. The motto of this event was “Shaping a river together”. The benchmarks established
by the Federal Government and the federal states were completed in the middle of 2013. They represent the joint
tasks for an overall strategy.

15
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3. Content
The Federal Government and the federal states agreed on the following work packages as priorities of an overall
strategy:

Fig. 2: Nature conservation
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Fig. 4: Transport

The overall strategy is further developed in two steps:

Stock-taking (actual state of the 4 work packages) by representatives of the Federal Government and federal
states administrations
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. Development of a target concept for the work packages with consolidation of the priority areas for the overall
Elbe strategy, supported by representatives of associations and churches

To process the work packages, 4 working parties were established as the working level through points of contact at
the Federal Government and federal state administrations. The first step was an inventory for the work packages
which was approved in July 2015 by the decision-making body with the involvement of representatives of associ-
ations and churches.

The inventory displays the weaknesses or deficits of the 4 work packages.

For the second step, the target concept, involvement at the working level is going to be extended. A wide social
acceptance is necessary for the success of the overall strategy. This is why, in addition to the close cooperation
between the Federal Government and the federal states, at the working level environmental associations, citizens’
action groups, trade associations and churches will help to shape this process. In July 2015, an advisory body was
established at the working level. This body is headed by an external facilitator. Since then, advisory body meetings
have been taking place every 6 to 8 weeks.

4. Outlook

The plan is to present a target concept to the decision-making body (Federal Government-federal state body) by
the end of the year so that the overall Elbe strategy can be concluded by the end of 2016.

18
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The LAWA-BLANO Catalogue of Measures —
an innovative tool for the Water Sector

Martin Socher, Kristina Rieth

1. Introduction

The Water Framework Directive (WFD) requires for all European Water Basins the establishment of River Basin Ma-
nagement Plans and Programmes of Measures (PoM) in order to keep all water bodies in a good state or potential
or to improve their state. The logic behind these plans and programmes is the Drivers-Pressures-State-Impacts-Re-
sponses (DPSIR) concept. In order to transform this concept into a transferable system, the Federal Working Asso-
ciation Water (LAWA) and the Federal Committee for the North Sea and the Baltic Sea (BLANO) jointly developed a
catalogue of measures, meeting all European requirements for planning and reporting. Furthermore, the catalogue
also describes all measures for the programmes of the Floods Directive (FD) and the Marine Strategy Framework
Directive (MSFD) and combining their internal relationships with the WFD through a categorizing system.

2. Principles an structure

The LAWA-BLANO Catalogue of Measures [1] is a table of standardized types of measures, pressure types under
WFD Annex Il, EU types under FD or environmental objectives by MSFD and other assignments to have a common
basis for the preparation of PoM and the reporting in WISE (Water information system Europe) to the EU Commis-
sion.

Basically, a targeted planning of measures to improve water status has to ensure that in the selection of measures,
the cause is known for the deficits in the water bodies and the measures are best aligned to remedy these defici-
encies. The catalogue considers in accordance with the WFD Reporting Guidance 2016 the DPSIR concept (Table
1). Since this reporting is only possible via standardized codes, simplifications and summaries of pressures, im-
pacts and responses (measures) are necessary to ensure a uniform and evaluable data compilation. As part of the
planning of measures, the types of measures, that are capable of achieving an improvement in terms of the existing
pressures and the observed water status, will be selected accurately for each waterbody.

Tab. 1: DPSIR chain (Drivers-Pressures-State-Impacts-Responses) [2]

D | Driver an anthropogenic activity that may have an environmental effect (e.g. agriculture, industry)

P | Pressure the direct effect of the driver (for example, an effect that causes a change in flow or a change in the water
chemistry)

S | State the condition of the water body resulting from both natural and anthropogenic factors (i.e. physical, chemical

and biological characteristics)

| Impact the environmental effect of the pressure (e.g. fish killed, ecosystem modified)

R | Response |the measures taken to improve the state of the water body (e.g. restricting abstraction, limiting point source
discharges, developing best practice Guidance for agriculture)

The catalogue includes four groups of measures (Table 2) and can be extended if necessary to integrate new re-
quirements of the implementation process of guidelines or requirements of new national laws and regulations or
European directives.

Tab. 2: Groups of measures

No. | Group of measures

1-102 Measures of the WFD

301 —329 Measures HWRMRL

401 - 431 Measures of the MSFD

501 - 510 Strategically-conceptual measures
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All measures of the catalogue are described in detail with explanatory texts and examples which specify the con-
tent of the measures. That allows an unambiguous assignment of measures to the pressure types under WFD
Annex Il, EU types under FD or environmental objectives by MSFD. The MSFD programme of measures includes
proposals for measures on various environmental objectives, which are displayed in the catalogue. Environmental
objectives, which are also valid in the regime of the WFD in the area of coastal waters, are addressed, particu-
larly with regard to nutrients and pollutants. So the catalogue establishes a close link between the objectives of
the WFD and the MFSD. Numerous WFD measures also serve to marine protection; also some MFSD measures
support the objectives of the WFD in coastal waters. This is marked in the catalogue. A relevance is assigned to
each measure describing the effectiveness of a measure related to the management objectives of the WFD, the
objectives of FD or MSFD: M1 measures support the objectives of the other policy, M2 measures may lead to a
conflict of objectives and an individual assessment must be taken, M3 measures are not relevant to the objectives
of the other policy.

The strategic-conceptual measures of the WFD, FD and MSFD were examined to assess whether they can be re-
garded as so-called conceptual measures and can be merged in a separate group of measures to avoid overlapping
and to show the inherent connection between the measures.

The reporting from the German platform “WasserBLIcK” to the WISE platform at European level has to work smooth-
ly taking the previously reported type of measures into account.

3. Key Type Measures

The reporting requirements of WFD and MSFD demand the assignment of the measures to so called Key Type
Measures (KTM, Table 3 and 4). For the WFD are 25 KTM available that are included in the catalogue. Therefore
the measures can be submitted differentiated to the EU Commission. Each measure of the WFD was associated
with a single KTM. Since the measures M 96, M 99 and M 505 cannot relate to the set by the EU KTM, a new
KTM ,Measures to prevent or control the adverse impacts of other human activities* (KTM new 40) was estab-
lished.

Tab. 3: List of Key Type Measures for the WFD reporting [3]

No. | Description

Construction or upgrades of wastewater treatment plants.

Reduce nutrient pollution from agriculture.

Reduce pesticides pollution from agriculture.

Remediation of contaminated sites (historical pollution including sediments, groundwater, soil).

Improving longitudinal continuity (e.g. establishing fish passes, demolishing old dams).

DB WIN|~

Improving hydromorphological conditions of water bodies other than longitudinal continuity (e.g. river restoration,
improvement of riparian areas, removal of hard embankments, reconnecting rivers to floodplains, improvement
of hydromorphological condition of transitional waters, etc).

7 Improvements in flow regime and/or establishment of ecological flows.

8 Water efficiency, technical measures for irrigation, industry, energy and households.

9 Water pricing policy measures for the implementation of the recovery of cost of water services from households.

10 Water pricing policy measures for the implementation of the recovery of cost of water services from industry.

11 Water pricing policy measures for the implementation of the recovery of cost of water services from agriculture.

12 Advisory services for agriculture.

13 Drinking water protection measures (e.g. establishment of safeguard zones, buffer zones etc).

14 Research, improvement of knowledge base reducing uncertainty.

15 Measures for the phasing-out of emissions, discharges and losses of Priority Hazardous Substances or for the
reduction of emissions, discharges and losses of Priority Substances.

16 Upgrades or improvements of industrial wastewater treatment plants (including farms).

17 Measures to reduce sediment from soil erosion and surface run-off.
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No. | Description

18 Measures to prevent or control the adverse impacts of invasive alien species and introduced diseases.

19 Measures to prevent or control the adverse impacts of recreation including angling.

20 Measures to prevent or control the adverse impacts of fishing and other exploitation/removal of animal and
plants.

21 Measures to prevent or control the input of pollution from urban areas, transport and built infrastructure.

22 Measures to prevent or control the input of pollution from forestry.

23 Natural water retention measures.

24 Adaptation to climate change.

25 Measures to counteract acidification.

Additional ,new" KTMs for WFED reporting in Germany

new | Measures to prevent or control the adverse impacts of other human activities

40

Tab. 4: List of Key Type Measures for the MSFD reporting [3]

No. | Description

26 Measures to reduce physical loss of seabed habitats in marine waters (and not reported under KTM 6 in relation to
WEFD Coastal Waters)

27 Measures to reduce physical damage in marine waters (and not reported under KTM 6 in relation to WFD Coastal
Waters)

28 Measures to reduce inputs of energy, including underwater noise, to the marine environment

29 Measures to reduce litter in the marine environment

30 Measures to reduce interferences with hydrological processes in the marine environment (and not reported under
KTM 6 in relation to WFD Coastal Waters)

31 Measures to reduce contamination by hazardous substances (synthetic substances, non-synthetic substances, ra-
dio-nuclides) and the systematic and/or intentional release of substances in the marine environment from sea-based
or air-based sources

32 Measures to reduce sea-based accidental pollution

33 Measures to reduce nutrient and organic matter inputs to the marine environment from sea-based or air-based sour-
ces

34 Measures to reduce the introduction and spread of non-indigenous species in the marine environment and for their
control

85 Measures to reduce biological disturbances in the marine environment from the extraction of species, including inci-
dental non-target catches

36 Measures to reduce other types of biological disturbance, including death, injury, disturbance, translocation of native
marine species, the introduction of microbial pathogens and the introduction of genetically-modified individuals of
marine species (e.g. from aquaculture)

37 Measures to restore and conserve marine ecosystems, including habitats and species

38 Measures related to Spatial Protection Measures for the marine environment (not reported under another KTM)

39 Other measures

4. Summary

The LAWA-BLANO Catalogue of Measures is an innovative and important tool for the Water Sector. The catalogue
closely links the objectives of the WFD, the FD and the MFSD. In principle, standardization at the level of PoM
and flood risk management plans (FRMP) on the national part of the international river basins is provided. Federal
plans of internal measures don’t require a uniform national standardization. The allocation of the national internal
types of measures to the standardized catalogue of measures is the responsibility of the respective federal state.
The applied DPSIR concept considers the requirements of the reporting to the EU Commission and allows a com-
prehensive approach of planning, but due to the possibility of multiple pressures additional effort is needed for the
planning of individual single measures.
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Challenges of water protection in urban areas —
Implementing the Water Framework Directive in Berlin

Matthias Rehfeld-Klein

Achieving the environmental objectives of the European Water Framework Directive in Berlin’s water bodies is a ma-
jor challenge for the city, which is the largest metropolitan area in the Elbe river basin. Urban water bodies are expo-
sed to a multitude of different water uses and pressures, such as urban development, water supply and wastewater
disposal, industrial water abstractions (e.g. cooling water) and discharges, navigation, fisheries or recreational use.

While other European cities usually obtain their drinking water from the surrounding areas, water supply in Berlin
exclusively relies on the city’s own water resources. About 70% of Berlin’s drinking water is abstracted by bank filt-
ration (60%) and artificial groundwater recharge (10%), about 30% is abstracted from groundwater.

To fulfil the objectives of the Water Framework Directive and ensure a safe supply of drinking water, numerous
measures to improve water status are being planned and implemented: To improve hydromorphology of Berlin’s
surface waters, water development concepts were elaborated in collaboration with the public. Moreover, a program-
me to increase the storage capacity of Berlin’s combined sewer system was established. To reduce the number of
combined sewer overflows during major rain events, a total of 300.000 m?* storage space will be provided by 2020.
Furthermore, by applying measures of urban stormwater management at different spatial scales, hydraulic stress
as well as nutrient and pollutant loads of surface waters can be reduced significantly. However, financing of an ap-
propriate programme in Berlin is still pending.

To further reduce nutrient loads in the rivers Dahme, Spree and Havel, the federal states of Berlin and Brandenburg
established a common nutrient reduction concept ([1], [2], [3]). Besides measures to reduce diffuse pollution from
agriculture, the concept provides for the implementation of tertiary treatment systems to improve phosphorus remo-
val in all large wastewater treatment plants in the Spree-Havel river basin by 2027. Additionally, the integration of
trace organic removal into concepts for tertiary treatment is considered.

To comprehensively analyse the multiple pressures and impacts affecting urban waters and to develop new solu-
tions, Berlin closely collaborates with universities and research institutes and participates in numerous research
projects (e.g. the projects “OXERAM” [4] “IST4R" [5], ,OgRe" [6]).
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Assessing disproportionate costs according to the
EU Water Framework Directive: Application of the
“new Leipzig approach” in the Czech Republic

Jan Machac, Katja Sigel, Jan Brabec, Bernd Klauer, Lenka Slavikova

Abstract

The growing demand for clean water has led to the adoption of the EU Water Framework Directive (Directive
2000/60 EC; WFD). The new legislation has had a major impact on water management and national economies and
instituted numerous requirements, including “good status” of all water bodies by 2015. However, achieving “good
status” is associated with large investments, often beyond the capabilities of those who have to bear the costs.
In justified cases, member states may request an extension of the deadline or less stringent objectives based on
disproportionality of the costs. WFD does not provide a clear explanation how the cost proportionality should be
assessed. Within the EU, it is possible to meet a number of different approaches. These approaches are mostly
based on cost-benefit analysis (which is also the case of the Czech official methodology). One of the alternative
approaches is the German methodology, the “new Leipzig approach”, which was the subject of a pilot study in Ger-
many (a river catchment in Rhineland-Palatinate) and in the Czech Republic (Stanovice reservoir — sub-catchment
of the Elbe). Also, the Czech official approach is currently being applied to the Stanovice case.

The paper presents the application of the “new Leipzig approach” in the Czech Republic. Based on the results in
the catchment of the Stanovice reservoir, the application of the measures seems to be cost proportionate and thus
the exemption should be refused.

1. Introduction

With the constantly increasing requirements on water quality, demand for “good status” of water bodies also grows.
This year it is 16 years since the adoption of the Water Framework Directive (WFD); it was created in response to
the growing demand for clean water and to create an integrated approach to water body management across the
EU member states. The primary environmental goals of the directive include the provision of protection, improve-
ment of status and renewal of all water bodies, aiming at achieving their “good status” by 2015 or alternatively using
some exemptions by 2021 and finally by 2027. According to the [1], in the Czech Republic only 17 % of surface
water bodies currently meet the good ecological status and about 70 % of surface water bodies the good chemical
status. However, the Czech Republic does not belong among the countries with the worst situation, but the rate of
improvement is very slow in the Czech Republic for many reasons (for example, financial reasons, natural condi-
tions, unknown sources of pollution).

The existence of the Directive and its implementation have a major impact on the economic policy of all EU member
states. The binding targets of the Directive are very ambitious in relation to a large portion of water bodies. Thus,
achieving their “good status”, may significantly increase member states’ monetary requirements of authorities in
charge for the implementation of required water management measures, including potential social impacts on the
populations, e.g., due to increased sewage or water charges. Under certain conditions, however, the Directive sets
exemptions that may be applied to justify non-achievement of a “good status” in water body. These exemptions can
be both short-term and long-term and they must always be based on at least one possible argument for dispropor-
tionality given by the WFD.

Measures adopted to achieve “good status” of water bodies require costs (mostly large investments), which may be
disproportionate in many cases in contrast to the expected benefits. In these specific cases, member states may
apply for a temporary exemption and extension of the deadline for achieving “good status” for reasons of dispropor-
tionate costs. Nevertheless, the Water Framework Directive grants a relatively high level of discretion relating to the
definition of the cost proportionality threshold (e.g. [2] or [3]). At the practical and also theoretical level, there are two
different fundamental attitudes to evaluating cost proportionality. The most commonly used approach is based on
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cost-benefit analysis (CBA), which is currently also preferred in the Czech Republic (Czech official certified metho-
dology; [4]). In Germany there was created a unique approach based on comparing the costs of possible measures
with the costs of the past and taking into account the benefits from achieving “good status”. This approach is known
as the “new Leipzig approach” ([5], [6]). Little time needed and low effort is considered as the main advantages of
this procedure in comparison to CBA.

The purpose of the paper is to present the application of the “new Leipzig approach” within the Czech Republic and
to discuss transfer of the procedure abroad, especially possible usage in the Czech Republic. The paper consists
of three chapters. The first chapter summarizes the basic steps of the German methodology. The second chapter
presents application of “new Leipzig approach” in case of Stanovice. The further appropriateness of “new Leipzig
approach” application is discussed in the conclusion.

2. Methods

Main idea of the ,new Leipzig Approach® is to compare real costs of measures with a cost threshold, which is deter-
mined by average past public expenditures and an effort factor. The process of assessment consists of 2 preliminary
steps on level of state: (i) Identification of water bodies to be checked for disproportionality of costs; (ii) Calculation
of nationwide past average state expenditures on water protection, and 3 main steps on level of water bodies: (i)
Estimation of water-body specific costs to reach good status/potential; (ii) Calculation of water-body related cost
thresholds for disproportionality; (iii) Comparison of costs and threshold.

In the Czech Republic, we identify the catchment of the Stanovice Reservoir as a pilot area for application of
the “new Leipzig Approach” (this area is introduced below). Past public expenditures is calculated for the Czech
Republic as an average of water related “Environmental Protection Investment” from Czech Statistical Office [7],
particularly the one related to Wastewater Management and the other one to Soil, Groundwater and Surface Water
Protection and Remediation. To be consistent with the German methodology, we count only expenditures between
years 1994 and 2009, because in 2009 the first planning cycle of the WFD started. The average annual past public
expenditures is CZK 181 802 per squared kilometre, which means CZK 16 725 784 in total for Stanovice.

In the next step, costs of achieving the “good status” are estimated. These costs are partly based on investments
costs realized from the beginning of the first planning cycle (2009) and partly from the economic analysis of neces-
sary measures to achieve the “good status”. The estimation of future costs for measures should be based according
the EU on a cost effectiveness analysis (CEA), which is used to minimalize the costs. Multiplying the average past
public expenditures by the effort factor, we get a maximum cost proportionate increase in yearly spending on water
management. Effort factor consists of “objective distance” and “additional benefits”. This factor can be calculated
using formula:

2 1
effort factor = 18 * objective distance + 18 * additional benefits

“Objective distance” is determined by several indicators (Macrophytes/Phytobenthos; Macroinvertebrates; Phyto-
plankton; Fish; and Environmental quality standards). Each of these indicators are ranked from 0 to 3 (0 means,
that this indicator meets “good status”, 3 means, that the current status is insufficient). These indicators are based
on data from monitoring. The second factor in determining the effort factor is “additional benefits”. These benefits
include Ecology and nature protection; Freshwater provision and treatment; Flood protection and Soil protection;
Tourism, recreation, cultural heritage, landscape. According to the estimation of increase in benefits, each category
is ranked from 0 to 3 (0 means, that there is no additional benefits). In the last step, the estimated costs together
with previous investments are compared with the costs threshold.

3. Characteristics of the catchment area of the Stanovice reservoir

Stanovice reservoir is situated near Karlovy Vary in Western Bohemia in the Czech Republic. There are two inflows-
brooks into the reservoir (Lomnicky potok and Drazovsky potok) that have an impact on water quality. Including
these brooks, the area covers 92 km?2. According to information from the T. G. Masaryk Water Research Institute,
achievement of “good status” requires a reduction of phosphorus inflow into the reservoir by 60—200 kg a year
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compared to the present status. This paper calculated with a reduction of 200 kg of phosphorus annually at the in-
flow to the reservoir. The contribution of phosphorus is distributed evenly between point (municipal wastewater) and
diffuse sources (agricultural activities). Measures relating to construction and renovation of wastewater treatment
plants, sewer systems, dead-end and accumulation cesspits, retention wetlands, biological reservoirs and domestic
wastewater treatment plants, and measures relating to intensification of the treatment process at wastewater treat-
ment plants were proposed for the point sources. Agricultural phosphorus inflow measures involved in the case of
the Stanovice reservoir include 5 types of measures (building of a broad-base terrace, grassing of sloping areas,
changes of crop rotation, leaving crop residue, and introduction of no-tillage methods).

4. Results

According to the cost effectiveness analysis, the total annual costs of all the measures are CZK 1.15 million
(EUR 44,231). Measures focused on point sources also contribute according to the result of CEA most significantly
to the total reduction of phosphorus (123.75 kg), followed by the grassing of the sloping areas (26.45 kg) and intro-
duction of no-tillage methods (26.36 kg).

To successfully assess the cost proportionality of suggested measure we need to determine objective distance.
However, we encounter a major issue in the process, because most of the indicator values, which are used in the
“new Leipzig approach”, were not measured, analysed or published for the Stanovice reservoir and its inflows.
Based on the available values of these indicators from T. G. Masaryk Water Research Institute, objective distance
for Stanovice and its inflows is 0.2.

Based on the German methodology, additional benefits ware evaluated for each group’s importance on a scale
from 0 to 3 (3 = highest additional benefits). The most added benefits are connected with Freshwater provision and
treatment and Soil protection. Conversely, with regard to the purpose of the water reservoir is a significant increase
in benefits associated with Tourism and recreation is not expected. Results are presented in Table 1. The value of
average additional benefits is 1.4.

Tab. 1: Total additional benefits of whole catchment of the Stanovice Reservoir

Ecology and Freshwater provi- | Flood protection Soil protection Tourism and Total additional

nature protection sion and treatment recreation benefit (average)

Based on the previously collected data, “effort factor” can be computed, which gives us information that costs of
measures are proportionate if they are not higher than 10% of the past public expenditures. Given the methodology
it is cost proportionate to spend additional CZK 30,106,404 (EUR 1,114,639) for the application of measures over
18 years to improve water quality in Stanovice. The implementation of measures is expected in the period
2016—-2027. Therefore, the costs are cumulated for 12 years. Multiplying by 12 we get the total costs of such mea-
sures at CZK 13,774,128. The comparison of costs shows that total costs of CZK 13.8 million do not exceed the
cost threshold of CZK 30.1 million given by the methodology. It is possible to conclude that suggested measures
are cost proportionate.

5. Discussion and Conclusion

In this paper pilot application of the new German methodology the “new Leipzig approach” in the catchment of the
Stanovice reservoir was described. According to the “new Leipzig approach” the result leads to a refusal of exem-
ption for the cost disproportionality in the catchment of the Stanovice reservoir. Based on the pilot assessment this
approach is definitely less time consuming and not as expensive as other possible methods such as the perfor-
mance of cost-benefit analysis.

The application was associated with some problems. Most of them are connected with data availability. It proved
to be difficult to collect a sufficient amount of indicator values by which “good status” is determined and objective
distance and the level of effort factors are calculated. In this field it would be necessary to perform an analysis of
input data availability. If an indicator isn’t evaluated frequently it would make sense to replace it with another one.
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The question is whether the problem of data limitations is faced by all water bodies or it's a unique case of a small
pilot catchment in West Bohemia. The other problem is assigning values to additional benefits. Based on our ex-
perience with the pilot study, this assignment is very subjective and can easily affect the outcome of proportionality
assessment.
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The development of methodological, planning and
monitoring measures for solution of the fragmentation of
the river systems in the Czech Republic

Milan Hladik, Svatopluk Skuta, Tomas Boruvka, Ale$ Zbofil, Jifi Musil,
Miroslav Barankiewicz

1. Introduction

The morphological modifications of rivers were found to be one of the most important anthropological pressure
affecting the ecological status of rivers in the Czech Republic. More than 8 000 migration barriers cause fragmenta-
tion of rivers with significant negative effects on the fish populations as well as on other aquatic biota. The building
of fish-passes was required within the “Water-management plans” and supported by the Operational Programme
— Environment (OPE) 2009-2015, but the realisation of new fish-passes unfortunately remained behind all expec-
tations and financial funds were not sufficiently and effectively drawn. The presented project, co-financed by the
Technology Agency of the Czech Republic, was processed in the years 2014—2016. The main goal of the project
was to enhance building of fish passes and thereby to improve the ecological status of rivers in the Czech Republic.
The project was aimed at four significant results.

2. Central database of migration barriers in rivers

One central database was built (http://voda.gov.cz/portal/cz) collecting all relevant data which had not been uni-
formly operated (e.g. localisation and technical data of migration barriers, hydroelectric plants and already operating
fish-passes). This database can be divided, in terms of its content, into four basic parts. The first two parts of the
database are accessible to ,ordinary” public users using web forms with a map frame.

The first part contains data about rivers and all objects built on a river. This data originates from the public database
of water flows (HEIS) and from databases of river authorities and is regularly synchronised.

The second part contains data on “migration barriers”. The abstract concept “migration barrier” was introduced as in
many cases two or more objects create one obstacle to fish migration (e.g. weir, hydroelectric plant, lock chamber)
and the problem must be solved as a whole. This part also contains information about already built fish-passes and
about all projects of fish-passes in different stages (proposal, feasibility study, and project).

The third part (non-public) is used to define the properties of objects and define reference tables.

The system includes the following forms:

- Form of descriptive data about a migration barrier

- Form data about objects on a river belonging to the migration barrier

- Form of hydrological data pertaining to the migration barrier

- Data sheet on plots with regard to the proposed solutions

- Data sheet on the proposed migration solution throughput

- Data sheet with photos of migration barriers.

The fourth part enables presentation of all collected data and creating of outputs in a table-format, .pdf-format and
also in a map-format. The database will enable the effective usage and evaluation of data for a wide range of pro-
fessional, scientific and public subjects.

3. Feasibility studies for building of fish passes for all migration barriers in the “National priority migra-
tion corridors”
According to experience from previous projects, the “feasibility study” was found to be the first and most important
step in realization of a fish-pass. This study evaluates all important factors (hydrology, composition of fish stock,
morphology, technical parameters of migration barrier) and defines the technical parameters of the future fish-pass
(very often in variants) as well as all possible problems during realisation of the fish-pass (private ownership, techni-
cal problems, present rights for usage of water in hydroelectric plants). The Ministry of the Environment of the Czech
Republic defined in our river network the “priority migration corridors” and the main aim of the project was focused
on these river corridors. All already finished studies and proposals (about 450 profiles) were collected and revised
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and there were also processed new studies for all remaining migration barriers (about 850 profiles). The result pro-
vides the important background for river authorities for future planning and realisation of fish passes.
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Fig. 2: Relatively low structures with not appropriate construction can create a migration barrier, mainly during low flow
conditions.
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4. System of one-off evaluation of the functionality of fish passes and central system of long term on-line
monitoring of the functionality of the FP

Building of fish-passes is required by Czech law and it is supported by the State Environmental Fund of the Czech
Republic. However, a standardized monitoring approach that would allow robust, non-subjective and site-specific
evaluation of effectiveness and right functionality is still lacking and urgently needed.

The aim of the project was to develop a methodological guideline for standardized fish passes evaluation based
on selection criteria that include river size vs methods responsiveness (fish diversity, size selectivity, migration
success), monitoring duration and rational feasibility costs. During two seasons, there were monitored already
functioning fish-passes of different size and different construction by different scientific methods and results were
compared. Once a fish pass is considered as functional, a long-term monitoring of its operation is of particular im-
portance. Hence, another project goal was to develop an easy on-line hydrological monitoring system that would
allow indication of any disturbances in fish pass functionality at an acceptable cost.

5. Retrieval of the relevant legislation and methodology and proposed necessary improvements

During the project there was processed a review of the Czech and also foreign methodological and legislative docu-
ments aimed at the passability of the migration barriers in rivers. Also prepared were proposals for the improvement
of legislation focused mainly on the enforcement of the building of fish-passes and on the monitoring of effectiven-
ess and right operation of fish passes.

Representatives of The Ministry of Agriculture of the Czech Republic, Ministry of the Environment of the Czech

Republic and of all state river authorities cooperated on the project and final results, which were presented during
seminary, will be used in water management already in the near future.
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Physical river habitat of streams in urban areas in context
of hydrological extremes

Milada Matouskova, Katerina Kujanova, Katerina Marouskova, Michal Pergl,
Vojtéch Tichy

1. Introduction

Many European river basins and waters have been altered by human activities, such as land drainage, dredging,
flood protection, water abstraction and inter-basin water transfer, building of dams to create reservoirs and the dig-
ging of new canals for navigation purposes. The Water Framework Directive (WFD) recognises in some cases that
the benefits of such uses need to be retained. If a series of criteria are fulfilled, it allows designation of the surface
water body (SWB) as “artificial” (AWB) or “heavily modified” (HMWB), e.g. reservoirs, canals or canalised rivers
(European Commission, 2000). The main objective of this study was to assess the hydromorphological quality of
selected river reaches in urban and suburban areas within a context of hydrological extremes.

2. Study areas

Alarge part of the Czech river network has been affected by anthropogenic modification of various kinds. More than
a third of the total length of major rivers has been modified (Némec, Hladny, 2006). The physical river habitat chan-
ged fundamentally in central Bohemia since the 20" century especially in urban and suburban areas. Its character
was significantly transformed by human activities particularly by buildings of flood protection measures and urba-
nisation of flood plain areas. Our study represents modified water bodies in the Central Bohemia within a context
of hydrological extremes: floods and draughts. Selected case study areas are: lower course of the Berounka River
R. km 0.0—13.7, louwer course of the Boti¢ Brook (R. km 0.0—-13.3), which were affected by the flood 2013 and
middle and lower course of the Rakovnik Brook (R. km 0.0—24), affected by the draught in summer 2015.

3. Applied methods and data sources

The Hydroecological monitoring — HEM (Langhammer and Hartvich, 2014) methodology was applied to assess the
status of hydromorphological elements. This methodology was accepted as the national methodology for the as-
sessment of hydromorphological elements of ecological status for rivers in the Czech Republic. HEM methodology
is based on the field survey of a river and its floodplain. The river under evaluation is divided in reaches of hete-
rogeneous lengths and homogeneous nature based on the following indicators: typology of rivers, planform, land
cover of the riparian zone and floodplain, and channel modifications. The assessment uses a 5 point scale where 1
means the best score. HEM methodology considers 17 parameters in 3 mapped zones. A different weight is set for
each parameter in 8 river types. The overall hydromorphological quality value is calculated for individual reach of
the river by using the weighted average of score of individual parameters (Langhammer and Hartvich, 2014). The
hydromorphological quality value range is from 1.0 to 5.0. The hydromorphological status classification is based on
classification of calculated value of hydromorphological quality for each reach on the 5-level hydromorphological
status (HS) — HS1: very good, HS2: good, HS3: moderate, HS4: poor, HS5: destroyed. HS of a river corresponds to
reference conditions if the hydromorphological quality value is close to 1 with maximum 1.7.

All results were interpreted over the digital layers ZABAGED 1:10,000 (The fundamental base od geographic data
of the Czech Republic) with use of GIS and aerial images were used for background presentation. The basic source
of input outflow values was the CHMI database.

4. Results

4.1 Hydromorphological condition and impact of the flood 2013 in the Boti¢ catchment

Boti¢ Brook is typical example of modified watercourse in urban area of the Prague city. The watercourse has
a typical symptoms of “the urban stream syndrome” e.g: channel and riparian belt modification, increased con-
centration of pollutants or reduced diversity of biota. The entire mapped segment (R. km 0,0 to 13,3) has been
modified in the past. The channel is straightened and continuously reinforced by concrete or stone tiles. The
mapped part of the Boti¢ Brook can be divided into two segments. The first segment (r. km 0,00 to 8,70) is clas-
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sified as poor (HS4) and destroyed (HS5). The rate of alterations is very high; channel is continuously reinforced
and deepened. The variability of bed structures and the flow diversity is minimal. The second segment (R. km
8.70 to 13.30) is moderately modified (HS3). The channel has mostly no recent signs of reinforcement and the
channel course is meandering. The Boti¢ Brook flows through the nature sanctuary Meandry Boti€e which is
very valuable in the Prague urban area. The second mapped segment is suitable to protect against possible
human degradation.

Values of hydromorphological
quality
P S8} ~ %)

River km

Fig. 1: Hydromorphological status in the longitudinal profile of the Boti¢ Brook using the HEM method

Intensive rainfall in upper part of Boti¢ catchment on June 1%t and 2" caused rapid increase of discharges. Ext-
reme level of the flood protection activity was reached in a very short time. The discharges culmination reached
68.5 m®s™! with the water level of 319 cm on June 2™ in 19:00 at the gauging station Prague-Nusle. The flow
peaks reached the level between 50 and 100-years flood. Mostly over flooded parts of the surveyed Boti¢ seg-
ment were in Zabéhlice, Hostivaf and Michle. Numerous of fluvial accumulations were created in the channel
and floodplain. High discharges caused damages in channel and riparian zone in several reaches, e.g. channel
fortification and roads in the flooded area. Restored reaches near the Folimanka were destroyed as well during
the flood.

4.2. Hydromorphological status and modification of the flood plain of the lower course of the Berounka
River

Lower course of the Berounka River (0—13,7 km) is located in the urban and suburban area of the Prague city.
Overall hydromorphological status, according the HEM method is classified as moderate (HS3). Mapped area
can be divided into four specific segments. For the first segment (reaches BER001-BERO0O05) are typical tech-
nical flood protection measures. The channel was straightened and deepened; these modifications had complex
influence on the floodplain (HS4 poor). In the second segment (reaches BER006—-BERO009) the channel course
is meandering, but partially regulated. Hydromorfological status of the channel is in moderate quality (HS3),
but riparian zones and inundation area are below the average quality. The third segment (BER0O09—-BERO013)
is located in the Cernosice urban area. Inundation and riparian zone are affected by build-up areas (HS4 poor).
The fourth segment (BER014—-BERO017) achieves the HS2 and HS3 quality (good and moderate status), even
though most of the left bank is located in the urban area. The right side of the floodplain by Radotin is a retention
area. But the flood in June 2013 over flooded also the left bank of the Cerno$ice and Radotin urban area. The
discharges culmination reached 960 m3.s*' with the water level of 578 cm on June 3™ in 2013 at the gauging
station Berounka-Beroun. Dynamic fluvial-morphologic processes, e.g. bank scours and landslides occurred in
mapped reaches during and after flood event.

36



Labe a jeho toky ovlivnéné urbanizovanym prostiredim

“_ Boti¢ 7 Flooded area in 2013

Fig. 2: Flooded area of the lower course of the Boti¢ stream in Zabéhlice

4.3. Hydromorphological status and impact of draught 2015 in the Rakovnik Brook catchment

Rakovnik Brook is located in the Central Bohemian region; it is a tributary of the Berounka River. Its upper and
middle course flows through intensively used agricultural and urban area, its lower part, on the other hand, crosses
a landscape protected area. During the last century almost the entire length of the stream was modified or regula-
ted. Two thirds of the catchment area has been drained and Rakovnik Brook together with its main tributaries has
been straightened, deepened and banks have been stabilized. Based on the results of hydromorphological survey
reaches with HS4 (poor) were recognized in the Rakovnik city urban area. The uniformity of the channel causes a
faster runoff during extreme events such as floods or drought. Increased urbanization and an inappropriate land use
in the floodplain area cause an insufficient water retention capacity of soils and thus water deficiency during drought
periods. Drought in the summer 2015 had a huge economic and even social impact. Water deficit caused limited
water consumption, water quality deterioration and higher risk of forest fires. Riparian zones and floodplain utiliza-
tion are the primary areas where mitigation measures should be implemented to coping with drought successfully.

5. Conclusion

The Central European population is concentrated in urban areas. The landscape modification has a number of
documented effects on stream physical habitat quality. The most consistent impact is an increase in impervious
surface cover within urban catchments, which alters the hydrology and fluvial morphology and hydromorphology
of streams. Urban streams represent many opportunities for studying river ecosystem disturbances and contri-
buting to more effective water management.
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Fig. 3: Narrowed and deepened channel of the Rakovnik Brook in the city of Rakovnik during the drought in summer 2015.
Low discharges below Q355 and poor water quality was recognized. Photo: MatouSkova (August 2015)
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Spatio-temporal pattern of sediment contamination and
dynamics at the Spree River

Jens Bélscher, Achim Schulte, Konstantin Terytze, Michaela Dumm, René Suthfeldt,
Judith Bélscher, Benjamin Vogt

1. Introduction

The plan view of ,Rummelsburger See” (Lake Rummelsburg) is given in Figure 1. It is a former anabranch of the
Spree River located in the centre of Berlin, covering an area of more than 45 ha [13, 14]. For almost a century, un-
treated industrial and municipal wastewater was discharged into the water body. Consequently, the quality of both
the water and the sediments decreased dramatically over that period [2, 14]. Previous studies have demonstrated
that the sediments still show exceptionally high levels of contamination by heavy metals and organic pollutants, and
show a very low level of biodiversity [3, 11, 12, 13, 14]. Based on that, improved knowledge is needed about the
spatio-temporal pattern of sediment contamination and dynamics to inform any risk assessment. In order to address
these problems the project “RuBuS” was established for the period between Nov. 2013—Nov. 2015.
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Fig. 1: A plan view of Lake Rummelsburg (Berlin) and its monitoring locations

2. Material and Methods

To detect the spatial distribution of pollutants in the sediment, over 200 sediment samples were collected via drill
cores at 16 locations: 15 of the 16 sampling locations were distributed across the lake while the final sampling site
was located outside the lake to provide a benchmark (see location RP in Figure 1). The upper 15 cm of each drill
core was systematically divided into 5 layers (each of 3 cm) for separate examination. The investigation of sediment
deposition and remobilisation rates was accomplished by installing 18 sediment traps which collected deposits over
more than a year. The presence of selected heavy metals and organic pollutants in the sediments was determi-
ned for every sampling location and layer of the drill cores, as well as for all sediment traps. Changes in boundary
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conditions which influence the spatial and temporal distribution of deposition and resuspension was monitored by
placing devices within the lake and taking different mobile measurements (3-D flow conditions, oxygen, turbidity,
chlorophyll-a, temperature). To estimate the influence of motorboat manoeuvres on sediment flux within the lake, a
special monitoring programme was installed in July 2015. The analysis of sediment and suspended matter included
the determination of the total content of inorganic (Hg, Cd, Cr, Pb, Ni, Cu, Zn) and organic compounds (polycyclic
aromatic hydrocarbons (PAH), total petroleum hydrocarbons (TPH), selected nitro-compounds, selected organotin
compounds and polychlorinated biphenyls (PCB, AOX and EOX) in the sediment and suspended matter. The rele-
vant particle size for the investigation of samples for heavy metals was < 63 ym, and for the organic components
< 2 mm. The physico-chemical conditions of the samples were examined as well (e.g. grain size distribution). The
release of soluble components upon contact with water is considered to be one of the main mechanisms leading to
a potential hazard to the environment. The research into soluble and mobilizable sediment-bounded pollutants is
based upon a 24 hour batch test [6]. Certain toxic effects of the sediments were determined by different ecotoxico-
logical test methods [4]. In addition, the thresholds of the sediment quality guidelines published by de Deckere et
al. [5] were used in this research project to assess the solid contents. The so-called consensus 1 and consensus
2 values were each calculated as an average of an ecological, as well as an ecotoxicological, Sediment Effect
Concentration (SEC). The consensus 2 value can be described as the value above which only 5 % or less of the
benthic taxa is able to survive and toxic effects are expected. Because of the high concentrations of the pollutants,
the consensus 2 values are used as thresholds in this study [5].

3. Results and Discussion

The research provided a detailed insight into this water body and into changes in boundary conditions affecting the
spatial and temporal distribution of deposition and resuspension of sediments. Table 1 shows the development of
the turbidity as an indicator for sediment motion at 120 cm above bed level (height of sediment traps) from May to
December 2014. The table shows that the highest value (16 Nephelometric Turbidity Units [NTU]) was reached at
Buoy 16 in August 2014. In general, the north-western part of the lake experienced higher values (Buoys 10—16)
during that time. The chlorophyll-a concentration showed similar pattern. Thus the increase of phytoplankton was
identified as one important factor for the sediment dynamics and deposition during that period. Statistical analyses
of additional data sets also evaluated the influence of other processes, such as rainfall or wind speed and direction
on turbidity and resuspension of sediments.

Tab. 1: Values of measured turbidity [NTU] at each position of the monitoring network (shown in Figure 1) for selected
dates. The data were captured 120 cm above the sediment

Date/Position | 1 | 2 | 3 | 4 | 5 | 6 | 7
27.05.2014 3 | 3
26.06.2014
31.07.2014
27.08.2014 10 16 12

| 12 [ 13 | 14 | 15 | 16 | 17

| 8| 9 | 10| 11
6566 66
11

26.09.2014 5 5 6 6 6 7 6 7 6 7 7 7 7 6 7 6
30.10.2014 3 2 4 4 8 3 4 8 3 4 4 8 3 8 8 3
12.11.2014 4 3 4 4 4 4 4 3 4 3 3 4 3 3 3 3
09.12.2014 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

The results of the weekly velocity measurements (ADCP) have shown that a slow but constant current moves in
the lake. Most surveys indicate that the current in the upper water body travels in a north-westerly direction with
velocities of up to 15 cm/s. In general, the speeds vary between 2 and 8 cm/s. In comparison, the current 30 cm
above the sediment reached flow velocities of up to 5 cm/s, with an average speed of about 1.5 cm/s. According to
Bengtsson & Hellstrédm [1], the shear velocity for particles of 0.1 mm diameter is about 1 cm/s. Even the flow angles
show a different picture, with currents going in nearly every direction, sometimes against the currents at the surface
level. The pattern of the current was quite stable across the measurements, and was notably independent of the
wind direction. The sediment captured in the sediment traps consisted of 60—70 % silt, up to 35 % clay and a small
amount of fine sand (<10 %). Between 70-80 % of the deposited materials were of mineral origin, with grain sizes
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mainly smaller than 63 um. Observations showed that between May and November 2014 up to 11 cm of sediment
was deposited in the sediment traps, which represents an average sedimentation rate of 27 kg/m? (dry matter) over
the period. In total, this adds up to an extraordinarily high relocation and deposition rate of more than 10,000 tonnes
of dry matter over the lake area in six months. The results also show that more than 70% was deposited between
August and November. Sources include dead algae after strong summer algal blooms and sediments, which were
remobilized in particular by wind directions from SE and especially during landing manoeuvres of motorized tour
boats. The propeller slipstream, the anchors and the creation of waves into the shore area cause remobilization by
boats [9, 10].
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Fig. 2: Total amounts of Benzo(a)pyrene, Cadmium and Lead at selected sampling sites

The analysis of the results shows that the concentration of organic and inorganic pollutants in the sediments re-
mains very high. The total contents of the PAHs and all heavy metals investigated exceed the effect-based threshold
values according to de Deckere et al. [5]. The results were compared to the “consensus 2” thresholds to identify
the measured concentrations, which exceeded the limits and giving rise to concerns regarding toxicity. The only
exception among the heavy metals was mercury. Figure 2 shows an example of the total amount of Benzo(a)pyrene
(BaP), cadmium and lead measured in the sediment traps, as well as at different depths of the sediment cores of
5 of the sampling points and the reference point. The vertical black line shows the consensus 2 level. With respect to
organic pollution, the reference point in the Spree River, which is not very far away from the sheet pile wall, showed
concentrations below the threshold. In contrast, the reference point disclosed pollution by heavy metals except for
cadmium and mercury concentrations, which were below the threshold. However, the load of heavy metals at the re-
ference point is lower than the one found in the lake. A different spatial distribution of the organic contamination was
observed in the lake. In terms of contamination with PAHs, Cd and Pb, areas with different loads can be defined, and
this is statistically proven with a significant difference greater than 99%. The less contaminated area is situated bet-
ween the sheet pile wall and the middle of the lake. Higher loads (sampling sites 10— 15) were found from the middle
of the lake to the north-western shore. However, the sediments in the traps show a homogeneous distribution of
the measured pollutants. It was also found generally that the level of contamination increased with sediment depth
(refer Figure 2) except at the sampling sites in the middle of the lake which revealed no clear tendency to increase or
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decrease depending on the depth. With regard to the level of the European environmental quality standards (EQS),
the results of the 24 hour batch test indicates a low mobility of the heavy metals and Benzo(a)pyrene. However, in
several eluate samples other PAH compounds exceed the annual average maximum concentration permitted by the
EQS [7, 8]. The results of the Luminescent bacteria test showed for the eluates of sediment cores that all samples
are not or harmless polluted (non or low toxic effect). However, for the eluates of suspended particles all samples
but two are critical polluted, they showed a moderate or increased toxic effect.

The results provide important details on the spatial and temporal distribution of sedimentation and contamination. All
sediments of the analysed cores and traps remain highly contaminated with heavy metals and organic compounds.
The results indicate the resuspension, transport and accumulation of these sediments and show at least that toxic
effects for the benthic taxa are expected. This kind of approach is necessary to create a basis for a remediation
programme for, and a risk assessment of, polluted water bodies like Lake Rummelsburg.
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Revitalisation of the Bilina River at the Ervénice corridor
near Most

Martin Motlik

1. Introduction — a bit of history

In connection with the complex approach to the revitalisation of the area affected by brown coal open-pit mining and
building on the continuing consolidation of the dumps after the stoppage of mining, the water management issues in
the given area of the Ervénice Corridor on the route of the Chomutov — Most Road are also being solved.

One of the most significant water elements in the given area of concern is the Bilina River, whose river channel runs
in the location of the Ervénice Corridor via a surface pipeline cpmprising 4 x DN 1200 steel pipes. This, not very
suitable ecological solution, which was built at the beginning of the 1980s made it possible to run the watercourse
of the Bilina River along the Ervénice Corridor to compensate the disparity caused by the drop during the consoli-
dation of the mine dump. Currently, practically after completion of the consolidation of the dump, the restoration of
the river channel to its initial state is possible, i.e. its relocation from the pipeline to an open channel. One of the pair
of pipelines (2 x DN 1200 mm) is presently used as the water supply for the existing small hydro power plant in the
Ervénice Corridor (hereinafter referred to as SHPP EC), and SHPP EC shall in future continue to serve its purpose
because of its significance. [2]

The target state of these water management actions is to achieve full restoration of the initial natural character of
the landscape taking into consideration the actual needs of this water management system. Within the framework
of coal-mining in the coal deposit area of the Most Region, there was substantial interference with the water flows
and water management systems.

In the area concerning the Bilina River, this primarily concerns:

a) the cancellation of the Dfinov Reservoir and its replacement with the VD Ujezd Reservoir on the Bilina water-
course (built in 1981);

b) the relocation of the Bilina watercourse to the Ervénice Corridor and its channelling via 4 pipes of 1200 mm
diameter and 3.11 km in length (in 1981—-82);

c) the construction of the feeder in the Ore Mountains Lowlands, which ensures the 100-year protection of the
CSA Open Pit Mine as well as the required water supply.

The Ervénice Corridor was built using mining engineering techniques in the period from 1978—1982 on the inner
side of the mine dump (i.e. the mines J. Sverma and Cs. armady) of maximum height 140 m. The main purpose was
the protection of the mine against floods and the supply of water to the industry. [3] Apart from the relocation of the
road, railway line and other engineering networks between the towns of Most and Chomutov, the Bilina River was
also relocated to the Ervénice Corridor, as one of the most significant water elements in the given area.

The decision to return the Bilina to its open river channel is based on the project ordered by the Ministry of the
Environment titled “Water management solution of the recultivation and revitalisation of the coal deposit area of the
Ore Mountains Lowlands”.

2. Technical solution of the revitalisation design solution

The actual water channel of the Bilina is suggested for revitalisation in two structurally separate sections. In the
first section of a total 109 m length, a boulder chute is suggested that will allow the migration of ichthyofauna. The
chute shall consist of boulders of size 0.5 m fixed with concrete in the lower section with a V-shaped cross-section
profile. The banks shall be reinforced with hand-packed rock-fill of 50 cm thickness on a sand base. The main sec-
tion of the water channel of a total 3,045 m length is designed as a trapezoidal profile. This profile is on the basis of
a engineering-geological survey locally insulated with mattress padding of geo-composite type (bentonite and two
layers of polypropylene geotextiles).
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Fig. 1: View of Bilina in the Ervénice Corridor in the direction of the town of Most — construction of the EC in 1981

The insulation was chosen on the basis of IGP recommendations in order to eliminate the risks related to the con-
solidation of the embankment after filling the open channel with water at exposed points.

The cunette is designed as a variable, semi-circular-shaped, with riprap of 30 cm thickness on sand bedding. To
facilitate the siting of the revitalised river channel, it is necessary to relocate the existing DN1220 dual pipe feeder
used to supply water to SHPP EC. The new feeders shall run parallel to the Most — Chomutov Road outside the
area of the new river channel.

Within the framework of other ensuing technical solution modifications of the revitalisation, the new design of the
inlet object for the piping and construction of the fish ladder is also solved. The inlet object shall be fitted with a
controlled lid — steel weir flap-gate for improved handling of the level in the object. The flap-gate shall operate in
automatic mode.

The object shall be supplemented with a new fish ladder structure (hereinafter referred to as the FL) in dual structu-
ral design. The first part is of baffle design and made of a trapezoidal profile of 1.2 m width. The bottom and slopes
are reinforced with riprap of 20 cm thickness on gravel-sand bedding and the overall length of this part of the FL is
69 m, the remainder of the FL of 55 m length is of a slotted design. The slotted FL is designed as a concrete semi-
frame with a total clearance width of 1.2 m. The slots are made of oak partitions of 4 cm thickness set in U-profiles.
The total length of the fish ladder is 124 m.

3. Integral parts of the modifications of the surroundings

An integral part of the modifications of the surroundings of the revitalised river channel is the design of modifications
of the inflow and outflow object as well as supplementation of the overall area of concern in the corridor with cycling
routes and accompanying vegetation. Another object is the construction of a cycling route for pedestrian and cycling
traffic, which links the new revitalised river channel to the surrounding roads and parking areas. The new cycling
route has a tar surface finish and a standard width of 2.5 m with a paved shoulder on both sides. The total length of
the proposed cycling route is 755.5 m.
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Fig. 2: Design profile of the revitalisation of the channel — characteristic profile of the water channel [1]

The objective of livening up the area of concern is establishment of vegetation elements that link-up to the open
channel, newly established during revitalisation, which functionally and optically complete the surrounding lands-
cape. The vegetation elements shall complete the channel on the right bank of the newly designed revitalisation and
the left bank shall be left to natural succession. The plants are arranged as a combination of open grassed areas
and vegetation. On the open grassed areas, loamy and rocky bumps of approximately 1 m height shall be created,
which by their different micro-climatic conditions shall increase the variety of the life space for flora and fauna. The
open grassed areas, which are intended for succession, shall comprise 20% of the total area earmarked for vege-
tative modifications. The structure of the accompanying plants is selected with regard to the type of surrounding
landscape.

Fig. 3: Revitalisation of the Bilina River — current cond/tlon of the inflow object — aerlal view — 2015 [4]
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Within the scope of the design, two woody species groups are recommended — preparatory (to be removed after
approximately 20 to 30 years) and target woody species. From the preparatory woody species, the following were
selected: white birch (Bettulla alba), mountain-ash (Sorbus aucuparia), wild cherry (Prunus avium) and common
alder (Alnus glutinosa). The target woody species suggested for the area are: pedunculate oak (Quercus robur),
Norway maple (Acer platanoides), sycamore (Acer pseudoplatanus), field maple (Acer campestre) and Scots pine
(Pinus sylvestris). The groups of trees are suitably supplemented with a shrubbery layer.

4. Financing issues

Due to the character of the project, the uniqueness of the solution and extensiveness of the modifications, this is a
very expensive revitalisation. According to the expert estimate, the budgeted building costs of this project are about
CZK 260 million.

Currently, the possibility to finance the project from a suitable grant title is being verified. Within the framework of
previous successful collaboration with the Usti Region, we assume utilisation of the financial resources which are
provided for these projects in relation to the remedy of damage from previous intensive mining operations under
the programme titled “Solution of ecological damage arising prior to the privatisation of the brown coal mining com-
panies in the Usti and Karlovy Vary regions”. The Usti region in 2014 significantly participated in the funding of the
preparation of the project documentation for building construction documentation.

Also under consideration is the grant title — Operational Programme Environment, within which it is possible to also
finance some revitalisation modifications related to landscape restoration. Unfortunately, it is not possible according
to the current rules to include all the projected building structures in the ensemble of eligible costs according to the
applicable rules within this specific project.

However, due to the uniqueness and diversity of the proposed technical solution for this project, we still believe that
the financial resources for its realisation shall be found.

Literature:
[11 Revitalisation of the Bilina River in the Ervénice Corridor — construction documentation (04/2014) — issued by VH-TRES
spol.s.r.o.

[2] Significant waterworks Ohre Watershed (1976) Povodi Ohie
[3] Significant waterworks Ohfe Watershed (1986) Povodi Ohfe
[4] Photo archive of Povodi Ohfe statni podnik Chomutov
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The story of a purple river

Ibra Ibrahimovi¢

When my mother, who worked as a checkout clerk at a grocery store, would get free tickets from the ROH (Revolutiona-
ry Trade Union Movement) for a children’s theatre performance, | would ride the bus with her from the town of Mezibofi
(until the end of WWII Schoénbach) in the Ore Mountains where we lived, to the Theatre of the Workers in the district
town of Most.

| would board the bus by the Town Hall, and liked sitting either at the very back or as close as possible to the driver, near
the fare box, right by the rounded, hot, red cowling of the motor.
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In Litvinov, we would transfer at the stop on the main square behind the church, beside a large concrete parking lot on
the site of recently demolished Art Nouveau buildings (to this day it is occupied by the angular Elko shopping centre and
prefab “panelak” apartment buildings).

While my mother waited in line at the conductor’s counter on the tram, | would save her a seat on the long leatherette-
upholstered bench. During the trip, | would lean against her gently. The trip to Most was slightly oppressive and simulta-
neously thrilling — whether it would all turn out OK, as about midway through the trip we had to pass near the chemical
plant, which | was afraid of.

Already in Litvinov, passengers smelling of chemicals, smoke, and sweat would board the leatherette-scented tram. A
cold fog roiled outside the tram window, pierced by silhouettes of chimneys and tall flames from gas flares; everything
near the track was sullied with black soot, and the dominant colour was grey. Near the Stalin Plant, there was always
a terrible stench. | ruminated whether it could actually blow up, or if we’d be lucky once again. As we would pass the
freight yard with its countless cisterns, the stench would begin to recede, and | would feel much safer and would feel
happy that we had once again passed it safely!

In Most we would first pass under the viaduct by the spa, and then would get off at the stop a little ways past it. The
tracks criss-crossed here, and there were lots of metal railings that | wasn'’t allowed to climb through, as well as two
ridiculous little ticket huts. Here, we would transfer from tram no. 4 to tram no. 2, which went to the theatre.

| could tell that we were near the centre of Most by the horrible, acrid gasoline smell. It emanated from a footbridge near
the traffic island, under which a completely black, oily river flowed. To me, its name seemed absolutely unbecoming of
what | saw and tried not to smell. | would plug my nose with all my might, and breathing as little as possible would watch
what in my eyes was the greatest attraction in Most, until a clinking sound indicated it was time to board our tram.

The Béla [White] River flowed lazily and slowly, was dark brown to black, and elicited in me a lazy, even asphalt-like
impression. Occasionally something dead would float by, sometimes it had a rainbow sheen, and its vicinity, including
the footbridge on which | would stand, was dusty, dark, and grey. | was unable to understand how it was possible and
where so much stinky grime could come from. If it was really from the chemical plant, the conditions for those working
inside it must be truly horrible...

Robert, Hedvika, Eli8ka, Grohmann, Jupiter, Kvido, Julius, Humboldt, Anna, Matylda Evzen, Richard, Jan, Pfemysl,
Berta, Amalie, Anna and Berta, Emeran, Rudiay, Ludvik, Lotty Marie, Max, and Svornost [Unity]: after World War Il, the-
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se were the names of the mines in the Most lignite basin that the river passed. It was also polluted by the thermal power
plant in Ledvice, by the sugar refinery and distillery in Most, and by the local steel plant. However, the greatest role in
its abasement was played by the Litvinov chemical plant, which starting in 1942 produced synthetic aviation fuel from
coal as the STW AG (Sudetenlandische Treibstoff Werke AG) chemical plant, and later as the Stalin Plant produced
various petroleum products.

e

if ..ai!’m

It arrived from Zaluzi in Most not as a river, but as a poisoned brownish-black open sewer with purple oily spots, which
people remember smelling of phenol. During the 1960s, the river smelled so bad that the residents of Most demanded

it be covered. From the spa to the theatre, especially near residential buildings, it was covered in several places with
concrete panels.

The river was poisoned along the remainder of its course, through the town of Bilina until Usti nad Labem, where it
merges into the Elbe. In Rehlovice it also received effluent from the Libar cosmetics factory, and in Trmice paint waste
from the Usti chemical plant. As locals recall, the Elbe was light grey, and along its left bank the B&la River would mix
with it like the tail of a black (occasionally rainbow-coloured) comet that could still be seen in Bfezno.
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Starting in 1962, the City of Most was promised a high-capacity wastewater treatment plant, including for the nearby
chemical plant. After numerous delays it was finally commissioned in 1973. According to Svét motorl [Motor World]
magazine, in the beginning its effect on the cleanliness of the river was negligible.

That year | celebrated by 6th birthday. At that time, the tormented royal city of Most, decrepit due to a long-standing ban
on construction work, began to be demolished to make way for extraction of the lignite that lay beneath its surface. The
only part of this beautiful city that the Communists decided to save was the Church of the Assumption of the Virgin Mary,
which was moved a few hundred metres away on transport trucks along special rails. | used to go watch this unique at-
traction with my grandfather. | also remember that later | would go with my friends on secret trips to the demolished city.

In 1974, the distillery at the chemical plant exploded. Grandpa picked me up at kindergarten, we climbed the hill above
the gardens on the outskirts of Mezibofi, and watched the flames lighting up the destroyed plant. In the fall | began
attending school.

Starting in 1982, | commuted from our village to Most to vocational high school, by tram, naturally. On the trip between
Litvinov and Most | would watch the sun rise from behind the Church of the Assumption of the Virgin Mary, and the fog
that lingered above the hole of the Most strip mine. On the site of the former city, conveyor belts transporting coal to
the Herkules processing plant ran alongside the road. In a concrete channel right beside the conveyors flowed the Béla
River, looking almost clean to the naked eye. That year during the summer holidays, the first “Washtub Race” took place
in nearby Zelenice, featuring various decorated amateur vessels. The people stopped being afraid of the B&la River,
even though it was still very toxic.

After the Communist regime was toppled in 1989, | began doing photography, and since 1991 | have been working on
a project on northern Bohemia and the local environment. | take pictures of the landscape and document the stories of
local people.

With the financial help of the Czech Ministry of the Environment and the T. G. Masaryk Water Research Institute, since
last year | have been working on a photo series on the Bilina River. | use mainly 6x12 cm format black and white film,
and am in this way attempting to follow up on the photographic legacy of Josef Sudek and Josef Koudelka, who recor-
ded the local landscape in a similar manner in the 1970s and the 1990s. | look for places that have something to say
about the relationship between the locals and the river, and those that illustrate its troubled history...

When | was little, people called the Bilina the Béla [White] River. This is why | use this inaccurate name in my text de-
scribing my childhood experiences.
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Challenges in Floodplain and River Restoration in the
Elbe Catchment — Case Study “Lebendige Luppe” —
Revitalization Project in Leipzig’s Urban Floodplain Forest

Mathias Scholz, Rolf Engelmann, Carolin Seele, Anna Herkelrath, Annett Kriiger,
Timo Hartmann, Jiirgen Heinrich, Christian Wirth, Jens Riedel, Hans Dieter Kasperidus

Summary

In the Elbe catchment already many projects for floodplain and river restoration have started, but only a few have
been finished. One of the larger projects in Central Germany is the revitalisation project “Lebendige Luppe” star-
ted in 2012. The objective is the revitalization of more than 16 km of a former river course in Leipzig’s northern
floodplain ecosystems, with one of the largest urban floodplain forests in Germany. One of the main objectives is
to improve floodplain dynamics to increase the quality of the habitats for plants and animals, and to maintain and
increase its ecosystem functions and services for people. Unexpected events like the flooding events in January
2011 and in June 2013 inundated the study area and showed the potential of the former river dynamics in the
project area.

The presentation will give a short overview of floodplain restoration projects in the German Elbe catchment and
presenting more in detail the project “Lebendige Luppe” with its planning challenges in a strongly modified hydro-
logical river and floodplain network in an urban context.

To measure the effects of the river and floodplain restoration a scientific monitoring design was established and
indicators for restoration success were identified. First results of the field campaigns for hydrology, soil and biodi-
versity in 2013 to 2015 will be presented, which are describing the current status of the main ecological features
of the area.

1. Introduction and background

The floodplains of the rivers White Elster (Weil3e Elster), Pleile and Parthe are crossing the city of Leipzig as a
,green backbone®. Because of its widespread hardwood forests this area is classified as a significant Central Eu-
ropean floodplain ecosystem [1, 2]. The most natural areas are part of the European Natura 2000 network. Large
parts of this floodplain forest are mixed stands with large structural diversity and a high diversity of flora and fauna.
Its uniqueness lies in the comparatively large natural area, which has been preserved despite intensive anthro-
pogenic interventions in the river and floodplain system and the immediate proximity to the city. The area of the
project is concentrating on the northwest floodplain of Leipzig, which has been formed by the White Elster and its
several side arms. The most important ones are the river sections of the Old and New Luppe.

Interventions such as river regulation measures, extensive diking and the drainage of agricultural and pasture
fields have had significant impacts on the floodplain. Several impacts have been the result of the creation of the
river section New Luppe (Neue Luppe) to serve flood protection in the 1930s and completed in the 1950s. Former
river sections were cut off and could not provide the floodplain forest with water anymore. As a result, the formerly
water-rich floodplain landscape suffers from massive decline of the groundwater table and is drying out. Today the
area consists of many dry river beds without connectivity and a decrease of dynamic floodplain ponds and oxbow
lakes [3, 4]. This is a threat among others also to the biodiversity of the floodplain forest and related ecosystem
services. Because of the impacted hydrological system only extreme hydrological flood events can reach the flood-
plain forest and lead to a degradation of the remaining floodplain ecosystem.

In the same time, the floodplain of Leipzig has an important function as recreational area and significantly contribu-

tes to life quality of the city residents. The floodplain is appreciated and intensively used by the Leipzig inhabitants
especially for cycling, sports and walking.
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Fig. 1: The planned new water course of the “vibrant Luppe”. (Source: BGMR, Project Lebendige Luppe, www.lebendige-
luppe.de)

2. The project “Lebendige Luppe”

The restoration project “Lebendige Luppe” (Vibrant Luppe) is one of the largest projects on floodplain and river
restoration in Central Germany and started in 2012 (— 2019). The objective is the revitalization of more than 16 km
of a former river course in Leipzig’s floodplain ecosystems. In the northwest floodplain of Leipzig, dried-up river
arms of the former water-rich floodplain, especially of the river Luppe, are to be filled and reconnected again with
water and create a continuous water landscape [3, 4]. This activity, combined with the still existing Wildbett Luppe
in Saxony-Anhalt, will lead to increased ecological continuity up to the River Saale further upstream. Additionally
the project aims to increase the inundation by allowing significant floods to reach large areas of the floodplain via
the new river course. It is planned to achieve inundation of at least 30 % of the floodplain area via the new river,
mainly floodplain forest. The groundwater table should be stabilised and raised by about 1 meter in most parts
of the project area. The revitalisation of stretches of the Luppe should help to counteract the present situation of
water shortage in the floodplain and enhance again the diversity of floodplain species and habitats and related
ecosystem services, like nutrient retention.

The project also places emphasis on communicating the importance of the floodplain ecosystem for people and
nature. The ecosystem services provided by an intact floodplain, such as oxygen supply, sequestration of carbon
dioxide and the provision of space for recreation increase the life quality of city inhabitants.

The project is to be considered as a part of a mosaic of different actions to be taken to achieve a more extended
revitalisation of the Leipzig floodplain in the future and is planned as a no-regret measure [4].

Major flood events in January 2011 and in June 2013 inundated most of the project area and showed as an impor-
tant precondition for the project Lebendige Luppe, that the floodplain is still functioning when sufficient inundation
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is provided. As the project is still in development, the scientific monitoring has to demonstrate the concrete effects
on floodplain species and biodiversity. In a first part of the project, which has already been realised, it has been
achieved to restore the water supply of a former dredging area and to increase the floodplain typical water supply
in the most important Amphibian habitats in the area. The creation of the new river itself is in a planning stage, first
construction works are planned to be started in 2018.

3. Scientific monitoring

The project is supported by a scientific long-term monitoring to measure the effects of restoration measures on
groundwater dynamics, water and nutrient balance in the soil, of flora and fauna biodiversity and carbon storage.
By comparing the ecological situation before and after the measure an indication system for ecological changes in
riparian forests will be developed, which allows to measure the effects after restoration.

For this purpose, the selection of 60 permanent plots using a stratified random design were selected in the flood-
plain forest and additionally on most of the plots groundwater monitoring wells for interdisciplinary observation
were installed.. The study design is following a BACI-design [5], means the plots should cover the ecological si-
tuation before (B) and after (A) the realisation of the measure in time, and covers control (C) and impact (I) plots
(non-effected areas as reference areas) in space. The chosen strata are representing plots with wet, medium and
dry hydrological side conditions and are separated in plots which will be affected by the restoration measure or no
influence will be probable.

Results of this field surveys are underlying the non-favourable situation in terms of a real floodplain forest. The
mean groundwater level is far away from its natural situation; inundation takes place only during extreme events
directly or via seepage water. The project area is dominated by alluvial soils (mainly Vega and Vega-Gley), and
therefore rich in organic carbon. Together with the above surface situated biomass of the alluvial forest this eco-
system has an important role as carbon storage for greenhouse gas emissions. Especially the remaining wet areas
are showing the highest carbon storage rates. Although the herbaceous layer is well describing a hydrological
gradient, which is characteristic for floodplain forests, the tree compositions display a large proportion of non-flood
tolerant tree species.

4. Outlook

There are still considerable planning challenges on the way to a full revitalisation of the Leipzig floodplain as the
interests of other water users and owners must be taken into account. The river and floodplain network espe-
cially inside the city of Leipzig has been strongly modified in the past for technical flood protection. In addition,
the water supply of the existing or new river arms especially during low or medium water discharge has to cope
with small hydropower stations along the Weile Elster, the dilution of the sewage treatment plant water, the
minimum environmental instream flow of all water courses and the requirements of urban sanitary environmen-
tal engineering. Also the scientific monitoring has to cope with these changes and still has to meet these new
developments.

It should be noted that a full floodplain dynamic cannot be achieved only via the actions which are taken by the
project Lebendige Luppe. Wider processes, for example of sedimentation and sediment redistribution, are depen-
dent on frequent large-scale inundations by spring flooding and the unregulated flow of sufficient water quantities
of floodplain rivers. The overarching framework conditions set for flood protection and sanitary environmental en-
gineering are decisive for the regulation of flow in and close to the urban area and cannot be influenced to a large
extent yet by the actors of the project Lebendige Luppe.

More information: www.lebendige-luppe.de
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Application of UAV imaging technologies for monitoring of
changes in streams and floodplains

Jakub Langhammer

1. Introduction

The paper discusses the potential of Unmanned Aerial Vehicles (UAVs or drones) for applications in water management
with a focus on rapid mapping of stream properties and monitoring of stream channel changes.

Current progress in hydrology and fluvial geomorphology is largely based on new field survey and analysis techniques,
which employ advanced technologies to monitor the stream channels and runoff process. Application of these tech-
niques provides researchers and river managers with information at a significantly higher qualitative level than using
traditional methods of field surveys and measurements either in terms of spatial accuracy and resolution, the frequency
of sampling or qualitative characteristics of the acquired data.

In particular, the rapidly evolving technologies of UAV, covering a wide range technologies are opening new possibili-
ties for detection of stream properties and monitoring of their status and changes at the high level of accuracy [1, 3].
Customizable flight routes at low-level altitudes in combination with new algorithms photogrammetric analysis provide
spatial data products of ultra-high spatial resolution, suitable for qualitative and quantitative analysis of natural and ar-
tificial structures of streams and floodplains and their changes by the natural processes (i.e. floods) or anthropogenic
modifications.

2. Material and methods

Aerial platforms

The rapid development of the drone-based imaging technologies resulted in a variety of applicable platforms, suitable
for image acquisition. We can distinguish two basic branches of UAV platforms, applicable in water management, each
of different parameters and also limitations and suitable applications — the unmanned aircrafts and multirotor platforms.
Unmanned aircrafts with a form-factor of miniaturized planes allow a fully automatic operation over the study areas,
based on a pre-programmed flight track. These are applied mainly in compact undisturbed areas with no forest vegeta-
tion or settlement — typically for precision farming, mining or engineering. Multirotor platforms, most frequently applied
in research, forestry or natural hazard monitoring, allow both automatic and manual operation and have excellent
maneuvering capabilities at different flight speeds and altitudes. They feature high versatility for application with different
sensors and operation in complicated terrain conditions.

Fig. 1: Principle of drone-based 3D reconstruction of channel and floodplain. a) imaging using the multirotor UAV platform In-

spire 1 Pro, b) creating dense point cloud from aligned imagery using the Structure from Motion algorithm, c) Digital elevation
model (DEM), derived from the dense point cloud, d) orthophoto map.
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Photogrammetric treatment of data

The UAV platforms are used to acquire the digital imagery, taken perpendicular to the Earth surface, which is further
used for 3D reconstruction of the terrain by means of photogrammetric analysis, based on the geometric-mathema-
tical reconstruction of the direction of the photographic rays in the image [3]. This reconstruction — the aerotriangu-
lation — stems on the information on the elements of the external and internal orientation of the camera — the y, v,
z coordinates of the camera and the three camera tilt angles (w, @, k), all relative to the ground coordinate system.
The new generation of photogrammetric algorithms, in particular the Structure from Motion (SfM) or Semi-global
matching (SGM) provide an automatic calculation of such parameters and the reconstruction of the 3D topography
from the imagery taken from different viewpoints [2]. Application of these methods eliminated the key constraints of
conventional photogrammetric approaches and enabled wide-range applications of UAV for manifold applications
in geosciences [3].

The key steps of photogrammetric analysis based on the SfM approach consist of the acquisition of the imagery
featuring overlaps (Fig 1a), detection of pairs of points for aero triangulation, image alignment and generation of
dense point cloud (Fig 1b), from which are derived two key deliverables — the Digital elevation model (DEM, Fig 1c)
and orthoimage (Fig 1d).

Applied methods and technology

For our study, we have used the multirotor platform DJI Inspire 1 Pro, equipped with 16 Mpx camera with interchan-
geable lenses. For general reconnaissance and rapid mapping the UAV was operating at the altitude of 70—90 m,
for detailed analysis of selected features, requiring a higher level of spatial detailed the flight altitude was 40—50 m.
Photogrammetric treatment was done using the Agisoft Photoscan Pro software.

The paper is presenting results from two types of environments with a different level of human impact.

First study area is Hostavicky brook in Prague, demonstrating a stream in an intensively urbanized area, recently
undergoing revitalization. The UAV technology is here applied used for mapping of stream properties and for moni-
toring of the progress of revitalization. The second case study is the Javori brook in Sumava mts. as an example of
a montane stream with high intensity of fluvial activity in response to repeated flooding. Here, the UAV is employed
to analyze the changes to the stream channel, including the quantitative analysis of spatial and volumetric changes
to the stream.

3. Results

Mapping and identification of stream properties

For the case study of Hostavicky brook, the bi-monthly monitoring of stream channel changes has been launched
to track the stream changes after restoration in 2015. The repeated imaging campaigns by the multirotor platform
provided 2D and 3D data of ultr-high resolution, enabling detailed analysis (Tab. 1).

Tab. 1: Parameters of photogrammetric reconstruction of Hostavicky brook for imaging campaign 2016-04-30.

Number of images 299 Ground resolution 1,27 cm/pix

Flying altidude 54,6 m DEM resolution 5,07 cm/pix

Coverage area 8870 sqm Point density 389 492 points per sq m
Dense point cloud 35 486 019 points Reprojection error 0.97 pix

Both of the two key data products from the UAV photogrammetric analysis — the digital elevation model and the or-
thoimage proved to be suitable resources for hydrological analysis. The complex segment of stream in a length of 1
km is covered by a multitemporal set of seamless orthoimagery with resolution of 1,5 cm per pixel. Such resolution
allows identification of stream properties, relevant for applications in fluvial geomorphology and stream manage-
ment. It applies to the identification and documentation of the artificial structures (Fig 2a) and modifications to the
stream as well as to the stream hydromorphological features, as is shown in the example of the stream channel,
jammed by the wood after a rain storm (Fig 2c). Multi-band imagery allowed distinguishing the qualitative properties
of the fluvial structures, i.e. the detection of eutrophication in the ponds, created in the framework of stream resto-
ration project (Fig 2b).
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Fig. 2: Example of the potential of UAV orthoimage data for identification of stream properties and structures in the Hos-
tavicky brook, Prague. a) stream restoration works on the channel, b) identification of eutrophication at artificial ponds,
created during the stream restoration, c) identification of the in-stream obstacle, resulting from wood debris after a spring
storm. Data: Charles University in Prague, 2016.

3D reconstruction of channels and floodplains

The high-resolution 3D model resulting from UAV photogrammetry allows deriving information about stream chan-
nels and floodplains with accuracy superior to the conventional data sources. The point density of the UAV-based
3D models is significantly higher even compared to the most recent topographic models, based on the aerial LIDAR
scanning. The average density of recent common aerial LiDAR scanning data products (e.g. DEM DMRS5G) is typi-
cally ranging from 1 to 6 points per sq meter according to the data quality, terrain characteristics and data source [4].
The point coverage density achieved from UAV photogrammetry is several orders higher — on the example of Hosta-
vicky brook, it was 389 492 points per sq m. Although such ultra-high density of 3D terrain reconstruction, achieved
by means of UAV photogrammetry cannot be acquired for extensive large areas, it enables to cover complex seg-
ments of streams and floodplains, where the high-resolution topography is of key importance for river management.
The multitemporal analysis of the Javori brook in montane area of Sumava mts. allowed an accurate calculation of
areal and volumetric changes in streams of floodplains in research of fluvial dynamics of montane streams in res-
ponse to elevated frequency of flooding in relation to climate change [3, 5]. The reseach proved that the acquisition
of highly accurate, reliable and rapid information on changes of streams or floodplains is applicable e.g. in mapping
of the effects of natural hazards — e.g. the consequences of floods or landslides, for engineering in water manage-
ment, as well as for different purposes, i.e. detailed tracking of stream restoration or preparing topographic networks
for detailed flood protection models (Fig 4).
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4. Conclusions

Application of UAV imaging technologies in water management is a rapidly developing field with high potential for
applications in areas, where is required spatial and qualitative information with high level of spatial detail with high
flexibility and operability in data acquisition and reasonable costs of operation.

This paper presented the potential of the UAV technologies for monitoring and management of streams based on
selected case studies. We have used multirotor imaging platform equipped with calibrated camera to produce high-
resolution imagery of streams and floodplains in multitemporal time scales in different environments — urban and
montane. The imagery, treated by the photogrammetric analysis using the Structure from Motion algorithm resulted
in multitemporal data sets of ortho imagery and precise digital terrain models that allowed analyzing various aspects
of the changes in streams. In an urban area, the UAV was employed to track the stream restoration and to identify
the changes in hydromorphology and qualitative properties. In the montane area, the UAV was used to calculate
areal and volumetric changes in the river channel, resulting from repeated flooding.

The research proved the high suitability of UAV technologies for precise monitoring of streams and high versatility
of the technology for a variety of tasks in hydrological research. For water management, the major contribution of
the UAV technology is (i) ability to acquire spatial information with unprecedented resolution and quality, (ii) poten-
tial for accurate detection of natural or artificial structures in streams and floodplains, (iii) potential for potential for
calculations of volumetric and areal changes in streams, (iv) high flexibility and ability of multitemporal monitoring of
stream channels and (v) cost-effectiveness of imaging campaigns.
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The City of Dresden‘s Concept for Urban Water Courses:
Integrating Flood Risk Management with the Develop-
ment and Experiencebility of the Water Bodies

Christian Korndoérfer, Harald Kroll

1. Introduction

Dresden holds Germany's forth largest city surface and close to 500 brooks and small rivers with a total length
of over 400 km as well as 275 ponds and lakes. From 1933 until the beginning of the nineties, the water body
maintenance had been woefully neglected.

When in 1999, Dresden’s municipal environmental authorities began to take over the duties of water body main-
tenance, most of the water courses were heavily impaired and water facilities were in desperate condition. The
sidewalls had been decayed, the runoff hindered by untended green and most of the wells had been cased as a
consequence of agricultural engineering measures. Within urban settlement areas, many water courses had lost
their accessibility. AImost all brooks were far too undersized to be able to discharge major floods.

The urgently required improvements in the water bodies* ecology, their function as sewer drainage, their experi-
encebility and a timely installation of an up-to-date flood control system were only achievable with the help of an
integrative approach, which at the same time differentiates the City‘s manifold water body types. As early as in
2000, a primary functional water body development concept featured the above mentioned management aims
according to the respective water body types‘ characteristics (e. g. V-shaped valleys cutting through the Elbe‘s
high banks, artificial water bodies along the Elbe valley, wide open valleys of the high plains), but no budget was
projected for realization [1].

On August 12th 2002, up to 160 mm of precipitation was measured in the urban area of Dresden, which corre-
lates with an area-wide precipitation event of centennial recurrence. Virtually all municipal water courses’ banks
were flooded at the same time and the majority of the water facilities failed to function or broke down. This re-
sulted in a multi-million damage to water courses, bridges, adjacent roads and buildings. Along with this existen-
tially threatening “August Flood” experience, flood control and water body development climbed the City‘s task
ranking. Within a short time, the required staff and monetary settings were provided.

2. Integrative Approach to Flood Management and Water Body Development

The integrative approach leads to the following principles of flood management and water body development

which have built and still build the practical guideline to design measures along Dresden‘s “small” water courses:

a) Improvement of flood retention in the upper courses, especially by forestation of highly effective runoff sur-
faces, renaturation of brooks, temporary retention in polders and green basins.

b) Debris management before the water course enters built-up areas with today‘s over 100 screening units as
well as minimizing their freight by promoting erosion-mitigating farming and forestry.

c) Reducing flood peeks by nature-orientated rainwater management in built-up areas, especially along with
urban land-use planning and assuring non-hazardous runoff by effective channel profiles. These are desi-

gned with bio-engineered banks and near-natural buffer land where ever there is adequate room.

In order to achieve all these aims, a number of quite different measures are required along a certain river
course. The crucial point will always be to have enough space available for the brooks and rivers within built-up
city areas. The Dresden Landscape Plan and the Dresden Land-Use Plan, which is under way, will provide the
according preconditions. In the Landscape Plan‘s spatial structure policy called “The Compact City Within the
Ecological Network”, the urban water body system forms the clasp for a network of linked, linear green corridors.
The water body system displays the flow channel and contributes to flood control, groundwater reformation,
urban climate regulation, local recreation as well as to nature and species conservation [2].
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On equal ranks with both ecology and flood control — which are fields of action laid down in the European Water
Framework Directive and the European Flood Risk Management Directive and subsequently in the German law
— the water courses’ experiencebility for human beings is taken into focus of water body development as its third
field of action. Past experience has shown that only citizens’ acceptance and respect of water body develop-
ment and flood control measures allow them to be implemented successfully. This means in practise not simply
to decorate the measures with maintenance and walk lanes along the water courses, seating elements at the
river banks (which at the same time serve as bank protection), benches and works of art, but to embrace the
provision of opportunities for the citizens to directly perceive the water course esthetically and sensually as a
planning task of equal value. Such a multiplied social welfare effect enhances the willingness of decision-makers
to provide the required areas.

3. Basics of Flood Management and Water Course Development of Small Water Courses Exemplified
by the PrieRnitz River

The PrieRnitz River is Dresden’s biggest urban river course. The catchment area measures 51,2 km? (see

figure 1).

Fig. 1: Map of Prie8nitz Catchment Area

The PrielRnitz was assigned to the water type 5 (coarse-grained, siliceous Central Mountain brook). The 100-
year flood peak discharge measures 29 m?/s at its mouth, the mean water discharge collects 0,37 m?%s. In espe-
cially dry summers, the discharge will seep into its sandy bed and the Prie3nitz may run dry in its lower course.
This occurred only recently, from August 10th to August 17th, 2015.

The waterbody’s properties alter substantially throughout its course. The source area with Rossendorf Pond
widely features a close-to-nature character, but fishery contaminates the pond. Within the following river stretch
until the Dresdner Heide (woods), the Prief3nitz runs along the city borders through an agricultural area. In the
beginning of the 20th Century, the upper course had been straightened. As a consequence, the river bed wears
out heavily. Therefore floods can discharge within the bed to a large extend. According to the latest evaluation
the ecological state is unsatisfactory.

62



Labe a jeho toky ovlivnéné urbanizovanym prostiredim

Within the Dresdner Heide, a landscape protection and FFH area, the Prielnitz’'s course has predominantly
kept its natural or at least close-to-nature characteristics. The Priel3nitz then runs, mostly channelized, through
Dresden-Neustadt, a densely developed Griinderzeit-style city district, before it discharges into the Elbe River.
The latest evaluation depicts a modest ecological state. There is substantial risk of flooding, both by Elbe back-
waters and Prief3nitz floods.

In order to improve flood retention in the upper course, various measures have already been implemented or
are being projected. At the WeiRiger Dorfbach and Dammbach, both Prief3nitz tributaries, green retention basins
were built, the brooks were de-channelized and shaped in a close-to-nature way (see figure 2, [-016 and 1-017).
Close-to-nature retention areas were established both at the tributary Mariengraben and at the Prief3nitz, and
ponds were remodeled for flood management purposes (I-041 and 1-226). In order to safeguard a commercial
area from being flooded, the tributary Kirchweggraben was de-channelized and repositioned. In this process,
also a lane along the water course was built (1-051). To safeguard the Weillig city district, the tributary Wie-
sengraben is currently being de-channelized and repositioned. Here as well, a lane along the water course will
improve the experiencebility and link an important path network (I1-018). Within the context of compensation
measures, several hectares were reforested. The biggest and most important development measure is the
project of reshaping and implementing inherent dynamism into the complete PrieRnitz upper course (1-266). By
raising the river bed, the adjacent plains are to be flooded on a regular basis again. The flow retention is to con-
tribute to flood retention and peak mitigation. The renaturation of the water course is to improve the ecological
conditions and to enhance the habitat for brook trout (Salmo trutta morpha fario) and sculpin (Cottus gobio) as
well as for benthic invertebrates. The hydraulic engineering‘s considerations are embedded into a touristic and
recreational concept.

Before entering the Dresden-Neustadt district, the Priel3nitz is projected to run through a driftwood screen unit
which is to predominantly hold off the driftwood from Dresdner Heide (I-237).

Three rainwater retention basins run by the Dresden Stadtentwasserung GmbH (the urban drainage provider),
reduce the drainage peaks in the settlements of the Weilig district. Additionally, close-to-nature rainwater reten-
tion areas are scheduled.

In the Dresden-Neustadt district, close by the community gardens, the Priel3nitz river has to be repositioned
(1-050) in order to avert substantial damage to the bank and bed stabilization. This measure will be implemented
in accordance with the European Water Framework Directive and European Flood Risk Management Directive
requirements, will improve the ecological conditions and will mitigate the PrieRnitz's flood peak. By reshaping,
part of the Prie3nitz flood plains will be made accessable to the public again. The plan provides lanes and play-
grounds and recreation areas at the fringes, so that the Priel3nitz flood plains may become a central green and
recreation area for the Dresden-Neustadt citizens.

On hot days, clean and cool air will be transported along the renaturated Prief3nitz flood plains from the Dresdner
Heide to the heat-accumulating residential areas of the outer Dresden-Neustadt, which results in a comfortable
climate. This way, the reconstructed flood plains will represent an important junction within the concept of the
ecological network, in which the densely built-up areas are embedded.

The Priel3nitz action plan (see figure 2) demonstrates, that it is possible and neccesary to implement the Euro-
pean Directives to improve the ecological conditions and to manage flood control integratively. Water courses
will become experienceable and offer space for recreation, for rainwater infiltration as well as for flood retention.
The microclimate will be improved and endangered species will find space to survive.

For further information please see the Gewassersteckbriefe on the City of Dresden’s web page: http://www.
dresden.de/de/stadtraum/umwelt/oberflaechenwasser.php.
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Fig. 2: Priel3nitz action plan

[-237 driftwood screening unit

I-236 territiorial protection

I-050 Priel3nitz flood plains

[-200 ecological passability arch

[-041 renaturation and flood plain basin

[-018 de-channalizing

[-017 flood retention basin and de-channalizing
[-266 inherent dynamism

I-051 de-channalizing

[-016 flood retention basin and de-channalizing
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Vitava River Cascade — the multipurpose system of water
reservoirs in the light of recent hydrological episodes

Tomas Kendik, Karel Brezina

Abstract

Since the year 2000, has been the Vitava Cascade of reservoirs frequently loaded with extreme hydrological situations
— floods and droughts. The versatility of the system implies certain restriction in water management and the function
of the cascade becomes a subject of criticism from public every time after an extreme situation occurs. Based on the
analysis of hydrological data from the last 60 years, the new watermanagement solution has been developed in the
year 2014. The paper aims to evaluate the effectivity of the most important reservoir system in the Czech Republic and
to clarify its impact on the flow rates of the Vltava river downstream and Elbe river subsequently.

1. Introduction

The Vltava cascade is a multipurpose system of water works built on the Vltava River, in the years 1935-1964,
exception of Hnévkovice and Kofensko dams, built in the eighties, in relation with construction of the Temelin nuc-
lear power plant. It is the largest system of water works in the Czech Republic and consist of a total of nine water
works — eight reservoirs and one submerged-weir. Part of this system are, among the others, Orlik dam which its
total volume of 716,5 m® is the biggest reservoir in the Czech Republic and Lipno dam, which is the largest lake
in the Czech Republic, where the flooded area at the maximum level is total of 48,7 km?. Already during commis-
sioning of the Vlitava cascade to function was considered that it will be a multi-purpose system of water works,
with the main purpose of electric power supply and provision of minimal outflow in periods of drought. Complex
water management rules [1] currently defines these purposes of the system of reservoirs: water storage function
(provision of minimal outflow), electricity production, reduction of flood flows, surface water extractions, improving
of navigation conditions on the Vitava and Elbe rivers, influence of flow rates for water quality improvement, winter
flow rates influencing, recreation, water sports, sailing in the reservoirs and fishing.

For water handling control have been developed sub-handling rules for each reservoir and for coordination of
water handling in this system is used the comprehensive handling regulations rules. Custom control provides the
central watermanagement dispatching of Povodi Vitavy, state enterprise in cooperation with the dispatching of the
energetic company CEZ, s.c. Water distribution and water runoff decision-making process is the responsibility of
the river basin authority — Povodi Vitavy, state enterprise. In terms of influencing of the flow-rate regime in the lower
reaches of the Vitava and Labe river are critical Orlik and Slapy reservoirs. In times of the project was developed
expert watermanagement solution of the system of reservoirs to ensure all-purposes demanded by the public at
that time. Based on the results of this solution were developed water handling rules that determine the allocation
of the reservoir volumes. Some purposes in terms of the use of these volumes are mutually in conflict. For examp-
le provision of minimal outflow in seasons of drought, requires enough of water in reservoir and flood protection
requires flood-protective volume empty. Although it is a large reservoir, but these are not significant relative to the
size of the basin and capabilities to ensure reliable flood protection. All these factors were in the watermanagement
solution of reservoirs reflected. The flood-protective effect of the system of reservoirs, at the time of project, was
determined for ten-year flood. The fact that the significant hydrological extremes avoided to Orlik water work after
its commissioning in 1964, had been positive in terms of flood damage. But the public got the impression that the
system is able to perform its purpose, especially flood protection, practically with no limitations. The public got the
impression that waters is still plenitude and it never will be significantly more of. That there is no risk of droughts
and all of flood episodes Vlitava cascade can handle. The first significant hydrological extreme has occurred in
August 2002. It was the very first time in the current existence of reservoir the biggest one. Historically the largest
recorded, catastrophic flood.

2. Floods

In 1954 Vltava river was affected by flood, which in a few hours filled the unfinished and empty Slapy reservoir.
The peak of the flood was significantly reduced. This gave rise to the misconception that the Vitava cascade,
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is able to protect the lower course of the river against the flood. But experts warned that this is not true and all
the simulations suggest that, but this point of view in a society deeply rooted. A period between 1954 -2002,
when significant flood didn’t occur, the faulty reasoning strengthened. After a long period of flood-calm, flood
event began to occur, which clearly stands out the flood from the August 2002. Worth mentioning is also the
floods of March and April 2006 and June 2013, which in its scope and consequences can be described as
catastrophic.

The flood in August 2002 was a typical summer flood, caused by regional rains of high intensity and long
duration. These rains came in two waves, when the first caused high saturation of basin and the second one
already a flood of such magnitude, that in many places in the basin of the Vitava river overstepped the highest
recorded water levels and flow rates in duration of the measurement. The Vitava Cascade water works was
significantly affected and the biggest impact was recorded to Orlik dam, which is located in the heart of the
affected area. The inflow to the reservoir has exceeded the design parameters and thus the maximum water
level in the reservoir was overstepped. Although flood caused many damages, dams of the Vitava cascade in
this test were successful and helped reduce this flood.

Flood events in spring 2006 and June 2013 had smaller range; however the consequences and the attention
of the media classified them as very important in the history of the Vitava River cascade. The spring flood in
2006 was caused especially by spring thaw which was supported by heavy rain precipitations. The Orlik water
supply storage was being depleted during whole winter to be able to catch higher spring inflows. Water level
drawdown always matched with actual water snow storage in the Orlik dam basin. Thanks to the bigger free
storage, the flow on lower Vitava River was regulated under the harmless discharge. Flood in June 2013 was
characterised mainly by steep rise and by location near central part of the Vitava River cascade thus near the
Orlik and Slapy dams so the pre-depletion of water supply storage was not possible. On top of that this flood
event was not predicted by hydrological forecasting service.

Mainly these three flood events have caused, in the Czech Republic, a lot of questions, speculations, pole-
mics and opinions about possibilities of Vitava River cascade to reduce flood impacts. Major part of these opi-
nions took place in media on non-professional level. Many criminal complaints were made nevertheless expert
studies found no errors or malpractices. Handling of water during the floods was correct and in compliance
with regulations. Subsequently these flood extremes have been balanced by droughts.

3. Droughts

Immediately after the floods in 2002 the strong drought came in 2003. During this period minimum flows were
detected. The reservoirs of the Vitava river cascade, especially Orlik and Lipno dams, have shown their po-
tential in improvement of discharge for the first time of their existence, when they were being depleted for the
substantial part of this year and helped the lower courses’ situation. The very same situation was registered
in 2015, when the Vltava river cascade influence was even more significant. The Vlitava lower course and the
Elbe River were feeding by the Vltava river cascade reservoirs water releasing, with utilization of the Orlik
dam at the first place. Authors of this article are convinced that the irreplaceable role of reservoirs in the long-
term drought managing has been shown.

4. New water management study of the Vitava River cascade

After the floods in 2002 a lot of opinions to strengthen flood control measures thus extend the flood surcharge
of the Vltava River cascade have been appeared. However in 2003 the intensive and long-term drought has
confirmed the importance to fulfil the main cascade purpose so to guarantee the minimal residual discharge.
Water surface level was decreasing with all consequences for recreation, navigation and other purposes of
the Vitava River cascade so it was decided not to change the distribution of the reservoir storages. The next
significant floods in 2006 were transformed into harmless discharge thanks to huge drawdown during the
whole winter period. At the beginning of the floods in 2013, the free reservoir storage was doubled in com-
parison to the estimated flood surcharge; nevertheless the harmless discharge on the Vitava lower course
was overstepped. Nearly after water level decrease mayors on the lower Vltava course started to demand the
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Fig. 1: Orlik water work — Podolsky bridge — 20150927

augmentation of the flood surcharge even though the experts informed that this flood had highly overstepped
the level of possible flood protection by cascade.

Povodi Vitavy, state enterprise decided to commission a water management study to assess possible vari-
ations of reservoir storage distribution (increase of flood surcharge) and the impact of these potential chan-
ges on main purposes of the Vltava River cascade. One of the variations was extreme and assumed the
Orlik dam totally empty. The author of that study is Czech Technical University in Prague, Faculty of Ci-
vil Engineering, Department of Hydraulic Structures [2]. The study considers 8 variations of flood surchar-
ge increase and assesses the impact on securing minimal residual discharge during the drought period,
level of flood protection, power engineering, navigation and recreation for each of them. In conclusion of
the study the author recommends to enlarge the Orlik reservoir flood surcharge by half of its volume to
93 mil. m3 without any impacts on the other main purposes. This solution provides flood protection increase from
10-year flood to 20-year flood. The new Orlik dam handling regulations approved in December 2015 contains
these changes. According to the result of the study from CTU in Prague any other enlarge of the flood surchar-
ge in Orlik reservoir means limitations for the other purposes of the Vitava River cascade.

During 2015 the public was being acquainted with the study results. Municipalities on lower Vitava River have
not been satisfied with modification of the Orlik reservoir flood surcharge and have demanded to increase this
storage even more. On the contrary municipalities situated near the Orlik dam have accepted this lowering of
Orlik water supply storage as the maximum possible. An argument to support this maximum lowering is the
recreational purpose of this reservoir which also brings employment opportunities for many people. Further-
more the drought long-term period in 2015 when water level in the Orlik reservoir decreased by more than
10 metres has intensified their opinion of highest possible normal top water level need because the tourist
season was significantly affected. At that time, there was a long discussion about harmonization between
main purposes of the Vltava River cascade in the Czech Republic. It appears that before any decisions about
prioritising one purpose above other, the economical analysis is necessary at least.
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New water management planning of the Vltava River cascade was prepared 50 years after the original one
from the time of construction. It is built on actual hydrological data and takes into consideration a development
of weather trend in recent decades — towards the nearest future.

5. Conclusion and summary

The calm period with no significant floods between 1954 and 2002, has evoked a mistaken impression in pub-
lic that the danger of hydrological extremes is not too serious. Nevertheless, already before the floods in 2002,
the experts have pointed out that the Vitava river cascade has not been capable to protect the Vitava lower
course and Prague capital city. Mathematical simulations for a design of the technical flood control measures
along the Vltava River confirmed this theory. First part of these flood control measures was finished before the
floods in 2002 and passed this test. Therefore the floods in 2002 have become an impulse for a realization of
many flood control measures around the Czech Republic. Moreover, the drought in 2015 has increased the
effort to solve the problem connected to this hydrological extreme as well. According to knowledge and practi-
cal operational experiences of the Vitava River cascade acquired during hydrological extremes is possible to
sum them up also with the results of mathematical studies to the conclusion and recommendation as below:

. Itis necessary to consider all functions and purposes during the multipurpose reservoirs operation before
any modifications which should be considered only on the base of technical expert studies.

. The original concept of the Vitava River cascade reservoir storage distributions has been correct with
respect to the purpose’s order priorities. The dams’ handling regulations allow managing all situations
quickly and operationally.

. The water reservoir influence in the long-term drought period is currently indispensable and irreplaceable.

. The very important thing for flood protection is a reliable hydrological forecast in advance besides the
correct flood storage determination in the reservoir.

. Multi-purpose water structures have restrictions that have to be respected.
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Simulation of urbanized area impact on runoff by
means of fully distributed mathematical model MIKE SHE,
the Boti€ (CZ) case

Pavel Tacheci, Michal Korytar, Jana Bernsteinova

1. Introduction

The flood event in June 2013 caused notable damages across several regions of the Czech Republic [1]. A local
flood in southern part of Prague city area is focused, which hit rural as well as urban areas. Analysis of land-use
changes impact on storm runoff hydrograph was conducted in the upper Boti¢ catchment (Fig. 1). Main aim of the
study was to answer a question, whether flood hydrograph entering Hostivar reservoir was affected due to the im-
pact of urbanised area extension across the source catchments in recent period.
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Fig. 1: The upper part of Boti¢ catchment — modelled area (91 km? upstream of Hostivar reservoir)

2. Botic catchment description and data used

Area of interest is formed by gently undulated landscape at south, transforming to nearly flat terrain at north. Eleva-
tion varies between 500 and 250 m a.s.l. Long-term annual precipitation total reaches 565 mm. Maps were collected
for two periods: current status (years 2010—2013 denoted here as variant 2013) and for period prior rapid urbani-
sation (data from 1988—-1989 years, denoted here as 1988 variant). Soil map was simplified to 6 main categories.
Cambisol prevails (39%). Two main hydrogeological structures were distinguished. Land use was classified (based
on aerial photo) using 7 main categories (Fig. 2). For 2013 year, 62% of the area forms arable soil, 11% is paved,
13% are houses with gardens, 13% is covered by forests and shrubs. In most of subcatchments, about 10% of the
arable land was converted to urban areas between 1988 and 2013, but in two of them changes reached 14 and
20%. Changes between current status and distribution of 1988 year were approximated by modifications of main
properties: soil hydraulic characteristics, hydraulic roughness of surface and vegetation parameters (Leaf area in-
dex and root depth).
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Fig. 2: Land use map as model input; year 2013 (left) and 1988 (right). 1 and 5 = arable land plus grassland, 2 = paved
area, 3 = houses with gardens, 4 = forest and shrubs, 6 = water and wet areas, 7 = other

Shape of individual stream channels was based on data of Prague Master plan of drainage [2]. Time series used
were collected mainly from Czech Hydrometeorological Institute (CHMI) and Lesy hl. m. Prahy databases. CHMI
radar data and ground observation formed distributed precipitation field (15 min totals, 1 x 1 km cells). 9 records of
water level in flow gauges were converted to discharge. Runoff coefficients calculated for selected subcatchments
using observed data are listed in Table 1.

Tab. 1: Flow gauging stations and subcatchments. Precipitation total and runoff coefficient (6/2013 event).

Flow gauge | Stream Subcatchment area | Drained area | Precipitation total | Runoff total | Runoff coefficient
Kufi Pitkovicky 17.0 17.0 95 80 84

Benice Pitkovicky 8.4 25.4 81

Modletice Chomutovicky 4.5 4.5 94 68 73
Prahonice Dobfrejovicky 1.7 +6.8 12.9 82 70 85
Jesenice Jesenicky 3.7 3.7 67 30 44
Pruhonice | Boti¢ 28 40.2 76 61 80

3. Distributed mathematical model

Integrated surface — subsurface flow modelling system MIKE SHE 2014 [3] combined with 1D hydrodynamic
model MIKE 11 was used as a simulation tool. Main processes focused were: surface overland flow (2D diffusive
wave approximation), unsaturated flow (1D Richards equation approximation), groundwater flow (2D Boussi-
nesq equation approximation) and river channel flow (1D fully dynamic approximation), also evapotranspiration
calculation was included. The Boti¢ catchment was described in model set up by 25 x 25 m rectangular compu-
tational grid network. Basic time step of simulation was set to 10 minutes. Initial conditions were set by water
balance simulation of 1 month prior the event (using the same model). Parameter values were pre-calculated
based on previous experience; subsurface hydraulic parameters were refined during calibration. Runoff res-
ponse of model was calibrated using 6/2013 event records in 4 stations, while another 2 records were used for
validation. Calibration has been focused on proper simulation of flood peak value and time. Variant simulation,
where maps were modified to describe land use across the catchment for 1988 year conditions, was conducted
using calibrated model. Further on, model was checked by another event simulation (5/2011, precipitation total
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about 42 mm), which occurred after monthly dry period. Additional variant simulations (using dry initial condi-
tions for 2013 and 1988) were conducted.

4. Results

Simulation results show, that increase of urbanised area in the model did not lead to notable increase of discharge
peak nor flood volume for this particular flood event (example in Fig. 3). Further simulations, taking into account dry
initial conditions, showed increase in range of 10—20% for peak discharge as well as flood volume due to the land
use changes (example in Fig. 4).
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Fig. 3: Observed (2013, dots) and simulated runoff for 2013 and 1988 conditions, real initial conditions of 6/2013 event
(Prahonice station, Boti¢ stream)
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Fig. 4: Observed (2013, dots) and simulated runoff for 2013 and 1988 conditions, dry initial conditions (Prihonice station,

Botic¢ stream)
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Tab. 2: Summary of simulated results for 3 selected catchments. Percentage of land use changes and simulated runoff
coefficients for individual simulation variants
Urban area increase

Catchment 1988 -2013 runoff coefficient simulated

Q station m 1988 | dry Iniial 2013 | dry Initial 1988
km? % % % % %

Jesenice 3.7 & 14 59 59 22 16

Priihonice - Dobrejovsky 13.0 9 4 81 78 52 44

Whole area 95.4 4 6 80 79 46 41

For individual flow gauges and simulation variants were calculated differences in peak discharge, runoff volume,
surface runoff and change in subsurface water storage. Examples are given in Tab. 2. Values of runoff coeffi