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1. Summary 

 

The construction of the chain of hydro power plants (HPP) on the reach of the lower Sava River (figure 1) 

started in 1993. Although the initial phase of the HPP chain design process on the lower Sava suggested the 

construction of the single plan HPP chain, it has been proven later on, that each HPP required its very own 

design. Since the initial plan did not foresee the asymmetric operation of the spillways, the flushing of debris has 

given rise to important loads of the stilling basins and of the downstream riverbed reach. As a consequence 

major erosion problems occurred, which we wish to prevent at the current project of the HPP Brežice. 

 

This article presents the results of the physical model research of the spillway shape and the dimensions of the 

stilling basin elements of the HPP Brežice. The research reveals that the initial type shape of the spillway on the 

HPP mentioned above is going to be realized in its third version, as the Creager type of spillway was applied on 

the first two HPP, while on the next two HPP, the spillway was carried out with improved discharge capacity. 

The first dam of the HPP chain, experiences problems of the hydraulic jump stability in the stilling basin, or, as 

the case may be, the problems of excessive loads on the river banks on the downstream riverbed reach of the 

Sava river. In order to avoid these difficulties, the research of several different spillway shapes with steeper 

spillway face has been conducted in the course of the design engineering of the HPP Brežice, since by applying 

this measure we can get a longer and more efficient stilling basin with the same dimensions of the spillway, 

dissipating a larger part of the kinetic energy of the water flow. Pressures along the spillway face were measured 

for different operating cases and different spillway shapes. The latter are essential for the decision on the 

adequacy of the spillway shape, since the design engineer has given only the upper permissible level of 

subpressures pmin ≥ -2.0 m. The objective of the research was also the optimization of the number of spillways, 

which could be reduced, in case of the favorable result, from 5 to 4. Various variants of sizes and positions of the 

baffle piers in the stilling basin have been studied for the selected shape of the spillway. At the end of this 

research phase, the discharge capacity of the free overflow has been defined for the selected spillway shape.  

 

 

2. Introduction 

 

The HPP chain along the lower reach of the river Sava in Slovenia includes six low-head run-of-river power 

stations. Each of them consists of a dam with five spillways, 15 m wide, and of a turbine structure with three 

generator sets. The first two power plants were built with bulb turbines, while the rest of the chain is equipped 

with the Kaplan turbines. The installed power is Pi = 43 MW at the operating head of 10 m and the installed 

turbine discharge of Qi = 500 m
3
/s.  
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 Figure 1: Lower Sava river basin. (Brenčič, 2008) 

 

Although the initial phase of the design engineering of the HPP chain on the lower Sava River foresaw a 

construction of the single type hydro power plants, it has been established later on, primarily due to the erosion 

problems behind the stilling basins, that the design engineering of each of them required a different, individual 

approach. Thus, the new spillway shapes have been studied on the physical model of the HPP Brežice, with the 

goal to extend the stilling basin within the extent of the whole spillway dimensions. 

 

 

3. Spillway shape 

 

Shorter shapes of the spillway have been studied in order to provide more effective stilling basins (higher energy 

dissipation). The spillway crest elevation, the beginning point of the spillway, and the downstream end of the 

spillway remained unchanged. The spillway face shall meet the criterion of the minimum, still permissible 

pressures. The limit, agreed with the design engineer, was pmin ≥ -2.0 m. Pressures were measured along the 1:25 

physical model of the spillway, inserted into the glass measuring flume. The research was conducted in the 

Institute for Hydraulic Research. 

 

Figure 2 demonstrates individual variants of spillways. The initial design shape of the spillway has a markedly 

gently sloping spillway crest (slope 1:2). To achieve stilling basin efficiency it has been suggested, that the 

stilling basin base shall be deepened for 1.10 m in regard to the design variant. 

 

 
Figure 2: Variants of the spillways on the HPP Brežice. The variant a (design variant), variant b, 

variant c, variant d (final variant). 
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The first studied variant b of the spillway differs from the initial one in the downstream part from the radius R1 = 

5.0 m on the top of the spillway (equal in both cases), followed by the transition into the radius R2 = 7.0 m, and 

the latter followed by the downstream face in the inclination 1:1. With this shape of the spillway and with the 

simultaneous lowering of the stilling basin base for 1.10 m, the initial stilling basin extends for 7.02 m.  

 

The pressures along the spillway were measured for the case of the free flow over the spillway irrespective of 

any influence of the tail water level. Results for the selected discharge are shown in figure 3. The lowest pressure 

values were p = -5.54 m, and they significantly exceeded the limit of pmin = -2.0 m defined by the design 

engineer. Therefore a different shape of a spillway was suggested. 

 

 
Figure 3: Pressures, measured at free flow case for the first studied variant b of the spillway of the HPP Brežice. 

 

In comparison to the variant b, variant c employs a different radius R1. In this variant the spillway continues with 

the Creager shape. By applying this spillway shape the initial stilling basin (variant a) extends for 6.20 m 

(compared to 7.02 m of the variant b). The lowest measured pressures were p = -3.29 m, which is better than in 

the variant b, but still exceeding the pmin = -2.0 m limit. 

 

The third studied variant (d) of the spillway equals the Creager spillway downstream from the crest (that is in 

accordance with the initial type project of the HPP), while the radius upstream from the crest is R3 = 7.0 m, and 

further upstream the contra-radius is R4 = 7.2 m. By applying this spillway shape the initial stilling basin extends 

for 5.24 m. 

 

In all examined cases of the free overflow the lowest pressure values appeared 1.0 m downstream from the crest. 

The lowest value was measured in the case of the discharge Q100 through 3 spillways without the effect of the tail 

water level, and amounted to p = -1,15 m. In the cases of the flow under the gate, the lowest pressure values 

were measured 2.5 m downstream from the spillway crest. As shown in figure 4, for the case of the opening of 

the gate for Y = 3.0 m this value amounted to p = -1.13 m. In these cases the measured pressures were within the 

specified limits, and therefore this shape was suggested as the most suitable. 
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Figure 4: The measured pressures at the flow under the gate for the proposed final variant of the spillway shape 

of the HPP Brežice. Gate opening Y=3.0 m, case without tail water. 

 

The streamlines along the spillway were observed, too, for all the cases of the selected variant of the spillway. It 

has been established that the flow at the spillway face is stable, i.e., that there are no occurrences of detachment 

of the water flow from the spillway face. Minor detachment of the streamlines from the bottom was observed on 

the downstream part of the spillway only in cases of the high tail water level. Flow conditions along the spillway 

for free overflow case are shown in figure 5. 

 

 
Figure 5a: The streamlines along the spillway. 

 
Figure 5b: The streamlines in the stilling basin.

 

The figure 5a demonstrates streamlines for the final variant of the spillway with the discharge Q100 = 3750 m
3
/s 

through 3 spillways. It is evident that injected tracer does not detach from the base along the spillway. Figure 5b 

displays streamlines in the stilling basin for the same case. 

 

 

4. Stage-discharge curve of spillways without the influence of the tailwater level 

 

The discharge capacity for the selected shape of the spillway was determined for the case of free overflow 

without the influence of the tailwater level. Operation without the influence of the tailwater level takes place, 



 

when the ratio of the pressure heads 

H measured from the spillway top to the water level. In such a case 

can be expressed with a coefficient 

 

The discharge capacity was measured 

discharges covered practically all the values of the discharge, which c

 

For the discharge Q over the transverse weir

 

2Q m B g Hσ= ⋅ ⋅ ⋅ ⋅ ⋅

 

where m is a discharge coefficient of the 

 

2
m a b H c H= + ⋅ + ⋅

 

with coefficients a, b and c, amounting

 

The stage-discharge curve for a single

discharge curves of the existing hydro power plants on the lower Sava. 

 

Figure 6: The stage-discharge curves of the hydro power stations on the lower Sava at the free 

summarized from the preceding studies 

 

Figure 6 demonstrates that the new shape of the spillway 

higher discharge values in comparison to
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 of the tailwater (H') and the upper basin (H) is H'/H < 0

H measured from the spillway top to the water level. In such a case the effect of the submergence of the spillway

  

The discharge capacity was measured in the 1:45 physical model of the HPP Brežice. The 

practically all the values of the discharge, which could appear in the nature.

transverse weir with the width B and the overflow depth H it app

3/ 2
Q m B g H= ⋅ ⋅ ⋅ ⋅ ⋅

 

coefficient of the weir. In the present study this coefficient was equal to

2
m a b H c H

 

, amounting to: a = 0.43331716, b = 0.003922573 and c = -0.00036066702.

a single spillway of the HPP Brežice is shown in figure 6, together with the stage

hydro power plants on the lower Sava.  

discharge curves of the hydro power stations on the lower Sava at the free 

summarized from the preceding studies by the Institute for Hydraulic Research.  

igure 6 demonstrates that the new shape of the spillway (HPP Brežice) results in the 20 to 50 cm

higher discharge values in comparison to the spillways of the upstream hydro power stations. 
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5. Stilling basin efficiency  

 

The stilling basin shall be dimensioned so that under any operating conditions the hydraulic jump within it 

remains stable. The shape of the stilling basin for the HPP Brežice is similar to the stilling basins of the upstream 

HPP, which were optimized with the physical hydraulic models. However due to the different local conditions 

the study of different shapes and positions of the baffle piers was performed within the research of the HPP 

Brežice again. The main focus was placed on the baffle pier shapes. Three baffle pier shapes were studied for the 

design shape of the spillway of the HPP Brežice. Results can be expressed as lines of stability, each of them 

defining the required tailwater level that provides stable hydraulic jump (figure 7). The discharge QTW in the 

downstream channel shall be, at a certain opening Y, above the boundary line, otherwise the hydraulic jump is 

not stable. 

 

 
Figure 7: The stability boundary line of the stilling basin as a function of the opening of the segment gate Y, 

shown with regard to the discharge in the downstream channel (discharge QTW = 0 m
3
/s corresponds to the 

water elevation of the downstream HPP).  

 

Results demonstrate that the most optimal baffle piers are 3.0 m high, as already constructed on the upstream 

HPP Blanca and the HPP Krško. Figure 7 demonstrates that the hydraulic jump on the HPP Brežice at the Y = 

6.0 m opening of the gate and with the incorporated baffle piers, 3.0 m high and 1.5 m wide, is stable already at 

the tailwater level, which corresponds to the discharge QTW = 1120 m
3
/s. Discharge for the same case of 

operation with the 1.0 m lower baffle piers is QTW = 1630 m
3
/s. 

 

Two widths of the baffle piers have been examined for the final shape of the spillway: In figure 7 we can see that 

the differences between the curves for the baffle piers with the widths of 1.5 m and 2.0 m are insignificant, 

therefore the proposed baffle piers were 3.0 m high and 1.5 m wide (as at the HPP Blanca and HPP Krško). It is 

also evident from figure 7, that from the point of the hydraulic jump stability, the final shape of the spillway is 

much better than the originally designed one. Hydraulic jump is stable at the tailwater level corresponding to the 

discharge of QTW = 1120 m
3
/s, at the Y = 6.0 m opening, and with the 3.0 m high and 1.5 m wide baffle piers 
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incorporated into the design spillway. For the same case of the operation and the same baffle pier shapes in the 

final shape of the spillway, this discharge is only QTW = 330 m
3
/s. 

 

 

6. Conclusions 

 

Variants of spillways of the HPP Brežice were studied in the physical hydraulic models in the scale 1:45 and 

1:25. The new shapes of the spillway were studied for the reason of the difficulties, observed in the stilling 

basins, and the related stabilities of the downstream channel banks on the site (i.e., on the existing hydro power 

plants), which were proven also in the physical model of the HPP Brežice. The changes of the spillway shapes 

were developed in the direction of the steeper spillway face, which resulted in extended stilling basin lengths 

without changing the original extent of the spillway.  

 

As a result of optimization, the stilling basin was lengthened for 5.24 m, and it also results in better discharge 

capacity than the design variant. In case of conveying Q100 through 3 spillways, which is the most critical 

operating case for HPP Brežice, the decrease of the upper basin water elevation between the basic spillway 

shapes (incorporated in the HPP Blanca and the HPP Krško) and the proposed spillway shape of the HPP 

Brežice is 0.23 m.  

 

The present study of various shapes and positions of the baffle piers was performed in the physical model. It has 

been established that the most optimal baffle piers in the stilling basin of the HPP Brežice were 3.0 m high and 

1.5 m wide. Change of the spillway shape has significantly enhanced the efficiency of the spillway behavior in 

the light of the hydraulic jump stability in the stilling basin.  
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