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ABSTRACT 

The stilling basin of Rusfors spillway comprised a concrete frame with two supporting plates and a cover, which 
was probably constructed for timber floating but was not in use anymore. Abrasion damages occurred in the 
basin bottom due to the sediment carried by the bottom current. To safely discharge the updated design flood, 
removal of the structure was suggested to avoid further deterioration of the operation conditions. Physical model 
tests and CFD modelling were performed to help understand the flow behaviors in the basin. The studies show 
that, due to the concrete frame, strong surface currents prevail in the basin, with inefficient energy dissipation 
and accordingly large water-level fluctuations downstream. The supporting plates also lead to skewed bottom 
currents, which are the cause of the bottom damages. Together with the detruncation of the spillway crest, the 
removal of the frame results favorably in a typical hydraulic jump. As shown from both the physical and 
numbering modelling, the basin flow pattern and energy dissipation become satisfactory at the design flood. 

Keywords: Rusfors spillway; design flood; upgrade; energy dissipation; model tests; CFD. 

1  INTRODUCTION 
The Rusfors hydropower facility was commissioned in 1962. It has an embankment dam with a maximum 

structural height of 22 m. Both the spillway and the power plant are located in the middle of the dam. The power 
plant operates at a gross head of 12 m and a turbine flow discharge of 450 m3/s, with an installed effect of 45 
MW. The spillway has two openings with upward-going radial gates, each having a width of 15 m and a crest 
elevation at +253.9 m. At the full reservoir water level (FRWL, +264.8 m), the total spillway discharge capacity 
amounts to 1625 m3/s. Figure 1 shows, seen from downstream, the dam with the power station and the spillway. 

Figure 1. Rusfors dam with a two-opening spillway (© Leif Kuhlin). 

The overflow spillway crest was relatively flat, followed by a horizontal section (el. +251.27 m) that ended 
up with a vertical drop by 2.42 m (Figure 2). The crest profile was shaped with consideration to the timber 
floating at that time. Another feature was that, in the stilling basin, there was a concrete structure consisting of 
two supporting plates with a cover. The vertical plates were 1.0 m thick and extended 10.3 m in the flow direction, 

with a 45 sloping face downstream. The cover stretched over the whole basin width (15 m); its length and 
thickness were 5.5 and 1.5 m. The stilling basin had a bottom elevation +243.5 m and a bottom length 48.194 
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m. It diverged from 15 m at the end of the cover to 17 m over a 25 m distance. This meant that the structure
cover top was 1.37 m below the horizontal crest and 6.4 m above the basin bottom.

Figure 2. Layout of original stilling basin with two supporting plates and a cover. 

 Years of the spillway operations had evidenced abrasion damages in the basin, which is illustrated in Figure 
3 (Larsson and Yang 2006). The damages, located during the diver inspections, were in the basin bottom and 
in the sloping apron. The bottom abrasion was almost symmetrical; reinforcement bars emerged. This was 
presumably caused by movements of stones and gravels by the bottom currents.  

Figure 3. Extent of damages in the basin bottom denoted by dotted lines. 

 The spillway was originally designed to discharge a design flood of 1625 m3/s at the FRWL. With the revised 
design-flood guidelines, the updated design flood is 2060 m3/s, which is released by an allowance of a higher 
reservoir water level than the FRWL. For safe discharge, the spillway must be modified. The structure did not 
have functions any longer; removal of the concrete frame was therefore suggested. Figure 4 shows the 
suggested modifications. The concrete structure was completely removed. By cutting off the triangular corner, 
the existing sloping apron was extended to the horizontal crest. The detruncation would bend the flow 
downwards to follow the sloping apron; formation of a hydraulic jump was thus expected. The transition from 
the sloping apron to the remaining crest was rounded with a radius of 2 m (Yang and Andreasson 2016). 

Areas with abrasion damages 
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Figure 4. Rusfors, detruncation of spillway crest and removal of basin frame. 

2  PHYSICAL MODEL TESTS 
To provide a basis for the rebuilding design, a spillway model was built in a water flume with plexiglas walls 

(Figure 5). The flume is 25 m long, 0.77 m wide and 0.8 m high. The model scale was 1:30; the tests were 
performed in line with the Froude law of similarity. The upstream reservoir area was simplified with a horizontal 
bottom. The spillway crest was constructed with separate parts for easy removal and replacement if needed 
(Larsson and Yang 2006). 

Figure 5. Rusfors spillway model (scale 1:30). 

The following observations were made in the model tests of the original layout. 

 The structure frame disturbed the spillway flow and created strong surface currents with waves in the
whole stilling basin; the energy dissipation was poor. The waves propagated further downstream into the
river channel.

 Downstream of the concrete structure, the flow featured a complex pattern, with intermittent vortices
between the bottom and the surface current.

 With the horizontal spillway crest, the water flow did not follow the upstream basin apron. As a result, the
vertical flow circulations built up upstream of the frame.

 The surface flow velocity amounted to 13−14 m/s.

 The basin bottom current ran upstream instead of downstream, implying that stones and other sediments
couldn’t be flushed out but remained in the basin. They moved intermittently with the currents and were
the source of the damages in the basin.

The removal of the concrete frame in the basin, together with the detruncation of the spillway crest, resulted 
favorably in a typical hydraulic jump in the basin with effective energy dissipation.   

3 NUMERICAL SETUP 
To understand in detail the flow patterns in the stilling basin, CFD simulations of the prototype spillway 

were performed (Xu 2016). In combination with the RNG turbulence model, the volume of fraction (VOF) model 
was used (ANSYS 2011). The geometry was created in 3D and included part of the reservoir and a sufficiently 
long section of the channel downstream of the basin (Figure 6).  

 As for the boundary conditions, the center plane was given a symmetry condition. The top surface of the 
domain was treated as air pressure inlet, allowing air flow freely in and out. The upstream reservoir boundary 
contained both air and water. For the former, the surface was defined as air pressure inlet; for the latter, the 
surface was specified as water velocity inlet since the flow discharge was given. The hydrostatic pressure was 
applied to the downstream boundary as the water-stage elevation was known, which was implemented by 
means of a user-defined function. The remaining boundaries were treated as walls.  
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Figure 6. Mesh with 124 000 cells of the original spillway layout. 

Grid independence of the numerical solutions was checked by generations of a coarse, medium and fine 
grid for each spillway basin layout. The number of the finally used mesh was approximately 124 000 for the 
original basin and 64 000 for the modified one. After the first preliminary convergence, the mesh around the 
resulting water surface was also refined to reduce the numerical diffusion and achieve accordingly higher 
accuracy.  

All the simulations were performed with the 15 m wide spillway gate fully open. At the full reservoir water 
level (FRWL, +264.8 m), the free discharge was 812.5 m3/s. The downstream water stage was determined 
separately with the help of one-dimensional simulations performed for the river valley; it was set at +256.6 m at 
the discharge. Transient simulations were made; a simulation was considered convergent if its scaled residuals 
were lowered by at least three orders of magnitude. 

4 RESULTS AND DISCUSSIONS 

4.1 Before modifications 
Figure 7 and 8 illustrate the velocity fields of both water and air flows along the spillway center plane and 

the middle of the side opening of the concrete structure. As the flow is unsteady, the average water-surface 
profiles are plotted. The water surface corresponds to a value of VOF = 0.5. The water surface drops somewhat 
above the structure; it has however almost the same level in the major part of the basin. One can see from the 
results that a strong surface current prevails in the stilling basin, accompanied by waves and turbulent pulsations 
at the downstream part of the basin. The water propagates further downstream in the channel.  

Figure 7. Velocity field with water surface location along the spillway center plane. 

Figure 8. Velocity field and water surface location along the mid plane of the concrete structure’s side 
opening. 

The average surface water velocity was measured at several locations along the basin during the model 
tests. The CFD simulations give a velocity interval of 11−13.5 m/s, which agrees well with the test results. The 
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discrepancy of the averaged values is below 3−6%. Driven by the strong jet-like surface flow, the bottom current 
in the basin runs in the upstream direction as indicated in the experiments. This means that the spillway 
discharge generates a large water flow circulation in the stilling basin.  

Figure 9 shows an enlargement of the backflow and vortex formation upstream of the concrete structure. 
Note that the flow features unsteadiness and it is an instantaneous velocity image. However, the vortex is always 
present and its axis moves also with time. In the three openings under the structure cover, the water flows 
upstream. In the tests, it was observed that sand and small stones were carried from the basin and circulated 
on the sloping apron. Depending on the weight, some fell down directly after the crest into the vortex. The 
circulating sediment was the cause to the apron damages.  

Figure 9. Backflow and vortex upstream of the concrete structure. 

Figure 10 illustrates the flow fields on four horizontal planes at a distance of 0.1, 1.0, 2.0 and 3.0 m from 
the basin bottom. Figures 11 shows the flow velocity along four vertical cross-sections A, B, C and D. Section 
A is located immediately downstream of the structure’s cover and its location is indicated in Figure 10. Section 
B, C and D are downstream of section A, at a distance of 2, 5 and 10 m from it.  

Section A Section A 



E-proceedings of the 38th IAHR World Congress
September 1-6, 2019, Panama City, Panama

2536
 

Figure 10. Flow velocity along horizontal planes 0.1, 1.0, 2.0 and 3.0 m above the bottom. 

One can see that, the concrete structure strongly disturbs the spillway flow and gives rise to a complex 
flow pattern downstream of it. Downstream of the concrete structure, there exist both horizontal and vertical flow 
circulations between the basin bottom and the lower edge of the surface jet. Over a large water depth from the 
bottom, the water from both side openings under the cover runs towards the basin center plane. The velocity 
amounts to 0.6−1.5 m/s. In this regard, both the model tests and the CFD modelling have indicated a flow 
pattern that supports the observed damages in the basin.    

Section A Section A 
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Figure 11. Velocity field at four sections downstream of the concrete structure. 

4.2 After modifications 
The removal of the concrete structure and detruncation of the horizontal crest section were expected to 

create an acceptable flow pattern in the basin. Figure 12 shows the velocity field colored by the VOF. Obviously, 
the flow follows the sloping apron after the detruncation. Thanks to the sufficiently high downstream water stage, 
a typical hydraulic jump builds up, with surface rollers on the sloping apron (Peterka 1983).  

The transition from the spillway crest to the sloping apron (point M in Figure 12) is rounded with a radius 
of 2 m. One concern was possible flow separation at the point. The flow velocity and flow depth at point M 
account to 11.8 m/s and 3.9 m, giving a Froude value of 1.88. The numerical simulations show that, thanks to 
the rounded corner, no flow separation exists on the sloping apron.  

Figure 12. Hydraulic jump in the modified basin. 

5 CONCLUDING REMARKS 
The safe discharge of the design flood of the Rusfors dam requires that its stilling basin should provide 

satisfactory energy dissipation. The concrete structure in the basin, used originally for timber floating, would 
disturb the flow and removal was proposed. Hydraulic model tests and numerical modeling were performed, 
with the purpose of understanding the existing flow pattern and examining the function of the proposed 
modification. The two approaches are complementary to each other and clarify the flow patterns of both the 
original basin layout and after the modification.    
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