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Outline

GOALS - Addressing 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



Water balance 1971-2000



Water balance RS 1971-2000



Water balance RS 1971-2000



Water balance RS 1971-2000



Water balance trends



Monitoring – general I

State 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.

• Hydrological monitoring in water stations on 

running waters, of groundwater and sea.



Monitoring - general II



Water quality I

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 II

In 2003, 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.



Water quality III

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 chemical status of rivers must be determined for:
• any river or its part where the catchment area reaches 

2500 km2,
• 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.



Water quality V



Water quality VI



Water quality VII



Water quality VIII



Water quality IX



Water quality X



Water quality XI



Water quality XIIChemical status of water
bodies on rivers in 2008



Water quality XIIIEcological status of surface waters
and confidence level 2006-2008



Water quality XIV
Chemical status of water bodies on 

rivers and confidence level
2006-2008



Water quality XVClasses of ecological status 
of surface waters in 2011



Water quality XVI
Chemical & ecological status of 

waters network 2010-2015
and Natura 2000



Water quality XVII

from Mikoš (2012d)

Lakes & reservoirs I



Water quality XVIII

from Mikoš 
(2012d)

Lakes & reservoirs II



Hydrologic monitoring I

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.gov.si/vode/poro%c4%8dila%20in%20publikacij
e/



Conceptual vertical suspended sediment concentration
left: fine-grained sediments

right: coarse-grained sediments

from Mikoš 
(2012a)

Hydrologic monitoring II
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Hydrologic monitoring III
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Hydrologic monitoring IV



River turbidity in the Notranjska Reka on March 29 & 30, 2000

from Brilly et al. 
(2005)

Hydrologic monitoring V



Measurements in WS Suha on the Sora River – using SOLITAX_sc

from Ulaga & 
Ravnik (2010)

Hydrologic monitoring VI



from Wren et al. (2000)

Hydrologic monitoring VII



Model
ADCP

Freq.
kHz

Width, Angle, 
Beam nr.

Max. distance
(m)

Applications

Teledyne RD Instruments
Workhorse H-ADCP

300
600

< 1°, 20°, 3
< 1°, 20°, 3

W up to 250 m
W up to 85 m

Saône, France
Isere, France

Teledyne RD Instruments
Workhorse Rio Grande 

ADCP

1200 ?, 20°, 3 D up to 21 m Banat, Romania
Paraná, Argentina

Teledyne RD Instruments
ChannelMaster H-ADCP

1200 1,5°, 20°, 2 W up to 20 m Isere, France

SonTek ADCP 500
1000
1500

1,5°, 25°, 3
1,5°, 25°, 3
1,5°, 25°, 3

D up to 100 m
D up to 30 m
D up to 20 m

Fraser, Canada
Paraná, Argentina

laboratory

from Mikoš (2012b)

Hydrologic monitoring VIII



from Mikoš (2012b)

ADCP 

Frequency

(kHz)

Absorption

factor α 

(dB/m)

Particle size at peak

instrument’s sensibility

(μm)

Minimum detectable

particle size by

instruments (μm)

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

Hydrologic monitoring IX



Hydrologic monitoring X

Monitoring stations for
suspended material



Hydrologic monitoring XI



Hydrologic monitoring XII



Hydrologic monitoring XIII



Hydrologic monitoring XIV



Hydrologic monitoring XV



Hydrologic monitoring XVI

180 Water stations for
surface running waters

(in 2011)



Hydrologic monitoring XVII

Regular & event-based
SSC sampling



Hydrologic monitoring XVIII



Hydrologic monitoring XIX



Hydrologic monitoring XX



Hydrologic monitoring XXI



Hydrologic monitoring XXII



Sequoia Instruments LISST-SL under development

Hydrologic monitoring XXIII



Typical bridge deployment

Hydrologic monitoring XXIV



Typical boat deployment

Hydrologic monitoring XXV



Hydrologic monitoring XXVI

Sequoia Instruments LISST-Portable



Hydrologic monitoring XXVII

Teledyne RD Instruments H-ADCP ChannelMater 600 kHz



Hydrologic monitoring XXVIII

Sava Šentjakob 27.9.-21.10.2005 
H-ADCP vs. discharge curve from Trček (2005)



Sediment balance I

In Slovenia, rock 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 km2 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/km2/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).



Sediment balance II

Reservoir sedimentation
(HPP Vrhovo)



Sediment balance III

Reservoir sedimentation (HPP Boštanj)



Sediment balance IV

Reservoir sedimentation (NPP Krško)



Sediment balance V

Water intake NPP Krško



Sediment balance VI

Wet sieving (SIST/ISO/TS 17892 – 4: 2004) & areometer (< 0.063mm)
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Conclusions I

Water quality 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



Conclusions II

Hydrologic monitoring 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



Conclusions III

Sediment 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



Conclusions IV

Contact persons at Hydrology and State of the 

Environment Office of  the Slovenian Environment

Agency (ARSO), Ljubljana:
Roman Trček M.Sc.

Head of Hydrometry Division

roman.trcek@gov.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@gov.si

Mojca Dobnikar Tehovnik M.Sc.

Head of Water Quality Division

mojca.dobnikar-tehovnik@gov.si
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