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Abstract: The morphological and climatic conditions of Hungary, from the point of view of flood risks, are rather disadvantageous. Almost a quarter of the country’s landmass is at risk of floods, which is the greatest proportion in Europe. Following a drought almost a decade and a half long, in the last few years the surprisingly attacking floods on the River Tisza (especially the flood in March 2001, which resulted in a dam-break) have called for the need to develop a new flood management strategy. 

To decrease the maximum levels of flood waves by inundation of deep floodplains is a novel solution, which is not adopted in the Hungarian flood control practice yet. Beyond the ecological and landscape protection aspects the advantages of the storage on the deep floodplain are the low construction and maintenance costs.

Examining the right and the left riverbanks along the River Tisza, the morphologically appropriate areas were selected. Deep floodplains with a capacity of more than 50 million m3 were taken into account. 19 appropriate deep floodplains were found, the total storage capacity of the selected areas exceeds 2000 million m3. 

Decreasing effect on the flood water levels of the storage on the deep floodplains were calculated with applying of a 1D unsteady hydrodynamic model based on the solution of the Saint-Venant equations. The results show that inundation of deep floodplains selected appropriately along the River Tisza is a quite efficient method to decrease the flood water levels. The decreasing effect is considerable mainly on the middle and lower sections of the Hungarian Tisza, it can reach even the 2-2,5 m in the case of appropriately wide weir notces.  
Key Words: deep floodplain inundation, 1D hydrodinamical model, flood water level decreasing.
1. INTRODUCTION
Flood risk of Hungary is determined by the fact that this Eastern Central European country lies at the deepest part of the Carpathian basin, and the countryside is mostly flat. Almost a quarter of the country’s landmass (21248 km2) is at risk of floods, which is the greatest proportion in Europe. Especially important part of the country is the Tisza catcment area, where the three-quarter part of the flood areas can be found. The River Tisza (see in Figure 1) is the longest tributary of the River Danube. Its catchment area, one of the most important regions in the Danube River Basin, is 157,000 km2. The average discharge at Szeged (in the downstream Hungarian boundary section) is 820 m3/s, the largest discharge in case of floods is 3550 m3/s. Considerable floods occur every 5-6 years on average, whose duration  is 15 to 120 days in the downstream sections of the river (Somlyódy, 2000). In flood events water levels can rise even 6 m during 24 to 36 hours on the Upper-Tisza.

Following a drought more than a decade long, in the last decade the surprisingly attacking floods on the River Tisza (in November 1998, in March and April 1999, in April 2000, in March 2001 and in April 2006) which caused serious damages and high reconditioning costs called attention to the continuous increasing of the highest water levels. This symptom can be attributed to changes of the floodplain, to climate change and, of course, to the construction of dykes. These rising flood water levels have called for the need to develop a new flood management strategy, which includes the improving of the existing elements of the system (e.g. dykes, emergency reservoirs) as well as finding new solutions, which will assure not only the secure from floods but can answer the currently arising requirements (e.g. landscape protection, ecological demands) as well. 

To decrease the maximum levels of flood waves by inundation of the deep floodplain is a novel solution, which has not adopted in the Hungarian flood control practice yet. Beyond the ecological and landscape protection aspects the further advantages of the storage on the deep floodplains are the low construction and maintenance costs: it needs much less earthwork and construction works with less capacity compared to the emergency reservoirs.
2. METHODOLOGY
2.1 Selecting of appropriate deep floodplains
Examining the right and the left riverbanks along the whole Hungarian section of the River Tisza (from Tiszabecs to Szeged, see in Figure 1) the morfolocically appropriate areas were selected. 19 locations of deep floodplains were found on which inundation can result in considerable decreasing in flood water levels. The deep floodplains with storage capacity more than 50 million m3 were taken into account, the largest volumetric capacity exceeds even 200 million m3. The storage capacity of the deep floodplains was determined with a static inundation model. The sum of the volumetric capacities of each selected area exceeds 2x109 m3. Location of the inlet points of each deep floodplain is shown in Figure 1. Table 1 presents the storage capacity of the selected areas, the ground level in the inlet points and the river cross-sections (in river km) belonging to those points.  

2.2 Determining of storage functions with static inundation model
Storage functions and storage capacity of deep floodplains as reservoirs were determined with a static inundation model. Matching volume and water level values were stored step by step, then linear or quadratic functions were fitted to these points. That resulted in an approximate storage curve.  

The resolution of the morphological model which was applied during the inundation process was 50x50 m. There were precise data available on the geographical location of the linear objects (roads, dykes) on the ground, while we determined their height data from a finer (5x5 m) morphological model.The algorythm of the static inundation was the following: in every step a flat water surface was assumed, and the altitude of the cells was compared with the actual water surface level,beginning with the cell of the withdrawal point, and examining the actual four neighboring cells. The capacity of reservoirs was calculated as the sum of volumes in the grid cells covered by water. 
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Figure 1: Location of the study area and the inlet points

[image: image2.emf]Table 1: Data of the selected deep floodplains   Mark of the  deep  floodplain  Location of the    inlet  point   [rkm]  *  Storage capacity  [million m 3 ]  Ground level of  the inlet point      [ m amsl ]   m1  690,6  85,46  88,601   m2  691,0  82,69  87,000   m3  574,5  150,58  8 3,680   m4  568,7  49,84  83,971   m5  524,5  52,99  84,440   m6  492,4  78,44  94,336   m7  467,3  103,50  94,676   m8  440,3  107,78  93,018   m9  416,0  104,89  91,454   m10  369,4  104,80  90,970   m11  352,4  154,50  109,266   m12  336,0  51,59  109,556   m13  294,4  167,64  78,401   m14  240 ,8  165,06  78,501   m15  232,0  50,28  79,499   m16  227,5  171,44  76,003   m17  206,6  202,53  77,501   m18  197,0  76,40  78,500   m19  195,5  150,17  80,899   Σ     2110,60            *  distance from the mouth of the river  


Figure 2 shows the 19 selected areas covered with water and the inland water areas. Figure 3 shows the 3D morphological model of the deep floodpain marked with “m1” covered with water, while Figure 4 presents the layout of the same area in flooded state, indicating the affected settlements as well. 
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Figure 2: Location of the inundated deep floodplains and the inland water areas
2.3 Decreasing effect of deep floodplain inundation on flood water levels

The impact of the storage on the flood water levels was calculated with applying a conventional 1D unsteady hydrodynamic model based on the solution of the Saint-Venant equations of mass and momentum conservation (Koncsos, 2001; Mahmood-Yevjevich, 1975). Comparing the original and the effected maximum water levels, historical flood waves were applied as boundary conditions at the considerable tributaries of the River Tisza. The withdrawal into the deep floodplains was handled as linear outflow. The discharge through the inlet sluices was calculated with the help of the Poleni weir formula (Haszpra, 1990). The operation time of inlet sluices was determined with the following simple strategy: outflow begins at the moment when the water level in the river reaches the grond level of the withdrawal point (see Table 1), and finishes when the current storage quantity in the „reservoir” exceeds the total storage capacity (see Table 1) or when the current water level in the „reservoir” reaches the water level in the river. To calculate the current water level in the „reservoir” the theoretic storage function determined with the static inundation model was applied.       
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Figure 3: Inundated deep floodplain marked with “m1”

[image: image4.png]



Figure 4: Layout of inundated deep floodplain marked with “m1”

3. RESULTS

Applying the 1D hydrodynamic model to the whole Hungarian reach of the River Tisza with historical flood waves (1998, 2000 and 2006) as boundary conditions, the longitudinal envelope profile of the maximum water levels was produced, assuming different weir notch widths (0,5 m; 1 m; 5 m; 10 m; 20 m). Figure 5-7 show these efficiency functions, where different colours represent the diverse weir notch widths.

The results show that deep floodplain inundation influences significantly the flood water levels, especially on the lower section of the River Tisza. Assuming 20 m as weir notch width the measure of the decreasing in certain sections can be even 2,5 m in the case of the flood wave in 1998, and 2 m in 2000. Applying 10 m wide weir notches this maximum decrease would reduce to 2 m (1998), and 1,4 m (2000), while in the case of the flood wave in 2006 it would be about 1,6 m. Further reducing of the weir notch width makes less decreasing effect, but it exceeds 1,2 m even in the case of  5 m wide weir notches. The diagrams show that the decreasing effect reduces definitely towards the upper sections of the River Tisza. 

Comparing these values with the results of previous investigations related to the decreasing effect on water levels it can be established that effectiveness of storage on the deep floodplains reaches or (in the case of wider weir notches applied) even exceeds the efficiency of the emergency reservoirs which are planned within the frame of the actual Hungarian flood control strategy (BUTE, 2006). Of course, well-founded estimation of deep floodplain inundation as a flood control alternative requires a more complex indicator. It must be determine the trends of the population’s, industrial and agricultural wealth which are located on the flooded deep floodplains (costs of the protection of this wealth and measure of the occurent damages to them), the construction and maintenance costs of the withdrawal object and the measure of the prevented damages in other areas in consequence of deep floodplain inundation (Koncsos-Balogh, 2007).
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Figure 5: Decreasing effect on water levels with different weir notch width (computed for the flood wave in 1998)
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Figure 6: Decreasing effect on water levels with different weir notch width (computed for the flood wave in 2000)
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Figure 7: Decreasing effect on water levels with different weir notch width (computed for the flood wave in 2006)

4. Conclusions

According to our investigation it can be established that inundation of deep floodplains selected appropriately along the River Tisza is a quite efficient method to decrease the flood water levels. The decreasing effect is considerable mainly on the middle and lower sections of the Hungarian Tisza, it can reach even the 2-2,5 m in the case of appropriately wide weir notces. This measure of the decreasing effect reaches or even excees the estimated efficiency of the planned Hungarian emergency reservoirs. Inundation of deep floodplain areas requires very simple operation strategy.

Well-founded estimation of deep floodplain inundation as a flood control alternative would require a complex cost-benefit analysis, taking into account the needed costs, and the occurent and prevented damages. 

Of course, in the process of designing deep floodplain inundations other points of view must be taken into account as well, beyond the investigation of decreasing effect on water levels. It must be investigate the possible operation systems, analyzing the filling and discharging process in detail. The possible environmental effects during the construction and operation must be consider as well.
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Table 1: Data of the selected deep floodplains


		Mark of the deep floodplain

		Location of the 


inlet point


[rkm] *

		Storage capacity [million m3]

		Ground level of the inlet point     [m amsl]



		

		

		

		



		m1

		690,6

		85,46

		88,601



		m2

		691,0

		82,69

		87,000



		m3

		574,5

		150,58

		83,680



		m4

		568,7

		49,84

		83,971



		m5

		524,5

		52,99

		84,440



		m6

		492,4

		78,44

		94,336



		m7

		467,3

		103,50

		94,676



		m8

		440,3

		107,78

		93,018



		m9

		416,0

		104,89

		91,454



		m10

		369,4

		104,80

		90,970



		m11

		352,4

		154,50

		109,266



		m12

		336,0

		51,59

		109,556



		m13

		294,4

		167,64

		78,401



		m14

		240,8

		165,06

		78,501



		m15

		232,0

		50,28

		79,499



		m16

		227,5

		171,44

		76,003



		m17

		206,6

		202,53

		77,501



		m18

		197,0

		76,40

		78,500



		m19

		195,5

		150,17

		80,899



		Σ

		 

		2110,60

		 





      * distance from the mouth of the river
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