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Assessment of the Share of Sediments
in the Eutrophication of Reservoirs:
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CTU Czech Republic has about 75 000 water bodies
R T il (20 477 water bodies > 0.25 ha).
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CRhchTecHIEAL - example - Vrchlice watershed
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Introduction to the landuse

e Vrchlice Watershed

« Middle Bohemia, Elbe tributary,
Kutna Hora town

* Area 98 km?
* Ca 150 reservoirs and fish ponds

e Vrchlice Reservoir
 Arch dam
 Storage capacity ca 8 million m3

* Drinking water for ca 50 000

inhab itantS Land use 1
[ Paved surface

Land Use (%)

321
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* Soil erosion by water — P 53
.. I Forest
* Release, transport, deposition [ Arable
L . L % Grassland
° — Water bod
Connectivity issues _ 51l_t1ng of o | ater body
streams and reservoirs in the area . ,
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Determine significance of the impact of sediments deposited
in tributary parts of reservoirs on water quality

O Description of the current situation
O Generalization of the information obtained on the assumed gradient of reservoirs

O Remediation proposal and outline of scenarios of possible behavior



RESERVOIRS

The story of the P particle

The inflow part determines the water quality at the dam
tributary DAM

Tran
sformation in the f
ow

mixture of autochthonous and allochthonous particles
- mixing/stratification

- availability of electron acceptors (NO;, O,)

- higher temperature, pH

- precipitation/dissolution

- sorption/desorption

- chemical/microbial

"autochthonous"
deep sediments




Model example of the Hracholusky reservoir
Longitudinal profile, June 2015
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PHOSPHORUS
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We need to connect the theory of P chemistry with real conditions in different types of reservoirs
P — Fe — Al — Ca — organic matter, molar ratios, properties of compounds, microbial utilization, lability

We have to connect different variables — geology, land use, point sources, reservoir morphology,
seasonal influences...

We need to uniformly describe the risk assessment of the release of P from the sediment into the water
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Agrochemické zkouseni zemédélskych pud 2011 - 2016

Agrochemical soil testing 2011 - 2016
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//eagri.cz/public/web/ukzuz/portal/dokumenty-a-publikace/hnojiva-a-puda/agroch-zkouseni-zemedelskych-pud/
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UKZUZ - Institute for Supervising and Testing in Agriculture, Agrochemical testing of agricultural soils in the period 2011-2016
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https://eagri.cz/public/web/ukzuz/portal/dokumenty-a-publikace/hnojiva-a-puda/agroch-zkouseni-zemedelskych-pud/

RESERVOIRS

Heterogenity

Theoretical
residence

Reservoir pH Ca Altitude time

ug/g masl year
Sec | 5,2 1393 487 0,21
Hamry 5,3 1275 580 0,06
Lucina 54 1520 533 0,13
Stanovice 5,5 1588 513 0,24
Vir | 5,5 1606 465 0,42
Rimov 5,5 1498 471 0,23
Boskovice 5,6 1758 430 0,63
Hracholusky 5,6 1599 354 0,14
Vranov 5,7 1773 349 0,42
Zlutice 5,7 1840 507 0,29
Vrchlice 6,0 1928 324 0,59
Ludkovice 6,0 1977 284 0,31



Agrochemické zkouSeni zemédélskych pad 2011 - 2016 H
Agrochemical soil testing 2011 - 2016 p

Pudni reakce (pH) 0,01 M CaCl, Kategorle pﬁdni‘;eakce
Soil reaction (pH) 0,01 M CacCl, o "“." on category

padni reakce je vyjadfena jako nejéetndjsi nehodnoceno (not evaluated)

kategorie Zastoupend na katastralnim dzemi

soll reaction is expressed as the most
frequent class (mode) on given cadaster area

Target

watersheds extrémné kyseld (extremely acid)

silné kyseld (strong acid)
kysela [acid)

slabé kysela (weak acid)
neutrdlni (neutral)

alkalicka {alkaline)

silmé alkalicka (strong alkaline)

[NIRN ]

spravni élenéni (administrative division)
—— hranice katastralnich dzemi (cadastre borders)
= twanice chresi (district borders)

= hranice krajdl [region borders)
=== statni hranice (country borders)

UKZUZ - Institute for Supervising and Testing in Agriculture, Agrochemical testing of agricultural soils in the period 2011-2016
https://eagri.cz/public/web/ukzuz/portal/dokumenty-a-publikace/hnojiva-a-puda/agroch-zkouseni-zemedelskych-pud/
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Quantity of sedimenting

Quality particles
of flowing Quantitative traps
particles

Phillips traps

s
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Quality
of sedimenting particles

,Over trapping” traps ==

Sediment quality — analyses + incubation

— Zone 1: no stratification
— Zone 2: stratified water column
* Sonar survey of sediments + site inspection (multiple samples)

Localities on the reservoir



Change in particle composition in time/space gradient

SOURCE / Field - TRANSFORMATION / river = SEATING / tank

Changes in the vertical profile of sediments

PARTICLE
PORE WATER

Incubation experiments of intact corres

release/consumption RATES
SIMULATION of possible situations

Importance of source areas of erosion particles

IDENTIFICATION
QUANTIFICATION




Change in particle composition in time/space gradient

SOURCE / Field - TRANSFORMATION / river = SEATING / tank

Water/Particle Composition Fluorescence Spectroscopy of Organic Compounds (OL)
ICP-MS: Fe, P, Ca, ... Excitation: 250 — 550 nm / Emission: 250 — 280 nm
IC: NH4-N Peaks: ratio of excitation maximum/emission maximum at specific wavelengths
TOC-L: DOC A, M, C — peaks of organic substances such as humic substances
extraction — aqueous, reducing, B, T — protein peaks, microbial decomposition processes
sequential HIX — humification index, OL aromaticity
- sorption properties for P BIX — OL Biological Index

UV-VIS Spectroscopy
- SUVA, — ] Aromaticity
- Sr(,slope ratio”) [ ———  Molecular Weight




Changes in the vertical profile of sediments

PARTICLE
PORE WATER




Sequential 6 step extraction (fractionation)

P

Fe

Al

DOC
FTIR
UV/VIS

Monitoring of changes in chemistry over time — release of P from sediment
Determination of forms P, Fe, Al + mutual molar ratios
Quality contained org. masses
P-release potential under certain environmental conditions



Pore Water Analysis (DET)
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H,O — Simulation of oxygenation of pore water - precipitation formation

Calculation of the diffusion release rate P at a given moment
Availability of electron acceptors, decomposition processes
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Incubation experiments of intact corres

release/consumption RATES
SIMULATION of possible situations




Incubation of intact sediment cores

Determination of the rate of release/consumption

of substances (in-situ conditions)

Changes in concentrations of substances above sediment
+ DET

Manipulative experiments
3"d year of the project

- oxygen/nitrate depletion

- desiccation

- proposal to increase P retention and sediment

stability (Fe input, electron acceptors)

Sediment selection

- sediments with the highest enrichment P
compared to soils

- sediments with a predominance of aliphatic OM

bound to Fe




Importance of source areas of erosion particles

IDENTIFICATION
QUANTIFICATION

.".

Foto: J. Krdsa



Quantity of sedimenting

Quality particles
of flowing Quantitative traps
particles
Philips traps
Quality

of sedimenting particles

,Over trapping” traps ==

Sediment quality — analyses + incubation

— Zone 1: no stratification
— Zone 2: stratified water column
* Sonar survey of sediments + site inspection (multiple samples)

Localities on the reservoir



S O U RC ES /ATEM/SEDEM model: erosion x deposition for each element

(10x10 m, 5x5 m) — Long-term average inputs - sediment

- Total P
ource 2. River transport 3. Reservoir trapping
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WATEM/SEDEM model uncertainty - reservoir trap efficiency

https://doi.orq/10.1016/].envres.2019.01.044 Czech Republic has about 75 000 water bodies (20 477
- natonaibounaary "eseveisperkmsa - water bodies > 0.25 ha). When we tried to find only reservoir
—— major rivers 0 L]
. ety @ volume data - 11.4% accessible. Outlet types, flow rates -
o et s generally not accessible at all.
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Fig. 1. Variability in reservoir density in the Czech Republic, the study area and the target reservoirs of the study.
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WATEM/SEDEM model uncertainty - input data accuracy (Czech Republic)

2013
Calibrations to suspended solids measured within
watercourses usually do not provide sufficiently dense time
series of measured concentrations.
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cultivated crops

SOURCES

ta layer based on data on
ops in 2020 and 2021

These are separate shp datasets containing polygons of cultivated crops, catch crops. Data
on crops and catch crops were provided to the RIRV for 2020 and 2021. These data were
analysed in order to find the most common "crop rotations" or biannual crop sequences.
On the basis of nationwide statistics (for individual districts of the Czech Republic) it was
found that 95% of the LPIS area is covered by 8 crops according to the following

distribution:

Sugar beet
barley

Oil rape

ray
Fodder

ON THE WHOLE

2%
10%
10%
11%
24%

2%

6%
31%
95%

5%

It was also found that about 71% of
the inter- crop area is covered by 3
crops according to the following
distribution:

| Intercrop | &R
Spring barley 8.78%
| Winter wheat [EEKPIZ
8.30%
70.60%
TN 29.40%

WATEM/SEDEM model: erosion x deposition for each element
(10x10 m, 5x5 m) — Long-term average inputs - sediment

- Total P

On the basis of statistical processing, 20 "crop rotations" (crop rotation in two
consecutive years) were found, covering a total of 79% of the LPIS area.
These crop rotations were assigned C factor values.

C faktor (2020 - 2021)
I 0.005
I 0,006 - 0,007
[0 0,009 -0,010
[ lo0m-0028
0,026 - 0,050
0,051 - 0,200
0 0.201-0250
I 0.251- 0,300
[ 0.301-0,350
I 0351-0388

0 20 40 80 120 160




SOURCES

/ATEM/SEDEM model: erosion x deposition for each element
- The problem of different scales of individual catchments
- Necessity of distinguishing between "normal"” and "significant" erosion episodes

Bojkovice

o 1 2 4 km
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Use of the AZZP database (UKZUS)
relatively high-quality spatial coverage of most
physico/chemical characteristics

Monitoring and sampling
- Source areas of the river basins

- Suitable spatial scale for tracking
physico/chemical composition of source
surfaces

- Comparison with capture in sedimentation
traps

o 1 2 4 km
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Use of the AZZP database (UKZUS)

relatively high-quality spatial coverage of most
physico/chemical characteristics

- less frequent metal monitoring (Fe, Al, Mn)

Monitoring and sampling

- Source areas of the river basins

- Suitable spatial scale for tracking
physico/chemical composition of source
surfaces

- Comparison with capture in sedimentation
traps

o 1 2 4 km
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Typ eroze: ryhova - na hrang pozemku Akumulace na hrané pozemku [0 cm]

sediment(:
Akceleratory neuvedeno
eroze:
Hlaseni: 19.07.2021
Okres Eesky Krumlov KU Poresin
Vznik od:  18.7.2021 03:30 do: 18.7.2021 04:00
Plocha 9,32 ha Mistni k.u. Pofesin- Vodarna
nakresu: nazev:

Sval','ja.", == P | LoEenice
nad Mal3i :

Komentaf:
Viivem intenzivnich srazek v Gasnych rannich hodinach doslo ke vzniku erozni udalosti na poli osazenem
kukufici. Na poli vznikly erozni ryhy a doslo ke smyvu ornice k paté svahu. Zadné materiaini Skody

nevznikly.

Typ eroze: ryhova - na hrané pozemku Akumulace na hrané pozemku [0 cm]
sedimentd

Akceleratory neuvedeno

eroze:

Hlaseni: 21.07.2021

Okres: Cesky Krumlov KU: Poresin

Vznik od:  18.7.2021 03:30 do: 18.7.2021 04:00

Plocha 6,90 ha Mistni Poresinec

nakresu: nazev:

- I
Komentar:

Vlivem intenzivnich sraZek v €asnych rannich hodinach doslo ke vzniku erozni udalosti na poli s kukufici.
Na poli vznikly erozni ryhy a doslo ke smyvu ornice k paté svahu. Zadné materialni $kody nevznikly.

@ Mornitoring of erosion of agricultural Ia Wroessronloon

a ochrany pidy, v

(©] © /i w2 |0 Qs 1:200000 Typ eroze: plosna - na hlavni plose Akumulace neuvedeno
s a ¢ sedimentd:

A - | : ‘ L : B " : 4 = ¥ Akceleratory neuvedeno

3 3 . Y z eroze

Hlaseni: 02.07.2021

Typ eroze: ryzkova - na hrané pozemku Akumulace na hran& pozemku [5 cm]

Okres Cesky Krumlov sedimentd

Vznik od: 29.6.2021 20:00 | Akceleratory neuvedeno
eroze:
Plocha 1,10 ha

nakresu
Hlaseni: 04.07.2022

-

Okres: Cesky Krumlov KU: Kaplice, Zdr u Kaplice

Vznik od:  27.6.2022 00:00 do: 1.7.2022 19:00

Plocha 321ha Mistni Zdar u Kaplice
nakresu nazev:

=-

Komentar:

Erozni udalost byla zjisténa v souvislosti s nékolika opakujicimi se silnymi privalovymi dests od 27.6 do
1.7.2022. Na poli byla Zjisténa plosna a ryzkova eroze, na krajich pole byly Zjistény naplaveniny erodované|
jornice.

Komentaf:
Vlivem extrémnich srazkovycH
Skodam nedoslo.



https://me.vumop.cz/app/

SOURCES

ing and sampling
[ = Source areasiofithe river basins
' “ZSuitable spatial scale for trackmg
_— \Wysmo/chemlcal composition df source :
surfaces =B: ﬁ




RESULTS

tributary

Only preliminary results can be formulated

- The sediment significantly changes characteristics from field to tributary and the reservoir

- Itis hard to predict sorption/desorption capacities based on original soil sampling

- Wastewater has high potential to change sediment enrichment by phosphorus and make it potential P-sink
- Sediment further interacts with nutrients dynamically
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Thank you for your attention!

Josef Krasal, Jakub Borovec?, Jifi Jan?, Barbora Jachymova?l, Jan Devaty!

o000

®
4



	Snímek číslo 1
	Snímek číslo 2
	Snímek číslo 3
	Snímek číslo 4
	Snímek číslo 5
	Snímek číslo 6
	Snímek číslo 7
	Snímek číslo 8
	Snímek číslo 9
	Snímek číslo 10
	Snímek číslo 11
	Snímek číslo 12
	Snímek číslo 13
	Snímek číslo 14
	Snímek číslo 15
	Snímek číslo 16
	Snímek číslo 17
	Snímek číslo 18
	Snímek číslo 19
	Snímek číslo 20
	Snímek číslo 21
	Snímek číslo 22
	Snímek číslo 23
	Snímek číslo 24
	Snímek číslo 25
	Snímek číslo 26
	Snímek číslo 27
	Snímek číslo 28
	Snímek číslo 29
	Snímek číslo 30
	Snímek číslo 31
	Snímek číslo 32
	Snímek číslo 33
	Snímek číslo 34
	Snímek číslo 35
	Snímek číslo 36

