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H yd rO I Og I Cal an aIyS I S Station Chainage | Gauge  Period LNWL HNWL
(km) zero Q H z Q H Z
(m) (M/s) (em) | (m)  (m¥s) (em)  (m)
Bezdan 142559  80.64 | 1961-1990 1150 30 80.94 | - - -
ntBased on data from 1994 to 2023 iz |10 (10 |wre |50 s [sem0
1981-2010 1180  -10 80.54 | 5280 602 86.66
TT l LeSS frequent IOW ﬂOWS4— Bogojevo 1994-2023 1344 -1 80.63 | 4920 | 548 86.12
25 — Batina 1424.60  80.45 | 1961-1990 - - - - - -
(Increase of low flows) wamw - - - - - |-
. 00 - 1981-2010 1981-2010 1180 8 80.53 | 5280 615 86.60
T[ l Decrease Of h |g h ﬂOWS B 1994-2023 1994-2023 1349 17 80.62 | 4940 551 85.96
~ Aljmas 1380.25  78.08 | 1961-1990 - - - - - -
E 15 1971-2000 - - - - - -
§ 1981-2010 1435 10 78.18 | 5850 610 84.18
% 10 1994-2023 1707 50 78.58 | 5395 571 83.79
i Bogojevo  1367.25 | 77.46 | 1961-1990 1530 80 7826 | - - -
1971-2000 1480 84 78.30 | 5720 593 83.39
> 1981-2010 1435 11 77.57 | 5850 596 83.42
1994-2023 1707 27 77.73 | 5395 555 83.01
0 Dalj 1353.70 7520 | 1961-1990 | - - - - - -
0 1000 2000 3000 4000 5000 6000 7000 1971-2000 - - - - - -
Duration Probability of exceedance Discharge (m3/s) 1981-2010 1435 189 77.09 | 5850 754 82.74
(CED) 98% 95% 1994-2023 1768 223 77.43 | 5395 703 82.23
Low flows at Bezdan (m?/s) Vukovar  1333.40  76.19 | 1961-1990 | - - - - - -
1 728 762 816 869 938 1971-2000 - - - - - -
7 751 785 841 894 965 1981-2010 1435 17 76.36 5850 544 81.63
10 760 795 851 905 977 1994-2023 1769 49 76.68 5395 495 81.14
20 789 825 884 941 1017 Ilok / Ilok | 1298.70 73.97 1961-1990 - - - - - -
30 814 853 915 975 1055 most 1971-2000 - - - - - -
Low flows at Bogojevo (m3/s) 1981-2010 1435 47 74.44 5850 577 79.74
1 965 1014 1090 1162 1254 1994-2023 1778 71 74.68 5449 518 79.15
7 1003 1050 1126 1196 1287 Batka 1298.56  73.97 | 1961-1990 - - - - - -
10 1016 1063 1138 1209 1300 Palanka 19712000 | - - - - - -
20 1041 1092 1172 1247 1345 1981-2010 1435 47 74.44 | 5850 578 79.75
30 1080 1133 1216 1294 1395 1994-2023 1778 90 74.87 | 5449 526 79.23
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Prioritization of the critical sectors
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Chainage Quantity of sediment within the fairway of 2.5m depth &
(fromkmtokm) \yidth 100m  Width 120m  Width 150m  Width 200m
1 | Bezdan 1,429.0 - 1,425.0 0 0 0 4,745
2 | Siga Kazuk 1,424.2 - 1,414.4 0 0 0 1,106
3 | Apatin 1,408.2 — 1,400.0 7,035 14,635 26,821 54,311
4 | Civutski Rukavac 1,397.2 - 1,389.0 343 1,494 8,164 52,977
5 | Drava Confluence 1,388.8 — 1,382.0 0 441 4,221 22,013 Prioritized critical sectors> rl-, O Utp ut 2.2
7 | Staklar 1,376.8 - 1,373.4 733 1,571 3,823 14,781 , — — -
X Chainage Quantity of sediment within the fairway of 2.5m depth &
9 | Bogojevo 1,366.2 - 1,361.4 0 0 0 330 om 0 s o)
_ Width 100m  Width 120m  Width 150m  Width 200m
10| Dalj 1,357.0 - 1,352.0 0 0 0 3 3 Apati 1,408.2 — 1,400.0 7,035 14,635 26,821 54,311
11 | Borovo 1 1,348.6 — 1,343.6 0 415 5,431 26,555 f’a n - e ! ! ! !
7 Borovo 2 1,340.6 — 1,338.0 0 346 6,863 40,353 4 Civutski Rukavac 1,397.2 - 1,389.0 343 1,494 8,164 52,977
14 | sotin 1,324.0 - 1,320.0 0 0 85 5 Dr_ava Confluence 1,388.8 — 1,382.0 0 441 4,221 22,013
15 | Opatovac 1,315.4 - 1,314.6 0 0 37 6 | Aljmas 1,381.4 - 1,378.2 0 0 0 0
16 | Mohovo 1311.4—1,307.6 93 177 368 248 7 Staklar 1,376.8 - 1,373.4 733 1,571 3,823 14,781
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MCAC Multi Criteria Analysis
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Indicators

Code Criteria Acceptable Weighting
Score coefficient
Maximal DC Quantitative - Water depth ratio (width of 200 m used
N: dati as reference value), Width ratio (water depth of 2.5 m 1.5-2 0.30
recommendations used as reference value), Curve radius ratio
- Quantitative - Velocity ratio )
N2 Maneuverability Oualitative - Hindrance 0.25-2 0.05
N3 Safety Qualitative - Visibility of the structures 0.25-1 0.05
Code  Criteria Indicators Acceptable Weighting
Score coefficient
Quantitative - Riverbed volume ratio, SHDi ratio,
Length of low flow channels ratio, Bankfull
B Hydro-morphology discharge water level difference, Near bank 0.25-2 0.15
velocity ratio, bank erosion length ratio
E; g;mirgrl]ness of Quantitative - Number of structures difference 0.25-2 0.05
Sediment and Quantitative - Dredging volume
Es . Qualitative - Effects on physical, chemical and 0.25-2 0.05
water quality T -
biological parameters of water quality
E4 Bird population Qualitative - Aspects of nesting and wintering 1-2 0.05
) - Qualitative - Aspects of spawning, migration, }
Es Fish population growing and living 1-2 0.05
Ee Flora Qualitative - Creation of new areas for distribution 1-2 0.05

Code

Criteria

Climate change

Indicators

Qualitative - Aspects of exposure, sensitivity and

Acceptable
Score

Weighting
coefficient

C vulnerability resilience 0.25-2 0.05
Code  Criteria Indicators Acceptable Weighting
Score coefficient

F, | Technical aspects ngfl?stmatwe - Response time and execution of 0.25-1 0.05

E Financial aspects Quantitative - Investment and maintenance 0.25 - 2 0.10

costs/avoided users costs as benefit

Total score = N10.30 . NZO'OS . N:?'OS . E{).lO . Eg.OS . Eg.OS . Eg.OS . EE(,).OS . Eg.OS . F{)'OS . F20.15 . CO'OS

and do not necessarily reflect the opinion of the European Union
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Scenarios definition

S1- Do nothing

S2¢ Structural and revitalization measures
(2 chevrons, 2 sills and opening of 2 side arms)

S3- Fairway realignment
S4c¢ Structural measures
(2 chevrons, 6 sills and 1 detachedrdyne)

& Output 4.2:
Bottlenecks Variants Defined

Sector

Scenario p= -
Apatin Civutski rukavac| Drava Confluence Aljmas | Staklar
Scenario 1 (51)
- Do nothing- confluence
Scenario 2 (52) 2 Chevrons, . Sidearm
o ] Sidearm channel
- Structural and revitalization measures - 2 sills channel
Scenario 3 (53)
- Fairway realignment-
Scenario 4 (54) 2 Chevrons, ) ) r hidrozavod did
) 1 GFD‘BI'FIE 2 5'"5 2 5'"5 AD za studije,istraZivanja,projektovanje i inZenjering NOV| SAD
- Only structural measures- 2 sills
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2D Simulations
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mtDominant discharged,)
1t Velocity distribution
Tt Riverbed alterations

time steps

Riverbed alterationg

delta Z [m]
Bl <=-0.50
-0.50 - -0.25
| -0.25 - 0.00
71 0.00 - 0.25
B 0.25 - 0.50
Bl > 050
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Criteria Indicators Acceptable Weighting

Score coefficient
l " Maximal DC Quantitative - Water depth ratio (width of 200 m used
N aV| g atl O n N1 recommendations as reference value), Width ratio (water depth of 2.5 m 1.5-2 0.30

used as reference value), Curve radius ratio

Quantitative - Velocity ratio
Qualitative - Hindrance 0.25-2 0.05

1t3 criteria and 6 indicators N; | Safety Qualitative - Visibility of the structures 0.25- 1 0.05

N Maneuverability

: K NPN - LNL ENR L—/

Fairway
=== Axis
—— Left fairway limit
—— Right fairway limit r ; s
Cross sections for 3 4 X x
longitudal averaging
Depths for Q94%

Scenario 1 % 5 :
- kg Minimal depths along Fairway - Apatin sector (S1 vs S4)
o 5
___st .
: ——> /A
- /1
— P~y ,.‘ .I £
rd 1
4 L 4 . ]i ,’ I| l:
— ; '. A / 1A
g’ : : Il A ;'I1 - l’ Ilr 'r l: ‘l
£ WA VAR
N N R oA L
l' f‘!’ ' :: : :' (O
S R IR T if VA
1 4 et 1| v 1
| 1 et \ H
i ’l phe |‘II \
1 \/ NN \
V. ot N
- HEN |
ot 1
it '
0 ' . .
0 10 20 30 40 50 60 70 80 80 Foto: © viadonau/Zinner

Cross section No

Republic of Serbia . . A ~
Miristy of Consucton, Transport The contents of this publication are the sole responsibility of the author hld"ﬂzavad d'd
and Infrastructure and do not necessarily reflect the opinion of the European Union

- Co-financed by the Connecting Europe 5-?

Facility of the European Union European

Investment Bank AD za studije,istraZivanja,projektovanje i inZenjering NOV| SAD




Navigation- Scores

3.1.2.1 SCORES FOR APATIN SECTOR
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& Output 4.3:
Technical report orD modeling and

Sce-
nario
i - - - Application of the MCA
Subcriteria p p
ratio = 1.06
— tio=1.05 . T =
ref. value: H = r?Em: 312 ratio =1.09 o m:)3'16 .
Water depth 2.98m m) (H=3.25 larger ave ragl n g
m) avoided
for Sect S for S
ong TtScores for Sectorg > cores 10r oscen
ref. value: B = ratio = 1.00 ratio = 1.01 ratio = 1.00
Width 192.8 m (B=193.0 (B=1944 (B =193.1
m) m) m)
ratio = 0.90 Table 2. Overall Scores for Navigation group of criteria
= ratio = 1.00 (R =6419 ratio = 1.00 Scenario
Curve radius ref. vale: R = (R=7718 m >> rec- (R=7718
m m) ommended m) S1 S2 S3 sS4
value)
N1 - Maximal B-I { 9 / ¢ h Criteria
DC Recom- 1.0 1.5 1.5 2.0 :
mendations ajole il e BIRLs 1.000 1.084 1.246 1.644
| ommendations
Velocity — ratio= 1.02 ratio = 1.00 ratio = 1.02
ref. value: Vax = (Ve =1.25 (Vo 1.23 = (Vo =
‘max — - max - = max = o
1.23 mfis ms) mis) 1.25 mis) N2 - Maneuverability 1.000 0.871 0.758 0.660
Hindrance X _ proj. state: ref. state: proj. state:
ref.state: No sud Vodorate No sudden Moderate N - Safety 1.000 1.176 1.500 1.000
flow att%m changes in change in changes in
P flow pattern flow pattern flow pattern Total score
e R 1.000 1.026 1.075 1.137
2= Manet- 1.0 0.5 1.0 0.5 ( ' ' )
verability
Visibility of proj. state: New mark- proj. state:
the struc- There are ing works There are
tures no addi- will reduce no addi-
tional struc- "existing" tional struc-
tures that risk of acci- tures that
ref. state could signif- dents could signif-
icantly in- icantly in-
crease the crease the
risk of acci- risk of acci-
dents. dents. ntents of this publication are the sole responsibility of the author hil:lr'l:lzavad did
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Location 2 x YR¢®ORY UL

a

200 m width-> boundary of the fairway?

There are three problematic locations in thé\patin sector from the
aspect of the width of the fairway. In the first two, the radius of
curvature can be changed, while in the third it is impossible.

At location 1 the radius was 4450m now it is 2600m
At location 2 the radius was 9010m now it is 9150m
No movement was possible at location 3

}
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Sector

o 5

Scenario =
Apatin Civutski rukavac| Drava Confluence Aljmas | Staklar
Scenario 1 (51)
. . . - Do nothing-
Scenario 2 (52) 2 Chevrons, i Sidearm
I n r r VI I n o ) Sidearm channel
- Structural and revitalization measures - 2 sills channel
Scenario 3 (53)
- Fairway realignment-
~ S io 4 (sS4 2Ch ,
/ 2 O f d Za A 2 a cenario 4(54) evrons 1 Groyne 2 sills 2sills
- Only structural measures- 2 sills
m ¢KS o0Sad AYLJNEQSYSYU TZ2NI AYONS I & =
7 1 A o A . — w > s1 s2 S3 sS4
g A UK 2 dzi NJSRdZOA)/EI uKS NI:]dR/lB\ dza 2 ¥ (
a I y- S K S c‘ Subcriteria
A 9w o ratio = 1.06
— ratio = 1.05 . H=
S O t I ref. value: H = (H =312 ratio = 1.09 (H mi)i.16
b , é Water depth 2.98m m) (H=325 larger
ﬂ ~ m) avoided
dredging
ref. value: B = ratio =1.00 ratio=1.01 ratio = 1.00
Width 192.8 m (B=193.0 (B=1944 (B =193.1
m) m) m)
ratio = 0.90
= ratio = 1.00 (R=6419 ratio = 1.00
Curve radius ref'.’.‘f,a‘:lée‘ R= (R=7718 m >> rec- (R=7718
m m) ommended m)
value)
N1 - Maximal
DC Recom- 1.0 1.5 1.5 2.0
mendations
Velocity rof. value: T = ratio = 1.02 ratio = 1.00 ratio = 1.02
SEFR 123mie (Vnax = 1.25 (Vinax 1.23 = (Vnax =
SCENARIO 2(4) vs SCENARIO 1 S L5 m/s) m/s) 1.25 m/s)
— Structures Sy L : )
Survey Cross-sections Hindrance . _ proj. state: ref. state: proj. state:
) f’:: Eﬁ;‘q) VERLENARIO L lines re; esr:a:s;a? oesi:d Moderate No sudden Moderate
- - Fairway boundary R - - Fairway boundary L
- - Fairway boundary L Rezultati No-M
AV [m/s] AZb [m] 2 - Vlaneu-
B <- 015 B <= -0.30 verability 1.0 0.5 1.0 0.5
[ -0.15 - -0.05 [ -0.30 - -0.05
—1-0.05-0.05 -0.05-0.05 Visibility of proj. state: New mark- proj. state:
£7005-015 (B 0.05- 0.30 the struc- There are ing works There are
B >o0.15 . >030 tures no addi- will reduce no addi-
tional struc- "existing” tional struc-
tures that risk of acci- tures that
ref. state could signif- dents could signif-
icantly in- icantly in-
P crease the crease the
i — . . risk of acci- risk of acci-
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Lot 1:Hydraulic and morphological modelling of the SRERO common stretch of the Danube Rive

Sector2 A @ daikavack presentation of technical solutions

AANAAANANANANS  AANAAANAAANNAANAN

Sector Clvutsku rukavac Groynes (Traditional vs Detached):

A Influence flow patterns
A Sediment deposition between the structure s

A Reduced environmental impacts (detached vs traditional
groynes)
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2 A O daikdvicd Scenario 4 (Sub)Variants

Tt 4 groyne types considered
1t Detached T groyne adopted
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Upstreamfaceslope 1:2
Downstreamfaceslope 1:3

_ low navigationWater level +1m.
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Scenario S3Fairway realignment
Sector2 A @ daikavich

Sector: R2e upika‘t/aéz Location 1

Location 4

There are five problematic locations in thesector; R 2 2 RypkavaBfrom the aspect of the width of the
fairrway. In none of them is it possible to change the radius of curvature and obtain an improvement in
terms of navigation.An example of location 1 is given but everywhere the problem is the same
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I Conclusions

- Moderate improvement of navigability in the area near the structure in
Scenario 4N1)

- The other indicators were not changed in any of the scenarios

ocities (Differences)

Bed alterations (Differences)

- g

SCENARIO 4 vs SCENARIO 1
§ — Structures
Survey Cross-sections

8| SCENARIO 4 vs SCENARIO 1
§ — Structures \ 4
3 Survey Cross-sections A N lines

B - - - Fairway boundary R o N - - - Fairway boundary R

- - - Fairway boundary L 2L 3 \ - - - Fairway boundary L
AV [m/s] o o g \ AZb [m]

Bl <=-0.15 - Bl <=-0.30

[ -0.15 - -0.05 [ -0.30 - -0.05
-0.05 - 0.05 9% [ 1-0.05-0.05

[ 0.05-0.15 [ 0.05-0.30

Bl >0.15 B >0.30
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; Sector
Scenario =
Apatin Civutski rukavac| Drava Confluence Aljmas | Staklar
Scenario 1 (51) )
- Do nothing-
Scenario 2 (52) 2 Chevrons, . Sidearm
o . Sidearm channel
- Structural and revitalization measures - 2 sills channel
Scenario 3 (53)
- Fairway realignment- )
Scenario 4 (S4) zche\_{rons, 1 Groyne 2 sills 2sills
- Only structural measures- 2 sills
3.1.2.2 SCORES FOR CIVUTSKI RUKAVAC SECTOR
Sce-
nario
s1 S2 S3 S4
Subcriteria
Water depth ¢ valug: T = ratio = 1.00 ratio = 1.00 ratio = 1.01
ot e f= (H =3.06 (7 =3.05 (7 =3.08
oem m) m) m)
Width ref. value: B = ratio = 1.00 "iﬁ‘i =1.00 ratio = 1.00
190.5m (B = 190.5 (B 'n;)go"r’ (B=1905
m) m)
Curve radius ratio = 1.00 ratio = 1.00 ratio = 1.00
(R = ref. (R = ref. (R=ref.
ref. valus value) value) value)
N1 - Maximal
DC Recom- 1.0 1.0 1.0 1.5
mendations
Velocity ref. value: T = ratio = 1.01 ratio = 1.00 ratio = 1.01
’ 1.41 m;:u (Vm =1.42 (Vm =1.41 (mec =
m/s) m/s) 1.42 m/s)
Hindrance . _ proj. state: proj. state: proj. state:
re;. esrfactﬁ.:ar:l Oesit:d No sudden No sudden No sudden
flow att%m change in change in change in
P flow pattern flow pattern flow pattern
N2 - Maneu-
verability 1.0 1.0 1.0 1.0
Visibility of There are New mark-
the struc- no addi- ing works
tures tional struc- will reduce i
tures that risk of acci- .Negllglblg
ref. state ) increase in
could in- dents collision risk
crease the
risk of acci-
dents.
N3 - Safety 1.0 1.0 1.5 1.0
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Sector Drava confluence; presentation of technical solutions

Scenario 2
Sector Drava Confluence

Scenario 4
Sector Drava Confluence
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Existing objects

Bottom sill:

A Reduce riverbed erosion and
redistribute water volumes
across a selected area of the river

Sidearm channel :

A reduces sediment transport downstream
(Navigation) + flow reactivation (Ecology)
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Sector Drava confluence

Scenario

sidearm channe

FBotomWidth:™ 60m
['SideSlope:™ faceslope 1:3
[Long Siope: ™ 0.002

Considered swvariants

Bottom widths (channel): 15, 30, 45 and 60 m
Number of sills: 2 and 3

Height of sills: 2.5, 5and 7m
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“CrownWidth: ~ 3m

_ Upstreamfaceslope 1:1.5
Downstreamfaceslope 1:3

Max.Height ~ ~7m

2 sills

Scenario 4
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