




























Figure 3.10  Prototype stepped spillway operations. (A) Hinze dam spillway (� = 51.3°, 
h = 1.2 m, Q = 200 m3/s, dc/h = 2.5 on 29 Jan. 2013). (B1) Paradise dam 
spillway (� = 57.4°, h = 0.62 m, Q = 2,320 m3/s, dc/h = 2.85 on 5 Mar. 
2013). (B2) Paradise dam spillway (� = 57.4°, h = 0.62 m, Q = 6,000 m3/s, 
dc/h = 5.4 on 30 Dec. 2010). (C) Pedrógão dam (� = 53.1°, h = 0.6 m, on 
10 Jan. 2010) (Courtesy of EDIA). (D) Dona Francisca dam (� = 53.1°, 
h = 0.6 m, in July 2011) (Courtesy of Marcelo Marques).
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60 Energy dissipation in hydraulic structures

undertaken in 2002–2003 to investigate the jump wave occurrence and properties 
(P. Kamrath 2003 Pers. Comm.).

3.4.2 Discussion: Operation, experience, accidents

A number of prototype overflow events were documented worldwide (Chanson 
1995a,2001a). In China, the Shuidong Hydropower Station experienced a peak 
flow of 90 m2/s (He and Zeng 1995). The RCC dam spillway was protected by con-
ventional concrete steps (h = 0.9 m) with a 8-cm chamfer. A movie documentary 
showed no abnormal operation and inspections after the flood event indicated no 
sign of  damage. In Queensland (Australia), the operational record of several overflow 
stepped weirs demonstrated the soundness of the timber crib piled weir design. One 
structure,  Cunningham weir, was overtopped for more than 2 months in 1956, with 
a maximum discharge per unit width in excess of 60 m2/s. Only minor damage was 
experienced and the weir is still operational today. Between 2010 and 2013, several 
stepped spillways operated during a succession of major flood events. Figure 3.10 
illustrates the operation of some structures. No damage to the stepped chute itself was 
reported despite some exceptional flood events lasting for weeks, although some scour 
of the Paradise dam stilling basin was documented. In two cases, the stepped spillway 
operated when the dam was overtopped during construction: Trigomil dam (Mexico, 
1992), Cotter dam (Australia, 2012). In each case the damage was small, including for 
the unprotected Roller Compacted Concrete (RRC) steps. These examples are only a 
few and there are ample documentations on stepped spillway operations, including 
historical records, in Europe, Africa, America, Asia and Australia.

In hydraulic engineering, there is no better proof of design soundness than a suc-
cessful operational record. This is particularly true with stepped spillway structures, 
in use for more than 3,500 years (Chanson 1995b,2000–2001). A number of field 
testings of stepped spillway structures showed a sound operation of the prototype 
spillways with discharges per unit width up to 72 m2/s. These investigations are com-
plemented by a large number of prototype experiences with stepped spillway operation 
during major to exceptional floods. For example, Figure 3.1A shows a 1890 staircase 
spillway with 1.4 m high steps which has successfully operated for over 120 years, 
including during large flood events. Relevant reviews of stepped spillway operation 
include Chanson (1995a,2001a). All the observations indicated an absence of cavita-
tion pitting and damage to the steps. The long-lasting successful operation, for more 
than 3,000 years, highlights the design soundness of stepped spillways, while empha-
sising the importance of expert hydraulic engineering during the design stages.

3.5 CONCLUSION

The Greek hydraulic engineers were probably the first to design overflow dams with 
stepped spillways, more than 3,500 years ago. The overflow stepped spillways are 
selected to contribute to the stability of the dam, for their simplicity of shape and to 
reduce flow velocities. The steps increase significantly the rate of energy dissipation 
taking place on the steep chute and reduce the size of the required downstream energy 
dissipation system and the risks of scouring. The construction of stepped spillway 
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is compatible with the slipforming and placement methods of RCC and with the 
 construction techniques of gabion weirs. The main characteristics of stepped spillway 
flows are the different flow regimes (nappe, transition, skimming) depending upon the 
relative discharge, the high turbulence levels and the intense flow aeration.

Modern stepped spillways are characterised by a relatively steep slope and large 
flow rates per unit width for which the flow spills as a skimming flow. The chute toe 
velocity may be estimated using a graphical method (Fig. 3.9), and the downstream 
energy dissipator may be designed more accurately with the knowledge of the air-
water flow properties. As the flow patterns of stepped spillways differ from those on 
smooth chutes, designers must analyse carefully stepped chute flows. The design is 
far from trivial. Current expertise is focused on the hydraulics of skimming flow on 
prismatic rectangular channels with flat horizontal steps. Little information is avail-
able for other geometries.
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