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Magdebursky seminar o ochrané vod 2021

Das Magdeburger Gewasserschutzseminar 2021 dient auch der Information der Offentlichkeit im Rahmen der Um-
setzung der Wasserrahmenrichtlinie (RL 2000/60/EG) und der Hochwasserrisikomanagementrichtlinie (RL 2007/60/
EG) in der internationalen Flussgebietseinheit Elbe.

Magdebursky seminafr o ochrané vod 2021 je i sou€asti informovani verejnosti v ramci implementace Ramcové
smeérnice o vodach (2000/60/ES) a Smérnice o vyhodnocovani a zvladani povodriovych rizik (2007/60/ES) v me-
zinarodni oblasti povodi Labe.
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1990 - 2021

Revitalizace vod a vodni rezim v povodi Labe

8. Oktober 1990 in Magdeburg
Die Vertragsparteien unterzeichnen die

Vereinbarung Uber die Internationale

8. fijna 1990 v Magdeburku
Smluvni strany podepsaly
,Dohodu o Mezinarodni komisi

Kommission zum Schutz der Elbe (IKSE).

NGOs.

und Tschechisch.

» Die IKSE erarbeitet Empfehlungen fur die Ver-
tragsparteien (Deutschland und Tschechien).

» In den Delegationen der IKSE, Arbeitsgruppen
und Expertengruppen arbeiten ca. 120 Vertreter
aus deutschen und tschechischen Ministerien,
Behdrden, Institutionen und wissenschaftlichen
Instituten. AuRerdem beteiligen sich an der
Arbeit die Vertreter Polens, Osterreichs und der

» Arbeitssprachen der Kommission sind Deutsch

» Das Sekretariat der IKSE mit acht Mitarbeiterin-
nen und Mitarbeitern unterstutzt die Arbeit der
Kommission und ihrer Arbeitsgruppen fachlich,
sprachlich und organisatorisch.

» Alle Veroffentlichungen werden zweisprachig
abgefasst. Sie stehen auch auf den Internetsei-
ten der IKSE zur Verfigung.

Nachdem die Elbe Ende der 1980er
Jahre zu den am starksten
belasteten Fliissen Europas ge-

horte, war der gesellschaftliche
Umbruch in Osteuropa fiir die Elbe
Rettung in letzter Minute.

In den ersten Jahren
zielten die Schwerpunk-
te der Arbeit der IKSE
auf die Senkung der Ge-
wasserbelastung durch
kommunales und indus-
trielles Abwasser, den
Bau von kommunalen
Klaranlagen, die Verbes-
serung der Gewassergu-
te und der 6kologischen
Verhaltnisse, spater kam
auch der Hochwasser-
schutz dazu.

pro ochranu Labe“ (MKOL).

» MKOL vypracovava doporuéeni pro smluvni
strany (Ceska republika a Némecko).

» V delegacich MKOL, v pracovnich skupinach a
ve skupinach expertt pracuje cca 120 zastupcu
¢eskych a némeckych ministerstev, uradd, insti-
tuci a védeckych ustavi. Kromé toho se na pra-
ci podileji zastupci Polska, Rakouska a nevlad-
nich organizaci.

» Jednacimi jazyky Komise jsou ¢estina a
némcina.

» Osmiclenny sekretariat MKOL podporuje praci
Komise a jejich pracovnich skupin po odborné,
jazykové a organizacni strance.

» \/Sechny publikace jsou vydavany dvojjazycné.
Jsou k dispozici také na internetovych stran-
kach MKOL.

ICG*

= Delegationsleiter D und CZ in der IKSE
= Vertreter Osterreichs und Polens

« Prasident der IKSE

- vedouci delegaci CR a SRN v MKOL
« zastupci Rakouska a Polska
« prezident MKOL

IKSE — MKOL
« Delegationen D und CZ
= Delegationsleiter
+ Président

- delegace CR a SRN
+ vedouci delegaci
+ prezident

Labe patfilo koncem 80. let
20. stoleti k nejvice znecist&énym
fekam v Evropé, spolecenské

zmény ve vychodni Evropé proto
pro Labe predstavovaly zachranu
na posledni chvili.

Sekretariat
Sekretariat

Wasserrahmenrichtlinie
8l Ramcova smérnice
a o vodach

Hochwasserschutz
Povodfiova ochrana

H V prvnich letech byla
Unfallbedingte Gewasser- . v v
’ prace  MKOL zaméfe-

belastungen
Havarijni znegisténi vod

Oberflachengewasser
Povrchové vody

Grundwasser
Podzemni vody

Expertengruppen - Skupiny expertd

Hydrologie

na hlavné na sniZzovani
znecisténi zplsobeného
komunalnimi a primyslo-
vymi odpadnimi vodami,
na vystavbu komunalnich
Cistiren odpadnich vod,
na zlepSeni jakosti vody
a ekologickych pomért,

Datenmanagement
Management dat

pozdéji pfibyla i oblast

* Die internationale Koordinierungsgruppe ICG behandelt Fr

agen der internationalen Koordinierung im Zusammenhang mit

ochrany pfed povodnémi.

der L der
gebiet der Elbe.

smérnice o vodach a Povodiiové smérnice v povodi Labe.

* Mezinarodni koordinaéni skupina ICG fesi otazky mezinarodni

inie und der F

Richtlinie im Einzugs-

v souvislosti s i i evropské Ramcové

Evropské smérnice (Ramcova smérnice o vodach
a Povodnova smérnice) jsou zakladem soucasné i
budouci prace MKOL.

Die europaischen Richtlinien (Wasserrahmenricht-
linie und Hochwasserrisikomanagement-Richtlinie)
bilden die Grundlage der gegenwartigen und zukunf-
tigen Arbeit der IKSE.
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» Umsetzung der Wasserrahmenrichtlinie

Revitalisierung von Gewassern und der Wasserhaushalt

» Implementace Ramcové smérnice o vodach

Die Staaten im Einzugsgebiet der
Elbe — Deutschland, Tschechien,
Osterreich und Polen — haben sich
darauf geeinigt, einen gemeinsamen
.Internationalen Bewirtschaftungsplan
fur die Flussgebietseinheit Elbe“ zu

erarbeiten.

__—  DasZelistder —— —
gute Zustand aller Gewasser. )
Das bedeutet, dass alle relevanten Qualitatskomponenten
bei der Bewertung die Kriterien des guten Zustands
erreichen.

Staty v povodi Labe — Ceska repub-
lika, Némecko, Rakousko a Polsko —
se dohodly, ze bude zpracovan jeden
spole€ny ,Mezinarodni plan oblasti
povodi Labe*.

MEZINARODNI OBLAST POVODI LABE

~— Cilemje

dobry stav vSech vod.
To znamena, Ze vSechny relevantni slozky
kvality dosahuiji pfi hodnoceni kritérii
dobrého stavu.

» Nakladani se sedimenty

Sedimente erfiillen grundlegende
Funktionen als Gewasserbett, aqua-
tischer Lebensraum und in Stoff-
kreislaufen der Gewasser. Sie haben
durch ihre Menge und Qualitat eine
Schlisselfunktion fiir unverzichtbare
Okosystemleistungen und bedeutsame
Gewassernutzungen.

Sedimenty plni zakladni funkce pfi
utvareni koryt vodnich tokd, jako
akvaticka stanovisté a v kolobéhu
latek vodnich tokd. Svym mnozstvim
a svou jakosti hraji kliGovou roli pro
nepostradatelné funkce ekosystému
a vyznamné zpusoby uzivani vod.

» Snizeni vnosu zivin

Nahrstoffeintrage in die Oberflachen-
gewasser und das Grundwasser
bleiben auch weiterhin eine der
wichtigen Wasserbewirtschaftungs-
fragen im Einzugsgebiet der Elbe.

Vnosy zivin do

povrchovych a podzemnich vod
zUstavaiji i nadale jednim

z vyznamnych problému nakladani
s vodami v povodi Labe.

Seit Beginn der 90er Jahre des

20. Jahrhunderts wird eine positive

Entwicklung der Wasserbeschaffen-
heit der Elbe und ihrer Nebenfliisse
beobachtet.

Od zacatku devadesatych let 20. sto-
leti je v Labi a jeho pfitocich sledovan
pozitivni vyvoj jakosti vody.

Dem Internationalen Warn-

und Alarmplan Elbe (IWAPE) kommt
eine aulerordentliche Bedeutung
insbesondere bei grenziiber-
schreitenden Unfallen zu.

Die Hauptstruktur bilden 5 Inter-
nationale Hauptwarnzentralen (IHWZ).

Mezinarodni varovny a poplachovy
plan Labe (MVPPL) ma mimoradny
vyznam zejména v pfipadé havarii
presahujicich statni hranice. Hlavni
strukturu tvofi 5 mezinarodnich hlav-
nich varovnych central (MHVC).




INTERNATIONALER

HOCHWASSERRISIKOMANAGEMENTPLAN
FOR DIE FLUSSGEBIETSEINHEIT ELBE

Die Staaten im Einzugsgebiet der Elbe
— Deutschland, Tschechien, Osterreich
und Polen — haben sich geeinigt, einen
Lnternationalen Hochwasserrisiko-
managementplan fiir die Flussgebiets-
einheit Elbe“ nach der ,Richtlinie tiber
die Bewertung und das Management

Staty v povodi Labe — Ceska repu-
blika, Némecko, Rakousko a Polsko
— se dohodly, Ze bude zpracovan
jeden ,Mezinarodni plan pro zvladani
povodriovych rizik v oblasti povodi
Labe“ dle ,Smérnice o vyhodnoco-
vani a zvladani povodriovych rizik*

von Hochwasserrisiken® (2007/60/ES).

» Niedrigwasser » Sucho

Die Elbe gehért in Mitteleuropa zu den grof3en
FlieRgewassern mit dem geringsten verflg-
baren Wasserdargebot pro Einwohner des

Ve srovnani s velkymi toky ve stfedni Evropé
patfi povodi Labe k oblastem s nejmensimi
dostupnymi vodnimi zdroji na jednoho oby-
vatele.

Hydrological low-flow
Einzugsgebiets. F== :

» Die Elbe und ihr Einzugsgebiet
Die Elbe entspringt im Riesengebirge und
mundet nach 1.094 km in die Nordsee.

In ihrem Einzugsgebiet (148.268 km?)

leben fast 25 Mio. Einwohner. Die wichtigsten
Nebenflisse sind die Moldau, Eger, Schwarze
Elster, Mulde, Saale und die Havel.

» Labe a jeho povodi

V povodi Labe (148 268 km?), které
prameni v KrkonoSich a po 1 094 km
usti do Severniho more, Zije témér
25 miliont obyvatel. NejdulezitéjSimi
pFitoky jsou Vlitava, Ohte, Cerny
Halstrov, Mulde, Sala a Havola.

Einwohner / Pocet obyvatel

0,30%
0,20%)

0,10%)

=D =CZ =AT =PL

Einzugsgebiet / Plocha povodi

0,78%
0,62%

0,16%
=D mCZ =AT »PL
Einteilung Elbelange | Einzugsgebiet
o Elbeabschnitte Tl o)
Obere Elbe | Elbequelle bis Schioss Hirschstein 463 54170 v |
Mittlere Elbe | Schioss Hirschstein bis Wehr Geesthacht 489 80843
Wehr Geesthacht bis Mindung in die Nordsee
an der Seegrenze bei Cuxhaven-Kugelbake
(Elbe-km 727,7); dieser Abschnitt wird auch als
Untere EIbe | Tigeelbe bezeichnet, weil er durch Ebbe und Flut 142 15255
beeinflusst wird; ab dem Elbe-km 6549 handelt
es sich um ein Ubergangsgewdsser
Elbe gesamt | Elbequelle bis Miindung in die Nordsee 1094 148 268
Rozdéleni Labe Useky Labe Délka Labe P‘“’[‘:mpz‘]"’“‘
HomiLabe | pramen Labe po zamek Hirschstein 463 54170
Stfedni Labe | zamek Hirschstein po jez Geesthacht 489 80843
jez Geesthacht po usti do Sevemiho mofe
na hranici s mofem u Cuxhavenu-Kugelbake
(ficni km 727,7); tento tsek je oznacovan také
DolnfLabe | fo16 slapovy isek Labe, protoze je oviviiovan 42 13255
mofskym prilivem a odlivem; od fiénino km 654,9
se jedna o brakické vody.
Labe celkem | pramen Labe po sti do Severniho mofe 1094 148 268
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Revitalizace vod a vodni rezim v povodi Labe

31 years of the International Commission for the
Protection of the River Elbe to the improvement of the
Elbe Ecosystem

Pavel Punéochar

The International Commission for the Protection of the River Elbe (ICPER) was established in 1990, after the major
political-economic changes in Europe in 1989. The creation of the commission was a great opportunity and chal-
lenge for water managers to start the effective measures for the improvement of badly damaged Elbe ecosystem.
Water quality was very poor, with discharges of large volumes of untreated or insufficiently treated wastewaters from
both cities and large industrial enterprises located along the watercourse.

The first president of the ICPER was Dr. h. c. Dietrich Ruchay, and this selection was absolutely invaluable not only
because of his ability to manage international negotiations, but especially because of his experience in the work of
the International Commission for the Protection of the Rhine, where he had been the president in the previous years.

An obvious priority of the first years of activity of the ICPER was the necessity to decrease the load of pollution
discharged to watercourses in the Elbe watershed as the improvement of the water quality is a pre-condition for
the life of aquatic biocenoses and water-related organisms. The construction of sewage treatment plants and the
simultaneous transformation and cancellation of obsolete industrial technologies required a huge amount of funding
for investments in water infrastructure and in industrial technologies using financing from the national sources (in
the case of the unified Germany) and from the international financial institutions (in the case of the Czech Republic).

The initial objectives were summarised by "The first action programme to reduce the discharge of harmful substan-
ces to the River Elbe and its river basin" adopted in 1991 year, which was followed by the ,Action Programme for the
River Elbe" in 1995 [4].The Contracting Parties, with the participation of the European Commission, which has been
involved in the ICPER for the period up to the accession of the Czech Republic (and Poland) to the EU, committed
to the objectives of both these programmes.

A very remarkable and certainly the right move from the current perspective was also the focus on the improvement
and protection of the ecological conditions of the Elbe River ecosystem, in particular for hydromorphological struc-
tures of the riverbed and related flood prone areas. Thus, the working group "Protection and Formation of Water
Structures and Bank Zones", known by the acronym WG "O", was set up in the structure of the ICPER. It was sub-
sequently renamed as the WG "Ecology"”, however, the WG "O" sign remained.

The WG O has prepared several publications see [1, 2, 7, 8, 9] on the assessment of the state of the Elbe River
ecosystem and on the components of its biocenoses (fish, macrozoobentos) in the course of the first 10 years of the
ICPER existence. The results of explorations and assessments of the hydromorphological situation were published
in the "Ecological study to protect and shape the water structures and bank zones of the Elbe" (1994) see [2], and
they clearly indicated that the overall situation is far from bad, especially on the German section of the River Elbe.
This was subsequently used to prepare the publication "The Elbe — a valuable jewel of Europe" published in 1995
(the 2nd edition in 1999), which disseminated these natural sceneries from the Elbe River basin to the public and
substantially increased the general interest for the Elbe River and its surroundings [7]. Thus, the proclamation of the
"Garden Empire in Dessau-Worlitz" as the protected area in November 2000, which was followed by its inclusion
at the World Heritage List as the part of the UNESCO biosphere reserve "Landscape of the River Labe" was no
surprise. The Czech section of the Elbe River is, in comparison with the situation in Germany, substantially heavily
technically adapted for navigation with many transverse constructions (weirs, locks), which represent the character
of the ,heavily modified water body". In spite of this, there has been designated National Park "Czech Switzerland"
in this part of the catchment in 2000. In addition, revitalization measures are ongoing along the watercourse, in
particular, the reconnection of back-waters and blind arms to the Elbe River flow.
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In 1995, the International Measuring Programme was adopted (it includes the standard number of 10 profiles along
the Elbe River and 5 profiles at tributaries), and data obtained by the unified methodologies were published annually
in reports up to 2011 [11, 12]. These results confirmed significant improvements of chemical parameters already
during the first 15 years of the ICPER activities and Tab. 1 contains the data on the decrease of concentrations of
several chemical indicators from the profile of Schnackenburg. Communities of aquatic organisms responded to this
positive development and number of species of selected groups of macrozoobentos increased from 52 identified in
1990 to 83 in the German section of the River Elbe. These findings start to approach the historical situation from the
beginning of this century (when there were found 114 species). A similar trend of the biodiversity of macrozoobentos
increase has been observed also in the River Elbe on the Czech territory.

The realization of two new fish ladders in Geesthacht weir (in 1998 and 2012) has opened the watercoarse of the
River Elbe for migration of anadromous fish species again upstream after many past years and, as the conse-
quence, the programme of "Salmon 2000" has been adopted. The fantastic return of salmons has occurred to the
Saxony section of the River Elbe already within 4 years after the completion of the first fish ladder [13]. In addition,
several catches of salmons were confirmed in the River Kamenice in 1998, too. The River Kamenice is the tributa-
ry of the Elbe River on the Czech territory and there were introduced juvenile specimens of salmons in it in 1994,
Total number of fish species in the Elbe River increased by 14 species in 1997 -98 as compared with the situation
in 1991-93. The interest and effort for improvement of fish migration represent the important continuous target in
the process of the achievement of the good ecological state. Compliance is rather slow as the planned numbers of
the new fish-ladders are not being constructed due to the high costs of realization and problems with the ownership
of existing weirs, which were built during the long term history of the industrial development along the River Elbe.
There were published several evaluations of the Elbe fish fauna in early ICPER activities of 90ties [6, 7, 8].

The fulfilment of targets of the ,Action Programme for the River Elbe“ was published gradually in reports at the
3-year intervals. Final report "The River Elbe is a living river again" (2010) has contained the achievement of the
main objectives of the work of the ICPER for the 20-year period and documented the substantial improvement of
the ecosystem quality of the River Elbe [15].

A significant change in the scope of monitoring started in the year 2000, when the Water Framework Directive
(2000/60/EC — “WFD”) was adopted [10], and its objectives have been gradually implemented in subsequent years.
The comprehensive and integrated assessment of aquatic ecosystems, requiring the significant expansion of the
methods and numbers of monitored parameters, led to the change of the content of the International Measurement
Programme. The number of chemical parameters has been steadily increasing due to the development of tech-
nologies of chemical analyses, which allow particularly determination of micropolutants. Similarly, the number of
biological characteristics has expanded to 9 parameters for detail knowledge of the biota composition of the water
ecosystem. The assessment of the status of water bodies has been carried out in the preparation and evaluation of
Plans for the International District of the Elbe River Basin accordance with WFD requirements.

The ICPER issued two comprehensive evaluations of the ecological status of the Elbe for the period 2006—2012
[16] and for the period 2013-2018 [17]. However, the presentation of biological analyses consist only of few para-
meters. Data on chlorophyll concentrations presented in both publications show high values at tributaries and a gra-
dual increase of concentrations along longitudinal profile the River Elbe, which indicate high nutrient concentrations
(namely phosphorus compounds) at monitored places. The evaluation of 2006—2012 presents data on bacterial
counts (numbers of the intestinal enterococci). The numbers of these bacteria exhibits gradually decrease in the
longitudinal profile of the River Elbe, the highest numbers were found in tributaries. The 2013-2018 evaluation
presents data on ichthyofauna. The fish fry (age category +0) was monitored in the Czech Republic and the fry of
13 species of fish has been caught in the border section of the River Elbe. The population of adult fish was sampled
at the German profile of the Rive Elbe at Wittenberge, and 35 species of the total 41 species listed as reference
population for the period 1995-2015 were found.

The evaluation of ecological status in Plans of the International District of the River Elbe Basin is subject to a uni-
form assessment procedure, in which the principle "one out — all out® is strictly used. Therefore, in case of failure
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of any individual monitored parameter at the given water body, the water body is presented as non-compliant. This
obviously causes an unfavourable view of any positive change/development in the evaluation the ecological state in
the course of time. The situation is valid not only for the evaluation at the individual water bodies, but it is influencing
the negative evaluation of the river basins in all EU Member States. The European Environmental Agency regularly
evaluates and publishes the ecological state of bodies in all member states, and as a result of the above mentioned
principle, the data on European waters represent very small positive change in improvement, and moreover, some-
times even decline from formerly achieved good status. The tightening of concentration limits for certain substances
of concern (e. g. micropolutants) and also missing the unified methodologies for assessment of biota (some me-
thods are still under development) are further causes of presented unsuccessful trends in the achievement of WFD
goals. Thus, the only small positive progress in the achievement of good ecological status of rivers (and all surface
water bodies) can be recognized in the latest report of the EEA on the situation of European waters [21] and the
decrease of amount of bodies "with unknown ratings" is presented there as the successful development.

The proposal of the 3rd Plan of the international district of the River Elbe basin states that 290 bodies of surface
waters are in good ecological condition, which means less than 10 % of the 3 933 designated water bodies. The
good chemical condition achieved 201 bodies, (i. €. 5 %). The declining proportion of water bodies achieving good
ecological status is evident from comparison with the data of the 2nd Plan (see Tab. 2). Even worse situation indi-
cate the data on the chemical state of the River Elbe, which is unsatisfactory in all German profiles, as the limit of
mercury concentration in the Ecological Quality Standard is exceeded. When this limit is not taken in account for
the assessment, the chemical statute indicates substantially better situation and this has been shown at the map
4.3.1 at the publication of the 2nd Plan [19]. This clearly shows that the situation in water bodies in the internati-
onal district of the River Elbe basin is not completely bad. Similarly, there are number of water bodies where the
biodiversity of communities of organisms is improving, which people involved in the monitoring of the River Elbe
confirmed. Unfortunately, these evaluations are not currently made and data contained in the Plans indicate the
decreasing numbers of water bodies exhibiting good status. The public and policy-makers have no information
about any positive changes of the River Elbe ecosystem, as the principle “one out — all out” completely covers the
real situation. The information is also missing if continuously implemented measures for reduction of stressors in
the River Elbe basins have positive effects on the evolution in designated water bodies. As a reaction to this situa-
tion, there is the recommendation in text of the proposal of the 3rd Plan [20] to evaluate individual components at
the particular water body and illustrate their time development for recognition changes, which may show positive
changes at least of some parameters.

There is even a question of whether an ad hoc group "ecology" should not be set up within the WG Water Frame-
work Directive of the ICPER for designing, coordination and preparation of a publication of more detailed assess-
ment describing continuous positive trend of the River Elbe ecosystem.

Tab. 1: Changes in concentration of selected substances in the profile of Labe — Schnackenburg (compared averages
from the two given years).

parameter (mg/l) BOD5 CoDCr NO3-N
2007- 8 3,0 22,8 BESH 0,12 0,13 30,7
1997- 8 4,2 30,4 4,28 0,43 0,24 52,7
change in % - 30 -25 -22 -72 -45 -42

Tab. 2: Comparison of the changes in the number of sites with the achievement of good ecological and chemical status
of surface running water in the Plans of the International District of the River Elbe Basin in the proposal of 2015

and evaluation in 2016 and proposal for the period after 2021 [18, 19, 20].

Number of water bodies |

Ecological state/potential |

Chemical state

2021 2027 2021 2027

2015 2021 2015 - 2015 -
plan reality plan plan reality plan
3933 3 886 359 574 290 189 481 494 201 132
100 % 100 % 9 % 14,6 % 7% 5% 12 % 12,6 % 5% 3%
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Die Elbe in den Zeiten des Klimawandels

Helge Wendenburg

Die Elbe gehort zu den groRen européischen Fliissen, deren Einzugsgebiete sich durch die Einwirkung des Menschen
zu intensiv genutzten Kulturlandschaften entwickelt haben. Nach Donau, Weichsel und Rhein ist sie der viertgrofite
Fluss in Mitteleuropa. Ihr Einzugsgebiet ist dabei durch eine der kleinsten mittleren Abflussspenden im Mitteleuropa
charakterisiert (5,75 I/s/km? im Zeitraum 1981-2010) [1]. Deshalb zeichnet sich das Elbegebiet auch durch ein hohes
reguliertes Wasserdargebot aus. Ende 2020 befanden sich im Einzugsgebiet der Elbe 315 Talsperren, Wasserspei-
cher und Hochwasserriickhaltebecken mit einem Stauraum ab 0,3 Mio. m® und Gesamtvolumen von ca. 4,2 Mrd. m?.

Aus den Beobachtungsergebnissen der klimatischen und hydrologischen KenngréfRen ist ersichtlich, dass es im
Einzugsgebiet der Elbe zu Veranderungen kommt. Die in den letzten Jahren verstarkt aufgetretenen Starkrege-
nereignisse und auch die seit mehreren Jahren deutlich Uber dem langjéhrigen Mittel liegenden Jahresmitteltem-
peraturen mit entsprechend weit verbreiteten Niedrigwassersituationen sind markante Erscheinungen des Klima-
wandels, die auch Einfluss auf die Handlungsfelder der Gewasserbewirtschaftung haben. Der zu beobachtende
Klimawandel fiihrt zu einer breiten Palette von Auswirkungen auf die Umwelt und die Gesellschaft. Er macht sich im
Einzugsgebiet der Elbe durchsteigende Lufttemperaturen und haufigeres Auftreten von Temperaturextremen, durch
erhohte Wassertemperaturen sowie durch einen Rickgang der Niederschlagsmengen im Sommer mit Zunahme
von Niedrigwasserperioden bemerkbar. Dies wird auch durch die Entwicklung der wasserwirtschaftlichen Situation
im Einzugsgebiet der Elbe in den letzten Jahren deutlich: Nach dem extremen Hochwasser im Jahr 2013 kam es
zu einer seit 2014 andauernden Niedrigwasserperiode. Aulerst trocken waren vor allem die Jahre 2015, 2018 und
2019, in denen regional sogar ganze Abschnitte kleinerer Flieligewasser trockengefallen sind.

Die Staaten im Einzugsgebiet der Elbe befassen sich auf der nationalen Ebene verstarkt mit den Auswirkungen
des Klimawandels und notwendigen Anpassungsstrategien. Diese Arbeiten basieren auf rechtlichen und fachlichen
Vorgaben auf verschiedenen Ebenen oder Empfehlungen der Europaischen Union, aber auch auf der faktischen
Notwendigkeit, sich diesen Entwicklungen zu stellen. Konkret kann man die nationalen Anpassungsstrategien an
den Klimawandel und die damit zusammenhangenden Aktionspléne auffiihren. Ebenso ist die Strategie der Euro-
paischen Union zur Anpassung an den Klimawandel von 2013 und ihre Aktualisierung von 2021 zu berlcksichtigen.
Zum Einfluss des Klimawandels auf die Gewasser wurden in den Staaten im Einzugsgebiet der Elbe auch zahlrei-
che, auf Klimaprojektionen basierende Studien und Forschungsprojekte durchgefiihrt.

Im Rahmen der IKSE wurden in vorigen Jahren gemeinsame Analysen von extremen hydrologischen Situationen

ausgearbeitet, die eine wertvolle Informationsquelle bei Beurteilung der Auswirkungen des Klimawandels im Ein-

zugsgebiet der Elbe sind:

. 2004: Dokumentation des Hochwassers vom August 2002 im Einzugsgebiet der Elbe

. 2007: Hydrologische Auswertung des Frihjahrshochwassers 2006 im Einzugsgebiet der Elbe

. 2012: Hydrologische Auswertung der Hochwasserereignisse im August und September 2010 im Einzugsge-
biet der Elbe

. 2012: Hydrologische Niedrigwasserkenngrofen der Elbe und bedeutender Nebenflisse

. 2014: Hydrologische Auswertung des Hochwassers vom Juni 2013 im Einzugsgebiet der Elbe

. 2017: Hydrologische Auswertung der Niedrigwassersituation 2015 im Einzugsgebiet der Elbe

Die Erkenntnisse und Ergebnisse der Arbeiten auf der internationalen und nationalen Ebene wurden bei der Be-
rucksichtigung der Auswirkungen des Klimawandels in den Entwirfen des Internationalen Bewirtschaftungsplans
Elbe [2] nach der EU-Wasserrahmenrichtlinie und des Internationalen Hochwasserrisikomanagementplans Elbe [3]
nach der EU-Hochwasserrisikomanagementrichtlinie fir den Zeitraum 2022-2027 verwendet. Allgemein ist fest-
zustellen, dass die Veranderungen der Wasserhaushaltsgrofen sowie der Wasserqualitdt gegenwartig zwar noch
nicht prazise vorhersagbar sind, nichtsdestotrotz die Auswirkungen des Klimawandels im Rahmen der Bewirtschaf-
tungsplanung angemessen berticksichtigt werden mussen.
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Da die mit dem Thema Klimawandel verbundenen wasserwirtschaftlichen Herausforderungen in den letzten Jahren
auch international zunehmend in den Fokus gertickt sind, wurden die Auswirkungen des Klimawandels (Niedrigwas-
ser, Wasserknappheit, hydrologische Extremereignisse und weitere Auswirkungen) als eine der wichtigen Wasser-
bewirtschaftungsfragen nach der Wasserrahmenrichtlinie auf der internationalen Ebene fir den Bewirtschaftungs-
zeitraum 2022-2027 aufgenommen. Auf der internationalen Ebene (IKSE) werden im Bewirtschaftungszeitraum

2022-2027 folgende Aktivitaten geplant:

. Prufung moglicher Belastungen und Auswirkungen des Klimawandels und der Wasserknappheit bei der Zu-
standsbewertung der Oberflachengewasser und des Grundwassers.

. Entsprechend der ,Messstrategie der IKSE* soll ein Internationales Sonderuntersuchungsprogramm fiir die
Beobachtung der Gewasserqualitat bei aulRergewohnlichen Gewassersituationen etabliert werden. Die Ergeb-
nisse und Informationen aus diesem Programm werden im Rahmen der IKSE ausgewertet und zur Beurteilung
der Auswirkungen des Klimawandels genutzt.

. Hydrologische Auswertung der verstarkt auftretenden Niedrigwassersituationen im Einzugsgebiet der Elbe
und Veroffentlichung entsprechender Berichte.

Im Rahmen der MalRnahmenplanung nach der Wasserrahmenrichtlinie kann man trotz groer Unsicherheiten tber
das Ausmalf? und die Auswirkungen des Klimawandels MaRnahmen und Handlungsoptionen identifizieren, die flr die
Stabilisierung und Verbesserung des Gewasserzustands niitzlich sind, unabhangig davon, wie das Klima in der Zukunft
beschaffen sein wird. Dies sind insbesondere wasserwirtschaftliche Anpassungsmal3nahmen, die die Bandbreiten der
Szenarien bertcksichtigen, flexibel und nachsteuerbar sowie robust und effizient sind. Neben der Planung von Mal3-
nahmen, die die Auswirkungen von Klimaanderungen auf die Wasserwirtschaft abmildern und die Resilienz der Ge-
wasser erhohen, sind auch die bisher ergriffenen MaRnahmen hinsichtlich ihrer Klimaanderungsrobustheit zu prifen.

Was die Fragen des Hochwasserrisikomanagements betrifft, ergab sich aus den vorliegenden Erkenntnissen zu den
zukunftigen Veranderungen extremer Hochwasserereignisse keine Notwendigkeit, den bisherigen Ansatz zu andern.
Zur Uberpriifung der Bewertung der Hochwasserrisiken fiir den Bewirtschaftungszeitraum 2022—2027 wurden daher
hydrologische BemessungsgroRen (die Werte der T-jahrlichen Abflisse) verwendet, die ahnlich wie im vorherigem
Zeitraum anhand einer statistischen Analyse der historischen Reihen der Hochwasserscheitelabflliisse abgeleitet wur-
den. Im Hinblick auf mégliche Auswirkungen des Klimawandels sollten bei der MaRnahmenplanung und -umsetzung
Mafnahmen bevorzugt werden, die eine ausreichende Erhéhung ihres Wirkungseffekts bei akzeptablen Kosten er-
moglichen. Infolge eines beschleunigten Meeresspiegelanstiegs ist zudem mit erhdhten hydrologischen Belastungen
und in der Folge mit einem hoéheren Unterhaltungs- und Anpassungsaufwand der Kiistenschutzanlagen zu rechnen.

Der Klimawandel und seine Folgen sind eine der groflen Herausforderungen der heutigen Zeit. Je nach regionaler
Auspragung muss ihm mit entsprechenden Anpassungsmafinahmen in den Bereichen Abwasserbeseitigung, Was-
serversorgung, Gewasserschutz (z B. im Hinblick auf die negative Beeinflussung der Biozénose durch eine anstei-
gende Wassertemperatur), Gewasserentwicklung und Hochwasserschutz begegnet werden. Das Einzugsgebiet
der Elbe mit seinem niedrigen spezifischen Abfluss und seinen grof3en deichgeschitzten Gebieten (in Deutschland)
ist im Hinblick auf den Klimawandel als empfindlich zu betrachten. Deshalb ist es in diesem Einzugsgebiet von be-
sonderer Bedeutung, die Auswirkungen des Klimawandels weiterhin zu beobachten und zu analysieren sowie sich
zu bemiihen, diese mit geeigneten MalRnahmen zu reduzieren oder zu vermeiden.
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Labe v €ase klimatické zmény

Helge Wendenburg

Labe patfi k vyznamnym evropskym tokim, jejichZ povodi se plsobenim ¢lovéka zménilo na intenzivné vyuzivanou
kulturni krajinu. Po Dunaiji, Visle a Ryné je ¢tvrtou nejvétsi fekou ve stfedni Evropé&. Jeho povodi je pfitom charak-
terizovano jednim z nejmensich prGmérnych specifickych odtokl ve stfedni Evropé

(5,75 l.s-1.km* za obdobi let 1981-2010) [1]. Proto se povodi Labe také vyznacuje velkymi regulovanymi zdroji
vody. Koncem roku 2020 se v povodi Labe nachazelo 315 vodnich dél s objemem nad 0,3 mil. m® o celkovém ob-
jemu cca 4,2 mid. m3.

Z vysledku pozorovani klimatickych a hydrologickych veli€in je zfejmé, ze v povodi Labe dochazi ke zménam.
Castgjsi vyskyt privalovych srazek v poslednich letech a také priimérné roéni teploty jiz nékolik let znaéné prevysuijici
dlouhodoby pramér s odpovidajicimi situacemi hydrologického sucha jsou markantnimi jevy klimatické zmény, které
maji také vliv na oblasti ¢innosti pfi nakladani s vodami. Pozorovana klimaticka zména vede k Siroké $kale dopadu
na zivotni prostfedi a na spole¢nost. Projevuje se v povodi Labe rostouci teplotou vzduchu a ¢astéjSim vyskytem te-
plotnich extrému, zvySenim teploty vody a snizenim letnich srazkovych uhrnd se zvySenym vyskytem hydrologické-
ho sucha. To doklada i vyvoj vodohospodaiské situace v povodi Labe v poslednich letech: Po extrémni povodni
v roce 2013 pfiSlo obdobi sucha, které trva od roku 2014. Vyrazné suché byly pfedevSim roky 2015, 2018 a 2019,
ve kterych dokonce regionalné vyschly celé useky mensSich vodnich tok.

Staty v povodi Labe se na narodni Urovni ve zvySené mife zabyvaji dopady klimatické zmény a potfebnymi
adaptaénimi strategiemi. Tyto prace vychazeji z legislativnich a odbornych pozadavk( na rGznych Urovnich
nebo doporuceni Evropské unie, ale i z faktické potfeby témto projeviim Celit. Konkrétné Ize napf. uvést narodni
adaptacni strategie na klimatickou zménu a souvisejici akéni plany. Rovnéz je tfeba zohlednit Strategii Evropské
unie pro pfizpUsobeni se zméné klimatu z roku 2013 a jeji aktualizaci v roce 2021. Ke vlivu zmény klimatu na vody
byly ve statech v povodi Labe také realizovany Cetné studie a vyzkumné projekty vychazejici z projekci vyvoje
klimatu.

V ramci MKOL byly v minulych letech vypracovany spolec¢né analyzy extrémnich hydrologickych situaci, které jsou
cennym zdrojem informaci pfi posuzovani dopadul klimatické zmény v povodi Labe:

. 2004: Dokumentace povodné v srpnu 2002 v povodi Labe

. 2007: Hydrologické vyhodnoceni povodné v povodi Labe na jafe 2006

. 2012: Hydrologické vyhodnoceni povodni v srpnu a zafi 2010 v povodi Labe

. 2012: Hydrologické charakteristiky malych pratokd na Labi a jeho vyznamnych pfitocich

. 2014 Hydrologické vyhodnoceni povodné v povodi Labe v ¢ervnu 2013

. 2017: Vyhodnoceni hydrologického sucha v povodi Labe v roce 2015

Znalosti a vysledky praci na narodni i mezinarodni Grovni byly vyuzity pfi zohlednéni dopadu klimatické zmény
v navrzich aktualizace ,Mezinarodniho planu oblasti povodi Labe“ [2] podle evropské Ramcové smérnice o vodach
a ,Mezinarodniho planu pro zvladani povodfiovych rizik v oblasti Labe“ [3] podle evropské Povodrové smérnice na
obdobi 2022-2027. Obecné Ize konstatovat, Ze zmény v parametrech vodniho reZimu a jakosti vody v sou€asné
dobé sice jesté nelze presné predpovidat, nicméné je pfi vodohospodaiském planovani nutné pfimérfené brat
v Uvahu dopady klimatické zmény.

JelikoZ se se na mezinarodni Urovni stale silné&ji dostavaly do popredi vodohospodariské vyzvy spojené s tématem
klimatické zmény (mj. minimalni ekologické pritoky, nedostatek vody, pFivalové srazky, zvySené teploty vody atd.),
byly pro planovaci obdobi 2022-2027 na mezinarodni Urovni mezi vyznamné problémy nakladani s vodami podle
Ramcové smérnice o vodach zafazeny také dopady klimatické zmény (sucho, nedostatek vody, extrémni hydrolo-
gické jevy a dal3i dopady). Na mezinarodni urovni (MKOL) budou v planovacim obdobi 2022—-2027 v souvislosti
s klimatickou zménou sledovany nasledujici aktivity:
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. Provéfeni moznych vlivli a dopadu klimatické zmény a nedostatku vody pfi hodnoceni stavu povrchovych a
podzemnich vod.

. V souladu se Strategii méfeni MKOL ma byt ustaven mezinarodni mimofadny program méfeni pro sledovani
jakosti vody v pfipadé mimoradnych hydrologickych situaci. Vysledky a informace z tohoto programu budou
v ramci MKOL vyhodnocovany a vyuzivany pro posouzeni dopadi klimatické zmény.

. Hydrologické vyhodnocovani ¢astéjSich obdobi sucha v povodi Labe a zvefejfiovani pfislusnych zprav.

V ramci planovani opatfeni podle Ramcové smérnice o vodach Ize i pfes velké nejistoty ohledné rozsahu a dopadi
klimatické zmény identifikovat opatfeni a moznosti, jez jsou uzite¢né pro stabilizaci a zlep$eni stavu vod, nezavisle
na tom, jaké klima bude v budoucnosti. Jsou to pfedevsim vodohospodarska adaptacni opatreni, jez zohledfuji ne-
jistoty scénar, jsou flexibilni, schopna dodate¢né reakce, robustni a efektivni. Kromé planovani novych opatfeni ke
zmirnéni dopadu klimatické zmény na vodni hospodarstvi a zvySeni odolnosti vod je nutno pfezkoumat dosavadni
opatfeni ohledné jejich robustnosti vic¢i zméné klimatu.

Co se tyka otazek zvladani povodriovych rizik v povodi Labe, z dostupnych poznatk( o budoucich zménach extrém-
nich povodni nevyplynula nutnost zmény dosavadniho pfistupu. Pro pfezkoumani hodnoceni povodfiovych rizik pro
planovaci obdobi 2022-2027 podle Povodriové smérnice proto byly pouzity navrhové hydrologické udaje (hodnoty
N-letych priitokl) odvozené obdobné jako v pfedchozim planovacim obdobi ze statistické analyzy historickych fad
kulminacnich pratok. S ohledem na mozné dopady klimatické zmény je tfeba pfi planovani a realizaci opatfeni
upfednostnit opatfeni, ktera v budoucnu za pfijatelnych nakladd umozniuji dostateéné zvysSeni jejich ucinného efek-
tu. V dusledku zrychleného vzestupu hladiny more je navic tfeba pocitat s vy§§im hydrologickym zatizenim a tedy
s vyS§§imi naroky na udrzbu a adaptaci objekt( pobfezni ochrany.

Zména klimatu a jeji dusledky jsou jednou z velkych vyzev dnedni doby. V zavislosti na regionalni situaci bude
zapotfebi na ni reagovat pfislusnymi adaptacnimi opatfenimi v oblastech likvidace odpadnich vod, zasobovani
vodou, ochrany vod (napf. s ohledem na negativni ovlivnéni biocenézy vlivem stoupajici teploty vody), vyvoje vod-
nich tokd a ochrany pfed povodnémi. Povodi Labe se svym nizkym specifickym odtokem a svymi velkymi tzemimi
chranénymi protipovodniovymi hrazemi (v Némecku) je tfeba s ohledem na klimatickou zménu povazovat za zrani-
telné. Proto je v tomto povodi zvlasté dilezité dopady klimatické zmény dale sledovat a analyzovat a snazit se tyto
dopady vhodnymi opatfenimi snizit nebo jim zamezit.

Literatura:

[1] Labe a jeho povodi, MKOL 2005

[2] Navrh aktualizace Mezinarodniho planu oblasti povodi Labe (¢ast A) na obdobi 2022-2027, MKOL 2021

[8] Navrh aktualizace Mezinarodniho planu pro zvladani povodriovych rizik v oblasti povodi Labe (¢ast A) na obdobi
2022-2027, MKOL 2020

Autor:

Wendenburg, Helge
Prezident MKOL v letech 2014—2016
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The International Commission for the Protection of the
Elbe River (ICPER) and Magdeburg Seminars on Water
Protection

Jifi Medek

The city of Magdeburg — the capital of the Elbe River. In 1988, the first Magdeburg Seminar on water protection in
the former GDR took place in Magdeburg. The organisers certainly had no idea that this initiative would give birth
to a major professional international conference that would continue for decades to come. A second event was
also held at local or national level in 1989 on nutrient issues. The same team of organisers from WWD Magdeburg
prepared the third sequel, to which for the first time a representative of Czech water managers was invited. Before
this seminar took place, however, a number of major historical events and changes took place between 1989 and
1990 — the Iron Curtain fell in Europe and on the Elbe, the borders were opened, Germany was reunified on 3
October 1990, and the regime in the former Czechoslovakia changed. The Agreement on the Establishment of the
International Commission for the Protection of the Elbe River (ICPER) between the Federal Republic of Germany,
the Czech and Slovak Federal Republics and the European Economic Community was signed in Magdeburg on
8 October 1990. This was probably the first international agreement signed by the reunified Germany and the first
agreement concluded between the Czech and Slovak Federal Republics and the European Community. Magde-

L Elbe-Konferenz 9?
g = M. qdeburg *

©

+Nehmen Sie es nicht iibel —~ aber was ist in dem Glas2"
Karikatur: Gottfried Scheffier

,Don't get me wrong — but what's in the glass?“
Fig. 1: Cartoon of the 3rd Magdeburg Seminar in 1990
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burg became the seat of the ICPER-Secretariat and the Secretariat staff was actively involved in the preparation
and conduct of the 3rd Magdeburg Seminar. This created a historical link between the International Commission for
the Protection of the Elbe River and the Magdeburg Seminars that continues to this day. The Magdeburg Seminar
suddenly transformed from a local event into a major expert conference, which, thanks to the first representative
of the Czech Elbe, had an international character. With about 170 participants, more than 30 lectures, more than
50 poster presentations, expert excursions and a rich social programme, the conference was well received by the
professional community and in the wider public and media too. Let me recall the period atmosphere with a cartoon
on the occasion of this conference. The organisers (M.Beyer, St.Petzold, A.Prange, R-D.Wilken and members of
the ICPER-Secretariat) did an excellent job and the participation was a great experience for all and an inspiration
for further work.

| dare to say that this 3th Magdeburg seminar in 1990 marked a major milestone in the protection of the Elbe River.
It brought mutual personal encounters and networking between people and experts as well as between institutions
and companies involved in the Elbe River issues. At the same time, it gave birth to the idea that the Elbe River is
our common river and that we will only be successful in protecting it if we do it together regardless of national and
provincial borders. ICPER and its expert groups must play an important role in this process. A future expert platform
should be the regularly organised Magdeburg Seminars, which will address current issues and challenges throug-
hout the international Elbe River basin. Looking back, it is pleasing to note that these ideas have indeed come to
fruition.

During the past 30 years 15 international conferences have been held, at which 1481 lectures and posters have
been presented (of which about 650 lectures), and the konference proceedings have a total of 4794 pages of text.
This is an impressive source of information and knowledge. During that time, of course, the seminars have under-
gone their own evolution and many changes. The venues have changed, 15 international editions have been held
in 12 different cities in the German and Czech part of the Elbe basin, from the source in the Giant Mountains to
the mouth of the North Sea in Cuxhaven. The atmosphere varied from the euphoria of the 90s (presence of im-
portant politicians, ministers, great media attention, rich accompanying programme) to a substantive professional
conferences. The scope and duration varied, moreover some seminars included monothematic pre-seminars. The
main themes changed, responding to professional and societal needs, changes in European legislation and cur-
rent situations. The format changed — separate seminars, a seminar as part of a special fair, an attempt to expand
to other river basins in Central and Eastern Europe, etc. However, the main values remained — high professional
level, friendly personal meetings of Czech and German experts (representatives of water management companies,
institutions, state administration, universities, research organizations,etc.) efforts to find common solutions and joint
projects. And all this with one main goal — to find the best solutions for the Elbe River, which is a natural axis of a
large international river basin with European significance and a natural link between countries, regions, cities and
people living along the Elbe. The symbiosis between the Magdeburg Seminars and the International Commission
for the Protection of the Elbe River has also remained, with the same people on the organising and programme
committees and among the speakers as in the expert groups and other activities of the ICPER. And this makes me
really happy as a participant of all the International Magdeburg Seminars.

In conclusion, let me express my conviction that the 19th Magdeburg Seminar, which will be held with a one-year
delay due to the Covid 19 pandemic in October 2021 in Dessau, will be a successful continuation of the tradition of
these seminars and that the 20th anniversary edition will also be held in the future.

Annex 1
Magdeburg Seminar on Water Protection — Overview of national and international conferences

1st 27 October 1988 Magdeburg
Water protection in the GDR
2nd 28 November 1989 Magdeburg

Tendencies and activities to reduce the nutrient load on water
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3rd 28-30 November 1990 Magdeburg
Pollution of the Elbe

4th 22-26 September 1992 Spindlerdv Mlyn
The situation on the Elbe

5th 1993 Magdeburg
Lakes after coal mining — risks and opportunities
6th 8-12 November 1994 Cuxhaven
The Elbe — a discrepancy between ecology and the economy?
6—8 November 1994 Cuxhaven  Pre-seminar
Status of trace substance analysis on the Elbe
7th 22-25 October 1996 Ceské Budéjovice
The Elbe ecosystem — state, development and use
20-22 October 1996 Ceské Budé&jovice  Pre-seminar
Water management information systems, Data management and river basin modeling
8th 20-23 October 1998 Karlovy Vary (Carlsbad)
Water protection and use in the Elbe river basin
9th 25-27 October 2000 Berlin
ICPER: 10 years of integrated water management in the river basin
10th 22—-26 October 2002 Spindlertv Miyn
The Elbe — new horizons of river basin management
11th 18-22 October 2004 Leipzig

Magdeburg Seminar on Waters in Central and Eastern Europe:
Assessment, Protection, Management

12th 10-13 October 2006 Cesky Krumlov
Water Framework Directive (WFD)
13th 7—10 October 2008 Magdeburg

A quarter of a century of change in the Elbe basin (on the Elbe), Climate change in the river landscape, Applied
research of lakes, Managemnt of watercourses, WFD
14th 4—-6 October 2010 Teplice
Impacts of climate change on the water regime, including adaptation measures, Lakes after coal mining and
their impact on the water regime of the landscape, River basin management focusing on hydromorphological
aspects
15th 10—11 October 2012 Hamburg
The Elbe river and its sediments
16th 18—-19 September 2014 Spindlertv Miyn
The status of water in the Elbe river basin — new challenges
17th 6—7 October 2016 Dresden
The Elbe and its streams influenced by the urban environment
18th 18—-19 October 2018 Praha (Prague)
Drought and water use requirements in the Elbe river basin
19th 7-8 October 2021 Dessau
Water revitalization and water regime in the Elbe river basin

Author:

Medek, Jifi

Povodi Labe, statni podnik, Hradec Kralové
medekj@pla.cz
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40 Jahre UNESCO-Biospharenreservat Mittelelbe

Guido Puhlmann

Einfuhrung

Biosphérenreservate sind seit fast 50 Jahren Teil des Programmes ,men and biosphere” der UNESCO. Sie sind als
weltweites Netz nach aktueller Definition Modellregionen der UNESCO fur nachhaltige Entwicklung.

Der ,Steckby-Lodderitzer Forst“ als Kerngebiet des heutigen Biospharenreservates ,Mittelelbe® (BRME) ist, neben
dem ,Vessertal“ im Thiringer Wald, das alteste deutsche BR. Es wurde bereits im Jahr 1979 von der UNESCO aner-
kannt. Dem folgten in den 80er Jahren verschiedene, jeweils von der UNESCO bestatigte Erweiterungen zum BRME.
1990 begann mit der Verordnung des BR ,Mittlere Elbe” mit ca. 43.000 Hektar im Rahmen des Nationalparkpro-
gramms der DDR, der Installierung einer BR-Verwaltung ein neues Kapitel in der Ausgestaltung des Reservates. Es
steht international reprasentativ fur grolraumige Flusslandschaften des Tieflandes in Mitteleuropa

Die UNESCO bestatigte 1997 die seit 1990 von mehreren Bundeslandern intensiv betriebene Erweiterung des Re-
servats zum landerubergreifenden BR ,Flusslandschaft Elbe” (BRFE) auf ca. 375.000 Hektar (ha). Auf das BRME

Mecklenburg-Vorpommern F 6
b - L o 1 7
A ) P

) F

Brandenbure

S

,} Blumenthal

(I:'J shrmubammrenirnen. Aus shis, Bl aniage
M@ unvwrsmeaen

m’ Ferellurg Baprs

P wrweaungsiansan

b

Abb. 1: Rdumliche Entwicklung des UNESCO-Biosphérenreservates und UNESCO-Welterbes an der Elbe
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in Sachsen-Anhalt entfallen dabei ca. 190.000 ha und 300 von 400 Flusskilometern der Elbe. Mit Erweiterung des
bis dahin bestehenden Reservates ,Mittlere Elbe“ wurde 1997, abgesehen vom sachsischen Elbelauf, der gesamte
Flussabschnitt Gber 400 Flusskilometer in ein finf Lander Uberspannendes Biosphéarenreservat (BR) eingebunden
— Sachsen-Anhalt (BR Mittelelbe), Niedersachsen (BR Niedersachsische Elbtalaue), Mecklenburg-Vorpommern
(BR Flusslandschaft Elbe — Mecklenburg-Vorpommern) und Brandenburg (BR Flusslandschaft Elbe — Branden-
burg) sowie Schleswig-Holstein (mit < 200 ha). Damit ist ein Verbund von nationalen Biospharenreservaten unter ei-
nem gemeinsamen international anerkannten Pradikat entstanden. Der vorliegende Beitrag berichtet kurz tber das
grofte, sich nahezu Uber 300 Flusskilometer erstreckende BR ,Mittelelbe” im Land Sachsen-Anhalt. Das BRME
ist hinsichtlich seiner Ausdehnung und GréRe im Management sowie der Gebietsbetreuung in der heutigen Grolle
eines der anspruchsvollsten europédischen Schutzgebiete. Die Elbauen im Reservat sind hinsichtlich der Naturaus-
stattung und der Qualitét sowie GroRraumigkeit des Okosystems mindestens in Deutschland einzigartig.
Hervorzuheben ist, dass im Jahr 2000 das Gartenreich Dessau-Worlitz auf ca. 14.300 ha als Weltkulturerbe von
der UNESCO anerkannt wurde. Die Kulturlandschaft ist beispielgebend fiir die historische Gestaltung und aktuelle
Pflege des Kulturerbes und fligt sich als harmonische Kulturlandschaft mit grolen Auenwaldern hervorragend in
das BR ein.

Die BR-Verwaltung erfuhr mit der flachigen Ausweitung des BR eine standige personelle und strukturelle Entwick-
lung. Waren 1991 nur finf Personen beschéftigt, erhdhte sich deren Anzahl einschlieRlich Naturwacht auf zwischen-
zeitlich 70 und bis heute auf ca. 50 Mitarbeiter. Neben der zentralen Verwaltung im ebenfalls zum Weltkulturerbe
gehdrenden Kapenschlésschen bei Oranienbaum-Woérlitz, bestehen Auflenstellen in Steckby, Arneburg, Havelberg
und Ferchels. Unweit der Verwaltung wurde im Rahmen der EXPO 2000 (EXPO-Projekt in der Korrespondenzre-
gion Bitterfeld-Dessau-Wittenberg) mit dem ,Auenhaus® das erste Informationszentrum aufgebaut, welches 2019
noch eine raumliche Erweiterung erfahren konnte. Das ,Haus der Flisse®, Natura-2000-Informationszentrum des
BRME, folgte im Rahmen der BUGA 2015 (Havelregion) in Havelberg. Infostellen befinden sich in Magdeburg, Ar-
neburg und Buch (NABU/ZONU).

Riickblick — Arbeitsschwerpunkte und Aktivitdten im Biospharenreservat

UNESCO-Biosphérenreservate missen nationale und internationale Kriterien der UNESCO erflllen, die regelma-
Rig alle 10 Jahre im Rahmen einer Evaluierung Uberpruft werden. Mit der Erweiterung des BRME von 1997 wurde
ein anderes Vorgehen als im kleineren BR Mittlere Elbe fir die Erfiillung der Kriterien notwendig. Die Zusammenar-
beit mit Partnern, wie bspw. aus Bundes-, Landes- und kommunalen Einrichtungen, Verbanden sowie Landnutzern
der Privatwirtschaft ist seitdem wesentlich umfangreicher und zum strategisch bedeutsamsten Arbeitsschwerpunkt
geworden.

Nahezu alle international, national und regional herausragenden ,Kultur- und Naturwerte® im Reservat sind abhan-
gig von den besonderen Wasserverhaltnissen in einer Uberflutbaren Flussaue mit dem Wechsel der Wasserfiihrung
und der auf groRer Flache wirkenden dynamisch-gestaltenden Kraft des flieRenden Wassers. Insofern war und ist
das Management des Wassers im Reservat der besondere Schwerpunkt der Arbeit. Neben der erfreulichen und
nachhaltigen Verbesserung der Gewassergiite aller Flisse im Reservat nach 1990, sind die typischen dynami-
schen hydromorphologischen Prozesse in der rezenten Aue sowie in der Elbe selbst, die abschnittsweise nur noch
20 % der ehemaligen Flache besitzt, teilweise und in ,schleichend zunehmendem MaRe* eingeschrankt.

Die Erweiterung der rezenten Aue einschliel3lich der Verbesserung und Wiederherstellung typischer Strukturen,
hydrologischer Bedingungen und dynamischer Prozesse im Fluss und in der Aue waren und sind deshalb eng
verbunden mit dem Arten- und Biotopschutz, der Regionalentwicklung sowie dem Gebietsmarketing und damit ein
wesentlicher Teil der Schutz- und Entwicklungsstrategie.

Die enge Zusammenarbeit mit den Schifffahrts- und Wasserbauinstitutionen des Bundes und des Landes zur In-
tegration von naturschutzfachlichen Zielstellungen bei verschiedenen Investitionsvorhaben und regelmafigen Un-
terhaltungsarbeiten wird intensiv gepflegt. Die Reservatsverwaltung koordiniert dabei fachlich nach der Erstellung
auch die Umsetzung des Sohlstabilisierungskonzeptes und des Gesamtkonzeptes Elbe. Sie vertritt dabei den Na-
turschutz der Elbeldnder in den entsprechenden nationalen und regionalen Gremien. Dies war in den nationalen
Gremien zur Erstellung des Nationalen Hochwasserschutzprogrammes nach den schweren Hochwasserereignis-
sen 2013 ebenso der Fall.

Daneben wurden und werden in eigener Verantwortung und gemeinsam mit Partnern wie dem WWF, NABU,
BUND, DBU, LHW, EUROPARC Deutschland (heute NNL e. V.), den WSA etc. eine Vielzahl von Naturschutzpro-
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jekten unterschiedlicher GrofRe mit dem Ziel der Verbesserung der Wasserverhaltnisse vorbereitet und umgesetzt.
So verfolgt die BR-Verwaltung seit 1990 die Erarbeitung von teilweise sehr groflflachigen und langandauernden
Naturschutzprojekten, die zunachst in Eigenregie und seit der letzten umfangreichen Erweiterung des Gebietes
gemeinsam mit verschiedenen starken Partnern entwickelt und umgesetzt werden. Ein erstes groes Projekt war
die Sanierung und Rekonstruktion des Uber 30 ha grof3en Altwassers Kiihnauer See bei Dessau mit besonderer
Unterstiitzung der ALLIANZ-Umweltstiftung. Gemeinsam mit dem WWF als Trager und mit spéaterer Unterstiitzung
durch den Landesbetrieb fur Hochwasserschutz und Wasserwirtschaft Sachsen-Anhalt (LHW) wurde von 2001
bis 2019 das zu 75 % vom Bund geférderte Naturschutzgrof3projekt ,Mittlere Elbe“ betrieben. Dieses Projekt von
gesamtstaatlich reprasentativer Bedeutung zielte auf die Entwicklung eines Verbundes echter tiberfluteter Auenwal-
der (mehr als 9.000 ha), aber vor allem auf die Riickverlegung des Lédderitzer Deiches zur Schaffung von 600 ha
neuem Retentionsraum mit flachigen Auenwaldbesténden.

Seit 1994 besteht in bewahrter enger Zusammenarbeit mit dem Landesbetrieb flir Hochwasserschutz und Wasser-
wirtschaft Sachsen-Anhalt (LHW) fir das Gesamtgebiet eine Konzeption fur Deichriickverlegungen, die mittlerweile
an mehreren Stellen, insbesondere nach den verheerenden Hochwasserereignissen 2002 und 2013, umgesetzt
wurden und werden. Daraus erwuchs das aktuelle wie zukunftsweisende Landesprogramm ,mehr Raum fir Flisse®.
An der unteren Havel wurde gemeinsam mit dem brandenburgischen Naturpark ,Westhavelland“ ein ebenfalls vom
Bund gefordertes Naturschutzgrof3projekt zur Renaturierung der Havel erarbeitet. Dieses wird seit 2005 gemein-
sam mit dem NABU-Bundesverband als Trager auf einer Flache von mehr als 16.000 ha umgesetzt. Dort stehen
fluss6kologische Aspekte im Mittelpunkt.

Seit nun 40 Jahren erfolgten im BR mehr als 20 Altwassersanierungen teils mit erheblichem Umfang, ein deutsch-
landweit wohl einmaliges Ergebnis. Dartiber hinaus sind die nun drei NaturschutzgroRprojekte sowohl in fachlicher
Qualitat als auch im Umfang in Europa einzigartig. In der Oranienbaumer Heide initiilerte und befasste sich die
BR-Verwaltung gemeinsam mit der Hochschule Anhalt, der Deutschen Bundesstiftung Umwelt und der Primigenius
gGmbH auf einer Flache von ca. 900 ha mit einem Projekt zur Etablierung einer halboffenen Weidelandschaft mit
Heckrindern und Konikpferden. Zahlreiche Auenwaldentwicklungs-, Flutrinnenmanagement- und Artenschutzpro-
jekte in verschiedener GroRRe, mit unterschiedlicher Finanzierung und verschiedenen Partnern waren und sind
sténdig in der Umsetzung.

Der Biber, einst bedroht, ist heute Sinnbild fur erfolgreichen Artenschutz. Durch Bejagung und Lebensraumverlust
war er Ende des 19. Jh. in Deutschland nahezu ausgestorben. An der mittleren Elbe tUberlebten wenige Individuen.
In den 1920er Jahren nahm der Biberschutz in Steckby unter Amtmann Behr seinen Anfang und begriindete eine
einzigartige Erfolgsgeschichte des Naturschutzes in Deutschland. Von den 1970er Jahren bis nach 2000 konnten
Elbebiber aus dem Biospharenreservat innerhalb Deutschlands und in mehreren europaischen Landern wieder
angesiedelt werden. Heute ist die Verwaltung des

BRME auch Biberkompetenzstelle des Landes Sachsen-Anhalt und kiimmert sich um den Schutz der Biber, die
Erfassung des Bestandes und um Konflikte zwischen Biber und Mensch.

Das BRME profitiert in enger Zusammenarbeit mit den zustéandigen Institutionen im Monitoring sowie in der Mal3-
nahmeplanung und -umsetzung maRgeblich von der Einfiihrung und Umsetzung von NATURA2000, der EU-Was-
serrahmenrichtlinie und EU-Hochwasserrisikomanagementrichtlinie.

Ausblick — Auswahl von Schwerpunkten

Die Entwicklung und das Management eines mit 300 Kilometer Lange sowie der Einbeziehung von fast zwei Drit-
teln aller Kreisstrukturen des Landes auf’ergewohnlich strukturierten Schutzgebietes erinnert eher an grof¥flachige
Staaten und ist eine in Deutschland bisher beispiellose Aufgabe. Hier kann, darf und muss in anderen Malstab-
sebenen als in den anderen Nationalen Naturlandschaften gedacht und gehandelt werden. Daraus erwachst die
Chance zur besseren Bewaltigung der auch vor Ort spirbaren Herausforderungen des Klimawandels und des
Artenschwundes. Wasser ist in der Landschaft knapp und wird zeitweise noch weniger als bisher zur Verfligung ste-
hen. Es muss in den Auen des Reservates und im gesamten Einzugsgebiet der Elbe zurlickgehalten und méglichst
naturlich gespeichert werden, wenn es da ist. Da die meisten gebietstypischen Lebensraume, Lebensraumtypen
und Habite der typische Tier- und Pflanzenarten im BRME sehr wasserabhangig sind, kommt den hydrologischen
Verhéltnissen, soweit man sie in einem BR beeinflussen kann, in Zeiten des Klima- und Nutzungswandels hdchste
Prioritat zu.
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Dies und der groRraumige Schutz der Natur, der typischen Lebensraume, der naturlichen Prozesse und der Arten-
vielfalt ist eine Kernkompetenz des BRME und steht dabei wie deren weitere Entwicklung in enger Zusammenarbeit
mit den im Reservat lebenden und arbeitenden Menschen im Mittelpunkt. Die Reservatsverwaltung versteht sich
dabei insbesondere im Management von Natur, Gebietswasserhaushalt und Landschaft als umsetzungsorientierte
Institution.

Zur Sicherung und Entwicklung der wasserabhangigen Arten- und Biotopvielfalt sowie zur Umsetzung von An-
passungsstrategien an den Klimawandel sollen weiter in bewahrter Weise und in Verknlpfung mit regionaler Ent-
wicklung, grofirdumige Projekte u. a. im Rahmen der Bundesprogramme Chance Natur, ,Biologische Vielfalt* und
.Blaues Band” entwickelt und mit verschiedenen Partnern umgesetzt werden. Die Erhaltung und Entwicklung Hart-
holzauenwalder, mehr als 80 % des Bestandes in Deutschland befindet sich im BRME, ist dabei besonders wichtig.

Mit dem Gesamtkonzept Elbe wurde durch die gemeinsame intensive Zusammenarbeit der Interessenvertretungen
der Umwelt- und Wirtschaftsseite mit den Verwaltungen des Bundes und der Lander ein gemeinsamer Handlungs-
rahmen flr die Entwicklung der Elbe in den kommenden 20 bis 30 Jahren definiert. Nun werden Malinahmen zur
Bekampfung der Erosion und zur Verbesserung der Schifffahrtsbedingungen sowie zur Erhaltung des wertvollen
Naturraums auf noch breiterer Basis als bisher in Angriff genommen.

Das Sohlstabilisierungskonzept Elbe, welches von einer Bund-Lander-AG unter direkter Mitwirkung der BR-Verwal-
tung als Vertreter Sachsen-Anhalts entwickelt wurde, bedarf prioritér zligiger Umsetzung. Die Uber die bisherige
Geschiebezugabe von bis zu mehr als 100.000 Tonnen pro Jahr hinausgehende aktive Einddammung der andau-
ernden Sohlerosion der Elbe zwischen Muhlberg und der Saalemindung ist fur den Bestand zentraler Werte des
Gartenreiches Dessau-Worlitz und des BR von entscheidender Bedeutung. Das BRME arbeitet weiter koordinie-
rend fur den Bereich Naturschutz der Elbelander in der Bund-Lander-Kommission und Gremien an der Umsetzung
dieser beiden abgestimmten Elbekonzepte.

Abb. 2: Touristische Schifffahrt auf der Elbe. Foto: G. Puhlmann
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Abb. 3: Riickbau von sehr massiven Uferbefestigungen an Elbe, Mulde und Havel schafft Biotope und l&sst natlirliche
dynamische Prozesse wieder zu, hier Uferriickbau im Rahmen des Bundesprogrammes Biologischen Vielfalt-
Projektes Wilde Mulde (Trdger WWF). Foto: G. Puhlmann

Zukinftig sollen in der Erosionsstrecke der Elbe mit dem Pilotprojekt ,Kldden“ zwischen der Ortschaft Pretzsch und
der Mindung der Schwarzen Elster Mallnahmen zur Sohlstabilisierung umgesetzt werden. Trager des Vorhabens
ist das Wasserstraen- und Schifffanrtsamt Elbe. Uber die sohlistabilisierenden MaRnahmen im Flussbett hinaus
wird im unmittelbaren Umfeld des Flusses das vom BRME initiierte und 2020 gestartete ,NaturschutzgroRprojekt
Mittelelbe—Schwarze Elster” in den kommenden Jahren umgesetzt. Trager des Naturschutzgroprojektes ist die
Heinz-Sielmann-Stiftung. Hauptaugenmerk dieses Projektes liegt auf der Vernetzung der Elbe mit ihrer Aue.

Die Fortsetzung guter Zusammenarbeit mit den Kommunen, den Landkreisen, den kreisfreien Stadten, Bewoh-
nern und Landnutzern, der Wasserstrallenverwaltung des Bundes, dem Landesverwaltungsamt (LVwA), dem
Landesbetrieb flir Hochwasserschutz und Wasserwirtschaft (LHW), dem Landesforstbetrieb (LFB), der Landwirt-
schaftsverwaltung, den regionalen Naturschutzorganisationen und nationalen Umweltverbanden, dem Nationale
Naturlandschaften e. V.(NNL), dem Bundesamt fir Naturschutz (BfN), dem Umweltbundesamt Dessau (UBA), den
Bundesanstalten fur Gewasserkunde und Wasserbau (BfG, BAW), Universitaten, Hochschulen, Forschungsinsti-
tutionen, den Naturschutzbehorden, Kirchen, Burgerinitiativen wie ,Pro Elbe®, Nutzerverbanden und zahlreichen
Akteuren aus Politik, Wirtschaft und Verwaltung ist weiter von besonderer Bedeutung.

Die BR-Verwaltung wird auf Grundlage des bestehenden Kooperationsvertrages die enge Zusammenarbeit mit
der KSDW im Gartenreich Dessau-Worlitz weiter gestalten. Gleiches gilt fiir die auch international sehr beachtete
Kooperation beider Institutionen mit den Stiftungen Bauhaus Dessau und Luthergedenkstatten Sachsen-Anhalt.

Entwicklungen sind notwendig fur die Ausweisung von weiteren Auenpfaden und fir die Organisation des Natur-
tourismus. Ausgewahlte, daflir geeignete Teile der naturnahen und natirlichen Dynamik Uberlassene Bereiche fih-
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ren bei riicksichtsvoller ErschlieRung zu bleibenden Naturerlebnissen und emotional hergeleiteten Uberzeugungen
zum Schutz der Natur.

Die im Rahmen eines vom BfN geférderten Projektes der Universitat Greifswald als Ergebnis einer Bevdlkerungs-
befragung 2011 ermittelte hohe Akzeptanz des BRME in der Bevdlkerung und bei kommunalen Entscheidungstra-
gern motiviert alle Akteure im BRME. Diese soll wie bisher durch vertrauensvollen Umgang und glaubwirdiges,
berechenbares Agieren immer wieder neu errungen und gefestigt werden. Letztlich soll auch damit das grolRe
BRME im Sinne der UNESCO-Strategie dazu beitragen, gern, besser, nachhaltiger und bewusster in, mit und von
der Elbelandschaft zu leben. Das gilt naturlich neben uns Menschen auch fur die typische Tier- und Pflanzenwelt
der Flussaue
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LVWA Landesverwaltungsamt

MAB Man and the Biosphere (Mensch und Biosphare)

MULE Ministerium fur Umwelt, Landwirtschaft und Energie des Landes Sachsen-Anhalt
NABU Naturschutzbund Deutschland

NGO Nongovernmental organisation (Nichtregierungsorganisation)
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The concept for river bed stabilization of the river Elbe —
the first building activity at the Erosion Reach

Elke Kiihne

1. Introduction

In a section of the river Elbe between Mihlberg and mouth of the river Saale (km 120 to 290,7) the riverbed suffers
from a steady degradation process for more than 100 years on average about one metre (up to max. 1.80 m). This
part of the river Elbe is called the Erosion Reach.

The increased erosion trends pose a threat to the stability of constructions, such as bridges and to the river regu-
lation structure. On the other hand, water level situation will be changed with progressive erosion. This reduction
involves to lowering of groundwater levels in the flood plains. As a result of this process this leads to a creeping
devaluation of the ecological system of River and flood plains, corresponding to a drop in habitats, animal and plant
species of the flood plains.

The causes of erosion are many like a deficit of bed load in the upper reaches of the river Elbe, the restriction of
discharge area by dykes and the regulation of the river bed and navigation channel.

To occur the progressive erosion, at first activity realized is to compensate for deficit of bed load by artificial bed load
supply since the mid-90s. In addition the Federal Waterways and Shipping Office designs several projects to modify
the river structures. The first one is the project Kidden.
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Fig. 1: Plan of the erosion reach of the river Elbe und the pilot project Kléden (WSV, 2009)
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The project Kléden is located in the river section between km 184 near Pretzsch-Mauken and km 198,5 near Elster.
There the groynes and bank protections will be adapted to the current state of hydrology with the view to minimize
the river bed erosion. The project planning is just finished and in the next years the planapproval procedure will be
taking place. Fig. 1 shows the erosion reach and the reach of Kiéden.

2. Content and implementation of the concept for river bed stabilization of the river Elbe

The concept for riverbed stabilization was developed in 2009 by the Waterways and Shipping Administration (WSV),
the Federal Waterways Engineering and Research Institute (BAW) and the Federal Institute of Hydology (BfG) in
cooperation with the federal states of Saxony and Saxony-Anhalt. The aim of the concept is to stabilize the average
elevation of the river bed by means of river engineering measures and bedload management measures. Based
on a description of the actual condition of the erosion reach, packages of measures were identified that have an
erosion-reducing effect while maintaining the existing navigation conditions and taking flood neutrality into account.
In addition, from an ecological point of view, the measures described aim to increase the structural development and
dynamics between the river and floodplain.

The measures include, for example, adjustments to river structures, the removal of bank elevations that have deve-
loped over time, the reactivation of flood channels and the reconnection of old branches. This relieves the river bed
and reduces the flow attack on the river bed during discharges above mean water.

The bed stabilization concept is the basis for planning and action for the WSV's maintenance measures in the
erosion reach. It is also part of the overall concept for the Elbe, which was drawn up in 2017 and confirmed by the
German Bundestag in 2018.

The measures are implemented depending on the respective sections characteristics along the river, such as erosi-
on intensity and the type of control structures affected. The packages of measures adapted to these characteristics
are intended to achieve an optimum effect in terms of erosion reduction. Three pilot sections were defined in the
concept. These are the sections Kléden, Wittenberg/L. and Coswig/A.

3. The Kloéden pilot project — current implementation status
In the Kldden section, the middle river bed has deepened by about 1.6 meters since the end of the 19th century.

o

Fig. 2: The Elbe with a view of the Klédener Bogen (aerial survey in May 2011 on behalf of WSA Dresden, photo
Andreas Hilger).
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The following objectives should be considered in the planning process:

. Maintaining or restoring the defined navigation conditions.

. stabilization of the mean bed heights while maintaining and promoting the morphological dynamics

. Equalization of the bedload transport with the result of the reduction of the bedload discharge quantities

. Consideration of the influence on the groundwater balance and the flood neutrality of the applied measures
as well as ecological requirements

. Stronger structuring and dynamization of the riverbed and the floodplain (allowing structure-forming proces-
ses, interconnection of river and floodplain).

This is to be implemented through the following packages of measures:

1. in the river bed:

. Regulating structures will be lowered by up to 0.7 meters to the current mean water level and the building
distance from the left to the right bank will be increased to 105 m.

. Local discontinuities will be eliminated — widen discharge area at Kléden curvature by excavation on inner
bank, make transitions from stretches with groynes to revetments more uniform.

. Groyne fields will be cleared to restore their function.

2. in the floodplain area:
. Old arms and side channels are reactivated. These measures can reduce the flow velocity in the river bed
and thus the load on the bed.

For the further planning process, the following work was commissioned and supervised by the WSA Dresden

(now WSA Elbe):

. Update of the digital terrain model oft he watercourse (DGM-W) for the project area incl. new flight of the
project area with recording of the shallow water areas (groyne fields) — handover DGM-W II. Quarter 2018,

. Determination of the fine sediment layers in the old waters 2011,

. Hydrogeological survey of the project area in 2012 and 2014,

. Preparation of the concept for the groundwater (GW) monitoring network and preparation of GW model
(2018) incl. establishment of 21 new GW monitoring sites and reactivation of 15 old GW monitoring sites
2018,

. Establishment of 6 OW monitoring sites in old water bodies 2017,

. Creation of a construction site network 2016.

The following studies were commissioned and carried out to assess the environmental impact of the pilot mea-

sure:

. Pollutant surveys in tributary waters and sampling in groyne fields 2011,

. Recording of biotopes and soil species in the project area in 2009, supplementary investigations in 2018
(hardwood floodplain), coordination of the update and supplementation of mapping with Saxony-Anhalt Sta-
te Office for the Environment in 2018,

. Recording of fish in the project area 2009,

. Fish monitoring in scours in the section from El-km 180 to 240 August 2019/21.

For data management, the project GIS is currently being converted to multi-user operation as WEB-GIS with the
participation of the Federal Information Technology Center (ITZ) and an IT company. This will create the basis for
project staff to be able to log on to the project GIS via an Internet application and view, download or change and
enter data in accordance with their user rights. This will eliminate the need for multiple data storage. In a second
step, the Internet application will also be used for public relations to make information about the project available
to the public.

As part of the further planning, the environmental planning was put out to tender in 2020. Currently, the surveys
of flora and fauna in the project area are being carried out.
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4. Outlook

The aim is to complete the technical planning by the end of 2021 and to compile the approval documents by the
second quarter of 2022. Due to the amendment of the Federal Waterways Act 2021 and thus changes in the scope
of tasks of the WSV, there may be revisions and additions to the technical planning.

Due to the complexity of the packages of measures, the following experience has been gained in the course of the

project to date:

. Extensive experience has been gained in theoretical preparation / technical discussions, which can also be
incorporated proportionally into maintenance measures.

. Creation of a large data pool that can also be used outside the project as more understanding of processes
and accuracies is gained.

. Expert broad discussion processes provide many ideas.

. Testing of new techniques generates synergy for further projects.

Based on the aforementioned evaluation of the planning process, it will be easier in the future to determine the
effort required for meaningful and moderate data collection for further projects; freely following the principle "not
everything that is possible is also necessary". Also, the project process chosen now is a template for subsequent
pilot projects, so that the planning process can be accelerated and faster implementation of measures will then be
possible.
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The Spree River in Bautzen — Conversion of an urban
watercourse to a near-natural river landscape

Stefan Jentsch

Bautzen is more than 1,000 years old. The town is characterized by its history, industry and architectural monu-
ments. From the 16th century, the hydropower of the Spree River was used industrially. Numerous transverse
structures were built and the watercourse was canalized by bank walls on both sides. The Spree River did not only
lose its ecological continuity, its natural dynamics were almost completely restricted as well. This condition prevailed
until modern times.

The flood of 2010 caused devastating destruction on the riverbanks in Bautzen’s old town. Unused buildings close to
the river as well as eroded weirs and old bank walls in poor structural condition were particularly affected. The State Re-
servoir Administration of Saxony promptly decided to repair the damage sustainably in accordance with the European
Water Framework Directive. It was both essential and demanding to upgrade the inner-city watercourse ecologically.

This measure is special for its complexity. Various water management requirements such as flood protection, crea-
tion of continuity, renaturation and fish protection had to be considered as well as aspects of recreation, nature
conversation, monument protection and the concerns of residents and land owners.

The project started in February of 2011. On a 1.5-kilometer section of the Spree River in Bautzen 89 different cases
of flood damage were reported. To date, about 770 meters of bank walls, two weirs, a sill and an industrial brownfield
site at the banks of the river have been removed.
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In July of 2012, planning for the deconstruction of embankment walls began. This first sub-project was part of the
flood damage repair. The data necessary for the planning had to be updated such as survey data and water level
calculations. For this watercourse section, a protection target corresponding to HQ 100 was defined.

s LA >

Fig. 2: Deconstruction of the bank wall below Protschenberg; above — before; below — after

By redisigning the banks and watercourse, near-natural structures were created. The uniform flow profile was
dissolved and the natural development of the watercourse and vegetation initiated. Construction work began in
mid-June of 2013, directly after another flood and in compliance with the closed season regulations for fish species.

Fig. 3: Deconstruction of the bank wall at Branntweingésschen; left — before; right — after
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To protect the historical building fabric vibration measurements had to be carried out throughout. The old narrow
alleys of the town made the work even more difficult. Not only were they difficult to access, but their load-bearing
capacity was also limited. Therefore, only vehicles with low cargo volume could be used.

All work was carried out from the riverbed. A construction road was built on
one half of the riverbed, allowing the mean water flow to be maintained. The
construction road was partly built on so-called big bags to avoid compacting

e N U the riverbed considerably.

: Structural elements such as gravel
banks, groynes, stone spurs and
sturgeon stones create a variance
in flows and depths, allowing new
habitats for animals and plants to
develop.

Fig. 5: Gravel bank with sunflowersr

While the first section was under
construction a second sub-project was being planned. The industrial was-
teland of an old cloth factory was to be deconstructed. The building was
an enormous hydraulic obstacle in the watercourse. About 1,200 m? of the
industrial complex stood in the drainage profile of the Spree River. In the
confined Spree Valley every space or retention area is needed to drain
floodwaters as is the two-way bridge “Schafenstegbriicke” characterized by
backwater during floods. Fig. 6: Industrial wasteland before

In addition, the structural condition of the old industrial building was questionable, having been washed out by the
2010 and 2013 floods. Demolition work began in June of 2014. Nearly 8,000 cubic meters of enclosed space with a
maximum height of 15 meters were demolished. About 7,500 tons of construction waste including hazardous mate-
rials were professionally disposed of.

Extensive hydraulic engineering work in this area began the following year. The newly designed section of the wa-
terway is located in a popular area of the old town of Bautzen, directly at a bicycle path. Many tourists and locals
use this place for recreation. That is why the stones of the dismantled industrial site were used to build seating steps
that are eleven meters wide and make the river accessible and recreational.

Fig. 7: left — demolition of the industrial wasteland; center — new embankment with seating steps; right — bank of the
Spree after deconstruction of the industrial wasteland

As part of a third sub-project three weirs at the river bend ,Spreebogen were dismantled, allowing the continuity
and the hydromorphological conditions of the river to be restored. Structural deficits according to the European
Water Framework Directive could be sustainably eliminated.

The State Reservoir Administration of Saxony decided on a rough open conduit. Several dilapidated and non-
functional bank walls were also removed. Stones for the new riverbanks were obtained from the deconstructed
bank walls and weirs. On the right bank, a maintenance path was laid out with gravel grass. This path was used for
transporting materials during the construction.
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Fig. 9: Deconstruction weir 2 — left before — right after

The construction was supervised by a fisheries expert. Two screw groynes
were to be installed to reduce the flow velocity of the Spree River. Significantly
reduced discharge values show that this measure has been very effective.
After installing the first screw groyne the flow velocity had already been signi-
ficantly reduced so that the installation of the second groyne could be passed.
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=

Fig. 10: Construction of the screw
groyne
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In Bautzen 1.50 kilometers of urban space were turned
into a near-natural river landscape with recreational va-
lue for people and a basis for the preservation and impro-
vement of habitats for animals and plants. We will moni-
tor the development of the Spree River in this section and
draw conclusions for further river restorations. Currently,
further redesign measures of the Spree River in the old
town area of Bautzen are being planned.

In 2019, the project was awarded the Water Development
Prize of the German Association for Water, Wastewater | j .
and Waste (DWA). Fig. 11: Deconstruction weir 3 — above before — below after

Stefan Jentsch (Betriebsleiter)
Landestalsperrenverwaltung des Freistaates Sachsen, Betrieb Spree/Neil3e
stefan.jentsch@ltv.sachsen.de
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Restoration of river arms within the scope of Povodi Labe,
state enterprise

Michal Vavra, Petr Ferbar, Darina Sitinova

1. Introduction

Old river arms are extremely valuable elements of landscape and serve as a sanctuary for many species of plants,
fungi and animals. From the water-management point of view river arms also serve as a water retention in lands-
cape. River arms disappear due to stream regulations, loss of active flow and ecological succession. In the regula-
ted parts of watercourses and floodplains, in the absence of natural dynamics, technical measures must be taken
to maintain and restore the ecological and water-management functions of river arms and pools. This is preceded
by high-quality biological surveys, together with a design for measures to restore degraded parts and to preserve
valuable parts. These measures may include, for example, restoration efforts in terms of connectivity between main
streams and river arms, restoration of river beds to its original state, sediment removal, creation of pools, restora-
tion of riparian stands, ensuring successful migration of water animals, special measures to support rare species
of organisms or solution to biological invasions. Essential aspects in the selection of sites for revitalization of river
arms are also solvable property-legal relations, technical feasibility of an intervention and funding source choice.

2. Restoration of river arms and oxbows of the Elbe River and other watercourses

Management interventions strengthen and restore the ecological and water-management functions of river arms
and pools in the context of the Elbe river floodplain. Water retention ability of the floodplain can be restored by the
creation of nature-friendly measures such as the restoration of river arms or oxbows, restoration of the original ri-
verbeds, creation of nature-friendly lateral riverbeds or creation of pools.

Fig. 1: Places of restoration activities of Povodi Labe, state enterprise
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Project realization is preceded by the collection of input data, their processing and evaluation. It is necessary to
choose a suitable methodology for revitalization solutions with the possibility of processing a variant solution. The
findings and conclusions of biological surveys are one of the basic starting points in designing, assessing and plan-
ning the dates of the entire revitalization intervention. The aim of revitalization should be to support stable landscape
elements.

Due to the fact that the Elbe River has nowadays in the significant length the character of a canalized course, the
only solution for maintaining the species diversity of degraded aquatic and wetland habitats is the ecological resto-
ration of river arms or individual oxbow lakes or their complex in the form of wetland restoration. The disturbed river
continuum together with the current land — use do not allow forming of new oxbow lakes of the Elbe, and therefore
comprehensive wetland restoration and optimization of the water regime of associated tributaries of this fluvial Elbe
landscape is a way to preserve the natural values of these valuable wetlands.

3. Selection of sites to revitalization

When selecting suitable river arms for revitalization activities, the following criteria must be taken into account:
biodiversity of the area, presence of biological invasions, stage of ecological succession, type of sediment and its
regime, character and condition of riparian vegetation, hydromorphological characteristics of watercourse and its
floodplain, flood protection, solvable property relations and presence of migration barriers.

L AR =

Fig. 2: Restoration of river arm Orlice called Jordan near Tynisté nad Orlici, January 2021

Primarily are chosen river arms or oxbows, which are located in specially protected areas, which provide refuge to
rare species of organisms, whose populations will benefit from restoration activities, such as habitat restoration or
increasing habitat diversification.

River arms and pools are often invaded by alien species. Plant invasions have a massive negative impact on eco-
systems. In the riparian vegetation of the Elbe River basin, we most often encounter black locust (Robinia pseudo-
acacia), box elder (Acer negundo) and non-native poplar species — such as plantings of Canadian poplar (Populus
x canadensis). Important invasive herbs include Japanese knotweed (Reynoutria japonica), Himalayan balsam
(Impatiens glandulifera), small balsam (Impatiens parviflora), goldenrods

(Solidago sp.) mostly native to North America, wild cucumber (Echinocystis lobata) and Jerusalem artichoke (Heli-
anthus tuberosus). Through appropriate intervention populations of native species of plants, fungi and animals are
supported.
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Restoration interventions are planned in localities that are in late-succession stages with a large amount of sedi-
ments. We prefer to select river arms or oxbows on regulated watercourses or their parts, where it is impossible to
create new river arms naturally. We are restoring river arms owned by Povodi Labe, state enterprise. These arms
are the simplest for discussing and the actual implementation of the restoration plan. Property relations are often
the cause of the failure of stream restoration, so we direct our activities in this way.

When solving the restoration of river arms, we pay attention to migratory routes for fish and other migrating aquatic
organisms. Migratory obstacles to the movements of fish and other aquatic organisms are mainly transverse struc-
tures, dams and places with insufficient depth of the water column.

From an environmental point of view, the restoration of river arms has the highest priority in areas with valuable
habitats and landscape, and also in the basic framework of the ecological network TSES.

To ensure the highest possible level of species richness of a certain locality, it is appropriate to help create the most
diversified habitat and to support the variability of successional stages.

Planning restoration activities at the site of a specially protected area need appropriate approach, the management
plan for the specially protected area must be followed and all interventions should be consulted with the locally
competent nature conservation authority. Natura 2000 is a network of protected areas covering Europe's most valu-
able and threatened species and habitats. Aquatic and wetland ecosystems are among the most endangered, due
to their importance, these places are declared as The Sites of Community Importance (SCI) or Special Protection
Areas (SPA) selected for protect of valuable birds.

Deadwood is an important component for the preservation of the species diversity of the river environment. It is an
environment for saproxylic organisms. Saproxylic organisms are species that are at least at some stage of their life
cycle dependent on dead and decaying wood to varying degrees of decomposition. These are, for example, sap-
roxylic insects or fungi. We can support these organisms by leaving deadwood on the site, by leaving fallen trunks
in the water (where it is possible), by proper care of old hollow trees or by making the proper trees to living or dead
torsos. Trees with cavities are also excavated by bird species or bats.

Fig. 3: Restoration of river arm Opocinek as a part of Elbe River near Pardubice city
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The creation of pools along rivers is an essential tool for the protection of amphibians. Newly created pools are
important as new sites for colonization of amphibians, for strengthening their local populations and for maintaining
the metapopulation structure of amphibians in the area.

Among the most endangered habitats are those where the initial stages of succession are formed. These are sand
and gravel deposits, sands or newly created bodies of water. Restoration plans can be prepared to support these
particular habitats. Although these habitats are ephemeral in nature, they are very important for the conservation of
species diversity.

Restoration of river arms can also help to realize a rescue programme. An example of this is the restoration of the
river arm of the Orlice River in MalSova Lhota near Hradec Kralové, where the last original population of the aquatic
vascular plant of long-stalked pondweed (Potamogeton praelongus) exists.

The selection of restoration sites is based on approved The Upper and Middle Elbe River Basin District Plan

and national part of the Elbe River Basin, where measures to improve status (potential) of the surface water bodies
are included, measures are also in line with objectives from International Management Plan for the Elbe River Basin
District. Restoration of river arms is one of the measures to preserve or improve the ecological status (potential) of
the important localities.

4. Examples of completed restoration projects

In 2012 Povodi Labe, state enterprise successfully completed the restoration of the left river arm at Kmoch Island in
Kolin. In 2013 the restoration of oxbow lake of the Jizera River in Nudvojovice near Turnov city was completed. In
2015 the restoration of the river arm Polabiny in the inner part of Pardubice city was successfully completed.

In 2019 Povodi Labe, state enterprise completed the restoration of river arm Orlice River near Hradec Kralové city,
where is situated the last original locality of critically endangered long-stalked pondweed (Potamogeton praelongus)
in the Czech Republic.

In 2021 were finished restoration projects of river arm Jordan (Fig. 2) as a part of Orlice River near Tynisté nad
Orlici city and also of river arm Opocinek (Fig. 3) as a part of Elbe River near Pardubice city. Localities were in late-
succession stage with a large amount of sediments and degraded habitats. Biological surveys have showed that
these restoration projects helped to protect nature and landscape values of Elbe River floodplain and its tributaries.

5. Conclusion

The benefits of restoring river arms or oxbows are many, restoration of river arms is essential for maintaining bio-
diversity, preserving landscape structures and improving the ecological functions of the floodplains. Restoration of
river arms is currently one of the priority green activities for the Povodi Labe, state enterprise.

Authors:
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Effects of small-scale river restoration measures focused
on hydromorphology and water quality

Milada Matouskova, Zdenék Kliment, Miroslav Sobr, Jana Hujslova, Katerina Fraindova,
Miroslav Jonas

1. Introduction

The hypothesis of our research is that the applied restoration measures will bring improved conditions from the
hydromorphological, hydrochemical and hydrobiological status of streams. In many cases, one of the drawbacks
is the missing evaluation of the initial status of the explored river reach before restoration, which is quite of crucial
importance for the purpose of comparative analysis and assessment of the applied measures. To assess the resto-
ration effect, comparison to another reference locality of a similar stream type is necessary where the initial status
of the water body is not available. Our study presents ecohydrological survey of a restored streams of Svifiovicky
and Bouflivec Streams in the Elbe River catchment.

2. Data sources and the applied methods

The restored channels were hydromorphologically assessed using the method EcoRivHab [1] and HEM method [2].
The characteristics of the channel of the brook, riparian belt and flood plain were mapped during the field survey. Hy-
drometeorological data series of the Czech Hydrometeorological Institutes were used and also data from automatic
gauging stations of the Charles University or hydrometric measurement using flow tracker was applied. At the same
time, the quality of the surface water was monitored with respect to hydrochemical parameters. The samples were
classified based on the following indicators: temperature, dissolved O,, dissolved and undissolved substances, pH,
conductivity, N-NH,, N-NO,, N-NO,, CI, Fe, Mn, Ca, P-PO, and total phosphorus. Hydrobiological survey was based
on macroinvertebrates sampling.

3. Study areas
Both case study catchments are located in the Czech part of the Elbe River basin. The area includes the basins
of Svinovicky Stream (Fig. 1) in the upper Blanice River catchment in Southern Bohemia and Bourlivec stream in

s

Fig. 1 Channel of the restored Sviriovicky Stream
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the Eger River catchment in the North-western part of Bohemia. Because of the abbreviated abstract, results are
presented only for the Svinovicky Stream.

4. Results

4.1 Development Stream Modifications

The analysis of maps of the past 160 years revealed changes to the position of the Svinovicky Brook bed. The
position of the stream saw almost no changes until the 50ies of the 20th century. The original bed showed natural
characteristics with mild folding meanders. In the 70ies, the bed was straightened and concreted during amelioration
modifications to create a uniform trapezoidal profile with the slope inclination of 1:1.5. In the lower part of the stream,
the original bed was replaced with a new, straightened concreted bed, and its mouth to Zbytinsky Brook was shifted
about 290 m along the stream from the urban area of Zbytiny. However, the modified channel course became redu-
ced by 18.7 % compared to 1843. In the spring of 2005, the middle and lower course of the Svinovicky Brook was
restored along, approx. in the length of 1.1 km. The concreted fortification of the bed was removed, but its position of
the course was largely preserved. The old bed was released in this segment and covered up with soil after the place-
ment of the drainage pipelines. Stone thresholds (up to 30 cm of height) were placed in the restored bed, and alluvial
bank vegetation was planted. The upper course of the channel remained fortified with concrete blocks of the 70ies.
The immediate effect of restoration on the channel course of Svinovicky Brook was very low. The stream was ex-
tended by about 30 m through its release and formation of meanders, thus approximately by 2.7 % compared to the
length in 1982. However, the overall length of channel course was reduced by 224 m, i.e. 16.5 % compared to 1843.

4.2 Fluvial Dynamics Monitoring

During the first year after the restoration in the spring of 2005, mild up to moderate deepening (up to 20 cm) associ-
ated with broadening of the profiles at the bottom of the bed (up to 20 cm at the maximum) predominated along the
whole length of the freshly disintegrated bed. Important rainfall-runoff events in the summer of 2006, with the highest
water level measured so far of 589 mm on July 12, 2006, started intensive erosion and accumulation processes. Si-
gnificant erosion of the bed was manifested predominantly in the upper part of the monitored reach where the area
of the flow profile of the bed increased up to three times. The instable bed deepened at places by additional more
than 30 cm. The lateral erosion at some sectional banks reached 60 cm — 100 cm (See Fig. 2, 3). On the contrary,
some reaches were clogged with a sediment layer thick up to 30 cm and thus reached the level of the spring of 2005
or even higher. Alternating erosion and accumulation reaches were formed in the longitudinal profile of the stream
whose layout has remained until today. At the end of 2007, the largest bank scours in a part of restored bed above
the road bridge were stabilized using quarry stones. The whole river profile of the bed was adapted at several places
to form a regular trapezoidal shape. The lower segment of the bed was then left for spontaneous development.
The surveys from 2010 including the last one in the spring of 2020 showed no significant fluvial-morphological
changes of the bed. Some significant rainfall-runoff events occurred e.g. in 2009, 2013, 2021, which confirmed that
a certain stability of the bed had been achieved. The banks in scoured reaches continue retreating in the lower
course of the stream. However, the collapsed banks of the bed prevent further scouring of the bed banks. New tiny
manifestations of depth erosion and subsequent accumulation can be seen especially at the beginning and end
of transportation reaches. Together with stabilization of active shelves and banks by vegetation cover, the width of
the bed bottom keeps narrowing gradually, which supports further deepening of the bed. The overall flow capacity
of the bed does not change much and keeps rather declining slightly compared to the maximum situation after the
flood in the summer of 2006.

4.3 Hydromorphological Survey

The overall hydromorphological condition of the water body after the restoration can be classified as being in the
2nd hydromorphological class (HC), which means that it is near natural, affected only mildly by anthropogenic acti-
vity. The 1st HC has not been achieved mainly because of altered runoff (the influence of the subsurface drainage
and the alterations left on the upper course of the brook), banks in some reaches reverted by scattering quarried
stone, lower diversity of microhabitats and absence of group vegetation of potentially natural variety in the riparian
belt. The restorations carried out have concentrated on the channel release and planting bank vegetation which was
previously planted mainly in line along the banks. However, due to the instability of the banks, some planted trees
have died. Unstable banks at the upper and middle course were later stabilized artificially. The restoration did not
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Fig. 2: Fluvio-morphological changes of cross-section profiles of the Sviriovicky Brook

include planting the riparian belt in the wider surrounding of the channel. Bank and riparian vegetation have been
restored thanks to natural succession and raids from surrounding areas. The 4th EC was recorded in only one as-
sessed section (in SVI011). This is a section where the brook flows through the bridge culvert under the road 11/165
Prachatice-Zbytiny. The alteration carried out affects the low diversity of hydromorphological mesostructures and
microstructures in the given reach and in the adjacent reaches. The character of the habitat of the originally modified
channel can be classified as 3rd HC, which means a medium level of anthropogenic influence. The channel zone of
the brook received the worst evaluation due to the concrete fortification of the banks and stream bed, low diversity
of channel depth and width, and low diversity of microhabitats. It scored mainly 3rd and 4th HC. The fortification car-
ried out is broken in some reaches and the banks are unstable. The existing riparian belt has, above all, a positive
influence on the evaluation of the character of the whole habitat of the brook.

As part of the ecohydrological survey, the rates of flows were also measured in the restored sections SVI001, SVI
005, SVI010 and in the modified section SVI032. The fastest flows were recorded in the fortified section. They were
between  and 'z higher.

4.4 Hydrochemical and Hydrobiological Condition of Water Quality

The quality of water in Sviflovicky Brook ranges between quality classes | and |l based on classification of indivi-
dual indicators using the Czech National Standard CSN727521, while CODMn is the only one that corresponds to
quality class V-V, and total phosphorus to quality class Ill. Contamination of the restored stream is also caused by
agricultural activities, specifically by cattle breeding in adjacent pasture areas and blanket drainage of the surroun-
ding areas. Compared to the reference localities, the restored stream differs only in slightly higher concentrations
of N-NO3 and total phosphorus. The undertaken restoration measures thus have not had any positive effect yet on
surface water quality in Sviflovicky Brook.

Based on quality evaluation using the family-level biotic index (FBI) [4], “very good” water quality results, as well,
with possible mild organic contamination (biotic index values 3.59 and 3.73). These results clearly show that mac-
roinvertebrates have responded very well to the change of the physical habitat in the restored locality in first years
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after the restoration, evidenced by the finding of a representative of Cordulogaester boltoni (Odonata). Taxons of
the dipterous order dominate in Sviflovicky Brook, namely 25 % (the families Chironomidae and Simuliidae) and
stone flies, also 25 % with the family Nemouridae (See Fig. 10). More considerable representation is also shown by
the family Gammaridae of the scud order, 20 %, and mayfly order, 15 %. Caddisfly groups are less numerous, 5 %.

Depth variability
I N N B
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SVI007
5vi008
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3V91017
5VI018

SVIo1
SVI1012

Fig. 3 Depth variability of the restored channel

5 Conclusion

The restoration result can be positive evaluated from the point of view of the instant increase in the habitat diversity
and morphological variability but from the other side negatively because of relative high erosion and accumulation
processes. These morphological adjustments potentially decrease the possibilities of assessing the short-term ef-
fects of the restoration. The assessment of the restoration effect is also limited due to the lack of data before the
restoration. However, time and space are the essential limiting factors of the success of restoration measures.
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Assessment of the Evolution of the Revitalisation of
Watercourses through the Macrozoobenthos Biological
Component

Lubos Zeleny, Libuse BaresSova

1. Introduction

The assessment of watercourses according to their macrozoobenthos community derives from the requirements
of the European Water Framework Directive, which, inter alia, aims to establish a uniform methodology for asses-
sing the ecological status of watercourses while defining their target status. To improve the ecological status, the
Povodi Vitava State-Owned Enterprise implemented Stage 1 of the revitalisation of the Stropnice River below Nové
Hrady (partial basin of the MalSe River) in 2012—-2014 and, in 2015, the revitalisation of the Lodénice River near
Nenacdovice in the partial basin of the Berounka River. The paper shall focus on the assessment of the ecological
status of the macrozoobenthos biological component at a revitalisation site or in its vicinity and its comparison with
a reference status, defined on the basis of the prediction of natural communities for the corresponding territories. At
the same time, it will try to assess the benefits of watercourses revitalisation to biological components.

2. Methodology

Macrozoobenthos samples were collected and processed by the staff of the water management laboratories of

Povodi Vitavy in Pilsen and Ceské Budejovice through the PERLA method, which was approved by the Ministry of

Environment as a method binding for surface water monitoring programmes [1]. It is a standard method of three-

minute semi-quantitative multi-habitat sampling for fordable courses using a manual bentos net in the spring and

autumn sampling seasons.

The lists of species and their abundances identified at the individual sites was produced in the quality database

of the Povodi Vitava State-Owned Enterprise and assessed according to the valid methodology for assessing the

ecological status of macrozoobenthos for the Water Framework Directive [2]. The macrozoobenthos assessment is
based on a multimetric index comprising six to seven biological metrics per the course type from the following list:

. Percentages of individuals (EPT Abu, Jep Abu, Pos Abu) and the total number of taxons (EPT Tax) in the
groups of mayflies, scabies, and caddis flies, and the number of midge taxons,

. Total number of families in the sample,

. Margalef’s diversity index,

. Czech saprobic index,

. Percentage of the individuals of the species preferring gravel and stone substrate, epiritral (watercourse sec-
tions of large gradients, very coarse bottom substrate and significantly prevailing turbulent flow), metaritral
(shallow courses whose flow line depth does not exceed 1 m and where the rapid flow sections prevail), and/
or hyporitral (deeper foothill courses),

. RETI index (proportional representation of food strategies),

. And for the autumn samples, proportional representation of the food strategy of grazers and scrapers.

The B index from the prediction model is added to the multimetric index in every type. The prediction model allows

to predict the composition of the macrozoobenthos community composition at specific locations based on seven

environmental variables. The B index is then obtained by a subsequent comparison of the predicted community (so-
called reference community, located on the site under natural conditions) and the assessed site.

The multimetric index or EQR (Ecological Quality Ratio) features values from zero (destroyed condition) to one

(very good condition), the individual ecological status classes have the limit of 0.8 (for very good condition), 0.6 (for

good condition), 0.4 (for damaged condition), and 0.2 (for destroyed condition).

3. Lodénice River near Nenacovice

The revitalisation of the Lodénice River took place in the cadastral area of the NenacCovice Municipality in the
Beroun region at locations where, in the 1970s, the course got directionally straightened and reinforced with lath
fences [3]. Due to inappropriate adjustments, the riverbed was significantly deepened, its riparian vegetation was
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exposed, and sediment was transported to the urban area of the Nenacovice Municipality. After ten long years of
preparations, building works started in February 2015. The original technically modified riverbed was backfilled, the
revitalisation created a new one, meandering with a number of accompanying ponds, shuts, and fords. The total
length of the revitalisation is 1.84 km with the width of the new riverbed 20 m (the original riverbed was 6-8 metres
wide). Nearly 10,000 pieces of woody plants were planted in the newly created riverbed of the Lodénice River [4].

Fig. 1: The Lodénice River before the revitalisation (left) and after the revitalisation in 2015 (right)

4. Stropnice River

The revitalisation of the Stropnice River was carried out in the cadastral area of the Stiptori and Byriov Municipali-
ties in Southern Bohemia in places where capacity regulation was carried out in the 1980s on six kilometres of the
original riverbed [3]. The trapezoidal riverbed was fortified with semi-vegetative concrete blocks, and quarried stone
paving was intended to facilitate agricultural activities on the adjacent meadows; however, this solution reduced the
flood protection level of the area located downstream. The revitalisation construction works started in the Stropnice
River in September 2012. The original regulated riverbed was abolished, and a new one was created with meanders
and several ponds separated from the original riverbed and the possibility of spilling large amounts of water on the
surrounding lands [5]. The total length of the revitalisation is 4.2 km; it was completed in 2014. Stage Il of the revi-
talisation of the Stropnice River is included in the plans of the partial basin of the Horni Vitava River and depends
on the execution of land improvements and settlement of property relations.
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Fig. 2: The Stropnice River before its revitalisation (left) and after the revitalisation in 2014 (right)

5. Comparison of the Lodénice and Stropnice Rivers per the EQR index

The macrozoobenthos samples were taken in the longitudinal profile of the Lodénice River (Bezdékov — 2012, 2014, and
2020, Nenacovice — 2018, 2019, and 2020 and, Hostim — 2006, 2008, 2011, 2014, and 2018) and the Stropnice River
(Udoli u Novych Hradd — 2012 and 2014, Nové Hrady below the water-treatment facility — 2016 and 2017, Stiptori revi-
talisation start — 2016, 2017, 2019, and 2020, Stiptofi revitalisation end — 2016, 2017, 2019, and 2020, and Pasinovice
— 2006, 2007, 2009, 2010, 2014, and 2010) from the upper stream towards the mouth into a higher order course.
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The resulting EQR index of the monitored profiles is expressed separately for the spring and autumn seasons, as
the average of the EQRSs in the relevant sampling years. The averages were selected because the results from the
individual years, for the time being, do not feature any significant positive trends.

The upper stream of the Lodénice River is significantly influenced by a set of ponds (the largest is the Turyrisky
Pond with the area of 51 ha). The issue is also higher population density, insufficient waste water treatment, and
greater proportion of arable land susceptible to erosion. The result is a long-term damaged condition in the Dolni
Bezdékov profile (r. km 32.2). As a result of the stream's self-cleaning capacity, greater forestation percentage, and
probably even the partial revitalisation of the stream, the opening profiles of Nenacovice (r. km 13.6) and closing
Hostim profile are on the medium ecological condition scale, and slowly approach the limit value of 0.6 (good ecolo-
gical condition) [Fig. 3]. The worse condition of the autumn samples at the Dolni Bezdékov locality may result from
the low summer flow rates and presence of ponds, whose vapour contributes to the lack of water in the streams,
and when drained, they deliver to the stream a large amount of fine sediment rich in nutrients. Streams that are in
hydromorphologically good condition can better handle low flow rates thanks to the presence of pools and other
refugiums. The physical-chemical parameters not meeting the objectives of good ecological condition in this water
body include parameters like nitrate nitrogen, total phosphorus, and phosphate phosphorus.

0,6

0,5

0,4

0,3 —&—spring

—®—autumn
0,2

Macrozoobenthos EQR

0,1

Dolni Bezdékov Nenacovice Hostim

Fig. 3: The macrozoobenthos EQR in the longitudinal profile of the Lodénice River (EQR = 0.6 is the limit of good eco-
logical condition) — averages over the monitored period (see Chapter 5)

The water quality and macrozoobenthos composition in the upper stream of the Stropnice River are impacted by the
Humenice water body and its small hydraulic power plant. This impact is obvious in the Udoli u Novych Hrad(i profile
(index value about 0.6). The waste water from the Nové Hrady WWTP (in particular its relief) and pond management
(fish and poultry) in the ponds between Janovka and Stipton are essential to the decrease of the EQR index. The
drought also had an unfavourable impact between 2015-2019, when the natural flows were small, and the large part
of the water flow came from the WWTP and nurseries in Stiptori. The EQR index will not improve even at the end of
the newly revitalised section (r. km 37.5) where it reaches the values of about 0.3 (damaged condition), although at
the beginning of the revitalisation or in its first third, the condition is slightly better, probably due to a better hydromor-
phological state [Fig. 4]. A significant improvement only occurs in the closing PaSinovice profile (r. km 3.5). There
may be several reasons for this condition. The Stropnice River flows from Petfikov to Borovany through an extensi-
ve wetted area with a developed river floodplain, where self-cleaning processes take place. The geomorphology of
the riverbed in relation to the geology (sandy subsoil facilitates communication with groundwater) or the absence of
large pond systems directly connected to the riverbed can have a certain impact as well. It is also possible to see
in the results that in the locations affected by waste water discharges from the WWTP, the autumn samples are in
a worse condition than the spring ones, as opposed to two locations outside this area (Udoli u Novych Hradd and
Pasinovice). This may be due to the greater proportion of waste water in the stream during the low summer flow ra-
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tes period, as well as due to the discharge of water from the ponds during hauls and from hatcheries located above
the WWTP. The physical-chemical parameters not meeting the objectives of good ecological condition include the
parameters like biochemical oxygen consumption, ammoniacal nitrogen, total phosphorus, phosphate phosphorus,
and water oxygen saturation in this water body.
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Fig. 4: Macrozoobenthos EQR in the longitudinal profile of the Stropnice River (EQR = 0.6 is the limit of good ecological
condition) — averages over the monitored period (see Chapter 5)

6. Comparison of the Lodénice and Stropnice Rivers based on Bindex

It is very interesting to look at the assessment of the revitalised sections, related to the comparison of the actually
identified macrozoobenthos community with the predicted community (Bindex).

In the Lodénice Nenacovice profile (revitalisation end), the Bindex gradually increases in the autumn sampling, and
the spring sampling Bindex stays at approximately the same values [Fig. 5]. Of the total number of 36 predicted
macrozoobenthos taxons, the total of 13 taxons were found during the spring and autumn samplings (during the
monitored period).
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Fig. 5: Bindex (EQR) in the Lodénice Nenacovice profile (the greater the index value, the closer the found community is
to the reference one) — post-revitalisation condition
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There is a completely different situation in the Stropnice River. Due to the revitalised section length (4.2 km), the
profile above the revitalisation was compared with the profile below the revitalisation [Fig. 6] and [Fig. 7]. The re-
sults clearly indicate that the best condition of the macrozoobenthos community was in 2016, i.e. one year after the
completion of the stream revitalisation works. Gradually, the Bindex value decreases, while the spring communities
are more than twice as well off as the autumn ones, yet the Bindex value (for the 2019-2020 period) reaches ap-
proximately a half of the values, compared to the Lodénice Nenacovice profile. Of the total number of 48 predicted
macrozoobenthos taxons (spring and autumn samplings together), 11 were found at the beginning of the revitalisa-
tion; in the case of the section at the end of the revitalisation, of a total of 44 predicted, only 8 were actually found.
The unfavourable situation on the revitalised section of the Stropnice River is the result of the aforementioned im-
pacts, especially the contamination from the WWTP and nurseries, the overall fluctuating flow regime (ponds in the
river basin) and the consequences of drought between 2015-2019. Adding to the complexity of the situation is the
fact that the typical riverbed for the Stropnice River in this area is narrow (up to 2—4 m), sunken, meandering in the
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Fig. 6: Bindex (EQR) in the Stropnice revitalisation start profile (the greater the index value, the closer the found com-
munity is to the reference one) — post-revitalisation condition
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Fig. 7: Bindex (EQR) in the Stropnice revitalisation end profile (the greater the index value, the closer the found commu-
nity is to the reference one) — post-revitalisation condition
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full plane among pastures and wetlands, with fine-grained substrate (sand, clay, soil) and only sliding current (glide).
It; therefore, naturally features low levels of microhabitats. This fact may not be fully covered by the methodology
used to assess the ecological condition of macrozoobenthos and may feature a worse condition, compared to the
actual one in this area. This also needs to be verified and, where appropriate, taken into account in further assess-
ments of the success of the completed revitalisation.

7. Macrozoobenthos Communities in the Monitored Profiles

During the hydrobiological surveys in the Lodénice NenaCovice profile, a total of 87 macrozoobenthos taxons were
recorded, of which the dominant groups are Chironomidae (23 taxons) and Trichoptera (15 taxons). However, in
terms of abundance, the most numerous groups include Ephemeroptera (Caenis luctuosa, Baetis rhodani) and Cole-
optera (Oulimnius tuberculatus, Elmis sp. div.). The caddis fly that builds its shell prevails (genus Athripsodes),and
the Hydropsyche genus with trapping nets. Regarding the other groups, there are species that tolerate higher
levels of organic contamination, numerous representatives of annelidas (Tubificidae), leeches (Hirudinea), aquatic
molluscs, dicotyledonous insect larvas, and dragonflies (Odonata). In recent years, the frequencies of the invasive
species of the Potamopyrgos antipodarumsnail have been increasing.

During the hydrobiological surveys in the Stropnice revitalisation end profile, a total of 65 macrozoobenthos taxons
were recorded, of which the dominant groups are Chironomidae (24 taxons) and Diptera (9 taxons). From the ab-
undance point of view, the most numerous species are Simulium erythrocephalum (Diptera) and Conchapelopia
sp. (Chironomidae). The caddis fly species that builds shells prevails (Anabolia furcata and Limnephillus sp. div.).
Regarding the other groups, there are species that tolerate higher levels of organic contamination, numerous repre-
sentatives of annelidas (Tubificidae) and Asellus aquaticus. Compared to the Lodénice site, the community features
almost no representatives of mayflies (Epheroptera), water beetles (Coleoptera), and molluscs (Molusca). On the
contrary, there are species that prefer standing waters, embedded water vegetation, and deeper bottoms (Sigara
falleni, Anabolia furcata, Galba truncatula). The finding of several individuals of the invasive Proasellus coxalis-
crustacean is interesting.

8. Summary and Conclusion
As part of the processing of the results of the exploratory monitoring of the Povodi Vitavy State-Owned Enterprise
at two revitalised localities, the following facts were derived:

a) After five years from its revitalisation, the revitalised section of the Lodénice River is in a medium condition
as regards its macrozoobenthos community. Another improvement may only be expected after water quality
increase;

b) The revitalised section of the Stropnice River is the longest revitalisation in the Vitava basin; nevertheless,
the situation is very complicated there, the revitalised section is in a damaged condition six years after its
revitalisation according to macrozoobenthos, and its condition is more likely to deteriorate (see Bindex); any
other measures to improve the ecological condition of the course must be focused on the impacts mentioned
in Chapters 5 and 6,

c) Interms of the development of the species composition of the macrozoobenthos community, a positive trend
can be seen at the Lodénice Nenacovice site, which can be attributed to the well-developed hydromorpho-
logy of the water course in the given section,

d) The majority of the samples taken after the revitalisation of both courses come from the hydrologically poor
period of 2015-2019, which may have negatively impacted the macrozoobenthos composition, especially
in the case of the Stropnice River revitalisation,

e) The process of assessing the success rate of the revitalisation is long-term and complex process; it cannot
be assessed only according to whether a water course looks nice; the quality of its water, its hydrological
regime and its fluctuations, communication with the surrounding floodplain, and other contexts remain im-
portant.

Watercourse revitalisation will improve the hydromorphological condition of watercourses, especially by restoring

their natural banks and bottoms of watercourses, diversifying the depth and flow of water at normal and low flows
(rapids, ponds and shoals as important habitats for aquatic organisms), increasing shelter for aquatic organisms,
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restoration of migratory permeability, slowing down of runoff at normal and flood flows and natural retention of flood
waters in the floodplain, i.e. restoration of spills into the watercourse floodplain.

The macrozoobenthos community is a very good indicator of both water quality and watercourse hydromorphologi-
cal condition. Therefore, it cannot be expected that the improvement of the hydromorphological condition due to the
revitalisation of a watercourse section will automatically improve the condition of a macrozoobenthos community if
the water quality condition is not good yet. This was confirmed by the presented results. In the technical implemen-
tation of the revitalisation itself, the important factor is whether a revitalised stream is located in the original riverbed,
where the original river sediments are present, which unfortunately was not the case with any of the aforementioned
revitalisations (in the case of the Lodénice River due to land ownership; in the case of the Stropnice River, its revi-
talisation took place in a contour furrow).

In future, it is necessary to extend the monitoring of revitalised locations and process a more representative data
set. Due to the small number of revitalisation actions implemented so far, it is also necessary to place more empha-
sis and facilitate (legislatively) the possibility of letting the watercourse self-renaturate. It is also necessary to favour
less costly revitalisations, e.g. the insertion of suitable structures into the riverbed (big stones, anchored dead wood)
leading to the creation of interesting habitats for aquatic organisms.
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UAV monitoring of stream restoration sustainability

Jakub Langhammer

1. Introduction

High-resolution imaging using unmanned aerial vehicles (UAV, UAS, drones) opened up in the last decade a
new potential for a detailed, reliable, operable, and affordable approach for riverscape monitoring. Rapid de-
velopment of UAV imaging platforms and photogrammetric algorithms resulted in a mature technology, able to
bring new type of spatial information for hydrological science and water management.

In hydrological research and applications, UAV imaging is typically used for detailed analysis of quantitative as-
pects of stream geometry, such as changes in river length, sinuosity or meander properties [1]. However, for the
assessment of sustainability of stream restorations and their hydroecological functions, there is vital objective
information on their qualitative aspects [2]. Besides the quantitative features, such as geometric properties of
stream or channel, based on 2D orthoimagery, the photogrammetric reconstruction of UAV data can provide 3D
information as well as calculation of vegetation indices, allowing determination of qualitative features of stream
restoration [3]. The aspects of fluval dynamics, hydrological connectivity, water quality or riparian vegetation are
essential for appropriate function of restoration and its sustainability. The UAV-based assessment protocol was
applied for monitoring of three restoration projects on urban streams in Prague, Czech Republic in the period
2015-21.

2. Material and methods

The key role of UAV monitoring in hydromorphological and ecohydrological assessment is to provide a detailed,
reliable and objective source of spatial information, applicable for further geospatial analysis, classification and
interpretation of hydromorphological quality [4]. UAV imagery provides spatial data of unrivalled spatial resoluti-
on, ability for 2D and 3D reconstructions, repeatability, reliability and operability of surveys. As an optical method,
UAV imaging has limitations, based mainly in the passive nature of sensing and thus need for direct visibility of
features, and limited possibility for reconstructions of submerged zones. The assessment system thus should
reflect two aspects: (i) compliance with the existing assessment method or national standard, and (ii) selection
of monitoring parameters, where UAV data can provide a reliable basis for assessment and interpretation.

We have proposed and tested new UAV assessment protocol, distinguishing four critical aspects of stream
restorations, where UAV monitoring provides detailed information, enabling objective assessment of stream

restoration quality. The distinguished aspects are: (i) Restoration effect, (ii) Fluvial processes, (iii) Hydrological

Tab. 1: Aspects and indicators, used for assessment of restoration effect from UAV monitoring

Aspect | Indicator | Assessment
Restoration effect Fit to the plan Difference in stream length
Difference in sinuosity and meander count
Magnitude of changes Difference in stream length
Difference in sinuosity and meander count
Fluvial processes Channel modifications Intensity of channel modifications
Bank stability Extent of bank erosion and fluvial accumulations
Bed variability Variability of channel depths, abundance of pools
Hydrologic processes | Flow connectivity Connectivity of streamflow in longitudinal profile
Floodplain connectivity Connectivity between the stream and floodplain
Water quality Intensity of water turbidity and / or eutrophication
Riparian vegetation Streambank vegetation Coherence of stream bank vegetation
Riparian shading Stream coverage by overhang canopy
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processes, and (iv) Riparian vegetation. The assessment is done in segments, corresponding to the principles
of hydromorphological assessment and thus allows objective assessment, scoring, and location of the features.
Based on the framing principles of ecohydrological assessment and the limiting aspects of UAV imaging, we
propose four critical aspects of stream restorations, where the UAV monitoring can provide reliable information
on stream restoration success or failure, given in Table 1. For each aspect, there could be derived relevant
indicators, allowing quantitative assessment and/or scoring. The applied framework uses a mix of quantitative
and qualitative aspects. The aspects of restoration effect and comparison of the fit of the restoration to the plan
is based on quantitative information, derived from the orthoimagery by digitization and GIS analysis of channel
properties. Qualitative approach is then used for the parameters of fluvial processes, hydrologic connectivity,
water quality and riparian vegetation (Tab. 1).

The framework was tested on three streams, where UAV monitoring of stream restoration projects was done for
a period of five years since 2015. Monitoring was done on the three stream segments in metropolitan region of
Prague, Czech Republic, specifically in Rokytka (ROK), Hostavicky brook (HOS), and Lipansky brook (LIP), where
stream restoration projects were realized in the last decade. Two imaging platforms were used for monitoring, the
DJI Inspire 1 Pro, equipped with the 16-megapixel Zenmuse X5 RGB camera, and since 2019 the DJI Mavic 2 Pro,
featuring a 20 megapixel Hasselblad L1D-20c RGB camera (Fig. 1).
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Fig. 1: Imaging platforms, used for monitoring. a) DJI Inspire 1 Pro, b) DJI Mavic 2 Pro.

3. Selected results

Photogrammetric analysis of the multi-temporal UAV monitoring enabled performing the quantitative assessment,
based on the geometric features of streams and their changes as well as the qualitative assessment, based on
detection of qualitative properties, such as hydrologic connectivity, water quality or riparian vegetation [2,3,4]. The
selected aspects, illustrating the potential of UAV monitoring for the assessment of the symptoms of restoration
success or failures are given below.

In all studied cases, the stream restoration was proposed in the form of highly sinuous meandering channels cor-
responding to the stream types. In all streams, the restoration resulted in significant improvements of the hydro-
morphological state of streams in terms of their geometric properties, compared to the regulated state. The stream
length increased from 15 to 32 %, stream sinuosity raised from 20 to 38 %. However, there were found significant
discrepancies in the geometric properties of newly built channels from the restoration plans. In all streams, most of
the new stream meanders were built in different locations, with different size, number and amplitudes (Fig. 2). The
deficient magnitude of potential restoration extent, compared to the plans, reach almost a half of the extent, when
compared the difference between the initial and realized status.

In the newly shaped channels without artificial bank reinforcement, the fluvial activity was restored. In all streams,

there were identified traces of channel instability, with different extent. The initiation of bank erosion and stream
wandering were highly affected by the hydrometeorological situation and conditions for stabilization of stream banks

61



Revitalisierung von Gewassern und der Wasserhaushalt
im Einzugsgebiet der Elbe

Fig. 2: Difference of the realized stream restorations to the planned and initial status.

in the period after completion of restoration projects. The stream wandering was initiated by the storm floods, but to
a limited extent, proving the stability of the newly shaped channels.

UAV monitoring allowed identification and objective assessment of qualitative aspects of hydrological processes.
All restored channels are free from the obstacles in the longitudinal profile, such as weirs and steps. However, in all
streams, UAV monitoring identified issues of flow connectivity and water quality, caused by inappropriate design,
water use and intense development of the riparian zone.

Fig. 3: Lipansky brook in August 2020. a) Dry channel, b) In-stream eutrophication.

Example of a coincidence of multiple issues with flow connectivity emerging after restoration, is Lipansky brook (Fig.
3). Its new channel was built with a higher capacity, corresponding to the hydrological conditions. The reshaped
channel is almost twice as long as before, has a wide and shallow profile, and is built in a highly permeable soil. Mo-
reover, the stream is subject to water abstraction. As a result, the channel dries at most of the restored segment from
spring to autumn. VDVI index, tested for detection of water eutrophication from RGB UAV imagery in ponds [2] was
used for detection and multitemporal assessment of the intensity of eutrophication in streams and adjacent ponds.

4. Conclusions

We proposed a new framework for UAV monitoring of the quantitative and qualitative aspects of stream restoration
projects, significant for their long-term sustainability. We tested the methodology for five years of monitoring on three
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Fig. 4: Riparian shading model, based on UAV monitoring. Hostavicky brook, August 2020
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urban streams in the metropolitan area of Prague, Czech Republic, which were subject of revitalization in the past
decade.

The recurrent UAV monitoring campaigns enabled tracking the restorations since their completion and identifying
the aspects critical for sustainability of the projects. The high spatial resolution of UAV imagery, ability to perform
2D and 3D reconstructions and calculation of spectral indices enabled complex assessment of stream restoration
effects, including features that would be difficult to assess by the conventional mapping techniques.

Analysis on three streams proved both improvement of the geometric features, but also significant discrepancies bet-
ween realized and planned restorations, when the restored channels have overall simpler and less complex geomet-
ry than planned. UAV assessment indicated stream segments, featuring bank instability after the restoration. Imaging
in low flow periods revealed disruptions of hydrological connectivity. Even with the RGB sensors, UAV imagery was
able to quantitatively assess the extent of eutrophication as well as to classify the riparian shading by vegetation.
The application of the proposed framework proved it to be an efficient and practically applicable tool for monitoring
of stream restorations, providing accurate, operable and objective spatial information for the assessment. UAV tech-
nology, after rapid evolution, became a mature method of remote sensing, with potential to improve the process of
monitoring and management of water resources.
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Comparison of soil retention before and after 1950 and
comparison of projected and actual changes in the
hydrological regime in the Elbe basin

Roman Kozin, Ladislav Kasparek

1. Introduction

In the Czech Republic, as in other European countries, there are obvious changes in air temperature and precipita-
tion. In most of the catchment areas, there is evidence of intense warming since 1980. From 1995 to the present, a
number of climate scenarios, based first on Global Circulation Models (GCMs), and since 2007 on Regional Circu-
lation Models (RCMs), have been used successively in different projects to estimate the impacts of climate change
on runoff from the basin. In their application, different scenarios of long-term emission trends and their correspon-
ding magnitude of warming were used. The scenarios may also differ in the choice of the period from which climate
change is considered. Calculations were mostly performed by each of the models used for two alternatives of the
projected emission development — optimistic and pessimistic.

In the successive projects, different time scales were chosen for which climate change projections and their impact
on runoff from the basin were examined. The set of the catchments considered were also different, but they all lay
within the Elbe catchment. More than 20 years have elapsed since 1995, when the first calculations using climate
change scenarios were used, and now it is possible to compare them with the present.

In addition to climate change, the Elbe basin has also been undergoing landscape cover change. In particular, the
occurrence of extreme drought in 2015 was often justified by the reduced water retention capacity in the soil. To
test whether such a phenomenon has occurred on a large area scale, the BILAN model which simulates the basic
processes of hydrological balance, was applied. Calculations were performed on different sections from the period
1851-2016 and the results compared with each other.

2. Data and Methods

The period 1961-1990 has usually been regarded as a period characterised by a climate not yet affected by global
warming. For the comparison of scenario projections with observed variables, the period 1991-2016 was used,
i.e. 26 years in length, with the midpoint falling in 2004. The runoff series are recalculated from the observed series
of mean monthly flows. For each of the study catchments, average runoff (R) was calculated for the entire periods
1961-1990 and 1991-2016.

The change in runoff (DR) is defined as the ratio of the averages for each period:

DR = (R1991—2016/ R1961—1990 -1)*100

Thus, the relative changes were related to the characteristics of the 1961—-1990 period. The DR was calculated
for each climate change scenario based on the results extant from the various projects, see Tab. 1. In the conside-
red projects, the period 1961—-1990 was considered as the period not affected by climate change. The projected
changes were made for much more distant time levels than the midpoint of the period 1991-2016. Changes were
reduced to the 1991-2016 period level assuming that they occur linearly in time from 1991 to the year chosen as
the midpoint of the scenario period. When this year is denoted by yearP, the reduction to the 1991-2016 period is
determined by the ratio 13/(yearP-1991), as the midpoint is 13 years away from 1990.

To estimate how the change in soil water retention will affect groundwater recharge and runoff from the basin, a
model that incorporates the basic structure of the terrestrial hydrologic cycle must be used.

The change in land cover and the associated change in soil water retention is characterized by one of the eight
parameters of the Bilan model. The parameter Spa has a water column dimension [mm] and expresses the water
retention capacity of the soil. When there is more than Spa mm of water in the soil profile, percolation of water from
the soil into the aquifer occurs. One part of this water drains relatively quickly (in the model in the same month) into
watercourses, the other part percolates into groundwater reserves. The Spa parameter can therefore be used as an
indicator of the average soil retention capacity of the soils in the catchment. The Bilan model is discussed in more
detail in [1, 2, 3].
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The extraordinary length (165 years) of the observed flows in DéCin gauge station allows the series to be divided
into sub-sections and to assess whether the values of the parameters describing the behaviour of the catchment
have changed significantly in the long term. The sub-sections can be quite long, so that the possible influence of
random fluctuations of the variables used in the calculation of the model parameters is significantly suppressed.
Thus, the resulting optimised parameters are more stable than when shorter series are used. It should be noted that
only estimates can be obtained, which also vary according to the optimization procedure used.

After 1951, there were major changes, particularly in the way agricultural land was used. To assess whether and
how the model parameters changed and whether they affected runoff generation, sets of Bilan model parame-
ters were calculated using data from 1851-1951, 1851-1900, 1901—-1951 and 1951-2015. In addition to runoff,
monthly temperature and precipitation at the Elbe basin were used to calibrate the model.

Tab. 1: List of utilized projects included for data processing

Project ID | Implementation year # of basins in the project Model Type | Time horizon of projection
P1[4] 1994 -1995 1 GCM 2030, 2075
P3 [5] 2000-2001 6 GCM 2050
P4 [6] 2007 29 RCM 2085
P5 [7] 2008 15 RCM 2085
P6 [8] 2009 7 RCM 2025, 2085
P7 9] 2015-2018 B RCM 2030

3. Discussion and Results

Table 2 shows the Spa parameters and hydrological balance characteristics calculated from data from 1851—1900,
1901-1951 and 1951-2015. The decrease of 28.8 mm in Spa parameter in the post-1951 period is significant.
Yet the characteristics of the hydrological balance — long-term averages of rainfall, runoff and evaporation do not
change significantly. The development of the Spa parameter is shown in Figure 1.

Tab. 2: Spa parameter and long-term characteristics of hydrological balance for the selected time periods

Period Spa [mm] Precipitation Observed Modelled Evapotranspi- | Air tempera-
[mmlyear] runoff runoff ration ture [°C]
[mmlyear] [mmlyear] [mmlyear]

1851-1900 70.4 671 185.2 183.6 485.8 7.31
1901-1950 72.4 688.7 192.6 193.3 496.1 7.46
1951-2015 43.6 670.2 190.8 192.3 479.4 7.56
1981-2015 40.6 677.5 192.7 195.0 484.7 7.94
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Fig. 1: Spa parameter development
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Using the hydrological balance model of the Elbe basin in D&Cin, see [10], it was found that a 30 mm change in
retention capacity corresponds to an increase in the volume of water retained in the soil of 1.54 billion m3. Even
this considerable volume is only 4.4 % of the average annual rainfall, 6.2 % of the average annual evaporation
and 15.5 % of the average annual runoff from the basin, respectively. The change in soil retention capacity con-
sidered was based on a model analysis of the hydrological balance for the period before and after 1951, when
major changes occurred in the basin, particularly in the use of agricultural land. The data refer to the basin as
a whole, so the change must have been much greater on agricultural land, which occupies about 30 % of the
basin area.

Model calculations showed that if the retention capacity of soils could be increased, this would have a positive
effect in mitigating and reducing the length of agricultural drought when long-term rainfall decreases occurred.
The implications for runoff and groundwater recharge are the opposite. Less water will percolate through soils
with increased water retention capacity into aquifers, see Fig. 2. The long-term annual average of base and total
runoff would change, in the example considered, by about 10 %, see Tab. 3.
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Fig. 2: Development of modelled runoff (R) and soil water storage (SW) for Spa 40.6 mm and 70.6 mm respectively for
period 06/2013 — 12/2015 in the Elbe catchment (Décin gauge station)

If the soils can be improved in the future to hold more water, this will slightly reduce runoff from the catchment. When
long-term drought occurs, the effect of different retention capacities of soils on runoff is very weak, but when flows

fall to extreme minima, the effect is almost insignificantly.

Tab. 3: Average annual values of balance variables and storages over the period 1981—2015 using different Spa para-

meters
Modelled Soil water Evapot_ranspl- Percolation Ground water Baseflow
runoff ration

[mmiyear] storage [mm] [mmiyear] [mm/year] storage [mm] [mml/year]
70.6 176.6 50 501.5 159.3 47 1 111.6
40.6 193.9 27.3 483.7 179.8 5883 126.0
Difference 17.3 -22.7 -17.8 20.5 6.1 14.4
Change [%] 10 -45 -4 13 13 13

Figure 3 shows the changes in average runoff for the respective projects and models, which were calculated ac-
cording to the above methodology. These are therefore the changes in the averages from 1991-2016 compared to
the averages from 1961—-1990. The decrease in runoff has been underestimated in most projects by between 1 %
and 6 % on average. It is evident that the more pessimistic variants of the climate change scenarios correspond to

reality (at least for the time being).
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Fig. 3: Changes in average runoff (between periods 1991—2016 and 1961—1990) for the projects and models listed in

table 1. OBS — changes in observed runoff.
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Sustainable flood protection — dyke relocation and flood
polders — the state program "More space for our rivers" in
Saxony-Anhalt

Martin Freimuth

1. Starting position

The state of Saxony-Anhalt has an extensive length of rivers, which are partly of supra-regional importance. The
Elbe, one of the largest rivers in Central Europe, flows through Saxony-Anhalt over a distance of 302 kilometres.
On this stretch, three of the four largest tributaries of the Elbe in Germany flow into the Elbe (Schwarze Elster,
Mulde and Saale). The Havel, the fourth major tributary, flows into the Elbe in the state Brandenburg. The oppo-
site bank of the river mouth belongs to Saxony-Anhalt.

With almost 600 kilometres of Elbe dykes, Saxony-Anhalt has the largest part of Elbe dykes of German states.
Almost 97 % of the area of Saxony-Anhalt (19,752 km?) are assigned to the catchment area of the Elbe. This
represents the second largest catchment area of a German federal state in the German Elbe catchment area. In
total, approximately 6 % of the area of Saxony-Anhalt is floodplain. Without flood protection systems, the proporti-
on of floodplain would be almost three times higher. Or, to put it another way, for a rare HQ200 flood, the affected
land area is around 3.500 square kilometres large, which equates around 17 percent of the state area.

In accordance with the EU directive on the assessment and management of flood risks currently a potentially
significant flood risk is shown for rivers with an overall length of 1.848 kilometres [1]. Based on the state-wide
actually recorded river length for the consideration of the WFD (approximately 8.500 km) over 20 percent of the
rivers of Saxony-Anhalt are classified as flood risk waters.

As a small and poorly populated federal state, Saxony-Anhalt is above average responsible for flood protection
within the state, but also for flood protection for those downstream. The recent flood disasters, e.g. in August 2002
(Elbe and Mulde) and in June 2013 (Elbe, Mulde, Saale and Weil3e Elster) and summer 2017 in the Harz Moun-
tains have impressively shown, that the flood risk along the rivers of Saxony-Anhalt is real. The measured water
levels and discharge water were partly the highest recorded so far and caused damage in all areas of existence
due to flooding. It has to be feared, that such events will also take place in the future with similar or even more
extreme dimensions due to climate change.

2. The program

Achieving future-proof and sustainable flood protection is a central goal of the state policy of Saxony-Anhalt.
Sustainable flood protection means more than just the rehabilitation of dykes. Saxony-Anhalt, as a "flood transit
country", has a special key position here. Preventing increasing extreme flood situations only by scaling the dykes
can lead to flooding in the federal states below and does not correspond to modern, future-proof flood protection.

In addition to the further strengthening of the dyke systems in Saxony-Anhalt, therefore measures have been
planned and implemented to create retention space in the form of dyke relocations and flood polders. Only these
kind of measures offer the possibility of buffering flood waves and reducing peak waves that are above the pro-
tection limit of the flood protection systems.

The same is recommended by the Conference of the Elbe Ministers. Due to the currently undetermined effects of
climate change and to strengthen resilience in the event of extreme events, reserves are to be made available.
For this purpose, additional retention areas and, if necessary, structural reserves for the dimensioning of flood
protection systems are to be created as “climate reserves” according to the resolution of the 6th Elbe Ministerial
Conference on December 5, 2013 [2].
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The program “More space for our rivers” [3] in Saxony-Anhalt is a component for realizing this objective. It is
focused on an interlinking of technical flood protection measures with natural water retention in the area. In the
program, possible locations for measures to create additional retention space in Saxony-Anhalt are identified and
described.

3. From the areal analysis to the implementation of individual measures

The basis of the current state program “More space for our rivers” is the 2014 project and feasibility study “Po-
tential locations for flood polders and dyke relocations on the rivers Elbe, Mulde, Saale and White Elster in the
state of Saxony-Anhalt”. The study was presented for the first time in August 2014 by the State Office for Flood
Protection and Water Management (LHW). It included a comprehensive location search and location analysis.

Potential locations for 42 measures with a total amount of around 22.000 hectares of potential additional retention
area on the Elbe, Mulde, Saale and Weille Elster were identified as a result of this study.

In a second study, in January 2016, the “Implementation concept for realizing the potential locations for measu-
res” was presented on the basis of the results of the 2014 study. When creating the implementation concept for
the realization of the potential locations for the measures, all locations identified in the 2014 study were examined
and evaluated on the basis of a significantly improved planning depth. Potential flood polders and dyke relocation
were compared and prioritized on a water-specific basis.

In the coalition agreement 2016—-2021, the aspects of sustainable river development and dynamic and optimized
flood risk management moved even more into focus. This resulted in the main task of linking flood protection
measures with the restoration of natural rivers and the revitalization of natural floodplains. With this objective in
mind, building on the results of the Implementation concept from 2016, the plans were summarized and published
in the paper "More space for our rivers — possible locations for water retention in the area" in 2017 [4]. For this
document, a detailed nature conservation assessment of the potential measures was carried out. In particular
with regard to the positive effects in terms of nature conservation (synergy effects). This was necessary not only
to recognize the conflicts at an early stage, but also to identify possible synergies so that measures can be im-
plemented in an integrated manner. Based on this detailed assessment, the study also updated the prioritization
of the measures.

When it was republished in April 2020, the state's plans for the creation of additional retention areas were updated
in the program of measures “More space for our rivers, a task for generations”. The program currently comprises
23 dyke relocations and 10 flood polders. They are distributed across the rivers Elbe, Mulde, Saale, Havel, Weilte
Elster and Schwarze Elster.

With the overall 33 measures, around 16,000 hectares of retention space can be regained. The over 200 million
cubic meters of water that can be retained in the flood polders corresponds to twice the storage volume of the lar-
gest dam in Germany, the Rappbodetalsperre. Figure 1 shows the distribution of the individual measures, further
detailed information’s on the individual projects, are available at the link https://hochwasser.sachsen-anhalt.de/
startseite/.

The planning of measures is not final, but is continuously supplemented and updated. All dyke relocation and
polder projects are checked for their suitability to meet the objectives described above and fit into the overall
concept accordingly.

The measures cannot all be implemented at the same time. The processing of the measures from the program
"More space for our rivers” is rather gradual. A prioritization of the projects based on the main criteria of effective-
ness, synergies and processing status is the basis for the implementation order of the projects. In order to take
measure-specific characteristics into account, such as the hydraulic effectiveness, nature conservation develop-
ment potential or the human and financial resources used, the main criteria are subordinated to sub-criteria. In
addition to factors such as the condition of the existing dyke or the hydraulic capacity, the equally decisive poten-
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tial for nature-friendly flood protection was assessed. As a result, for each of the projects in the program has been
established one of three priorities:

. High priority (in approval / planning / early planning start),

. Medium priority (medium-term start of planning) or

. Low priority (long-term start of planning).

4. Balance sheet and outlook

By relocating eleven dykes at the Elbe, Mulde, Saale and Havel, already around 1,666 hectares of retention space
have been created in Saxony-Anhalt since 1996. A flood polders and two further dyke relocations are currently
under construction. Further 714 hectares of retention areas will be available for flood protection as well as nature
conservation after completion these measures. Further measures have reached different planning stages and will
follow.

First evaluations of the possible effects of the program-measures using hydraulic models have shown, that by relo-
cating dykes the water level can be decreased locally up to several decimetres in the event of a flood. The planned
polders can also lower high water peaks up to several decimetres. The flood peak lowering effect due to the flood
polders ranges downstream, well beyond the states borders.
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The implementation of the measures from the “More space for our rivers” program affects a wide range of population
groups such as agriculture, forestry, local residents and nature conservation. Accordingly, when the LHW imple-
ments the measures, it is necessary to inform and involve the public from the outset. About the measures should
be informed transparently from an early stage on and the public should be actively involved. This is the only way to
develop an understanding of the holistic and cross-regional approach of the “More space for our rivers” program.

In order to develop sensible solutions with as few conflicts as possible, it is necessary that the plans are explained

and discussed on site in a comprehensible manner from the beginning. The MULE therefore developed an accom-

panying public relations concept at the beginning of 2017. The concept includes three levels of public information

and participation:

. the medial level (conveying general goals),

. the nationwide level (dialogue-oriented communication on the program at information and consultation events)
and

. the local level (individual project-related public participation)

and is implemented by the LHW.

As a first component of public participation the program was presented at three dialogue events at Halle (Saale),
Dessau and Tangermunde. In the future, the measure-related dialogue and participation processes will increasingly
be in the foreground.

Only if a continuous dialogue with the public succeeds in raising the awareness of climate change and the associa-
ted flood risk and objectifying the necessary and important debates and thereby incorporating local knowledge into
planning, the acceptance of the plans and the program can be increased and conflict can be reduced.

We understand the implementation of the program as a generational task that involves significantly more than just
water management aspects.
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Investigations on the Feasibility of Rainwater Management
for Degraded Peatland Rewetting

Petra Schneider, Heinrich Reincke

1. Introduction

A bog is a landscape in which peat is created by soil that is saturated with water. The prerequisite for peat accumu-
lation is that the water is on average close to the surface, leading to anaerobic conditions. Peat therefore has a high
organic content of =2 30 % by mass [1,2]. If the peat layer is at least 0.3 m thick, the soil is called bog. If the thickness
of the peat layer is 0.1 to < 0.3 m, the soil is classified as Moorgley, if the surface is H-horizon with a thickness of
< 0.1 m, itis referred to as a humus shape [1,2]. Bogs are divided into two types: moors and fens. While the moor
is fed by nutrient-poor precipitation, the fen is created by the influx of ground and surface water. A fen is therefore
richer in nutrients and can have a higher biodiversity of plants [1,2]. The management of bog areas has undergone
extensive changes in the past centuries. While in the past the focus was on the extraction of peat, and numerous
peatland areas in Germany and around the world were drained with the aim of supporting agricultural activities, the
focus now is on the conservation of peatlands [3,4]. This primarily includes rewetting measures and nature conser-
vation protection with the aim of restoring biodiversity. Intact bog areas fulfil important water management functions
in the natural cycle, such as water storage and as nutrient and pollutant sink. This means, bogs are characterized
by multifunctional ecosystem services [3,4].

2. Need for Peatland Restoration and Conservation

In Germany, peatlands are threatened in their existence due to past drainage to serve as arable land or pasture

[3,4]. This situation has climate consequences: greenhouse gases (GHG) escape from dry peat [5]. Other peatlands

are used for peat mining. Nowadays, 92 % of the German peatland is drained, causing 47 mill tons of CO, equiva-

lents and accounting for more than 1/3 all GHG emissions that can be attributed to agriculture [3,4]. The Federal

Environment Ministry (BMU), together with the Federal Agency for Nature Conservation (BfN), has drafted a Natio-

nal Peatland Protection Strategy (NPPS) that has undergone public participation in 2021 [4]. The scope is to reduce

GHG emissions from the agricultural and forestry use of peatland by at least 5 mill tonnes of CO2 equivalents by

2030. Main measures of the NPPS are [4]:

. expansion of the bog protection areas with sufficient buffer zones,

. rewetting of unused federally owned bogs by 2030,

. rewetting of agriculturally used federal peatlands by 2030 and adapting the form of use

. abolishing incentives for moor-sapping use and infrastructures (e.g. building stables) in agriculture,

. creation of new agricultural and forestry guidelines for bog protection, including the waiver of drainage expan-
sion and further drainage lowering.

As underlined in the NPPS, rewetting is a substantial measure to ensure bog rehabilitation [4]. For that reason, a

fundamental activity is to identify sufficient water sources for rewetting, and their allocation the bog areas. Several

water sources might be taken into consideration for bog rewetting, including ground and surface water, and waste

water. However, a particular challenge is to ensure water availability in marsh areas.

3. General Approaches for Degraded Peatland Rewetting

Agricultural drainage of peatlands leads to sagging, shrinkage and swelling, humification, leaching, and finally
peat shrinkage. Rewetting means to re-infiltrate water into the peat material, and the main question is how to do it
technically. Experiences with rewetting of peatlands have been collected only since a few years. The conception
of water management is therefore a major task in rewetting, where each area must be considered as an individual
case study. It should be noted that a potential rewetting project requires firstly a comprehensive investigation of the
peatland alteration status, and particularly the mineralisation level. This is the base to identify the likelihood for suc-
cessful bog restoration. For instance, peatland investigations in the Stppling area in Saxony-Anhalt [6] showed that
the former bog area was almost completely mineralized by the long term agricultural drainage and that a peatland
restoration is no longer feasible because the peat body is almost completely degraded. A rewetting with year-round
water saturation of a maximum of 20 cm level would not lead to a restoration of the peatland, but could initiate a
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renewed peat formation (0.5—1.5 mm/year) [6].

Several guidelines have been developed in the last years to support the conceptual design of degraded peatland

rewetting [7—16]. The general rewetting approaches comprise:

. Ditch damming without water supply: dam structures are used to restrict the drainage of surrounding areas, but
without the supply of water via the ditch system. This variant is therefore feasible for high precipitation areas.
Groundwater does no longer drain the trench and can reach the same water level.

. Ditch damming with water supply: water is also dammed up however additional water can be supplied to the
rewetting area via the ditch system from the catchment.

. Ditch overflow: if the relief is heterogeneous, it is possible to combine various irrigation measures. For ex-
ample, a higher part of an area can be trickled over and the lower part can be flooded. Several different water
regimes are thus created.

However, the rewetting success depends on the hydrological parameters. If the soil permeability is too low, systems

must be installed to counteract this, for instance through (underground) drainage pipes. The experiences from the

last years illustrate that the feasible approach is usually site specific. Further supplementary measures might be
soil loosening, surface profiling, prevention of further dewatering through cut-off wall, and water level regulation.

The design might be combined with rainwater collection and retention basins for temporarily storage, and as other

solution underground irrigation ("reverse pipe drainage").

4. Show Cases

Several investigations have been performed in the last years by several actors, among them Magdeburg-Stendal
University of Applied Sciences and Unterhaltungsverband Kehdingen to collect project experiences with rewetting
of degraded peatlands [6,12,13]. Some of them from Northern Germany are illustrated hereafter.

Mecklenburg-Vorpommern: Bargischow peatland [12]

The show case of a dewatered fen is located near Bargischow close to Szczecin Lagoon in the North East of
Germany. It is part of several fens to be rewetted in that area [14]. The fen is a pilot site for a future use through
paludiculture [15], a special type of agricultural and forestry use of wet bogs. This type of use was developed in the
last years to prevent the soil from degrading and, depending on the vegetation, it is feasible that new peat will be
generated. It thus offers a good alternative to continue to cultivate rewetted bogs with economic benefits. A concept
was drawn up for an area of around 8.5 hectares, which enables rewetting up to a level of around 10 cm above the
ground. The site condition indicated that the project area is fed by uncontrolled seepage water, there is no exchange
between surface water and groundwater and drainage takes already place via the ditch in the south. If this trench
is filled in, the rewetting state increases accordingly. In addition, it was found that the area is already partially below
the water level of the adjacent lagoon. This is due to the peat sagging caused by the drainage. Therefore, a woo-
den sheet pile wall was foreseen to be built north of the existing ditch in order to avoid further dewatering and peat
sagging. In order to get the area dry for mowing, a drainage ditch is foreseen. It is primarily intended to drain the
seepage water from the close by road embankment. The dam should be slotted at certain intervals or, alternatively,
pipe passages are built in.

Schleswig-Holstein: Combined district drainage and peatland rewetting in the City of Liibeck [13]

In [13] were investigated the drainage system of an urban district of Libeck City and the adjacent Great Moor. In the
project area, the drainage consists for the most part of a mixed system that relieves the pressure on the adjacent
bog due to frequent overloads. The moor thus functions as a receiving water body and is negatively influenced by
the mixed water discharges. Since the Great Moor has lost its natural state due to a large number of human impacts
and has largely dried up, a remediation strategy was developed. After the construction of the sewage treatment
plant, the moor has been influenced by the runoff from the settlement. Changes to the current construction of the
sewer system therefore always have an effect on the water balance and nutrient input of the bog. For the current
state, the water balance determined that the mixed water discharge represents an important bog inflow, but there
is also groundwater outflow. The inflow can be increased by construction of a separate sewer system, and used for
rewetting. As remediation strategy, a concept was created that provides for vertical compaction around the moor
from the north in a clockwise direction to the west, and the installation of a geo-membrane. Furthermore, the river
area will have to be rehabilitated, whereby the garbage must be removed. Typical bog plants such as bulrushes are
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initially to be planted in the bank areas, and dried out peat residues are to be incorporated into water sinks. Since it
is assumed that the soil water content will increase over time, the existing ditch in the south is being converted for
a new storage target. Since the moor is affected by changes in the drainage system, as described above, the moor
shall be rewetted in the course of rehabilitation of the sewer system, so that the moor there will be no further mixed
water discharges.

Lower Saxony: Rainwater Use for Hemmoor Rewetting near GroRenworden

In the present feasibility study, it should be examined whether and, if so, how rewetting measures can be extended
to rainwater management, particularly in marsh areas. For this purpose, the area between the Oste and Elbe in
Lower Saxony was examined as pilot study, involving Hemmoor in Northern Lower Saxony. The area under investi-
gation is located in the marshes of the Elbe river near Harburg between the Oste tributary of the Elbe and the Lower
Elbe. The area is dominated by peat extraction activities, and only a part is protected for nature conservation purpo-
ses. There was performed a variant assessment for an open water transfer to the peatland, considering both water
supply from the low-salt Oste river, and rainwater to the peatland for rewetting and intermediate storage, as well as
a potential extraction for irrigation purposes for agriculture and groundwater recharge. In the current planning stage,
the water transfer shall be done through a 15 km channel from the Oste river to the peatland areas. Starting at the
Oste at Grolienworden, the existing river beds (Moorkanal) are initially used until the Hemmoor is reached. The
Hemmoor can benefit from the inflow of the Oste water in the sense of rewetting. Surface water does not exist there,
so a channel has to be built. After passing the peatland, the newly developed water channel runs on a watershed.
The designed route follows existing terrain structures and strips of wood.

5. Conclusions

Intact peatlands are of great importance as carbon stores and thus for climate protection. Their functions in the land-
scape water balance, retention of nutrients and pollutants, and the special habitat for flora and fauna are also impor-
tant. Moor protection is a long-term task for the society as a whole, in which several goals and a number of land use
types are affected. Measures must be regionally differentiated and implemented taking into account various actors.
Existing bogs must be protected and conserved, degraded bogs must be restored as much as possible, and peat
mining areas must be rehabilitated. It is generally accepted that the vegetation of former peat extraction areas with
sphagnum restores the carbon storage capacity. This could also be shown for areas dominated by Eriophorum [21].
Moreover, in urban areas the ecological aspect is gaining importance, in particular the infiltration of precipitation
runoff on site instead of relief via a sewage treatment plant. This process is a step towards the natural urban water
balance. The design of rainwater management is to be adapted for sealed areas and the options are determined by
the infiltration capacity of the soil, the availability green space areas, the types of roofs and the pollution level of the
precipitation runoff. If properly designed, discharged rainwater from urban areas can be used as water source for
peatland rewetting, particularly in areas with limited fresh water resources like marsh areas. Water transfer solutions
are needed to complement the management system, as well as optimisation investigations for the peatland as peak
storm water storage system. Further investigations are foreseen on the quantification of the ecosystem services
improvement through degraded peatland rewetting, particularly on the GHG emission balance.
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Water retention in cities — great potential benefit for
ecological status of streams during dry years

Jindfich Duras, Michal Marcel

1. Introduction

What are the issues concerning water quality we have to handle with? Eutrophication based principally on phospho-
rus is our ever(blue-)green topic for decades, but situation of our waters is still far from what we would like. Organic
microcontaminants appeared to be very important for aquatic environment and microbial agents esp. ATB resistant
bacteria (and in last years also viruses) are considered to be very risky directly for our population. Moreover, we say
we will make a great effort to reach good ecological status of our surface waters, but in many cases biotic compo-
nents are worse than good despite chemical parameters exhibit acceptable results.

One of very important sources of pollution that is not properly monitored thus not calculated or balanced are se-
wage water overflows from cities (and villages, too). Overflows from sewerage represent rich mixture of all types
of pollutants mentioned above and many others (BOD, COD, plastics, etc.). We try to monitor pollution loads from
several cities during rain events in drainage basin of (eutrophicated) Hracholusky Reservoir near Plzen and we try
to estimate especially phosphorus input in surface waters. We referred here about our first steps in 2018 [1]. In 2019
we documented situation in small city Kladruby.

2. Results
Kladruby (1600 inhabitants, new WWTP) is situated on a small stream Uhlavka. Overflowing waters are concentra-
ted in one channel what enabled relatively easy monitoring. Three events were sampled (Tab. 1).

Results presented in Fig. 1 documented hard episodic loads of suspended solids (SS), fast degradable organic
matter (BOD,), phosphorus and also nitrogen, predominantly in form of N-NH, and organically bound N. Micro-
pollutants and microbial contamination was not monitored. It is evident that: (1) Water of worst quality flows with
highest flows of water i.e. despite the fact that individual episodes are short input of pollution could be considerable.
(2) Concentration peaks were very high. In combination with dry Summer when water flows in recipient were very
low (2019: 35-103 I/s) sewage water inflows were (sometimes considerably) higher than natural flow in the stream.
It means that dramatic impact on water biota is very probable (data from Uhlavka are not available, yet). Uhlavka
downstream Kladruby exhibit very good hydromorfology i.e. good environment for water biota, but episodic waves
of organic pollution bring severe problems in oxygen regime — not only for flowing water, but for hyporheic habitat
(under bottom of the stream), too. It could be detrimental for macrozoobentos and fish communities especially. (3)
It is clear that standard scheme of monitoring (samples once per month) cannot be able to give us picture of impact
of overflowing waste waters.

During our monitoring we noticed: (1) Increase of flows was very fast after beginning of each event (about 10 min)
what means that buffering capacity of city surfaces, space in sewerage system and reserves in WWTP capacity
were all very low => insufficient. (2) First overflowing water appeared already after ~2 mm of precipitation. It indi-
cates clearly that the city (and we recognized the same situation in other cases e.g. Tfebon, Plana, too) has nearly
zero capacity to absorb rain water i.e. zero rain water retention. (3) Considerable amounts of macroscopic “things”
esp. wet wipes were observed regularly (also in all other localities we have studied), what means absence — and
necessity — of basic pretreatment of overflowing waste waters. It seems very probable that main source of macro-
scopic plastics in surface waters is just input with overflows.
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Fig. 1:

Overflows from Kladruby: Water quality during three rain events. All data are for overflowing waste water.
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Tab. 1: Kladruby: Characteristics of sampled rain events and results of mass balance calculation

KLADRUBY 2019 | | 12.8 | 18.8 | 8.9
Rain mm 5 6 10
Duration of the event min 85 40 120
Intensity of rain mm/1 hr 3,5 9,1 5,0
Total volume of water m? 110,7 158,3 312,2
P load from overflow 116,0 780,0 847,0
P load from WWTP 40,5 18 71,9
P load from whole city glevent 156,2 798,3 919,2
watershed above 196 157
P load from overflow
vs. daily P load from % 17-35 120-240 100-200
the WWTP
Number of rainy days in Kladruby >3,5 35
region during 2019 (mm/day) : >5,0 25
>10 13
KLADRUBY 2019: share of P-PO, (%)
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Fig. 2: Overflows from Kladruby: Share of P-PO, on P total content in overflowing waste water

Graph illustrating share of P-PO, on P total concentrations (Fig. 2) shows that % of P-PO, decreases in the be-
ginning of each episode because maximum P was bound in organic flocs of material that was resuspended from
sediments in pipes of sewerage. It means that pollution by overflowing waste waters in rivers cannot be detected,
distinguished from impact of e.g. erosion and estimated its input simply after increased P-PO, concentrations. The
issue is more complicated.

Mass balance calculations (Tab. 1) show that input of P with overflowing water highly exceeded input from the
WWTP not only during the event, but — except the first case — also the daily P input (the range in Tab. 1 is given by
variability of daily flow from the WWTP). Very roughly (only three events and no higher precipitation was documen-
ted) could be estimated that input of P during one year could reach about half of yearly P input from the WWTP.

3. Conclusions

Despite waste water overflows are in general considered to be quite “normal” and “legal” they represent very impor-
tant input of risky compounds with impact on eutrophication and very probably also on ecological status of water bo-

81



Revitalisierung von Gewassern und der Wasserhaushalt

im Einzugsgebiet der Elbe

dies. Mitigation measures are well known (in cities green roofs, rain gardens, green faccades, retention reservoirs;
on sewerage system accumulation volumes), but in practice little willingness to implement them could be seen.
Also legislation is far behind actual needs. We think that monitoring of such episodic waves of pollution should be
very useful contribution to the topic because currently is the problem overlooked and/or diregarded. Our common
system of water quality monitoring needs re-thinking of whole the issue: to change accents and start to use special
monitoring with remote controlled autosamplers etc.
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ResiBil — Water resources balance in the Eastern
part of the Bohemian — Saxon border area and evaluation
of its long-term use

David Rozman, Zbynék Hrkal, Pavel Eckhardt, Ondrej Nol

1. Introduction

The Bohemian Cretaceous sedimentary basin is one of the most significant sources of groundwater in Central Euro-
pe. Its significance increases especially during the period of climate change, which is manifested by long droughts
affecting shallow aquifers. Cretaceous aquifer is therefore a strategic source of drinking water not only for the Czech
Republic but also for neighbouring Germany.

The ResiBil transboundary project provides a foundation for a common strategy of the optimal use of groundwater
resources. The project topic was addressed by an international expert team from T. G. Masaryk Water Research
Institute, Czech Geological Survey and Saxon State Office for the Environment, Agriculture and Geology.

The results of the research are focused on three pilot sites, which cover the most significant groundwater exploita-
tion sites in the area: Décinsky Snéznik, Hfensko/Kirnitzsch and Lickendorf (Fig 1).

siEs

Fig. 1: Overview of the project area (blue line), pilot sites and model areas

The project evolved a system of consequential models, which improved the knowledge about the area. The results
contribute to finding the answers to common questions about available amount of groundwater and future water
management. The goal of the project is to support effective and sustainable exploitation of groundwater resources
and their transboundary protection.
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The first crucial output of the project was a transboundary 3D geological model, with a common interpretation of
geological structures. The research team also performed additional hydrogeological investigation. The obtained
results and findings were then used to construct numerical hydraulic models. The numerical models are based on
long-term data sets of groundwater levels, surface flow rates, meteorological data and pumping rates. These tools
enable the simulation of various scenarios of future climate changes and groundwater exploitation rates.

2. Hydrogeological investigation

Literature research and investment of archive boreholes revealed which parts of the pilot sites need better specifi-
cation of the conceptual model and more input data for the numeric models. Field research was therefore focused
on such areas, especially the area of Dé&Cinsky Snéznik.

Two new monitoring boreholes were drilled in a close vicinity of the state border in Snéznik and Maxi¢ky. Both now
boreholes were constructed to investigate the Turonian aquifer. The groundwater level was reached in depth over
60 m below surface. Continuous monitoring confirms small but consistent decrease of groundwater levels during
last dry years (2017—-2020). The geological and hydrogeological characteristics of the Turonian aquifer were re-
corded by geophysical well logging methods. Measurements form Maxi¢ky borehole show slow downward current
(0,002 I/s), while in borehole Snéznik, the current is much more intense, with vertical flow 1 I/s and recorded hori-
zontal velocity 29,5 m/day. These results confirm significance of fractures, which cause heterogeneity of permeabi-
lity of the sedimentary basin aquifer.
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Fig. 2: Example of flow measurement in Dé¢insky SnézZnik area

Hydrogeological conditions were further specified by measurements of surface water discharges. In general aqui-
fers are connected to rivers and creeks in the area. If the groundwater level in the aquifer is higher than hydraulic
level in a river, groundwater drains into the river. In the opposite case, the aquifer is recharged by surface water
from the river. Drainage of the aquifer is baseflow and can be measured as discharge of the stream during periods
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of drought — with no surface runoff. By measuring baseflow at several profiles of the stream, we were able to identify
main areas of drainage of the investigated aquifer, where increments of the discharge are most significant (Fig. 2).
Another field investment activity was mapping of natural springs. By its location and discharge, springs provide
important information about changes of the hydrogeological conditions and position of structures. In both are-
as Hrensko/Kirnitzsch and Décinsky Snéznik more than 150 springs were found and measured. In the area of
Décinsky Snéznik, spring measurements enabled more reliable interpretation of the bottom of the Turonian aquifer
and its transition to deep Cenomanian aquifer. In the area Hfensko/Kirnitzsch spring measurements were used for
interpretation of the extent of lower and upper Turonian aquifers.

3.  Numerical modeling

Infiltration of precipitation and groundwater recharge was evaluated by hydrological model BILAN, which simulates
runoff compounds in a catchment scale. The input data for runoff models were time series of precipitation, tempe-
rature and surface area. The model was calibrated by available discharge time series.

The ultimate model, which enabled us a complex hydrogeological assessment, was hydraulic model MODFLOW.
Construction of the model was a synthesis of geological and hydrogeological knowledge about the area. It included
definition of geometry of the model layers, representing aquifers and aquicludes, hydraulic parameters and bound-
ary conditions, which represent surface infiltration, interaction of groundwater with surface water and groundwater
extraction. Hydraulic models were calibrated to match monitored groundwater levels in the area. Calibrated models
were used to simulate groundwater flow, evaluation of available resources and the effect of variable groundwater
extraction and recharge on groundwater regime.

To verify possible future unfavourable trends of groundwater quantitative status, we defined several stress scenarios with
different intensity of groundwater extraction and decreasing trends of natural recharge, for the period until year 2050.

4. Results and conclusions

The constructed numerical models enable simplified
simulation of natural process. According to the results,
the total groundwater natural resources for the model
area of DéCinsky Snéznik are 724 |/s. This amount cor-
responds to 130 mm/year of recharge. Currently, the
average amount of groundwater extraction in the model
area reaches less than 10 % of this amount — 64,6 I/s.
The resilience of the aquifers was tested by applying
several stress scenarios. For example, figure 3 shows
groundwater level drawdown in year 2050, after applica-
tion of a scenario with current extraction rates (64,6 I/s)
and a recharge rate, which starts on a current value, but
decreases 3 mm every year. We can notice a decrease
in groundwater level between 1 and 5 m for most of the
model area and more than 5 m near the pumping sites.

In a similar way, figure 4 shows groundwater drawdown
for model area Hrensko/Kirnitzsch in year 2050, again af-
ter application of a scenario with current extraction rates
(104,5 I/s) and a 3 mm/year decreasing recharge rate. In
case of model area Hfensko/Kirnitzsch we can quantify the
total groundwater natural resources for the model area to
1481 I/s. This value corresponds to 250 mm/year of rechar-

ge. Current extraction rate represents 7 % of this amount. em—— o
The highest extraction rates tested within stress scena- ™ g Komnaint sicsorang

rios were 115 % of currently permitted maximal rates,
which means 120 I/s in case of D&Cinsky Snéznik area Fig. 3: Dé&cinsky SnézZnik — groundwater level drawdown in
and 206 I/s in case of Hfensko/Kirnitzsch area. year 2050 due to decreasing recharge rate
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Fig. 4: HrenskolKirnitzsch — groundwater level drawdown in year 2050 due to decreasing recharge rate

The model stress tests demonstrate possible increase of groundwater extraction rates in the area, even under long-
term unfavourable climatic conditions, however for the price of a certain drawdown of groundwater level and poten-
tial decrease of springs discharge rates. The results of the study confirm that changes of water regime and balance
are in a various degree caused by both, climatic effect and anthropogenic influence, especially groundwater ext-
raction. The results also confirm that groundwater exploitation in the study area currently has significant reserves.
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Change of groundwater recharge (GWN) in Saxony-Anhalt
and the resulting effects on water usages

Martin Schneppmiiller

1. Climatic and hydrogeological conditions

Saxony-Anhalt is located in the continental temperate climate zone. According to the information published by the
German Weather Service (DWD) [1], [2], [3], this zone is characterized by relatively low precipitation and high eva-
poration and temperatures compared to the rest of the Federal Republic of Germany. The highest rainfall can be
found in the Harz Mountains. The predominantly northern land area is, however, in the so-called Rain shadow of
the Harz or in its area of influence and has significantly lower precipitation and thus low GWN. The comparison of
precipitation and temperatures from 2018 to 2020 alone shows the strong differences between the entire Federal
Republic of Germany and Saxony-Anhalt. The average annual precipitation for the whole of Germany is around
790 mm as a long-term mean (reference period 1961—1990, [1]). In Saxony-Anhalt, an average of around 352 mm
fell annually in the entire federal state in 2018, around 485 mm in 2019 and around 500 mm in 2020 [1], [2], [3]. In
comparison, the average rainfall was between 40 % and 63 %. Figure 1 illustrates these differences. The mean
temperature of the reference period in Germany is approx. 8 °C [1]. In Saxony-Anhalt the mean annual temperature
was measured at 10.9 °C in 2018, 10.9 °C in 2019 and 11 °C in 2020 [1], [2], [3]. This comparison over the past
three years shows an example of the “unfavorable” climatic situation in Saxony-Anhalt and shows that relatively little
precipitation is available for infiltration into the soil and that this is further reduced by evaporation.

From a hydrogeological point of view, Saxony-Anhalt can be divided into two areas on a very large scale. The
northeastern part of Saxony-Anhalt is characterized by sandy, gravelly pore aquifers that are covered with relatively
well-drained soils. Due to the Ice Age, accumulated layers appear. The southwestern part is predominantly charac-
terized by solid rock aquifers (sandstone, limestone) and medium-permeable soils [4].

Min = 384 mm Max = 3254 men Min=384mm  Max= 1711 mm

; —
450 475 500 S50 SO0 TOD BOO 90O 1200 1800 2600 450 475 500 550 600 700 BOO  BOO 1000 1200 § 1800
[rvei] fmm]

Fig. 1: Absolute mean annual precipitation in the reference period 1961— 1990 (left Germany, right Saxony-Anhalt) [5]
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2. Groundwater recharge in Saxony-Anhalt

To put it simply, groundwater recharge is the access of infiltrated water to groundwater [6] and the so-called In
Central Europe, the groundwater base runoff mainly feeds the rivers. The groundwater recharge itself depends on
various factors (e.g. precipitation, temperature, evaporation, soil properties, etc.). In Figure 2, the water balance is
shown schematically to illustrate the new groundwater formation process. The driving force behind the formation of
new groundwater is precipitation, which seeps away at different rates due to gravitational effects and, among other
things, depending on the subsoil. The groundwater recharge can be calculated with different temporal and spatial
resolutions using various model systems that take the influencing factors into account. Well-known model systems
include mMGROWA [7], MIKESHE [8], GWN-BW [9] and ArcEGMO [10].

In Saxony-Anhalt, over the past 25 years, the mean new groundwater formation has been calculated for a long period
of time (usually 30 years) at different intervals on the basis of various model systems. When creating or transferring to
other models, care was always taken to improve the data bases (e.g. soil data, precipitation) and to refine the areas
under consideration (so-called elementary areas (EFL)). Up to 2001 1 km? grid cells (approx. 21,130 pieces, so-called
MeTras) were used, for which the entire underground runoff (RU) was based on the method according to BAGROV,
N.A. and GLUGLA, G. was calculated. From 2001 to 2013 the results (RU) from the modeling with the ABIMO ST sys-
tem (discharge model based on BAGROV / GLUGLA and DIFGA [11], climate series 1961—1990) were used. Individual
values were available for approx. 612,600 areas. After a transition period from 2013 to 2018, during which various
adjustments were made to the model system, the model result from modeling with ArcEGMO / PSCN [12], [13] (climate
series 1981-2010) is available. The results of the various runoff components are available here for approx. 1,400,000
million areas. The resolution of the model areas has been refined over the course of time from approx. 21,000 to approx.
1,400,000. Due to the improved spatial resolution, the theoretical model results also changed continuously and result in
a reduction in the GWN compared to the 1990s, depending on the development of the weather conditions.

A comparison of the different results (Figure 3) shows how the new groundwater formation in Saxony-Anhalt has
changed spatially and quantitatively (especially between ABIMO and ArcEGMO) over the years and also due to
the improved model systems. The mean new groundwater formation in the entire federal state has decreased from
(theoretically) approx. 102 mm/a to approx. 67 mm/a. According to current calculations (as of 2018) with the ArcEG-
MO modeling system, around 36 % of the EFL in the entire land area have less than 25 mm/a GWN. The GWN is
the sum of the rapid intermediate groundwater runoff (RG1) and slow groundwater base runoff (RG2). The mean
value (without weighting) over the area of Saxony-Anhalt for GWN (= RG1 + RG2) is currently around 67 mm/a. In
a national comparison, Saxony-Anhalt is more than 50 % below the national average (135 mm/a [14]).

Fig. 2: Schematic representation of the water balance (www.kliwa.de) [15]
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3. Challenges

Due to the changing groundwater recharge (model calculations), which is partly reflected in falling groundwater le-
vels, new challenges arise for water management and groundwater users. There are economic — ecological conflicts.
In addition to the existing uses of groundwater and surface water in industry and the drinking water supply, due to the
increasing number of dry years, the water demand is increasing, especially in agriculture, with a simultaneous decre-
ase in water availability. A reduced base runoff in the waters, due to reduced groundwater recharge or increased use
of groundwater, leads to damage to the ecosystem. In addition to the obvious effects in the body of water itself, the
ecosystem adjacent to the body of water and dependent on the groundwater (e.g. alluvial forests) is also severely
affected. In addition, a reduced runoff in the waters also limits the possibilities of discharging industrial and municipal
wastewater. Falling groundwater levels also lead to a drop in the corresponding lake water level in the area of floo-
ded lignite mining lakes. Due to the reduced counterpressure of the lake water or the reduced buoyancy within the
embankments, landslides could occur above the bank areas but also below the water level. A reduced formation of
groundwater also leads to a reduced and slowed dissolution of fertilizers. At the same time, due to the reduced input
(precipitation), the seepage and flow times of the groundwater increase, which can lead to an accumulation of e.g.
nitrate (increase in concentration). A reduction in the formation of new groundwater and the associated limited usable
groundwater resource presents society with the challenge of acting sustainably for nature, people and the economy.
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The impact of drought on groundwater in the Czech part of
the Elbe river basin in 2017-2020

Radek Vinas, Anna Lamacova, Martin Zrzavecky

1. Introduction

In order to evaluate the effects of drought on the state of groundwater, 138 representative boreholes were selec-
ted in the Czech part of the Elbe river basin (see Fig. 1). These are shallow boreholes, which measure the upper
groundwater aquifer, resp. upper horizon. The evaluation was related to the reference period 1981-2010. Monthly
statistical characteristics were determined for individual boreholes, including minimum, maximum and percentile
values 5 %, 15 %, 25 %, 75 %, 85 %, 95 %. This made it possible to characterize annual course of the particular
borehole within the thirty-year reference period. The current values of the monthly medians from the period 4/2017—
3/2020 were subsequently related to these characteristics and divided into 7 categories from extremely below-
normal level (£ 5 %) to extremely above-normal level (> 95 %), individual categories and their the corresponding
colour scale is shown in Figure 1.

m >95% Extrernely above normal (cat. 7)
m >85% Much abave normal (cat. &)
= ¥5-85 % Slightly above normal (cot. 5)
»25-73 % Mormal (cot. 4)

=25 % Slighthy below normal (cat. 3)
B <15% Severely below normal (cat. 2)
 =5% Extremely below normal {cat. 1)

Elbe river basin (CZ)
Berounka (BER] D

Dralnl Witawo (DL D
Hgaml Witgwa (HWL] .
Harni o stiedni Lobe (HEL) :

Dhfe, Dalnl Lobe a astalnl piiteky Labe (ODL) D

Fig. 1: Left: position of monitoring boreholes and sub-basins in the Czech part of the Elbe basin. Right: a colour scale
corresponding to seven categories of the groundwater level from extremely low (cat. 1) to extremely high (cat. 7).

2. Water management year 2017

The air temperature in the water management year 2017 was above normal in the Elbe river basin in the Czech
Republic. April was within the normal range with a negative deviation from median, below normal were Septem-
ber, February and March. In other months, the deviation from the normal was positive, June was much above
normal across the entire territory of the Elbe river basin, in some basins also August and October.

In terms of precipitation, the year was normal. However, most of the months did not reach the precipitation median
and the overall balance was improved by precipitation within the severely above-normal April and October. Feb-
ruary was below normal, in the HSL and BER river basins it was severely below normal (around 20 % of normal
precipitation) and in the ODL river basin even exceptionally below normal (only 13 %).

The main snowmelt took place in February 2017 already, when the snow water content was normal, in March it
was already extremely below normal. At the end of 2017, snow water content was normal, but in lower altitudes
even extremely below normal (up to 15 %).

Due to climatic conditions, the usual spring replenishment of groundwater storage did not take place. The ground-
water level in April 2017 was almost below normal (25 % of the duration curve, hereinafter referred to as DC). In
May, groundwater improved to normal due to severely above-average precipitation in April. High temperatures
in June led to a rapid decrease of water levels to slightly to almost severely below normal during June and July
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(15-17 % DC) — no single borehole was above normal, only 25—-32 % of boreholes were within the normal range,
the others were slightly to extremely below normal (18—-24 % of boreholes extremely below normal). Cold Sep-
tember and severely above-average precipitation in October led to a significant rise in groundwater levels from
October to January, but only within the normal range (48—-64 % DC). As early as February, due to the absence
of snow and precipitation, instead of groundwater storage replenishment, the water level dropped rapidly to a
slightly below normal level in March (24 % DC).

3. Water management year 2018

The air temperature in the water management year 2018 was exceptionally above normal in the Elbe river basin
in the Czech Republic. There was only positive deviation from normal within the months. April and May were
exceptionally above normal, and August was exceptionally above normal in most river basins, while June, July,
February and March were up to severely above normal.

In terms of precipitation, the year was slightly below normal. November was up to extremely below normal (27
% HSL), July and August were severely below normal throughout the territory, and April was also up to below
normal (29 % HVL). None of the months from spring to autumn reached precipitation normal, especially in the
north-eastern part of the river basin (HSL, DVL, ODL), the overall balance improved only at the end of the year
(December to March). Only December was above normal precipitation (around 150 %) and in some basins Janu-
ary (160 % HVL, DVL, ODL), February and March were normal.

There was little snow in the spring 2018, in higher altitudes up to 50 % of normal, in lower altitudes only 20 to
30 %. Also at the end of the year there was little snow, water storage in the snow were only 40—-60 % of normal.
The usual spring replenishment of groundwater storage did not occur this year either. As a result of a combination
of extremely above-average temperatures and often even severely below-normal precipitation, the groundwater
level continued to decrease in 2018, so that it was severely below normal from April to December (6—19 % DC).
In August, the groundwater level was even extremely below normal (4 % DC). From July to December, 40—-55 %
of the boreholes were extremely below normal, only 9—22 % of the boreholes were normal, and from April to De-
cember there were almost no above-normal boreholes. Above normal precipitation in December and the following
normal months resulted in a significant increase of the groundwater level to almost normal by January (25 % DC)
and a modest further rise in February and March within normal range (29—-37 % DC).

4. Water management year 2019

The air temperature in the water management year 2019 was exceptionally above normal in the Elbe river basin
in the Czech Republic. With the exception of the severely below-normal May, a positive deviation from normal
was recorded in all months. Extremely above normal temperatures were in June and February (deviation from
normal around + 5 °C in both months), much above normal were some basins in August and November.

In terms of precipitation, the year was slightly below normal. The only above-normal month was extremely above-
normal February. The HSL river basin was severely below normal in June, July and December, and the HVL basin
in April. The other months were normal or slightly below normal throughout the Elbe river basin.

In the spring of 2019, there was up to normal amount of snow in higher altitudes, but significantly below normal
snow was in lower altitudes (only up to 20 % of normal). At the end of the year, there was almost no snow in the
entire Elbe river basin.

Groundwater storage from melting snow was not replenished this year either, spring temperatures were again
above normal and precipitation was below normal in April, therefore instead of the usual groundwater maximum,
the water level dropped sharply to a very below-normal level (10 % DC). After that, the decline slowed down,
but in July and August the groundwater level was again severely below normal (7—8 % DC). The severely
below-normal situation then lasted until January with a slight improvement in November. From July to January,
25-44 % of the boreholes were extremely below normal, only 9—-28 % of the boreholes were normal, and from
April to January there were almost no above-normal boreholes at all. Winter precipitation was mostly rainy, or
the snow melted soon, and February was extremely above normal in terms of both temperature and precipitati-
on, which contributed to the improvement of groundwater in February and March to slightly below normal level
(20-23 % DC).

94



Revitalizace vod a vodni rezim v povodi Labe

5. Comparison with 2015

In terms of shallow boreholes, 2015 was rated as the third driest year since 1971. During the following years,
drought continued to propagate, due to the absence of snow, especially in lower altitudes, there was no spring
infiliration to groundwater subsidy and above-average temperatures in spring and summer increased evapotrans-
piration. In 2017, the normal precipitation was not enough to cover the deficit. The calendar year 2018 was rated
as the driest in shallow boreholes since 1971. The driest period was recorded from August to the end of the year,
with the water levels assessed as severely or extremely below normal. The areas most affected by drought were
the HSL and DVL basins, to a lesser extent the HVL and BER basins. Over the years, the deficit had accumulated,
the number of above-normal boreholes had been steadily declining, so that the year 2019 with only slightly below-
normal precipitation eventually proved to be the second driest in groundwater since 1971.

Groundwater level in the year 2018 42018 - 3/2019

Fig. 2: Groundwater level in the water management year 2018 (colour scale is shown in Fig. 1).
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Fig. 3: Frequency distribution of groundwater levels in the water management year 2018 (colour scale and categories
description are shown in Fig. 1).
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Pesticides and their mixtures with other xenobiotics in
groundwater — a current state in the Czech Republic

Vit Kodes, Jindrich Freisleben, Miroslava Svatkova

1. Introduction

Although groundwater is considered relatively safe water resource being naturally protected by soil and rock layers,
xenobiotics also occur in groundwater contaminated by agriculture, industrial sites, landfills, leaky sewers etc. The
national groundwater monitoring network is set up to avoid contaminated sites such as industrial areas, landfills etc.
Despite such a setup, we nowadays find up to 176 organic micropolutants from 323 monitored synthetic compounds
in various mixtures in groundwater.

2. Materials and methods

The data from the national groundwater quality network (Fig.1) operated by the Czech Hydrometeorological Ins-
titute (CHMI) in 2018-2020 period consisting of 700 monitoring sites were used for an assessment of occurrence
of xenobiotics and their mixtures in groundwater. The samples are regularly taken twice a year (spring, autumn)
and analysed using various analytical methods (mainly GC-MS/MS, LC-MS/MS). In total, 4144 samples were pro-
cessed. The pollutants were divided into 10 groups i.e. PAHs (polycyclic aromatic hydrocarbons), VOCs (volatile
organic compounds), pesticides, pharmaceuticals, alkyl phenols, benzotriazoles, chelating agents, PFCs (perfluori-
nated compounds), PCPs (personal care products) and “others” in order to demonstrate an impact of various point
and diffuse pollution sources of diverse origin such as agriculture, industry, urban pollution, transportation etc. on
groundwater.

0 25 50 100
I e Kilometers

Fig. 1: Groundwater quality monitoring network
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3. Results

The data from 2018—-2020 period show that 22 % of samples were free of xenobiotic compounds, 15 % of samples
contained just one compound, 10 % of samples contained two compounds, 3 to 10 compounds were detected in
40 % of samples and more than 11 up to 34 compounds were found in 13 % of samples (Fig. 2). At least two com-
pounds occurred in 63 % of samples, thereof at least 2 compounds from 2 various groups of chemicals occurred in
47 % samples. Similarly, pollutants from two or more pollutant groups occurred in 46.5 % of samples (Fig. 3)
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Fig. 2: Number of individual pollutant findings in samples
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Fig. 3: Number of findings of pollutant groups in samples

Prevailing contaminants are pesticides (2094 positive samples) followed by PAHs (1914 samples) and VOCs (1020
samples). Also alkyl phenols (234 samples), pharmaceuticals (361 samples), chelating agents (655 samples), PCPs
(169 samples) and benzotriazoles (239 samples) were detected in groundwater. Pesticides are regularly detected
at 400 (57 %) monitoring sites; concentrations exceeded the groundwater threshold value for pesticides of 0.1 pg/l
at 296 (42 %) of monitoring sites. The total concentration of xenobiotics in groundwater can exceed 100 and reach
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up to 443 pgl/l, concentrations in majority of samples were up to 1 pg/l (Fig. 4). Percentage of positive samples and
maximum concentration of the most frequently found pesticides is given in Fig.5. There are sites where very high
concentrations or/and very high number of individual compounds from various groups of pollutants were found in
mixtures. Examples of respective sites are provided in Table 1.
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Tab. 1: The national “record holder” sites

Total concen- | Number of | Number of chemicals

tration (ug/l) | groups

High total concentration 443.39 4 10 — VOCs (6), pesticides (2), alkyl phenols (1),
chelating agents (1)

High number of pollutants 28.9 4 34 — pesticides (29), PAHs(2), pharmaceuticals (2),
chelating agents (1)

High number of pollutants and high 4.55 6 30 — PAHs (13), pesticides (10), pharmaceuticals (4),

number of pollutant groups PCP (1), chelating agents (1), alkyl phenols (1)

High number of pollutant groups 7.606 9 25 — pesticides (8), pharmaceuticals (4), PAHs (4),
VOCs (3), benzotriazoles (2), PCPs (1), alkyl phenols
(1), chelating agents (1), others (1)

4. Conclusions

The most problematic pesticide compounds are preemergent herbicides applied on sugar beet, rape and maize,
especially their metabolites such as chloridazon desphenyl, alachlor ESA, chloridazon desphenyl-methyl, metaz-
achlor ESA, metolachlor ESA, acetochlor ESA, metazachlor OA, desethylatrazine, dimethachlor ESA and meto-
lachlor OA, to name a few. Chloridazon desphenyl (its parent compound was used for sugar beet treatment until
2020) was found in more than 30 % of samples, its concentration can reach up to 30 pg/l. Alachlor ESA (its parent
compound used for rape treatment was banned in the Czech Republic in 2008) is the second most frequently found
pesticide in groundwater. A new metabolite of conazole fungicides (1,2,4-triazole) was analysed in selected samp-
les from 53 sites known for pesticide contamination in 2020. This metabolite was found in a quite large number of
respective sites (43 %), this makes 1,2,4-triazole a candidate for a frequently found pesticide in groundwater list
in the Czech Republic, but it must be affirmed by further monitoring in future years. Together with pesticides, large
number of other micropolutants often occur in groundwater, typically PAHs (phenanthrene, pyrene, fluoranthene,
fluorene, naphthalene), chelating agents (EDTA), VOCs (toluene, tetrachloroethene), alkyl phenols (bisphenol A),
pharmaceuticals (carbamazepine, gabapentin), benzotriazoles (1,2,3-benzotriazole, 5-methyl-1H-benzotriazole),
some pollutants occur in high concentrations, typically VOCs , phthalates, pesticides, chelating agents, benzotria-
zoles, alkyl phenols and even pharmaceuticals. Monitoring results show that mixtures of various xenobiotics can be
found in groundwater more often than one could expect. There is a very little knowledge on harmful effects of such
mixtures and their impact on human health, thus the precautionary principle should be applied.
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Pollutants — from observation to regulation

Kerstin Réske, Sylvia Rohde

1. Introduction

The chemical status of surface water bodies is assessed according to EU-wide guidelines on priority substan-
ces (Directive 2008/105/EC, as amended by Directive 2013/39/EU). Article 8 of Directive 2013/39/EU states
that the Commission establishes a Watch List (WL) of ten substances or groups of substances, for which
Union-wide monitoring data is collected to support future prioritization processes. The analytical feasibility of
the measurement is also tested. The first WL with the substances 17-alpha-Ethynyl Estradiol (EE2); 17-beta
Estradiol (E2)/Estrone (E1); Diclofenac; 2,6-di-tert-butyl-4-Methylphenol; 2-Ethylhexyl-4-Methoxycinnamate;
Macrolide antibiotics (Erythromycin, Clarithromycin, Azithromycin); Methiocarb; Neonicotinoids (Imidacloprid,
Thiacloprid, Thiamethoxam, Clothianidin, Acetamiprid)); Oxadiazon and Triallate was established (EU COM
2015/4951) in 2015.

The monitoring of these substances is intended to provide high-quality data on their concentrations in the
aquatic environment, which can support risk assessments to identify new priority substances. The WL is
updated every two years. The updated WL was published 2018 (EU COM 2018/840). The substances Trialla-
te, Oxadiazon, 2,6-ditert-butyl-4-Methylphenol, 2-Ethylhexyl-4-Methoxycinnamate and Diclofenac have been
deleted from the list because it was stated that a risk assessment can be carried out without additional moni-
toring data. The insecticide Metaflumizon and the antibiotics Amoxicillin and Ciprofloxacin have been added
to the WL.

The candidate substances for the third WL were selected according to three pillars; (i) the outcome of the last
prioritization exercise, (ii) the outcome of the review of the 1st WL and recommendations for the 2nd WL and
the (iii) literature search and/or other sources like information from Member States. Furthermore, the hazard
properties, the availability of reliable safety thresholds as well as analytical methods for monitoring of the subs-
tances were taken into consideration. Three substances of the 1st WL should continue to be on the WL to ensu-
re that enough high-quality monitoring data are collected for their risk assessment. The candidate substances
are antibiotics (Sulfamethoxazole, Trimethoprim), other pharmaceuticals (Clotrimazole, Fluconazole, Micona-
zole, Venlafaxine and O-desmethylvenlafaxine), Plant Protection Products and biocides (Imazalil, Ipconazole,
Metconazole, Penconazole, Prochloraz, Tetraconazole, Tebuconazole, Dimoxystrobin, Famoxadone) [1].
According to Article 8b the WL substances are monitored at 24 monitoring sites in Germany, six of them in the
River Basin Community Elbe. The sampling sites are located in areas with inputs mainly from agriculture, mu-
nicipal wastewater treatment plans or both. The substances are monitored over a period of one to four years
with at least one measurement per year. To gain information about seasonal influences the substances should
be measured four times in a year in equidistant intervals. With only a single measurement per year, it is difficult
to estimate the exposure scenario of substances that have been little or not at all investigated so far.

At the moment, the list of priority substances is revised by the EU. For example, the inclusion of Diclofenac,
Clarithromycin, 17-alpha-Ethynyl Estradiol (EE2); 17-beta Estradiol (E2) / Estrone (E1), Macrolide antibiotics
(Erythromycin, Clarithromycin, Azithromycin) and Neonicotinoids in the list is examined.

The WLs are implemented in German law with the revised Surface Water Regulation (OGewV) in 2016.

In addition to the EU-wide list of priority substances for the assessment of the chemical status of surface water
bodies the member states can define a list of river basin specific pollutants. In Germany, the strategy for pro-
ceeding with the selection of river basin-specific pollutants is described in Rakon VII (https://www.wasserblick.
net/servlet/is/205333/). The identification and prioritization of river basin specific substances is carried out in
a multi-stage process. Within a cycle of six years starting in 2015, the following steps and processes are fore-
seen: (i) Compilation of a substance data collection, (ii) Substance selection for a national WL, (iii) Monitoring
of the substances on the national WL in a nationwide, representative monitoring network and evaluation of the
results, (iv) Derivation of an environmental quality standards (EQS) proposal for prioritized river basin specific
pollutants of the national WL and other available information, (v) Comparison of monitoring data (immission
situation) with the EQS proposals, (vi) Proposal of river basin-specific pollutants for inclusion in the OGewV,
(vii) accompanying, area-wide denser monitoring to expand the data basis and improve the argumentation.
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The following substances are considered relevant for the national WL because the monitoring data exceed the
EQS proposal: Ibuprofen, Bisphenol A, Carbamazepine, Barium (dissolved), Boron (dissolved) and Uranium
(dissolved). In addition, Dimethenamid-P was included in the national WL.

2. Monitoring and Results

Substances of the WL are measured as part of the international coordinated Elbe measuring program (iKEMP) at
important monitoring sites. Here, only selected sites in the river Elbe (data from Elbe Data Information System (FIS),
https://www.fgg-elbe.de/elbe-datenportal-en.html) and results from the monitoring program of the Elbe river basin
in Saxony will be presented. In Saxony, the WL substances are in the state investigation program and are regularly
monitored at representative measuring points.

Figure 1 shows the annual average (AA) concentration of Diclofenac at four sites in the river Elbe. Despite the fact
that Diclofenac was already on the first WL, no reduction over time is visible. Carbamazepin is on the national WL.
The concentrations increase from Schmilka to Schnackenburg.
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Fig. 1: Annual average concentration of Diclofenac and Carbamazepin at selected sites of the river Elbe

Table 1 shows selected substances, the number of investigated sites in Saxony in the Elbe river basin, as well as
the range of AA concentrations investigated between 2016 and 2020.

To compare the measured values, for example the AA quality standards (QS) found in the ETOX database (https://
webetox.uba.de/webETOX/) were used. The most exceedances of AA-QS were detected for Diclofenac (AA-QS
50 ng/l). A large concentration range was found comparing the monitoring sites. Among the pharmaceuticals, the
single values of Erythromycin, Clarithromycin and Azithromycin were in at least 90 % of the samples below the limit
of detection. Less than 1 % of the AA concentration showed an exceedance of the AA-QS for Erythromycin (AA-QS
40 ng/l) and Clarithromycin (AA-QS 120 ng/l).

Despite the low limit of detection of the analyzed hormones over 80 % of the single values for Estradiol (E2) were
even below that. The predicted no effect concentrations (PNEC) of 35 pg/l [2] for 17-alpha-Ethinylestradiol was
most often exceeded, although the limit of detection was above the PNEC until the end of 2019. On the other hand,
Estron (E1) (PNEC 3600 pg/l [2]) was nearly never exceeded. Because of the analytical difficulties, it could be of ad-
vantage to use effect based monitoring for this group of substances. Only a low number of AA concentrations of the
analyzed pesticides, especially for Imidacloprid, exceeded the updated PNEC [2]. The AA concentrations of 2-Ethyl-
hexyl 4-methoxycinnamaten and Butyl-Hydroxytoluol are complied with the PNECs [2] at all measuring points.
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Tab. 1: Analyses of selected substances in the investigation program in Saxony between 2016 and 2020

Number of
investigated

monitoring

Limit of de-
tection (LoD)
in Saxony
sites
Number of
investigated
samples
Number of
investigated
samples
below LoD
Minimum to
maximum
range of an-
nual average
single value

(']
(2]
c
1]
-
n
2
3
(]

maximum

Pharmaceuticals

Azithromycin 83905-01-5 ng/l 25 546 4777 4561 <25-513 1500
Ciprofloxacin 85721-33-1 ng/l 20 546 4777 4691 <20-165 630
Clarithromycin 81103-11-9 ng/l 6 546 4777 3569 <6-150 420
Diclofenac 15307-86-5 ng/l 10 544 4616 1017 <10-4183 7000

Erythromycin 114-07-8 ng/l 6 546 4777 4294 <6-115 330

Estradiol (E2) 50-28-2 pg/l 200/100 31 376 Bil5 <100-2255 6300
Estron (E1) 53-16-7 pg/l 100/50 31 BIl5 18 128-3645 8300
Ethinylestradiol 57-63-6 pg/l 50/25 31 376 149 <25-1000 1200
Pesis .
Oxadiazon 19666-30-9 ng/l 5 574 5344 5340 <5 9
Triallat 2303-17-5 ng/l 5 574 5343 5343 <5 <5
Acetamiprid 135410-20-7 ng/l 10/9 540 4427 4419 <9-17,5 65
Clothianidin 210880-92-5 ng/l 5) 540 4427 4339 <5-15 53
Imidaclorpid 138261-41-3 ng/l 5 515 4002 3640 <5-112 390
Methiocarb 2032-65-7 ng/l 10/2 540 4427 4423 <2-2,1 34
Thiachlopid 111988-49-9 ng/l 9 540 4427 4399 <9-478 1900
Thiamethoxam 153719-23-4 ng/l 5 540 4427 4375 <5-16 62
2-Ethylhexyl 5466-77-3 ng/l 25 574 5344 5303 <25-114 420
4-methoxycinnamate
Butyl-Hydroxytoluol 128-37-0 ng/l 10 574 5344 5111 <10-90,5 330
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Water balance and hydrochemistry of a mine waste dump
landscape at Schlema-Alberoda site (Wismut)

Annia Greif, Andrea Schramm

1. Introduction

The rehabilitation of uranium ore mining legacies in East Germany has been taking place for more than 30 years.
The physical remediation work on mines, waste rock dumps (WRDs), tailings ponds, operating areas and ore-
processing sites by the Wismut GmbH is now largely completed. Meanwhile, some of the remediated objects ente-
red the aftercare phase while monitoring for proofing success of remediation measures continues. In addition, the
treatment of mine decant and seepage water from waste rock dumps will remain a long-term task. The remediation
site Schlema-Alberoda is characterised by a high density of WRDs deposited in vicinity to settlements. In total, 20
dumps of the former SDAG Wismut containing about 44 million m3, were remediated as part of the remediation
program of the Wismut GmbH. Most of the dumps consist of coarse waste rock material. The site also includes a
tailings pond at Borbachtal (Fig.1). The general aim of remediation is to ensure safe long-term storage of mining
residues by minimizing possible impacts on the environment through air- and water-related pathways. To this end,
most dumps have been left at their respective location and covered with a two-layer system consisting of 0.8 m of
mineral subsoil and 0.2 m of humous topsoil. In addition, a drainage system was constructed for capturing surface
and seepage water.

o/ Measurement site ESD

WRDs along valley Borbachtal orange, tailings pond yellow, seepage water measuring points red

Parallel to the physical remediation work, since 1999 field measurements have been conducted to quantify the
effect of remediation on the water balance and the dynamics of water storage in soil. This includes in-situ measure-
ments with soil probes and lysimeters helping to describe the system soil-plant-atmosphere in detail. Measurement
results of two representative dumps covered with different vegetation (grassland, trees/shrubs) are used to calibrate
a water balance model.
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Interfered by meteorological conditions, the interaction between infiltrating water and waste rock material is reflec-
ted in the recharge rate as well as in the chemical composition of seepage water of dumps and affected ground-
water. Main contaminants are arsenic and uranium accompanied by other trace elements like nickel, copper and
selenium as well as sulphate. The results of the long-term observation at the Schlema-Alberoda site indicate two
different scenarios:

a) decreasing concentrations of contaminants with increasing flow rates of seepage and
b) increasing concentrations of contaminants with increasing flow rates of seepage (that’s the exception).

The contaminated seepage water of the different dump objects reaches either the receiving waters directly or it is
injected in a controlled manner into the mine and treated in the water treatment plant (WTP) Schlema-Alberoda.

2. Site characteristics and monitoring concept

The case examples are the two WRDs Borbachdamm (BBD) and 366. Both are located near the town of Aue-Bad
Schlema (Fig.1, Tab. 1). The remediation of the dump objects lasted from 1996 to 2008. The design of the cover
system (thickness 1 m) was optimised by considering site-specific boundary conditions and remediation objectives.
The primary objective of the cover system was the reduction of radon emission. Secondary, cover and vegetation
should increase evapotranspiration (ETR) as the main component of water balance. Minor aims were the control of
cover percolation and thus oxygen ingress.

Tab. 1: Characteristics of WRD objects at Schlema-Alberoda site

| WRD Borbachdamm | WRD 366

Volume 1.2 million m? 7.5 million m?

Footprint 6 ha 43 ha

Cover Completion 1999/2000 2004

Period of water balance measurements | 1999—-2020 2004-2020

Bordering remediation objects WRD 382 and tailings pond -

Seepage water measuring points m-108X since 1997 m-102 since 2004

Emission-Immission Borbach - Zwickauer Mulde (ZM) <9 m¥h: into the mine > WTP > ZM
>9 m?h: Eisenbriickenbach - ZM

With a view to damming the valley location for the storage of uranium ore processing residues during the active
mine period, the WRD Borbachdamm was piled up by a very steep slope. During remediation this steep slope was
flattened to 40 %. The mineral soil (0.8 m) consists of sandy-loamy silt. The overlying 0.2 m thick organic vegetation
layer consists of a substrate produced by the composting of residual organic materials.

Conical in shape, the prominent landscape feature of WRD 366 is one of the largest dump objects at the Schlema-
Alberoda site. Design of the cover is similar to that placed on the WRD Borbachdamm. Both WRDs were seeded
with grass after cover completion. Today a lush vegetation of trees, shrubs and grass has established on both
dumps. Immediately after remediation work, different types of soil probes were installed at depths of 0.4 m and 0.8
m within the mineral soil to investigate soil water dynamics. Complementary to the soil probes, various lysimeters
are operated in immediate vicinity to monitor cover percolation. Flow rates are determined by regular volumetric me-
tering of collection vessels. The lysimeter construction permits quantification of lateral flow (RH) within the cover as
well as the cover percolation rate (RU). Additionally water balance models were established for each measurement
site using time series of local meteorological data. The Swedish model “Coup Model” [1] was calibrated on the basis
of depth-related soil probe data and finally the model based water balance was checked against flow measurements
by lysimeters.

As part of the remediation a drainage system was built at the bottom of each dump. The seepage water measuring

points m-102 and m-108X as well as selected (groundwater) observation wells are monitored regularly as part of
the environmental monitoring program.
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3. Water balance

The establishment of a complete annual water balance of both measurement sites is the final result of the hydrolo-
gical monitoring. By now the measurement results of 16 and 21 years, respectively, provide a detailed description
of time and vegetation dependent changes within the water balance. At the measurement site Borbachdamm the
total flow (RH+RU) amounts to 42 % of annual mean precipitation, ascertained by lysimeter (2001-2019). At the
measurement site at WRD 366 the average value of percolation, measured by slope lysimeters amounts to about
30 % of precipitation (2004—-2019). The annual model-based water balance was established to quantify actual ETR
and to compare measured percolation data with model results. Fig. 2 illustrates the changes of water balance as a
function of vegetation development.

Average water balance Average water balance
of measurement site Borbachdamm of measurement site WRD 366
-1% -2% 2% -1% 7% 0%
/‘ /" /‘ ' M surface run off and lateral flow
M percolation
M actual evapotranspiration
M change in waterstorage
After cover completion Under established tree After cover completion Under mowed grass
1999-2002 vegetation 2016-2019 2004-2006 2016-2019

Fig. 2: Changes of water balance as a function of vegetation development

After cover completion with a bare dump surface initially a grass-herbs-vegetation developed. During the first years
this led to an increase of water consumption. Later trees established by natural succession or were planted. With
plant and root growth an increase of water consumption was detected. Finally the roots extended to the whole
thickness of the mineral soil for using the stored water. However, the evapotranspiration of a frequently mowed
grass cover without trees is limited (Fig. 2). Regional grass reference evapotranspiration (ET0), is in the order of
about 550 mm/a. It takes about five to six years following completion of cover placement and initial vegetation to
reach this evaporation performance. With the advanced development of trees, real ETR amounts up to 135 % of
ETO. Consequently, vegetation verifiably performs its function of reducing percolation rates. With the development
of trees the percolation decreased from about 500 mm/year to a value of about 250 mm/year. Due to the lower ETR
under regularly mowed grass the percolation of such plots is higher (about 350 to 400 mm/year). The development
of water balance is reflected in the decreasing trend of seepage discharge quantity of both dump objects (Fig. 3).
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Fig. 3: Discharge quantity and uranium load of central discharge points
4. Hydrochemistry

The remediation of the dumps often results in a temporary increase of contaminant concentrations in seepage water
particularly during contouring. After remediation, these contents decrease principally. This decrease of main conta-
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minant concentrations (uranium, arsenic) applies to both sites (at BBD since 2011, at 366 since 2006), although this
trend has slowed in the aftercare period and is currently stagnating. However, a wide variation in the concentrations
complicates statements on the trend development additionally (Fig. 4 left).
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Fig. 4: Range of the annual uranium concentrations (leff) and relation between discharge and uranium concentration
2011-2020 (right) in the seepage water of central discharge points m-108X (BBD) and m-102 (366)

At the WRDs usually exist a negative correlation between the seepage water discharge and the element concen-
trations (Fig. 4 right) like case WRD 366. The WRD 366 has a limited catchment area. The WRD Borbachdamm
on the contrary is a part of several remediation objects along the Borbach valley (Fig. 1 orange and yellow areas)
and particularly influenced by the release processes within the tailings pond. As a result, here the concentrations
increase with increasing seepage water discharge.

While primarily governed by the remediation progress it also appears that both, water balance and release of con-
taminants, are significantly impacted by special meteorological situations with low water discharges prevailing since
summer 2013 (Fig. 3). However, in general, a decreasing trend of discharged pollutant loads has been observed
after the finish of remediation.

5. Relevance of the emission for the Schlema-Alberoda site

Compared with the total emission at the Schlema-Alberoda site, the two discussed discharges are only of minor
importance. In the low-flow period from 2014 to 2020 the amount of water at both discharge points reached a ma-
ximum of 1 % of the total amount of contaminated mining water reaching the river system. The uranium load at the
discharge point m-108X makes up 9 % of the real emissions at the site, at the discharge point m-102 the proportion
is <1 % due to predominant injection into the mine (Tab. 1). The main part of emission at the Schlema-Alberoda site
comes from the treated flooding water of the uranium mine.
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Ochre pollution of watercourses in the Lusatian lignite
mining area: Causes, extent and solutions.

Wilfried Uhlmann, Sven Radigk

1. Introduction

The groundwater recovery in the remediation areas in the Lusatian lignite mining district is accompanied by a
mining-induced iron input from the groundwater into the watercourses. This leads to a massive ochre pollution and
possibly acidification. The ochre pollution impairs the ecology and the usage of the watercourses. The effects of
ochre pollution on the Spremberg reservoir and on the southern polder of the wetland Spreewald, which had trigge-
red an enormous media response a decade ago, were particularly spectacular.

2. Causes

In [1] and [2], seven sources of acidification and ochre pollution of watercourses in Lusatia were identified (Fig. 1).
The ochre pollution of watercourses and agricultural drainage systems was already known to be typical of Lusatia
outside lignite mining (1). The cause is the near-surface drainage and aeration of hydromorphic, organogenic, anae-
robic and pyrite-containing soils. In addition to the post-mining lakes (5), the large-scale inner dumps (3) and outer
dumps (4) of the opencast mines remain as eternal withesses of lignite mining. The aeration of the geological strata
during opencast mining is the operational cause of pyrite weathering and iron mobilisation. Originally, the idea was
that in the future a discharge of contaminants from the inner dumps and outer dumps of the opencast lignite mines
via the groundwater pathway into the watercourses was to be expected. In the inner and outer dumps, pyrite-rich
tertiary sediments have been deposited. Due to the distance to the watercourses, there would have been sufficient
warning time and scope for action. One of the surprising findings of the ochre pollution of streams in Lusatia at the
end of the 2000s is that significant iron loads are mobilised from Pleistocene aquifers (2) and from Holocene mar-
shes (6), which were affected by the lowering of groundwater levels outside the opencast mines. In the unaerated
peat horizon, the marshes sometimes contained higher pyrite contents than the Tertiary overburden sediments of
the lignite seam. Iron input started almost spontaneously with the groundwater connection to the watercourses on
the last metre of ascent.

outer dump

m :wate rcourse

~]

inner dump

pit lake

marshes
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Fig. 1: Sources of ochre pollution in Lusatia mining district [2]

In the course of juvenile genesis, predominantly acidic and iron-rich mining lakes are formed in Lusatia (5), which
could be considered iron sources if connected to the watercourses. This danger is averted by external flooding and
inlake neutralisation. The discharge from the post-mining lakes is no longer a relevant source of iron in the LMBV's
remediation areas. The support of the local water balance from wells (7), which is required by mining law, has become
largely dispensable in the course of the groundwater recovery in the LMBV's rehabilitation mining area. With a few
exceptions, they are no longer relevant as a source of acidification and ochre pollution of watercourses. In the area
of the extraction mining industry, the supporting water discharges are being retrofitted with water treatment plants.

3. Extent

The iron enters the watercourses with an anoxic groundwater basically only as dissolved divalent iron. In this form, it is
almost invisible even in high concentrations. The divalent iron oxidizes in the watercourse to trivalent iron and hydroly-
zes by reacting with water to iron(lll)hydroxide. In the unfavourable case, the hydrolysis leads to acidification. The iron
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hydroxide is visible by a strong turbidity and by an ocher-brown coloration (Fig. 2) and settles as sludge in the water
body. The kinetic oxidation reaction of the iron depends on the environmental conditions such as water temperature
and pH. Due to the specific reaction process, the iron load can lead to very different hydrochemical phenomena in the
watercourses (Fig. 2). The iron load in watercourses ranges up to 150 mg/L. Depending on the type of water body, the
Surface Water Protection Ordinance provides threshold values for iron of 0.7 or 1.8 mg/L as an annual average.
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|
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Fig. 2: Concentrations and habitus of iron-loaded watercourses in the Lusatian lignite mining area.

In the Lusatian lignite mining area, three areas are distinguished with striking iron pollution of the watercourses and
with a different cause-effect structure:

(1) The southern remediation area is affected by diffuse iron inputs from the Pleistocene Spreewitz Channel — a
glacial geological structure with pyrite-bearing and well permeable sands. The iron input occurs over 8 respec-
tively 4 kilometers long sections into the rivers Spree and Kleine Spree (Fig. 3). The iron is transported in the
Spree to the Blhlow pre-reservoir and the Spremberg reservoir. By then, the iron is completely oxidized and
naturally separated due to the low flow velocity and the long residence time.

(2) From the northern remediation area iron is carried into the southern polder of the Spreewald from 2nd order
watercourses, e. g. the Greifenhainer Flie3. The iron largely originates from numerous marshes that have been
rewetted after groundwater recovery.

(3) Iron is discharged from the Lauchhammer remediation areas into the Schwarze Elster via the watercourse
Hammergraben. The iron load originates mainly from the inner dumps and the open pit lakes of numerous,
partly very old open pit lignite mines.

As of 2020, more than 200 kilometers of 1st and 2nd order watercourses and a total of more than 480 kilometers of
watercourses in the three remediation subareas of the Lusatian lignite mining region are evidently affected by ochre
pollution. This is unique in Germany.
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4. Solutions

According to current knowledge, ochre pollution of watercourses is expected to last for a very long time. The respon-
sibility of the LMBYV, the technical stakeholders and the approval authorities is to plan, implement and operate low-
maintenance, energy- and raw material-efficient measures to avert iron pollution. Because of the unique nature of ochre
pollution, new solutions must be found to address it. This primarily concerns treatment of the iron sources. In the course
of the legally agreed coal phase-out in Germany, the extraction mining industry is faced with comparable challenges.

After the responsibility of the LMBYV for this specific type of mining consequences was legally established in 2013, the
LMBYV is planning and implementing numerous measures to mitigate iron pollution of the watercourses. The concepts
differ in the focus areas of ochre pollution depending on the local constellation of iron inputs and loads, [3] and [4]:

(1) Aphased plan was developed for the southern remediation area [3] (Fig. 3, left). It initially provided for the safe
retention of iron in the Spremberg reservoir by means of adapted management and the prevention of its further
transport into the Spreewald. In a second step, temporary water treatment was put into operation at the Biihlow
pre-reservoir in 2014, including liming, flocculation and systematic desludging (Fig. 3, left). This has improved
the condition of the Spremberg reservoir. The above measures will provide the necessary time for the planning
and implementation of a permanent solution. This involves the interception of the iron-contaminated ground-
water close to the river Spree and Kleine Spree by means of wells, infiltration trenches and/or ditches. The
captured groundwater is fed to a central water treatment plant, where it is treated and discharged back into the
Spree (Fig. 3, right). Modular container-based water treatment plants (MWBA) were installed at iron loading
hotspots from 2018 to 2020 as an interim solution to provide timely relief to the rivers Spree and Kleine Spree.
In the future, as a particularly sustainable solution, a sealing wall on the northern bank of the Lohsa reservoir
will mitigate the source strength of the iron load [3], [6].

(2) Due to the immediate threat of ochre pollution to the biosphere reserve and the tourist attraction Spreewald,
in a short time end-of-pipe solutions in the form of natural or hybrid water treatment plants on the iron-polluted
second-order watercourses were put into operation in the northern remediation area [3]. In the medium term,
the end-of-pipe solutions are to be replaced by source treatments in the catchment areas [6].

(3) To protect the Schwarze Elster from ochre pollution and acidification, an end-of-pipe solution at Hammergra-
ben is favored. The Plessa water treatment plant is under construction and is scheduled to start regular opera-
tion in 2023. The end-of-pipe solution implies that iron contamination of the watercourse in the Hammergraben
catchment area, which is heavily disturbed by mining, will be maintained for a long time. Source treatment in
the Lauchhammer remediation area was considered disproportionate [6].
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Fig. 3: Concept for the mitigation of iron pollution in the southern remediation area of the LMBV [2], [4], [5].
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Flooding lignite surface mines after the end of their
operation — the experience and future

Vaclav Svejkovsky

There are four lignite surface mines in the Usti nad Labem region — CSA, VrSany, Libous and Bilina. Their operation will
be terminated within several decades. According to the summarizing rehabilitation and reclamation plans, the so-called
hydric reclamation, i.e. flooding the deepest residual pits of these mines is to be carried out. Therefore, four new lakes
are to be created in the Chomutov and Most regions — see Fig. 1. According to the summarizing rehabilitation and recla-
mation plans, these parameters are to be sustainable without the need of pumping water, i.e. without large permanent
costs to maintain levels in the future lakes.
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Fig. 1: Map with the future lakes

Since 2010, the Chabarovice and Most residual post-mining pits have been flooded in the Usti nad Labem region, thus
creating two lakes — Milada and Most. Most Lake has no permanent inflow from a watercourse. Also this lake was sup-
posed to have no need of water pumping after completing the hydric reclamation. Nonetheless, the reality shows that at
present, Most Lake is not able to exist without water pumping. Every year, water from the Ohfe River must be fed in the
amount of approximately 1 million m3. Without the pumping, water in the lake would permanently drop. It became evident
that contrary to the expectations, the surface evaporation is larger and the water inflows from the lake basin are lower
than expected.

Water management experts pointed out this fact when dealing with the potential administration and use of the future la-
kes. Therefore, by Regulation No. 421 of 17 June 2019 [1], the Government of the Czech Republic ordered the Minister
of Agriculture in collaboration with the Trade and Industry Minister to process a complete update of the water manage-
ment balances in 2020 regarding the completed and scheduled hydric reclamations of residual post-mining pits and to
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assess feasibility of interconnecting the water management system of already completed and scheduled hydric recla-
mations of residual pits after complete termination of lignite mining in the Usti nad Labem region. Based on the results,
the Trade and Industry Ministry in collaboration with the Ministry of Agriculture and Ministry of the Environment was to
process a proposal of a technically most effective method of the future operation and administration of flooding residual
post-mining pits in the Usti nad Labem region. These tasks were to find a sustainable concept of flooding the residual
pits with water and propose a method of the future lake administration.
The Povodi Ohfe national enterprise was entrusted with ensuring tasks relating to the residual pit water management
balance and a feasibility assessment of the flooded residual pit water management. It provided a Study of a Comprehen-
sive Water Management Residual Pit Flooding Balance after complete termination of lignite mining in the Usti nad Labem
region — Stage Report No. 1 [2] and a Study of a Complete Water Management Residual Pit Flooding Balance after
complete termination of lignite mining in the Usti nad Labem region — Stage Report No. 2 [3]. The studies were produced
by the Faculty of Civil Engineering of the Czech Technical University in Prague. Both studies were based on assessment
of hydrological quantities that affect the first flooding and the subsequent operation of the flooded residual pits. They also
assessed the impacts of the mean climatic change scenario on the hydrological quantities and the need of water for its
strategic users in the course of the flooding and the subsequent operation of the lakes. The results were discussed within
an interdepartmental group consisting of the Ministry of Agriculture and the Trade and Industry Ministry representatives.
The Stage Report No. 1 [2] was concerned with filling each of the residual pits with water and its operation separately. It
was proved that the future lakes cannot be operated without the use of water from the neighbouring watercourses. The
impact of a climatic change on the lake operation is significant. The use of the Ohfe River was considered for the initial
residual pit filling. This water source proved to be sufficient. When flooding the residual pits, the needs of the other water
users would be provided.
The stage No. 2 [3] assessed interconnection of the future lakes into a water management system. It assessed 4 options
agreed in the working group. The assessment used data on hydroecological water inflow from the residual pits’ own
basins. The data came from an Analysis and Assessment of Interconnected Water Management Options of the com-
pleted hydric reclamations (Vodohospodarsky rozvoj a vystavba, 2020). The Stage Report No. 2 arrived at the following
findings:
Libou$ Lake cannot be operated as a lake on the Hutna stream. The optimum option is its interconnection with the Nech-
ranice na Ohfi Dam, which will improve flows in the Ohfe River by 24 %. The lake level would fluctuate depending on the
Nechranice reservoir level.
CSA Lake — with regard to the slope instability, the lake cannot be operated with level on the altitudes of 230 — 233 MASL.
The lake is sustainable with level on the altitude of 180 MASL. There will be no water outflow provided. On the contrary,
it will provide the other water sources with its needs.
Vr8any Lake — a sustainable operating level has not been found within the researched options. The location cannot be
operated as a lake. It has been recommended to preserve the location.
Bilina Lake — level on the altitude of 200 MASL is sustainable. The lake storage volume of 21.88 million m® has been
found.
Most Lake has currently no sustainable level without the need of water pumping. Interconnection of Bilina Lake and Most
Lake would ensure a sustainable level in Most Lake on the altitude of 199 MASL.
Stage Report No. 2 [3] pointed out risks connected with the use of water from the Bilina River for the flooding. Water
feed from the Bilina River would significantly limit flows downstream the Bilina where only a minimal residual flow would
run when flooding the residual pits. This fact may also negatively affect water quality downstream the Bilina. These risk
must be considered.
The following analyses and studies were made in 2020 outside the scope of tasks assigned by the Government of the
Czech Republic in addition to both Stage Reports:
. Technical and economic study of new pumped-storage power plants (PVE) in areas of present and past lignite
mines (Energotis, 04/2020),
. Analysis and assessment of options for an interconnected water management system in completed hydric reclama-
tions (VRV, 05/2020),
. Analysis of a feasibility assessment of solar power park construction in the scheduled hydric reclamations and in
the reclaimed areas (Deloitte Advisory/VRV/ENACO, 05/2020),
. The use of spontaneous succession as an effective tool of the CSA mine ecological renewal (AOPK CR/CZU,
12/2020).
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Based on an assignment from a Cabinet Resolution, the Trade and Industry Ministry in collaboration with the Ministry
of Agriculture with application of the above-mentioned water management and other materials made a Report on Out-
puts from Processed Analyses assessing feasibility of an interconnected water management system of completed and
scheduled hydric reclamations and its power potential in the Usti nad Labem region [5]. This report comments on water
management risks connected in particular with the minimum residual flow in the Bilina River and water quality in this
watercourse. Moreover, the impacts of level fluctuations in the future lakes on the summarizing plans of rehabilitations
and reclamations and thus the economy of the reclamations have not be assessed so far. Because of these and other
facts, the government assigned tasks to the Minister of Agriculture, the Trade and Industry Minister and the Minister of
the Environment by the Cabinet Resolution No. 344 of 6 April 2021 [4] that will lead to a decision on the future form of the
residual pits and thus the form of the future landscape in an important part of north-west Bohemia.

These tasks include processing of the following water management studies:

. assessment of the impacts of feeding and operating the residual pits on the Bilina River — issues connected with
wastewater treatment in the entire Bilina basin with a proposal of improving the water quality, water quality assess-
ment in the future lakes considering the feeding and operating and the minimum residual flow downstream the
Bilina River with regard to the condition of the water bodies

. verification of the water management concept in the CSA and Vr$any residual pits — finding an option of a sus-
tainable water level without the need to pump water for operation of the flooded residual pits including potential
application of spontaneous succession,

. technical and economic study of interconnecting Libou$ Lake with the Nechranice Dam including the lake bypass.
These water management studies should confirm interconnectivity of the future Libou$ Lake with the Nechranice na Ohfi
Dam and clarify proposal of the water levels in the future lakes with regard to the impact on the long-lasting important
water consumers downstream the Bilina River when considering climatic changes and needs of water for other users.
The water management assessment is fundamental for the future potential flooding of the residual pits and thus the me-
thod of their reclaiming. Nonetheless, based on the Cabinet Resolution No. 344 [4], the option of power production and
potentialities of spontaneous restoration of the location will be assessed. The impact of the water management concept
on the summarizing plans of rehabilitations and reclamations including the impact on the financial demands of these
plans and enumeration of the impacts on the national budget will also be assessed. Potentialities of the reclamation and
power-production funding will be verified.

All of these activities will be carried out by June 2022. Based on these materials, the options will be verified according to

the selected criteria in the second half of 2022. The criteria will include a water management balance, technical feasibi-

lity, financial demands, geotechnical aspect (slope stability in the Ore Mountains, landslide areas, abrasion, water level
fluctuation in power-production — pumped-storage power plant), urbanism, the environment, property settlement, social
aspects (development of the region, recreation) and other benefits of the project (hyrotechnical and solar power plants).

Subsequently, the government should make a decision on the residual pit flooding option, i.e. the overall approach to the

surface post-mining residual pit reclamation in the Usti nad Labem region.
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Restoration of the Spree River near Cottbus — a symbiosis
of water management, mining and nature conservation

Christoph Gerstgraser

1. Inducement

In the federal state of Brandenburg, on the outskirts of the city of Cottbus, lignite was mined in the opencast
mine “Cottbus-Nord” until the end of 2015. The pond group “Lakoma”, which consisted of 22 ponds, was located
within the approved mining area. The ponds were used for carp-breeding, especially young fish. As a result of
the pond farming, which has been practiced for centuries, a high level of biotope and biological diversity deve-
loped in and around the ponds. A total of 1320 species were found in the area and 68 protected biotopes were
designated.

In December 2003, the Lakoma ponds with an area of 130 ha were reported as Flora-Fauna-Habitat-area (FFH) to
the European Commission. Since the hermit beetle (Osmoderma eremita), a priority species, was potentially affec-
ted, the European Commission had to be included in the plan approval procedure at the end of 2004 [1].

In November 2006, the European Commission informed in writing that the compensation concept would preserve
the overall coherence of the Natura 2000 network. With the closure of the Lakoma ponds, the complete elimination
of an FFH-area was approved for the first time in Germany [2].

As the largest nature conservation compensation measure for the drainage of the FFH-protected pond system by
the lignite mining north of Cottbus, the Spree and its floodplains were restored along 11 km and within an area of
400 ha. This represents the largest river renaturation project in Brandenburg.

2. Renaturation of the Spree flood plain

The Spree River is an important and sensitive aquatic lifeline connecting Berlin with Brandenburg. Like many other
medium-scale rivers in Europe, the Spree catchment was subjected to transformations from a natural into a cultural
landscape over the past centuries — with strong impact on the river itself.

Today, almost the entire river course of the Spree has been straightened and regulated. Riparian areas and forests
were cut-off by dykes and drained, discharge is controlled by the outflow from barrages. Additional stress on the
aquatic ecosystem is exerted by the lignite mining activities in Lusatia that affect large parts of the Spree. Here,
the groundwater level is lowered to enable open mining and the pumped and chemically altered groundwater is di-
scharged directly into the river network. Due to these severe pressures, biodiversity has been dramatically declined,
which probably best shows in fish: Only two species cover 75 % of the fish population of the Spree.

Besides improvements in water management, the priority of the renaturation scheme was laid upon creating new
areas for habitats and species according to the EU Habitat Directive. Implemented measures were:

. Re-establishment of longitudinal connectivity by modifications and reconstructions of rock ramps

. Structural improvements by installation of groynes, bifurcations and side-arms

. Reconnection of oxbows and relocation of the Spree main flow

. Lateral dyke relocations up to 3 km to create inundation areas and wetlands

. Increase in width to depth variance by widening the river banks above mean water level

. Initialization of site-specific riparian forests and bank vegetation

. Improvements in lateral connectivity between the river and its dyked hinterland by creating and connecting a 6
km long side arm

. Improvements in water balance by decommissioning existing drainage systems

. Forest conversions and creation of forested wetlands in the dyke hinterland

. Provision of habitats for amphibians in the dyke hinterland
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The Spree is significantly upgraded through the creation of ecological continuity, combined with structural impro-
vements through the installation of islands and dead wood, lateral dyke relocations and the creation of side arms.

The networking of the Spree with the dyke hinterland and the closure of existing drainage systems lead to a susta-
inable improvement in the water balance of the drained floodplain.

tion of a river island

All farmland and intensively used grassland areas in the floodplain have been extensified. Large areas are grazed
throughout the year with aurochs (Heck cattle) and water buffalo. Existing, non-native forest stands were converted
and reforested with trees appropriate to the location. In addition, all forest areas within the renaturation area were
provided for forestry use. The renaturation of the Spree and its floodplain benefits a large number of animal and plant
species and promotes biodiversity in the region. The construction works were implemented between 2006 and 2015.
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Fig. 2: The dyke was relocated up to 3 km, 45 ha of new floodplain and a new water network were created

121



Revitalisierung von Gewassern und der Wasserhaushalt
im Einzugsgebiet der Elbe

In addition to the renaturation of the Spreeaue, targeted measures for special species and habitat types according
to the Habitats Directive had to be implemented. Among others, the Spreeauen ponds were created as a partial
measure which consist of eight ponds with a water surface of 21 ha. In particular, the ponds serve to secure the
Natura 2000 network for otters (Lutra lutra), fire-bellied toad (Bombina bombina) and habitat type 3130 and 3150
according to Habitats Directive Annex I.

Extensive landscaping measures were carried out to structure the pond system and to enhance the surrounding
area. In the ponds, reed rhizomes and pond bottom from the impact area were placed in the ponds for rapid deve-
lopment of pond vegetation. Along the ponds groups of trees and bushes were planted and large areas of swamp
forest and reed beds were created in the surrounding area. The ponds are managed with carp similar to the Lakoma
ponds.

Amphibians of the affected area were also relocated to the Spreeauen ponds. For this purpose, amphibian larvae
were caught in the Lakoma ponds in the summer of 2007 and 2008. From September 2007 to June 2010, old and
young animals were relocated over several weeks in spring and autumn. A total of 180,000 larvae and animals, the-
reof 76,220 red-bellied toads (Bombina bombina), were caught in the Lakoma ponds [3]. Of these, almost 150,000
amphibians were moved into the Spreeauen ponds and over 30,000 amphibian larvae were handed over to the
Brandenburg State Environment Agency for resettlement.

Fig. 4: The Spreeauen ponds. Left — before construction: arable and grassland, right — the pond area six years after
completion
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With the renaturation of the Spreeaue, a new, impressive landscape was created in a short time. Thus the renatu-
ration of the Spreeaue is an important component in securing the Natura 2000 network. In addition, a large number
of other animal and plant species benefit from the renaturation. The ecological networking in the region is enhanced
and a place of quiet relaxation is created for the residents.

3.  Monitoring

The control of the effect of the compensation measures was carried out by a complex monitoring program with the
involvement of various experts. Up to 16 different, extensive reports were submitted to the authorities each year.
The monitoring included studies of flora and fauna as well as abiotic factors. The success control extends over five
years after completion of the individual compensation measures.

The monitoring confirmed that all compensation goals were achieved and that the Natura 2000 network was main-
tained. In addition, the data also show that for individual FFH-relevant species such as the fire-bellied toad (Bom-
bina bombina) there has been a significant increase in populations as a result of the compensation measures. All
in all, the existing monitoring data allow unique conclusions to be drawn about the effect and development of the
renaturation of a floodplain [4].
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Impact of the river stone field on the composition of
fauna and flora — biological monitoring of the experimental
stone field on the lower part of the elbe

Eduard Bouse”, Miroslav Barankiewicz', P. Vlasanek’, Jiri Musil’

Abstract

The river stone fields are among the most common revitalization structure, mainly used for concetrating current in
the flow. Furthemore, they increase the heterogeneity of the environment, the sheltering capacity of the stream, and
the amount of the natural washed alluvial areas. The aim of this project is to assess the ecological benefits of indi-
vidual types of river stone fields, to determine their impact on fauna and flora in their surroundings, and to compare
them with the natural river beach.

Biological monitoring has been carried out since 2009 and includes monitoring of vegetation, malacofauna, ichtyo-
fauna, entomofauna, and macrozoobenthos. In total, three types of river stone field were established. The first type
is the flow-through stone field, which is most suitable for rheophilous fish species, and for the malacofauna. Beach
types of stone fields are of similar character es the original river banks. They possess the highest diversity of plants,
ripiculous species of beetles, and macrozoobenthos. Fish that are not so demanding in terms of flow velocity also
show high diversity at these localities. The lagoon type of stone fields expresses higher species diversity, especially
in fish older than 1+. In comparison with other stone fields, phytophilic fish species are more often fished there, and
more hygrophilous plant species occur more frequently.

From the ecological point of view, natural river beaches are most similar to the beach type of river stone fields. Our
results show that river stone fields have a positive effect on both abundance and species composition of fauna and
flora. They properly extend the range of microhabitats and may partially replace the original gravel beaches, which
had to give in the requirements of navigation.
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Periodic increase of microbial pollution in the Svihov
drinking water reservoir

Jakub Dobias, Dana Baudisova, Karel Kolar

1.  Summary

The Svihov water reservoir on the Zelivka river is the largest source of drinking water in the Central Europe. Due
to this importance, Vitava River Basin, state enterprise in the cooperation with the water treatment company provi-
de intensive regular monitoring of the water quality [3]. Since autumn 2016 there has been an annual increase of
bacterial pollution, which is detected with the standard methods as a coliform origin (CSN EN 1SO 9308-1, CSN EN
ISO 9308-2 a CSN 75 7837). The increase starts usually in September — August and lasts 1—2 months (Fig. 1). The
causes of annual occurrence may be associated with diurnal mixing (Fig. 2), end of the vegetation period of phy-
toplankton (Fig. 3) and macroscopic submerged vegetation [1,2,4,5,6,8,9] and less likely agriculture, hydrological
conditions and waterfowl occurrence [7,8]. It will be further investigated.

Detailed analysis of the bacterial community by the MALDI-TOF method (matrix-assisted laser desorption/ionizati-
on) showed (Tab. 1), that commonly used methods differ one from the other in the selectivity and they might overe-
stimate results of coliform bacteria pollution. Selected bacterial colonies were further identified by the MALDI-TOF
method as bacteria of the genera Aeromonas, Plesiomonas and Enterobacter (lactose non-fermentative strain).
These are not typical pathogenic fecal coliform bacteria strains. They are commonly found in the aquatic environ-
ment and they can multiply under appropriate conditions [1,2,4].
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Fig. 1: Coliform origin bacterial pollution detected by the current methods, dam location.

Tab. 1: MALDI Biotyper Classification Results.

Organism (best match) | Score Value

Enterobacter bugandensis 2.18
Aeromonas veronii 2.25
Plesiomonas shigelloides 2.3

Enterobacter cloacae 1.82
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Svihov drinking water reservoir - dam, vertical profile
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Fig. 2: Temperature stratification development at the end of the vegetation season.
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Fig. 3: Phytoplankton biovolume development in years 2016—2020, dam location.
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Short and Long-term trends of Selected Organic
Micropollutants in the Czech Part of the Elbe river Basin

Martin Ferenéik

1. Intoduction

Variability of organic micropollutants’ concentrations is a function of many various factors (seasonal application of
pesticides, changes in the list of approved pesticides and illegal applications, pharmaceuticals’ usage patterns,
influence of rain precipitation and snow melting, extremes in hydrological conditions (droughts, floods), operation
of wastewater treatment plants, industrial or traffic accidents, illegal waste water discharge, dumpsite leakage, etc.

Another decisive factors are sampling methods (spot water samples versus integral passive water samples, sedi-
ments versus monthly collected suspended matter samples), selection of sampling sites, random or purpose sam-
pling time, sampling frequency, etc. Despite of these shortcomings operational monitoring based on monthly spot
water sampling provides information on the occurrences and trends, but the interpretation must take into account
above mentioned factors and phenomena.

2. Accidental and short-term micropollutants’ Contamination Events

An example of a huge and rare accident caused by insecticides used in conventional agriculture is the event at
Doubravka brook from March 2014 described in the article [1]. Discharge of high concentration pesticide mixture
Dursban containing chlorpyrifos and cypermethrin (at a ratio of 10:1, respectively) caused death of over 10,000 indi-
viduals of the critically endangered noble crayfish Astacus astacus, macrozoobenthos, and fish (brown trout Salmo
trutta and stone loach Barbatula barbatula) over 6 km downstream from the confluence of the brook with drainage
channel from a local agricultural company. Extreme concentrations of chlorpyrifos in dried sediment samples up to
13 mg/kg were determined due to high sorption of insecticides to sediment containing organic carbon.

Besides these very rare poisonous accidents, there are much more frequently short-term (hours) high concentration
pesticide events (immediate rainfall-runoff events) that happen after the pesticide application followed by rainfall
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Fig. 1: Metabolites of chloroacetanilide herbicides in raw water from drinking water reservoir Vrchlice
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precipitation. These high pesticide concentrations (micrograms per liter) are only rarely recorded by regular monito-
ring using spot monthly water samples, although they occur probably regularly.

There are also accidents caused by leakage of petroleum hydrocarbons and industrial chemicals (in traffic accidents,
industrial accidents, flushing of retention reservoirs and waste-water treatment plants during severe storms, etc.).

3. Long-term trends in micropollutants’ concentrations in surface waters

Long-term trends can be illustrated on the example of persistent metabolite of herbicide Alachlor (alachlor ESA),
which usage was terminated in 2006, and compared with still used herbicide metolachlor (metabolite metolachlor
ESA) on samples of raw water from drinking water reservoir Vrchlice (Figure 1) [2]. While concentrations of alachlor
ESA are steadily decreasing, concentrations of metolachlor ESA are more or less stable.

Figure 2 illustrates differences in uccurrences of common pharmaceuticals (ibuprofen) and wide used herbicide
terbuthylazine. While human pharmaceuticals are present throughout the year [3], terbuthylazine is used in spring
on maize and is present usually in summer.
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Fig. 2: Occurrences of herbicide Terbuthylazine and human pharmaceutical Ibuprofen in Orlice River Nepasice
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The influence of the City of Prague on pollution of Vitava
and Czech Elbe

Josef K. Fuksa, Lenka Smetanova

The City if Prague is a substantial source of pollution of the Vitava River, cca. 43 km upstream the confluence
with the Elbe. It is a typical communal source with over 1,2 million people connected mostly to a central WWTP,
discharging approx. 3,5 m¥sec. downstream the city. The main source of drinking water is the Svihov reservoir
situated in the river basin upstream. Big industrial sources of pollution are absent in the basin and Vitava upstream
the city is substantially influenced by big reservoirs (Slapy and Orlik, with approx. 40 and 50 days of retention time,
respectively). Reservoirs are artificially improving the discharge during dry months, and control the thermal cycle
of river even in the city approx. 50 km downstream (no ice in winter, cold water in summer).

Influence of the City on the Vitava quality and comparison with the Upper Elbe:

Long-term development (1970-2018) of the water quality of the Vitava shows that during last more than 10 ye-
ars the City of Prague (it's WWTP) contributes only by a medium increase of phosphorus and of the ammonia
nitrogen, input of B.O.D. and C.O.D. being negligible. Discharged ammonia quickly disappears as nitrified to the
nitrate in well-oxygenated river and on the level of nitrate, dominant form of nitrogen in river, the nitrogen increase
is also negligible. Most of organic carbon (C.0.D., B.O.D.) comes from the primary production in the river basin
and shows some seasonal cycles at present. During dry seasons, the discharge (supported by discharging from
the Orlik reservoir) never drops under 45 m¥sec, so the WTTP discharge represents max 8 % of total discharge
in the recipient river (about 2 % during long-term mean discharge).

At the confluence Vitava and Elbe have similar mean discharge, but other characteristics of their basins differ sub-
stantially (see Table 1). In case of Elbe the pollution sources are relatively small (and containing industrial sources)
and reservoirs as tools for discharge control are missing.

Value | Vitava | Elbe at confluence | Elbe at Hrensko/Schmilka
Basin area [km?] 28 090 13 695 50 176

Mean discharge [m?/s] 150 148 319

Population [thousands] 3 331 1603 6118

Water quality of Elbe differs from that of Vitava slightly, according to stepwise abatement of industrial pollution and
upgrading of many WWTPs. In addition, a different geology of the basin (higher Ca, K) could play a role. In gene-
ral, at the confluence Vlitava shows a lower level of pollution than the upper Elbe. The passage of 100 km of to sta-
te border, to profile Hrensko/Schmilka, does not cause substantial changes of water quality during last 20 years.

Budgets of material transport

Standard comparing of concentrations does not well reflect real transport of pollution downstream. Having monthly
data of concentrations and relevant data of Qd, we can calculate 12 daily budgets for any year. Naturally, at the
level of transport calculations, changes of discharge are a substantial factor controlling the budget values, con-
centration values being relatively conservative. A budget of yearly means of transport [tonnes per year] shows the
Fig 2.

Conclusions:

Quality of water in Czech Elbe both at the confluence with Vitava and at the profile Hrensko(/Schmilka is stable
and good. At the level of concentrations, it corresponds to the quality in the German Elbe downstream, as repor-
ted in the MKOL/IKSE Water Quality Report for 2010. Therefore, big reservoirs at Vitava could partially control
the transport even at the Hrensko. The pollution status reported is valid only for “classical” indicators of pollution.
Specific pollutants as PPCPs behave in a quite different mode, both when discharged and as to their behaviour
in the river.

133



Revitalisierung von Gewassern und der Wasserhaushalt

im Einzugsgebiet der Elbe

15
 B.O.D. [mg/1/0,] = Qe POD === ZEL

104 ~=A=-HRE —&— OBR

0 : : : : : : : : :
1971 1981 1991 2001 2011
10
N-NO3 [mg/I] = O= POD == ZEL
—~/—- OBR —&— HRE
5 -
0 : : : : : : : : :
1971 1981 1991 2001 2011

Fig 1: Annual means of B.O.D. and N-NO3 in Vitava upstream (POD) and downstream (ZEL) Prague and in Elbe
upstream the confluence (OBR) and at the state border (HRE).
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Water quality during the 2018/2019 Elbe low flow events

Gerd Hiibner, Daniel Schwandt

1. Introduction
In summer and autumn 2018 and 2019, severe low flow events of the River Elbe occurred. During both events, the

“Monitoring Programme for Hydrological Extreme Events of the River Elbe” (MPE) of the River Basin Community
Elbe [1] was conducted. This programme was carried out by the federal states of Saxony, Saxony-Anhalt, Branden-
burg and Lower Saxony, and coordinated by the Federal Institute of Hydrology (BfG). It provided water quality data
of the Elbe and its tributaries Saale, Mulde, and Havel. Here, we present an overview of noteworthy aspects of the
Elbe water quality during the 2018/2019 low flows.

2. Study area and methods
The study area and sampling sites are shown in Fig. 1. According to the discharge of the Elbe and the sampling

dates of the MPE, the duration of the low flow periods was set to 16.7.—10.12.2018 and 15.7.—30.9.2019, respec-
tively. Sampling took place approximately every fortnight with ten samples taken during the 2018 and six samples
taken during the 2019 low flow. Results of continuous measuring stations of the Elbe are also included in the ana-

lyses. The underlying data are presented in [2] [3].
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Fig. 1: Study area with sampling sites of the MPE and reference gauges during the 2018/ 2019 Elbe low flows

3. Results
The low flow event in 2019 was much shorter than that in 2018, but similarly strong developed. During both low flow

periods, a large proportion of the Elbe runoff at Schmilka originated from Czech reservoirs. This additional water
supply improved the water quality of the Elbe in Saxony. Both low flow events were accompanied by notably high
water temperatures (especially in 2018), whereas oxygen concentrations remained above critical levels. Electric
conductivity and the concentration of major ions increased, which is typical for low flow events. Some of the mea-
sured concentration peaks of calcium, potassium, sodium and chloride (Fig. 2, left) have not been observed within

the last 20—-25 years.

The concentrations of chlorophyll-a, TOC and total suspended matter were higher in 2019 compared to 2018 and
showed an inverse trend to the concentration of ortho-P. Elevated concentrations of ortho-P compared to the hy-
drological reference year 2012 were measured at some sites of the Elbe in September and in 2018 also later on.
During both low flow periods, the concentration of nickel (Fig. 3) and arsenic increased in filtered and unfiltered sam-
ples at some measuring sites. The pharmaceutical substances carbamazepine (Fig. 2, right) and sulfamethoxazol
showed elevated concentrations. Further information is given in [4][5].
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Fig. 2: Concentration of chloride (left) and carbamazepine (CBZ) (right) of the Elbe at Schnackenburg in relation to di-
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Tritium in the Vitava and Elbe Rivers — monitoring and
modelling

Eva Juranova, Barbora Sedlarova, Diana MareSova

1. Introduction

Tritium is a radioactive isotope of hydrogen, commonly present in the environment in low concentrations. Besi-
des natural processes, it can be generated by human activities e.g. operation of nuclear power plants. This is
also the case of the Temelin Nuclear Power Plant, which releases its tritiated wastewater into the Vitava River
[1]. As a result, tritium is elevated above its natural level along the Vlitava River reach and the following reach
of the Elbe River. The tritium concentrations in the Czech territory are well measurable, clearly distinguisha-
ble from the natural tritium levels, but still they are far below the legal threshold values for surface and even
for drinking water according to the Czech government decree 401/2015 Coll. and Council Directive 2013/51/
Euratom.

2. Measured tritium concentrations in the Vitava and Elbe Rivers — Czech Republic

The surface water samples for tritium monitoring were collected at 6 sites at the Vitava and Elbe Rivers,
downstream of the Temelin Nuclear Power Plant waste water release (influenced sites) and, in addition, at two
reference sites not affected by the tritiated waste water release. Surface water has been sampled regularly with
frequency from twice a week to once a month since 2001 [2], when the Temelin Nuclear Power Plant was put
into operation. The tritium concentrations were determined using the standard liquid scintillation method accor-
ding to the CSN EN ISO 9698. In this article, data of the period 20062017 are evaluated, as it is displayed
in the tab. 1. Based on these monitoring results, it can be generally stated that the tritium concentration at the
influenced sites is significantly higher than at the reference sites. Concerning the influenced sites, the tritium
concentration decreases along the river reach with the distance from the source, as the river swells and tritium
is diluted in higher amount of water with a very low tritium concentration.

Based on the measured tritium data and the annual average flow rates, the annual tritium activities for the
studied sites were calculated as products of average tritium concentrations and annual average flow rates at
the same site and year. Comparing of the tritium amounts among the studied sites leads to the conclusion that
it is very stable as it travels along the river reach, the influences of radioactive decay, evaporation, sorption or
other can be neglected. This fact was used for estimation of the tritium concentration at sites at the German
part of the Elbe River.

Tab. 1 Tritium concentrations at the Vltava and Elbe monitoring sites, measured in 2006 — 2019.

Site-type Distance from Tritium concentration [Bq/l]
source [km] Average Min Max

Vlitava Hluboka Reference - 1,2 < 0,51 2,3 0,29
Elbe Lysan. L. Reference - 1,1 <0,37 3,9 0,41
Vltava Korensko Influenced 0 62 <0,49 2900 260
Vitava Solenice Influenced 56 21 &3 64 11

Vitava Stéchovice Influenced 118 20 <0,86 51 8,9
Vlitava Podoli Influenced 144 13 <0,82 36 59
Vlitava Zeléin Influenced 196 12 <1,0 36 5.5
Elbe Hfensko Influenced 309 6,6 < 0,65 21 3,4

3. Modelling of the tritium concentration in the Elbe River — Germany
The estimation of the tritium concentration at the German part of the Elbe River, the annual amounts of tritium, cal-
culated from the data measured at the Czech part of the river reach were used. The concentration estimation was
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calculated as a ratio of the tritium amount and the annual average flow rate at the Wittenberg site at the German
part of the Elbe River [3]. The calculated concentration estimations were compared with the data measured at the
Wittenberg site by the German Federal Institute of Hydrology (BfG) [4]. As it is shown in the fig. 1, the modelled
(estimated) tritium concentrations in the German Wittenberg site correspond well to the data really measured at the
site by BfG.
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Fig. 1 Annual average tritium concentrations — estimated (modelled) and measured at the Elbe River, Wittenberg site
for the period 2006—2017.

4. Conclusion

Tritium concentrations elevated above the reference level, are measurable along all the river reach, affected by
the releases of the tritiated waste waters from the Temelin Nuclear power Plant. These concentrations fulfil all the
legislation requirements, so the risk for human health is insignificant, but it can be used for modelling purposes, as it
was shown at the estimation of the tritium concentrations at the Wittenberg site at the German part of the Elbe River.
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Introduction

Tritium is a radioactive isotope of hydrogen, present in
the environment in low concentrations. Besides natural
processes, it can be generated by human activities e.g.
operation of nuclear power plants. This is also the case
of the Temelin Nuclear Power Plant (see fig. 1), which
releases its tritiated wastewater into the Vitava River.
As a result, tritium is elevated above its natural level
along the Vitava River reach and the following reach of
the Elbe River. The tritium concentrations in the Czech
territory are well measurable, clearly distinguishable
from the natural tritium levels, but still they are far
below the legal threshold values.

Fig. 1 Temelin Nuclear Power Plant

Fig. 2. Map of tritium monitoring sites
\ittenberg S

5

A} \/’\3‘2

Tritium measured in the Czech Republic
The surface water samples for tritium monitoring were
collected at 6 sites at the Vitava and Elbe Rivers,
downstream of the Temelin Nuclear Power Plant waste
water release (influenced sites) and, in addition, at two
reference sites. The ftritium concentrations were
determined using the standard liquid scintillation
method according to the CSN EN 1SO 9698. Measured
tritium concentration is displayed in the tab. 1.

Based on the measured tritium data and the annual
average flow rates, the annual tritium activities for the
Czech studied sites were calculated.

Tab. 1 Measured data on tritium concentration at monitored sites in the Czech
Republic.

. n A Dl tritiumt‘;er::eg:tration
River Site Site-type from
source [km] (2006-2017)
[Bq/l]

Vitava Hluboka Reference - 1,2
Elbe Lysan. L. Reference - 1,1
Vitava Korensko Influenced 0 62
Vitava Solenice Influenced 56 21
Vitava Stéchovice |Influenced 118 20
Vitava Podoli Influenced 144 13
Vitava ZelCin Influenced 196 12

Elbe Hrensko Influenced 309 6,6
CONTACT:

Ing. Eva Juranova | +420 220 197 335 | eva.juranova@vuv.cz

Tritium monitoring sites
® Influenced, Measured
@ Influenced, Modelled
® Reference, Measured

.! Tomelin Nucloar Power Plant

Tritium modelled in Germany

The data measured at the Czech part of the river reach
were used for estimation of the tritium concentration at
the German part of the Elbe River. The concentration
estimation was calculated as a ratio of the tritium
annual amount and the annual average flow rate at the
Wittenberg site at the German part of the Elbe River.
The calculated concentration estimations were
compared with the data measured at the Wittenberg
site by the German Federal Institute of Hydrology
(BfG). As it is shown in the fig. 3, the modelled
(estimated) tritium concentrations in the German
Wittenberg site correspond well to the data really
measured at the site by BfG.

Fig. 3 Fluctuation of tritium concentrations in selected sites
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Conclusions

As a result of the releases of the tritiated waste waters
from the Temelin Nuclear power Plant, tritium
concentrations are well measurable along the Vitava
and Elbe rivers. These concentrations fulfil all the
legislation requirements, so the risk for human health is
insignificant. On the other hand, measured data on
tritium can be used for modelling purposes, as it was
shown at the estimation of the tritium concentrations at
the Wittenberg site at the German part of the Elbe
River.
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Organic micro-contaminants in the Uhlava River basin —
an example of anthropogenic influence on water supply
for municipal waterworks in Pilsen

Milan Kozeluh, Lumir Kule, Vaclav Tajé, EliSka Tumova

1. Introduction

The Uhlava River and its tributaries provide water for more than 200 thousand people as main supply for treatment
of drinking water. Contamination comes from the surface run-off, or it is carried from Wastewater treatment plants
(WWTP). River basin is mostly agricultural with a high proportion of industrial crops (oilseed rape and maize). Ap-
plications of plant protection products (herbicides) comes the main danger for surface water. Herbicides are applied
every spring and autumn, and their penetration into the aquatic environment depends on hydrological conditions
(amount and intensity of rainfall), on a compliance protective zones and on the each landscape profile. The impor-
tant source of pharmaceuticals and personal care products (PPCP’s) is district town Klatovy (22300 inhabitants,
many municipal and industry activities). The most of treated wastewaters flow into the recipient Drnovy potok a few
kilometers before confluence with Uhlava River.

2. Monitoring scheme

Targeted monitoring of organic micro-contaminants is carried out continuously and with great care. Uhlava River is
exposing to a permanent danger of unexpected and latent micro-contaminants entry. Consequently, the waterworks
technologies can be damaged and especially quality of drinking water in Pilsen agglomeration can be endangered.
Monitoring of weekly cumulated samples is an efficient instrument, how to get full integrated information about
quality of surface-water in the drawing site of the Waterworks in Pilsen. In addition, the balance analysis of micro-
contaminants from the Uhlava River basin were calculated (Fig. 1).
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Fig. 1: Uhlava Plzen Doudlevce — Balance analysis of Pesticides and Pharmaceuticals and Personal Care Products
(PPCP’s) in 2020

3. Enviromental accident in October 2019

The hazardous accident — leakage of about one hundred liters of concentrated fungicidal wood preservative from a
private woodworking factory Holz-Schiller in October 2019 was the real test of cooperation between Povodi Vitavy
state enterprise, Municipal Waterworks, Regional and Municipal Authorities and Emergency Service. The main aims
were (i) to prevent contamination of drinking water in Pilsen, (ii) the raw-water source substitution for a limited peri-
od, and (iii) a dilution of extremely high concentrations of pollutants by increasing of water outflow from Nyrsko and
Hracholusky reservoirs. Thereupon, safety concentrations (bellow 100 ng/l) of the main marker propiconazole in the
downstream basins (Berounka River and Vitava River) were measured several hours after culmination. A balance
analysis of propiconazole at the accident culmination was processed (Fig. 2).
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PROPICONAZOLE AT THE ACCIDENT CULMINATION
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Fig. 2: Uhlava Plzen Doudlevce — Balance analysis of propiconazole at the accident in October 2019

4. Post-accident monitoring in 2020

Monthly the source of the contamination in two sites was monitored- (i) the leaking water of the Holz Schiller factory
area and (ii) the recipient Drnovy stream under this factory. The results show a gradual decrease in concentration of
both compounds during 2020 (Fig.3). The leaking water from Holz-Schiller factory can be considered a permanent
risk of contamination threatening a significant source of raw water. Therefore, the monthly monitoring also continues

in 2021.
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Fig. 3: The accident site — post-accident monitoring of propiconazole and cyproconazole in 2020
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Determination of water quality in Mastnik Bay of the Slapy
Reservoir

Lubos Mrkva, Bohumir Jansky, Miroslav Sobr

1. Introduction

Two important goals of water resources management are to restrict pollution sources and to prevent worsening of
surface water quality. Eutrophication has become the primary problem facing most surface water bodies worldwide
[2]. According to research results, water management is an area that could be highly affected by climate change,
especially in relation to water temperature and discharge [6].

Small watercourses in rural areas often show many unsecured water pollution sources. The problem of diffuse
sources of water pollution such as rural settlements and agriculture remains unsolved [7]. The consequences show
that the most significant risk for river eutrophication is posed by point rather than diffuse phosphorus sources, even
in rural areas with high phosphorus losses in agriculture [3]. Classification of lakes based on various methods and
indices have been made by various workers. The classical and most commonly used method, based on the produc-
tivity of the water body, is the biomass related trophic state index (TSI) developed by Carlson (1977) [1].

The Mastnik Bay at Slapy Reservoir was selected as the object of this study. The objectives of this study were to
describe the trophic state and water quality of Mastnik Bay and ascertain its effect on the Slapy Reservoir. Thus,
nutrients and oxygen concentrations, water temperature and biomass in Mastnik Bay was investigated over three
growing seasons (2016—-2018).

2. Material and methods

The Mastnik catchment area is located in the centre of Czechia. The Mastnik stream flows into the Slapy Reservoir
at approximately river kilometre 103 of the Vitava River. About 70 % of the Mastnik catchment area is part of the
Agriculture Soil Fund, reflecting the predominantly agricultural character of the catchment [4]. Mastnik Bay is 4.7 km
long and about 230 m wide near its mouth to the main part of the reservoir. The volume of the bay is approximately
6 million m®, depending on the water level of the reservoir.

Sampling in the field took place from May to October (growing season) from 2016 to 2018. A total of 160 water
samples were collected from six locations selected in Mastnik Bay.The authors’ dataset was extended with data
provided by the Vltava River Basin Authority (SOE).

Monitored water quality parameters in Mastnik Bay were evaluated based on concentrations along longitudinal and
vertical profiles. Emphasis was placed on ascertaining change in concentrations of nutrients and chlorophyll — a
over time, enabling comparisons between the monitored years. In this study, also two trophic indexes were used:
Carlson’s Trophic State Index (CTSI) and Trophic Level Index (TLI).

By comparison of datasets from the Slapy Reservoir locations, the possible effect of the Mastnik stream on water
quality in the Slapy was evaluated.

3. Results

In the summer months, high levels of phytoplankton activity are clearly visible in Mastnik Bay. Measurements of chlo-
rophyll — a concentrations were used to estimate the total phytoplankton biomass. Chlorophyll concentration changes
during the growing seasons of 2016 and 2018 along Mastnik Bay can be displayed by sorting measured values of chlo-
rophyll concentration into 5 categories. The results show that the upper part of the bay had much higher concentrations
than elsewhere in the bay. Chlorophyll concentrations in the upper part of the bay exceeded 100 ug-lI' and at some
location were above 500 ug-l', as seen during July and August 2016. In 2018, lower values were observed at the same
station. A maximum Chl — a concentration of 280 pg-I"* was reached in August. During the growing seasons in 2016 and
2018 the pattern of areal distribution was similar, showing decreasing concentrations in the direction of the reservoir.
The numerical trophic index values for Mastnik Bay clearly show the hypertrophic conditions of the bay. Hypertro-
phic refers to high levels of biological productivity characterized by frequent and severe algal blooms and low water
transparency. The average CTSI value for the bay was 65.66, indicating that the bay is at a hypertrophic level and
ranged between 53.6 (eutrophic) to 79.13 (hypertrophic). The average TLI value was 6.04 and varied from 5.2 (su-
pertrophic) to 6.96 (hypertrophic).

142



Revitalizace vod a vodni rezim v povodi Labe

Eutrophication problems in the summer months are more intense in the bay than in the reservoir. Based on data
from 2015 and 2016 for profiles located on free water surface in the Slapy Reservoir, the difference in concentra-
tions of parameters during the observed period is marginal. The data confirm the negligible effect of the Mastnik
stream and dominance of internal water quality development in the bay. By the wide mouth of Mastnik Bay, water
masses mix only minimally due to low velocities. In summer months, under mean hydrological conditions, the Slapy
reservoir water mass behaves as a “dam”, which retains the hypertrophic waters of the Mastnik stream in its bay.

4. Conclusion

High water residence times in the Mastnik Bay favour algal growth, especially during the growing season. Based on
trophic indices, the bay can be classified as hypertrophic while the Slapy Reservoir itself is eutrophic. Total phos-
phorus concentrations in the bay are still high, even though the supply of phosphorus from the Mastnik catchment
area is decreasing. An increase of eutrophication and thus chlorophyll concentration can also be associated with
increasing surface water temperatures and stronger thermal stratification, or by releasing TP from the sediment.
However, the effect of the Mastnik catchment on the concentration of the monitored substances of the main water
body of the reservoir could not been proven. Rising air temperatures and changes in precipitation may result in
deterioration of surface water quality despite all measures and investments made so far. It is necessary to continue
devoting attention to this issue [5].

Acknowledgements
This research was supported by the Grant Agency of Charles University (project No.476318), from specific univer-
sity research (SVV260573) and by Charles University Research Centre program (UNCE/HUM/018).

Literature

[1] Carlson, R.E. (1977): A Trophic State Index for Lakes. Limnology and Oceanography 22 (2), 361-369, https://doi.
0rg/10.4319/10.1977.22.2.0361.

[2] Guo,J., Zhang, C., Zheng, G., Xue, J., Zhang, L. (2018): The establishment of season-specific eutrophication assessment
standards for a water-supply reservoir located in Northeast China based on chlorophyll-a levels. Ecological Indicators 85,
11-20, https://doi.org/10.1016/j.ecolind.2017.09.056.

[3] Jarvie, H.P., Neal, C., Withers, P.J.A. (2006): Sewage-effluent phosphorus: A greater risk to river eutrophication than agricul-
tural phosphorus?. Science of The Total Environment 360 (1-3), 246 —253, https://doi.org/10.1016/j.scitotenv.2005.08.038.

[4] Mrkva, L., Jansky, B. (2018). Surface water quality in the Mastnik stream catchment area: The situation in the Czech coun-
tryside. Geografie-Sbornik 123 (4), 479-505, https://doi.org/10.37040/geografie2018123040479.

[5] Mrkva, L., Jansky, B., & Sobr, M. (2021). Eutrophication of the Mastnik bay of the Slapy Reservoir, Czechia. AUC Geogra-
phica, 56(1), 65—78. https://doi.org/10.14712/23361980.2021.2

[6] Novicky, O., Kadparek, L., Pelakova, M. (2006): Climate change impacts and responses in the Czech Republic and Euro-
pe. IAHS-AISH publication 308, 418—423.

[71 Taylor, S.D., He, Y., Hiscock, K.M. (2016): Modelling the impacts of agricultural management practices on river water quality
in Eastern England. Journal of Environmental Management 180, 147 —163, https://doi.org/10.1016/j.jenvman.2016.05.002.

Authors:

Mrkva, Lubos

Faculty of Science, Charles University
mrkval@natur.cuni.cz

Jansky, Bohumir
Faculty of Science, Charles University
Jjansky@natur.cuni.cz

Sobr, Miroslav

Faculty of Science, Charles University
sobr@natur.cuni.cz

143



Revitalisierung von Gewassern und der Wasserhaushalt

im Einzugsgebiet der Elbe

Changes in Ecological and Chemical Status of Surface
Water Bodies in the Czech Part of Elbe River Basin District

Hana Prchalova, Petr Vyskoc¢, Tomas Micanik

1. Introduction

As a part of the Third River Basin Management Plan, it was necessary to carry out an assessment of the ecological
and chemical status of surface water bodies. This assessment is an important basis for the elaboration of all levels
of river basin management plans and is used to prepare Programme of Measures to achieve good water status. The
assessment is performed for each water body of the ‘river’ and ‘lake’ categories. Czechia assess surface water body
status each three years and the period 2016—-2018 was used for the Third River Basin Management Plan. The eva-
luation was carried out in accordance with the requirements of European [1] and national legislation according to the
updated methodological procedures.

2. Methodology and monitoring changes

Compared to the second planning cycle (from the evaluation in 2010-2012), the number of surface water bodies
changed only slightly; however, a significant change occurred in the re-definition of heavily affected bodies of the ‘river’
category in 2019. Total of 49 water bodies previously designated as ‘natural’ have now been defined as ‘heavily affec-
ted’; in contrast, 40 previously ‘heavily affected’ water bodies have now been defined as ‘natural’. Chemical status as-
sessment includes several methodological changes — evaluation of the bioavailable form of dissolved metals of nickel
and lead and new priority and hazardous substaces. However, a fundamental change compared to the previous me-
thod of evaluation was the approach to situations where none of the chemical status pollutants was monitored in the
given representative profile. Due to precaution, the status of such a body was marked as ‘unknown’ (formerly ‘good’).
Several methodologies were updated for ecological status — the stricter limits of nutrients and oxygen conditions and
new assessment of fish quality elements are the most important changes. And the new assessment of hydromorpho-
logy was added in the ecological status/potential.

3. Comparison of status assessment results

The simple comparison of status assessment results is not favourable — the proportion of water bodies in good or
better ecological status/potential decreases from 15 % in the 2" cycle to 3,5 % in the 3" cycle and from 69 % to 29,5
% in the chemical status. However, the real reasons for the ‘deterioration’ were not higher concentrations of pollutants
or worse conditions of biological quality elements, but methodological changes or higher number of monitored water
bodies and enlargement of monitored pollutants. For example, the proportion of water bodies in good or better ecolo-
gical status/potential for macrozoobenthos and phytobenthos was similar between the 2" and 3" cycle — and slightly
better in the 3" cycle, and results for fish were significantly better due to the distinct change in methodology. On the
other hand, results for general physico-chemical quality elements were much worse in the 3rd cycle due to the stricter
limits of good status/potential.

And the higher number of surface water bodies failing to achieve good chemical status was caused by extended num-
ber of monitored water bodies and pollutants. For this reason Water Research Institute prepared interactive maps, ta-
bles and graphs for the results of each pollutant, indicator and/or quality element. The maps show the results on water
body level and tables and graphs provide statistics on the sub-unit, river basin district or the whole country level [2].
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Changes in the ecological status of water bodies and
communities of water invertebrates in the dry seasons

Jan Spaéek, Pavel Hajek

Abstract

The Povodi Labe, state enterprise, monitors and evaluates the ecological status of water bodies in the administered
area. Low flow rates and higher temperatures in the last few years have had an impact on the status of water bo-
dies. These factors affect the structure of aquatic communities. Mainly due to changes in temperature and oxygen
regime, changes in transport of nutrients and pollutants. Long-term flow reduction or flow drying affects the status
of the communities so. Changes in the status of water bodies vary according to the size of the stream, the area,
the altitude and the degree of anthropic influence. Examples of these changes are given on selected water bodies.
These significant changes are presented on the assessment of ecological status and on significant changes in
communities of organisms.

Introduction

Low flows and drying of some streams are commonly present in monitoring of ecological status. This was also the
case in earlier times. The impact of low flows on aquatic communities was presented, for example, at the Magde-
burg Seminar in Teplice in 2010 [3]. In recent years, however, these situations have increased extremely. This has of
course also had an impact on the ecological status assessment for the second planning period. It can be assumed
that the effects of the dry and warm years will become apparent in the third planning period. An overview of the
assessment is given in the table (Table 1.) Drying up of streams has a number of negative effects on communities
of organisms and has become the subject of intensive research and assessment in recent years [1, 2, 4, 5].

Tab. 1: Povodi Labe water bodies ecological status assessment.

Ecological status of WB

Moderate not number
classified of dried
2010-2015 1 30 67 52 10 54 7 214
2016—-2018 1 24 105 81 13 8 e 227
2019-2020 S
Results

During the years 2010—-2015 we encountered 7 water bodies where single or repeated drying occurred. During the
years 2016-2018, a total of 37 water bodies dried up in at least one sampling period. The majority were dried up
in the autumn period. Results of assessment of ecological status from these years are in the table (Table 1). There
has been no assessment of ecological status in the years 2019-2020. In 2019 and 2020, we encountered 5 cases
of stream drying (Table 1). In addition to the commonly known impacts, we observed some others.

At some sites, reduced flows resulted in temporary reductions in nutrient and pollutant concentrations. This was due
to the overall lack of water in the landscape. Pollutants did not reach the main receiving water and were deposited
in dry channels.

Another phenomenon was the intensive overgrowth of dry riverbeds in some places with mud and terrestrial vege-
tation. This often completely changed the character of the stream. The plants in the stream caused faster sediment
deposition and changes in flow. As a result, oxygen consumption was faster.

In addition to the direct effect of drying on organism communities, we also observed changes in streams with
reduced flows. The effect of temperature changes over several seasons resulted in the disappearance of some
organisms or changes in their life cycle. This phenomenon was particularly evident in low-impact streams at higher
elevations. This phenomenon was particularly evident in stenothermic organisms, such as stoneflies (Plecoptera).
An example was the unusual occurrence of Capnia bifrons. This species starts its development when the water
temperature drops in autumn, usually in mid-November. Adult emergence occurs no later than March. In 2017, there
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was a significant acceleration of development at some sites. Already in mid-November, larvae of the last instars
were present at sites in unusually high numbers.

Conclusion

The dry and warm season of recent years has presented us with unusual situations. For example, the question is
how to evaluate a dry stream in terms of its ecological status. Is it a bad condition if it is a natural drying pheno-
menon? We have seen streams drying up in good ecological condition, with minimal anthropic influence. Other
findings included changes in species and community behaviour in response to extreme situations. We will continue
to monitor the changes brought about by the dry season in the coming years. Whether the dry season continues or
the climate returns to normal.
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Redynamization of the Spree River — Watercourse
renaturation and flood protection at the biosphere reserve
,Oberlausitzer Heide- und Teichlandschaft“

Daniel Steinmiiller

North of the town of Bautzen, the Spree river flows through the biosphere reserve ,,Oberlausitzer Heide- und Teich-
landschaft®. Until the beginning of the 20th century, the river in the planning area was charac-terised by a natural,

meandering course. Between 1927 and 1931 the river Spree was
extensively strai-ghtened and expanded. The expressed objecti-
ve was to improve flood protection and reduce the fre-quent floo-
ding of communities and farmland. This regulation led to increa-
sed flow velocity and, conse-quently, a deepening of the riverbed.
For this reason, weirs and bottom sills were built. The floodplain
forests and meadows were only rarely flooded, but this is abso-
lutely necessary for their long-term preservation. The village of
Halbendorf continued to be flooded regularly during floods.

In 2013, planning began for a redynamization of the Spree Ri-
ver. Construction from 2018 to 2019 has returned the river to
some of its original condition. Several partial measures were im-
plemented on an approximately 5-kilometer long section of the
Spree River, leading to an improvement of the river structure,
the restoration of ecological continuity and, consequently, the
enhancement of habitats of protected species. While the uninha-
bited parts of the floodplain are better connected with the Spree
due to a more frequent and thus typical flooding, flood protection
for the pro-tection target HQ(100) is simultaneously established
for the village Halbendorf, which is located in the middle of the
planning area. With the implementation of the planned measu-
res, the length of the Spree has been extended by approximate-
ly 1.9 kilometers and the structural diversity in this section has
been increased. Thus, a vitalization of the watercourse in the
existing profile is achieved, which also initiates a self-dynamic
watercourse development.

The redynamization was implemented in four phases:
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Fig. 1:

Re-integration of existing river oxbows in the main or in the tributary channel
Two oxbow sections of the river were re-integrated into the main channel of the Spree. The respective straightened
course of the river remains as a flood basin. Three river oxbows are traversed from a HQ(2).
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Fig. 2: Reconnection of river oxbows: from left to right » river oxbow Kaupe before — after; river oxbow Lémischau before — after

General plan of the measures
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Creation of ecological continuity
The non-functional weir at Lomischau was completely dismantled and the river bed restored to a near-natural condition.

Restoration of the cross-link between the Spree Ri-
ver and the floodplain

By removing embankments as well as channels and de-
pressions that extended well into the banks of the Spree,
the floodplain can be flooded more frequently again. In
addition, an arable area has been transformed back into
a floodplain meadow.

Improvement of flood protection
e A % A 500-meter-long flood protection structure was built on
T e RE the left bank of the Spree in Halbendorf. This consists of
- o a sheet pile wall, which was covered with soil and plan-
Fig. 4: Arable swale Lémischau filled during floods ted with vegetation. The sheet pile wall is only visible as
a free-standing wall for 150 meters. In order to increase
the discharge through a road bridge, the foreland on the right bank of the Spree was removed over a length of
around 250 meters.

Fig. 5: Flood protection in Halbendorf, left free-standing sheet pile wall, center covered sheet pile wall, right new flood
protection mill Halbendorf
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Measures for water retention in landscape in the Czech
Republic

Miriam Dzurakova, Kamila Osickova, Pavla §tépa’nkova’

Hydrological extremes — long dry periods alternated by short heavy rainfall events — call for a solution to this pro-
blem. The Government of the Czech Republic has adopted strategic documents that should help to mitigate the
situation. One of the goals in these documents is to define measures which are able to retain as much water as
possible in landscape in case of heavy rainfall event and also during dry periods. Existing measures were collected
and some new have been proposed as a result of a project financed by the Ministry of Environment of the Czech
Republic.

It is important to emphasize that all measures should be proposed as a part of complex system for landscape adap-
tation for extreme rainfall-runoff events. Single-purpose devices (measures) are the least effective.

All collected measures follow basic goals:

- supporting infiltration of water into the soll,

- limitation of concentrated surface runoff,

- decreasing of water velocity to avoid soil erosion,
- increasing of water retention of the landscape.

The measures are presented in an identical format which contains basic characteristic, description of theirs effects,
interactions and impacts on the environment. Some technical schemes and photos of real realisations are included.
Estimations of costs and time required for implementation is also presented.

This paper introduces the categorisation of the collected measures and details some chosen examples of realisa-
tions.
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Changes in Radiological Indicators in Surface Water and
Sediments in the Elbe River Basin

Pavel Stierand, Libor Mikl

1. Introduction

The Czech Hydrometeorological Institute (CHMI) performs long-term monitoring of radiological indicators in sedi-
ments and evaluates radiological indicators in surface waters [1], [4]. The aim of the study was to compare quantity
of uranium and radium radiological contamination in Straz pod Ralskem region during and after the termination of
uranium mining in this area. The Ploucnice River flows through this mining territory and then merges with the Elbe
River in D&c&in near the Hfensko border crossing (upper Elbe river basin, Czech Republic), where activities of radio-
logical indicators are also being monitored and documented.

2. Result

Radiological indicators have been monitored since 1960 in surface waters and since 2000 in sediments. The deve-
lopment of total alpha and beta volume activity, uranium concentration and radium activity is described for specific
profiles near the uranium mining site, especially in the vicinity of the Straz pod Ralskem deposit, where uranium
extraction has already been terminated [3].The detected uranium contents in water initially collected at weekly
intervals are statistically evaluated for each year of monitoring (maximum, median, upper and lower quartile). An
example of a change in the uranium content of surface water on the Mimori — Plou€nice profile is shown in the figure
(Fig. 1).The activity of radio 226 isotope in surface waters on the profile of Bfezina, before the mouth of the River
Plouénice into the Elbe River is shown (Fig. 2). A comparison of the activity of isotopes in sediments on the profile
of Bfezina before the mouth of the Ploucnice river to the Elbe river and on the profile of Decin — Elbe below this
estuary is given in the table (Tab. 1).
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Fig. 1: Uranium concentration on the Mimori — Ploucnice profile for the period (1967-) 1984—2020
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Fig. 2: Ra-226 Activity on the Bfeziny — Ploucnice profile for the period 1966—2020

Plouénice — Max 7.08 167 10.6 199 75.6 91.9 193
ou 2007 —2020 ,
Breziny Median 3.9 39.5 5.09 108.2 39.9 38.1 41.8
Max 6.7 6.9 49 47.2 37.5
Labe — 1999-2017
Décin Median 3.1 3.2 36.6 235 18.5

3. Conclusion

Maximum uranium concentrations are documented before 1990. A significant decrease in radiological activity was
observed in the 1990s.The concentration of uranium in surface waters in the late 1980s reached approximately 200
ug /|, according to the updated CSN 75 7221 [2], the classification in Class V corresponds to very heavily contami-
nated water. After the end of uranium mining at the Straz pod Ralskem deposit, uranium concentrations decreased
by 2 orders of magnitude, and surface water on the profile Mimor — Plouc¢nice in the last 5 years is classified in
Class | non-contaminated water. The decrease in the activity of radio 226 isotope is not so pronounced, surface
water on the profile Bfezina — Plouc&nice is still classified in Class l, i.e. slightly contaminated water, on the profile
Horka — Plouc¢nice surface waters are classified into 1l or IV pollution class.
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Effects of climate change on runoff seasonality in
headwater areas of the Ore Mountains

Vojtéch Viach, Milada Matouskova, Ondrej Ledvinka, Marie Bejékova

1. Introduction

After a very intense period of extreme regional floods between 1997 and 2013, Central Europe experienced an
abnormal, persistent period of hydrological drought from 2015 to 2020 [1]. Even regions with higher annual precipi-
tation amounts, such as the Ore Mountains, experienced a very dry period from the long-term perspective of instru-
mental period. The main aim of this study was to evaluate the frequency, seasonality, and intensity of hydrological
drought in selected headwaters of the Ore Mountains. Direct impacts of a changing climate on the runoff regime
were studied in the region, whose rivers are a crucial source for north-western Czechia and Saxony. Outputs of this
study can help identify the manifestations and causes of the changing runoff regime in the headwaters of Central
European rivers. Drought characteristics were evaluated using several indices along with the comparative analysis
of drought occurrence in the 1967—-2018 study period.

2. Study area & data

The Ore Mountains are located alongside the state border between Saxony and north-western Bohemia. Three
headwater catchments (Fig. 1) of the Ore Mountains have been included in this study: Zwota (Svatava), Rolava,
and Natzschung (Nacetinsky potok). The study areas experiences relatively evenly distributed annual precipitation
ranging from 800 to 1100 mm, annual average air temperatures vary between 3.5 and 7.0 °C. The study catchments
were chosen because of two factors: (a) the length of the available time series linked to runoff (at least 50 years)
and (b) the absence of large dams and weirs that, otherwise, would significantly affect the runoff regime in the
gauging profiles. Environmental and climatic conditions in the catchments are rather similar. The study region as a
whole underwent very significant land cover changes in the past. Recently, bark-beetle infestations have become
the biggest problem regarding the environmental and land cover stability. Time series of mean daily discharges,
monthly air temperature, precipitation and snow depth for the 1967—-2018 period were obtained from the Czech
Hydrometeorological Institute (CHMI), the Saxon State Office for the Environment, Agriculture and Geology (LfULG)
and Deutscher Wetterdienst (DWD).

3. Methods

Indices of hydrological drought used in this study were selected based on several criteria, such as availability of sui-
table data and the comparability with studies of a similar focus. The analysis included the evaluation of discharges
in the “cold” (November to April) and “warm” (May to October) half years. From the daily runoff series, the following
characteristics describing water deficits were calculated: (a) annual, seasonal, and monthly number of days with
daily discharge under the Q,., quantile corresponding to the probability of exceedance equal to 97.19 %. The Q,,
quantile was calculated for the whole study period (1967 —-2018) as well as for individual months separately [2]; (b)
annual, seasonal, and monthly deficit volume (magnitude) based on the Q... threshold method; (c) the intensity of
drought (deficit volume divided by duration); (d) annual 1-day low flow (QminA), the Julian day of its occurrence, and
monthly 1-day low flow (Q_,,); (€) Low Flow Index (LFI): the ratio of Q_ , to Q_; (f) Base Flow Index (BFI): the ratio
of the volume corresponding to base flow to the total discharge volume. Four of the indicators (Q..,, Q. Qi
BFI) were retrieved by the Indicators of Hydrologic Alteration (IHA7.1) software [3]. The original form and also the
seasonal version of the Mann— Kendall nonparametric test (MK test) were used to detect trends and to examine
their statistical significance in both hydrological and climatic time series at the significance level a = 0.05 [4]. All
methods used in this study are presented also in the full text of this research [5].

355

4. Results

Initial results related to the quantile Q,,, pointed to a difference of the CHA gauge (Fig. 1), mainly in the almost
unique occurrence of dry days with at CHA in the 1970s. In contrast, the driest years at the KLI and ROT profiles
(e.g., 2018, 2003, or 2015) were concentrated in the second half of the study period. It is also necessary to stress
the extremity of the summer season of 2018 which exceeded maxima of drought duration and deficit volumes within
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the period of instrumental records at KLI (since 1961) and ROT (since 1929). During that year, the two profiles re-
corded 96 (KLI) and 111 (ROT) dry days, both of which were almost uninterrupted episodes spanning from July to
October. The longest drought at the CHA station occurred in 2003 (83 days).
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Fig. 1: Annual occurrence of hydrologically dry days (Q,,.) during the period 1967—2018 for each water gauging station
(KLI = Klingenthal (Zwota); CHA = Chaloupky (Rolava); ROT = Rothenthal (Natzschung). Data: CHMI, LfULG

The changes in drought seasonality were monitored for two periods of 26 years (1967 —-1992 and 1993—-2018). The
exact date (Julian day) of the Q_, , occurrence may indicate whether these minima have been shifting from the long-
term perspective. All three catchments exhibit a shift; the annual minimum discharge moved closer to the beginning
of the year in the second half of the study period. The most significant change has been recorded at the CHA gauge,
where the average minimum has moved by 86 days backwards so far. The average minima have shifted towards
the start of the year also at KLI (55 days) and ROT (58 days). In the 1967 —1992 period, the monthly distribution of
dry days was quite incoherent at all gauges. Since 1993, dry days have been concentrated mainly between July
and October, which is quite different in comparison with the first half of the study period. Furthermore, after 1992,
there was a strong decrease in the number of dry days in the colder half of the year, particularly for CHA and ROT.
Monthly total deficit volumes rapidly increased in August and September after 1992 in all three catchments, whereas
winter months showed an opposite pattern. For all study results, the readers are kindly recommended to read the
full text of this research [5].

5. Conclusions

Most of our outputs indicated certain specifics in the response of selected catchments in the Ore Mountains to the
precipitation deficit and the occurrence of hydrological drought. Although total precipitation in this area has not been
declining from a long-term point of view, both average and minimum discharges show a downward trend over the
study period. It can, therefore, be assumed that the main causes for the increasing drought occurrence with high
intensity in the Ore Mountains are primarily due to climate warming. The increasing air temperature affects snow
accumulations in winter, earlier snowmelt in spring, and increased evaporation demand as well. These factors con-
tribute to a shift in the average date of Q ; ,, which is now closer to the start of the year. This study also confirmed
the exceptional nature of recent droughts in Central Europe. At the ROT water gauge, 2018 has been the driest
year since 1929. Conversely, in the Rolava catchment (CHA gauge), the drought in summer 2018 was not nearly as
significant as in 2003. This finding proves the fact that each catchment responds to lack of precipitation in a different
manner, depending on other physical-geographical factors as well.
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Committee and Expert Group on Measures for
Ensuring Fish Migration in the hydrological network of the
Czech public

Zdenék Vogl, Milos Holub, Tereza Bartekova, Pavel Marek, Jifi Musil

The fragmentation, hydropower and regulation of the river network in the Czech Republic are recognised fundamental
ecological challenges over decades. Transversal river obstacles limit or block fish migrations and thus significantly re-
duce their natural range of distribution, availability of food resources, vital reproductive habitats etc. Apart of the barrier
effect, river obstacles modify (due to swelling and accumulation of water, regulation treatments etc.) local habitats,
having strong cumulative effects, and all act to affect the entire riverine ecosystem [1]. In order to eliminate these envi-
ronmental impacts, it is necessary to select the appropriate adaptation measures, which include the complete obstacle
removal or the construction of a functional fish pass at individual site. A fish pass defined here as any structure that
allows (it is functional) fish to safely pass the river obstacle, bidirectional (upstream and downstream) movement of fish
respectively. However, it must be taken into account that even functional fish passes as only one type of compensatory
measures, can never fully mitigate the environmental impacts of fragmentation induced by a river obstacle.

In order to maximize the effectiveness of river connectivity related restoration actions, the Commission for Fish Passa-
ge (CFP) was established in 2000 under the Agency for Conservation and Landscape Protection (ACLP). Main goal
of CFP is to improve/support the professional background for designing, implementing and assessing the functionality
of fish passages, creating background documents and assistance on preparation of conceptual materials/strategies
in aquatic ecosystems conservation, evaluation of site based studies and cooperation on projects dealing with river
connectivity. Due to the multidisciplinary nature of fish passage issue, experts in fish biology, ecology, ethology, envi-
ronmental protection, hydrology, hydraulics and, inter alia, hydraulic engineers are involved in the CFP. Since 2015, the
CFP has been closely cooperating with T.G. Masaryk Water Research Institute, p.r.i. (TGM WRI), research organization
of the Ministry of the Environment of the Czech Republic. Coordinating body, Ministry of the Environment of the Czech
Republic (with support of ACPL, T.G. M. WRI and CFP), manages the setting of subsidy policy to support the realizati-
on of measures/actions facilitating free two ways migration, it defines priority migration corridors within the Concept of
Passage of the hydrological network of the Czech Republic (CPCZ) last updated in 2020 [2], and oversees compliance
with obligations under the Water Framework Directive [3]. In all supported projects, fish passes must be designed with
respect to systematic aspect of recovery of river connectivity with requirements not to be species or size selective, al-
lowing free migration ideally for all fish species present.

Until nowadays, the Commission evaluated more than 350 river sections, identified as migration barriers for aquatic orga-
nisms and more than 100 constructions were supported by public funds. Other important activities involve cooperation on
monitoring of biological functionality of fishways (usually site-based evaluation), supporting long-term research projects,
providing methodological guidance, training activities, organizing thematic seminars and conferences to increase public
awareness. Without close cooperation/support of other state authorities, the given results could not be achieved.

Thanks to the joint efforts of the Ministry of the Environment and its organizations ACLP and TGM WRI, the Concept
CPCZ has been recently updated. In particular, it has been made actualization of international priority corridors (directly
linked to marine environment), national priority corridors (territorial protection of European importance sites and spe-
cially protected areas following Council Directive No. 92/43 / EEC [4]) along with new category defined as Regional
Priority Corridors (taking into account only species protection). Finally, a new national database of transversal river
obstacles/barriers in the Czech Republic is now available [5].
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The Commission for fish passages was found with the purpose of improving the
professional background for projecting, realisation and evaluation of the functionality
of fish passages, providing the supporting documents for the revision of the design
materials within the aquatic ecosystems protection, as well as the evaluation of the
particular studies and projects dealing with the restoration of migration permeability of
the watercourses of Czech Republic, witch follows from the Water Framework Directive
(60/200/EHS).

The Commission for fish passages includes the experts in the fish biology, ecology,
ethology, environmentalism, hydrology or hydraulic engineers.

Documents:

¢ The Concept of Watercourses passability of the Czech Republic

* Database of migration barriers of the Czech Republic
(www.vodnitoky.ochranaprirody.cz)

Bl ety

Vertical-slot fish passage in the River Berounka (Revnice) Passable rock-ramp fishway in the River Sméda in the Jizera Mountains
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Vertical-slot fish passage in Roudnice nad Labem
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Internationale Kommission zum Schutz der Elbe

8. Oktober 1990 in Magdeburg

Die Vertragsparteien unterzeichnen die
Vereinbarung iiber die Internationale
Kommission zum Schutz der Elbe (IKSE).

Mezinarodni komise pro ochranu Labe

8. fijna 1990 v Magdeburku

Smluvni strany podepsaly
»Dohodu o Mezinarodni komisi
pro ochranu Labe“ (MKO

Elbe Labe Elbe Labe Elbe Labe Elbe Labe Elbe Labe Elbe Labe Elbe Labe Elbe Labe Elbe Labe Elbe Labe Elbe Labe Elbe Labe Elbe Labe Elbe Labe Elbe Labe Elbe Labe Elbe Labe Elbe Labe

In den ersten Jahren zielten die Schwerpunkte der Arbeit der IKSE auf die
Senkung der Gewasserbelastung durch kommunales und industrielles Ab-
wasser, den Bau von kommunalen
Verbesserung

Nachdem die Elbe Ende der 1980er

Jahre zu den am stérksten belasteten Klaranlagen, die

V prvnich letech byla prace MKOL zaméfena hlavné na snizovani zne-
¢isténi zpusobeného komunalnimi a primyslovymi odpadnimi vodami,
na vystavbu komunalnich d&istiren
odpadnich vod, na zlep$eni jakosti

Labe patfilo koncem 80. let 20. stoleti
k nejvice znecisténym fekam v Evro-

pé, spolecenské zmeény ve vychodni

Flissen Europas gehorte, war der ge-
sellschaftliche Umbruch in Osteuropa
fur die Elbe Rettung in letzter Minute.

der Gewasserglite und der 6kolo-
gischen Verhéltnisse, spater kam
auch der Hochwasserschutz dazu.

vody a ekologickych poméru, poz-
dégji pribyla i oblast ochrany pfed
povodnémi.

Evropé proto pro Labe predstavovaly
zachranu na posledni chvili.

Die europdischen Richtlinien (Wasserrahmenrichtlinie und Hochwasser-
risikomanagement-Richtlinie) bilden die Grundlage der gegenwartigen und

zukiinftigen Arbeit der IKSE.

Meilensteine in der Tatigkeit der IKSE

3. Internationaler Bewirtschaftungsplan Elbe

2. Internationaler Hochwasserrisikomanagementplan Elbe
Strategie zur Minderung der Nahrstoffeintrage in Gewasser
2. Internationaler Bewirtschaftungsplan Elbe

1. Internationaler Hochwasserrisikomanagementplan Elbe
Sedimentmanagementkonzept der IKSE

1. Internationaler Bewirtschaftungsplan Elbe

Aktionsplan Hochwasserschutz Elbe

Aktionsprogramm Elbe

Erstes Aktionsprogramm Elbe (Sofortprogramm)

Erstes international abgestimmtes Messprogramm
Internationaler Warn- und Alarmplan Elbe (Havariemeldesystem)

2022 - 2027

2018
2016 — 2021

2014

2010 -2015
2003 - 2011
1996 — 2010
1992 - 1995
1992
1991

Evropské smérnice (Ramcova smérnice o vodach a Povodriova smérnice)
jsou zékladem souéasné i budouci prace MKOL.

Milniky v €éinnosti MKOL

3. Mezinarodni plan oblasti povodi Labe

2. Mezinarodni plan pro zvladani povodriovych rizik v oblasti povodi Labe
Strategie ke sniZeni obsahu Zivin ve vodach

2. Mezinarodni plan oblasti povodi Labe

1. Mezinarodni plan pro zvladani povodiovych rizik v oblasti povodi Labe
Koncepce MKOL pro nakladani se sedimenty

1. Mezinarodni plan oblasti povodi Labe

Akeni plan povodrioveé ochrany v povodi Labe

Akéni program Labe

Prvni akéni program Labe (Naléhavy program)

Prvni program méfeni odsouhlaseny na mezinarodni trovni

Mezinarodni varovny a poplachovy plan Labe (systém hlaseni havarii)

Arbeitsweise der IKSE

Zpusob prace MKOL

» Die IKSE erarbeitet Empfehlungen
furr die Vertragsparteien (Deutschland
und Tschechien).

ICG*

* Delegationsleiter D und CZ in der IKSE
* Vertreter Osterreichs und Polens

+ Président der IKSE

+ vedouci delegaci CR a SRN v MKOL
+ zastupci Rakouska a Polska
+ prezident MKOL

» In den Delegationen der IKSE so-
wie den Arbeits- und Expertengruppen
sind insgesamt ca. 120 Vertreterinnen
und Vertreter von deutschen und
tschechischen Ministerien, Behérden

Sekretariat
Sekretari:

IKSE - MKOL
- Delegationen D und CZ
- Delegationsleiter

» Président

+ delegace CR a SRN
+ vedouci delegaci

- prezident

» MKOL vypracovava doporuceni
pro smiuvni strany (Ceska republika
a Némecko).

» V delegacich MKOL, v pracovnich
skupinach a ve skupinach expertl
pracuje cca 120 zastupcl eskych a
némeckych ministerstev, Uradu, insti-
tuci a védeckych ustavli. Kromé toho

und Institutionen sowie wissenschaft-
lichen Einrichtungen tatig. AuRerdem
wirken Delegierte aus Osterreich und
Polen sowie von Nichtregierungsorga-

se na praci podileji zastupci Polska,
Rakouska a nevladnich organizaci.

nisationen an der Arbeit mit.

» Verhandlungssprachen der M
Kommission sind Deutsch und
Tschechisch.

» Das Sekretariat der IKSE mit acht
Mitarbeiterinnen und Mitarbeitern
untersttzt die Arbeit der Kommission
und ihrer Arbeitsgruppen fachlich,
sprachlich und organisatorisch. Es hat

seinen Sitz in Magdeburg.

» Alle Publikationen werden zwei-

: @ g
; Wassamshmenriila Hochwasserschutz Unfalbedngte Genssser | B> Jednacimi jazyky Komise jsou
& o vodéch Povedfiova ochrana Havarijni znegisténi vod ¢estina a némgina.
» Osmiclenny sekretariat MKOL
@ m podporuje praci Komise a jejich pra-
_ covnich skupin po odborné, jazykové
i a organizadni strance. Sidlem sekre-
£ @ tariatu je Magdeburk.
H » V&echny publikace jsou vydava-
£ ny dvojjazyéné (vybrané pfiklady viz
H nize). Jsou k dispozici také na inter-
Daisnmensgement netovych strankach MKOL.
Management dat
* Die internationale Koordinierungsgruppe ICG behandelt Fragen der im mit s E o
der Umsetzung der 5 und der F Richtlinie im Einzugs-

sprachig herausgegeben (ausgewahl-
te Beispiele siehe unten). Sie sind
auch auf den Internetseiten der IKSE

gebiet der Elbe.

* Mezinarodni koordinaéni skupina ICG fesi otézky
smérnice o vodach a Povodiové smémice v povodi Labe.

v souvislosti s i evropské Ramcové

abrufbar.

INTERNATIONALE FLUSSGEBIETSEINHEIT ELBE

- = =

INTERNATIONALER BEWIRTSCHAFTUNGSPLAN
FUR DIE FLUSSGEBIETSEINHEIT ELBE

i
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Revitalisierung von Gewassern und der Wasserhaushalt

im Einzugsgebiet der Elbe

Die Elbe und ihr Einzugsgebiet Labe a jeho povodi

Im Einzugsgebiet der Elbe, die im Riesen- V povodi Labe, které prameni
gebirge entspringt und in die Nordsee S v Krkonosich a usti do Severniho more,
mundet, leben fast 25 Millionen Menschen. Zije témérF 25 miliond obyvatel. Nejdllezi-

Die wichtigsten Nebenfllsse (in der Reihen- téjSimi pritoky (fazeno od pramene Labe)
folge ab Elbequelle) sind Moldau, Eger, jsou Vltava, Ohte, Cerny Halstrov,
Schwarze Elster, Mulde, Saale und Havel. Mulde, Sala a Havola.

Einteilung . Elbelénge |Ei i Rozdéleni ‘ Délka Labe [Plocha povodil
T, Elbeabschnitte ] Tond fe Useky Labe ] el
i Einzugsgebiet / Plocha povodi
Obere Elbe | Elbequelie bis Schioss Hirschsiein 463 54170 Einwohner / Potet obyvatel 99 P Homi Labe | od pramene Labe po zémek Hirschstein 463 54170
0,30% 0,78%

Mittlere Elbe Schioss Hirschstein bis Wehr Geesthacht 489 80843 ‘ ‘ Stfedni Labe | od zamku Hirschstein po jez Geesthacht 489 80843
Wehr Geesthacht bis Mindung in die Nordsee 0.20% | 0,62% od jezu Geesthacht po Usti do Severnino more
an der Seegrenze bei Cuxhaven-Kugelbake na hranici s mofem u Cuxhavenu-Kugelbake
(Elbe-km 727,7); dieser Abschnitt wird auch als 0,10% 0,16% . (Fieni km 727,7); tento Usek je oznacovan také

Untere Elbe | Tigeqibe bezeichnet, weil er durch Ebbe und Flut 142 1325 : DoiniLabe | jako slapovy lsek Labe, protoze je oviviiovan 142 1325
beeinflusst wird; ab dem Elbe-km 654,9 handelt mofskym prilvem a odiivern; od Figniho km
es sich um ein Ubergangsgewasser IS — 654, se jedn o brakické vody.

Elbe gesamt | Elbequelle bis Miindung i die Nordsee 1004 148 268 Labe celkem | od pramene Labe po tsti do Severnino mofe 1094 148 268

Mittlere jahrliche Niederschlagshohen (1981 - 2010)

Primérné roéni uhrny srazek (1981-2010)

Quelle / zdroj: CHMU ~ Daten/ Date: bwo, ChiU- Povodi Labe patfi k mirnému podnebnému pasmu, na-
chazi se v pfechodné oblasti mezi pfimofskym a kontinen-
maritim zum mehr kontinental gepragten Klima. Kontinen- talnim podnebim. Kontinentalni viiv se projevuje v pomérné
taler Einfluss kommt in verhéltnismaRig geringen Nieder- nizkych sréazkovych udhrnech a velkych teplotnich rozdilech
schlagshéhen und grolen Temperaturunterschieden zwischen = mezi zimou a létem. To plati na vétsiné uzemi povodi Labe,
Winter und Sommer zum Ausdruck. Das trifft fur den gréRten Teil pfiéemz uhrny srazek v horskych regionech se s rostouci
des Elbeeinzugsgebiets zu, wobei mit ansteigender Gelandehdhe nadmorskou vyskou terénu zvysuji. Celkem vyrovnany pru-
in den Mittelgebirgen die Niederschlagshéhen zunehmen. Ein béh teploty vzduchu a pro nizinu pomérné& vysoky uhrn
eher ausgeglichener Temperaturverlauf und fir das Tiefland srazek — tj. jevy pfimorského podnebi — charakterizuji
relativ groRe Niederschlagshéhen — Merkmale maritimen Kli- oblast podél Dolniho Labe.

mas — kennzeichnen den Bereich der Unteren Elbe.

Das Einzugsgebiet der Elbe gehort zur gemaRigten
Klimazone und liegt im Ubergangsbereich vom mehr

Pramérna rocni teplota vzduchu se v niZinach
pohybuje od 8 do 9 °C a na hfebenech hor od
1do 3 °C. Primérny ro¢ni Ghrn sraZek se po-
hybuje v rozmezi od 1 700 mm na hfebenech

Krkonos$, Jizerskych hor a ve vysSich polo-
hach Harcu do 450 mm v oblastech lezicich ve
srazkovém stinu hor. V dlouhodobém priméru za
obdobi 1981-2010 ¢ini ro¢ni srazkovy uhrn v celém
povodi Labe 665 mm (Sdéleni DWD, 2020, na zakladé
dat DWD a CHMU).

Die Lufttemperatur betragt im Jahresmittel im Flachland 8 bis
9 °C und in den Gipfellagen der Mittelgebirge 1 bis 3 °C.
Die mittleren jahrlichen Nieder-
schlagshéhen bewegen sich
zwischen 1 700 mm in
den Kammlagen von
Riesen- und Iser- ;
gebirge sowie im 1
Oberharz und um

450 mm in Gebieten,

die im Regenschatten
von Mittelgebirgen liegen. 5
Die mittlere jahrliche Nieder-
schlagshohe fiir das gesamte Elbe-

gebiet im Bezugszeitraum 1981 — 2010
betragt durchschnittlich 665 mm (Informa-
tion des DWD, 2020, basierend auf Daten von
DWD und CHMU).

Niederschlagsmessstation
razkomema stanice

Pro uvedené prfechodné podnebi je pfizna¢ny hydrologicky
rezim destovo-snéhového typu. V zimé pada ¢ast srazek
ve formé snéhu, ktery v horskych oblastech taje vétSinou
az na jare a v dlouhodobém priméru obvykle vede k vy-
skytu maximalnich pratokt v bfeznu a dubnu. AvSak
Castou pFiginou povodni jsou také vydatné regionaini
desté v letnim obdobi, jako napfiklad pfi povodnich
v srpnu 2002 a €ervnu 2013.

Horské oblasti zaujimaji pouze malou ¢ast po-
vodi Labe. Pouze 2 % plochy povodi maji nad-
morskou vysku nad 800 m n. m., zatimco vice
nez polovina povodi se nachazi v nadmof-
skych vySkach pod 200 m n. m. Nejmensi
jsou prutoky vétSinou v zafi a v fijnu.

Charakteristisch fiir dieses Ubergangsklima ist
das Abflussregime des Regen-Schnee-Typs. Ein
Teil der Winterniederschlage fallt als Schnee,
der in den Mittelgebirgen meist erst im Frihjahr
abtaut und im langjéhrigen Durchschnitt allge-
mein zum Abflussmaximum in den Monaten
Marz und April fiihrt. Hochwasser werden &
jedoch haufig auch durch regionale Stark- & ==
niederschlage im Sommer verursacht, wie ;
bei den Hochwassern im August 2002 und
im Juni 2013.

Dlouhodoby pramérny pratok Labe na

hranici s mofem za obdobi 1981-2010

¢ini 853 m2.s™' (Sdéleni BfG, 2020).

Labe patfi k odtokové nej-

chud$im velkym povo-
dim v Evropé.

.
it
Die Mittelgebirge nehmen nur einen kleinen Teil L’
des Einzugsgebiets der Elbe ein. Lediglich 2 % des %
Elbegebiets erreichen Héhen tiber 800 m . NHN, mehr

als die Halfte des Einzugsgebiets weist hingegen Gelén-

Ty V povodi Labe
). jedleanalyzy

dehéhen bis 200 m 4. NHN auf. Die geringsten Abflisse Ny dat projektu
werden meistens im September und Oktober erreicht. 'll CORINE Land
L Cover z roku

. 2018 vyuzivano
f 40,3 % plochy jako orna
~ " puda, lesni porosty pokryvaji

31,4 %, z toho pfipada 22,3 %
na jehlicnaté a 9,1 % na listnaté
a smiSené porosty.

Der langjahrige mittlere Abfluss der Elbe an der Seegrenze im Bezugs-
zeitraum 1981 — 2010 betragt 853 m?¥s (Information der BfG, 2020). Das
Elbegebiet ist eines der abflussdrmsten grolen Flussgebiete in Europa.

Im Einzugsgebiet der Elbe werden gemaR den im Projekt CORINE Land Cover
von 2018 analysierten Daten 40,3 % der Flache als Ackerland genutzt. Mit Wald
sind 31,4 % der Flache bedeckt, dabei entfallen 22,3 % auf Nadel- sowie 9,1 % auf
Laub- und Mischwalder.

i Realisierung / Realizace: BfG
" Koordinierung / Koodinace: IKSE / MKOL
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Revitalizace vod a vodni rezim v povodi Labe

Die Staaten

Umsetzung der Wasserrahmenrichtlinie

im Einzugsgebiet der Elbe — Deutschland,

Tschechien, Osterreich und Polen — haben

sich darauf geeinigt, einen gemeinsamen

I L it LInternationalen Bewirtschaftungsplan fiir die

- =

FOR OIE FLUSSOEBIETSEME ELBE

tige

Wasserknappheit,

Das Ziel
gute Zustand a

erreicl

» Verbesserung der Gewasserstruktur
und Durchgangigkeit,

» Reduktion der signifikanten stofflichen Belastungen
mit Nahr- und Schadstoffen,

» Auswirkungen des Klimawandels (Niedrigwasser,

ereignisse und weitere Auswirkungen).

Das bedeutet, dass alle relevanten Qualitatskomponenten
bei der Bewertung die Kriterien des guten Zustands

Flussgebietseinheit Elbe“ zu erarbeiten.

Fir die Aktualisierung des Plans flir den Zeitraum
2022 — 2027 wurden folgende (iberregionale wich-

Wasserbewirtschaftungsfragen identifiziert:

&
&
<
S

Betrachtung internationaler
wasserwirtschaftiicher Fragen
Projednani mezinarodnich vodo-
hospodaiskych otazek

Implementace Ramcové smérnice o vodach

Staty v povodi Labe — Ceska republika, Némecko,
Rakousko a Polsko — se dohodly, Ze bude
zpracovan jeden spolecny

,Mezinarodni plan oblasti povodi Labe“. (e e e
e . __ =

MEZNARODNI PLAN
OBLASTI POVODI LABE

Pro aktualizaci planu na obdobi 2022-2027,
byly identifikovany nasledujici nadregionalni
vyznamné problémy nakladani s vodami:
» zlep$eni struktury a prachodnosti vod-
nich tokd,

» snizeni vyznamného latkového zatizeni Zivinami a

) <
hydrologische Extrem- ;)
$
S
&

| ist der
ller Gewésser.

B-Teil ~ Cast B

] [d [4]

Betrachtung wasserwirtschaftlicher Fragen auf der Ebene der einzelnen Staaten'
Projednani vodohospodafskych otazek na trovni jednotlivych stata

znecistujicimi latkami,
» dopady klimatické zmény (sucho, nedostatek
vody, extrémni hydrologické jevy a dal$i
dopady).

&
A

Cilem je
dobry stav vSech vod.

hen.

To znamena, Ze v8echny relevantni slozky
kvality dosahuiji pfi hodnoceni kritérii
dobrého stavu.

Oberflichengewasser ~ Povrchové vody

[o] i Zustand ~ Ek icky stav

akvatické flory, faun:
dazu unterstiitzend:

Identifizierung

Identifizierung

Prob

Entwurf des internationalen Bewirtschaftungsplans*

Bericht ,Uberwachungsprogramme gemaR Art. 8 der WRRL"
Entwurf des Zeitplans und des Arbeitsprogramms™

*veréffentlicht zur Anhérung der Offentlichkeit

Sofortprogramm » mit Schwerpunkt auf den dringendsten

und Ha it der Gewa flora, wirbellosen Fauna und Fische ~ slo:
y bentickych bezobratlych a ryb

Zeni a cetnost

F i und 1~ I Komponenten sowie spezifische

maRig ~ stfedni

Grundwasserstand ~ drovei hladiny podzemni vody

Zustand ~ itativni stav

Schadstoffe (Anhang VIIl WRRL) ~ doplrikové parametry: hydromorfologické a fyzikalné-chemické slozky
kvality a specifické znecistujici latky (pfiloha VIII RSV)

(o] i Zustand ~ C| icky stav

prioritare Stoffe und andere Schadstoffe (Anhang IX und X WRRL) ~ prioritni latky a
dalsi znecistujici latky (pfiloha IX a X RSV)

Kor ion an ~ gistujicich latek
Leitfahigkeit ~ vodivost
(o] i Zustand ~ C icky stav

Grundwasser ~ Podzemni vody

Bewertung nach Wasserrahmenrichtlinie ~ Hodnoceni podle Ramcové smérnice o vodach (RSV)

2. Bewirtschaftu

wi
Strategie zur Minderung der Nahrstoffeintrage
in Gewasser

1. Bewirtschaftungszeitraum
wichtiges Ergebnis:
Sedimentmanagementkonzept der IKSE

Aktualisierung des internationalen Bewirtschaftungsplans
Entwurf der Aktualisierung des internationalen Plans*

der wichtigen Wasserbewirtschaftungsfragen*

Entwurf des Zeitplans und des Arbeitsprogramms*

Uberpriifung und Aktualisierung des Plans alle 6 Jahre.

Internationaler Bewirtschaftungsplan

der wichtigen Wasserbewirtschaftungsfragen*

Bericht ,Merkmale der Flussgebietseinheit”

Die Wasserrahmenrichtli

Bei der Umsetzung der Wasserrahmenrichtlinie konnten
die Staaten an die Ergebnisse des Sofortprogramms und d
Aktionsprogramms Elbe ankniipfen.

Abschlussbericht
Aktionsprogramm Elbe 1996 — 2010

Aktionsprogramm Elbe

mit den Schwerpunkten:

» Senkung der Belastung aus Punktquellen

» Verringerung der diffusen Belastungen

» Verbesserung der Biotopstrukturen

» Schutz vor unfallbedingten Gewasserbelastungen
» Verbesserung des Hochwasserschutzniveaus

lemen im Bereich der punktuellen Einleitungen

Internationale Kommission zum Schutz der Elbe

August 2020

3. Bewirtschaftungszeitraum j§ 2022 — 2027

2016 — 2021

2010 - 2015

2015/ 2021
2014 /2020
2013/2019
2012/2018

2. planovaci obdobi
vyznamny vysledek:
Strategie ke sniZeni obsahu Zivin ve vodach

1. planovaci obdobi
vyznamny vysledek:
Koncepce MKOL pro nakladani se sedimenty

Aktualizace Mezinarodniho planu povodi

Navrh aktualizace Mezinarodniho planu povodi*
Identifikace vyznamnych problémU nakladani s vodami
Navrh ¢asového planu a programu praci*

*

22.12.2000

Prezkumy a aktualizace planu kazdych 6 let.

Mezinarodni plan povodi

Navrh Mezinarodniho planu povodi*

Identifikace vyznamnych problému nakladani s vodami*
Zprava ,Monitorovaci programy podle ¢l. 8 RSV*

Navrh ¢asového planu a programu praci*

Zprava ,Charakteristiky oblasti povodi*

P¥i implementaci Ramcové smérnice o vodach mohly

es staty v povodi Labe navazat na vysledky Naléhavého programu

2010

1996 — 2010

a Akéniho programu Labe.

Zavére¢na zprava
AkéEni program Labe 1996-2010

AkéEni program Labe

zaméfen na:

» snizeni znecidténi z bodovych zdroji

» snizeni plosného znecisténi

» zlep3eni struktury biotop(

» ochranu pfed havarijnim znecisténim vod
» zlepSeni trovné ochrany pred povodnémi

Naléhavy program » zaméfen na nejnaléhavéjsi problémy
v oblasti bodovych zdroji znecisténi

Mezinarodni komise pro ochranu Labe

www.ikse-mkol.ol srpen 2020
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Revitalisierung von Gewassern und der Wasserhaushalt

im Einzugsgebiet der Elbe

Hochwasserschutz Ochrana pired povodnémi

Die Staaten im Einzugsgebiet der Elbe — Deutschland, Staty v povodi Labe — Ceska republika, Némecko, Rakousko
Tschechien, Osterreich und Polen — haben sich geeinigt, einen a Polsko — se dohodly, Ze bude zpracovan jeden ,Mezinarodni
LInternationalen Hochwasserrisikomanagementplan fiir die Fluss- plan pro zvladani povodriovych rizik v oblasti povodi Labe*
gebietseinheit Elbe” nach der ,Richtlinie tber dle ,Smérnice o vyhodnocovani a zvladani
die Bewertung und das Management von Hoch- \ povodriovych rizik* (2007/60/ES).
wasserrisiken“ (RL 2007/60/EG) zu erarbeiten. -

Der internationale Plan besteht aus dem gemeinsam erstellten A-Teil mit Tento plan se sklada ze spole¢né zpracované ¢asti A se souhrnnymi

zusammenfassenden Informationen firr die internationale Ebene und informacemi na mezinarodni Urovni a z narodnich &asti B, které zpra-
den von den einzelnen Staaten erarbeiteten nationalen B-Teilen. covaly jednotlivé staty.

Der A-Teil des internationalen Plans stellt die Malnahmen dar, fiir die es V ¢&asti A Mezinarodniho plénu jsou popsana opatfeni, pro ktera je
teilweise nationalstaatlich tibergreifende Losungen geben muss. Die Ko- treba z¢asti najit feSeni presahujici hranice statd. Koordinaci zajis-
ordinierung sichert die IKSE durch Beratungen der Fachgremien und in tuje MKOL pomoci odbornych grémii a mezinarodnich workshopt.
internationalen Workshops ab. Der Anhérungsprozess (Beteiligung der Konzultace s vefejnosti je podporovana organizaci Mezinarodnich
Offentlichkeit) wird unterstiitzt durch Internationale Elbeforen. labskych for.

Uberpriifung und Aktualisierung des Plans alle 6 Jahre Prezkumy a aktualizace planu kaZzdych 6 let

2. Planungszeitraum [§ 2022 — 2027

Entwurf der Aktualisierung des internationalen Plans 2020 Navrh aktualizace Mezinarodniho planu
Uberpriifungen der Hochwassergefahren- und -risikokarten 2019 Pfezkumy map povodriového nebezpeci a povodiiovych rizik
erpriifungen der vorldufigen Bewertung des Hochwasserrisikos 2018 Prezkumy pfedbézného vyhodnoceni povodiiovych rizik

Eine gemeinsame Kartenanwendung
ermdglicht den Zugang zu den nationalen
Portalen, auf denen die entsprechenden
Hochwassergefahren und -risikokarten zur
Verfiigung stehen.

Spole¢na mapova aplikace umoz-
fiuje pFistup k narodnim portalim,

na kterych jsou pfislu§né mapy
povodriového nebezpecdi a povod-
flovych rizik k dispozici.

Mapa: Bylo vymezeno celkem 423 oblasti s potencialné
vyznamnym povodiiovym rizikem, z toho 80 v Ceské
republice, 342 v Némecku a 1 v Polsku, o celkové délce
vodnich tokl vice nez 10 700 km.

Karte

Insgesamt wurden 423 Gebiete
mit potenziellem signifikantem
Hochwasserrisiko bestimmt,
davon 342 in Deutschland,

80 in Tschechien und 1 in Polen
(Gesamtlange der Wasserlaufe
mehr als 10 700 km).

Entwurf des internationalen Plans Navrh Mezinarodniho planu
Hochwassergefahren- und -risikokarten Mapy povodriového nebezpedi a povodiiovych rizik
Vorlaufige Bewertung des Hochwasserrisikos Predbézné vyhodnoceni povodriovych rizik

» Aktionsplan Hochwasserschutz Elbe > 2003 — 2011 » Akéni plan povodfiové ochrany v povodi Labe
Seine inhaltlichen Themen werden im Rahmen der Umsetzung
der ,Richtlinie Giber die Bewertung und das Management von
Hochwasserrisiken* (RL 2007/60/EG) integriert und fortgefiihrt.

Jeho obsahova témata jsou zaclenéna a dale rozpracova-
vana v ramci implementace ,Smérnice o vyhodnocovani a
zvladani povodiiovych rizik* (2007/60/ES).
» Gemeinsame grenziiberschreitende
Auswertungen der bedeutsamen Hochwasserereig-
nisse der Jahre 2002, 2006, 2010 und 2013

» Bestandsaufnahme des vorhandenen Hochwasserschutzniveaus

» Spole¢na preshrani¢ni vyhodnoceni
vyznamnych povodni 2002, 2006, 2010 a 2013

» Zmapovani stavajici rovné povodnové ochrany

» Analysen der hydrologischen Aspekte der Entstehung
von Hochwasser und deren Vorhersagen

» Analyzy hydrologickych aspektt vzniku povodni a jejich
predpovédi

» Strategie des Hochwasserschutzes im Einzugsgebiet der Elbe » Strategie povodriové ochrany v povodi Labe
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Revitalizace vod a vodni rezim v povodi Labe

Warn- und Alarmsystem an der Elbe

Dem Internationalen Warn- und Alarmplan
Elbe (IWAPE) kommt eine auRerordentliche
Bedeutung insbesondere bei grenziiberschrei-
tenden Unféllen zu. Die Hauptstruktur bilden
5 Internationale Hauptwarnzentralen (IHWZ).

Varovny a poplachovy systém na Labi

Mezinarodni varovny a poplachovy plan
Labe (MVPPL) ma mimofadny vyznam
zejména v pfipadé havarii pfesahujicich statni
hranice. Hlavni strukturu tvofi 5 mezinarod-
nich hlavnich varovnych central (MHVC).

e e —

» Er wird anhand neuer Erkenntnisse und
Erfahrungen sténdig angepasst.

» Die Regeln fiir das Verschicken

von Meldungen beriicksichtigen nicht
nur das Ausmal des Unfalls, sondern
orientieren sich auch am potenziellen
Interesse der Medien und der Offentlichkeit.

. Dresden

» Die Uberschreitung der Alarmschwellenwerte )
(Konzentrationen ausgewahlter Stoffe) fur das Grenz- &,
profil Schmilka/Hrensko wird seit 2019 gemeldet.

» Das Alarmmodell Elbe (ALAMO) wurde 2004 in den \
ALAMO IWAPE integriert. Im Januar 2017 wurde

Vorhersagemodell fiir
die Ausbreitung von Schad-
stoffwellen in der Elbe; ermdg-
licht im Falle einer unfallbedingten
Gewasserbelastung, den Zeitpunkt
des Eintreffens, die Dauer sowie die
Maximalkonzentration einer Schad-
stoffwelle an Profilen der Elbe
unterhalb des Unfallortes

die Erweiterung fir die
Bilina ist in Vorbereitung.
Fir die Kalibrierung des
Modells wurden Tracer-
versuche durchgefiihrt. i

Modellierte Abschnitte: == Elbe == Moldau == Saale
Bilina (in Vorbereitung)

Foto: BfG

Tracerverserch an der Elbe / Pokus se znackovaci latkou na Labi

» Der IWAPE ist vor allem bei der Weitergabe
von Informationen aus Tschechien an Deutsch-
land von groRer Bedeutung. Deshalb werden
im tschechischen Elbeabschnitt in der Nahe
des tschechisch-deutschen Grenzprofils auch
Informationen Uber unbedeutende unfallbedingte
Gewasserbelastungen und eventuelle Verdachts-
falle auf mogliche Belastungen sorgfaltig liber-

Erddlprodukten

mationen Uber Ort, Zeit und Ausmaf einer unfallbedingten
Gewasserbelastung im Einzugsgebiet der Elbe.
Zustandigkeitsbereich der IHWZ

Oblast pusobnosti MHVC
Karte / Mapa: BfG, CHMU, IKSE / MKOL

Hradec Kralové

das ALAMO auf die Nebenflisse &,
Moldau und Saale erweitert, ]

Fur die Abwehr von unfallbedingten Gewasserbelastungen mit

im Grenzabschnitt der Elbe ein
punkt fertiggestellt.

V roce 2016 byl dokonéen stabilni havarijni profil v hrani¢nim
useku Labe pro zvladani havarijnich znecisténi ropnymi a ostatni-
mi plovoucimi latkami.

&asu a rozsahu havarijniho zneg¢isténi vod
v povodi Labe.

» Je neustale upravovan podle novych poznatkl a zkuSenosti.

» Pravidla pro rozesilani hlaseni zohledriuji nejen rozsah havarie,

Magoebus gl i piipadny zajem hromadnych sdélovacich prostiedkil a vefej-
Potsdam nOSﬁ

[ Hamburg

» Hlaseni pfi prekrogeni varovnych prahovych hodnot (koncentraci
vybranych latek) v hraniénim profilu Hfensko/Schmilka se po-
davaji od roku 2019.

» Poplachovy model Labe (ALAMO) byl do MVPPL
zafazen v roce 2004. V lednu
2017 byl ALAMO rozsiten
. o pritoky Vltavu a Salu.
Pfipravuje se dalsi
rozsifeni o Bilinu.
Pro kalibraci modelu
byly provedeny po-
kusy se znackovaci
latkou.

ALAMO
Model pro prognézu
Sifeni vin znecistujicich latek
v Labi; umoziiuje provést v pfipadé
havarijniho znec¢isténi vod odhad
doby dotoku, trvani a maximalni
koncentrace viny znecistujicich
latek v profilech Labe pod
mistem havarie.

Modelované Useky: == | abe == Vitava == Sala
Bilina (pfipravuje se)

Foto: MKOL / IKSE
Pokus e, znackovaci latkou na Vitavé
¥ Tracerversuch an der Moldau

Foto: IKSE / MKOL

Feierliche Inbetriebnahme / Slavnostni uvede: ovoz

» MVPPL ma mimoradny vyznam prede-
v&im pfi predavani informaci z Ceské repu-
bliky do Némecka. Proto jsou na ¢eském
useku Labe v blizkosti ¢esko-némeckého
hraniéniho profilu peclivé monitorovany
a mezinarodni hlavni varovnou centralou
v Hradci Kralové pomoci hlaseni dale pre-
davany také informace o nevyznamnych

und anderen schwimmenden Stoffen wurde 2016
tionérer Unfallbekampfungs-

wacht und von der Hauptwarnzen-

pripadech havarijniho znecisténi

trale Hradec Kralové weitergeleitet.

vod i pfipadna podezieni na moz-

Meldungen IWAPE / HlaSeni MVPPL (2007 - 2019)

Die meisten gemeldeten Ereignisse
beziehen sich auf den 45 km lan-
gen tschechischen Elbeabschnitt
zwischen Usti nad Labem und dem

= Sonstige / Ostatni

= Praventive / Preventivni

. und

& Auerbetriebnahme einer Kléranlage / Odstévky Sistiren odpadnich vod
o Stoffe / Ropné a ostatni plovouci létky

= Uberschreitung von Alarmschwellenwerten / Prekrozeni varovnych prahovych hodnot

tschechisch-deutschen Grenzprofil.

Meldungen im Rahmen des IWAPE
(2007 — 2019)
Erddlprodukte und andere schwimmende
Stoffe waren der Hauptgrund (62 % der
Ereignisse) fiir den Versand einer Mel-
dung. In 6 Fallen handelte es sich um
eine groRere Menge (zwischen 1,5 und
6 m®) von Erdélprodukten. In 7 Fallen wur-
de eine préaventive Meldung verschickt
(siehe Abb.), obwohl offensichtlich war,
dass es sich nicht um eine unfallbedingte
Belastung handelt (Blitenstaub und

anderes Pflanzenmaterial).

Anzahl / Poget

2007 2008 2009 2010 2011

2013 2014 2016 2017

Jahr / Rok

2012 2015

2018

2019

1 na znecisténi. Vétsina hlasenych

pripadu se vztahuje k 45 km dlou-
hému ¢eskému Useku Labe mezi
Ustim nad Labem a ¢esko-némec-
kym hrani¢nim profilem.

Hlaseni v ramci MVPPL
(2007-2019)

Ropné a ostatni plovouci latky byly
hlavnim ddvodem (62 % pfipadd) pro
zaslani hlaseni. V 6 pfipadech se jed-
nalo o vétsi mnozstvi ropnych latek
mezi 1,5 az 6 m®. V 7 pfipadech bylo
zaslano preventivni hlaseni (viz obra-
zek), i kdyz bylo zfejmé, Ze se nejedna
o havarijni znecisténi (pyly a dalsi rost-
linny material).

Internationale Kommission zum Schutz der Elbe
August 2020

www.ikse-mkol.org
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Revitalisierung von Gewassern und der Wasserhaushalt

im Einzugsgebiet der Elbe

Internationales Messnetz und Messprogramm v Mezinarodni méfici sit’ a program méreni

Seit Beginn der 90er Jahre des 20. Jahr-
hunderts wird eine positive Entwicklung der
Wasserbeschaffenheit der Elbe und ihrer

Nebenfliisse beobachtet.

Internationales Wassergiitemessnetz und
internationales Messprogramm

Od zacatku devadesatych let 20. stoleti
je v Labi a jeho pfitocich sledovan pozitivni
vyvoj jakosti vody.

Mezinarodni méfici sit’' a
mezinarodni program méreni

Die Untersuchung der Wasserbeschaffenheit im Ein-
zugsgebiet der Elbe auf der Grundlage des ,Inter-
nationalen Messprogramms Elbe” wird an

Messprogramms Elbe

programu méfeni Labe

Messstellen des Internationalen

Mérné profily Mezinarodniho

V ramci ,Mezinarodniho programu méfeni Labe“ se

jakost vody sleduje (viz mapa) na 6 mérnych profilech v Ceské re-
publice a 9 mérnych profilech v Némecku (10 pfimo na Labi a 5 na
pfitocich), které jsou zaroven i profily situaéniho monitoringu podle
evropské Ramcové smérnice o vodach a poskytuji pfehled o aktualni

flissen) durchgefiihrt (siehe
Karte). Diese sind gleichzeitig
Stellen der uberblicksweisen
Uberwachung geméaR européischer 1=
Wasserrahmenrichtlinie und liefern
einen Uberblick tiber die aktuelle Situation
in der Flussgebietseinheit Elbe.

An den N 1, die mit \ onen ausgestattet sind, werden

einige Parameter, z. B. Wassertemperatur, pH-Wert, elektrische Leit-

fahigkeit, geloster Sauerstoff und Durchfluss, kontinuierlich gemessen.
Fur die Bestimmung der anderen Parameter werden die Proben auto-

matisch entnommen und anschlieRend in Laboren analysiert.

Das erste international abgestimmte Messprogramm
wurde fiir das Jahr 1992 mit 63 Parametern aufge-
stellt. Die einzelnen Parameter werden in den Kom-
ponenten untersucht, in denen sie in relevanten Kon-
zentrationen auftreten. Neben der Untersuchung in -" Dautpq!;la
der Wasserphase wurden 1996 routinemaRige

Untersuchungen schwebstoffblrtiger Sedimen- ‘x.__?:%_
te eingefiihrt. Das ,Internationale Messprogramm :.F‘-'
Elbe" umfasst die Untersuchung von ca. 200 Para- f_‘ =
metern in der Wasserphase und ca. 70 Parametern in 'w-.,'.

E ™

schwebstoffbiirtigen Sedimenten. Im biologischen Teil
des Messprogramms werden ca. 10 Parameter untersucht.
Die Bioakkumulation von Schadstoffen wird anhand von
ca. 20 Parametern untersucht.

Die Messstellen mit der groRten Anzahl der untersuchten Parameter sind die
Wéchtermessstellen Hfensko-Schmilka an der deutsch-

tschechischen Grenze und Seemannshéft. An dieser Messstelle wird der
Schadstoffeintrag der Elbe in die Nordsee bilanziert

Das Messprogramm wird jéhrlich aktualisiert. Die im Okto-
ber 2018 verabschiedete ,Messstrategie der IKSE" bildet gegen-
wartig die Grundlage fiir die Aktualisierung des Messprogramms.

Analytische Qualitatssicherung

Eine wichtige Voraussetzung fiir die gemeinsame Interpre-
tation der gemessenen Werte ist ihre Vergleichbarkeit. Dafiir # A
sorgen MaRnahmen zur Qualitatssicherung auf internationa-
ler Ebene im Rahmen der IKSE wie Auswahl und Anwendung
identischer oder vergleichbarer Messmethoden, Durchfiihrung
von Kontroll- und Vergleichsmessungen, gemeinsamen Pro-
benahmen sowie gemeinsame Auswertung der Messergeb-
nisse.

Entwicklung der Gewassergiite

Die positiven Veranderungen der Gewéssergiite der Elbe in den Jahren
1990 — 1992 resultierten insbesondere aus Produktionsstilllegungen und
-reduzierungen auf dem Gebiet der neuen Bundeslander. In den Folge-
jahren wurde eine weitere Verbesserung der Gewasserglite als Ergebnis
von Sanierungsmafinahmen erreicht, vor allem durch den Bau von kommu-
nalen und industriellen Klaranlagen sowie durch technologische Verénde-
rungen in den Industriebetrieben.

Trotz des erreichten groRen Fortschritts ist die Belastung in der Wasser-
phase mit Néahrstoffen (Stickstoff- und Phosphorverbindungen) immer
noch hoch. Ein Teil der Schadstoffe ist an Schwebstoffe und in Sedimen-
ten gebunden. Es handelt sich vor allem um Schwermetalle (Quecksilber,
Cadmium, Blei, Zink), spezifische organische Stoffe (chlorierte Benzene,
chlorierte Pestizide, polychlorierte Biphenyle, polyzyklische aromatische
Kohlenwasserstoffe) sowie Tributylzinn. Diese Schadstoffe kénnen bei er-
hoéhten Wasserfiihrungen aus den Sedimenten freigesetzt werden.

Internationale Kommission zum Schutz der Elbe
August 2020

R e Bearbeiter / Zpracovéni:
9 Messstellen in Deutschland und 6 Mess- ,nlf:‘_+ BfG, CHMU, IKSE / MKOL
stellen in Tschechien (10 direkt an I H @ Wessstelle / msmy profil
der Elbe und 5 an den Neben- el . }’

www.ikse-mkol.org

situaci v oblasti povodi Labe.

Na mérnych profilech, které jsou vybaveny méficimi stanicemi, se nékteré
ukazatele, napf. teplota vody, pH, konduktivita, rozpustény kyslik a prutok, méfi
kontinualné. Pro stanoveni ostatnich ukazatelt probih& automaticky odbér
vzorku, které se nasledné analyzuji v laboratofi.

Prvni mezinarodni program méreni byl sestaven pro rok
1992 a zahrnoval 63 ukazatell. Jednotlivé ukazatele se
sleduji v téch slozkach, ve kterych se vyskytuji ve vy-
znamnych koncentracich. Vedle sledovani ve vodné
fazi bylo v roce 1996 zavedeno rutinni sledovani

sedimentovatelnych plavenin. V ramci ,Mezi-

i
j
bt

;'I X narodniho programu méfeni Labe“ se sleduje

_(’ !r I ¥ ;P cca 200 ukazatelt ve vodné fazi a cca 70 uka-
el ":.*hl zateld v sedimentovatelnych plaveninach.
""'ﬁ_ ! Biologicka ¢ast programu méfeni zahrnuje
e N cca 10 ukazatelG. Pomoci cca 20 ukazate-

AR

10 se sleduje bioakumulace znecistujicich
latek.

Mérnymi profily s nejvéts§im poctem sledovanych uka-
zatell jsou pilotni profily Hfensko-Schmilka na
cesko némecké hranici a Seemanns-

hoft, na kterém se bilancuje vnos
znecistujicich latek z Labe do
Severniho mofe

}
o W
1:2° ]

Wy
e

%4 Program méfeni se
" kazdy rok aktualizu-
je. ,Strategie méfeni
MKOL", ktera byla
schvalena v Fijnu 2018,
. tvofi v sou€asné
- dobé zaklad aktu-
alizace programu
méfeni.

Zabezpeceni kvality analytickych vysledku
Dulezitym predpokladem pro spole¢nou interpretaci namé-
fenych hodnot je jejich porovnatelnost. Ta je zajiStovana na
mezinarodni urovni v ramci MKOL pomoci opatfeni k zabez-
peceni kvality, jako je vybér a aplikace stejnych nebo porov-
natelnych metod méfeni, provadéni kontrolnich a mezilabo-
ratornich porovnani, spoleénych odbéri vzorkd a spole¢né
vyhodnocovani vysledkt méfeni.

Vyvoj jakosti vody
Pozitivni zmény jakosti vody v Labi v letech 1990-1992 byly podminény
zejména uzaviranim podnik( a poklesem vyroby na Uzemi novych spol-
kovych zemi Némecka. Dal$i zlepSeni jakosti vody v nasledujicich letech
je vysledkem sanacnich opatfeni, pfedevSim vystavby komunalnich a
pramyslovych gistiren odpadnich vod a technologickych zmén v pramys-
lovych podnicich.

Pfes dosazeny velky pokrok je ve vodné fazi nadéle zjiStovano znaéné
znecisténi Zivinami (slou€eninami fosforu a dusiku). Kromé toho je ¢ast
znedistujicich latek vazana na plaveniny a sedimenty.
Jedna se predevsim o tézké kovy (rtut, kadmium, olovo,
zinek), specifické organické latky (chlorované benzeny,
chlorované pesticidy, polychlorované bifenyly, polycyk-
lické aromatické uhlovodiky) a tributylcin. V pfipadé
vétSich prutokd se mohou tyto latky uvoliiovat ze sedi-
menta.

Mezinarodni komise pro ochranu Labe
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Revitalizace vod a vodni rezim v povodi Labe

Sedimentmanagement

Sedimente erfiillen grundlegende Funktionen
als Gewasserbett, aquatischer Lebensraum
und in Stoffkreislaufen der Gewasser. Sie
haben durch ihre Menge und Qualitét eine
Schliisselfunktion fiir unverzichtbare Oko-
systemleistungen und bedeutsame
Gewassernutzungen.
internationalen
asserrahmenricht-
ﬁ? ng der
;'%‘ utlich, dass

gie als auch

‘SEDIMENTMANAGEMENTKONZEPT DER IKSE
sy et S i Eot

Nakladani se sedimenty

Sedimenty pIni zakladni funkce pfi
utvareni koryt vodnich toku, jako akvatic-
ka stanovisté a v kolobéhu latek vodnich

tokl. Svym mnoZstvim a svou jakosti hraji
klicovou roli pro nepostradatelné funkce
ekosystému a vyznamné zpUsoby

profily managementu sedimentt
GG Elbe, BfG, CHMU, IKSE / MKOL

2 |6sen
seitigen.

g hwebstoffe und S
fi das Konzept fiir die elberele
stoffe ein System von unt

beren

chen, schwebstoffblirtigen Sedimente
llenwert berechnet wird.

und Sedimenten. Die Anwendung des SQI in der
biqts'éinheit Elbe ermdglicht eine Darstellung und
Qualitatsentwicklung der schwebstoffblrtigen Se-
ie auch deren rédumliche Differenzierung

osw
0,47 mglkg
2,3 mglkg
53 mg/kg
800 mg/kg
160 mg/kg
53 mg/kg
40 mglkg
640 mglkg
1.5 uglkg
5 uglkg
1.5 uglkg
3 uglkg
6,8 uglkg
3,2 uglkg
20 ugkg
20 uglkg
20 pglkg
20 pglkg
20 pglkg
20 pglkg
20 ugkg
140 pglkg
400 pg/kg
17 uglkg
600 pgkg
310 pglkg
250 pglkg
2500 pglkg
20 pglkg
20 ng TEQ/kg

2001 2002 2003 2004 2005 2006
1.7

Quecksilber
Cadmium

Blei

Zink

Kupfer

Nickel

Arsen

Chrom

o-HCH

B-HCH

Y-HCH
p.p-DDT
p.p'-DDE
p.p'-DDD

PCB Nr. 28
PCB Nr. 52
PCB Nr. 101
PCB Nr. 118
PCB Nr. 138
PCB Nr. 153
PCB Nr. 180
Summe 7 PCB
Pentachlorbenzen
HCB

14
16

1111
17 20
13

14
18
1.1

43 62 48 30

19 19 17

Benzo(a)pyren
Anthracen
Fluoranthen
Summe 5 PAK
Tributylzinn Kation
Dioxine/Furane

14
16

13
15

12
13

1.4
11

<20 <20 <20 <20 <20 <20 <20 <20 <20 <2,0
<20 <20 <20 <2,0 A <20 <20 <20

 Zvefejnénim ,Koncepce |
v roce 2014 byl vytvore
dimentd vzhledem ke svému vyz
a praxe vodohospodarského
ce jsou dulezité zejména pro z| en
pfi snizovani vyznamného 5h
more. K tomu jsou v koncepci u
py. Nejvyssi prioritu pfitom maji
problém pfimo u zdroje nebo odstrafiuji pficinu problé

Za ucelem klasifikace sedimentovatelnych plavenir

sedimentl zavedla koncepce pro znedistujici la y
relevantni pro Labe systém dolnich (pfisnéjich)

a hornich prahovych hodnot (HPH). V roce 2018

- byl tento systém rozsifen o tzv. index kvality
sedimentd (SQl), y se vypocita jako il

roéniho pr i 7

latky vnxé
vych s
horni

&,

SicC ‘vzorcich Cerst-
h plavenin a jeji
f ! :

l

Legende / Legenda

A Qualitat / kvalita

M Quantitat / kvantita %

// Grenzen frei flieBende db’e_/ hranife'
CEI

Hraniéni profil L:

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018  Latka
1119 5  Rtut

Kadmium

Olovo

Zinek

med'

Niki

Arzen

Chrom

o-HCH

B-HCH

Y-HCH

p.p'DDT

p.p'DDE

p.p'-DDD

PCB 28

PCB 52

PCB 101

PCB 118

PCB 138

PCB 153

PCB 180

Suma 7 PCB

Pentachlorbenzen

HCB

Benzo(a)pyren

Anthracen

Fluoranthen

Suma 5 PAU

Kationt tributylcinu

Dioxiny / furany

Hrensko / Schmilk:
HPH
0,47 mglkg
2,3 mglkg
53 mglkg
800 mg/kg
160 mglkg
53 mglkg
40 mglkg
640 mglkg
1.5 uglkg
5 uglkg
1.5 ugkg
3 pglkg
6,8 uglkg
3.2 uglkg
20 pglkg
20 uglkg
20 yglkg
20 pglkg
20 pglkg
20 yg/kg
20 pglkg
140 pglkg
400 pglkg
17 uglkg
600 glkg
310 pglkg
250 pglkg
2500 pgkg
20 ug/kg
20 ng TEQ/kg

87 132 29

18

*Prifvorbehalt ~ s vyhradou provérent
1 -

chwebstoffblirtigen

ovatelnych plavenin v.hraniénim profilu Labe Hrensko/Schmilka za obdobi 1993*I20_1'8
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Revitalisierung von Gewassern

im Einzugsgebiet der Elbe

und der Wasserhaushalt

Nahrstoffeintrage in die
Oberflachengewasser und das Grundwasser
bleiben auch weiterhin eine der
wichtigen Wasserbewirtschaftungsfragen
im Einzugsgebiet der Elbe.

Trotz der bedeutenden Verbesserung in den letzten
zwanzig Jahren werden u. a. aufgrund der Nahr-
stoffbelastung Ziele der Wasserrahmenrichtlinie
(RL 2000/60/EG) und der Meeresstrategie-Rahmen-
richtlinie (RL 2008/56/EG) noch nicht erreicht. Obwohl
alle Mitgliedstaaten, die zur internationalen Flussgebietseinheit Elbe ge-
héren, auf ihrem Gebiet die von der WRRL vorgeschriebenen Prinzipien
des Gewasserschutzes anwenden, ist es fiir den Schutz des Elbestroms
sowie der Kusten- und Meeresgewasser im Einzugsgebiet der Elbe er-
forderlich, Giberregionale Ziele festzulegen und geeignete Malnahmen ab-
zuleiten, um die Reduzierung der aus verschiedenen Teilen des Einzugs-
gebiets und unterschiedlichen Quellen stammenden Nahrstoffbelastung
zu koordinieren.

Der herausgehobenen Bedeutung der Nahrstoffproblematik wurde in der

IKSE durch die 2014 eingerichtete Ad-hoc-Expertengruppe ,,Nahrstoffe

Rechnung getragen. Sie wurde beauftragt, eine ,,Strategie zur Minderung

der Nahrstoffeintrage in Gewasser in der internationalen Flussgebiets-

einheit Elbe“ zu erarbeiten. Diese Strategie wurde im Oktober 2018 be-
schlossen und anschlieBend als Publikation der IKSE herausgegeben

(www.ikse-mkol.org). Die Strategie enthalt:

» eine Beurteilung und einen Vergleich der Methoden und Verfahren zur
Bewertung der Nahrstoffe (Stickstoff und Phosphor) in Deutschland
und Tschechien,

» eine gemeinsame Bewertung der aktuellen Belastungssituation der Ge-
wasser mit Nahrstoffen anhand einheitlich aufbereiteter Daten,

» Festlegungen gemeinsamer (berregionaler Ziele fir die Nahrstoffe und
die entsprechenden Gewassertypen einschlieRlich des Minderungsbe-
darfs fir Nahrstoffeintrage fir die ausschlaggebenden Messstellen der
Elbe mit dem Ziel, die Nordsee zu schiitzen,

» eine Auswertung von Umfang und Bedeutung sowie regionaler Schwer-
punkte der Nahrstoffeintragsquellen und -pfade sowie die Bestimmung
der entscheidenden Typen der Belastungsquellen, die die Zielerreichung
gefahrden,

» geeignete Malinahmenvorschldge und weitere Empfehlungen, die zur
effektiven Minderung des Nahrstoffgehalts in den Gewéassern im Einzugs-
gebiet der Elbe flihren sollen.

Die gewonnenen Erkenntnisse
werden bei der Erarbeitung der
nationalen  Bewirtschaftungs-
pléne und des ,Internationalen
Bewirtschaftungsplans fiir die
Flussgebietseinheit Elbe” flr
den Zeitraum 2022 — 2027 an-
gewendet.

1997 - 2001

———  Tausend Tonnen / Jahr
s, tun/rok

1997 — 2001: Stand vor der

Umsetzung der WRRL -
Abflussnormierte Ist-Fracht an der
Messstelle Seemannshéft in t/a:
N:126 970  P: 5340

&)

2011 — 2015: Phase der Umsetzung
| des 1. Bewirtschaftungsplans
~ Abflussnormierte Ist-Fracht an der
Messstelle Seemannshéft in t/a:
N: 84 400 P: 3940

2014 — 2018: Auswertung fiir den
3. Bewirtschaftungsplan
Abflussnormierte Ist-Fracht an der
~ Messstelle Seemannshéft in t/a:
N: 75 082 P:4 310

B

TEESS Tausend Tonnen / Jahr
& BN EE s tuniok

R

Mittlere

Reduzierung der Nahrstoffeintrage v

Snizeni vnosu zivin

Vnosy zivin do
povrchovych a podzemnich vod
zustavaji i nadale jednim
z vyznamnych problému nakladani
s vodami v povodi Labe.

| pfes vyrazné zlepSeni v minulych dvou desetile-
tich nejsou mimo jiné vzhledem k zatizeni zivinami
dosud dosazeny cile Ramcové smérnice o vodach
(2000/60/ES) a Ramcové smérnice o strategii pro
morské prostfedi (2008/56/ES). Prestoze vSechny

Clenské staty, které nalezi do mezinarodni oblasti po-

vodi Labe, uplatfiuji na svém Gzemi principy ochrany

vod predepsané Ramcovou smérnici o vodach, je

nutné pro ochranu toku Labe i pobfeznich a mofskych vod v povodi Labe
stanovit nadregionalni cile a vyvodit vhodna opatfeni s cilem koordinovat
sniZzovani zatéze Zivinami pochazejici z riznych ¢asti povodi a z riznych
zdroju.

Vzhledem k mimofadnému vyznamu problematiky Zivin ustavila MKOL
v roce 2014 ad-hoc skupinu expertii Ziviny a povéfila ji, aby vypracova-
la ,,Strategii ke snizeni obsahu zivin ve vodach v mezinarodni oblasti
povodi Labe“. Tato strategie byla schvéalena v fijnu 2018 a nasledné vy-
dana jako publikace MKOL (www.ikse-mkol.org).

Strategie obsahuje

» posouzeni a srovnani metod a zplUsobl hodnoceni zivin (dusiku a
fosforu) v Ceské republice a v Némecku,

» spole¢né zhodnoceni aktualniho stavu zatizeni vod Zivinami v povodi
Labe na zakladé jednotné zpracovanych dat,

» stanoveni spole¢nych nadregionalnich cilt pro Ziviny a pfislusné typy
vod v povodi Labe véetné potfeby snizeni vnosu zivin pro kli€ové profily
na Labi s cilem zajistit ochranu Severniho mofte,

» vyhodnoceni rozsahu, vyznamu a hlavnich oblasti zdroji a cest vnosu
Zivin a uréeni rozhodujicich typl zdroji znecisténi, které ohroZuji dosa-
Zeni cill,

» navrh vhodnych opatfeni a dalsi doporuceni, ktera by méla vést k efek-
tivnimu sniZzeni obsahu Zivin ve vodach v povodi Labe.

Ziskané poznatky budou uplatnény pfi zpracovani narodnich planu povodi
a ,Mezinarodniho planu oblasti povodi Labe“ na obdobi 2022—-2027.

N = s brasisesy

1997 - 2001

Tausend Tonnen / Jahr
tis. tunirok

1997-2001: stav pred implementaci

Ramcové smérnice o vodach
Skuteény odnos normovany na
pritok v profilu Seemannshéft v t/rok:
N: 126970 = P: 5 340

2011-2015: faze realizace 1. planu
povodi
Skuteény odnos normovany na
pratok v profilu Seemannshdéft v t/rok:
N: 84 400 P: 3 940

2014-2018: vyhodnoceni pro 3. plan
povodi
Skuteény odnos normovany na
pritok v profilu Seemannshéft v t/rok:
N: 75 082 P:-4 310

T Tausend Tonnen £ Jahr
] . B " . tunirok

» Abflussnormierte Zielfracht an der (N) und

. Messstelle Seemannshoft in t/a:
© N:66850" P:2385

¢ni odnosy
a 2011-2015
S

1997-2001
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Nebenfliissen in de'n !'n‘a‘umen 1997 — 2001 und 2011 — 2015
ého dusiku a fosforu na Labi a v jeho vy.

» Cilovy odnos normovany na pritok
v profilu Seemannshoft v t/rok:
N: 66 850 P: 2 385

T
(P) in i Elbe und ihren bedeutenden

Mezinarodni komise pro ochranu Labe
srpen 2020

kol.org



Revitalizace vod a vodni rezim v povodi Labe

Niedrigwasser

Die Elbe gehdrt in Mitteleuropa Ve srovnani s velkymi toky ve
den groRen FlieRgewassern stfedni Evropé patfi povodi
mit dem geringsten verfigbaren Labe k oblastem s nejmensimi
Wasserdargebot pro Einwohner dostupnymi vodnimi zdroji na
des Einzugsgebiets. N jednoho obyvatele.

Im Zusammenhang mit V souvislosti s vyskytem

o . dem Auftreten von Niedrig- e S suchych obdobi je véno-
wasser wird auf die Bilanzierung des Wasserhaushalts, vana velkd pozornost bilancim vodniho rezimu, a to i
auch vor dem Hintergrund der sich verdndernden klimati- Iy arologische Niedrigwasserkenngréfien na zakladé meénicich se klimatickych podminek. V roce
schen Bedingungen, grofRes Augenmerk gelegt. So wurde ' B 2012 byla zvefejnéna publikace ,Hydrologické charakte-
im Jahr 2012 die Publikation ,Hydrologische Niedrigwasser- R LSS STl  ristiky malych pritokd na Labi a jeho vyznamnych pfi-
kenngroRen der Elbe und bedeutender Nebenflisse” : tocich”, ktera obsahuje také analyzu trendt vybranych

Hydrological low-flow characteristics

verdffentlicht, die auch eine Trendanalyse ausgewahlter charakteristik srazek a pritoku.
Niederschlags- und Abflussparameter enthélt.

Aus dem Diagramm mit der Darstellung der Abweichungen der mittleren Jahresabfliisse Z grafu vyjadtujiciho odchylky priamérnych ro¢nich pratok od dlouhodobého praméru
vom vieljahrigen mittleren Abfluss (1981 — 2010) an den Pegeln Dé¢in und Neu Darchau ist (1981-2010) ve vodomérnych stanicich Déc¢in a Neu Darchau je patrné stiidani vicele-
zu erkennen, dass sich mehrjahrige wasserreiche und wasserarme Zeitrdume abwechseln. tych vodnych a malovodnych obdobi.
20 T
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I Riok Quelle / Zdroj: IKSE / MKOL
Daten / Data: CHMU, BfG
Im Einzugsgebiet der Elbe dauert die Niedrigwasserperiode bereits seit V povodi Labe jiz od roku 2014 (stav srpen 2020) pretrvava suché obdobi.

2014 an (Stand August 2020). Unter Federfiihrung der IKSE ist eine gemein- Pod zastitou MKOL bylo zpracovano spole¢né preshranic¢ni hydrologické
same grenziiberschreitende hydrologische Auswertung der - vyhodnoceni sucha v roce 2015, ve kterém byly zdoku-
Niedrigwassersituation 2015 erarbeitet worden. Sie ent- mentovany ramcové meteorologické podminky (vyvoj sné-
hélt eine Dokumentation der meteorologischen Rahmen- hovych zésob, teploty vzduchu, prabéh srazek) a vyhod-
bedingungen (Entwicklung der Schneeriicklagen, Luft- noceny dopady na povrchové i podzemni vody. Analyza
temperaturen, Niederschlagsgang) sowie eine Auswertung celého suchého obdobi od roku 2014 se pfipravuje.

der Auswirkungen auf die Oberflachengewasser und das
Grundwasser. Vorbereitet wird eine Analyse der gesamten
Niedrigwasserperiode ab 2014.

Wesentlich fiir das Verstandnis der wirksamen Prozesse bei Entstehung und Ausmafy Pro pochopeni procesti ovliviiujicich vznik a rozsah sucha je dlleZita znalost vlivii hos-
dieses Niedrigwasserereignisses ist die Kenntnis von Bewirtschaftungseinfliissen. Das podareni s vodou. Hlavni pozornost byla zaméfena na manipulace na vyznamnych
Hauptaugenmerk wird auf die Steuerung der bedeutenden Talsperren gelegt, deren Ein- vodnich dilech, jejichz vliv byl zkouman z&asti pomoci metod odhadu, z&asti pomoci
fluss teils Uber Schatzverfahren, teils Giber hydraulische Modellierung untersucht wurde. hydraulickych modeld. Z vysledk( vyplyva, Ze jen diky dotovani pritokd z vodnich dél,
Die Ergebnisse zeigen, dass es nur dank der Abflussstiitzung durch Talsperren, insbe- zejména z Vltavské kaskady, se v roce 2015 podafilo zabranit i na useku némeckého
sondere der Moldaukaskade, 2015 bis weit in die deutsche Elbestrecke hinein zu keinem Labe jesté extrémnéjSimu suchu.
noch extremeren Niedrigwasser gekommen ist.
1000 Tt T T *
[Labe / Elbe — D&gin| i Differenz der niedrigsten Wasserstande im August 2015 in der Elbe
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\ ' Rozdil nejnizsich vodnich stavii na Labi v srpnu 2015
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Spole¢na preshraniéni vyhodnocovani mimoradnych
hydrologickych situaci (sucha a povodni) v povodi
Labe jsou dilezitou soucasti aktivit MKOL. Data a po-
znatky z celého povodi jsou shromazdovany a zverej-
flovany v publikacich.

Gemeinsame grenziberschreitende Auswertungen
hydrologischer Extremereignisse (Niedrig- und Hoch-
wasser) im Einzugsgebiet der Elbe sind ein wichtiger
Arbeitsschwerpunkt der IKSE. Aus dem gesamten
Einzugsgebiet werden Daten und Erkenntnisse ge-
sammelt und in Publikationen veréffentlicht.
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Magdeburger Gewasserschutzseminar 2021 — Magdebursky seminar o ochrané vod 2021
MGS 2021
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Internationale Kommission zum Schutz der Elbe (IKSE) Slavomir Vosika Mezinarodni komise pro ochranu Labe (MKOL)
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Die Abbildungen auf den Umschlagseiten dieses Tagungsbandes zum Magdeburger Gewasserschutzsemi-
nar 2021 zeigen Impressionen von Dessau und Umgebung. Bedauerlicherweise erlaubten die MaBnahmen
gegen die Verbreitung des Coronavirus weder 2020 noch 2021 die Durchfiihrung einer Prasenzveranstal-
tung am geplanten Ort.

Fotografie na titulnich stranach tohoto sborniku z Magdeburského seminare o ochrané vod 2021 ukazuji
dojmy z Desavy a okoli. Opatieni proti Sifreni koronaviru bohuzel neumoznila v roce 2020 ani v roce 2021
usporadat akci v prezencni podobé na planovaném misté.




