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1. INTRODUCTION
1.1. SIGMA for Water project
The main goal of the project called SIGMA for Water (Sustainable InteGral
Management Approaches for Water Areas) sustainable development of the wetlands, to
develop a unified management approach in the different regions of the European Union,
and for the sake of all this to develop an inter-regional cooperation based on the mutual
exchange of experiences.
The history of the project can be traced back to the current Dutch and Romanian
bilateral cooperation that was created to reduce the effects of the climate change, to
increase the storage capacity of the existing water systems as well as to improve the
water quality by creating new water systems. As a consequence work has begun to
create the foundations of a collaboration and to involve further European partners
within the INTERREG IVC program. This is how the SIGMA for Water project was
created having the Dutch Province of Fryslan as its leading partner and with further
partners arriving from Scotland, Germany, Italy, Greece, Poland, Romania and Hungary
as according to Figure 1.1.1. and Table 1.1.1.

Figure 1.1.1. - Partners and countries involved in the project.
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Partner
Leading partner
2. partner
3. partner
4. partner
5. partner
6. partner
7. partner
8. partner
9. partner
10. partner
11. partner

Province of Fryslan
Municipality of Smallingerland
Merseburg Innovation and Technology Centre - MITZ
District administration of Demmin
International Resources and Recycling Institute - IRRI
Mineral and Energy Economy Research Institute of Polish
Academy of Sciences
National Administration "Romanian Waters" Buzau
Ialomita Directorate
Local Action Group Appennino Genovese
University of Debrecen
South-transdanubian Environment and Water Directorate
Prefecture of Magnesia

Country
Netherlands
Netherlands
Germany
Germany
United Kingdom
Polnad
Romania
Italy
Hungary
Hungary
Greece

Table 1.1.1. - Partners and countries involved in the project.

The SIGMA for Water project has been started in January 2010 and is expected to be
completed by March 2013 with the participation of 8 countries and 11 partners in total.
The project deals with problems of water management and habitat restoration in relation
to the lakes and floodplain areas (wetland) in various parts of Europe. The goal is to
increase the water surface (and with regards to the climate change the storage capacity)
of these water systems, and to improve the water quality thereby helping to improve the
environmental and natural conditions of the surrounding areas.
The project also aims to develop a common approach to sustainable water management
during the inter-regional cooperation, the so-called exploration of the good practices
and the finding of the best practice. In addition, to inform and involve the stakeholders
(authorities, governments, farmers, social organizations etc.) in some regions, and to
establish and maintain a mutual and continuous exchange of information and experience
between the regions (and partners).
In the SIGMA for Water project every partner participates with his own habitat
restoration project, as a result of which projects a so-called Master Plan will be
developed for each. This concept plan-level documentation includes the characterization
of the given project area, the identification of the water management problem, the
problem solving opportunities and the presentation of the best practical possibility. The
Action Plan required to realize the project, and its Funding Plan, are created based on
the Master Plan.
As a result of the project the inter-regional cooperation will strengthen, through which
certain approaches and positions can become common and they can consistently
contribute to the creation of a better environmental and natural state in line with the
requirements and ideas of the European Union.
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1.2.
1.2.1.

Revitalization project of the Cún-Szaporca oxbow system
Genesis of the Cún-Szaporca oxbow system

The Cún-Szaporca oxbow is located in the southwestern part of Hungary. The oxbow
used to be the Dráva’s river bend that developed as a result of the natural processes. At
the end of the 18th century the overdeveloped river band was transect therefore its direct
and constant relationship with the main bed was terminated (see Figure 1.2.1.1.).

Figure 1.2.1.1. - The river bed of Dráva based on the military survey conducted between 1782-1785
(left) and 1918-1869 (right).

The river regulation activity prevented the river to return into its abandoned bed, thus
the changes begun that developed the living bed, first into a side branch then into a
oxbow. Compared to the mother bed the side branch was less and less involved in the
transportation of water, thus the separation has started along with a slow silting up
process. Complete separation from the Dráva happened after the flood in 1975 when
following the rupture of the summer-dam they developed a flood control main line
along the track of summer-dam. From this point on the Szaporca Ó-Dráva bed only
joined the mother bed at the estuary, through the Kisinci floodgate.
The natural features of the 257 ha Cún-Szaporca oxbow are very favorable for nature
conservation. The oxbow is a complex ecosystem, diverse with the characteristic of
wetlands flora and fauna. As a result of it is a nature reserve since 1969, and since 1979
it is part of the internationally important waterfowls habitats the so-called Ramsar-area,
and in 1996 it became part of the Duna-Dráva National Park.
In today’s state of the Cún-Szaporca oxbow it virtually has no surface water catchment
area, and as a result of the artificial interventions and natural recharging processes its
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water supply is not assured, therefore no coherent water coverage can characterize its
bed. The oxbow system consists of several lakes that are separated from each other
(Figure 1.2.1.2.): the Kisinci lake on the south-east, the Inner-Hobogy (Hobogyi lake)
and the Outer-Hobogy (periodic) on the north-east, the Szilháti lake on the north-west,
while the Lanka lake (Yellow water) on the south-west.

Figure 1.2.1.2. - Satellite photo of the Cún-Szaporca oxbow system.

1.2.2.

Identification of problems

The Szaporca Ó-Dráva bed had became a oxbow due to the river regulations, continues
today. In the absence of water recharge the premanently and seasonally flooded areas
and wetlands gradually suppressed. The plant nutrients that get into the oxbow system
from the agricultural areas that are in the environment of the oxbow, result in the
advanced eutrophication of the water bodies. As a result the succession processes
accelerated, the water quality of the water bodies and the natural- and ecological status
of the area are showing a deteriorating trend.
The natural environment of the Cún-Szaporca oxbow – despite the intensification of the
unfavorable trends - is still rather rich in its current state. The landscape elements vary
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widely (pastures, meadows, forests, wetlands etc.). The special atmosphere of the
landscape is determined by the oxbows that can be found in large numbers that prove
the oncetime rather important role of the surface waters.
The territory is one of the most underdeveloped area of small villages in the country,
with multiple disadvantages, loaded by economic (employment), social and other
problems. General lack of capital, living resources are scarce and labor is unskilled.
However as a consequence of the economic underdevelopment the environment is
healthy and there is no industrial pollution.
1.2.3.

Defining project objectives

In order to control the unfavorable processes due to the artificial interferences it became
necessary to assess the oxbow, to examine the appropriate water supply possibilities,
then the rehabilitation of the Cún-Szaporca oxbow by providing an ecologically
sustainable and cost-effective water supply.
The SIGMA for Water project that was funded from an INTERREG IVC competition
source, provides a possibility to establish the oxbow rehabilitation, under which the
South-transdanubia Environment and Water Management Board aims to restore the
Cún-Szaporca oxbow system and to re-ensure its water supply – stressing that along the
river Dráva more than twenty oxbow waits for a solution with similar problems.
The main objectives of the Cún-Szaporca oxbow system revitalization project are the
following:
•

Protection of the ecological/natural values, restoration of wetlands;

•

Establishment of sustainable water management in the region;

•

Development of tourism and recreational possibilities;

•

Innovative approach to sustainable tourism by presenting the region’s natural
and other values (with the help of ITC tools);

•

Preparation for the challenges posed by climatic changes (water resource
management).

The project could contribute to explore the development possibilities of the
underdeveloped Dráva region (Croatian, Hungarian territories alike) and to facilitate the
sustainable, organic development.
Eco-tourism can be a high piority from a development point of view for the settlements
along the Dráva, and the popularization of the nature friendly agricultural production
methods. For if we take into consideration the capabilities and opportunities this is the
way that ensures the livelihood for the population of the villages and the development
for the regions in close harmony with nature. This foundational project helps you
exploit how to make the oxbow „alive” and utilized.
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2. PRESENTATION OF THE PLANNING AREA
2.1.

Location of the Cún-Szaporca oxbow system

The area of the project is located on the south-west part of Hungary, along the left bank
of the Croatian-Hungarian border river the Dráva, within the area bounded by the
Dráva, the main branch and one side branch of the Black-water (Fekete-víz) and the
Kisszentmártoni ditch (see Figure 2.1.1.). The closest settlements to the area Cún and
Szaporca in Baranya county hence the ”Cún-Szaporca oxbow” name.

Figure 2.1.1. - The location of the project area.

The natural and economic conditions of the environment of the Cún-Szaporca oxbow
system are detailed in the following chapters.
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2.2.
2.2.1.

Natural environment
Relief

According to the microregion cadaster (MTA, 2010) the project region is located on the
plains along the Dráva, within this on the plain area of the Dráva. The Dráva plain is a
89.5 and 110 m.a.B (above Baltic Sea level) high plain. More than 50% of the
microregion is floodplain that is surrounded by low, shifting sand covered, flood free
plain, which is divided by gently undulating plain parts.
2.2.2.

Geological conditions

The basin-base on the west side of the Dráva plain is composed of the metamorfit
formations, and the east side of the trias clastic-carbonate rocks. At the beginning and
middle of the pleistocene the microregion was the accumulation area of the
watercourses coming from the north. The structure of the Dráva ditch and the plain
along the Dráva is not unified, but rather the ensemble of smaller sub-basins and
occasionally of slightly rising surfaces. On the surface and near the surface everywhere
holocene river, mainly sludgy sediments settle. On the area of Ormánság shifting sand
settled on the pleistocene strata, which forms were destroyed by the last sedimentation
of the Dráva river area. In the late Glacial the area changed into a high flood area and
the shifting sand molds re-emerged on it.
2.2.3.

Soil conditions

The defining soil type of the microregion is the alluvial meadow soil of the Dráva floodbasin, with the mechanical composition of sandy adobe or adobe, its carbonic lime
content varies. The water management of the alluvial meadow soils is generally
favorable, it has a good sinkhole and aquifer effect, it is a good water storage. Besides
this in the area we can also find meadow chernozem, brown forest soils and slightly
humic sandy soils.
The Dráva coastal perspective water resource is registered onto the Szaporca settlement.
Based on the strata of the hydrogeological journals of the shallow monitoring wells
(K-8, K-15 – see Figure 2.2.5.3.1.), in the environment of the project area the surface
soil in around 1 m thickness covers the surface. It is typically brown, poorly calcified,
slightly clayey, very fine sandy, slightly humic soil that contains little plant residue.
2.2.4.

Climatic conditions

The microregion is moderately warm, moderately wet, but on the east its climate is
moderately dry. The number of sunny hours is between 2 000-2 500; in the summer
quarter 810-820, in the winter period 210 sunny hours are expected on average.
The mean temperature varies between 10.4-10.8 °C, the frost-free period is of 200-202
days. The average of the highest summer temperatures is around 34.0 °C for many
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years, and the lowest minimum temperature is -17 °C (the average monthly temperature

is shown by Figure 2.2.4.1.).
Figure 2.2.4.1. - A 30-year average of monthly average temperatures.

The annual amount of precipitation on the east is 660-680 mm, on the west it is around
730 mm, and the 24 hour maximum rainfall is 102 mm (the average monthly
precipitation is shown by Figure 2.2.4.2.). The number of snow covered days is around
30, and the average maximum snow thickness is 20-22 cm. The dominant wind
direction is typically the northwest, but especially in the autumn months the eastsoutheast wind is not negligible either. The average wind speed is around 2.5 m/s.

Figure 2.2.4.2. - The Drávaszabolcs hydrometeorological station’s 10-year monthly precipitation
averages.

2.2.5.
2.2.5.1.

Hydrographic features
Hydrographic features of Cún-Szaporca oxbow system

Subject to prevailing hydro-meteorological conditions, the Cún-Szaporca oxbow system
is currently separated into several distinct lakes.
The area of the Kisinci lake is at around 20 ha, comprised of approximately 4 ha of
water surface. On the cadastral map of 1995, this was still the main branch of the river
Final Master Plan
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Drava. The Inner Hobogy is a slightly arced, strongly sedimenting branch of oxbow
with a N to S layout of a length of 1,000 m and a general width of 40 to 50 m. Its area is
at around 6 ha, comprised of approximately 3 ha of water surface. The External Hobogy
is located east of the lake. This is submerged periodically. The open water surface of the
Szilháti lake located on the northern part of the area is approximately 6 ha, the area of
the Lanka lake (Sárga water) located to the southwest is approximately 4 ha. Together
with the swampland, the two lakes cover an area of approximately 30 ha.
The planning area is completely separated from outside waters by the riverbed of the
Fekete water protected by a dam on the north and the east side, while from the west, the
Kisszenmártoni ditch flows into the Drava through the Majlát-puszta sluice as a
separate water system.
The water drainage of the interior zone of Cún is provided for by an anabranch of the
Fekete water, which was actually the main branch of the Fekete water prior to flood
control. The only drainage ditch feeding into the oxbow arrives from the direction of
Cún. The catchment area of this does not exceed an area of 1 km2.
The aquiferous subsoil which constitutes the lowlands of the Drava had a significant
impact on the natural evolution of waterflow within the riverbed of the Ó-Drava,
conveying the changes in the water levels of the main branch with a delay that can be
measured in days to the riverbed of the oxbow located in an area that has since been
flood controlled.
The Cún-Szaporca oxbow only has one point where it connects to a surface
watercourse. This connection point is the Kisinci sluice located in the flood control dam
of the Drava, which, when open, makes it possible for water from the Drava to feed
directly into the oxbow whenever the Drave is flooding (that is, when the water level of
the Drava exceeds the water level within the oxbow). According to current water
management practice, the balancing of water levels is possible whenever water levels
are high, but the highest level that the oxbow is filled is an absolute height of
91.5 meters above sea level, following which the water is retained in the oxbow when
the water level of the Drava drops.
However, due to the deepening of the Drava riverbed and the weirs constructed at the
upper sections, periods of high water levels that would make it possible to feed the
oxbow are becoming increasingly less frequent and shorter in duration. The crosssection of the Kisinci sluice does not make it possible to allow enough water to flow
into the oxbow to equalize the water levels when high water levels of the Drava are of a
typically limited duration. As a result, subject to prevailing hydrological conditions, the
Drava can only contribute to replenishing the waters of the oxbow system indirectly,
through the groundwater.
2.2.5.2.

Surface waters in the environment of the oxbow system

From the 24 still waters of the landscape 18 Dráva oxbow can be characterized with a
total of 150 ha surface, moreover there are 3 natural lakes, 5 ha and 3 reservoir with a
total of 137 ha surface.
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The region’s largest river is the Dráva, and largest small watercourse is the Black-water
(Fekete-víz) and the Pécs water (Pécsi-víz).
The narrow left coastal valley-plain of the Dráva lasts from Drávagárdony until Old.
This section of the Dráva is 75 km long, which has a 37 863 km2 catchment, out of
which 1 143 km2 is in the Hungarian area.
The Dráva river having potential floods in the summer (June-July) and autumn
(October-November) alike, while the low waters occur mainly in September and
between December and February (during the break in the intense summer rainfall
activity and the winter alpine course of the spring area). The local water courses bring
plenty of water mainly in early summer, but they can flood in other periods as well. The
left coastal flood basin of the Dráva is protected from the floods by dams all the way
through. A 400 km long sewerage conducts the inland waters of the area protected by
dams.
Data of the typical water level, water output of the river at Drávaszabolcs (1980-2010)
are the following:
Lowest water level:
Highest water level:
Lowest water flow:
Medium water flow:
Highest water flow:
Qaug.80% (august, 80% water discharge frequency):

-55 cm, 86.21 m.a.B
596 cm, 92.72 m.a.B
127 m3/s
525 m3/s
2490 m3/s
380 m3/s

Figure 2.2.5.2.1. - Dráva water levels and trend line between 1980 and 2010 (Drávaszabolcs water
gauge).

The average Dráva water level does not show a trend-like change since the 1980’s to
present (see Figure 2.2.5.2.1.). The maximum water discharge occuring between 19802010 is twenty times the amount of the minimum water discharge.
On the Drávagárdony – Old section several smaller-bigger watercourse flows into the
Dráva, eg., the Korcsina-channel (38 km, 167 km2), the Sellyei-Gürü (11 km, 76 km2),
the Black-water (Fekete-víz) (76 km, 2021 km2 – only its 18 km section under
Baranyahidvég belongs to the landscape), the Gordisai-channel (7 km, 43 km2) and the
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Lanka-channel
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The Black-water (Fekete-víz) characteristics at Kémes-Cún hydrographic station’s
(1980-2010) are the following:
Lowest water level:
Highest water level:
Lowest water flow:
Medium water flow:
Highest water flow:
Qaug.80% (august, 80% water discharge frequency):

42 cm, 89.88 m.a.B
366 cm, 93.12 m.a.B
0.118 m3/s
4.502 m3/s
62 m3/s
0.640 m3/s

Three factors can form the Black-water’s (Fekete-víz) tidal waves in the Cún segment.
On the one hand the delivery starting off of the catchment to the effect of the rainfall
activity, on the other hand the occurring re-damming effect when the Dráva floods, and
the impact of Dráva on the water level of the Black-water (Fekete-víz) through the
ground-water system. On Figure 2.2.5.2.2. the Black-water’s (Fekete-víz) watercourse
can be seen, and on Figure 2.2.5.2.3. we are presenting the 2005. water levels of the
Black-water (Fekete-víz) and the Dráva.

Figure 2.2.5.2.2. - The water levels of the Black-water between 1980 and 2010 at the Kémes-Cún
bridge.
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Figure 2.2.5.2.3. - The 2005 water levels of the Black-water (Fekete-víz) and the Dráva.

The Pécsi-water feeds into the Black-water (Fekete-víz) below the Kémes-Cún bridge
of the watercourse. The Pécsi-water Kémes-Cún hydrographic station’s (1980-2010)
characteristics are the following:
Lowest water level:
Highest water level:
Lowest water output:
Medium water output:
Highest water output:
Qaug.80% (august, 80% water discharge frequency):

15 cm, 90.74 m.a.B
238 cm, 92.97 m.a.B
0.07 m3/s
2.152 m3/s
15.6 m3/s
0.780 m3/s

The above mentioned watercourses’s water quality characteristics are presented in more
detail under Chapter 3.3. Based on MSZ 12749 the water quality of the Dráva is usually
I. class (excellent). The Black-water (Fekete-víz) is II. class (good), but below the
estuary of the Pécsi-water it becomes III. class contaminated (tolerable).
2.2.5.3.

Groundwater assessment

In 2-4 m depth the groundwater can be found virtually everywhere. Chemically it is
mainly calcium-magnesium bicarbonate by nature. Its hardness is 15-25 nkº, its sulphate
content varies between 60-300 mg/l. It has a high iron and manganese content, here and
there some nitrate appears as well. On the Dráva-plain it is not always possible to
distinguish the ground-water from the layers of water of the shallower depths.
A significant part of the water resources, below the surface, are composed of the layers
of water, which are produced from the layers of sand of the sediment sequence of
Upper-Pannon (Felső-Pannon). Presently, only 10-20% is utilized from the utilizable
water resources of the Dráva-valley area below Barcs. Below a 100 m depth the artesian
wells sometimes provide above 500 l/min water output, which usefulness is often
limited by the high iron content. Beside Felsőszentmárton a warmer than 40 °C porous
thermal water was revealed.
On the entire section of the Dráva, out of the 11 perspective vulnerable water-bases the
planning area directly affects the prospective water-base on the bank of the Dráva, south
from Cún and Szaporca. In its vicinity 2 additional perspective vulnerable water-bases
are located: the Drávacsehi-Kémes and the Piskó-Vejti water-bases.
On the region there are still operating vulnerable drinking water bases, but the wells that
were filtered to the shallower depths are only used as watch wells in order to safe keep
the deeper wells.
It is typical for the quality of the waters below the surface that their iron and manganese
content exceeds the limit value that of the drinking water quality, and in many cases the
arsenic content of the waters is also higher than the permissible limit. The ammonium
concentration is also above the limit sometimes, but the nitrate, nitrite and sulphate
content stays significantly below the limit. The total hardness varies around 200 mg/l.
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Based on the specific conductivity data there is no significant agricultural, nor
municipal pollution in the environment of the Dráva bank.
The groundwater monitoring wells and the development of the groundwater levels
located in the south border of the examined area on both sides of the flood protection
embankment are shown in Figure 2.2.5.3.1. and Figure 2.2.5.3.2.

Figure 2.2.5.3.1. - Location of the K-8 and K-15 monitoring wells.
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Figure 2.2.5.3.2. - Changes in the groundwater levels in the K-8 well between 2007 and 2011.

The groundwater level measured in the wells (K-8, K-15) located next to the flood
protection embankment shows a tight relationship with the Dráva water level. The
absolute water level of the groundwater is higher than the water level of the Dráva,
which indicates that between the 2006-2011 period the groundwater on the project area
typically flows towards the Dráva. We will deal with the infiltration conditions of the
planning area in more detail in Chapter 4.8.
2.2.6.

Nature conservation values

The Cún-Szaporca oxbow system is one of the largest on the Baranya Country section
of the Dráva and it is the biggest on the area of the Danube-Dráva National Park. The
area is protected since 1969, and it is a Ramsar area since 1979. This also assumes that
the ”…convention on the wetlands of international importance, especially as the habitat
of waterfowl…” currently provides for the appropriate conservation management of the
area. With the formation of the Danube-Dráva National Park it is actually protected
since 1996, for despite their small size the wet surfaces in the oxbow are valuable
habitats that provide a shelter for several thinning animal and plant species.
Since it was declared protected the condition of the oxbow gradually deteriorated.
Beside the reduction of the permanently or temporarily flooded areas, the unregulated
fishing and hunting, the improper forestry activity forestry activity, and the uncontrolled
agriculture that ignores the aspects of conservation all contributed to the deterioration of
the area.

2.3.

Land use patterns

On the border of the Cún and Szaporca municipality, starting from the flood protection
embankment of the Dráva the oxbow located in a horseshoe shape was originally one

Final Master Plan

18

Revitalization of the Cún-Szaporca oxbow system

water surface, which presently, due to the recharging, consists of several smaller
separate lakes: Szilháti-lake, Hobogyi-lake, Kisinci-lake and the Lanka-lake. Out of
these the Szilháti-lake and the Kisinci-lake have a bigger water surface; the smaller
Hobogyi- and Lanka-lake are lined with a thick scrub, and seem less disturbed.
The immediate surrounding of the oxbow system is bordered with a natural vegetation,
a more or less narrow grove forest strip. On the north section of the Ó-bed besides these
soft woodgroves forest residue fresh scrubs occupy a larger area. The oxbow system is
the surrounding grove forest strip, furthermore the area enclosed by the Dráva and the
old bed that is part of the Danube-Dráva National Park.
The broader environment of the oxbow is surrounded by ploughland. The inner territory
enclosed by the Dráva and the old bed is also utilized as a ploughland. On the
surrounding ploughland corn, sunflower, soy and colza is grown. In recent years there
has not really been any irrigation in the area, but as a result of fertilization the oxbow is
threatened by a pollutant load of agricultural origin. On the north part of the planning
area part of the ploughland was left fallow, and it is utilized as a wild land.
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The south-east Kisinci-lake is currently used for fishing and recreational purposes. Its
utilizer is the Kémes and Vicinity Fishing Association, fishing is possible on the east
side at the established fishing stations. The other lakes of the oxbow system are

currently not utilized.
Figure 2.3.1. - Land use on the planning area in its environment.

2.4.

Economic conditions

The project area is located in the Ormánság. The Ormánság region along the Croatian
border is one of the most underdeveloped regions of the country, with 30 small
settlements where the population barely reaches the 100-500 capita settlements. The
region is severely disadvantaged, troubled by economic (employment), social and other
problems. There is a general lack of capital, the living resources are scarce and the labor
is unskilled. The standard of living is lower than the national average, however life
remained close to nature and preserved the traditional values. In terms of the
development of the settlements along the Dráva ecotourism can be of high priority, and
the dissemination of the semi-natural agricultural production methods; for taking into
consideration the capabilities and opportunities this is the way that can ensure the
livelihood to the population of the villages and the region’s harmonious development
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with nature. This foundational project would like to help exploit how to make the
oxbow
”alive”
and
utilizable.
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2.4.1.

Agriculture

The primary sector of the economy of Ormánság includes agriculture, food production,
forestry and wildlife management. The extraction of minerals is exclusively limited to
the recovery of thermal water.
In agriculture the dominance of corn and cereal grains remained. The once extensive
vineyards of the region that aged a good quality sand wine have almost disappeared.
One of the important melon production area of the country is in the Ormánság.
In the past period several traditional agricultural cooperatives went bankrupt. Mainly
pig breeding is typical of the livestock, the cattle herd strongly declined, the pastures
and hayfields that represented high natural value are declining. In recent years the
production technology of organic honey established.
The region’s significant economic branch is the wildlife management that operates
within the framework of different hunting associations. From our domestic forest stock
the Dráva plain forests represent an outstanding value that provide home for one of the
most valuable deer herds of the world.
2.4.2.

Industry

The industry in the area is represented by some micro and small enterprises primarily in
the food industry and construction, furthermore there are two chemical plants at
Sellyén. Wood processing enterprises and sawmills are built on the extensive forests.
The majority of local entrepreneurs are self-employed forced enterprises.
The agricultural product processing in the small villages is hapenning at home in
household sizes. A good example of the Ormánság ”survival economy” is the issue of
milk and milk processing – the domestic milk and dairy products are very sought after.
From 2000 on the production of herbs and spices are rising.
2.4.3.

Tourism

The lack of tourism infrastructure and trained professionals is typical at the Ormánság,
the number of accomodations is very limited. In spite of all this the number of tourists
are strongly increasing in the recent years. The relatively unspoiled natural environment
and the landscape of Dráva has become the focus of attention. The boat transport
operating on Barcs and Drávaszabolcs satisfies the tourism needs. In the recent years
the Dráva river became an increasingly popular destination for the enthusiastic camp of
water hikers.
Fishing tourism is a more and more profitable tourism sector in the region. Numerous
anglers visit the Dráva, the nearby oxbows, gravel pit lakes and bywaters.
The wildlife managers gain significant revenues from having the guests hunt.
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2.5.
2.5.1.

Potential sources of pollution
Point sources of pollution

The point sources of contamination can be essentially of industrial, municipal and
agricultural origin, some of them derive from wreck-events.
As a result of the economic backwardness we do not have to count with industrial
pollution in the region. Of the potential sources of contamination we have to mention
the livestock farms and the municipal landfills in the surrounding villages, other point
sources of contamination (waste management facilities, municipal and industrial waste
water discharges, mine, contaminated land etc.) in the immediate vicinity of the project
area can not be found. Based on the data of the Catchment Management Plan of the
Black-water’s (Fekete-víz) sub-unit, livestock farms operate on Cún (pheasant),
Szaporca (cattle) and Kémes (pheasant, sheep).
As a result of the outdated technological solutions, lack of machine capacity, and the
inadequate manure storage capacities on the livestock farms the organic manure can
become a major polluting factor. In order to mitigate the water pollution from the
agricultural sources that is related to livestock, it is necessary to apply a good
agricultural practice and properly manage and place the manure that is mandatory on the
nitrate sensitive areas – thus on the project area as well. The storage of the liquid- and
litter manure, generated on the livestock sites, with appropriate technical protection is
realized in more and more places with the use of European Union funds.
The municipal solid waste landfills that have been abandoned or the ones that operate
without any technical protection and the illegal landfills can be a significant source of
pollution. In the absence of technical protection the pollutants (simple inorganic ions
(eg. nitrate, chloride), the heavy metals (eg. chrome) and the synthetic organic
compounds (eg. carbon tetrachloride) of the industrial and domestic waste wash out
with the rainwater and pollute the surface and groundwaters. Such a landfill, without
adequate technical protection, already closed until the 15th of July 2009, can be found at
Cún, Szaporca, Tésenfa and Kémes. Their recultivation is expected to be done within
the framework of the Mecsek-Dráva Waste Management Program.
2.5.2.

Diffuse pollution

Although the diffuse load of the Dráva’s lower catchment is decreasing (because in the
region both the agricultural and the industrial production, and with that the pollutant
emissions have declined as well) a significant diffuse load reaches the river from the
upper catchment. According to the estimates half of the phosphorus load arriving into
the river, and nearly two-thirds of the nitrogen load is of diffuse origin. The majority of
this is the phosphorus and nitrogen fertilizers used in the intensive agricultural
production and the organic fertilizers that wash in from the agricultural land.
In the environment of the project area the diffuse nitrate load changes between
10-50 kgN/ha/year, and the diffuse phosphorus load changes between
0.01-0.04 kgP/ha/year that is considered moderate.
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It is considered a significant source of pollution that there is piped water supply on
every settlement of the Dráva-plain microregion, but the proportion of the households
with public sewer is only 4-5%. Developed sewer networks only exist in Drávagárdony
and Kisszentmárton, and their wastewater is received by the Barcs and Baranyahídvég
wastewater treatment plants.
The settlements located in the environment of the project area do not have a developed
sewer network, the sewage getting out of the not properly designed collection-reservoirs
and drying-beds is endangering the waters above and below the surface.
The development of the sewer network is not planned considering the present
circumstances, their uneconomic nature and the small population number. The reduction
of the diffuse pollution rate in the region is primarily expected with the management of
the point pollutions. According to the program of measures of the Catchment
Management Plan the proposed sewage disposal method on the areas where the
groundwater position is high (eg. Cún, Szaporca, Tésenfa), and on areas where the
water resources are vulnerable (eg. Kémes) is to collect the sewage in closed storages,
then transport them on carts. In other areas professional and individual wastewater
disposal can be applied.

2.6.
2.6.1.

Societal features
Settlement structure

The Dráva-plain microregion stretching along the river bears with a particular
settlement structure. The natural conditions only enabled the development of small and
tiny settlements, which means a several times higher population density than the
national average (7.4 settlement/100 km2). Only two towns reach the 1000 people
residents, the average size of settlement is 330 people. In the region the midget-villages
process has begun, in several settlements the population is under 200 people.
In the microregion there is not a single city, the nearest major towns are Siklós,
Szigetvár, Barcs and Pécs. Because of the large number and proximity of the
settlements the road network is also dense in the region. The road network’s structure is
directed towards the cities and smaller centre of attractions (Sellye, Vajszó). The
settlements’s most significant regional connections are the 6th highway in the east-west
direction on the north and the 58th road in the north-south direction on the east part.
There is a third-class road on the south part of the subregion that connects Barcs and
Siklós (# 5804), while it bisects the entire area of the subregion, therefore it means a
very important connection for the settlements. Contact between the settlements is harder
because the ratio of the dead end settlements is still very big (eg. Cún, Szaporca,
Tésenfa).
2.6.2.

Demography

In spite of a dense network of settlements the microregion is very rarely populated, the
population density is 28 person/km2. The area struggles with serious demographic
problems for it is increasingly depopulated. However as a particular contradiction the
age structure of the population is relatively youthful mainly at the Roma settlements.
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The population’s level of education is deeply below the national average. The labor
market indicators are also extremely poor, the rate of job-seekers is multiple of the
national average. Though service dominates in the occupational structure the number of
agricultral earners is higher than the average.
With high unemployment sometimes reaching 30%, low employment, struggling with
migration, closed and inaccessible blocked areas formed along the Dráva, especially in
the Ormánság.

2.7.

Stakeholders

In terms of the project’s implementation the businesses interested in exploiting the
oxbows are a direct target group, the association that has the fishery exploitation right
(Kémes and Vicinity Fishing Association), the buffer zone area land owners and the
actual land users, the hunting associations practicing the hunting rights, the
organizations managing the natural values (Danube-Dráva National Park Directorate).
The municipal governments of the settlements directly involved, its local entrepreneurs,
the water works planning to ensure the water supply and the future and current
operators of the oxbows concerned in the water supply may all be interested potential
beneficiaries.
Amongst the indirect beneficiaries we can count in the entire population of the
surrounding villages and even the wider subregions, and those potential tourists (rural-,
eco-, cyclist-, etc.), who use the services available in the future. The settlements ability
to retain population can strengthen with this.
When preparing the developments the organizations already working on the
development of the region (Sustainable Ormánság Nonprofit Ltd. - Fenntartható
Ormánság Nonprofit Közhasznú Kft.) and the associations of the subregion settlements
should be involved.
There can be others affected such as the local and regional NGOs, national NGOs,
environmental organizations, tourism businesses, fishermen, potential sports and
community development businesses, operators and owners of the regional water
systems (Sellyei Water Resources Association), the main watercourses and their
structures (water abstraction, recipient), and the operator and manager of the involved
flood control major works (DDKÖVIZIG).
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3. BASELINE SURVEYS AND INSPECTIONS
In order to lay out the revitalization measures of the Cún-Szaporca oxbow it was
necessary to conduct such surveys and tests that on the one hand map the status of the
area in detail, on the other hand establish the necessity of the development, and thirdly
identify those technical options through which the efficient water supply of the oxbow
is ensured. Within this preparatory work was the geodetic survey conducted on the
project area, the assessment of its ecological state, and the examination of the water
quality and groundwater leakage conditions.

3.1.

Geodetic survey

The aim of the geodetic survey was to map the field conditions of the oxbow and its
environment, for these parameters essentially determine the water supply possibilities of
the oxbow. Accordingly the geodetic survey of the oxbow and of the areas and ditches
allowing the water supply were done outside the vegetation period, in the winter, at the
end of 2010.
The survey was done with a GPS-based measuring system, and on the densely
overgrown locations with a telemeter station. The survey points were recorded by three
coordinates (X and Y coordinates in an EOV system, Z coordinate with Balti height),
the accuracy of the survey for all three coordinates was below 20 mm.
Under all of this the following have been surveyed:
•

The Cún-Szaporca oxbow in its entire length, total length of 7 135 m;

•

The inner branch of the Hobogyi-lake at the Cún-Szaporca oxbow (Inner-Hobogy)
in 660 m length;

•

1. ditch of the planned water supply in 3 100 m length;

•

Drainage ditch of the Cún settlement, that is the 2. ditch of the planned water supply
in 1 773 m length;

•

Track of the 1. planned intersection between the oxbow and the 1. ditch in 717 m
length;

•

The Cún sluice in the 5+710 tkm (6+473 tkm) segment on the right side of the
Black-water (Fekete-víz) that has a 90.57 m.a.B sill level;

•

The Kisinci sluice in the 23+124.4 tkm segment on the left side embankment of the
Dráva, that has a 90.15 m.a.B sill level;

•

The sluices in the lower embankment (”summer dam/nyári gát”) of the oxbow
system, where the sill level is 90.42 m.a.B in, and 90.37 m.a.B out.
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3.2.
3.2.1.

Ecological survey
Botanical state

The ”Ó-Dráva” is protected since 1969, its detailed botanical description was done in
the 1960’s and its floristic and coenological survey was done at the end of the 1990’s.
Since then due to the progressive charging processes and to the detriment of the aquatic
vegetation the marsh vegetation significantly prevailed on a larger area. The survey of
the area was repeated between 2000 and 2004 and in 2010 and in 2011 again. Since we
are talking about a project that covers several years of different vegetation periods and
different watercourse years the data presented below are not complete. However based
on the existing data the nature of the necessary interventions needed in order to
rehabilitate the oxbow system is definable.
Due to the chargings the Cún-Szaporca oxbow is divided into several distinct, smaller
lakest hat are the Kisinci-lake, the Hobogyi-lake (Outer-Hobogy, Inner-Hobogy), the
Szilháti-lake and the Lanka-lake (Yellow-water/Sárga-víz). Among these the Kisincilake and the Szilháti-lake have bigger water surfaces, the smaller Hobogy is trimmed by
shrubs and seems like an undisturbed area. The lakes are fringed by natural vegetation
and a narrow forest grove band here and there interrupted by fishing piers; but beyond
this there are ploughlands and fallow lands. In case the water level is high in the Dráva
some previously dried parts get under water again. Experience has shown that the image
and the vegetation of the oxbow may vary from one year to the next depending on the
watercourse conditions. Thanks to the protection the oxbow is less degraded and
disturbed by human activity, but the natural successional processes have accelerated and
the lakes charged. The reason for this on the one hand is the large amounts of decaying
plant generated on the area of the oxbow system, and on the other hand the decreasing
groundwater level. These two processes resulted the quick filling up experienced
recently, as a result of which the entire successional series can be observed in the area.
According to the plant geographical classification of the Cún-Szaporca Ó-Dráva bed it
belongs to the Dravense flora district. This area is part of the plain flora region
(Eupannonicum) of the Pannónia flora province (Pannonicum). It belongs to the closed
oak climatic zone, the vegetation shows a strong submountain nature. On the
surrounding hills several species appear that can not be found on the Baranya-Drávaplain. The same is true in reverse: several species can be found on the area that are
missing from the wildlife of the surrounding hills or their occurrence is very rare. Such
specie are, eg.: winter horsetail (Equisetum hiemale), wild grape (Vitis sylvesrtis),
woodbind (Lonicera caprifolium), woolly foxglove (Digitalis lanata), flower cluster
ring (Carpesium abrotanoides), compliment flower ring (Carpesium cernuum), frog lily
(Hottonia palustris), checkered lily (Fritillaria meleagris), summer snow-flake
(Leucojum aestivum), calamus (Acorus calamus). Based on the above the Dráva-plain
flora can be properly separated from the flora of the surrounding hills.
Plant species typical of the area: Lemna minor, Spirodela polyrrhiza, Salvinia natans,
Utricularia vulgaris, Hydrocharis morsus-raniae, Ceratophyllum demersum, Stratiotes
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aloides, Phragmites communis, Typha latifolia, Typha angustifolia, Salix cinerea, Salix
alba, Populus alba. Rare protected species: Carex elata, Carex pseudocyperus,
Polygonum amphibium. Protected species: Hottonia palustris, Urtica kioviensis,
Nymphaea alba, Nymphoides peltata, Salvinia natans, Trapa natans.
During the previous botanical studies they found certain species that were not found
during the recent surveys: Wolffia arrhiza, Zannichelia palustris, Equisetum fluviatile,
Juncus bulbosus, Cyperus fuscus, Chlorocyperus glomeratus. The disappearance of the
rare species of seaweed and sludge is probably the consequence of the drying and
eutrophication happening on the area.
3.2.1.1.

Kisinci-lake

Within the Cón-Szaporca oxbow system the following vegetation is specific to the
Kisinci-lake that has the biggest water depth: floating and fixed kelp plants (Lemnetum
minoris, Salvinio-Spirodeletum), extensive reed and bulrush communities
(Phragmitetum communis, Typhaetum latifoliae), willow (Calamagrostio-Salicetum
cinereae) and white willow grove (Leucojo aestivi-Salicetum albae). Typical species of
its seaweed vegetation are: the rough puddle weed (Ceratophyllum demersum), lily
(Nymphaea alba) and the stratiotes (Stratiotes aloides). There are also smaller amounts
of water chestnut (Trapa natans), frogbit (Hydrocharis morsus-ranae) and floating fern
(Salvinia natans).

Figure 3.2.1.1.1. - Coastal associations and open water surfaces of the Kisinci-lake.

According to the surveys the average weight of the wet hydrophyte from 2000 to 2001
was 3 kg/m2 on average, but in 2002 and 2004 the amount of the kelp plants was
smaller in the oxbow. It is assumed that this is due to the colonization of grass carps
into the oxbow. At the same time the fairy veil (Nymphoides peltata), and the skipy
seaweed (Najas sp.) appeared, which in our experience are not consumed by the grass
carps.
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It is a threat that instead of the relatively favorable bentonical eutrophication the algae
will be in a better position opposed to the kelp plants, thus the material traffic will shift
toward the less favorable planktonic eutrophication. The increased chlorophyll
concentration suggests that the amount of planktonic algae increased. In addition the
thinning of the macro-invertebrates that lead a metaphytic lifestyle also affect the
nutrient turnover of the oxbow.
3.2.1.2.

Hobogy-lake (Inner-Hobogy)

The water level of the Hobogy lake is always low, the previously set out water gauge
was always dry. A narrow forest belt stretches on the western shore that is in direct
contact with some agricultural areas. On the eastern shore it is bound by a more
extensive undisturbed forest area. Due to its protected nature the lake is not utilized as a
fishing water, consequently the vegetation is typically undisturbed and rich in species.
Due to the eutrophication effects of the large amounts of nutrients getting into the water
from the nearby agricultural areas through the past decades the succession processes are
in an advanced stage the charging of the lake is more rapid. The coverage of the floating
seaweed vegetation on the open water surface is diverse and rich. Small patches of
small duckweed (Lemnetum minoris) can be observed. Higher coverage of small
duckweed-seaweed (Lemno minoris-Spirodeletum) in which beyond the typical species
(Lemna minor, Spirodela polyrrhiza) the Lemna gibba appears that is considered the
sign of eutrophication. Among the associations of the Lemnetalia the aquatic-fern
association (Salvinio-Spirodeletum) is the most dominant. Below this layer the Lemna
trisulca creates a thick submerged stock. The significant dominance of the
Ceratophyllum demersum below the surface layer of the duckweed species is also an
indicator of eutrophication. Among the Hydrocharietalia associations the stratiotes
(Stratiotetum aloidis) dominates the entire lake. On the coastal water surfaces wihtin the
zone of the reeds (Phragmitetum communis) the associations of the Lemnetea are
replaced by the Potametea associations. Out of these the lily-aquatic pumpin
(Nymphaetum albo-luteae) should be mentioned that is made up of the fragments of
Nymphaea alba, Nuphar lutea, submerged the Ceratophyllum demersum and the
Lemnion and Hydrocharition associations. In addition the sporadic occurrence of the
Trapetum natantis is typical. The marsh vegetation creates a belt-like zónáció that is
more pronounced on the strongly charging concave coasts and at the ends of the lake.
The dominant stocks of the reeds are in contact with the Typha angustifolia and T.
latifolia stocks. As an accompanying species the Schoenoplectus lacustris occurs at
several places. Smaller patches of the mannagrass (Glycerietum maximae) partner with
high sedgy (Magnocaricetalia) species (eg. Carex pseudocyperus) in some places
indicating the direction of the succession. In some places the reeds, from the water
surface, are bordered by frog club (Sparganietum erecti). The zónáció of the reeds is
bordered by the high sedgy (Magnocaricetalia) associations. More common species:
Carex riparia, C. acutiformis, C. pseudocyperus, Batrachium sp. Recent surveys show
that the vegetation of the oxbow spread (mainly the stratiotes), thus the area of the water
surface reduced approximately to 1000 m2 from the 8000 m2 in 2001. At the same time
the coverage of the associations filling in the layers below the stratiotes increased. The
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value of the hydrophyte wet biomass projected onto the surface unit is 10 kg/m2 that is
more than double the 2001 value (4.5 kg/m2).
3.2.1.3.

Outer-Hobogy

The Outer-Hobogy is a periodic water space with the lowest water levels in the area.
The stratiotes spread on a large area in the Outer-Hobogy. There are only tiny, small
water surfaces left that are covered with dense mass of frograft-seaweed
(Hydrocharietum morsus-ranae). The shrub-swamp (Calamagrostio-Salicetum
cinereae) spread out, and the hardwood grove (Scillo vindobonensi-Ulmetum) in the
edge of the lake.
3.2.1.4.

Szilhát- and Lanka-lake

The area is bounded by ploughland from the east, from the west, next to the Szilhát-lake
a narrow alley, then ploughland, beside the Lanka-lake (Yellow-water/Sárga-víz) a 150200 m wide, protected undisturbed, sometimes jungle-like white poplar and hardwood
forest grove lane. Both lakes are undisturbed, there are no fishing piers. In the largest
crowd, the dominant species of the seaweed vegetation the stratiotes (Stratiotes aloides)
and the rough puddle weed (Ceratophyllum demersum) occur. At the eastern and
westernd end of the Szilhát-lake extensive reeds (Phragmitetum communis, Typhaetum
latifoliae) and willow communities (Calamagrostio-Salicetum cinereae) live. The
aquatic vegetation of the lake is very similar to the Hobogyi-lake, furthermore its
environment is also similar. The vegetation, along with the area of the heavily charged
Lanka-lake is diverse, its most typical associations are the floating seaweed (Lemnetum
minoris, Salvinio-Spirodeletum, Lemno-Hydrocharietum morsus-ranae, Stratiotetum
aloidis) and reeds associations (Rorippo-Oenanthetum aquaticae, Glycerietum
maximae, Phragmitetum communis), the marsh-scrub(Calamagrostio- Salicetum
cinereae), and grove forests (Leucojo aestivi- Salicetum albae, Senecio sarraceniciPopuletum albae, Scillo vindobonensi-Ulmetum). Protected and rare species are the
Salvinia natans, Stratiotes aloides, in the coastal forests the Athyrium filix femina,
Sanicula europaea.

Figure 3.2.1.4.1. - The heavily silted Lanka-lake.
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According to the survey conducted between 2001-2004 the open water depleted a lot,
primarily due to the mass proliferation of the stratiotes (Stratiotes aloides). The area of
the water surface decreased approximately to 300 m2 from the about 10000 m2 in 2001.
The growth of the number of individuals however accompanied the decrease of size and
quantity, therefore the value of the hydrophyte wet biomass projected onto the surface
unit is 7.7 kg/m2 that corresponds to the results of 2001. The value of the seaweed
biomass is 12 kg/m2. The progress of the natural succession – which is certainly helped
by the drying of the area – endangers the existence of the aquatic-mash communities
and their habitats, in order to maintain them water supply is recommended.
3.2.2.

Zoology

The conservation and increase of the protected animal species population at the area of
the oxbow is related to the realization of the general habitat conservation objectives and
tasks: the improvement of water supply, increasing of the natural habitats, natural forest
management, replacement of tree species, conversion of forest stock structure and the
increasing of natural areas.
3.2.2.1.

Fish

Only the Kisinci-lake is used for recreational fishing. Primarily bred carps (Cyprinus
carpio) and breams (Abramis brama) are deployed regularly in the water. At times
some illegal silver crucian (Carassius gibelio) and a small amount of grass carp
(Ctenopharyngodon idella) also get into the water. In the Szilhát-lake and the Hobogylake especially in the autumn period poaching is regular. Based on the fish fauna survey
done a few times one protected species, the meadow-loach (Misgurnus fossilis) and one
specially protected species the mud-minnow fen (Umbra krameri) have been found.
Other species also observed in the area are: hair-moss (Rutilus rutilus), the red-winged
bream (Scardinius erythrophthalmus), the asp (Aspius aspius), the ablen (Alburnus
alburnus), the tench (Tinca tinca), the crucian carp (Carassius carassius), the wels
catfish (Sirulus glanis), the black bullhead (Ameiurus melas), the northern pike (Esox
lucius), the pumpkinseed (Lepomis gibbosus) and the bass (Perca fluviatilis).
3.2.2.2.

Amphibians

On the Baranya section of the Danube-Dráva National Park 12 species can be found
from the ones that live and breed in Hungary. The green tree frog (Hyla arborea) is a
more or less common species of the willow groves and reeds, the green toad (Bufo
viridis) and the ovulating place of the brown spadefoot toad (Pelobates fuscus) is in the
matter takeout hole close to the Szilhát-lake. The area also includes the following
amphibians observed: crested newt (Triturus cristatus), the spotty newt (Triturus
vulgaris), the red-bellied toad (Bombina bombina), the brown toad (Bufo bufo), the
green toad (Bufo viridis), the long-legged swamp frog (Rana arvalis wolterstorffi), the
forest frog (Rana dalmatina) and the pond frog (Rana lessonae).
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3.2.2.3.

Reptiles

Out of the 15 domestic reptiles 9 species also occur at the Baranya section of the
Danube-Dráva National Park. We do not expect the turn up of more species. The
swamp turtle (Emys orbicularis) can be found in the Kisinci-lake, the Szilhát-lake and
the Hobogy-lake. The checkered snake (Natrix tessellata) and the grass snake (Natrix
natrix) occurs in the entire oxbow system. As the grass snake is less attached to the
water, it can also be observed on the dry areas between the water bodies. The nimble
lizard (Lacerta agilis), the legless lizard (Anguis fragilis) and the green lizard (Lacerta
viridis) can also be found.
3.2.2.4.

Birds

The nesting sites of the little egret (Egretta garzetta) and the night heron (Nycticorax
nycticorax) on the oxbow, ceased at the beginning of the 80’s due to the interference of
fishermen and the deterioration of the habitat. Since both species regularly occur on the
Kisinci-lake, on the Hobogy, on the Szilhát-lake and on the Yellow-water (Sárga-víz)
once the interference ceases there is hope for the return of the nesting birds. At the end
of the seventies the comet boom (Ardeola ralloides) still bred at the Kisinci-lake.
Among the rarer birds the ferruginous duck (Aythya nyroca), the little bittern
(Ixobrychus minutus) and the bittern (Botaurus stellaris) can be found. The purple heron
(Ardea purpurea) and the brown goshawk (Circus aeruginosus) are currently nesting on
the area. During the reconstruction of the Cún-Szaporca oxbow it is our goal to have the
fauna resettle that already existed when the area was declared Ramsar. Other bird
species that occur in the area and their lifestyle is connected to the water are: rattle duck
(Anas crecca), the mallard (Anas platyrhynchos), the little grebe (Tachybaptus
ruficollis), the brown kite (Milvus migrans), the rallus (Rallus aquaticus), the water hen
(Gallinula chloropus), the coot (Fulica atra), the wagtail (Motacilla alba), the reed
warbler (Locustella luscinioides), the spotted warbler (Acrocephalus schoenobaenus),
the eurasian reed warbler (A. scirpaceus), the singing warbler (A. palustris), the great
reed-warbler (A. arundinaceus), the penduline tit (Remiz pendulinus) and the reed
goldfinch (Emberiza schoenichlus).
3.2.2.5.

Mammals

Out of the mammals that are related to water the highly protected otter (Lutra lutra) is a
regular on the field. In 2007, 3 weasels were placed in the Szilhát-lake, but the
immigrate weasels left the area in a very short amount of time (presumably they settled
down in the Black-watr (Fekete-víz). We do not have information of the survey of bats,
shrews, dormouses and rodents. Out of the protected mammals the eastern hedgehog
(Erinaceus concolor), the mole (Talpa europea), the squirrel (Sciurus vulgaris) and the
wild cat (Felis silvestris) can all be found.
3.2.3.

Aquatic macro-invertebrates

Within the ecological status survey, the survey of the aquatic macro-invertebrate
organism got a prominent role.
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By the concept of aquatic macro-invertebrate organisms we mean a broad taxonomic
coverage, visibility for the naked eye amongst field conditions, close relationship with
water in every stage of life, but different lifecycle-strategy animal ensembles.
The ecological and water quality state description of the water spaces can be excellently
used, for due to the different lengths of their generational time, their quantitative
conditions are not showing the current state, but they show changes that happened on a
longer time scale. The significant indicator value of the aquatic macro-invertebrate
organisms is supported by the fact that the EU guidelines, introduced in our country,
require the monitoring type of survey of the aquatic macro-invertebrate organisms, on
the water spaces that are in the scope of the directive.
During the survey we have conducted qualitative, eco-faunistic type of samplings. In
2011 we carried out one sampling in the summer vegetation period. On the affected area
we have appointed a total of 5 segments for sampling, out of which the Outer-Hobogy
was dry during the time of the sampling. Thus there was no aquatic macro-invertebrate
sampling. The exact location of the sampling areas are shown in Figure 3.2.3.1. and in
Table 3.2.3.1.

Figure 3.2.3.1. - The 2011 sampling points of the macro-invertebrates survey.

Sampling
location code
FEKET14316
SZILH14317
KÜLSŐ14318
BELSŐ14319
KISIN14320

Name of water
body
Black-water
Szilhát-lake
Outer-Hobogy
Inner-Hobogy
Kisinci-lake

Administrative
area
Szaporca
Cún
Szaporca
Szaporca
Szaporca

EOV X

EOV Y

575099
575040
575851
575660
576507

52383
51034
51054
50752
49014

Table 3.2.3.1. - The 2011 data of the sampling locations of the macro-invertebrates survey.
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The taxons examined during the ecofaunistical survey were: Gastropoda (snails),
Bivalvia (clams), Hirudinea (leeches), Malacostraca (higher crustaceans),
Ephemeroptera (caddish-flies), Plecoptera (stone-flies), Odonata (dragonflies),
Heteroptera (water- and surface water bug) and Trichoptera (phryganeas). Further
identification was done amongst laboratory conditions with a high-performance NIKON
(Nikon SMZ 1000) microscope, with the involvement of specialists.
During the sampling we were able to verify the presence of 51 aquatic macroinvertebrate species. Out of these 4 belongs to the group of clams (Bivalvia), 11 to the
snails (Gastropoda), 8 to the leeches (Hirudinea), 3 to the higher crustaceans
(Malacostraca), 9 to the dragonflies (Odonata), 2 to the caddish-flies (Ephemeroptera),
12 to the water- and surface water bugs (Heteroptera) and 2 to the phryganeas
(Trichoptera).
Out of these the conservation protected species have been the Aeshna isosceles and
Gomphus vulgatissimus dragonflies, and one snail species that besides its national
protection it is also included in the II. and IV. appendix of the Habitats Directive as a
community significant snail species, the Anisus vorticulus.
Overall, character species that correspond to the water body types occur in small
numbers in the community of aquatic macro-invertebrates that were explored in the
Black-water (Fekete-víz). However, a significant number of generalist species were
found that generally occur in watercourses, and species that are typical of such areas’s
watercourses where the altitude is usually lower and a generally smaller relative relief is
typical of the area. So the aquatic macro-invertebrate community explored during the
sampling, is less characteristical to the water body type defined based on the
hydromorphological conditions; it rather shows a transition style toward the low-lying,
smaller flowing watercourses’s community. The underlaid habitant community of the
Kisinci-lake is said to be explicitly poor on species. The exuberant submerged species
connected to seaweed and the marsh character species are all very common in the area.
During the sampling a large number of seaweed species were found that primarily have
leaves spread out on the water surface, and water surface bed bug species that like
marsh vegetation.
In the fauna of the Inner-Hobogy the dominance of the still water taxons that also
connect to the vegetation is the determining. Besides the generalist species that
commonly occur in the still- and slow-moving waters a large number of explicitly
marsh fauna lements were found, and the marsh character species also occured.
The fauna of the Szilhát-lake proved to be somewhat more poor on species than that of
the Inner-Hobogy, but given its nature they are the same. Again, the greatest number of
species that can be found here are the ones that connect to the vegetation stock of the
still- and slow-moving waters, and seveal species that indicate the spread of marsh.
The Outer-Hobogy was dry during the time of the smapling, thus it was not possible to
take aquatic macro-invertebrate samples here.
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3.3.

Survey of water quality and sediment chemistry conditions

3.3.1.
3.3.1.1.

Water quality assessment
Background of the evaluation

The water quality assessment of the Cún-Szaporca oxbow system (Kisinci-lake, Outerand Inner-Hobogy, Szilhát-lake and Lanka-lake) and the nearby rivers and streams
(Black-water/Fekete-víz, Dráva) that might serve as the potential basis for water supply
was conducted based on the measurements conducted in 2011 and based on previous
measurement results (the water quality measurements of the South-Transdanubian
Environment, Conservation and Water Management Directorate carried out between
2000-2011, and the monitoring studies of the oxbows along the Dráva between 20002005). Due to the dry weather occurring in the summer of 2011 it was not possible to
take samples from the Lanka-lake. Previous data were not available on the water quality
of the Lanka-lake and the Outer-Hobogy. This is the reason why a significant size
coherent water surface is rare to find in these areas. The sampling points of the oxbow
system and the surrounding rivers are shown on Figure 3.3.3.1.1.

Figure 3.3.3.1.1.: Water sampling points (July 2011).
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The evaluation of the affected water bodies general water quality components was done
based on two classification systems:
•

Standard MSZ 12749 : 1993 of the classification of surface waters,

•

In accordance with regulation 10/2010. (VIII. 18.) VM specific physical and
chemical water quality limit values to achieve and preserve good surface water
status, and according to the EU Water Framework Directive (WFD) that serves as a
basis for the limit values, specific water quality class boundaries (see OVGT 55-2.
background material).

The map appendix of the National River Basin Management Plan (Dráva OVGT)
concerning the sub-catchment of the Dráva does not classify the lakes of the CúnSzaporca oxbow system into the 1-16. types, it merely denotes them as ”other lakes,
reservoirs”. Therefore the chemical water quality of the lakes was evaluated according
to the MSZ 12749.
According to the Dráva OVGT the Black-water is a type 19 (lowland, calcic, mediumfine, big catchment), the Pécs-water is a type 18 (lowland, calcic, medium-fine, medium
catchment), the Dráva is a type 14 (lowland, calcic, rough, very big catchment),
watercourse. Therefore the evaluation of the rivers in the environment of the oxbow
system was done primarily according to the MSZ 12749, and secondly according to
WFD.
3.3.1.2.

Evaluation of the physical and chemical water quality

Cún-Szaporcai oxbow system
During the time of the 6th July 2011 sampling the weather corresponded with the season
and it was sunny, warm (temperature: 30 C), dry and windless. The water level of the
Dráva was 117 cm 87.927 m.a.B) at Drávaszabolcs.
With the exception of the Kisinci-lake, the water levels were typically low in the oxbow
system, the open water surface was not enough. The Szilhát-lake, the Inner-Hobogy and
the Outer-Hobogy Kisinci-lake showed the final stage of recharging and eutrophication.
Due to the dry weather it was not possible to take samples from the Lanka-lake.
The results of 6th July 2011 measurement are summarized in Figure 3.3.1.2.1.
During the time of the July 2011 measurements the pH value of the lakes was neutral, it
was slightly alkaline, under which their water quality was classified in the excellentgood water quality class. The salinity (specific electrical conductivity value) was
relatively high, sufficient to class II-III. (good-tolerable). Based on the measurements
between 2000-2011 the average conductivity value of the lakes was slightly lower than
this, which indicates that during the measurements carried out in the summer of 2011
the water system was in a ”concentrated” state.
Despite of the sunny weather the dissolves oxygen content in the smaller lakes (Szilhátlake, Inner-Hobogy, Outer-Hobogy) was low, far below the saturation value (Figure
3.3.1.2.1.). Based on the dissolved oxygen concentration and the oxygen saturation

Final Master Plan

36

Revitalization of the Cún-Szaporca oxbow system

percentage the water quality of the lakes varied between good (II) and contaminated
(IV) categories.
According to the previous measurements (between 2000-2011) the oxygen supply was
unfavorable primarily in the Inner-Hobogy, and in many cases it was typical in the
Szilhát-lake as well. One likely reason for this is the high organic matter content of the
waters, which is accompanied by the loss of produced- and soluble dissolved oxygen
content. The photosynthetic activity of the algae is also inhibited by the shading effect
of water marsh, seaweed and other vegetation (benthic eutrophication).
Between the 2000-2011 period a slight decreasing trend of the oxygen content can be
observed. Starting from the mid-2000s it was frequent to have oxygen saturation values
below 50% in the Inner-hobogy and in the Szilhát-lake (class IV-V. water quality).
On the 6th July 2011 the Kisinci-lake, beside the medium chlorophyll-a concentration, it
was also oxygen-saturated. Due to the larger open water surface the aquatic vegetation
living in the eutrophic lake produces a significant amount of oxygen, causing of the
high oxygen concentration at the saturation level. According to the long-term data sets
the Kisinci-lake has the best oxygen supply amongst the lakes.

Figure 3.3.1.2.1. : Dissolved oxygen concentration and oxygen saturation in the oxbow system
(06.07.2011.).

Final Master Plan

37

Revitalization of the Cún-Szaporca oxbow system

Szilháti lake
Inner-Hobogy
Outer-Hobogy
Kisinci lake
Black-water
Pécs water
Dráva (Majláth mere)

Temp
°C

pH

Condab.
(µS/cm)

Dissolved
oxygen
(mg/l)

Oxygen
saturation
(%)

Floatinga.
(mg/l)

CODps
(mg/l)

NH4N
(mg/l)

NO3N
(mg/l)

NO2N
(mg/l)

Organic
N
(mg/l)

TN
(mg/l)

PO4P
(mg/l)

TP
(mg/l)

Chlorophylla (µg/l)

22.8

7.55

698

4.28

51.1

6.2

16.5

0.06

<0.5

<0.01

2.7

2.8

<0.02

0.27

78

-

I

II

III

III

-

IV

I

I

I

-

-

I

III

IV

24.6

7.20

859

3.81

46.8

4.5

15.9

<0.01

<0.5

<0.01

1.8

1.8

<0.02

0.35

nd

-

I

III

IV

IV

-

IV

I

I

I

-

-

I

III

nd

20.9

7.44

785

6.42

74.5

4.6

21.0

0.03

<0.5

<0.01

0.5

0.5

<0.02

0.28

nd

-

I

III

II

II

-

V

I

I

I

-

-

I

III

nd

29.0

8.18

592

9.56

123.6

4.3

15.2

0.02

<0.5

<0.01

1.2

1.2

<0.02

0.10

36

-

II

II

I

III

-

IV

I

I

I

-

-

I

II

III

20.9

7.41

937

5.72

68.8

2.5

8.7

0.35

<0.5

0.01

1.7

2.0

0.08

0.32

90

-

I

III

III

III

-

III

II

I

II

-

-

II

III

IV

22.8

7.94

1512

9.57

113.3

2.4

8.6

0.02

5.0

0.01

1.8

6.8

0.92

1.60

39

-

I

IV

I

II

-

III

I

III

II

-

-

II

V

III

20.9

8.01

283

8.99

101.0

4.8

4.1

<0.01

0.7

0.01

5.1

5.8

<0.02

0.28

36

-

II

I

I

II

-

I

I

I

II

-

-

I

III

III

Table 3.3.1.2.1. : The water quality measurement results of the Cún-Szaporca oxbow system and of the nearby rivers (06.07.2011.). The roman numerals are
indicating the water quality classification according to the MSZ 12749.
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During the July 2011th sampling every examined water spaces’s CODps concentration,
of the oxbow system, was extremely high (>15 mg/l). Between 2000 and 2011 several
similar high organic matter concentrations occured (Figure 3.3.1.2.3.). The typical
range of KOIps is: 8-20 mg/l (class III-IV.). The high organic matter concentration an
dthe brown color (see Figure 3.3.1.2.2.) indicate the presence of humic- and fulvio
materials.
Based on the oxygen-household specific parameters the lakes are listed in the polluted
water quality class (IV). Due to the unfavorable organic matter content the water of the
Outer-Hobogy is category V. (heavily contaminated).

Figure 3.3.1.2.2.: The brownish-colored water of the Outer-Hobogy with duckweed on it
(06.07.2011.).

The dissolved orthophosphate and the inorganic forms of nitrogen were only present in
small amount in the lakes, these parameters indicate an excellent water quality (I.). For
the algae and other aquatic plants the dissolved plant nutrients can be easily taken up,
therefore these nutrients are quickly to run out of the water phase in the vegetation
period.
The organic and all the nitrogen and phosphorus concentrations significantly exceeded
the average of the previous measurements in all four lakes examined. Based on all the
phosphorus concentrations the Szilhát-lake, the Inner-Hobogy and the Outer-Hobogy
are in the sufficient condition (III.), while the Kisinci-lake can be classified in the good
(II.) water quality category. All the nitrogen and phosphorus concentrations of the
oxbow system are shown in Figure 3.3.1.2.3.
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Figure 3.3.1.2.3.: Total nitrogen and phosphorus concentrations of the oxbow system (06.07.2011.)

The chlorophyll-a measurement only took place in the Szilhát- and Kisinci-lakes, and
according to these results the water quality of the Szilhát-lake was class IV. while of the
Kisinci-lake it was class III. that is one class lower compared to the classification done
based on all the phosphorus concentrations.
In summary the chemical water quality of the Cún-Szaporca oxbow system is
unfavorable due to the lack of adequate water supply and the low water levels. The
lakes have strongly recharged and the vegetation overwrown. Their conditions are
eutrophic and hypertrophic. In July 2011 the Kisinci-lake had the best water quality
(class II-IV.), while the other lakes showed a less favorable, similar picture of water
quality than the Kisinci-lake (typically class III-IV.).
The unfavorable water quality is caused by the high organic matter- (Szilhát-lake, InnerHobogy, Outer-Hobogy, Kisinci-lake) and total phosphorus content (Szilhát-lake, InnerHobogy, Outer-Hobogy), and because of the low oxygen level (Szilhát-lake, InnerHobogy). Compared to the measurements carried out in the oxbow system between
2000-2011, there were no significant, trend-like differences.

Black-water
The water quality examination of the Black-water and the Dráva was justified by the
fact that it was necessary to evaluate the water quality of the different water supply
options of the Cún-Szaporca oxbow system.
The chemical water quality evaluation of the Black-water was conducted primarily
based on the results of the on the spot and laboratory measurements conducted on the 6th
July 2011, and based on the results of the national network measurements conducted
between 2000 and 2011.
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The pH value of the Black-water during the july 2011 measurements was 7.4 that is
lower than that of the previous results. The near-neutral pH value is similar to the
present pH value of the oxbow system.
The specific electrical conductivity (937 µS/cm) value measured during the summer of
2011 exceeded the previously measured typical values and the conductivity values of
the lakes of the oxbow system. Based on the data between 2000-2011, the salinity of the
Black-water (conductivity) tends to be higher than that of the lakes.
Based on the pH and conductivity values, which belong to the group of other features
according to the MSZ 12749, the Black-water was in category III. (tolerable) in July
2011. This is the same as the classification of the Inner-Hobogy and Outer-Hobogy, but
less favorable than the classification of the Szilhát-lake and the Kisinci-lake. Similar
conclusions can be drawn based on the more than 10 years old data sets, namely that the
pH level of the Black-water is similar to the lakes, but its higher conductivity values
indicate a lower water quality with one or two classes.
Based on the oxygen household parameters (the low dissolved oxygen concentration
and the moderate to high organic matter concentration) the Black-water is classified into
the tolerable (III.) water quality class that is more favorable than the classification of the
lakes of the oxbow system. The previous water quality measurement data indicates the
same water quality for the Black-water that is better with one-two classes in terms of the
oxygen content, COD, and BOD5 concentrations (see Figure 3.3.1.2.4.).

Figure 3.3.1.2.4. : CODps concentrations in the Cún-Szaporca oxbow system and in the surrounding
rivers.
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According to the measurement results of July 2011, the Black-water may be placed in
the unfavourable water quality class (No. IV) for the reason of high chlorophyll
concentration. The chlorophyll values measured between 2000 and 2011 are tipically
significantly lower than this value: equivalent to excellent and good water quality
classes (class I and II respectively).
In summary, it may be stated that the use of the Black-water as a potential water supply
may likely result improvement in oxygenation parameters (organic matter and oxygen
content). Significant change of pH value is not expected. The conductivity value and the
phosphorous forms, Black water may be placed in a water quality category one grade
lower than the lakes of the oxbow system.
Based on preliminary water quality tests carried out in Black-water, it may be deemed
that the water (after having been stored) may generate intensifying eutrophication
processes, especially in those shallow oxbow lake systems which are already known as
having high internal load and become siltated easily. This issue shall be examined
carefully in the future, and measures shall be taken for the development of technical
options (alluvium barriers, water filtering fields and settlement areas) in order to
mitigate this problem, based on water quality predictions. However, the treatment of the
annual water supply (moderate water quality, hundred thousands of cubic kilometers)
may not be a goal to be achieved, but it is absolutely necessary to examine some simple
and cost-effective water treatment processes for the preservation of the ecological
conditions of the oxbow lake system.

Pécsi water
In summary the water quality analysis of the Pécsi Water, it may be stated that the
overall water quality of the water course is more unfavourable than that of Black Water.
The significantly higher conductivity, the nitrate and overall nitrogen concentration,
moreover the orto-phosphate and overall phosphor concentration suggest the effects of
discharge of waste water (see Table 3.3.1.2.1.). This indicates that the unfavourable
water quality effects of Pécsi Water should not be taken into consideration during the
planning of the water supply of the Cúr-Szaporca oxbow lake system. For this reason,
the eventual use of the Black water as water supply should be designed in such a way
that it must be located on the upstream section of the Pécsi Water.

Dráva
The quality of the water of river Dráva is better than the quality of the lakes of the
oxbow lake system in any measured water quality parameter (see Table 3.3.1.2.1.). This
better water quality, which significantly differs from the actual one, may result
significant changes in the fauna of the oxbow lake system in case of an eventual water
supply from river Dráva.
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3.3.2.

Sediment chemistry analyses

Slediment samples were taken and sediment chemistry test was carried out on the
territory of the Cún-Szaporca oxbow lake system in 2011. The results indicated that the
lakebed material has a relatively low dry material content (between 22 and 27%), while
the sediment contained significant amount of organic matter. The organic matter content
of the sediment sample (loss on ignition) taken from Belső-Hobogy was higher than
50%. The loss on ignition of the sediment of the Szilháti Lake (Hungarian name:
Szilháti-tó) is lower, approx. 35%. The high nitrogen and phosphor content of dry
material content of the sludge samples indicate that significant proportion of plant
nutrients (N and P) are sedimented and stored in the sludge for shorter or longer
periods. Together with the higher organic matter content, the nitrogen and phosphor
content (1.07 mgN/g and 5.9 mgP/g, respectively) in the sediment of Belső-Hobogy is
higher than that in the sludge of Szilháti Lake (0.73 mgN/g and 4.7 mgP/g,
respectively).
The results of the performed sediment chemistry tests confirm the conclusions taken
from the water chemistry tests, indicating that the oxbow lake system shows the signs of
advanced eutrophication. The high amount of phosphor in the sediment may severely
jeopardize the system in adverse circumstances (anaerobic conditions) which raises the
possibility of the removal of the lakebed material (with dredging) as a measure for
water quality improvement.
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3.4.

Summary of Assessment

The ecological and water quality assessment performed within the framework of the
Cún-Szaporca Oxbow System Revitalization project has confirmed that the quality of the
oxbow system shows a deteriorating trend from the point of view of both water quality
and nature protection.
The assessment has confirmed that sufficient water supply of the oxbow system is not
provided for due to artificial actions and the natural sedimentation processes. In recent
decades, a significant amount of plant nutrients has penetrated the water from the
agricultural lands found in the vicinity of the planning area, the eutrophication impact of
which resulted in the acceleration of succession processes.
All this results in increasingly accelerated sedimentation of the lakes, leading to fairly
low water levels in the oxbow with the exception of the Kisinci lake. The shallow
reaches of the oxbow system are currently characterized by an eutrophic and
hypertrophic condition. Although the water quality of the Kisinci lake is somewhat
better than that of the other lakes, the poor overall water quality is clearly indicated by
the fact of mainly smaller lakes (Szilháti lake, Hobogyi lake) being characterized by
higher organic matter content and lower levels of dissolved oxygen.
During the past years and decades, the natural conditions of the area have also been
subject to an unfavorable trends. As a result of water shortage, increasing
sedimentation, and agricultural activities, the original varied flora of the area can only
be detected in traces, and is primarily conserved by marshes and swamps. The open
water surface of lakes is decreasing; floating, submerged, and fixed riverweed is
declining, while marshland flora (reed, bulrush, elevated) as well as green scrubland are
taking up increasingly large areas. Vegetation characteristic of dry habitats is spreading.
At the same time, invasive, aggressive weeds are also proliferating (e.g., giant
goldenrod). These changes in vegetation result in further unfavorable effects. Habitats
once characteristic of the oxbow are changing and disappearing, which has resulted in
the nesting sites of several protected bird species (little egret, night heron) having
disappeared by today.
The results of the condition assessment implemented within the framework of the
project therefore consistently indicate that preventing unfavorable changes occurring in
the condition of the oxbow as well as maintaining the natural flora, fauna, and
biodiversity requires action to be taken, which should be based on the renewal of
appropriate water supply to the oxbow.
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4. CALCULATIONS SUPPLY
4.1.

Hydrological analysis of the water supply alternatives

In order to maintain or improve the existing water quality and ecological conditions of
the Cún-Szaporca oxbow system, developments are planned within the Sigma for Water
project that would improve water management of the area.
The technical alternatives that can ensure proper water supply of the oxbow will be
shown and analyzed below.
For water supply of the oxbow system, the following four theoretical possibilities extst:
•
•
•
•

From precipitation;
From groundwater;
From Drava River through the Kisinci sluice;
By damming, from the Fekete-víz (Black Water).

Water replacement from precipitation cannot be considered a suitable alternative, as the
area of Old Drava at Szaporca does not have a reservoir, it is thus solely supplied by the
precipitation directly falling onto the area. There is, however, not enough precipitation
at that area - also taking account of the seeping-in and evaporation processes - to be the
sole supply of the amount of water necessary to water replacement of the oxbow
system.
Data of ground water levels measured in observation wells at both sides of the food
prevention dam by the Drava show close correlation to the water level of Drava, which in periods of high water level - creates the theoretical possibility to exploitation of the
groundwater for this purpose. Low frequency of occurrence of the sufficiently high
groundwater levels and low degree of permanence of this condition, however, prevents
a safe satisfaction of the necessary water demand. Water supply of the oxbow system
from groundwater could only be solved by pumping. Thus, also with the technical and
economical considerations in mind, the possibility of water replacement from the
groundwater does not constitute a reasonable alternative.
Implementation of water replacement of some areas of the Cún-Szaporca oxbow system
(Lake Lanka) from the Drava was already suggested in the 80’s. The so-called Kisinci
dyke connecting Drava with Lake Lanka and the Kisince sluice located at the flood
prevention dam of Drava was formed/restored at that time. Directorate of the DanubeDrava National Park and its legal predecessor (South Transdanubian Inspectorate of the
National Office for the Protection of Environment and Nature Conservation) is in
possession of a water rights operational permit (to the operation of the water public
utility providing water supply of Lake Lanka) since 1985.
When examining the future water supply possibilities, one potential power water level is
that established for Lake Lanka in the No. 5745-3/1985 operational permit (91.50 m.a.B
[meters above Baltic Sea level]) Considering the altitude conditions, the oxbow system
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is suitable to hold a power water level higher than that (92.30 m.a.B, or with safety
considerations 92.0 m.a.B). Consequently, at examination of water replacement
possibilities, the 91.50, or the 92.00 m.a.B absolute water levels have been taken into
account.
More detailed analyses of the water replacement possibilities from the Drava, or from
the Black Water (Fekete-víz) will be given below.
4.1.1.

Water supply from the Dráva (replenishment through the Kisincifloodgate)

Within the context of the analysis of the future water replacement options of the CúnSzaporca oxbow system, we have examined the technical parameters of the water
replacement from the Dráva with the utilization of existing structures.
During the examination of the water replacement from the Dráva, it is enough to deal
with the occurrence likelihood and durability of the water levels for the river’s water
discharge (medium water flow: 525 m3/s) is several times more than the water discharge
necessary for the water replacement of the oxbow system, therefore we do not have to
calculate with a quantitative limit.
At present there is only one point through which the oxbow system can be in direct
contact with the Dráva and that is the Kisinci-floodgate. The sill level of the Kisincifloodgate that is located in the flood protection embankment of the Dráva is 90,15
m.a.B. However the sill level of the floodgate that was built in the closing embankment
at the lower end of the oxbow system is higher than this (90.42 m.a.B), thus from the
water replacement point of view from the Dráva this last one can be considered as a
standard level.
The standard 90.42 m.a.B water level at the Kisinci-floodgate is equivalent to 252 cm
according to the Dráva, at Drávaszabolcs water gauge based on the following simple
calculation.
The slope of the Dráva river is 11,4 cm/km on this section of the river. The Kisincifloodgate is located 10 km above the Drávaszabolcs water gauge. Based on these the
water level difference between the two points, as a result of the slope of the water level
is 114 cm. Point ”0” of the water gauge is at 86.76 m.a.B, thus the water level falling
through the closing floodgate of the oxbow system is ensured by the 252 cm water
gauge position at Drávaszabolcs (”0” point 86.76 m.a.B + 2.52 m + 1.14 m =
90.42 m.a.B).
The occurrence frequency refering to certain water levels is summaryed in
Table 4.1.1.1. Based on the analysis of the 20 years (between 1990-2010) Dráva water
level data the standard 90.42 m.a.B (252 cm Drávaszabolcs water gauge) water level is
expected on 40 days out of the year (with an 11% occurrence likelihood). Within the
examined 20 years there were 24 periods when the Dráva water level reached or
exceeded the 90.42 m.a.B absolute height at the Kisinci-floodgate through 8-14 days.
These periods add up to a total 237 days. The occurrence of the ≥252 cm water levels
exceeding 15 days was significantly less. The same level was only exceeded once for
>29 days by the Dráva water level during the 20 years (see Table 4.1.1.1.).
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Water level
Water levels
Drávareaching or
Cúnszab.
Szaporca
exceeding the
water
oxbow
given water
gauge
level
m.a.B
cm
day/year %
40
11
90.42
252
36
9.8
90.52
262
32
8.7
90.62
272
27
7.4
90.72
282
24
6.5
90.82
292
20
5.5
90.92
302
17
4.8
91.02
312
14
3.9
91.12
322
12
3.4
91.22
332
10
2.8
91.32
342
9
2.4
91.42
352
7
2.1
91.52
362
6
1.8
91.62
372
5
1.3
91.72
382
4
1.0
91.82
392
3
0.77
91.92
402
2
0.63
92.02
412
1.5
0.42
92.12
422
1
0.31
92.22
432
0.9
0.25
92.32
442
0.7
0.19
92.42
452
0.4
0.11
92.52
462
0.3
0.08
92.62
472
0.15
0.04
92.72
482

Occurrence frequency (1990-2010 series)
< 8 day
durability
period

8-14 day
durability
period

15-21 day
durability
period

22-28 day
durability
period

> 29 day
durability
period

db
90
84
80
84
72
71
72
59
50
48
41
35
36
28
24
18
16
11
9
7
6
4
3
1

db
24
26
25
15
14
14
9
9
8
6
6
5
1
1
1
0
0
0
0
0
0
0
0
0

db
6
6
5
5
4
1
1
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

db
7
4
3
2
1
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

db
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Σday
262
248
231
257
243
227
220
179
151
142
117
104
117
87
66
56
46
31
23
18
14
8
6
3

Σday
237
255
239
149
138
139
89
87
77
63
59
51
12
11
8
0
0
0
0
0
0
0
0
0

Σday
107
114
91
91
67
15
15
20
19
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Σday
168
95
71
46
23
23
23
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Σday
34
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Table 4.1.1.1. : Occurrence frequencies belonging to certain water level values (taking into account
the different durability periods and the 20 years Drávaszabolcs water level data series).

Based on the above a 360 cm Drávaszabolcs water level is necessary to be able to fill up
to the present operating water level (91.50 m.a.B), and 410 cm to reach the planned
maximum 92.00 m.a.B water level. We have also conducted the examination of the
occurrence frequencies of these – very important from the water supply point of view water levels based on the 30 years old (1980-2010) Drávaszabolcs water level data
series.
Based on the analysis of the water level data measured between 1980 and 2010 on the
Dráva at Drávaszabolcs water gauge, the occurrence likelihood of the examined water
levels on an annual level is:
•
•
•

≥252 cm Drávaszabolcs water level: 10%.
≥360 cm Drávaszabolcs water level: 2%.
≥410 cm Drávaszabolcs water level: <1%.

The occurrence likelihood of the same water levels during the summer period is
somewhat higher:
•
•

≥252 cm Drávaszabolcs water level: 14%.
≥360 cm Drávaszabolcs water level: 3%.
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On the basis of analysis of Drávaszabolcs water-gange between the years 1980-2010 the
following can be summarised:
•
•
•

Water-levels reaching 252 cm or more occurred 216 times, from which 4-day or
longer periods happened 104 times.
In the period under review there were 65 periods with water-levels exceeding
360 cm, from which in 20 cases duration of ≥4-day was typical.
During the last 30 years there were totally 10 periods with water-level above 410
cm, from which periods lasting for 4 and more days occurred in two cases.

Usually, the river has plenty of water in the summer and in the late autumn periods.
Water levels that reach or exceed the standard, 90.42 m.a.B level (252 cm of
Drávaszabolcs water-level) occur primarily in May-July and in September-November,
respectively.
Table 4.1.1.2. shows the results of presumption test made based on the 30-year time-line
of the Drávaszabolcs water-levels, drawn-up by months (likelyhood of occurrence of
water-levels reaching or exceeding the given water-mark and returning time relating to
certain months of the year).
Water mark
252 cm
360 cm
410 cm

Jan.
P T
15 7
4 30
1,5 70

Febr.
P T
7 15
4 30
1 100

Marc.
P T
25 5
7 15
2 50

Apr.
P T
33 3
10 10
3 33

May.
P T
60 2
25 4
10 10

June
P T
67 2
25 4
10 10

July
P T
60 2
23 5
7 15

Aug.
P T
35 3
15 7
5 20

Sept.
P T
45 3
15 7
7 15

Oct.
P T
52 2
21 5
11

Nov.
P T
45 3
18 8
10 10

Dec.
P T
38 3
15 7
7 15

Table 4.1.1.2.: Monthly likelyhood data calculated on the basis of the 30-year Drávaszabolcs water
gauge (P – likelyhood [%], T – returning time [year]).

On the Figure 4.1.1.1. the distribution of frequency of the annual maximal watermarks
meaured at the Drávaszabolcs measuring station between the years 1980 and 2010 are
illustrated P describes the degree of likelihood by which the annual watermark
maximum will be less than the given waterlevel.
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Figure 4.1.1.1.: The frequency distribution of the annual Drávaszabolcs water level maximums
between 1980-2010.

On the basis of analysis of the 30-year waterlevel data it can be stated that
Drávaszabolcs watermark of 252 cm or higher occurs each year but water levels higher
that 360 cm (which is needed for reaching 91.5 m.a.B water level) occur only once in
one and a half year, while water levels of 410 cm (which is needed for reaching 92.0
m.a.B water level) may occur only once in two and a half yer. Likelihood of occurring
watermarks above the 252 cm sill level is the largest in the period between May and
July (60-67%). Furthermore, the Drávaszabolcs water levels of ≥252 cm can occur more
likely (45-52%) in October and November.
As a summary, it can be said that passive (gravitational) filling up the channel up to
91.5 m.a.B, or 92.0 m.a.B from th Dráva side (through the Kisinci-sluice) cannot be
solved with proper safety. Thus, this water supply possibility can serve only as a
supplementing alternative. In case if an adequate level would be formed on the Dráva
river, the sluice could be opened for filling up, what corresponds to the presently
applied operation.
Reaching the designed water levels int he dead channel exlusively through applying
regular water supply from the Dráva would claim damming of the Dráva or pumping
the Dráva water, which cannot be considered as real alternative on the basis of the
cost-effectiveness szempontok.
Taking into consideration that the gravitational water supply from the Dráva can be
technically implemented in the period of the Dráva waterflood following the dry season
(if the water level in the dead channel prior to the waterflood is low enough), and the
water quality of the Dráva is the best one as compared to the water-flows being around
the Cún-Szaporca dead channel system (see Chapter 3.3.), provisional alternative of the
wawter
supply
from
the
Dráva
can
be
proposed.
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4.1.2.

Water supply from the Black-water (Supply by damming and discharging
from Black-water)

The chance to water supplement from Black-water is assessed by damming, further by
the utilization of the exisiting ditches. The spot of the dam serving the damming in
favour of the water abstraction on the Black-water is expedient to be designated above
the firth of the Pécs water and under the Cuni bridge hydrographic station. (see also
Chapter 5.1.).
The chance of damming on the Black-water has been investigated on the basis of the
data of the hydrographic station (Cuni water gauge) at 7 + 200 km. Calculations have
been completed on the operation water level of oxbows 91.5 m.a.B and the planned
water level of 92.0 m.a.B.
We would like to note here that the original idea of the DDNP was a single
replenishment (in March) of the oxbow system, respectively there was certain demand
for the summer water supply independently from other parts of the oxbow system of the
Kisinci-fishing lake in the course of the „Master Plan”. The exclusive replenishment of
the Kisinci lake could be solved without essential technical interventions from the
Drava river only, the water flow of which mostly disables it even to the current
operational water level (91.5 m.a.B) (see analysis illustrated in the previous chapter).
Therefore we analysed the chance of the entire water supply of the oxbow system from
the Black-water twice a year. Based on the aspects of environmental protection as well
as of the hydrometeorological circumstances we have indicated the period March-April
or June-July as possible periods of replenishment.
The monthly features of the water flow data of the Black-water in 30 years (1980-2010)
are illustrated in the Table 4.1.2.1.
Water flow

Jan.

3

Febr. March Apr.

Qaverage[m /s] 5.949 5.61 6.379
0.469 0.666 0.595
Qmin [m3/s]

May

June

5.997 4.751 4.025
0.345 0.185 0.254

July

Aug.

Sept. Oct.

Nov.

Dec.

2.823 1.753 3.358 4.52 3.602 5.257
0.143 0.118 0.168 0.237 0.517 0.306

Table 4.1.2.1: Characteristic monthly data of the data series of the Black-water between 1980-2010.

In the following chapter we are dealing with the analysis of data necessary for the
spring and summer replenishments.
4.1.2.1.

Analysis of water flow data – spring supply

To ensure the March replenishment the water flow data of March are to be examined, in
order to do this we analyised the distribution of frequency of March water flow data
measured within the period of 1980 and 2010.
The distribution of frequency emerging from the daily water flow data measured in
March at the Cuni measuring station between 1980 and 2010 are illustrated in
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Figure 4.1.2.1.1., where „permanence” means of what probability the water level in
March will be lower than that of the given water level.

Figure 4.1.2.1.1.: The frequency distribution of the daily water flow data of the Black-water
measured in March (1980-2010 Cún water standard)

On the basis of the analysis it can be determined that the average water flow of the
Black-water in March is: medium water flow=6.379 m3/s (see Table 4.1.2.1.). The
occurance frequency of a water flow of 2.0 m3/s is 90%, the same of 1,1 m3/s is 99%.
The ecological water demand of the Black-water amounts to appr. 430 l/s (2/3 of the
August water flow occuring at 80% probability), this water flow is to be ensured
permanently.
Based on the above the volume of water corresponding to the water flow of 0.5 m3/s to
ensure the March water supplementation of the Cún-Szaporca oxbow from the Blackwater can safely be led, since there remains sufficient volume of water supply to satisfy
the ecological demands of the Black-water even in case of such reduction of water flow.
4.1.2.2.

Analyses of the water flow of Black-water – summer supply

As a basis of the summer water supply to be implemented in June-July the most critical
(August) water flow values have been considered. On the basis of the data of the past 30
years the occurance probability of water flow of 640 l/s. in August is 80%. (see
Figure 4.1.2.2.1.). Taking into consideration the ecological water demand of the Blackwater (430 l/s) appr. 210 l/s. water can be led out for the replenishment of oxbows in the
summer period. Hereinafter we have calculated with a filling water flow of 200 l/s
(resulting from roundings in favour of safety).
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Figure 4.1.2.2.1.: The frequency distribution of the daily water flow data of the Black-water
measured in August (1980-2010 Cún water standard).

Given that the value of water discharge lead from Fekete-víz is significantly lower (200
l/s) in the summer period than in March (500 l/s), required time of appropriate charge of
oxbow (transfer of water with given volume) can reach several days, possibly several
weeks.
Therefore, during the endurance tests, we calculated the occurence probability (risk) of
water deficits for 7, 10, and 15 days, concerning the summer months. Details of the
endurance tests are given in Tables 4.1.2.2.1. - 4.1.2.2.3., which summarize details of
the water discharge, measured at water station of Fekete-víz, named Cun, between
1980-2010 (by months; in the case of 7, 10 and 15 days of endurance).
Table 4.1.2.2.1. shows the extent of water deficits (discharges under given values),
which occur between June and September, with given probability of occurence,
considering seven days of endurance. The probability (risk) of that water discharge of
Fekete-víz is 7 days of endurance less than 640 l/s required for summer recharge, is
12 % in June, 19 % in July, 27% in August, and 30 % in September.

Final Master Plan

53

Revitalization of the Cún-Szaporca oxbow system

Probability of
occurrence [%]

June

4
5
10
15
20
25
33
50
67
75
80
85
90
95
97
98
99

0.321
0.397
0.610
0.679
0.732
0.935
1.036
1.570
1.887
2.431
2.784
3.390
4.657
5.586
5.968
6.509
7.049

July
August
Water discharge [m3/s]
0.326
0.283
0.329
0.284
0.405
0.305
0.532
0.385
0.679
0.463
0.729
0.632
0.775
0.660
1.237
0.891
1.466
1.254
1.639
1.319
1.764
1.383
2.055
1.500
2.157
1.517
3.059
2.086
3.788
2.338
5.336
2.764
6.884
3.19

September
0.228
0.238
0.265
0.330
0.407
0.595
0.913
1.370
1.486
1.706
1.837
2.588
3.086
3.491
4.388
6.072
7.757

Table 4.1.2.2.1.: The risk of water discharge data that belongs to the 7 day lack of water.

According to the data in Table 4.1.2.2.2. the probability that the water discharge of the
Black-water is <640 l/s within 10 days is, 9% in June, 17% in July, 25% in August and
27% in September.

Probability
of occurence
[%]
4
5
10
15
20
25
33
50
67
75
80
85
90
95
97
98
99

June

July

August

September

3

Water discharge [m /s]
0.346
0.430
0.679
0.734
0.823
0.991
1.124
1.580
2.106
2.701
2.960
3.887
4.863
6.007
6.583
7.091
7.599

0.335
0.351
0.429
0.605
0.724
0.760
0.839
1.259
1.534
1.678
1.848
2.125
2.201
3.468
4.199
5.991
7.784

0.286
0.292
0.306
0.413
0.485
0.637
0.667
0.952
1.330
1.345
1.423
1.529
1.553
2.111
2.379
2.814
3.250

0.232
0.240
0.288
0.345
0.419
0.600
1.047
1.488
1.886
2.004
2.266
3.104
4.278
5.383
6.527
7.691
8.854

Table 4.1.2.2.2.: The risk of water discharge data that belongs to the 10 day lack of water.
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The probability that the water discharge of the Black-water is <640 l/s through 15 days
is, 7% in June, 13% in July, 19% in August and 23% in September (see
Table 4.1.2.2.3.).
Probability of
occurence
[%]
4
5
10
15
20
25
33
50
67
75
80
85
90
95
97
98
99

June

July

August

September

3

Water discharge [m /s]
0.397
0.507
0.770
1.049
1.350
1.397
1.496
1.741
2.413
3.125
3.335
5.016
5.173
8.681
10.184
11.501
12.818

0.370
0.405
0.534
0.755
0.828
1.126
1.302
1.489
1.861
2.158
2.252
2.375
2.666
4.141
4.957
7.158
9.358

0.299
0.302
0.317
0.473
0.593
0.659
0.694
1.050
1.404
1.423
1.475
1.546
1.622
2.467
3.044
3.344
3.644

0.249
0.256
0.312
0.479
0.578
0.753
1.195
1.699
2.051
2.561
2.941
3.822
4.595
9.417
13.021
13.209
13.397

Table 4.1.2.2.3.: The risk of water discharge data that belongs to the 15 day lack of water.

According to details above, it can be established, that - for the best safety- summer
water recharge is recommended to be performed in June, because the risk of daily
occuring discharge with value under the required 640 l/s is the lowest at that time. We
should note here, that calculated Fekete-víz discharge value, lower than 640 l/s does not
exclude the feasibility of charging oxbow system, but in this case, transferred amount of
water per time unit is expected to be longer, so as the required charging time.
4.1.3. Conclusions drawn from the hydrological calculations
According to analysis above, we recommend to establish the water supply of oxbow
system Cún-Szaporca appropriate for water abstraction from Black-water,
because by this solution, annual water supply can always be implemented at high
safety level.
The other three water supply options can be evaluated only as additional alternatives,
because the annual occurence probability and durability of necessary water levels and
amounts availability are so small, that they can not make the regular water supply safely
possible. Considering the ecological and economical aspects, we intend to analyze only
that possibility of gravitational water supply, which can be achieved with high safety in
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4.2.

Water supply from the Black-water’s reservoir

Based on the hydrological studies made it has been demonstrated in Chapter 4.1.2. that
filling up the Cún-Szaporca oxbow system is most practical during the spring (March)
and summer (June) filling period. The watercourse of Fekete-víz shall be filled up to the
necessary damming level for water supplement. This possibility is introduced below.
According to the results of hydrological calculations in order to fill up the dead channel
to 91.5 - 92.0 m.a.B level Fekete-víz must be filled up to 93.1 m.a.B level to ensure
optimal gradient and flow rate. 93.1 m.a.B damming level is equal to 364 cm water
level masured on the Kémes water gauge. This is only 2 cm below the highest water
level observed so far (flood mark = 366 cm).
At this damming level there is an average water depth of 4-5 m in the low and medium
level watercourse. The water floods the shoulder on about 2.5 km length, while after the
8+000 section it is under the shoulder level. Due to the damming effect of Dráva floods,
the watercourse is reembanked at this section, thus flood level causes about 60%
watercourse filling at the embarked section.
The watercourse storage curve (Figure 4.2.1.) and the water volume of each water
levels (see Table 4.2.1.) was calculated in order to define the time needed to reach the
desired level of damming.

Figure 4.2.1.: The reservoir graph of the Black-water between the Cún-floodgate (5+710) and the
Kémes-Baranyahidvég bridge (12+287).
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Level

Volume

Level

Volume

[m.a.B]

[m3]

[m.a.B]

[m3]

89.00

2 802

92.10

210 316

89.50

11 314

92.20

224 044

90.00

26 195

92.30

238 853

90.50

50 367

92.40

254 200

91.00

86 157

92.50

270 057

91.10

94 996

92.60

286 632

91.20

104 446

92.70

303 720

91.30

114 523

92.80

321 125

91.40

125 120

92.90

339 068

91.50

136 226

93.00

357 520

91.60

147 815

93.10

376 456

91.70

159 688

93.20

396 080

91.80

176 865

93.30

416 501

91.90

184 332

93.40

437 783

92.00

197 098

93.50

459 741

Table 4.2.1.: Water volumes developing in case of a certain water levels in the Black-water
reservoir.

4.2.1.

Replenishment of the Black-water reservoir area at spring time

376 456 m3 water must be reserved to dam up to 93.1 m.a.B level. According to the
analysis, there is 90% probability for 2.0 m3/s, and 99% probability for 1.1 m3/s runoff
in March.
In case of the above runoffs the system fills up within time as seen in Table 4.2.1.1.
Water level
[m.a.B]

Volume
[m3]

Runoff
[m3/s]

Filling runoff
[m3/s]

93.1
93.1

376456
376456

2
1.1

1.5
0.6

Filling
time
[day]
3
7

Table 4.2.1.1.: Time needed to fill up the reservoir area of Fekete-víz

In case of the runoffs above Fekete-víz reservoir area can be filled up to the desired
level within 3 - 7 days.
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4.2.2.

Replenishment of the Black-water reservoir area at summer time

Taking into consideration the necessary ecological water supply and occurring smaller
runoffs, we calculated using 640 l/s runoff for the summer period. Taking into
consideration that the risk of water shortage is lowest in June, summer filling up is
advised to be done in this month.
Presuming 640 l/s runoff, the watercourse can be filled up to the desired 93.1 m.a.B
level within 22 days (see Table 4.2.2.1.). Thus in case of filling up in summer period,
the time need for filling up is multiple times more than time filling up during spring
period.
Water level
[m.a.B]
93.1

Volume
[m3]
376456

Runoff
m3/s
0.64

Filling runoff
[m3/s]
0.2

Filling
time [day]
22

Table 4.2.2.1.: Time needed to fill up the reservoir area of Fekete-víz in summer period

4.3.

Replenishment of the oxbow reservoir area

Based on the detailed geodestic measurements, we made the detailed 3D area model of
Cún-Szaporcai oxbow system, and based on this we defined the storage curve
(relationship between water depth and stored watervolume) of the oxbow. The geodesy
measurement introduced in Chapter 3.1. was made in a 20 m sector bordering the
watercourse, which ensures the proper morphological mapping of the model applied.
Due to the imperfections of measurements of areas beyond the bank sector, the water
storage curve was indicated only up to 92.7 m.a.B level.
A 5x5m mesh was uesd on the examined area. Converting spatial geodesy points into
mesh was made using "Natural neighbour) algorithm. We considered the system as
hydrostatic, we defined water volumes with fast area flooding algorithm (the model
calculates with water volumes below the intersection planes of actual water surface and
watercourse, assuming that water gets into every point of the body in question within a
given time interval). The zero point of the leaving curve is the empty watercourse. The
watervolumes related to a given actual water level - calculated based on the area model
of the oxbow system - is seen in Table 4.3.1. and Figures 4.3.1. and 4.3.2.
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Water level
[m.a.B]

V [m3]

A [m2]

Max. water
depth [m]

89.36
89.69
89.73
89.77
89.83
89.93
90.03
90.13
90.23
90.50
90.76
90.86
90.96
91.06
91.16
91.26
91.36
91.46
91.56
91.66
91.76
91.86
91.87
91.96
91.97
92.07
92.36
92.46
92.47
92.52
92.57
92.67

8302
19135
20706
22416
24996
29668
35152
41802
51094
91236
158007
191946
228937
270948
315236
362489
412358
465471
522148
581209
644872
709846
722039
777627
790449
861460
1077886
1162045
1171036
1218650
1261889
1359471

24250
39550
40950
42450
44750
48550
57350
70075
92175
200175
318525
354100
383375
422000
456550
486625
517725
545300
574400
603550
635600
662625
666950
692200
697025
724300
813350
867800
873050
905650
933725
1009825

0.771
1.105
1.144
1.185
1.244
1.344
1.444
1.544
1.644
1.925
2.171
2.271
2.371
2.471
2.571
2.671
2.771
2.871
2.971
3.071
3.171
3.271
3.289
3.371
3.389
3.489
3.771
3.871
3.881
3.934
3.981
4.081

Average
water depth
[m]
0.34
0.48
0.51
0.53
0.56
0.61
0.61
0.60
0.55
0.46
0.50
0.54
0.60
0.64
0.69
0.74
0.80
0.85
0.91
0.96
1.01
1.07
1.08
1.12
1.13
1.19
1.33
1.34
1.34
1.35
1.35
1.35

Table 4.3.1.: Absolute water levels and storage volumes in the Cún-Szaporca oxbow.

On Figure 4.3.1. the blue curve indicates the relationship of the absolute water level and
the calculated storage water volume. The red curve indicates the relationship of the
absolute water level and the calculated water surface area.
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Figure 4.3.1.: The relationship of the absolute water level and the storage volume and that of the
water surface.

On Figure 4.3.2. the blue curve indicates the relationship of the average water depth and
the absolute water level. The red line indicates the relationship of the maximum water
depth and the absolute water level.

Figure 4.3.2.: Blue curve: Relationship of the average water depth and the water level. Red line:
Maximum water depth.
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In order to illustrate the topography of the Cún-Szaporca oxbow the distinctively
different water coverages that belong to the different water levels are shown in
Figures 4.3.3. – 4.3.5. On the figure the blue color indicates the water covered areas,
and green the low-lying areas that are not covered with water. The other terrain points
indicated on the figure show the high-lying areas (yellow-orange).

Figure 4.3.3.: The water coverage of the Szaporca oxbow system in case of a 90.7 m.a.B level.
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Figure 4.3.4.: The water coverage of the Szaporca oxbow system in case of a 91.5 m.a.B level.
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Figure 4.3.5.: The water coverage of the Szaporca oxbow system in case of a 92.5 m.a.B level.

In the case of the 90.7 m.a.B shown in Figure 4.3.3. the mean water depth is obtained as
1 m. At this water level uninterrupted water surfaces may occur only after the execution
of smaller dredging operations. At the current 91.5 m.a.B water level (see Figure 4.3.4.)
a considerable uninterrupted water surface is formed even without dredging but, at the
same time, the mean water level remains slightly below 1 m because of the larger water
surface. Rising the water level from 91.5 m.a.B elevation to 92.5 m.a.B (see Figure
4.3.5.) would mean a difference of an order of magnitude in respect of the total water
volume. The realization of such an extremely high water level in the case of
implementing water supplementation could not be the objective by any means (its
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achievement would be countered by ecological, stability and other engineering and nontechnical problems).
4.3.1.

Replenishment of the dead water reservoir in the spring period

0.5 m3/s water yield was assumed as the basis for the calculation of the time required for
filling up the dead water system in springtime (see Chapter 4.1.2.1). When determining
the reservoir volume to be filled it was assumed that the absolute water level in the dead
branch would be 90.1 m.a.B (this water level is approximately identical with the lowest
water level measured in 2011). On the basis of storage capacity calculations, the volume
to be filled in this way is 446,339 m3 in the case of raising the absolute water level to
91.5 m.a.B and 808,198 m3 when raising the absolute water level to 92.0 m.a.B. a
Table 4.3.1.1. summarizes the times required for achieving the water levels given
above.
Water level
[m.a.B]
91.5
92.0

Volume
[m3]
446 339
808 198

Water
discharge [m3/s]
0.5
0.5

Fill-up time
[days]
10
19

Table 4.3.1.1: Time required for filling the dead water system

At the above water discharges the dead water system can be filled to the required water
levels with high probability in 10 to 19 days in the springtime.
4.3.2.

Replenishment of the dead water reservoir in the summer period

The following assumptions were used for determining the time required for the second
(summer) fill-up of the dead branch:
•
•
•

It was presumed that prior to the second fill-up the water level in the dead
branch had been raised to 92.0 m.a.B absolute water level in the springtime.
It was presumed that on the occasion of the second fill-up the water level in the
dead branch would be raised in the entire area also to 92.0 m.a.B.
Using the results of the water balance calculations (see Chapter 4.5) the
reduction of the water volume stored in the dead branch in the period between
the spring and summer fill-ups. Thus, on the basis of the water balance
calculations the volume of water to be added on the occasion of the second fillup may vary from 410,000 to 489,270 m3.

Table 4.3.2.1 summarizes the times required for achieving the water levels defined in
this way.
Water level
[m.a.B]
91.5
92.0

Volume to be added
[m3]
410 000
489 270

Water discharge
[m3/s]
0.2
0.2

Fill-up
time [days]
24
28

Table 4.3.2.1: Time required for filling the dead water in the summer.
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At the above water yields the dead water system can be filled to the required water
levels with high probability in 24 to 28 days in the summertime.

4.4.

Times required for water replenishment from Black water stream

The times required for water replenishments in the spring and summer ate summarized
in Tables 4.4.1. - 4.4.2. on the basis of the calculations presented in the previous
sections. It is to be noted also here that the worst cases have always been taken into
consideration for the calculation of fill-up times (e.g. the lowest water yield occurring in
the most critical month, August was taken into account for fill-up in June), thus the
values given represent the longest fill-up times occurring under extreme conditions. The
dead water may be filled actually considerably faster expectably than in the calculated
fill-up times.
Springtime (March-April)
Reservoir space of Black Water spring
Water
level
[m.a.B]

Reservoir
capacity
[m3]

93.1
93.1
93.1
93.1

376,456
376,456
376,456
376,456

Time
Water
Fill-up
required for
water yield
level
fill-up
[m3/s]
[m.a.B]
[days]

1.5
0.6
1.5
0.6

3
7
3
7

Total
system

Kún-Szaporca dead branch

91.5
91.5
92.0
92.0

Reservoir
capacity
[m3]

Fill-up
water
yield
[m3/s]

446,339
446,339
808,198
808,198

0.5
0.5
0.5
0.5

Time
Time
required for required
fill-up
for fill-up
[days]
[days]

10
10
19
19

13
17
22
26

Table 4.4.1: Maximum time required for filling up the dead water system in springtime
Summertime (June-July)
Reservoir space of Black Water spring
Water Reservoir
capacity
level
[m3]
[m.a.B]
93.1
93.1

376,456
376,456

Fill-up
water
yield
[m3/s]

0.64
0.64

Water Reservoir
Time
required for
capacity
level
fill-up [days] [m.a.B]
[m3]
22
22

Total
system

Kún-Szaporca dead branch

91.5
92.0

410,000
489,270

Fill-up
water
yield
[m3/s]

Time
Time
required for required for
fill-up [days] fill-up [days]

0.2
0.2

24
28

46
50

Table 4.4.2: Maximum time required for filling up the dead water system in summertime

It may be stated in summary on the basis of calculation results that:
• The total fill-up time required in the springtime for raising the water level in the
dead water system to 91.5 m.a.B is 13 to 17 ways and 22-26 days for filling to
92.0 m.a.B level.
• The time required for the second water replenishment in summertime to achieve
92.0 m.a.B absolute water level is 46 to 50 days. Note that water input to the
dead branch was assumed only at 0.2 m3/s rate for the determination of the
necessary time. Should the water yield of Black Water spring enable 0.5 m3/s
water throughput to be achieved then the time required for fill-up would be
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32-33
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4.5.

Elements of water balance calculation for the oxbow system

We calculated the water balance by taking precipitation, evaporation, groundwater
flows, surface runoff and the inflow from surface water bodies into account. The study
area has flatland terrain, and based on the available information the surface runoff is not
considerable. The oxbow system is not connected with any perennial watercourse;
consequently, the water balance is of three components, and its changes are regulated by
groundwater, evaporation and precipitation conditions. Taking precipitation and
evaporation data of many years into consideration it can be ascertained that the
evaporation surplus is characteristic of the area and the water level presenting itself in
some lakes depends on the groundwater table principally. We studied the components of
water balance on the basis of available data broken down by months, based on data of
many years.
4.5.1.

Determining evaporation

By evaporation we mean the evaporation of water table hereinafter. In absence of data
we cannot have regard for the effect of soil evapotranspiration on the groundwater
tables. The evaporation of water table can be determined by means of isopleth maps
based on the averages of many years. In the area studied we can reckon on a water table
evaporation value of 900 mm in an average year. We determined the monthly values of
evaporation by applying the so-called monthly inequality factors (see Table 4.5.1.1).
Month

1

2

3

4

5

6

7

8

9

10

11

12

Monthly inequality factor [%] 1.0 1.5 3.6 8.0 14.0 17.0 20.0 16.0 11.0 5.4 1.5 1.0
Water evaporation /month [mm] 9.0 13.5 32.4 72.0 126.0 153.0 180.0 144.0 99.0 48.6 13.5 9.0
Table 4.5.1.1: Monthly evaporation data

4.5.2.

Determining precipitation

We averaged the daily precipitation time series between 2004 and 2011 for
Királyegyháza, Drávaszabolcs and Drávasztára broken down by months. In the interval
said the annual precipitation amount was 670 mm. The evaporation surplus can be
calculated from the evaporation and precipitation data.
Month

1

2

3

4

Precipitation /month [mm] 31.9 40.6 45.7 56.3
Evaporation surplus [mm] -22.9 -27.1 -13.3 15.7

5

6

7

8

9

10

11

12

73.7 80.8 52.7 65.0 71.3 45.6 57.3 51.2
52.3 72.2 127.3 79.0 27.7 3.0 -43.8 -42.2

Table 4.5.2.1.: Monthly precipitation data and evaporation surplus

As we can see from the figures of Table 4.5.2.1 the evaporation surplus exists in the
summer half, between April and October, and in the winter half, between November
and March a precipitation surplus is present. On average of a year we can reckon on a
loss of ~230 mm. A mention must be made that the loss between April and the end of
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July is of great degree (~270 mm), one has to reckon with that in timing of damming
up/water compensation.
4.5.3.

Determining groundwater levels and their effects

The Cún-Szaporca oxbow system does not feed on any surface inflow, and the
evaporation surplus is characteristic of the area, thus the prevailing water levels
correlate with the groundwater tables basically. We have the water level data of K-8
groundwater monitoring well (EOVX: 48533.3; EOVY: 576551.5) close to the oxbow
between the Kisinci lake and the Dráva river.
Relating to the water levels of the lakes in the oxbow system we used the time series of
February 2011.
The stage time series of daily breakdown for the Dráva and the Fekete-víz render helps
at mapping groundwater flows.

Figure 4.5.3.1.: The relationship of the groundwater level measured in well K-8 and the water level
of the Dráva and that of the Black-water.

According to Figure 4.5.3.1 it can be ascertained that in the studied period of three
years the Fekete-víz and the groundwater tables followed fluctuations of Dráva. Based
on the similarity in the characteristics of the Fekete-víz and the K-8 well it is
presumable that along the oxbow the groundwater tables reach at least the K-8 level.
Taking into account the fact that based on the experiences of many years some sections
of the oxbow system have permanent water coverage during years, furthermore also a
strong drawdown effect of Dráva stands out at the K-8 well, we can give pre-estimates
for the groundwater tables of the area studied. By our assumption, owing to the flow
zone of north-south direction, the average water levels in the vicinity of the Kisinci lake
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may stand taller with 0.5-1.0 meter that the water level measured in the K-8 well. In
connection with this laying of further monitoring wells is expedient in the planning
area.

Figure 4.5.3.2.: Changes of groundwater levels in the groundwater monitoring K-8 well.

Relying on the data of K8 well we can calculate the relationship of the oxbow and the
groundwater table according to Darcy’s law.

From the formula we can deduce the change of water level per time in the function of
bed resistance. It follows from Darcy’s law that the extent of drawdown is also the
function of potential differences, and we can conclude the position of groundwater
tables from the data sequence of K-8 well.
During our calculation we took the opportunity of some simplifications:
• The flow is of horizontal direction;
• The saturated zone transports the water volumes being leaked from the bed
within short time, i.e., no rise of water level takes place owing to water coming
out of the lakes;
• The effect of evapotranspiration and precipitation is not felt locally;
The magnitude of bed resistance coefficient raises further questions. According to the
soil examinations concerning the K-8 well the upper, 1 m thick layer of soil is humic,
but between 1 and 4 meters there is loamy sand. The oxbow bed is strongly colmated,
silty, in worse case of sandy silt character. For further details we propose additional
exploring soil drillings.

4.6.

The calculated water level time series of the oxbow system

Three soil types were assumed in order to forecast the infiltration conditions relevant to
soil properties (using the hydrogeologic logs of the wells marked K-8 and K-15). The
bed material may be:
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•
•
•

A mixture of silt and lean clay.
Sludge and silty sand flour.

A mixture of silty sand flour and sand flour.

The minimum and maximum infiltration factors relevant to the given soil types are
shown in Table 4.6.1.
Soil type
Silty sand flour
Sludge
Lean clay

k min [m/day]
0.0864
0.00864
0.00864

k max [m/day]
0.00864
0.000864
0.000864

Table 4.6.1.: Infiltration factors (Herczog, 1962).

Depending on the soil conditions, the speed of drainage of the oxbow can change by
orders of magnitude, therefore the fluctuation of the water level can be critical between
two water replenishment periods, because of the different infiltration speeds . The
following criteria have been established in relation to the water level control of the
oxbow system.
• The water level fluctuation should ideally not exceed half a meter a year.
• Water replenishment should occur in discrete instalments, as continuous water
replenishment is undesirable both because of the risk of flooding and the
quantity.
• Refilling should ideally be carried out with two fill-ups. Several factors have to
be considered when planning the timing of the refilling: first of all, ecological
and environment protection factors (e.g. the brooding of birds in spring) and/as
well as quantitative demands (to avoid refilling during low water periods and the
continuous supply of ecological discharge/water output in the Black-water).
• The duration of the bed refilling period should not exceed two weeks, as it is
advisable to minimize the cost, the demand for supervision and the work-force.
Taking into consideration the above-mentioned requirements, several scenarios have
been envisaged because of the uncertainty of the soil conditions. The initial water level
of the oxbow system immediately prior to refilling was always assumed to be 92.00
m.a.B. The quantities necessary for balancing the fluctuations in the water level are
summarized in Table 4.6.2.
Soil features and
replenishment scenarios
Muddy bed + one-time
charge
Muddy bed + two-time
charge
Silty sand flour + onetime charge
Silty sand flour + twotime charge

Final Master Plan

Water level decrease
in the 1. section [m]

Replaceable
quantity [m3]

Water level decrease
in the 2. section [m]

Replaceable
quantity [m3]

0.4

270 000

-

-

0.2

160 000

0.2

160 000

1.2

620 000

-

-

0.5

300 000

1

540 000
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Sand and sand-flour +
two-time charge

1.2

620 000

1.5

710 000

Table 4.6.2.: Water level decreases and water needs calculated from a 92.00 m.a.B absolute height.

The water levels resulting from different physical soil conditions and refilling scenarios
are shown by Figures 4.6.1. – 4.6.5. In the figures, the absolute water levels in the
oxbow depending on the time are marked by a blue dotted curve, not taking into
consideration the precipitation and evaporation. Absolute water levels with precipitation
and evaporation are marked by the green curve. Refilling is shown by a vertical „leap”
in the curve. Assumed ground water levels are shown by the red curve. The beginning
of the calculations (day zero) is March 25, corresponding to the time of the assumed
first filling.

Figure 4.6.1.: Change in water level in the I. infiltration case (the bed is a sludge and lean clay type
of mixture), in case of a one-time charge.
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Figure 4.6.2.: Change in water level in the I. infiltration case (the bed is a sludge and lean clay type
of mixture), in case of a two-time charge.

Figure 4.6.3.: Change in water level in the II. infiltration case (type of sludge and silty sand flour),
in case of a one-time charge.
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Figure 4.6.4.: Change in water level in the II. infiltration case (type of sludge and silty sand flour),
in case of a two-time charge.
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Figure 4.6.5.: Change in water level in the III. infiltration case (sand and sand flour mixture), in
case of a two-time charge.

It may be an optimistic estimate to assume that the bed is silty or clayey (1st infiltration
case). With two refillings, approximately 25 cm decrease in the water level a year can
be expected at most (see Figure 4.6.2.) One refilling is sufficient, in which case
approximately half a meter decrease in the water level can be expected (Figure 4.6.1.)
In a worse case scenario, the colmated bed is silty sand flour-like (2nd infiltration case).
According to data from the literature, the hydraulic conductivity of such a bed may
exceed that of silt by one order of magnitude. According to our calculations, even two
refillings a year are not sufficient in this scenario (see Figures 4.6.3. and 4.6.4.), as the
expected water loss is around 1 m. In this case, three refillings a year have to be carried
out, circumstances permitting.
In the case of soils made up of rougher granules than the mixture of sand and sand flour
(3rd infiltration case), the maintenance of water levels is impossible without constant or
continuous water replenishment. As can be seen from Figure 4.6.5., in the case of a
sand flour bed the oxbow is drained to ground water level in 30 or 40 days.
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4.7.

Summary of the oxbow system water balance calculations

The results referring to the oxbow’s water balance in different cases of infiltration are
summarized in Table 4.7.1. – 4.7.3.

Month

Precipitation
[m3]

Evaporation
[m3]

Infiltration I.
case
[m3]

Overall water
balance
[m3]

Water Actual amount
level
of water
[m.a.B]
[m3]

March 25

13892

9859

5893

-1860

91.986

798901

April

39074

50007

12034

-22967

91.937

764772

May

51423

87862

10194

-46633

91.859

711798

June

52519

99492

6434

-53407

91.752

642122

July

33402

114000

6908

-87505

91.634

568464

August

39310

87060

9507

-57257

91.566

528239

September

42142

58521

10101

-26480

91.537

511295

October

26788

28555

10208

-11975

91.547

516906

November

29663

6992

9377

13293

91.571

531218

December

30829

5420

9993

15416

91.593

544059

January

18682

5271

13228

183

91.597

546600

February

24631

8196

12802

3633

91.601

548873

March 25

16264

11542

6363

-1642

91.599

547635

Table 4.7.1.: With a 25th March charge (from a 90.5 m.a.B water level to a 92.0-s m.a.B water level)
the rate of drainage in case of a 1.5 m think mixture of sludge and lean clay bed.

Month

Precipita- Evapora- Infiltration II.
tion
tion
case
[m3]
[m3]
[m3]

Overall water
balance
[m3]

Water
level
[m.a.B]

Actual amount
of water
[m3]

March 25

13699

9722

56739

-52762

91.917

751459

April

36788

47080

100889

-111182

91.731

629119

May

45705

78093

68777

-101164

91.555

521642

June

44741

84757

29281

-69298

91.408

439976

July

27607

94220

28783

-95396

91.252

360730

August

31039

68742

45318

-83021

91.118

298204

September

31269

43422

43648

-55802

91.022

256599

October

18671

19902

38695

-39926

90.972

235734

November

19795

4666

32945

-17816

90.944

224419

December

19949

3507

28171

-11729

90.923

216731

January

11519

3250

46602

-38333

90.844

187711

February

14190

4722

35482

-26014

90.781

166641

March 25

9416

6682

13342

-10608

90.757

158231

th

Table 4.7.2.: With a 25 March charge (from a 90.5 m.a.B water level to a 92.0-s m.a.B water level)
the rate of drainage in case of a 1.5 m think mixture of sludge and silty sand flour bed.
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Month

[m3]

Overall
water
balance
[m3]

[m.a.B]

Actual
amount of
water
[m3]

Precipitation

Evapora
-tion

Infiltration
III. case

[m3]

[m3]

Water
level

March 25

11998

8515

398926

-395443

91.379

424496

April

23444

30003

212264

-218823

90.836

185140

May

26021

44460

-14043

-4396

90.796

171544

June

30289

57379

-109443

82352

90.975

237077

July

20709

70679

-14810

-35159

90.915

213817

August

20891

46266

90929

-116304

90.648

129940

September

16950

23538

42742

-49330

90.518

95967

October

9293

9906

19051

-19664

90.491

89938

November

9617

2267

22431

-15082

90.456

84757

December

10633

1869

-4942

13706

90.530

98936

January

4365

1232

80038

-76905

90.234

51902

February

3840

1278

5316

-2754

90.223

50536

March 20

3771

2676

-10060

11155

90.283

59051

Table 4.7.3.: With a 25th March charge (from a 90.5 m.a.B water level to a 92.0-s m.a.B water level)
the rate of drainage in case of a 1.5 m think mixture of sand and sand flour bed.

On the basis of the water balance calculations, it can be stated that water replenishment
from the Fekete-víz can be technically carried out in an ecologically sustainable
framework. However, to work out the various alternatives for water exchange in detail,
all interested parties (environment protection organizations, flood protection authorities,
legal bodies and ordinary people farming in the area, etc.) have to arrive at a consensus
about the predictable flooding risks, maintained water levels and fluctuations to the
ground water level. Alternative solutions to these issues will be further discussed and
agreed upon in an Action Plan.

4.8. The calibration of water level calculations of Cún-Szaporca
oxbow based on the water level data of Kisinci-lake and well K-8
The stream speeds between the surface body of water and the two phase layer can be
determined based on Darcy’s law (see Chapter 4.5.3). The knowledge of bed permeable
ability is essential to calculate the stream conditions, which is the function of bed matter
thickness and leaking factor. Based on technical literatures the leaking factors show
order of divergences in the case of surfaces with different structures. The leaking factors
of the surface types surveyed by us covered the domain k = 0.0864 – 0.000864 m/day.
During the area visit we concluded that the bed is slightly colmatated, based on our
preliminary estimations the most probable scenario would be the mud – muddy fine
sand surface types.
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For calibration we had the timeline of two months of precipitation at our disposal, the
data line of Kisinci-lake water level for early September-November, and the water level
data of well K-8. We have to highlight that the observation period is short and the
measurements concern Kisinci-lake, so the received results has to be handled with
reservations considering the whole dead branch system. The determination of leaking
factor was carried out by iterative method. In addition to considering the precipitation
and the evaporation values we attached the drain curve on to the curve of measured
water level line (see Figure 4.8.1.).

Figure 4.8.1.: Drainage curve attachment on the values of the values of Kisinci lake water level.

The value of bed resistance factor is c = 0.004 1/day, which is equal to the k soaking
factor assuming 1m thick bed matter. The results support our earlier assumption to the
most probable bed matter, which is on the limit of mud – muddy fine sand. We have to
highlight that during the calibration we took Kisinci-lake’s initial water level of 90.1
m.a.B as a starting point, namely we revealed the soaking conditions of layers of water
filled bed typical to the surveyed period. Due to the mentioned causes we couldn’t take
the soaking factors of layers belong to the higher water levels caused by swelling into
consideration during calibration. In case we presume that the bed matter is characterized
by homogeneous muddy – muddy sand type on the whole surface of oxbows, two filling
is suggested annual to keep 91.5 m.a.B swelling level based on the calibrated model.
Figure 4.8.2 shows the water levels of the oxbow calculated with c = 0.004 1/day
resistance factor in case of two times (March and end of July) of water supplementation
to the level of 92.3 m.a.B.
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Figure 4.8.2.: Drainage curve characteristic in case of two times of swelling.

According to the calculations of the water scale it can be stated that the II. soaking case
introduced in the previous chapter characterizes the oxbow water scale conditions. To
maintain the recent in-plant water level (91.5 m.a.B) two times of water supplement is
necessary based on the calculations of water scale. The time of the oxbow swelling has
to be determined by taking the nature conservation and other aspects into consideration
based on the hydro meteorological conditions of the given year. The above calculations
were prepared for the case of swellings on 25th March and end of June. We have to note
that soaking factor of k = 0.004 m/day defined as the result of the calibration
characterize a bed belonging to a level of about 90,1 m.a.B. Based on our expectations
the conditions of the oxbow system’s soaking are disadvantageous in the aspect of
maintaining water level on higher (91.5-92.0 m.a.B) water levels. The maintenance of
92.0 m.a.B absolute water level defined as the purpose of current project would needed
continuous water supplement, but based on the current calculations two times of water
supply to 92.0 m.a.B would provide the Summer and early Autumn periods higher
water levels than 91.5 m.a.B.

4.9. The summary of calculations for water supply
By summarizing the values of detailed calculations introduced in Chapters 4.1. – 4.8. it
can be stated that it is secure to carry out the water supplement of Cún-Szaporca oxbow
with the gamming of the Black-water and by leading the certain part-stream flow of the
water stream into the oxbow. In case the hydrometeorological conditions make it
possible, the leading of Dráva’s water in to the oxbow through the available Kisincifloodgate can be a periodic and optional alternative. In certain periods the precipitation
and the ground water can nourish the oxbow in a natural way, but the artificial water
supplement of the oxbow from these sources is not possible.
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Based on technical-economics, nature reservation and other aspects the water
supplement from the Black-water is practical to be done in two stages. Based on the
establishing calculations the water supplement is suggested in March and June, but the
time the oxbow system’s filling has to be determined primarily by the prevailing actual
hydro meteorological parameters taking the different aspects of the parties concerned in
the realization of the project into consideration.
The above calculations are far beyond the general technical content of the concept
plans, but they are necessary to understand and describe the complex behaviour of the
system.
It can be seen that based on the detailed hydrological and hydraulic analysis there are
many of the water supplement alternative that are taken theoretically possible to be
excluded.

5. PLANNED ACTIONS
5.1.
5.1.1.

Water supply from the Black-water
The possibilities and limits of the conditions of available ditch system

Based on the calculations described in Chapter 4. the water supplement of CúnSzaporca oxbow system can be realized by the swelling and the water lead from the
Black-water. In case of the suggested water supplement alternative the place of swelling
and water lead is practical to be formed primarily by using the available ditch system.
Based on the geodesic survey the suitable ditch system for the supplement from the
Black water is shown in Figure 5.1.1.

Figure 5.1.1.: Suitable ditch system for the supplement of the oxbow from the Black water based on
the geodesic survey.
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The available number 1 ditch is between Szaporca Old-Dráva and Cún-flood gate; its
total length is 3043.18 m according to the geodesic survey and the place of its outlet is:
Black-water right side 5+710 tkm, threshold level 90.57 m.a.B. The place of inlet
towards the oxbow is the 4+590 section of the oxbow. The length section of number 1
ditch is shown by the following figure.

Figure 5.1.2.: The longitudinal section of ditch number 1

The leyline of number 1 ditch from the Cúni-flood gate into the number 2 ditch
(357.86 m long section) is relatively “low”, following this it could be suitable for the
leading from Black-water. Assuming 0.5-1% descent the necessary water column
difference from the in-plant water level of the planned oxbow is 1,6-3.2 m. Namely the
swelling level in the Black-water bed is 93.1-94.7 assuming 91.5 m.a.B in-plant water
level in the Cúni-flood gate section. According to the results of the geodesic survey the
height of the dam crest is 95.70 m.a.B on the right side and 95.40 m.a.B on the left side.
The length of number 1 ditch can be “shorten” with number 1. diversion cut, that
connects to the oxbow at the 4+070 section. Figure 5.1.3. shows the length section of
diversion cut number 1.
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Figure 5.1.3.: The longitudinal section of diversion cut number 1.

Currently there is no ditch in the line of number 1. diversion cut, the length section
shows the land. Ditch number 1 and diversion cut number 1. together is a total of
1602.69 m. Assuming 0.5-1‰ descent the necessary water column difference from the
planned in-plant water level is 0.80-1.6 m, namely the size of the swelling level in the
Cún-flood gate section of the Black ditch is 92.30 – 93.10 m.a.B assuming 91.50 inplant water level. The lane of diversion cut number 1. is suitable for establishing ditch,
but currently there are privately owned agricultural real estates in the area.
The 357.86 m long section after the Black-water water outlet is crucial at both solution.
For the water leading the realization of a “suspended valley” will be necessary.
During the planned water supplementation the function of ditch number 2, namely
assuring the precipitation water outlet for Cún settlement has to be followed with
attention. That is assured by the ditch towards the Cún-flood gate on one hand, and
towards the direction of oxbow on the other hand through the connection to ditch
number 1. Figure 5.1.4. shows the length section of ditch number 2.
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Figure 5.1.4.: Longitudinal section of ditch number 2.

Based on the result of the geodesic surveys by using the available ditch system the
water leading from the Black-water to the Cún-Szaporca oxbow system can be realized
on two possible lanes.
5.2.1.

Summary of design criteria for planning

During the planning of actions needed for water supplementation we considered land
and water economy-hydraulics conditions and nature reservation aspects as well.
According to this:
•

The area can receive natural water supply from the Kisinc-flood gate with
threshold levels 90.42 m.a.B and 90.15 m.a.B that is built in the lower end of
Cún-Szaporca oxbow system from the Dráva and with an annual duration of 40
days;

•

The current operation license for a part of Cún-Szaporca oxbow system
prescribes 91.50 m.a.B level, which was taken into consideration during the
oxbow supplementation.

•

Based on the geodesic surveys the maximum in-plant water level is 92.30, and
economically it can be securely planned on 92.00 m.a.B level;

•

The duration on the planned water supplementation does preferably not exceed 4
weeks;

•

The swelling level of Black-water does preferably not exceed 93.50 m.a.B level;

•

The dredge works in the oxbow system are not recommended, with the
exception of lowest area of Kisinc-lake that is under fishing utilization.
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• During the water supplementation the precipitation water outlet for Cún
settlement has to be assured;
• The water supply is recommended to be realized through the available ditch
number 1.
• The water supplementation can be assured through ditch number 1 and diversion
cut number 1 as well;
• Based on the establishing calculations the spring fill of the oxbow system is
recommended to 92.00 m.a.B level; the necessary swelling level for this on the
Black-water is 93.10 m.a.B, the water-surface slopes in this case are:
o In case of water supplement through ditch number 1: 0.371 ‰;
o In case of water supplement through ditch number 1 and diversion cut
number 1: 0.936 ‰.

5.2.3.

Suggested technical actions

Considering the above viewpoints we recommend the following technical actions.
1.

The rebuilding of the saved and water side flood gates that are currently
unsuitable for water reservation on the bottom end of the closing bank (“summer
dyke”) in a way that their threshold level got matched with the threshold level of
Kisinc-flood gate, namely 90.15 m.a.B level (the Kisinc-flood gate that was built
in the embankment of Dráva is not suitable for the water reservation of the oxbow
system in regards of stability aspects.)

2.

The building of dam pond on the Black-water, which place is the mouth between
Pécs-water and Cún-flood gate, namely the Black-water’s section between
4+559-5+710 km The dam pond workpiece has realized in a way so it can:
o Grant the 93.10 m.a.B + 1 m swelling level during the swelling period;
o Assure the draining of the floods in the bed of Black-water apart from the
swelling period;
o Provide its energy demand from recharging energy source (solar energy
or Black-water’s energy).
According to the above parameters the size of the swelling is 5.0 + 1.0 m = 6.0 m.

3.

The realization of water leading from the Black-water to the Cún-Szaporca oxbow
system.
3.1. 1st alternative. The building of ditch system in the lane of the available
number 1 ditch that assures water supplementation. With the parameters
defined during the establishing calculations (swelling level on the Blackwater is 93.10 m.a.B, filling level in the oxbow system is 92.00 m.a.B, inplant water level in the back water system is 91.50 m.a.B) the size of the
planned earthwork is 45000-55000 m3 deficit. The place of the planned inlet
into the oxbow system: 4+070 km section.
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3.2. 2nd alternative. To assure water supplementation, the building of ditch
system in the lane of the available number 1 ditch between sections
2+112.74 – 3+100.18 and the lane of planned number 1 diversion cut. With
the parameters defined during the establishing calculations (swelling level
on the Black-water is 93.10 m.a.B, filling level in the oxbow system is
92.00 m.a.B, in-plant water level in the back water system is 91.50 m.a.B)
the size of the planned earthwork is 5000-15000 m3 deficit. The place of the
planned inlet into the oxbow system: 4+590 km section.
4.

Building of diversion work in the 5+710 section of Black-water with the retaining
of the right side flood gate.

5.

Building of flow control work
5.1. 1st alternative. Building of flow control work on the connections of ditch
number 1 and ditch number 2 on both of the connection points (the
1+175.56 and 2+667.32 km sections of ditch number 1, and the 0+000 and
1+773.46 km sections of ditch number 2.)
5.2. 2nd alternative. Building of flow control work on the connection of ditch
number 1 and ditch number 2 (the 2+667.32 km section of ditch number 1
and 1+773.46 km section of ditch number 2), and on the ditch number 1 and
diversion cut number 1 (the 2+112.74 km section of ditch number 1 and
0+716.86 km section of diversion cut number 1.)

6.

Building of buffer storage in order to store the led water from the Black-water to
improve water quality before the inlet to the oxbow system.

7.

Building of division channel on the water inlet of oxbow in order to control the
water supplementation of the oxbow’s eastern and western branches.

The further survey and detailed planning of the suggested technical actions above that
aim the water supplementation of Cún-Szaporca oxbow system will be elaborated in the
Action Plan after the reconciliation with the interested parties

5.2.

Other actions and developments

The preliminary ”Master Plan” primarily focused on the key element of the project, the
examination of the ecological water replacement of the Cún-Szaporca oxbow system.
There are interventions and developments that are diretly related to the planned water
replacement intervention, and they aim to facilitate the examination of the foundation,
operation and future impact of the complex water management system about to be
developed. In addition, the measures and developments aimed to reduce the region’s
economic backwardness (the development of tourism and agriculture) can be linked
indirectly. The latter are necessary to be examined in great detail during the
development of the Action Plan and Feasibility Plan. In this work we will only show a
few possible development trends.
5.2.1. Development, design and operation of monitoring and plant operation
system
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In the design phase it is already necessary to design and build a monitoring system that
will provide information, on the one hand for the engineering, licensing and operation
of the water replacement system, on the other hand which allows to track the
envionmental impact of the future investments.
The main tasks that will provide a basis for the design, in relation to the monitoring
system to be developed, are the following:
• Design and development of a precipitation, water level- and water discharge
measuring network that will provide direct information for the detailed design of
the water replacement system (and for its plant operation):
o Development of the existing kémes-cún hydrographic station (eg.
transmitter, ultrasonic water discharge measuring station);
o Continuous registration of the oxbow system’s water level at 3-4 points
(telemeter water gauge);
• Design, building and operation of a finer resolution and detailed groundwater
monitoring network (establishment of groundwater monitoring wells, automatic
groundwater detection, systematic sampling and water chemistry analysis, data
assessment etc.);
• Completion of additional soil exploratory tests in order to clarify the filtration
conditions;
• Further investigation of the Black-water’s water quality, forecasting,
measurement and modeling of the still water formation and eutrophicational
processes (and their effects);
• Further systematic investigation of the water spaces’s water quality found in the
Cún-Szaporca oxbow system;
• Operation of a biological monitoring system, with special attention to the
conservation and water quality protection viewpoints.
In order to have the developing water replacement system operate reliably and
economically, a coordinated monitoring and plant operation is necessary. For this
purpose the monitoring activity serving as a foundation for the design, in the realization
and operation phase for the investments in water replacement should be continued and
completed.
One of the key aspects in the design of the monitoring, aimed to help the plant
operation, is that by its application we ensure that no overflow will be cause by the
damming of the Black-water in case of a tidal wave forming on the catchment. For this
purpose, during the charging of the oxbows, increased attention should be paid for the
precipitation events developing on the catchment and the emerging water levels, so if it
is necessary the operator of the dam can be alerted-informed in time to terminate the
damming. Another mission of the long-term monitoring is to follow up on the water
quality and ecological status effects of the planned investments.
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Based on the above described monitoring system it is necessary to develop the water
replacement plant operation system (demarcation of responsibilities, development of
operational protocol, development of computer-controlled management etc.).
5.2.2. Water regulation, shift of cultivation branch, development of road network
The water replacement might happen according to the anaylsis shown in Chapter 4.,
partially by the utilization of the existing drainage ditch, and it requires the development
of ditches on areas that are presently under agricultural farming. The planned samming
includes agricultural and residential areas, therefore we have to carefuly address the
water regulation of the low-lying areas. Relating to this a revision of the current land
uses should be conducted.
Following the implementation phase of the project, the turfing of the surrounding and
ameliorated economic areas should be encouraged (development of ecological buffer
zones). In the long term we have to address the functional change of the ”inner”
ploughland that wedged into the oxbow system, possibly with the reintroduction of the
original, native trees, or with a wet hayfield meadow function. In total it would be
desirable to restore the traditional forms of farming, thus using the wooded pastures in
the vicinity again.
The approach of the water management structures indicated in Chapter 5.1.3., and that
of the planned tourism facilities should be ensured. The necessary improvements will be
detailed in the project’s Action Plan.
5.2.3. Tourism developments
The area is relatively intact, thus the presentation of the natural and other regional
values, the eco-tourism can establish the tourism development.
The visitor centers (Gemenc-Bárányfok, Drávaszentes), and thematic exhibitions (e.g.
the bat museum at Abaliget, or the bird memorial park at Matty) of the Danube-Dráva
National Park serve the presentation of the natural values. The Otter Park at
Petesmalom in Somogy county represent a special attractiveness. Through the trails one
can get acquainted with the natural values, and by the guided tours, which are held at
predetermined dates and are advertised for the public since 2006.
From a nature conservation and tourism point of view it would be important – because
of the location of the protected areas – to expand the cross-border cooperation between
Croatia and Hungary, thus reaching the coherent national park immunity of the
protected areas (Kopácsi-meadow) stretching south of the Danube-Dráva National Park
area, and the implementation of the joint tourism product development.
The touristic developments implemented in the immediate vicinity of the backwater
system must be designed in connection with the tourism development strategy of the
South-Transdanubia Tourism Region, the Ancient-Dráva Program and other regional
development plans.
The travel–tourism features of South-Transdanubia are diverse. In the neighborhood of
the planning area, the water and bicycle tourism, along the Dráva, mean the primary
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development potential, for this area in the region does not belong to a recreation area
and it still has major tourist attractions.
The formation of the backwaters found in the area can be made for different times, since
the river continuously changed its trail. The backwaters developing from the riverbed
wreaths that detached as a result of riverbed migration charged, apart from this water
scarcity is a problem without exception, even in the case of those backwaters that are
not specifically utilized. In case of the utilized backwaters (e.g. fishing) this problem
caused even more trouble, for the operators are interested in the existence of steady and
even water level.
The Water Engineering plan of the Ancient-Dráva Program of the Ormánság
Developing Corporation Association basically divides the backwaters into two main
groups according to their possible use:
•

In case of the backwaters that are not under nature conservation the welfare
(fishing, etc.) utilization can be considered, especially in case of those
backwaters that are near settlements, or are easily accessible. According to the
plan these water areas would operate as welfare lakes, at which the proper water
depth is important (min. 1.5 m) and the good (not a high trophic) water quality
that is favorable for utilization. For this a constant and continuous water supply
and the ensuring of an adequate water level control is necessary. Since the
Ancient-Dráva Program is not planning to drain the lakes annually, the water
supply has two basic functions: to replace the evaporation and leakage loss and
to prevent the oxygen intake and nutrient enrichment as a result of the
continuous water exchange.

• In case of water spaces that are under nature conservation immunity or that are
maintained by such criteria, water supply is also important; but to entirely ensure
its precise controllability, the water depth and the water quality standards
required by the water’s welfare utilization is not the program’s plan. In this case
the goal of the water supply is to basically maintain and establish the wetlands.
In case of these backwaters the planned interventions on the area should be
minimized, and the purpose of water supply and the proportions of the open
water areas and other zones should be clearly defined. It is not necessary to keep
a constant water level, for that is not a natural state, however dehydration must
be prevented.
Out of our river waters the Dráva and its environment is still relatively untouched, and it
has many opportunities for the nature and rural countryside lovers.
Its entire length is of a National Park protected area, whose operator – also the nature
conservation authority - the Danube-Dráva National Park Directorate beyond the legal
conditions of visiting, also established regulations for the number of visitors as the first
in the country, having regard to the load of the sensitive area. This means that during
the authorized periods they issue licenses for up to a maximum of 30 people’s canoe
water tour every two days that is accompanied by a 100 thousand forint duty payment
since 2006 regardless of the group’s size. This will further decrease the already very
limited number of clientele. Rowing on the Dráva will shift even more to the exclusive

Final Master Plan

88

Revitalization of the Cún-Szaporca oxbow system

tourism category. However the ever-rising prices and tighter conditions were not
associated with an increase in service level or with the development of comfort (the rest
and camp sites still provide quite nomadic conditions for the guests). Their development
is a necessary and urgent task with regard to the common usability with the clientele of
the Három Folyó (Three River) (Mura-Dráva-Danube) Bicycle Path that is partly related
to dams. It is a known fact that the Ormánság does not have alternative accommodation
supply, thus the riverside rest and camp sites’ lack of development prevents the
exploration of tourism not only in the Dráva but in the entire region.
Given the lack of accommodation in the environment of the Cún-Szaporca backwater
system, it is practical on the one hand to develop the system of rural tourism, on the
other hand to establish accommodations close to nature (e.g. camps).
It served the boost of water tourism that in four villages along the Dráva (Barcs,
Drávatamási, Drávasztára, Drávaszabolcs) ports were built. The almost 50 thousand
hectares Danube-Dráva National Park created along the Danube and the Dráva – fourfifth of which are within the scope of the three counties - is the region’s largest
protected area of national importance.
The conditions are ideal in the region to develop the bicycle tourism, but so far the
opportunities have been utilized in a limited form. The varied but not too structured
terrain, the vast forests, the large number of wetlands all create an attractive
environment for the bicycle tourism
The basic documentation of tourism planning is the National Tourism Development
Strategy (2005-2013), which identifies the improvement of quality of life as its main
goal and as the impact of tourism development, and adjusts its strategy target and
priority to this, thus this was the basis for the creators of the tourism development
strategy of the South-Transdanubia Region. (figure 5.2.1.)
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Figure 5.2.1.: Summary of the Tourism Development Strategy of the South-Transdanubia Tourism
Region.

During the target system design it concretizes the set of targets and their corresponding
indicators by value-based and target-based planning. It summarizes the consistency of
goals and priorities within a matrix table that can also serve as the basis for the regional
tourism planning.
The NFT II. and the related South-Transdanubia Regional Operative Program (ROP)
documentations treated tourism with high priority between the 2007-2015 period, thus it
appears amongst the strategic goals, which are taken into consideration by the creators
of the Tourism Development Strategy of the South-Transdanubia Tourism Region
during their work.
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Among the 3 comprehensive system of objectives of the South-Transdanubia ROP, in
all three cases the tourism connection appears directly, such as:
•

„High environmental quality model region”, in which tourism makes the state
and quality of the environment sustainable by gentle tourism product types.

•

Amongst the specific objectives of „Competitive economy based on local
conditions”, beside the direct tourism priorities, the cultural industry and the
regional priorities of the health industry are affecting almost every aspect of its
implications of tourism.

•

In order to form a „stabilizing population and strong social solidarity region” the
rural development impact of tourism is a strong connection segment of this
priority.

•

The South-Transdanubia ROP also breaks down the 3 comprehensive system of
objectives into regional strategic objectives, which is an important basis for
displaying the regional brands for the tourism planning.

•

It defines the city of Pécs as a „National growth pole”, with the daily actuality of
accepting the pole development plan by the general assembly of the City of
Pécs. In its axis the cultural and health projects are listed, linked together with
the program that also serves the European Capital of Culture city-rehabilitation.

•

In many cases when designating the „regional growth zones in the area” the
tourist activity also served as a basis, thus the naming of the regional brands is
coherently linked with the ROP planning documentation in the Tourism
Strategic Program. (Szekszárd and its region – Danube axis, Kaposvár –
Dombóvár axis, the Balaton and its background area)

•

In the category of „rural regions to be set on characteristic developmental
courses” we consider it a professional planning error that tourism did not get
named, for the connection is obvious between the stabilization of rural regions
and the rural tourism.

The designers change of attitude manifests in emphasizing the partnership relations, in
which they intended a major role for the region’s tourism management.
In accordance with the application requirements the elements of the tourism supply and
demand, and by overviewing the framework conditions of tourism the case closing
SWOT analysis summarizes the possibilities of moving forward.
The local partnership must be constructed and operated within the region. In recent
years the integration to the tourism and land development system intensified. This
process is also enhanced by the fact that the resources available for development,
marketing and programs in 2005 and in 2006 once again reached the players of tourism
through the decision-making mechanisms of the Regional Development Councils. In the
long run it will be defining for the industry that in the preparation of the NFT II what
areas of tourism will receive priority, and within the ROP what kind of indicative
resource allocation will be determined at the measures serving tourism development.
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Therefore the creators of the tourism development strategy of the South-Transdanubia
Tourism Region rank first the content relationship building with the regional
development’s organizational system during developing and building partnerships.
(figure 5.2.2.)

Figure 5.2.2.: Tourism and regional development relations.

The efficient development of tourism, the organization and operation of the mutually
beneficial cooperation can only be effectively provided with a territorial principle, along
a decentralized development policy. Therefore, formulated by the National Tourism
Development Concept that in the future the regional tourism bodies (RIBs) and tourist
agencies (in their present form MT Ltd. RMIs) should operate in connection with the
regional development boards and agencies. In contrast, today mostly two parallel
regional development-, and tourism marketing system operates. (figure 5.2.3.)
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Figure 5.2.3.: The regional structure of tourism marketing.

The relationship and effective cooperation of the two would be ensured by the
development of a regional destination management organization.
South-Transdanubia has favorable conditions for eco-tourism, and has several
possibilities for nature and rural countryside lovers. Amongst our river waters the Dráva
represents outstanding natural values even in a European perspective. The almost 50
thousand hectares of Danube-Dráva National Park located along the Danube and Dráva
– four-fifth of which is within the scope of the three counties - is the region’s largest
protected area of national importance. One of the special elements of supply of
ecotourism is the narrow-gauge forest railways. At South-Transdanubia five such
narrow-gauge railways operate: the Almamellék, the Kaszó, the Mesztegnyő, the
Gemenc and the Pécs.
At the South-Transdanubia coastal resort areas were developed around the artificial
lakes. The most significant out of these are Orfű, Abaliget and the Kovácsszénája area.
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The lake system created here provides habitat for a valuable population of fish and bird
reserve and also provides the conditions for water sports. Important water tourism target
areas are the Deseda-lake beside Kaposvár, Fadd-Dombori in Tolna county, and the
Kotró-lake at Gyékényes, latter is a popular destination for scuba divers because of its
clear water and high water levels. The riverside tourism is (kayak- canoe trips, and
small boat trips) significant on the Dráva and Danube. The region has favorable
conditions for fishing tourism, like along the rivers, or along both natural and artificial
still waters there is a possibility to perform this activity.
The preservation of the uninterrupted areas that are under nature conservation warrants
that the tourism developments would be realized at the area of the Kisinci-lake that is
currently used for fishing. We recommend the establishment of a smaller fisheries and
ecological demonstration site, and a couple of wooden camping houses. We plan to
build a bird-watching tower between the Kisinci-lake and the Hobogy, for which a
shorter trail would be connected. On the area of the Hobogy reeds a plank-line would be
built to help ringing the birds that would help the scientific and conservation work. The
„eco-complex” developed at the Kisinci-lake would make allow to organize camps and
study tours.
The Dráva water tourism will not be the pulling product of the region, but in case of its
development, it could be a distinctive accent of the region in the exclusive tourist
category, which will contribute to the building of the region’s tourism image by its
closeness of nature and nature friendly character.
We have to highlight the operation of the Dráva Tours Ltd. that is based on Barcs that
offers several additional services (beyond the canoe rentals and guided tours they also
lend bicycles, motorboats, land rovers, they provide return rides for canoers, and they
even launched the establishment of a horse-drawn tourist base in 2005).
The main line of flood defense is part of the current bicycle path network. The planned
tourism developments involve the improvement of the embankments passability, and
the establishment of resting areas. In order to establish an adequate network at the
intersection of the Black-water and main line of defense the construction of a bicycle
viable bridge is required.
Related to the Dráva water tourism, in the area of the backwater at Majláthpuszta, the
establishment of a water tour camp is planned, from where certain points of the
backwater system are easily accessible, while minimizing the disturbance of wildlife in
the DDNP area.
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5.2.4.

Other, miscellaneous questions of the implementation

5.2.4.1.

Requested lands

The implementation of the planned actions requires the overview of the areal
request for the actions. This is suggested to be treated in four, separated problem
groups:
1. Areas requested near and around the dam and water intake points within the
boundary of the presently used water management areas operated by the Water
Directorate (in this case only the consent is needed from the land owner);
2. Determination of the areal request for the water transportation routes, for its
renovation and establishment and enlargement (establishment of new properties,
division of lots, permitting, land appropriation for public interests, etc.);
3. Land requirement of wetlands (side-arms) water objects reconstruction, and area
for the disposal of dredged sediment materials (identification and consent on
reception area land owner);
4. Areal determination of buffer zones around the revitalized stagnant waters and
the legal preparation to change their legal status.
Each and any of the problem regarding land uses and their changes have to base on the
detailed assessment of the technical alternatives. These have to be treated and assessed
also in the environmental impact assessment studies. On the basis of the findings of the
EIA studies the final denomination and treatment of the land segments will be evaluated
and finalized.

5.2.4.2.

Impacts of impoundment and water transportation/supply

Throughout the EIA studies the following questions have to be investigated in details:
•

Are there any potential negative effects of the impoundment of the feed-water
channel that have to be mitigated in future? If so, what are the required measures
to overcome negative side-effects?

•

Will it be necessary to improve the water quality of the feed-water? If so, by
what technical means (filter zones, primary sedimentation zones, etc.)? What are
the water quality conditions, what are the seasonal changes and the long term
trends in water quality? What would be the predicted water quality of the
revitalized wetlands and side-arms?

•

Is it necessary to separate the individual side-arm from each other hydraulically
should different water levels are required?

•

How to harmonize nature conservation priorities and other utilization drivers?
What sort of methodology is used for mitigation and harmonization amongst the
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occasionally contradicting principles? How to monitor the maintenance of the
contradictory aims in future?
•

Will it be necessary to establish buffer zones near and around the revitalized
lands? How large buffer zones will be needed and where?

Prediction of environmental changes will be treated in the detailed EIA studies in
future. The primary aim is the provision of water supply for the protected wetlands
during the critical periods by renovation existent water division structure and
establishing new one as needed. These constructed establishments have to be permitted
in the environmental permit in future according to the existent national legislative
procedures during the environmental permitting procedures.
In some areas that are falling into the conservation status Natura 2000 a more
detailed, special impact assessment is needed according to the nature conservation
legislation in force.
The implementation of the water supply system is based on the water right
permission. Two types of water right permission will be needed one is for the
establishment and the other is for the operation. Both of them require preliminary
preparation works and consultation with the relevant authorities.

5.2.4.3.

Questions on sustainability

Questions of sustainability will be discussed in detailed in the Action and Financial
Plans that will be prepared during 2012.

5.2.4.5.

Connection to the local, regional and national directives and strategies

Planned developments are connected to many already existent and in future national and
regional establishment, policy, tender and technical directives. These are the followings:
National, regional and county based development policies:
•

New Széchenyi Plan
o South-Transdanubian Regional Operative Program


Complex Touristic Development Priority



Infrastructure- and Environmental Development Priority

•

Regional Tourism-development Strategies, South-Transdanubian Region

•

Development Concept of South-Transdanubian Region

•

Strategic Development Program of South-Transdanubian Region

•

Baranya County Development Plan

•

Baranya County Development Concept and Program
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•

Sellyei Small Region Development Concept

National, regional and county based technical policies:
•

National Environmental Program

•

National Agricultural-Environmental Protection Program

•

National Watershed Management Plan
o Dráva Watershed Management Plan


Fekete víz water management design unit plan

•

Baranya County Environmental Protection Program

•

Development Program of Ormánság Society

•

Part-programs of the Ős-Dráva, rural development and accessibility programs (
DDKÖVIZIG; Foundation for the Ormánság)

•

Hungarian-Croatian bilateral agreement on mutual cooperation concerning water
management issues

5.2.4.6.

Identification of „good practices”

The siltation and slow filling up processes of the dead-arm and side arms of the rivers
have long been a concern amongst the water management experts in Hungary as they
represent high nature conservation values as well as provide excellent buffer zones
during flood events. Although there were many studies, concept plans, design made
during the past few decades for the revitalization thereof the complexity of economic
interests, nature conservation priorities prevented the actual mitigation of the
revitalization issues so far. Implementation actions were largely focused only on
dredging activities.
Nevertheless there are some examples of the solution of water supply of the side-arm
systems in the South-Transdanubian Region. There are many ongoing revitalization
project along the Drava river section aiming to solve fresh water supply for the closed
off side arms. River training activities resulted in many cut off side-arms that can only
be filled up in case of extreme high flood nowadays. This ultimately will result in the
loss of their ecological values. Revitalization therefore has to be applied in a
differentiated way namely the primary objective is not the full restoration of the original
state but rather the sustainability of the present yet valuable ecological state. It is a
matter of careful mitigation to what extent it is feasible to restore the original state and
what measure to be taken to sustain it. These will ultimately regulate the water levels,
the supplied water volumes, flows, etc. These complex issues have to be taken into
account when designing the water supply of the Cun-Szaporcai side-arm system.
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New methodology was developed for the precise calculation of water household
parameters for a specific side-arm system that can be applied in many other cases under
similar climatic and hydro-meteorological conditions all over in CEE region.
The improved and controlled water supply via the planned water feed system will
combat climate change, siltation and dry-out of valuable wetlands along the main arm
of the Drava River.
Regarding good practice the additional benefits are water quality improvement,
sustainable wetland management, habitat protection, revitalization of bird habitats,
improved quality of hunting grounds, ecotourism development, sustainable sport
fishery, bird watching, eco-tourism improvement are envisaged.
In the development of the Master Plan we have developed a general methodology for
the solid technical background of water balance calculations and predictions for freshwater supply of closed-off side-arm systems. The applied methodology can be
widespread used for the wetland revitalization projects along the Drava River. The
planned implementation actions are in harmony with any of the following plans and
programmes: National Environmental Program, National Agricultural-Environmental
Protection Program, National Watershed Management Plan, Dráva Watershed
Management Plan, Fekete-víz water management design unit plan, Baranya County
Environmental Protection Program etc.
Nationwide efforts in revitalizing the deteriorating wetlands can also use the available
water-balance calculation methods developed by the project. The beneficiaries therefore
are the National Parks and Water Directorate nationwide or any other party planning to
improve degraded aquatic ecosystems.
Since the methodology was developed for a typical multi-functional water use (i.e.
nature conservation, ecological water demand, irrigation, etc.) it is possible to use for
mitigation amongst the contradictory water management priorities. The developed
methodology aims to treat dynamically changing water demands with occasionally
contradictory boundary conditions, i.e. seasonally changing water levels for ecological
benefits versus peak agricultural water demands during the dry months of vegetation
period.
Regarding the Hungarian environmental and water management legislation in force the
use of such methodology is required for calculating and predicting water demands,
water flows, levels, general hydraulic conditions and ultimately water quality in order to
support EIA studies and water right permitting procedures.
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6. SUMMARY
During the preparation of Master Plan our essential aim was the protection and longterm preservation of nature reservation, ecological and touristic values of Cún-Szaporca
oxbow system. To achieve this aim the first key element was to solve the ecological
water supplement of the oxbow system. With the help of detailed calculations based on
terrain data we created a water scale and with modelling results we undoubtedly proved
that without artificial water supplementation and other additional actions the oxbow
system slowly becomes woody and stops being watery biotope.
During the process of planning we surveyed and analysed the ecological conditions of
the target area, the water quality of separate bodies of water, the quantity of sediment in
the oxbows and other non-technical factors (tourism, touristic, demographic, area
usages, etc.) in detail, that have influence on the positive effects of the planned actions.
During the planning process after the surveys we faced the dilemma that the more
effective and the longer lasting actions we plan (dredging, bed arranging, bed
cleansing), the higher potential risks we face, mainly during the realization of the
actions (complicating effects, perturbation of watery biotope etc.) So our essential goal
during the planning was to perform the planned actions with the lowest possible
disturbance, but those to assure the long-term conservation of the protected watery
biotope in the same time. The planning aspect which is to maintain the long-term
conditions after the taken actions (e.g. water supplementation alternatives, bed
arranging etc.) with the lowest possible cost and technical maintenance and monitoring
even for decades served those conservation criterions as well.
According to this, the priorities and technical aspects during the planning were the
following:
•

For the ecological water supplementation we utilize the existing structures,
earthworks by also preserving their original functions;

•

We utilize the natural dry beds, the different natural and artificial land forms;

•

We design new channels with minimal length and number for water
supplementation;

•

The works needed for flow control and water supplementation are adaptable to
the land;

•

The present, smaller scaled land scars will be restored with forestation works;

•
•

•

The planned works can be maintained and operated with low budget;
The whole water supplementation system harmonizes with the currently
available water flow regulation-water treatment systems and is an organic part of
the historical water conservation systems;
The planned activity functions in cooperation with the neighbouring famers,
land owners and based on the compromises with the Danube-Dráva National
Park.
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During the planning process we surveyed and analysed many watershed catchment
sources regarding the quantity and quality as well. According to the basic idea –during
which we preferred the low-budget operated gravitation systems – we excluded Dráva
as a water supply option and surveyed the water supplementation from the Black-water
in details, as an option for the project realization through gravitational way. Regarding
Dráva water supplementation the water supplementation from the Black-water could be
carried out by diesel or electric pump, this method however is extremely expensive.
The most urgent task to solve therefore is the low budget and ecologically acceptable
realization of the oxbow’s water supplementation. This temporarily slows down current
successive processes which led the previously varied and mosaic like biotopes to
homogenize. The clean-up however of biotopes that came to exist with the currently
advanced forestation after the stagnation cannot be a goal. The neighbouring, meliorated
economical areas call for sowing (creating ecological buffer zones). In the long run the
function change of the “inner” plough-land that neighbouring into the oxbow system,
occasionally the reforestation of the native wood stand or turning it into wet mowing
field have to be taken care of. To summarize it the restoration of traditional agricultural
forms would be desirable and taking over the neighbouring wooded pastures with it
once again.
The recently published Master Plan formulates a concept which records and proves the
project priorities and corrects those that have been defined wrongly earlier, moreover it
defines those information deficiencies that indicates future works. These tasks identified
in the Master Plan are including, but not limited to the following:
• Further survey of the Black-water, the forecasting, measuring and modelling of
stagnation and eutrophication processes (and their effects);
• Planning, building, maintaining and rating of a detailed ground water monitoring
system with higher resolution;
• The forecast and methods (along with budget efficiency analyses) of handling of
probable risks of channel storage;
• Specification of leakage conditions (performing further soil exploration);
• Maintaining biological monitoring system, with special attention to the nature
reservation and water quality protection aspects.
Before the realization of the project we elaborate suggestions on the best use of the
project’s effects aiming the rehabilitation of the aquatic biotope, including the nature
conservation, touristic development and other aspects of area utilization.
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