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Zkusenosti s dlouhodobym monitoringem jezera Most
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Experience with long-term monitoring of Lake Most
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e Ortofotomapa z roku 1987 / Historical aerial photo from year 1987
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1 Sbér informaci, hodnoceni dostupnych dat /

Information collecting, evaluation of available data

Data a informace tykajici se napf. geomorfologie zajmové oblasti, horninového prostredi, chemismu

podzemnich vod, antropogennich zasahu, klimatickych poméra, srazek atd.

Byla vyuZita data z nasledujicich instituci — Ceského Uradu zemémérického a katastralniho (CUZK),

GEOFOND, VUHU a.s., UFA AV CR (Ustav fyziky atmosféry), CHMU, aj.

Pro vyhodnoceni pohybU terénu byla vyuzita satelitni data systému SENTINEL.

Data and information concerning eg geomorphology of the area of interest, rock environment,

groundwater chemistry, anthropogenic interventions, climatic conditions, precipitation, etc.

Data from the following institutions were used - the Czech Surveying and Cadastre Office (CUZK),

GEOFOND, VUHU a.s., UFA AV CR (Institute of Atmospheric Physics), CHMI, etc.

Satellite data from the SENTINEL system were used to evaluate terrain movements.
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2 Geomorfologické poméry a digitalni model terénu /

Geomorphological conditions and digital terrain model

Model terénu zaloZzeny na datech digitalniho modelu reliéfu 5. generace (DMR 5G).

Identifikace pohybu horninovych hmot a sledovani dynamiky jejich pohybu bylo vyhodnocovdano pomoci
zpracovani radarovych dat z druzice Sentinel 1.

Hodnoceni pohybu horninovych hmot vysypky — analyza horninového prostredi pomoci geofyzikalniho
méreni v mélké zoné horninového prostredi na vytipovanych profilech na svazich jezera bylo provedeno
pro ovéreni hydrogeologickych pomérd.

Terrain model based on 5th generation digital relief model data (DMR 5G).

Identification of the movement of rock masses and monitoring of the dynamics of their movement was
evaluated by processing radar data from the Sentinel 1 satellite.

Evaluation of the movement of rock masses in the dump - analysis of the rock environment using
geophysical measurements in a shallow zone of the rock environment on selected profiles on the slopes
of the lake was performed to verify the hydrogeological conditions.
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» Digitalni model terénu / Digital terrain model

Model terénu zalozeny na datech digitalniho modelu reliéfu 5. generace (DMR 5G)
Identifikace pohybu horninovych hmot a sledovani dynamiky jejich pohybu bylo
vyhodnocovano pomoci zpracovani radarovych dat z druZice Sentinel 1.

Terrain model based on data of the 5th generation digital relief model (DMR 5G)
Identification of the movement of rock masses and monitoring of the dynamics of their

movement was evaluated by processing radar data from the Sentinel 1 satellite.
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* Digitalni model terénu / Digital terrain model

Cilem bylo ovérit predpoklad probihajicich poklest jizni ¢asti jezera a prilehlych brehd.

The aim was to verify the assumption of ongoing declines in the southern part of the

lake and adjacent shores.

Zelené jsou znazornéné
stabilni body, Zluté body,
u nichz byl zaznamenan
minimalni pokles.
Cervené body

charakterizuje vyraznéjsi

pokles

Stable points are shown
in green, yellow points
for which a minimal
decrease was recorded.
The red dots are
characterized by a more
pronounced decline
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3 Geologicky model oblasti / Geological model of the area

Z existujici geologické dokumentace se zamérenim na zhodnoceni vsech diskontinuit
horninového prostredi, a to jak pfirodnich, tak antropogennich vychazi tvorba geologického
modelu oblasti jezera Most. Pro jeho tvorbu byla sestavena databdze s udaji z 1650 vrt(

provedenych v minulosti.

The creation of a geological model of the Most Lake area is based on the existing
geological documentation focusing on the evaluation of all discontinuities of the rock
environment, both natural and anthropogenic. For its creation, a database was compiled

with data from 1650 wells drilled in the past.
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3 Geologicky model oblasti / Geological model of the area

& \/rty uvnitf jezera
& Nty uvnitf povodi

® \rty mimo povodi jezera

V&S
[N Rozvodnice
.
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Sestaveni geologického modelu (Groundwater
Modelling System GMS)

Zajmova oblast — vymezena na zaklade topografickém

hydrologické rozvodnice

11
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Sestaveni geologického modelu (Groundwater Modelling System GMS)

Databaze v systemu Rockworks cca 1650 archivnich vrt — litologicke a stratigrafické udaje

Vymezeno 8 zakladnich hydrostratigrafickych jednotek (od podlozi do nadlozi): proterozoikum, terciérni
vulkanity, kridoveé sedimenty, miocenni podlozni komplex, slojovy miocénni komplex, nadlozni miocenni
komplex, kvarterni sedimenty a antropogenni ulozeniny (vysypka).

Materials
Antropgen
Kvarter
Miocen nadlozni
Uhelna sloj
Miocen podlozni
Krida
Vulkanit
Praotarozoikum
Wyuhlena oblast

Modelovani komplikovano odkryvem nadlozi a vyuhlenim — modelovana plvodni geologicka stavba a
hasledné orezana ,vyuhlenim“ — nahrazeno navéikou

Database in the Rockworks system about 1650 archival wells lithological and stratigraphic data. Defined 8 basic hydrostratigraphic units
(from subsoil to overburden): Proterozoic, Tertiary volcanics, Cretaceous sediments, Miocene subsoil complex, Layer Miocene complex,

overlying Miocene complex, Quaternary sediments and anthropogenic deposits (dump).

Modeling complicated by overburden exposure and charring modeled the original geological structure and subsequently cut by "coaling"

replaced by a batch
12
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Sestaveni geologického modelu (RockWorks, GMS)

13
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4 Modelovani vlivu srazek a odtoku / Modeling the effect of precipitation

and runoff

Za pomoci modelovani kvantifikovany jednotlivé slozky srazko-odtokové. Vstupni data tvori klimatické udaje

ziskané ze stanic CHMU a také Udaje naméFené vlastni siti méficich stanic.

Using modeling, the individual components of precipitation-runoff are quantified. The input data consist of

climatic data obtained from CHMI stations as well as data measured by the network of measuring stations.

14
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Calculation of effective infiltration and surface runoff -
balance method

Vypocet efektivni infiltrace a povrchového odtoku — metoda bilancni

Vypocet efektivni infiltrace k podzemni vodeé ze srazek na uzemi charakterizovaném
geologickymi, klimatickymi a vegetacnimi podminkami

Efektivni infiltrace vypocitanaj jako rezidual ostatnich bilancnich komponent

R=P-D-ET-AW

R - efektivni infiltrace (-f\

P — srazky
D - povrchovy odtok

ET — aktualni evapotranspirace \\\\

AW - zmeéna zasob

15
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Calculation of effective infiltration and surface runoff -
balance method

Calculation of effective infiltration to groundwater from precipitation in an area
characterized by geological, climatic and vegetation conditions. Effective
infiltration calculated as the residual of other balance components

R=P-D-ET-AW

R - effective infiltration
P - precipitation

D - surface runoff f',\
ET - current
evapotranspiration

AW - stock change \\\

16
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Calculation of effective infiltration and surface runoff - balance
method

Vypocet efektivni infiltrace a povrchového odtoku — metoda bilancni

Model HELP (Hydrologic Evaluation of Landfill Performance) —
hodnoceni efektivni infiltrace k podzemni vodé

HELP is quasi-dvourozmerny, hydrologicky model vyzadujici
nasledujici vstupni data pro kazdy profil:

sklimaticka data (srazky, slunecni radiace, teplota,
evapotranspiracni parametry),

rhornina (porovitost, polni kapacita, bod vadnuti a hydraulicka
vodivost),

sdata inzenyrskych siti a bariér (membrany, drenazni systémy,
sklonitost).

17
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Calculation of effective infiltration and surface runoff - balance
method

Model HELP (Hydrologic Evaluation of Landfill Performance) evaluation
of effective infiltration to groundwater HELP is a quasi two-dimensional,
hydrological model requiring the following input data for each profile:

* climatic data (precipitation, solar radiation, temperature,
evapotranspiration parameters),

e rock (porosity, field capacity, wilting point and hydraulic rock),
conductivity),

e data of engineering networks and barriers (membranes, drainage
systems, inclination).

18
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Calculation of effective infiltration and surface runoff - balance
method

Vypocet efektivni infiltrace a povrchového odtoku — metoda bilancni

Prostorove variabilni vstupy pro vypocet vodni bilance:
=*Land cover

=Sklonitost

*Typ pudy, horniny

Vypocet vodni bilance pro kvazihomogenni bloky
definované land cover, sklonitosti a typem pudy (horniny)
Vymezeni bloku v GIS.

Vystup —  celkova bilance uzemi — suma dil€ich
bilanci
- prostorova distribuce komponent vodni
bilance

21
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Calculation of effective infiltration and surface runoff - balance
method

Spatially variable inputs for water balance calculation:

. Land cover
J Inclination
. Soil type, rocks

. Calculation of water balance for quasi-homogeneous blocks defined by land cover, slope and

soil type (rocks)
. Definition of blocks in GIS.
. Output - total balance of the territory, sum of partial balance sheets

- spatial distribution of water balance components
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Defining of quasi-homogeneous regions

Definovani kvazihomogennich oblasti

na zakladé prekryti zén vymezenych:
= geologickou jednotkou povrchovych vychozii
5 kategorii vcetne jezera

- dheine sl
miocen
nadlozni

[ kvarter

23
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* Definovani kvazihomogennich oblasti -NDVI -landcover

El [3.7.2018) .
ey PPN ‘

Lo - -D.EZT2ET a a6 1
il Kilomeiry

—

rozpéti
hodnot
NDVI

holé pady  -0.196078435

(bare soils) -

0.409794492
travni 0.409794492
porost -
(grass) 0.673217504

lesni porost 0.673217504

(forest) -
0.923469365

KErajinny pokryw

Faid pldn
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Definovani kvazihomogennich oblasti —

sklonitost
sklnnltnstl
0- 8%
9-17%

—18 31%
CN 32 - 73 %

Atributem polygon je synteticky kod XYZ, v némz hodnoty
stovek X, desitek Y a jednotek Z, reprezentuji:

X |geologické kategorie H_
kategorie sklonitosti Kategorie skionitasti ] A

kategorie povrchu —J

I - — i ) n&
| BN o B

1
Kilpmetny

Slope of the terrain
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Vystupy HELP modelu
HELP vyuziva numerickeé resice pro vypocet infiltrace,
evapotranspirace, povrchového odtoku, tani snéhu, ,,ponding®,

vegetacniho rustu, zasob pudni vody, lateralniho odtoku,
vertikalniho prusaku nesaturovanou zénou, geomembrany atd.

HELP model output

26
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Vystupy HELP modelu  HELP model output

Efektivni infiltrace

Evapotranspirace
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5 Sestaveni vodni bilance jezera Most / Compilation of the water balance of Lake Most

Vysledek hydrologického modelu (HELP), hydraulického modelu proudéni podzemnich vod (MODFLOW),

vypoctech vyparu z jezera, zalozeném na rliznych metodach.

Metody vypoctl vyparl jsou z velké ¢asti empirické, casto poplatné konkrétnim klimatickym podminkam,

za kterych byly odvozeny a rozptyl jejich vysledkl je enormni.

Také srazkoodtokové modelovani ve slozitém antropogenné naruseném prostredi je zaloZzeno na neuplné

znalosti prostorové distribuce rady variabilnich parametr(.

Kombinace vyuZiti rGznych metodickych pristupl a optimalizace monitoringu je jedinou moZnosti snizeni

vysokych nejistot.
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5 Sestaveni vodni bilance jezera Most / Compilation of the water balance of Lake Most

Mozné navrhy opatreni

brem Fa 0

= 7 hlediska geologické stavby a zpUsobu tésnéni dna jezera, je zde redlna moznost

prestupu vod z jezera do podlozi.

Tésnéna byla jen cast dna a navzdory nizké propustnosti hornin na lokalité — v celé
plose jezera musi do hlubsich horizontl ¢ast vody prestoupit (totdlné nepropustnd
hornina neexistuje a zpravidla ani tésnéni).

Byla provedena analyza starych dulnich map s cilem identifikovat mista v brezich
jezera, kde by potencidlni kontakt se starymi ddInimi dily — preferenéni zona proudéni
— byl mozny — prezentace GIS

Slozka prusaku do podloZi — jeji lokalizace nejistd — velmi ndkladna opatfeni s nejistym
vysledkem??

Bilan¢ni vysledky ukazuji narust této slozky — velka nejistota vypoctu.

Moznost snizeni hladiny udrzované hladiny jezera — dopady na posunuti brehové
linie.
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5 Sestaveni vodni bilance jezera Most / Compilation of the water balance of Lake Most

Possible proposals for action

In terms of geological structure and the method of sealing the bottom of the lake, there is a real
possibility of water transfer from the lake to the subsoil.

Only part of the bottom was sealed and despite the low permeability of the rocks at the site in the entire
area of the lake, part of the water must pass into the deeper horizons (there is no totally impermeable
rock and usually no sealing).

An analysis of old mining maps was performed in order to identify places in the shores of the lake where
potential contact with old mining parts of the preferential flow zone would be possible.

Leakage component into the subsoil its location uncertain very costly measures with uncertain result ??
Balance sheet results show an increase in this component great uncertainty of calculations.

Tl_l:e p?ssibility of reducing the level of the maintained lake level has an impact on the shifting of the
shoreline.
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5 Sestaveni vodni bilance jezera Most / Compilation of the water balance of Lake Most

Mozné navrhy opatieni

® Rovnovazina uroven hladiny jezera zavisi na hydrologickych a klimatickych pomérech roku.

¢ Za sledované roky priblizny odhad 187 m.n.m

¢ Dopady snizeni na rovnovaznou Uroven nepfijatelné reseni.

¢ Navrh sniZeni o cca 3 m na 196 m n.m. rozsifeni brehové casti

Possible proposals for action

¢ The equilibrium level of the lake depends on the hydrological and climatic conditions of the year.
¢ For the monitored years, an approximate estimate of 187 m.n.m

¢ Impacts of reduction on equilibrium level unacceptable solution.

¢ Proposal for a reduction of approx. 3 m to 196 m above sea level. extension of the shore
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5 Sestaveni vodni bilance jezera Most / Compilation of the water balance of Lake Most

Pravdépodobna ztrata vody - vyznamny podil vypar (azZ 3% dopousténé vody) a dale prestup do

podlozi
e Opatfeni - snizeni kéty udrzované hladiny, pripadné dotésnéni casti breh

* Probable water loss significant proportion of vapors (up to % incoming water) and beyond

transfer to the subsoil

e Measures to reduce the level of the maintained level, possible sealing of part of the banks
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5 Sestaveni vodni bilance jezera Most / Compilation of the water balance of Lake Most

Kéta hladiny jezera 187 m n.m. Koéta hladiny jezera 196 m n.m.
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6 Monitoring kvality vod jezera Most / Monitoring the water quality of Lake Most

e Analyza vody jezera odebrané z riiznych hloubek — zonalni odbéry

* Analyza vod odebranych ze sité mélkych vrta sledujicich biezni linii

Analysis of lake water taken from different depths - zonal sampling

e Analysis of water taken from a network of shallow wells following the shoreline
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Zonalni odbéry z jezera Most / Zonal sampling

?%bé{}/ byly realizovany z monitorovacich mist JM2 a JM3
obr. 1).

Prezentovana data jsou z méfeni v mésicich dnor, duben,
kvéten, ¢erven a Cervenec 2017.

Koncentrace monitorovanych prvki i dalSich parametr( ve
vodé na obou odbérovych mistech je témér totozna
(odbérnd mista blizko sebe).

Zmény chemismu s rostouci hloubkou a v rizném ro¢nim
obdobi nebyly prokazany (viz grafy). Koncentrace vsech
sledovanych Earametrﬁ jsou v celém monitorovacim profilu
20-60 m pod hladinou) na obou mistech témér neménné
viz grafy).

Sampling was performed from monitoring sites JM2 and
JM3 (Fig. 1).

The Ipresented data are from measurements in February,
April, May, June and July 2017.

The concentration of monitored elements and other
parameters in the water at both sampling ﬁomts is almost
identical (sampling points close to each other).

Changes in chemistry with increasing depth and at different
times of the year have not been demonstrated (see graphs).
The concentrations of all monitored parameters are almost
unchanged in both places in the whole monitoring profile
(0-60 m below the surface) (see graphs).

Obr. 1 Mapa odbérnych mist kvality vody.

18/09/20
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Grafické znazornéni vysledkl zondlniho monitoringu
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Zonalnost se projevila pouze u tfi parametru:

1) Teplota vody

- v letnich mésicich voda na hladiné jezera Most

dosahovala teploty okolo 21°C a na dné stabilni

teploty 4,8°C

- v hloubce pod 10m teplota skokové klesa pod
10°C

- v zimnim obdobi je teplota vody v jezere Most
stejna u hladiny i na dné (3,3 — 3,4°C)

2) pH_ (viz grafy vievo)

3) O,nas.

- mnozstvi kysliku ve vodé jezera Most logicky s
hloubkou klesa na obou sledovanych mistech i v
pribéhu roc¢nich obdobi
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Graphical representation of zonal monitoring results
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Zoning manifested itself in only three parameters:

The water temperature

- in the summer months, the water at the surface of
Lake Most reached a temperature of around 21 ° C
and at the bottom a stable temperature of 4.8 ° C

at a depth below 10 m the temperature drops sharply
below 10 ° C

in winter the water temperature in Lake Most is the
same at the surface and at the bottom (3.3 -3.4° C)

pH (see graphs on the left)

02 nas.

- the amount of oxygen in the water of Lake Most
logically decreases with depth at both monitored
places and during the seasons
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The concentrations of the monitored anions and cations do not show significant changes,
neither with increasing depth nor for the individual monitored periods.

According to its chemistry, the water in Lake Most is classified as sodium-calcium sulphate
type water (Na-Ca-SO4).
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Odbéry z monitorovacich vrtl / Shallow wells

Odbéry byly realizovany z monitorovacich odbiny 13/ - ationy S —
mist znacenych jako PVH1 — PVH25, ktera se
nachazi po obvodu brehu jezera Most.

Prezentovana data jsou z méfeni 11/18, “ ‘ |H ‘ ‘
03/19 a 06/19. Il””-”'- IIl”""II“

koncentrace (me/l)

______________

Z téchto sledovanych objektl vybocuje svoji
nizsi koncentraci vSech majoritnich prvku a
velmi kyselym pH monitorovaci vrt PVH4.

Odbéry 03/19 - anionty

=?‘_‘::l§::::’—:'—’.£::‘.::

£

Imoemm [mg/m)
kancentrace (mg/

FEEiE

Zajimava je rovnéz sezdonnost parametru
pH. V chladnéjsim obdobi bylo pH vSech
monitorovacich vrtld neutralni az mirné

- §

;;;;;

alkalické (6,80 — 7,96). Na jare a predevsim
v |été doslo k poklesu pH na mirné kyselé
hodnoty (6,92 —5,02).

V nékterych vrtech byla rovnéz namérena
koncentrace tézkych kovl (Co, Ni, Cua Zn) v
limitnich hodnotach.
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Odbéry z monitorovacich vrtl / Shallow wells

Sampling was carried out from monitoring
sites marked as PVH1 - PVH25, which is
located along the perimeter of the shores
of Lake Most.

The presented data are from
measurements 11/18, 03/19 and 06/19.

The PVH4 monitoring well deviates from
these monitored objects with its lower
concentration of all major elements and a
very acidic pH.

The seasonality of the pH parameter is also
interesting. In the colder period, the pH of
all monitoring wells was neutral to slightly
alkaline (6.80 - 7.96). In spring and
especially in summer, the pH dropped to
slightly acidic values (6.92 - 5.02).

The concentration of heavy metals (Co, Ni,
Gband Zn) in limit values was also
measured in some wells.
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Odbéry z monitorovacich vrtl / Shallow wells

Odbéry byly realizovany z monitorovacich
mist znaCenych jako PVH1 — PVH25, ktera se
nachazi po obvodu brehu jezera Most.

Prezentovana data jsou z méreni 11/18,
03/19 a 06/19.

Z téchto sledovanych objektl vybocuje svoji
nizsi koncentraci vSech majoritnich prvku a
velmi kyselym pH monitorovaci vrt PVH4.

Zajimava je rovnéz sezdnnost parametru
pH. V chladnéjsim obdobi bylo pH vSech
monitorovacich vrtl neutralni az mirné
alkalické (6,80 — 7,96). Na jare a predevsim
v |été doslo k poklesu pH na mirné kyselé
hodnoty (6,92 —5,02).

V nékterych vrtech byla rovnéz namérena
koncentrace tézkych kovid (Co, Ni, Cua Zn) v
limitnich hodnotach.
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* Monitoring kvality vod Jezera Most / Monitoring the water quality of Lake Most
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* Monitoring kvality vod Jezera Most / Monitoring the water quality of Lake Most
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Monitoring kvality vod Jezera Most / Monitoring the water quality of Lake Most

Kromé odbéru a analyz podzemnich vod provadime i srovhavaci analyzy z
pfitokt a vod samotného jezera.

In addition to groundwater abstraction and analysis, we also perform

comparative analyzes from the tributaries and waters of the lake itself.
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7 Sprava prostorovych dat / Spatial data management

Navrh optimalniho datového systému, ktery bude umoznovat jednak uchovani a jednak dalsi interpretace
ziskanych dat, v€etné jejich zobrazeni a eventualniho dalSiho doplfiovani. Vzhledem k prostorovému
charakteru ziskavanych dat se jako komplexni reSeni implementace geografického informacniho systému.
Na jeho zakladé bude mozné navrhnout optimalizaci monitoringu — ¢asovou variabilitu monitorovanych

parametrd nebo prostoroveé rozloZzeni monitorovacich objektu.

Design of an optimal data system, which will allow both storage and further interpretation of the
obtained data, including their display and possible further completion. Due to the spatial nature of the
obtained data, the implementation of a geographic information system is used as a complex solution.
Based on it, it will be possible to design the optimization of monitoring - time variability of monitored

parameters or spatial distribution of monitoring objects.
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