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1 Introduction

11l ntroduction efr atvlae (ALIFEEA 30OINRAT/ HL
project

As river regulationsvere conduted alongthe River Drava in the 2Dcentury numerous river
bends(meanders) were cut off from the main riverbed. Nowadays some of these mseande
function as sidarms and hafreshwater supply from the River Drava only in case of high
flood waers Other cutoffs became oxbows with no direct hydraulic connection to the river.
The longest oxbow is the Oldrava located on the left bank on the north of Barcs.

With the AL | F EDrOd wda 0 the pringipalcaim of the competent Croatian and
Hungarian authorities together with non-governmental organizations is to prevenand
mitigate the further degradation of the natural values along the BarcsOld-Drava.

In order to the effective nature prevention the main objective of the project, ledeby th
DanubeDrava National Park Directorate (DDNPD), is tegerve the aquatic and riverine
habitatswith improvements of the water househotéhd increasing the biodiversity of the
riverside forest belts.

To improve the water balance of the @davathe developmentof the water supply,and
reduction of the ecological risks of tipgolongedlow-water periods can be solved by the
installation of gproper water retention structure.

As the averagwater levelof the oxbow follows the trend of the water legbbnges of River
Drava, due to the progressive sinking of the Drava riverbed both the grountkvateand

the BarcsiOld-Dravawater leveldecreased in the last decade. According to the preliminary
conceptone or two weirs(or other suitable structugeshould be installetb increasewater
levels of the oxbow in the low water period

Currently, the primary source of water supply of the Ba@ddiDrava is the River

B a b - -Rimya, ihowever in dry periods the water discharge into the oxbow is limitedcoDue
the continuous riverbed sinking, the River Drava can only flush the oxbow on the occasion of
floods and very high watéevels, however it is a rather rare event. Therefore the River Drava
is currently not able to assure significant weatepply for tle oxbow.

Since neit heRinyatnbrethe Bwa-canspoe continuous and adequate
volumesof water supply, the occurrence of low precipitation periods can result significant
ecological problems risking the aquatic habitat aekhted species.In order to meet the
satisfactory ecological water requirements, beyond the water retethiomroject also
examines the possibility of new watercanal connecting the River Drava and the upper
section of the BarcsiOld-Drava.

Through the regulated watsgtention and the improved wataupply,t he oxbowédés ave
water level can rise by (5-1.0 meters which can mitigat¢he risks of the extreme low water
periods.The permanently elevated water level is expected to have a positive impact on both

the riverside highpriority habitats and the aquatic habitats.
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The ensured adequate growaderregime will enhancéhe regeneration of the tae gallery
forests species (witlspecial regarsl to the following speciesPopulus nigraPopulus
alba, Salix albg andthe suppressioaf invasivespecies. The highevater levelalsoprovides
favorable living conditions for numerous Natura2000 fish spec{@hodeus serriceus
amarus Cobitis taeniaMisgurnus fossilis

1.2 Tasks to accomplish

Regarding the planned water mgien structureof the Ai L 1-BIE Dr avao ther oj ect
Inno-Water Ltd was entrusted by the DDNPD with toenpletion of thdollowing tasks:

T AField surveys and consultation with the
location and implementation method ofthe planned structures before and during
the planning period. Concept plan prepar a
T ATransl ation and possible modification o
the Croatian partner, in order to meet the prescriptions ofthe Hungarian
regul ations on the water |icensing proced
1 " Preparation of construction cost estimatef the planned structures”

The objective of the InnéVater Ltd. was to prepare tlowncepual plan of the required
interventions in order to improvehe ecological state of the project area. It was one of the
main goals to provide basic information for the Croatian partner carrying out the planning,
which can be taken into consideration during the decision making and planning.

Therefore the present sty contains the technical information of the concept plan translated
to English as an extract of the comlete Hungarian cocept plan.

The studiescarried out during the preparatioh concept design can be prioritizatbund the
following key questions:
1 Whatwater levelshould be set (and maintained) on the Ba@lsiDrava in order to
reach the desiregpositiveecologicalimpacts?
1 What kind of watesupply can be used for theater levelraise?
1 Which possiblealternatives can be considered fine permanentncreaseof the
oxbowwater leveP
1 On which locatiorof the oxbow should the structure be installed?
1 What is the required minimal height of the structure capable to hold the phaated
level?
1 What impactsan the proposed interventions havetmwate quality ofthe oxbow?
What impactsanthe proposednterventions have on tl@nditions of the riverbeéd
1 What impactscan the proposedinterventions have on the water balance of the
surrounding area?

=a

All these questionare answered in detaih the referring chapters of the study.
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1.3 Methodology

The following seabn contains a brief summary @he methodologies used for the essential
phases of thetudy, addressing the key focus points ofitlagvidual workng phases

In the first phase of the work all the data and information was collectedfrom the

Croatian and Hungarian partners, as well as from publicly available solileesthebasic

information about the project area was at our disposal for the concept plan development.
Besides, thdligital terrain model of the area and thelECT RAS model built from the

Dr av a, -Biayh Barcsi@ld-Drava river sections by the Croatian Hidroing Ltd. for the

| PA project ARevitalization and infrastruct
were also provided for further wofKidroing, 2008].

In addition the Danub®rava National Park Directorate (DDNPD) and the South
Transdanubian Water Directorate (STWD) provided tHgdrographic Atlas of the
River Drava complied in 2005 and theydrographic data of the rivers involved

About thewater quality of the rivers the documents of thBational Water Management
Plan (OVGT) and the attached studipsww.vizeink.hu] and the surface water database of
the  National Environment Protection Information System (OKIR)
[http://web.okir.hu/hu/feviszprovided information.

Following the jointon-site visitatthe project area, consultations were held with the experts of
the National Park and they presented recommendations about the required water levels to
achieve the targeted ecological conditions. According to the recommendation of the DDNPI
experts,the ideal water level for the BarcstOld-Drava is 50 cm (102.72 maB)herefore

we set a target water level of 102.75 maB.

Within _the second phase of the preparatio of the study, the careful assessmenand

verification of the technical data was carried out, with special regard to the riverbed

geometry of the oxbow built up in the HEGRAS model.For this, in May 201%he experts

of the Inno-Water Ltd. performedontrol measurements forwater depth along the Barcsi

Old-Drava section on the soumdf r om t he di scharge p-Rnyat, w h
flows into the oxbow.

For the crossverification of the digital terrain model the data of the Hydrographic Atla$
the Drava was used. According to the check inspections the congruence of the data used in the
models could be accepted.

In_the third phase of the preparationthe following examinations were carried outon the
basis of the previously verified and acceptiata.

Evaluation of the relevant river courses in terms of the water supply of the ddeBirava

According to the preliminary investigations three watercourses were investigated as potential
water supply of the Barc®dld-Drava: the River Drava, theiRv e r  BRirya and the
Bab --MalomiCr ok .
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In the initial phase of the examinations Mal@r ok was excluded fronm
alternatives owing tds fluctuating water dischargasd its intermitterftemporarynature.

The possibility of using th&®iver Drava as a water supply arose in the study prepared by
Hidroing Ltd in 2008 as wel[Hidroing, 2008]. According to the Drava water level data
measured at the Bargauge, and the slope of the riverbed collected from the Hydrographic
Atlas of the Dravathe characteristic Drava water level to the wateiinlet point
recommended in the 200&tudy was calculated These defined values were compared with
the planned 102.78haB water levelof the BarcsiOld-Drava, andthe possible hydraulic
connection between the two watevays was examined

Since t he Rinyaasrthe Biadnt-watsupply of the oxbowin the assessmeat
the alternatives speciakemphasis was gen tothe examination of thigvatercourseOn the
basis of the terrain modéhe area and volume of the open water surface for different
water levels of the oxbow were definedApplying this calculation and the water load data of
t he BaRnyadrecadie d at tBeadnnectisrabetween the stored water volume
and the level of recharggconsidering the evaporation as well) was defined in ordesdess

t he suitabi | iRinya asoafwatér bupply Boaificreasadavater levels.

The effects ahewater levelelevation on the water quality

Since in case of persistently elevated water levels the residence time can be significantly
increased as welthe possible changes in the water quality were also examindebr this

purposethe general water chemistry parameters measufdchay y at 8d ®s Bab: cs a
theBab:-csa Rinya wer e talpalltantadadsdvere assegsOnttliee p ot e
basis oft he wat er di s ¢ h&kinygand dhe stdred evateB wlimes théa |
Old-Drava for different water levels and Rinya water dischatigesharacteristic residence

time of the oxbow was determinedFrom the water quality data and the calculated residence

time conclusions were drawn on the potentiat hanges i n ettloghicator b o wo s
tendency.

The effects of theater levelkelevation on the environment of the Midava:

There isa basic relationsip (balance) between the voluroé water in the oxbow and the
level of the surrounding groumater. Therefore, in case of thengterm increase of the
BarcstOld-Drava water leves$, the groundater levelin the surrounding areas will rise as
well. The effects of the elevated growater level also should be taken into further
consideration, and it has to be examined whetheillicauseinundation in any protected or
agricultural areas. To predict this possibility we used the data of the digital terrain Awmdel.
the section of the terrain model and the plane of the different water levels of the oxbow the
areas which might get fooded (as the water level permanently rises to the given leyel

were determined.

Alternatives for the location and size of thater levelelevation structures:

To achieve thalefinedgoal, to permanently ensure the 102ni&B Old-Dravawater level
techicalintervention is requiredAccording to the discussions with the DDNPD experts, the
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water retention should be preferably realizeith passive objectsmaintenancdree regular
operation).

Therefore with the help of the HERAS model of the oxbowthe effect of weirs with
different size and location on the water balance of # BarcsiOld-Drava were assessed
According to the observations made during the site visit and the recommendation of the
DDNPD experts threpossiblelocations were selected duwith the HECRAS modelthe
minimal weir height capable to permanently ensure 102.75 aB water level at the gauge

was defined. In the modelteststhe changes of the flow conditions were also evaluated

with particular regard to the determinatitme changng water flow rates.These measures
have a great significance regarding the riverbed stabilization of the downstream section
(whether riverbed deepening, sinking should be expected in the downstream section because
of the increased flow rates), regarditig water quality of the oxbow (how the water slows
down on the dammed up section, and whether it becomes backke}ers well as regarding

the planned stability of the structure (what flow can develop by the of the weir).

Keeping in mind the crodsorder nature of the work carried out within the framework of the
project, attention has to be drawn to the difference between the Croatian and Hungarian
height data (due to the different skeel baselines) In the present study the altitude data is
consistetly given in Baltic Sea altitude (maB) (representing 67.47 cm lower values than the
height above the Adriatic Sea level which is used in Croatian standards).
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2 Characterization the hydraulic and water quality conditions of
the BarcstOld-Drava and thesurrounding water courses

2.1 Statistical analysis of the water regime of the concerned
watercourses

2.1.1 Statistical analysis of the water regime tife Rive r B a {Rinya slmsarved
atthepublicr oad bridge of Bab:-csa

In this chapter, we analyze the hydrolaiconditions othe RiverB a b - -Risya based on
the water | evel and runoff data measured on

The Ri v e rRingashundershe icare of the Soditansdanubian Water Directorate

(STWD). There are two gauges along the stream,aohe Nagyat 8d (26.58 r i
ot her at Bab-csa (5.312 river km). The gaug
Drava section, therefore weave considerethe water level data measured héralfle2.1.).

River-gauge data

Name of watercour® RiverBab - cs ai
Cross section [rkm] 5.312
Name of gauge Bab-csai Ri
Zero point of the gauge [maB] 1075
LWL (Lowest water level) | [cm] -30
HWL (Highest water level)| [cm] 300
l. alert level [cm] -
II. alert level [cm] -
[1l. alert level [cm] -
Regional Directorate STWD( P®c s
Table21l.-The water | evel data measured on the

Below, we present the water level and discharge data registered between 1995 and 2015 at the
measuring station |l ocated under the road bri

Figure 2.1. shows thewater levelsmeasured between 1969 and 2@k5a function ofthe
contemporaneougl measured or calculatedlater discharge data. A correlation can be
observed between data pairs (higher water levels occur at higher discharges), which can be
approached with linear sections of different slope. In the case of very high flows, smaller
growth in water level belongs to a given growth in discharge, the approximate straight lines
has smaller slope. Using this relationship, $1&VD generate discharge data belonging to the
frequently measured water levels by calculation, and for verificatiom fime to time, they
perform flow measurements.
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Correlation between water level and discharge of
Babdcsai-Rinya, measured at Babécsa
(1969-2015)
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Figure2.1.i Correlation between water level and dichargatef RiverB a b - -Riaya imeasured
under the road br20l8)ge of Bab-csa (196¢

Water levelso f B a-Rinya,snaasured between 1969 and 20&5sapwn inFigure 2.2.

The water level typically varies fror30 to 50 cm (the average is about 45 cm). Water levels
excessing the 100 cm am@re but during the largest floods, the water level exceeded even the
200 cm. The highest water level occurringidg the entire study period was 259 cm in April
2013.

Water level of Babdcsai-Rinya measured at Babécsa
(1969-2015)
250.00
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Figure2.2 - Water level ofhe RiveBa b - -Rsaya measured under the roa
(19692015)

The Figure 23. indicates thevat er 6s absol ute height above t
knowing the zero point of the gauge. The typical water level was between 107.3 and 108.3
maB during the measurement period. The lowest water \@redd 107.2 maB, the highest

was 110.ImaB and the average water level was 107.9 maB.
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Water level above Baltic Sea of Babdcsai-Rinya
measured at Babdcsa (1969-2015)
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Figure2.3. - Water les e | above Bal tRinga mBaswed ander tBeardad hridga of
Bab- cs &016)1 969

We plotted theavailable discharge datafor the period 1962015 as well Eigure 2.4.).
During the entire period, the typical flow varied betweenr’/s. Theaverage flow was 4.56

m®/s, the highest discharge (41.6/s) was registered in April 2013nd the lowest (0.21
m®/s) in November 1975.
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Discharge of Babocsai-Rinya measured at Babécsa
(1969-2015)
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Figure 2.4. - Discharge othe RiverB a b

--Rsalya
(19692015)

measur ed

under

the roa

Figures 2.1-2.4. show the calculated discharge permanency values (probabilities of

occurrencel}RiomfyaBalbhacedi

1969 to 2015.

on ¢t he

dat a

measur ed

To prepare the discharge permanency curve for the period of2l86D Figure 2.5.), we
have used 15027 data. On the basis of the diagram it can be stated that over the 46 year period
90% of the measured (or calculatedjater discharge valuesxceeded of 1.21 #s. 50% of
the valueswere greater than 3.13 ni/s, and in 10% of the measuremats the discharge

exceeded 9.70 Afs.
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Discharge permanency of Babécsai-Rinya measured
at Babocsa (1969-2015)

Permanency [%]

a3 T T STrTan ey
.

25 30 35 40 45
Discharge [m3/s]

Figure25.-Per manency values of discharge measured
(19692015)

Figure 2.6. shows the permanencies of water levels relative to the zero point of the gauge of
Bab-csa. Driod;, manegthant 99% of phe water level datere greater than8 cm,

50% exceeded the 25 cm, and water level above 135 cm were recorded only in 10% of the
measurements. In the period of 198915, the lowest water level30 cm) was measured in
August 1981 the highest one (259 cm) in April 2013.

Water level permanency of Babdcsai-Rinya
measured at Babdcsa (1969-2015)

Permanency [%]

0 T T T T T T T T T f‘” "”"""’ i,
-30 -10 10 30 50 70 90 110130 150 170 190 210 230 250
Water level fem]

Figure 2.6. - Permanency values of water levels measured under the road bridgeRiverBa b - ¢ s a
(19692015)

OnFigure27.wat er | evel altitude per manena@auges ar e
is situated at 107.5 maB, so to the permanency of 90%, 50% and 10% 107.42 maB, 107.75
maB and 108.85 maB valsibelong respectively.

10
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Permanency of water level above Baltic Sea of
Babdcsai-Rinya measured at Babécsa (1969-2015)

Permanency [%]
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Water level above Baltic Sea [fimaB]

Figure2.71Per manency values of wat er -Rihyanedswedandes v e

theroad bridgeo f Bab - €2818) ( 1969

From the above presented hydrologickta ofthe RiverB a b - -Risya,iwe used the
discharge data of given probabilities {8090%) for analysis of the water supply
possibilities and evaporation conditgoaf the BarcsOld-Dravaoxbow.

2.1.2 Statistical analysis of the water regime of River Drava, observed at Barcs

Below the hydrological conditions of Dravaare analysedbased orthe water leves andthe
waterflow data.

Table2.2.showst he data of the gauge | ocated at
territory of Directorate of Water Management

River-gauge data

Name of watercourse River Drava
Cross section [fkm] 1541
Name of gauge Drava Barcs
Zero point of the gauge [mBf] 98.14
LWL (Lowest water level) [cm] -164
HWL (Highest water level) | [cm] 618
I. alert level [cm] -
II. alert level [cm] -
. alert level [cm] -
Regional Directorate DDVI zZzI G (

Table2.2. - Data of gauge on the RivBrava near Barcs

Figure 2.8.-2.9. illustrate the water levels in maB, measured tbe RiverDrava It can be
stated that the measured water levels of Drava shandalwnward trend, indicating the
sinking of the riverbed. The average water level wag 26n (985 maB), the highest
measured value was 618 cm (1B84maB), the lowest measured value wa64 cm 06.6
maB).

11
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Water level of River Drava at Barcs (1970-2015)
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Figure 2.8. - Water level ofheRiver Drava measured at Barcs (198815)

Water level above the Baltic Sea of River Drava at Barcs
(1970-2015)
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Figure 2.9. - Water level above Baltic Seatbk River Drava measured at Barcs (198815)

We havemeasured dischargai@ for the period of 1968012 (Figure 2.10.). From 2013 to

2015 there are no measured flow data available, therdimere 2.11. indicates the
calculated discharge values. Taterdischarge values were usually beldy600 n¥/s. On

the diagrams of the examined period, higher water levels and discharges can be observed
during the spring and early summer floods.

12
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Figure 2.10. - Discharge otheRiver Drava, Figure 2.11. - Discharge otheRiver Drava,
measured at Barcs (1968)12) measured at Barcs (2012)15)

Relationship between water level at Barcs and discharge values of River DravaHthe Q
curve) for the period of 1968012 is shown ifrigure 2.12.

Correlation between water level and discharge
(1968-2015)
700
600 s
500 ’
400
T 300
= 200
100
0
100 |
-200
0 500 1000 1500 2000 2500 3000
Q [m'ss]

Figure2.12.7 Correlation between water level and dischargéhefRiver Drava, measured at Barcs
(19692015)

Figures2.13.-2.15. show the permanency valuetthewater regime data dghe RiverDrava
(waterdischarge and water level values of given probabilitiesdsured at Barcs during the
period of 196&8015.

On Figure 2.13. the permanency values of Dravads
discharge dataverehigher than 333 Afs, 50%weregreater than 5561%/s and 10% exceeded
1020 ni/s in the considered griod During the reference period, the minimum water flow
(100m?®/s) was measured in 197dndthe maximum (589 n¥/s) in 1975.

13
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Discharge permanency of River Drava
(1968-2015)
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Figure 2.13. - Permanency values of dischargetted River Drava, measured at Barcs
(19692015)

On Figure 2.14. the permanency values of water levels measured from the zero point of the
gauge of Barcs are shown. 90% of the measured water levels exceeddddime while 50%

of the values were above 25 cm. 10% of the water levels were higher than 164 cm. The lowest
water level during the period164 cm) was measured in November 2011, the highest value
(618 cm) in July 1972.

Water level permanency of River Drava measured
at Barcs (1968-2015)

Permanency [%]

-200 -100 0 100 200 300 400 S00 600 700

‘Water level {cm]

Figure 2.14. - Permanency values tiie River Drava water levels measured at Barcs
(19692015)

On Figure 2.15. the permanency values of watevéés converted int@bsolute altitude are
shown The zero point of the gauge of Barcs was designated at a height of 98.14 maB,
therefore the water levels related to permanecies of 90%, 50% andré@4.43 maB, 98,39

maB and 99,8 maB respectively.

14
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Permanency of water level above the Baltic Sea of
Drava, measured at Barcs (1968-2015)

Permanency [%]

96 97 98 99 100 101 102 103 104
Water level above the Baltic Sea [maB]

Figure 2.15. - Permanency values of water levels above Baltic S#ee®iver Drava, measured at
Barcs (19692015)

From the above presented Drava water regimeafdtee River Dravathe water levelalues
were used primarily for further calculations the analysis of the potential alternatives of
water supply fronthe River Drava (se€hapter2.2.).

2.2 Analysis of water levels ofthe River Drava near the connection
point

We have determined the Drava water levelsf the River Drava at the connection point

based on the data measured at the gauge of Barcs. Using the measured data and the water
levels in the Drava Atlas, the slopetbk water surface for the 168 rkm sectiontloé River

Drava was calculated, resulted approximately 15 cm/km.

Based on the obtained values, it has been found that the water levels on the Drava section near
the planned water inlet area (:689 river km) are about 210 centimeters higher than that
measured at the gauge of Barcs (154.1 river km). Therefore, thetenstec water levels for

the planned connection point was obtained by extrapolation from data series measured at
Barcs during the period of 192D15. Given the fact that thiverbedof Drava has deepened
significantly since the 1970¢igure 2.16), the water levels ofthe River Drava were
analyzed in detaibk starting from 2009.
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Figure 2.16. - Yearly Drava water level data of 10; 50 and 90% permanency, extrapolated to the
connection point (197@015)

Figure 2.17.shows the water level values extrapethto the planned water transfer point of
the River Drava for the period of 20@915.

Figure2.17. Drava water levels extrapolated to the planned connection point {2009)

For each year in the period of 2002015, we determined the number of days when it
was physically possible to recharge the Barc$€dld-Drava from the River Drava using
the calculated water level values. The results are presented @hapter4. It is important

to note that the riverbed on the examinedsection of the RiverDrava section is still
deepening by approximately 3.5 cm/year, therefore the frequency of the desired water
levels is expected to decrease in the futurBigure 2.16.).

Using the water levelalues extrapolated from the water levefgshe River Dravaecorded
between 2009 and 2015, the characteristic water level permanecies at the connection point
were determined FHigure 2.18). As for he previously described measuring points, we

16






































































































