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Rd‘dressmg 3 issues in Slovenia:
Sediment balance throughout the Sava river system
Sediment monitoring

Evaluation of sediment quality and quantity

STEPS —

Water balance of the Republic of Slovenia

General on monitoring

Water quality (programme, results)

Hydrologic monitoring (theory, research, methods, results)
Sediment balance

Conclusions



er balance 1971-2000

Izhlapevanje / Evaporation

Odtok / Runoff

Slika 69: Elementi vodne bilance (padavine, izhlapevanje
in odtok) na ozemlju Slovenije po porecjih v mm

Figure 69: Elements of the water balance in the teritory
of Slovenia (precipitation, evaporation and runoff)
by river basins in mm
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Water balance trends

1961-1990 1971-2000
Padavine 1567 mm 1579 mm
Precipitation
S 650mm 717 mm
Evaporation
Odtok — izra¢unan (Q = P - E)
Runoff — calculated according to the equation Q = P — E Sl 7o SieEin
Odtoéni koli¢nik 5 o
Runoff coefficient St S

Preglednica 8: Vodna bilanca — primerjava obdobij (vir obdobja 1961-90: Kolbezen et al., 1998) za ozemlje
Republike Slovenije

Table 8: The water balance — a comparison of periods (source for the 1961-90 period: Kolbezen et al., 1998)
for the territory of the Republic of Slovenia
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tate monitoring on waters is operated by the ARSO
(Slovenian Environment Agency: www.arso.si) — now
part of the Ministry of Agriculture and the
Environment.

Monitoring of waters in RS can be divided into:

« Water quality monitoring of the sea and surface
waters such as rivers, lakes, and water quality in
protected areas: water for human consumption,
bathing waters, for fish life & shellfish waters;
groundwater.

 Hvydrological monitoring in water stations on
running waters, of groundwater and sea.
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In 2000 the European Union adopted the Water Framework
Directive, which gives the Member States a legal and
professional basis for an integrated approach to water

protection and management.

The main objective of the Water Framework Directive is to
achieve a good chemical and ecological status of all waters
by 2015.

For the evaluation of water quality, the Water Framework
Directive in Article 8 requests the introduction of surface
and groundwater monitoring programmes.

The monitoring of water quality in Slovenia has a long
tradition, but in 2007, it was carried out according to the
requirements of the Water Framework Directive for the first
time.



Water quality |

In 200:©3, two basic administrative units were designated for
the purpose of the WFD and river basin management: the
Danube river basin district and the Adriatic river basin
district.

According to ecological characteristics, the territory of
Slovenia was classified into four hydroecoregions, and
additionally divided more precisely into bioregions and

types.

Water bodies are base units for the assessment of water
status according to environmental objectives. In surface
waters, 155 water bodies were determined in Slovenia (110
in the Danube and 25 in the Adriatic river basin district).

In 2007, monitoring was established in all the above
mentioned water bodies, as required by the WFD.
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An essential novelty of the monitoring is evaluation of the
ecological status.

The assessment of the ecological status is based on
biological quality elements (phytoplankton, phytobenthos
and macrophytes, fish and benthic invertebrate fauna) and
on hydromorphological, chemical and physico-chemical
elements supporting the biological elements.

The ecological status is divided into 5 quality classes.

The first assessments of the chemical and ecological status
in accordance with the requirements of the WFD for the
purpose of river basin management plans, was carried out
in 2009. It includes quality monitoring of rivers, lakes, sea,
groundwater, and water in protected areas.



Water quality IV

The cﬁé?nical status of rivers must be determined for:

« any river or its part where the catchment area reaches
2500 km?,

« any water body that is substantially polluted by one or
more parameters from the priority or indicative list of
parameters,

« any water body into which waste waters containing
priority substances are discharged,

« water bodies crossed by the state border.

According to the Regulation on the chemical status of
surface waters, physico-chemical parameters must be
measured at all monitoring sites. Priority substances are
regularly measured at all basic monitoring sites &
parameters of increased pollution are measured at all basic
and additional monitoring sites.
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Table 1: Limit values of parameters for the evaluation of the chemical status as listed in the Requlation on the chemical

status of surface waters (7)

PARAMETER
Nitrate
Sulphate

PARAMETER
Cadmium

1,2 dichloroethane
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclohexane
Pentachlorophenol
Mercury
Tetrachloroethene
Trichlorobenzene
Trichloroethene
Trichloromethane

GENERAL PHYSICO-CHEMICAL PARAMETERS

LIMIT VALUE
UNIT
water sediment analysis
mg NO./L 25
mg SO, /L 150

PRIORITY LIST OF CHEMICAL STATUS PARAMETERS
LIMIT VALUE

UNIT
water sediment analysis

pg Cd/L 1 yes

ug/L 10

Mg/L 0.03 yes

ug/L 0.1 yes

ug/L 0.05 yes

ug/L 1 yes
Hg Hg/L 1 yes

ug/L 10

ug/L 0.4 yes

ug/L 10

pg/L 12
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INDICATIVE LIST OF PARAMETERS

LIMIT VALUE
PARAMETER UNIT
water sediment analysis
Copper ug Cu/L 5
Boron ug B/L 100
Zinc ug Zn/L 100
Chromium pg Cr/L 10
Nickel Mg Ni/L 10
Lead pg Pb/L 10
Dichloromethane Hg/L 10
Alachlor pg/L 0.1
Metolachlor pg/L 0.1
Atrazine pg/L 0.1
Simazine pg/L 0.1
Total pesticides pg/L 0.5
Anthracene Hg/L 0.05
Naphthalene pg/L 1
PAH Hg/L 0.1
Fluoranthene pg/L 0.025
Benzene Hg/L 30
PCB Mg/L 0.01
AOX pg Cl/L 20
EOX mg Cl/kg - yes
Phenol substances (phenol index) pg/L 10
Mineral oils mg /L 0.05
Anion active detergents mg MBAS/L 0.10
PAH: Polycyclic aromatic hydrocarbons AOX: Adsorbable organic halogen compounds

PCB: Polychlorinated biphenyls EOX: Extractable organic halogen compounds
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Water quality VI

AOX concentrations in the Sava river in the years 2000 to 2007
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Chart 2
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Water quality VIl
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Bad chemical status metol.: Metolachlor !

Good chemical status pest.: Pesticides
The monitoring site was not included in the  Cu: Copper
monitoring programme Ni: Nickel []
Zn: Zinc W
AOX: Adsorbable organic halogen compounds Pb: Lead a e r u a I
FS: Phenol substances Cd: Cadmium
MO: Mineral oils Hg: Mercury
PCB: Polychlorinated biphenyls B: Boron
det.: Anion active detergents in sed.: Upward trend in sediment

RIVER Monitoring Site 2002 2003 2004 2005 2006
SAVA Otoce good good good good good
SAVA Prebacevo good good good good good
SAVA Medno Hg in sed. good good good good
SAVA Sentjakob good good good good
SAVA Dolsko good AOX good good
SAVA Litija good good good good
SAVA Kresnice good
SAVA Suhadol (Hrastnik) Hg in sed. good good good good
Radece nad
SAVA Sopoto good good
SAVA Bostanj good good good good good
SAVA Brezice & e s DX FS, AOX AOX, FS
metol., FS
SAVA JeseniFe na AQX, atrazine, AOX,Cdin AOX AOX AOX
Dolenjskem metol. sed.
TRZISKA BISTRICA Podbrezje Cu good good FS good
KOKRA Kranj good good good good good
SORA Medvode good good good good good
KAMNISKA BISTRICA | source good good good good good
KAMNISKA BISTRICA | Beri¢evo on’iifi’egd’ Hy Cu, FS, AOX FS, AOX metol. good
MIRNA Bostanj good good good good good
SOTLA Rogaska Slatina Pb Pb'i f?e’g e Pb metol., FS B
SOTLA Rakovec good AOX good FS good
KOLPA Osilnica good good good good good

KOLPA Petrina good good



Table 4: Quality classes according to the saprobic index value

Quality class

1

1-2

2-3

Sl value

1.0-15

1.51-1.8

1.81-23

231-2.7

2.71-3.2

3.21-35

351-4.0

Saprobic level

oligosaprobic

oligosaprobic to
betamesosaprobic

betamesosaprobic

betamesosaprobic to
alfamesosaprobic

alfamesosaprobic

alfamesosaprobic to
polysaprobic

polysaprobic

Water quality X

River quality description

uncharged to very little charged

little charged
moderately charged
critically charged
heavily polluted
very heavily polluted

excessively polluted
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Chart 4: The saprobic status of rivers — the proportion of monitoring sites in a specific quality class in the years
1996 to 2005
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Chemical status of water
bodies on rivers in 2008

Water quality XIlI
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Kemijsko stanje vodnih teles rek
s dObO - visOKa raven zaupanja

‘s dObr0 - STEANJ raven zaupanja
=== dobro - nizka raven zaupanja
e 1210 - ViSOKa raven zaupanja

slabo - srednja raven zaupanja

slabo - nizka raven zaupanja

= kemijsko stanje se v tem letu ni spremijalo
Vodotok s prispevno povrdine nad 10 km*

Prispevna povréina vodnega telesa

Vir: MOP, ARSO, GURS
Kartografia; Petra Krsnik

e

Leto: 2010
16°00°E

14°00"E



'Ecological status of surface waters .
and confidence level 2006-2008 Water quallty XI ”
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Chemical status of water bodies on

rivers and confidence level Watel’ qua“ty X|V
2006-2008
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Kemijsko stanje vodnih teles rek v obdobju 2006-2008 Sita VT [ime vodnega telesa Kemijsko stanjo 2006-2008 | Raven zaupanja ocene
Sitra VT |ima vodnega telesa Kemijsko stanjo 20062008 | Raven zaupania ocene VT Liublianica povirie - Ljubljana gg: srednja

VT Mura Cerdak — Petanj
Kutnica Mura Patanjei — Gibina
Mura Gibina - Podturen dobro
Kuénica
SEavnica povirje — zadrzevalnik Gajsevsko [ezero
scavnica zadrZevalnik Gajsevsko jezera — Gibina dobro
Lodava drfavna maja — zadrZavalnik Ladavsko jezero
Lodava zadr3evalnik Ledavsko jezaro — sototje z Valiko Krko dobro
Ledava mejni odsek
Kobiljanski potok povirje — drZavna meja
Kobiljanski potok drzavna meja — Ledava
Velika Krka povirje — drzavna meja
KMPVT Drava mejni odsek z Avstrijo

UVT Gruberjev prekop
VT Ljubljarica Moste — P

Mali Graben z Gradaséico
Gradastica z Veliko Bozno
Jezerski Obrh

J Cerknidko [ezero
sica

S1141VT1
41VT2
14102V T
143VT

144VT

Pivka povirje — Prastranak
ivka Prestranek — Postojnska jam:

145V
26V
146VT
SVTIT
S1EVT70
STi6VTaT
SI1616VT reta

S1162VT3 Paka povirja - Valenja
SI162VTT VT Paka Velenje - Skomo
SI162VT9 |VT Paka Skorno - Smartno
S1164VT3 VT Bolska Trojane — Kapla
S1184VTT VT Bolska Kapla — Latkova vas
S1168VTe__|VT Voglajna ik Slivrizko jezsro — Celje
S11688VT1 VT Hudinja povirje — Nova Cerkev.

S11688VT2 VT Hudinja Nova Cerkev — sotofje z Voglajno
Gragnica

Krka povirja — Soteska
Krka Soteska — Otogec
Krka Qtodac — Brafice
Radestica

rmoén|
Temenica | sradnja
Temenica Il

Radulja povirje — Klavevz

Radulja Klavev# — Dobrava pri Skocjanu

Preéna

Mutska Bistrica mejni odsek z Avstrijo

Polskava povirje-Zgorria Polskava

VT Sota povi oves

VT Soéa Bovec — Tolmin
KMPVT Soca Soske elektrarne
Idrijea povirje — Podroteja

Idrijea Podrotaja — sotoéje z Bato
Trebustica

Baga

Koren

Vipava povirje - Brie
Vipava Brie — Miren

UVT Kanal HE Zlatoliéje
SI378VT UVT Kanal HE Formin dobro
SI3VTe30 KMPVT Drava Ptuj - OrmoZ
S13vTo70 _|KMPVT Drava zadrevalnik Ormoéko jezero — Sredisée ob Dravi
SI32VT11 VT MeZa povirje - Crna na Korogkem

132V130___|VT MezZa Crna na Koroskem — Dravograd

322V VT Mislin[a povirfe - STover dec

SI1322VTT VT Mislinja Slovenj Gradec — Otigki vrhy
S1332VT3 VT Mutska Bistrica

136VT15 WT Dravinja povirje — Zrece
VT Dravinja Zret idem
VT LoZnica povirje — Slovenska Bistrica
VT Loznica Slovenska Bistrica - Petke
VT Polskava Zgomja Polskava — Trisc
VT Pasnica drZavna meja — zadrzavalnik Pernigko jezero
VT Pasnica zadr#svalnik Parnisko jezaro — Ormo#
VT Sava izvir — Hrusica
KMPVT zadrZevalnik HE Moste
VT Radovna
VT Sava Sveti Janez — Jezernica
VT Sava Jezernica — sototje s Savo Dolinko
VT Sava HE Moste — Podbrezje
VT Sava Podbrazje — Kran
KMPVT Sava Mavéige — Maedvoda

Savinja povirje — Letus

Savinja Letus — Celje
Savinja Celje — Zidani Most

EEEEEEEEEEEEEEEE

SEEEEEREERER

Sava Bodtan] - Kréko
‘Sava Kréko - Vibina
Sava mejni odsek
Triigka Bistrica povirje — sotofje z Lomséico

VT Kokra Preddvor — Kranj
Sora

Poljanska Sora

Seltka Sora

Kamnigka Bistrica povirje — Stahovica
Kamniska Bistrica Stahovica — Studa
Kamniska Bistrica Studa — Dol

Rata z Radomljo
Psata

Mima

Sotla Dobovec — Podgatrtek
VT Sotla IEatrtak — Kljué
Mesti

Bistrica povirje — Lesiéno
Bistrica Lesino — Polja

Kolpa Osilnica — Petrina
Kolpa Petrina — Primostek

Nadiza mejni odsek
NadiZa mejni odsek — Robi&

VT Reka Kosaze - Bridovae
VT Reka Bridovec — Skocjanske [ame

Bric — Krkavée
agorja Krkavée - Podkastel
opolovec
VT Dragonja TopolovecBrid

VT Dragonja Podkastel-izliv visoka
VT Klivnik srednja

LEGENDA

VT - vodno telo

kMPVT - kandidat za mocno preoblikovano vodno telo

UNVT - umetno vedno telo

sradnja” - v primeru, da je bila oceni kemijskega stanja dodeljena srednja stopria zaupanja samo zaradi pogostosti vzorcevanja pesticidov,
je dodana oznaka P

i
VT
G
i

Lahinja
VT Krupa sradnja”
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Classes of ecological status
of surface waters in 2011

Water quality XV

Ekolosko stanje povriinskih voda se ocenjuje glede na kakovost in sestavo biolodke zdruibe in se razvriéa v pet razredov kakovosti; zelo dobro, dobro, zmemo, slabo in zelo
slabo. Razvritanje vzorénih mest v ekolofko stanje za leto 2011 je podano po modulih, brez konénega stanja ter brez ravni zaupanja. Konéno stanje s pripadajoéo ravnijo
zaupanja bo podano za vodno telo za naért upravljanja z vodami 2009-2014.

Hidromorfolotka
Saprobnost Trofiénost spremenjenost

Bentodki Fitobentos in Fitobentos in Posebna
Reka Vzoréno mesto nevretencarji makrofiti makrofiti NO3 Bentodki nevretenéarji | onesnatevala
Dragonja Planjave DOBRO
Drava Brezno ZMERNO DOBRO*
Drava Rute DOBRO DOBRO DOBRO
Drava Kréevina pri Ptuju DOBRO ZMERNO DOBRO
Drava Ranca DOBRO SLABO DOBRO*
Drava Borl DOBRO ZMERNO DOBRO DOBRO DOBRO
12ka IZki vintgar DOBRO DOBRO - DOBRO
Kamniéka Bistrica | izvir - DOBRO
Kolpa Osilnica - DOBRO
Kolpa nad Bilpo DOBRO - DOBRO
Koritnica Kal ZMERNO DOBRO
Krka Krika vas DOBRO DOBRO DOBRO DOBRO DOBRO
Ljubljanica Prule ZMERNO ZMERNO ZMERNO
Ljubljanica Moste (Bar pri podkvi) DOBRO ZMERNO ZMERNO
Ljubljanica Zalog DOBRO DOBRO DOBRO DOBRO DOBRO DOBRO
Mura Cerfak DOBRO DOBRO DOBRO DOBRO DOBRO
Mura Mota DOBRO DOBRO DOBRO ZMERNO DOBRO
Nadiza Robié - DOBRO




A
Chemical & ecological status of

waters network 20102015 \Water quality XV|
and Natura 2000
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Lakes & reservoirs | : B ————
Lakes and R irs in Sl ia, Table 2 An iew of some lakes and reservoirs in Slovenia, listed according to their area
{(Compiled fiom Gams, 1962 ES, 1990; Firbas 2001; SORS 2010)
Lake Arca (km®) Depth fm) Volume (10°m’)
LAKES AND REERVORS IN SLOVENIA 5 A Natwral lakes
Cerimifkn jezero (Lake Cerlmica; intermittent kant lake) 26" 3
Lakes and Reservoirs in Slovenia, Table 1 Inventory of wetlands in Slovenia according to the Ramsar Classification System for Bahmjsko jerero (Lake Bahinj, -hlpugﬁil-h) I a5
Wetland Type (From ARSO, 2003, p. 48& afker VG, 2000) Blejska jezero (Lake Bled; glacial kake) L&7 3
Pallko jerero (miermitient karst bake) L25 15*
Code Wethnd type Area (ha) (> 015 ha)* Number of all ocalities” Planinsko jezem (interm fent kart |ake) 100 it
Jezemo karst lake) 074
Marine and coastal wedands Pd;ﬂb]m (lake am & karst panor) a0z T
J Coastal brackish saline lagnans 7AW 4 Divje jewero (lake on a karst sprng) Q0023 15
Inland wedands Lakes Triglavska jezero (alpine glacial lakes):
M P-n-unvuil-hd: 6177 &1 1. Triglavsko jezern (Jezem pod Vriscem) 0.0047 L
N lar rivery’ 3 0 1 2 Trighvsko yerero (Rjava miaks) a2 1"
o Permanent freshwater lakes (>8 ha) S6.60 2 3. Trighwvsko jezer (Zelemo jezan) 00041 25*
P Seasomal'micrmittent freshwater lakes (>E lll) 3,151.30 6 4 Tnglavsko yezero (Jezem v Ledvici) 00237 15957
Tp Permanem freshwater manhespaok (<8 168.69 79 5. Triglwsko jenero (Dvojmo jexero) 0.005 85"
Ts \| pook 2959.55 1m 6 Triglwsko jezero (Dvomo jezero) 0004 55°
u Non-forsted 10281 17 7. Triglvsko jezero (Cmo jezera) 0.0075 6
xf Riparian meadows and farests an alluvial plains 6,18430 28 Kmsko jezera (alpine glacisl lake) 050 17.6"
Zg Geothemmal wethnds 0 2 Jezero ns Plnini pa Jezeru (alpime glicial lske) 001 1
Zk Karst and ather subtermancan hydrological systems 30500 1 B Resenvoirs
Human-made wetlands Ledavsko jezero (flood comtrol, fisheries) 218 * 57
1 Aquacubure pands »531 312 Pernifko jexzero (fisheries) 28 45° i3
2 Pemds 13438 1517 Ve emjsko jezem (subsidence) 137 55202 7
4 Seasomally flooded agrioul tural land 18,079.60 304 Smartmsko jezero (food contral, fishesies) L7 1 &5
L] Salt exploitation sites 66238 2 Shvnih:pmn(ﬂnd cantrol, ilann-) [ 145 40
6 ‘Water stomge areas 20027 72 atiom, fisheries) [i§:+] 200 &5
7 Excavatims 36344 584 (hjiwinjm'?md comtrol, mgation, fishenes) a7 1003 26
8 ‘Wastevater treatment areas 167 1 Jezero Malja (flood contral, law flows) 068 12 43
9 Carals and dramage chamek, ditches 0 156 Druimirsko jezero (subsidence) 055 T8 120
0 No dats shaut type 10 6 Klivaidko jeses (lood control, low fows) 035 14 17
Sum 35,650.34 3,526 0 jezem (subsidence) [ e 10
C. Drava river resenvains®
"Only weflands with an anea >0.15 ha contribute to fhe tofal ares; the rest of fhem contribute only o fhe ol number of localities Prupko jezero (1978 HPP Farmm; 116 MW) 410 12 200
®Does nat take isto sccowunt watercourses as such, anly smaller wethnds slong them Ormmodko jexero (1976 HPP Varabdm, 94 2.5%° 9
Vuhrelko jezero (1956 HPP Vulred; 72 MW) 241 235 02
Brestemiflko jezero (1948 HPP Maribarski olak; 60 MW) 1% 14.5%6 B3
Vuzenilko jexero (1957 HPP Vusenica; 56 MW) 196 108Y& 7.5
Obaktsko jenem (lﬁﬂ]’li’l’ Obak; 73 MW) 154 2457 102
Dravagrajsko jezero (1944 HPP Dravograd; 26 MW) L& 4* 56
Fallko jerero (1918 mm r-.|., S8 MW) 0% 1405 vl
D Sava river reservoirs®
Vrhovsko jezero (1993, HPP Vihovo; 34 MW) L& 6" R&S
Trbajiko jezro (1986 HPP Mavise 35 W) Loo 1"
MalZansko jezero (1952 HPP Masie; 21 o0& sv12® R0
hﬂ’hm (1954 I'I'I’P Medvade; 26 o6 20 60
E Soéa river reservoirs®
Doblando jexen (1939 HPP Dablar; 30 MW & 2002 HE Dablar IT; 40 MW) () 32 6
Ajluh]m(lqﬂlﬂ’l’l’k!l;ls MW & 2002 HP Plave I; 20 MW) 0.30 12 11
Jezero Kanakla wh (2010 Punpedsiomge HPP Awie; 185 MW) an 20 22
sdhnjnpuu(ludms.:k- 315 MW) 008 18 L2

from Mikos (2012d)

*Maximum

"Avqa

“Shovenian -Croatian bordes crosses the lake

%I backets: year of comstruction, name of HPP, installed power of HPP
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LAKES AND RESERVORS IN SLOVENIA 7

9L O '
2/ O 0 9 Lakes and Reservoirs in Slovenia, Table 3. Classification of selected Slovenian lakes and irs into the trophic ca

using
the OECD criteria, given for the period 1992-2010 (availsble data from the Envisonmental Agency of the Republic of enia)

— e Lakes & reservoirs I

Totl i mifragen

Amual mean Amual mean Anmual mean Mmimmum Anmual mean Peak value
Trophic category mg/m’ mg/m’® m m mg/m’ mg/m’
Uknoligotophic <40 <2 2120 260 <10 <25
Ohgotrophic =100 200-400 =60 230 =25 =80
Mesatraploc 10-35 300-650 63 315 258 8-25
Eutraphic 35-100 5001500 3-15 1507 E-25 25-75
Hypersutmphic = 100 = 1500 =15 =07 225 =275
Lake Bohinj
1997 46 47n2 98 ab Lo 30
1998 32 Lyl 79 56 L7 35
1999 34 447 91 T4 L8 42
2000 i3 468 a1 49 L& 31
2001 49 380 10.4 L1 L4 2R
2002 315 450 98 ad 14 i3
2003 40 48 926 7.0 L3 45
2004 47 469 87 A5 1.2 32
2005 51 adh 97 59 10 a1
2006 36 485 98 15 a7 1.7
2007 52 512 92 - Lo -
2008 36 454 20 - Lo -
2009 is 3N 83 - 12 -
2010 40 369 &5 60 12 39
Lake Bled
1992 226 468 Al L7 47 282
1993 3io 32 59 L7 45 183
1994 19.3 419 55 27 50 354
1995 152 a7 59 15 34 172
196 145 470 L5 iE 28 nz
1997 127 495 54 41 29 133
1998 155 374 58 24 76 291
1999 17.9 i 50 L2 93 474
2000 143 280 i3 15 7.2 257
2001 143 263 &5 26 7.2 245
2002 126 247 79 50 47 192
2003 127 vl a7 is 62 234
2004 130 27 59 27 52 223
2005 1.7 296 72 45 37 127
2006 147 325 &8 is 47 148
2007 127 3% 83 - 27 -
2008 110 350 a6 - 39 -
2009 132 42 50 - 37 -
2010 2 29% 45 25 7.3 194
Lake Smartinsko jezero
2003 - 638 L7 L3 115 223
2004 41 862 12 L1 20 460
2005 m 877 a9 a4 134 749
2006 i3 653 1.0 as 165 440
2007 95 Ell as 06 94 762
2008 49 T06 L - 9.5 -
2009 39 494 - - 95 -
2010 46 681 10 a6 76 751
Lake Ledavske jezero - v
2003 105 1124 as a3 @7 4258
2004 70 2553 a7 06 6.0 138.4 from M I kos
2005 268 3408 as 0s 370 833
2006 12 1693 a8 as 364 572
2007 135 2978 a3 als 614 2058 1
2008 104 913 as - 20 -
2009 137 1018 - - 21 -
200 70 BEM as a3 3 675
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2°0°09 Results of the state hydrologic monitoring is published by
the Slovenian Environment Agency (ARSO) in annual
reports:

http://www.arso.gov.si/vode/publikacije%20in%20poro%C4%
8Dila/letopisi.html

At extreme hydrologic events the Slovenian Environment
Agency (ARSO) performs additional hydrologic analyses,
published in special reports:

http://www.arso.qov.si/vode/poro%c4%8dila%20in%20publikaci
e/




. Rydrologic monitoring I

c(2) c(z)

i J

p -l - P P I S P Pl - P el I i P

Conceptual vertical suspended sediment concentration
left: fine-grained sediments
right: coarse-grained sediments

from Mikos
(2012a)
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\ Ravnik (2010)
600 ! / \ \ S T
500 / \ 150
400 l \ N 120
300 \ \\ 90
200 \ \ 60
100 ., 30
— i
0 . 0
1922010 1922010 2022010 2022010 2122010 2122010 2222010 2222010 2322010
0000 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00

¢ Manual sampling ¢ (mg/l) ==Solitax_sc S3C (mg/l) weC} (m3/s)

Measurements in WS Suha on the Sora River — using SOLITAX sc

Q (ms)



TABLE 1.

Suspended-Sediment Measurement Techniques

Hydrologic monitoring VII

Technology Operating principle Advantages Disadvantages
(1) 2) (3) (4)
Acoustic Sound backscattered from sediment 1s | Good spatial and temporal resolution, | Backscattered acoustic signal 1s difficult

Bottle sampling

Pump sampling

Focused beam reflectance

Laser diffraction

Nuclear

Optical

Remote spectral reflectance

used to determine size distribution
and concentration.

Water-sediment sample is taken isoki-
netically by submerging container in
streamflow and 1s later analyzed.

Water-sediment sample is pumped from
stream and later analyzed.

Time of reflection of laser incident on
sediment particles is measured.

Refraction angle of laser incident on
sediment particles 1s measured.

Backscatter or transmission of gamma
or X-rays through water-sediment
samples 1s measured.

Backscatter or transmission of visible or
infrared light through water-sediment
sample 1s measured.

Light reflected and scattered from body
of water is remotely measured.

measures over wide vertical range,
nonintrusive

Accepted, time-tested technique, allows
determination of concentration and
size distribution, most other tech-
niques are calibrated against bottle
samplers

Accepted, time-tested technique, allows
determination of concentration and
size distribution

No particle size dependency, wide par-
ticle size and concentration measur-
ng range

No particle-size dependency

Low power consumption, wide particle
size and concentration measuring
range

Simple, good temporal resolution, al-
lows remote deployment and data
logging, relatively inexpensive

Able to measure over broad areas

to translate, signal attenuation at high
particle concentration

Poor temporal resolution, flow intrusive,
requires laboratory analysis to extract
data, requires on-site personnel

Poor temporal resolution, intrusive, re-
quires laboratory analysis, does not
usually sample 1sokinetically

Expensive, flow intrusive, point mea-
surement only

Unreliable, expensive, flow intrusive,
point measurement only, limited par-
ticle-size range

Low sensitivity, radioactive source de-
cay, regulations, flow intrusive, point
measurement only

Exhibits strong particle-size depen-
dency, flow intrusive, pont measure-
ment only, mstrument fouling

Poor resolution, poor applicability in
fluvial environment, particle-size de-
pendency

from Wren et al. (2000)
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“oModel Freq. | Width, Angle, | Max. distance Applications
ADCP kHz Beam nr. (m)
Teledyne RD Instruments | 300 <1°,20° 3 W up to 250 m Sadne, France
Workhorse H-ADCP 600 <1°,20° 3 Wupto85m Isere, France
Teledyne RD Instruments 1200 ?,20° 3 Dupto21m Banat, Romania
Workhorse Rio Grande Parana, Argentina
ADCP
Teledyne RD Instruments | 1200 1,5°, 20°, 2 Wupto20 m Isere, France
ChannelMaster H-ADCP
SonTek ADCP 500 1,5°,25°, 3 Dupto100 m Fraser, Canada
1000 1,5°,25° 3 Dupto30m Parana, Argentina
1500 1,5°,25°, 3 Dupto20m laboratory

from Mikos (2012b)
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ADCP Absorption Particle size at peak | Minimum detectable
Frequency factor a instrument’s sensibility particle size by

(kHz) (dB/m) (um) instruments (um)
3000 2.4 160 8

1500 0.6 320 16

750 0.15 640 30

500 0.067 960 50

250 0.017 1920 100

from Mikos (2012b)
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17%0%0% Monitoring stations for
suspended material
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Preglednica 1: Stevilo delujoéih postaj v petletnem obdobju
Table 1: Number of stations operating in the 5-year period

Obdobje/Period 1955- | 1960- | 1965- | 1970- | 1975- | 1980- | 1985- [ 1990- | 1995- | 2000- | 2005-
1959 1964 1969 1974 1979 1984 1989 1994 1999 2004 2008

St.delujotih
postaj/ No.of
gauging stations 6 6 8 12 25 16 13 13 15 16 14
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12901099 Preglednica 2: Monitoring suspendiranih snovi v letu 2008
Table 2: Monitoring suspended material in 2008

Sifra Postaja Zacetek Let opazovanj Prekinitev niza
Code Station First year | Years of observation | Interruption of observation
1060 | Gornja Radgona - Mura 1977 32 NP
3725 | Hrastnik - Sava 1997 12 NP
4200 | Suha - Sora 1974 13 1980-2001
6210 | Veliko Sirje - Savinja 1955 50 1990-1993
8080 | Kobarid | - Soca 1960 27 1977-1998
8450 | Hotesk - Idrijca 1978 25 1980-1985
8500 Baca pri Modreju - Baga 1985 24 NP
8600 Miren | - Vipava 1978 31 NP
9050 Cerkvenikov mlin - Reka 2001 6 2004-2005
9210 Kubed Il - RiZzana 2006 3 NP
9300 Podkastel | - Dragonja 2006 3 NP

NP - neprekinjen niz / uninterrupted
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Preglednica 3: Vodomerne postaje na katerih se je izvajal monitoring suspendiranih shovi
Table 3: Water gauging stations at which monitoring of suspended material took place

A . Zacetek | Konec ! < e .
Sifra Post_a]a First Past opazovan] Pre'klnltev niza
Code Station Years of Interruption of observation
yedr year observation
1020 Cmurek - Mura 1978 1980 3 NP
1070 Petanjci - Mura 1956 1976 20 1974
1140 Pristava | - S¢avnica 1979 2004 22 NP
1220 Polana | - Ledava 1963 1978 13 1974, 1976, 1977
1260 Centiba - Ledava 1979 1995 5 1981-1985, 1988-1994
2110 Ptuj - Drava 1956 1965 10 NP
2140 He Formin - Drava 1979 1981 3 NP
2240 Podklanc | - MeZa 1979 1980 2 NP
2250 OtiskiVrh | - Meza 1997 2001 5 NP
2390 Otigki Vrh | - Mislinja 1992 2000 3 1994-1999
2650 Videm | - Dravinja 1988 1999 12 NP
2652 Videm - Dravinja 2001 2006 6 NP
2830 Ranca - Pesnica 1967 1975 8 1974
2900 Zamusani | - Pesnica 1967 2004 31 1974,1977,1978,1988,2003
3060 Jesenice - Sava Dolinka 1980 1980 1 NP
3420 Radovljica - Sava 2004 2008 3 NP
3530 Medno - Sava 1997 2002 6 NP
3570 E‘;entjakob - Sava 1955 1994 38 1974, 1977
3740 Radege - Sava 1955 1993 38 1974
4050 Preska - TrZiska Bistrica 1978 1979 2 NP
4210 Ziri - Poljanska Sora 1971 1978 7 1973
4240 Zminec | - Poljanska Sora 1974 1981 5 1975, 1976, 1979
4290 Dolenja vas | - Seldka Sora 1973 1977 5 NP
4440 Domzale - Kamniska Bistrica 1978 1988 10 1983
4690 Gabrije | - Mirna 1977 1982 6 NP
4740 Rakovec | - Sotla 1978 2006 27 1985, 1996
6200 Lasko | - Savinja 1990 1993 4 NP
6600 Brezovec - LoZnica 1958 1959 2 NP
7040 Dvor - Krka 1978 1984 7 NP
7110 Gorenja Gomila - Krka 1978 1979 2 NP
7160 Podboéje - Krka 1977 1987 12 NP
7340 Preéna - Preéna 1978 1985 8 NP
Log pod Mangartom - Kanal
8245 Roje 1992 2000 8 1997

NP - neprekinjen niz / uninterrupted
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Slika 5: Ekstremne vrednosti preme&éenega suspendiranega materiala v rekah

Figure 5: Extreme recorded values (results) of the transported suspended material in rivers
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Kantografija: Peter Frantar, ARSO, 2011
Podlaga: Geografski institut Antona Melika ZRC SAZL
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Regular & event-based
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F = 3851 km’
P=2453 m
ET=1179m
Q=1274 mm

padavine / precipitation

<900 mm
900-1000 mm
1000-1100 mm
1100-1200 mm
1200-1300 mm
1300-1400 mm
1400-1500 mm
1500-1600 mm
1600-1800 mm
1800-2000 mm
2000-2600 mm
> 2600 mm

s

729 Py

reke / rivers

glavna razvodnica
main watershed

F - povrSina povodja / watershed area
P - padavine / precipitation
ET - evapotranspiracija / evapotranspiration
Q - neto odtok / net runoff
Vini | Sources:
Koli¢ina padavin leta 2007 / Precipitation in year 2007, M. Dolinar, ARSC

Podatki o pretokih leta 2007 / Discharge data 2007, ARSO
Avtor / Author: Peter Frantar

S L O VE N I J A 9 4 4 m 3 I s Agencija RS za okolje / Environmental Agency of the Republic of Slovenia, 2009



Preglednica 1: Najvelje vsebnosti suspendiranega materiala v vzorcih leta 2008 in najvecje izmerjene vsebnosti v

obdobju 1977-2007

Table 1: Maximum concentrations of suspended material in the samples in 2008 and the maximum measured

concentrations during the reference period (1977-2007)

rologic monitoring XIX

2008 1977 - 2007
VEEBREEEE D Najvetja obdobna Datum najvetje
VEdEIEE Vodomerna ( /ms) vzorteni vsebnost ¢ (gfms) obdobne vsebnosti
postaja 9 : ) The highest Date of the highest
Stream ; . Concentratio Date of i i
Gauging station nec (gm) O concentration in concentration in the
g PG | the period ¢ (g/m’) period
Mura Gornja Radgona 1179 27.06. 2364 16.05.1996
Sava Hrastnik 1135 18.12. 6405 19.09.2007
Sora Suha 1159 18.07. 8120 28.02.1977
Savinja Veliko Sirje 1733 14.07. 9574 14.04.1994
Sola Kobarid 5501 30.10. 8112 17.11.2000
Bada Bada pri Modreju 2846 30.10. 5125 21.08.1988
Idrijca Hotesk 1139 05.12. 3743 09.10.1993
Vipava Miren 235 15.07. 1105 27.10.2004
Reka Cerkvenikov 160 12.12, 280 12.11.2001
mlin
Rizana Kubed*™* 174 31.07. 189 14.08.2006
Dragonja Podkastel*™* 242 12512, 1362 13.02.2007

* Vzoréenje poteka od leta 2001.
*Sampling performed since 2001.

** Vzoréenje poteka od leta 2006.
**Sampling performed since 20086.
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9 I 9 Preglednica 2: Najvetje letno premesganje suspendiranega materiala med odvzetimi vzorci v letu 2008 ter srednja
2, O O 9 obdobna vrednost premes&enega suspendiranega materiala
Table 2: Maximum annual transportation of suspended material among the samples taken in 2008 and mean
periodical value of the transported suspended material

Vodotok Vodomerna Najvedji letni 2008 S Datum Srednji obdobni
Stream postaja (kg/s) vzor¢enja 2008 transport (kg/s)
Gauging station The highest annual Date of Mean transport in the
fransport S (kg/s) sampling 2008 period (kg/s)
Mura Gornja Radgona 271 17.08. 12
Sava Hrastnik 661 18.12. 16
Sora Suha 57 18.07. 3,3
Savinja Veliko Sirje 264 14.07. 6
Soéa Kobarid 2141 30.10. 19,6
Baga Baca pri Modreju 104 30.10. 2,6
|drijca Hotesk 230 05.12. 12,8
Vipava Miren 17 11.12. 1.1
Reka Gerkvenikoy 32 1212 0,7
mlin
Rizana Kubed** 4 12.12. 0,5
Dragonja Podkastel** 4.8 12.12. 6
* Vzoréenje poteka od leta 2001. ** \zorcenje poteka od leta 2006.

*Sampling performed since 2001. **Sampling performed since 2006.
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Slika 2: Poveéana vsebnost suspendiranega materiala julija 2008 v Savinji in Sori
Figure 2: Increased suspended material concentration in July 2008 in the Savinja and Sora rivers
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Slika 3: Povecgana vsebnost suspendiranega materiala v decembru 2008 v Savi in Idrijci.

Figure 3: Increased suspended material concentration in December 2008 in the Sava and Idrijca rivers
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Typical bridge deployment
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Typical boat deployment




ologic monitoring XXVI

\\
~@—

" Sequoia Instruments LISST-Portable




H ogic monitoring XXVII




from Tréek (2005)

Slika 8: Primerjava pretokov izvrednotenih iz odvisnosti Q-H ter pretokov izmerjenih s H-ADCP.
Ujemanje je boljse pri nizjih vrednostih, pri visjih pa nam da izracun iz izmerjenih hitrosti visje
pretoke kot izvrednotenje iz pretoéne krivulje. Za primerjavo je dodana izmerjena vrednost

pretoka.
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In Slov@ema,\%ck falls, landslides, torrential erosion in headwaters,
and riverbank erosion are the most hazardous phenomena.

Land sliding and erosion is present in about 43 % of the Slovenian
territory (some 8,800 km? of labile or potentially unstable slopes),
8,000 km of torrential streams & nearly 400 torrential watersheds.

The annual average sediment production in headwaters in Slovenia
is estimated at around 5 million m3 per average hydrological year.

The specific annual average sediment production is estimated at
250 m3/km?/year or the denudation rate is 0.25 mm/year.

On average, nearly half of this material (around 2.3 Mio m3/year)
reaches the hydrological network and is transported towards
sedimentation basins.

Nearly 0.5 Mio m3 a year is on average temporarily deposited
within the fluvial system, mainly in man-made reservoirs (HPPs).
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170l0% Water quallty monitoring in the Republic of Slovenia:

Performed by the Slovenian Environment Agency
(ARSO)

Modernised in the last years
In accordance with the WFD

Chemical and ecological status of surface waters in
Slovenia is improving in the last period
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1%010% Hydf(\j@[ééicmonitoring in the Republic of Slovenia:

« Performed by the Slovenian Environment Agency
(ARSO)

* To be modernised in the next period (project
BOBER)

« Suspended loads are measured at selected sites
only (the number is not sufficient)

« Bed loads are estimated only from reservoir
sedimentation data
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1%10% Sedlment balance in the Sava river system:
« Assessed using suspended loads’ measurements

and bed loads’ estimations

 No direct bedload measurements, reservoir
sedimentation data used instead

* In many reaches latent erosion is prevailing (torrent
control works in headwaters, gravel mining,
reservoir sedimentation in middle reaches)

« Estimation of sediment transport capacity can only
help to a certain extent to assess annual erosion
and sedimentation
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Contact persons at Hydrology and State of the
Environment Office of the Slovenian Environment
Agency (ARSO), Ljubljana:

Roman Tréek M.Sc.

Head of Hydrometry Division
roman.trcek@gqov.si

Mira Kobold Ph.D.

Head of Surface Waters Analysis and Forecast Division
mira.kobold@gov.si

Florjana Ulaga M.Sc.

Surface Waters Analysis Department
florjana.ulaga@agov.si

Mojca Dobnikar Tehovnik M.Sc.

Head of Water Quality Division
mojca.dobnikar-tehovnik@gqov.si
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