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Presentation contents

1. Overview of the Croatian part of the Sava River Basin

«  Sava River Basin - General
Flood protection schemes (historic and existing)
Major water management structures
River Sava waterway project

«  Sediment balance throughout the river system
River Sava morphological changes

2. Sediment monitoring
Monitoring of suspended sediment concentration

Monitoring of bed load transport
Evaluation of sediment quantity
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1. Sava River Basin - General
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= River Sava length 510 km
= Sava River Basin 25,770 km2




Rivers in Sava Basin - Hydrology data

Povrsina sliva

Duljina _ Povréina KarakteristiCni protoci

Vodotok Ukupna  URH | Ukupna URH  Granica | comorioma siva Qe Quaw Qw  Qnas  Quax

km? km km? m3s
Sava 95419 25770 | 946 510 313 | Zupanja 62.891 226 311 1134 3.038 4.130
Sutla 590 133 92 89 73 Zelenjak 455 0,342 0,859 7,31 129 250
Krapina 1244 1244 65 65 - Kupljenovo 1150 0,200 1,12 12,0 153 368
Cesma 2.800  2.890 96 96 - Cazma 2877 0066 0679 141 91,9 153
g‘;‘l’(?osm 1816  1.816 96 96 - 33:1‘;3]8 995 0130 0,390 699 680 151
Orljava 1616 1616 97 97 - Pleternica 745 0,111 05560 512 600 117
Bosut 2913 2375 132 81 - Nijemci 1.670 12,2
Kupa 10236  8.412 294 294 100 | Farkasic 8.902 16,9 305 201 1207 1.776
Dobra 1.354  1.354 104 104 - Donje Stative ~ 1.313 1,65 245 348 241 372
Korana 2297 2049 134 134 23 Velemeri¢ 1258 0,611 331 288 320 492
MrezZnica 980 980 63 63 - Mrzlo Polje 975 0223 1,85 266 256 373
Glina 1.418 967 100 100 18 Glina 1145 0,939 291 182 174 350
Sunja 482 482 77 77 - Sunja 225 0,001 0,325 291 870 141
Una 9368  1.686 212 116 101 E;‘;‘;ﬁﬁa 8.876 251 447 221 1110 1521

(from Water Management Strategy, Croatian Waters, 2009)




Sava River Basin - Altitude
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Elevation [m n.m.]

Longitudinal profile of River Sava with tributaries
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Elevation [m n.m.]

Longitudinal profile of River Sava
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Sava Basin - Average annual precipitation
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(from ISRBC Sava River Basin Analysis Report, Sept 2009)
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Surface erosion in Croatia

STANJE EROZVE
BEZ EROZIJE (NASELJA | VODENE POVRSINE)
VRLO SLABA EROZIJA
SLABA EROZIJA
SREDNJE JAKA EROZIA
JAKA EROZINA
OKRSAVANJE | VRLO JAKA EROZIJA

(from Water Management Strategy, Croatian Waters, 2009)
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1a. Flood protection

" Protected and uprotected areas

A

uuuuuuuuuuuu

(Croatian Waters for ISRBC Sava River Basin Analysis Report, Sept 2009)

PREGLEDNA STUACLA PODRUEJA
KQJA SE BRANE ODNOSNO PLAVE
LURET

LEGENDA:
/1.5 BRANEA BRANIENOD POCRUEIA.

: ) PLAVLIENO FODRUEJE
iR

ETEHCUE , EX3PANZIONI PROSTORI

—— poplamainjs
—— meip




Historical flood prone areas

= Historical 100-year flood prone areas




Historical flooding in Zagreb

In the 1950-ies the city of Zagreb spread
Areas beyond the banks became more and more populated

System of dikes was constructed only partially, was
Inadequate, inconsistent and vulnerable

Flood in October 1964:

around 6,000 hectares of the immediate urban area were flooded
settlements of ZapresSi¢, Samobor, Dugo Selo, and Velika Gorica
17 human lives were lost
material damage was extensive
150,000 people were evacuated
>10,000 people lost their homes
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Existing flood protection

® Only large towns are flood protected Zagreb, Sisak
and Karlovac (Zagreb 1000-year flood).

= Upstream of Zagreb levees are partially
constructed - frequent flooding.

® Downstream reaches from Zagreb till Serbia have
lower flood protection, as Middle Posavlje System
IS not finished and levees overtop.




Middle Posavlje flood protection scheme

Flood protection system
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(from Water Management Strategy, Croatian Waters, 2009)




1b. Major structures

= Major structures
= River structures
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Major structures — Sava River Basin
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(from Water Management Strategy, Croatian Waters, 2009)




River structures - Downstream reach

*= Embankments and groynes along the left river bank
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1c. Sava River waterway project

*" The River Sava had been navigable up to
upstream of Zagreb.

= Current activities are two project to upgrade
fairway to class IV or Class Va from Belgrade to
Sisak (two-way navigation where possible).

\t

DHMZ




2. Sediment balance in the river system

= Surface erosion in Croatia by River Basins
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(from Water Management Strategy, Croatian Waters, 2009)
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Sava Podsused - Total load and bed load

" Bed load = 3% of Total load

Sava Podsused - Load Transport Measurements
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Suspended load material

" River Sava - upstream/downstream of Zagreb
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fraction of finer particles than o

River Sava - Slovenia

Bed load material
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Production of sediments in the Sava Basin

= Annual volume of soil surface erosion, estimated by Gavrilovi¢c method

Station F Wg Gg Wg/F Gg/F Wg/F*F | Gg/F*F | Wg/F Avg | Gg/F Avg F1 Wg1 Ggl

[km2] [m3ly] [m3ly] [[m3/y/km2] | [m3lylkm2] [ [m3ly] [m3fy] | [m3ly/km2] | [m3ly/km2] | [km2] [m3ly] [m3/y]
Kupa 5,330| 1,941,940 752,670 364 141]1,940,120| 751,530 8,412| 3,916,035 1,439,737
_ 8 Bregana 90| 109,500] 52,560 1,220 580] 109,800 52,200 466 171 100 46,553 17,115
5 8 Sunja 220] 55,720] 17,730 253 81| 55,720 17,730 482| 224,385 82,496
o é Una 1,654| 1,289,933 426,928 780 258| 1,289,933] 426,928 1,686] 784,883| 288,563
Y 7,294 >|3,395,573| 1,248,388 >| 10,680| 4,971,856( 1,827,911
Sutla 140 35,310 20,000 252 143| 35310 20,000 133 43,759 16,378
0 Krapina 1,053| 402,400/ 179,560 382 171| 402,400{ 179,560 1244| 409,293| 153,188
. '% Lonja 4,201| 1,237,180] 397,950 294 95/1,237,180| 397,950 329 123 5297] 1,742,784| 652,281
g g V.Strug 222| 108,000{ 52,200 486 235 108,000] 52,200 200 65,803 24,628
E Orljava 688 291,210[ 126,575 423 184| 291,210] 126,575 1616] 531,686] 198,997
Y 6,304 >[2,074,100] 776,285 y 8,490| 2,793,323| 1,045,473
Other 6,600 200 74 6,600| 1,320,000{ 488,400
Sava Basin 25,770 200 74 25,770| 9,085,179| 3,361,784

basic source: ,Erozija i nanos sliva rijeke Save” (1969)
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Ratio until
Hydrometric station Up to 1982 1983- 2006 1982/ beyond
1983

Annual suspended load transport SLT (1000 t/year)

Krapina - Kupljenovo 110.6
Kupa - Hrvatsko 28.8 5.7 5.05
Sava - Slavonski Brod 3842 1118 3.44

Mean suspended sediment concentration SSC (g/m?®)

Krapina - Kupljenovo 45.7
Kupa - Hrvatsko 7.38 1.98 3.73
Sava - Slavonski Brod 39.8 14.2 2.80

Mean annual discharge Q (m?®/s)

Krapina - Kupljenovo 10.9
Kupa - Hrvatsko 22.2 18.1 1.22
Sava - Slavonski Brod 1016 857 1.19




3. River Sava morphological changes

3a. Vertical river bed changes

= A decrease of the water levels and the river bed has been
observed along the whole length of the Sava River.

= At several gauging stations (1975-1985 and 1990-1999)

measurements show an average decrease of levels ranging
between 1.5 mand 2.2 m.
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Case A. Downstream reach

measurement of mean and low water levels over a period of 40 years

the lowering of water and bottom levels amounted to approximately 2 m
or about 5 cm/year

for the river Sava and entire water management such a decrease is
quite serious issue
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Case C. Upstream reach (River Sava, GS Zagreb)
= Water levels at GS Zagreb 1925-2010
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= Discharges at GS Zagreb 1925-2010

Q [m?/s] Mean annual recorded discharges for GS ZAGREB
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Mean annual discharge of the Sava river at Zagreb 1926-1995

Q i)

- Q1 =-2625888 1+ 367,0 Q2 = - 3495071 1+ 490.41

*

Annual precipitation for the period 1926-1995.

[¥]
"o Ljubljana

P 1=-G887 TOGL+15124 F,2=-50890831+ 156513

. Lagreb

(from Segota and Filip&i¢ 2007)




1. Problem:

thermal power plant (TE-TO Zagreb) shut down due to the
low Sava River and discontinued supply of cooling water

1. Solution:
construction of submerged weir for the water level increase

2. Problem

Jankomir spillway function disrupted (1900 m3/s - 2350
m3/s)

2. Solution
none




Case D. Flood event 19.9.2010.

SAVA - Podsused GS, rkm714,"0"=119,134 mas.L

Date Stage Stage V"‘ej‘“ vmf‘1" Discharge
(cm) (m a.s.l.) {me ) (me ) (m3s)
22.8.2005 181 120,94 2,62 4,16 1175
2.6.2006 98 120,11 2,32 3,45 861
12.12.2008 268 121,81 2,90 4,09 1512
10.2.2009 86 119,99 2,46 3,57 934
19.9.2010 526 124,39 2,09 4,88 3117
10.12.2010 368 122,81 1,71 3,99 2116
28.10.2011 49 119,62 2,50 3,71 769

SAVA - Zagreb GS, rkm7028 "0"=11226 mas.l.

Date Stage Stage Vinean Vmax Discharge
(cm) (m a.s.l.) ) ) (m3s)
22.8.2005 172 113,98 1,97 3,55 1231
23.8.2005 175 114,01 1,92 3,56 1215
12.12.2008 281 115,07 1,93 3,67 1686
10.2.2009 112 113,38 2,01 3,39 977
26.2.2010 21 112,47 2,04 3,03 746
19.9.2010 454 116,8 2,40 4,77 2723
20.9.2010 460 116,86 2,34 4,06 2854
27.10.2011 162 113,88 2,35 3,41 1105




Jakusevac bridge in Zagreb
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Elevation [m n.m.]

3b. Lateral river changes

Longitudinal profile of River Sava
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Possible causes for general and continuous river
bed erosion

= Sediment dredging from the River Sava

» Inthe 1970 a major highway Zagreb-Belgrade was constructed. The
gravel and sand for construction was extracted from the Sava river

bed.
» Since the 1970 there has been non controlled dredging.

*= The supply of sediment from the upper Sava has practically

dried up due to:
» construction of hydro-power plants in Slovenia
» the damming up of tributaries to the Sava
= A “natural” contribution to the erosion?
» the natural behaviour of alluvial rivers?




Summary

= Summary for the River Sava in Croatia

1.

River bed degradation is continuous and very serious
Issue for the general water management on the River
Sava.

Study of the sediment production on the tributaries
(1969) of the Sava River is out dated.

No study on the sediment transport on the tributaries.

No monitoring on the sediment transport on the
tributaries (exept one on R.Kupa and one on
R.Krapina)

Limited data on the suspended load transport.
Very limited data on the bed load transport.
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Dijana Oskorus, dipl.ing.geot.
Meteorological and Hydrological Service of Republic Croatia

SEDIMENT MONITORING




2.1 Introduction

Basic parameters of the river load regime researched at the Hydrological and Meteorological

Service are:
- Daily suspended load concentration [g/m?]
= Daily load transportation rate through the river cross-section [t/day]
= Grain size distribution of the river load (suspended and bed load)
- Periodical measurements of cross-section concentrations and transportation

rates of suspended load

= This means gathering information on daily, monthly and annual transportation of
suspended and bed load, its correlation with water levels, discharges, and grain size
distribution of the materijal. These and other hydrological parameters have been obtained
by analysis of long-term measurements saved in a hydrological database (HIS2000)
developed at the Hydrological and Meteorological Service, Hydrology Department.

= Annual overview of daily suspended load concentration and transportation rates is
published in the Hydrological yearbooks.

= Periodical measurements of cross-section concentrations and transportation rates of
suspended load, and grain size distribution of material are published in studies prepared
for individual clients.
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SSM Network - Croatia

SLOVENIA

ITALY

Hydrological station -
suspended load active sampling site

o) 25 50 100 150,
M e | Kilometers

Hydrological

Watercourse I ::::ia;e:T Suspended load (min/max) [ g/m3] |Susp. load transport {min/max) [t/day]

3054 [KRAPINA Kuplienovo 1980  [0,040 (23.10.1995.) ; 2521 (12.6.1992) [0,007 (23.10.1995.) ; 13082 (4.7.1989.)
3087 [SAVA Podsused 1979 |0,010 (13.12.2011.) ; 2894 (19.9.2007.) |0,07 (13.12.2011.) ; 418460 (19.9.2007.)
3096 | SAVA Rugvica 1978 0,130 (22.12.2006.) ; 1863 (17.12.2011.)|1,83 (24.12.2001.) ; 65838 (18.9.2010.)
3219 |SAVA Jasenovac 1978 0,02 (9.1.2011.) ; 601 (18.7.1998.) 1,14 (14.3.2011.) ; 100763 (17.12.2011.)
3098 [SAVA sl Brod 1960 |0,106 (14.2.1973.) ; 747 (25.6.1964.)  |2,67 (2.10.2009.) ; 104873 (22.2.1969.)
4016 |KUPA Hrvatsko 1963 0,01 (4.7.1999.) ; 504 (25.9.1973.) 0,002 (30.8.2001.) ; 9126 (25.9.1973.)
3151 [NOVSKA Novska g. stepenica| 1980  |0,02 (6.2.2008.) ; 2634 (18.6.1981.) 0(28.10.1983.) ; 44,5 (18.6.1981.)
3171 |BUELA Badljevina 1984 |0,04 (12.12.2003.) ; 4059 (13.2.1988.) |0,001 (19.12.2003.) ; 4922 (8.5.1987.)
3185|ILOVA Munije 1979 0,01 (18.12.1998.) ; 374 (20.9.2006.) 0(27.8.2003.) ; 238 (13.5.1981.)
3188 [BIELOVATSKA |Bjelovar 1979  |0,07 (4.11.1982.) ; 1770 (10.6.1992) |0 (2.8.1983.) ; 692 (7.5.1987.)
6007 |PAZINCICA |Dubravica 1971  |0(20.8.1973.); 17355 {25.7.1072.) |0 120.8.1973.]; 4461 (3.2.2000.]
6080 | BRACANA Abrami 1985 0,02 (1.1.1998.) ; 3644 (25.5.1990.) 0(18.8.2003.) ; 279 {(21.1.1997.)
6086 |[BOTONEGA [Ispusni kanal 1986 0,09 (29.11.1986.) ; 1092 (15.12.1986.) |0 {9.10.1987.) ; 1167 (15.1.1987.)
6093 [RASA Potpican 1976  [0,01(26.12.1998.) ; 6151 (1.11.2008.) |0 (26.12.2001.) ; 3318 (3.2.2009.)

‘| 6088 [Botonega  |Dam 1988 |0,01(22.1.2002.) ; 181 (27.11.1988.)
8128 |BAKOVAC Butinski most 1988 0(14.7.1988.) ; 60,0(27.6.1995.) 0(14.7.1988.) ; 111 (21.10.1992.)
8133 [LIKA Kosinjski most 1988  [0,01(23.1.2011.) ; 35,4 (26.10.2010) |0 (22.7.1988.) ; 42,3 (11.5.1993.)
5008 |DRAVA Botovo 1967 |0,160 (10.3.1990.) ; 701 (23.8.2005.)  |2,49 (25.12.2001.) ; 66216 (23.8.2005.)
5035 |MURA Gorican 1990 0,04 (5.11.1997.) ; 1479 (25.6.2008.) 0,288 (5.11.1997.) ; 37851 (24.10.1993.)
5063 |DRAVA Terezino polje 1990  [0,03 (2.3.2011) ; 694 (28.10.1993.) 0,75 (30.12.2011.) ; 126221 (28.10.1993.)
5150 |DRAVA Donji Miholjac 1993 |0,020 (5.10.2010.) ; 891 (28.6.1981.)  |0,579 (9.2.2011.) ; 102898 (20.7.1972.)
5075 |BEDNJA Zeljeznica 1987 0,06 (9.9.2003.) ; 2503 (18.5.1991.) 0,001 (9.9.2003.) ; 4848 (18.5.1991.)
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Sava — SSM network

LEGEND

RESERVOIR
(I-VARAZDIN, II CAKOVEC, III-DUBRAVA)

BAISIN LIMITS
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RIVER
GAUGING STATIONS
RIVER DRAVA:
(1-VARAZDIN, 2-BOTOVO, 3-TEREZINO POLIJE, 4-DONJI MIHOLJAC)
RIVER MURA:

(5-GORICAN)

RIVER SAVA:

(6-PODSUSED, 7-RUGAVICA, 8-JASENOVAC, 9-STARA GRADISKA, 10-SLAVONSKI BROD)
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2.2 Sediment monitoring

River SAVA SAVA SAVA SAVA SAVA
Station Podsused | Rugvica | Jasenovac | St. Gradiska | Sl. Brod
L (rkm) 675,4 636,3 500,5 453,4 360
Established 1885 1878 1878 1817 1855
SLM 1979-2012
BLT 1967-1986 1978-2012 | 1978-2012 | 1963-1991 |1960-2012
F (km?) 12316 12730 38953 40262 50858
Q (m3/s) 300 309 751 775 978
H(m a.s.l.) 119,134 95,612 86,82 85,467 81,8




Methodology for SSC

ISO 4365:2005
Liquid flow in open channels -- Sediment
canals
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SAVA - PODSUSED ZICARA, KONCENTRACIJE (g/m3), 2010
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Profile measurements of SS (ISO 4363:2002)

ISO 4363:2002 for the measurement of cross-sectional mean suspended
sediment mass concentration and mean particle size distribution.

For routine measurements in periods of stable or slowly varied flow.

Metoda mjerenja profilskih koncentracija susp. nanosa
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Empirical relations
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Methodologx for BL




2.3 Sediment balance for SS

Srednje godiSnje koncentracije susp.nanosa
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2.4 Sediment quantity
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Transport capacity
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Grain size distribution of BL

ISO 4365:2005 -- Determination of concentration, particle size
distribution and relative density
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%

Particle size distribution of SL
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