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Subject Name: Design Of Hydraulic Structure     Subject Code: CE6001 

UNIT-III 

Spillways: Ogee spillway and its design, details of syphon, shaft, chute and side channel spillways, 

emergency spillways. Design of outlets and rating curves. 

Spillways and Energy Dissipators 

Introduction: 

A dam may be constructed to that height which is permissible within the given topography of the 

location or limited by the expenditure that may be possible for investment. The excess flood water, 

therefore, has to e re o ed fro  the reser oir efore it o ertops the da . Passages o stru ted 
either within a dam or in the periphery of the reservoir to safely pass this excess of the river during flood 

flo s are alled “pill a s.  

The capacity of a spillway is usually worked out on the basis of a flood routing study. As such, the 

capacity of a spillway is seen to depend upon the following major factors:  

• The i flo  flood  
• The olu e of storage pro ided  the reser oir  
• Crest height of the spill a   
• Gated or u gated. 

A ordi g to the Bureau of I dia  “ta dards guideli e I“:   Guideli es for fi i g spill a  
apa it , the follo i g alues of i flo  desig  floods (IDF) should be taken for the design of spillway:  

• For large da s (defi ed as those ith gross storage apa it  greater tha   illio  
3 

or hydraulic 

head greater than 60 million m
3 

or hydraulic head between (2m and 30m), IDF should be based on the 

Standard Project Flood (SPF).  

• For i ter ediate da s those ith gross storage et ee   a d  illio  
3 

or hydraulic head 

between (2m and 30m), IDF should be based on the Standard Project Flood (SPF).  

• For s all da s (gross storage et ee  .  to  million m
3 

or hydraulic head between 7.5m to 12m), 

IDF may be taken as the 100 year return period flood.  

Spillways are ordinarily classified according to their most prominent feature, either as it pertains to the 

control, to the discharge channel, or to some other component. The common types of spillway in use are 

the following:  

1. Free over fall (Straight Drop) Spillway  

2. Overflow (Ogee) Spillway  

3. Chute (Open Channel/Trough) Spillway  

4. Side Channel Spillway  

5. Shaft (Drop Inlet/Morning Glory) spillway  

6. Tunnel (Conduit) spillway  

7. Siphon spillway  

 

 

 

 

 

1. Free Over fall (Straight Drop) Spillway : 

In this type of spillway, the water freely drops down from the crest, as for an arch dam. 
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 It can also be provided for a decked over flow dam with a vertical or adverse inclined 

downstream face. 

Flows may be free discharging, as will be the case with a sharp-crested weir or they may be 

supported along a narrow section of the crest.  

Occasionally, the crest is extended in the form of an overhanging lip to direct small discharges 

away from the face of the over fall section. In free falling water is ventilated sufficiently to 

prevent a pulsating, fluctuating jet. 

 

2. Overflow (Ogee) Spillway: 

The overflow type spillway has a crest shaped in the form of an ogee or S-shape .The upper curve 

of the ogee is made to conform closely to the profile of the lower nappe of a ventilated sheet of 

water falling from a sharp crested weir. Flow over the crest of an overflow spillway is made to 

adhere to the face of the profile by preventing access of air to the underside of the sheet of 

flowing water. Naturally, the shape of the overflow spillway is designed according to the shape of 

the lower nappe of a free flowing weir conveying the discharge flood. Hence, any discharge 

higher than the design flood passing through the overflow spillway would try to shoot forward 

and get detached from the spillway surface, which reduces the efficiency of the spillway due to 

the presence of negative pressure between the sheet of water and spillway surface. For 

discharges at designed head, the spillway attains near-maximum efficiency. The profile of the 

spillway surface is continued in a tangent along a slope to support the sheet of flow on the face 

of the overflow. A reverse curve at the bottom of the slope turns the flow in to the apron of a 

sliding basis or in to the spillway discharge channel.  

An ogee crest apron may comprise an entire spillway such as the overflow of a concrete gravity 

dam, or the ogee crest may only be the control structure for some other type of spillway. 

 

3. Chute (Open Channel/Trough) Spillway: 
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A chute spillway, variously called as open channel or trough spillway, is one whose discharge is 

conveyed from the reservoir to the downstream river level through an open channel, placed 

either along a dam abutment or through a saddle .The control structure for the chute spillway 

need not necessarily be an overflow crest, and may be of the side-channel type. However, the 

name is most often applied when the spillway control is placed normal or nearly normal to the 

axis of the open channel, and where the streamlines of flow both above and below the control 

crest follow in the direction of the axis.  

Generally, the chute spillway has been mostly used in conjunction with embankment dams, like 

the Tehri dam, for example. Chute spillways are simple to design and construct and have been 

constructed successfully on all types of foundation materials, ranging from solid rock to soft clay.  

Chute spillways ordinarily consist of an entrance channel, a control structure, a discharge 

channel, a terminal structure, and an outlet channel. Often, the axis of the entrance channel or 

that of the discharge channel must be curved to fit the topography. For further details, one may 

refer to the Bureau of Indian Standards Code IS: 5186-  Desig  of hute a d side ha el 
spillways- riteria . 

 
4.  Side Channel Spillway  

A side channel spillway is one in which the control weir is placed approximately parallel to the upper 

portion of the discharge channel,. When seen in plan with reference to the dam, the reservoir and the 

discharge channel, the side channel spillway would look typically and its sectional view. The flow over 

the crest falls into a narrow trough opposite to the weir, turns an approximate right angle, and then 

continues into the main discharge channel. The side channel design is concerned only with the hydraulic 

action in the upstream reach of the discharge channel and is more or less independent of the details 

selected for the other spillway components. Flow from the side channel can be directed into an open 

discharge channel showing a chute channel, or in to a closed conduit which may run under pressure or 

inclined tunnel. Flow into the side channel might enter on only one side of the trough in the case of a 

steep hill side location or on both sides and over the end of the trough if it is located on a knoll or gently 

sloping abutment.  

Discharge characteristics of a side channel spillway are similar to those of an ordinary overflow spillway 

and are dependent on the selected profile of the weir crest. Although the side channel is not 

hydraulically efficient, nor inexpensive, it has advantages which make it adoptable to spillways where a 

long overflow crest is required in order to limit the afflux (surcharge held to cause flow) and the 

abutments are steep and precipitous. 

 

5. Shaft (Drop Inlet/Morning Glory) spillway  
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 A Shaft Spillway is one where water enters over a horizontally positioned lip, drops through a vertical or 

sloping shaft, and then flows to the downstream river channel through a horizontal or nearly horizontal 

conduit or tunnel. The structure may be considered as being made up of three elements, namely, an 

overflow control weir, a vertical transition, and a closed discharge channel. When the inlet is funnel 

shaped, the structure is called a Morning Glory Spillway. The name is derived from the flower by the 

same name, which it closely resembles especially when fitted with anti-vortex piers. These piers or guide 

vanes are often necessary to minimize vortex action in the reservoir, if air is admitted to the shaft or 

bend it may cause troubles of explosive violence in the discharge tunnel-unless it is amply designed for 

free flow.  

Discharge characteristics of the drop inlet spillway may vary with the range of head. As the head 

increases, the flow pattern would change from the initial weir flow over crest to tube flow and then 

finally to pipe flow in the tunnel. This type of spillway attains maximum discharging capacity at relatively 

low heads. However, there is little increase in capacity beyond the designed head, should a flood larger 

than the selected inflow design flood occur.  

A drop inlet spillway can be used advantageously at dam sites that are located in narrow gorges where 

the abutments rise steeply. It may also be installed at projects where a diversion tunnel or conduit is 

available for use. 

 

 
6. Tunnel (Conduit) spillway: 

 Where a closed channel is used to convey the discharge around a dam through the adjoining hill 

sides, the spillway is often called a tunnel or conduit spillway. The closed channel may take the 

form of a vertical or inclined shaft, a horizontal tunnel through earth or rock, or a conduit 

constructed in open cut and backfilled with earth materials. Most forms of control structures, 

including overflow crests, vertical or inclined orifice entrances, drop inlet entrances, and side 

channel crests, can be used with tunnel spillways. 

Tunnel spillways are advantageous for dam sites in narrow gorges with steep abutments or at 

sites where there is danger to open channels from rock slides from the hills adjoining the 

reservoir. 

Conduit spillways are generally most suited to dams in wide valleys as in such cases the use of 

this types of spillway would enable the spillway to be located under the dam very close to the 

stream bed. 

 
7. Siphon spillway  
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          Positioned so that the inside of the bend of the upper passageway is at normal reservoir 

storage level. This type of siphon is also called a Saddle siphon spillway. The initial discharges of the 

spillway, as the reservoir level rises above normal, are similar to flow over a weir. Siphonic action takes 

place after the air in the bend over the crest has been exhausted. Continuous flow is maintained by the 

suction effect due to the gravity pull of the water in the lower leg of the siphon.  

Siphon spillways comprise usually of five components, which include an inlet, an upper leg, a throat or 

control section, a lower leg and an outlet. A siphon breaker air vent is also provided to control the 

siphon action of the spillway so that it will cease operation when the reservoir water surface is drawn 

down to normal level. Otherwise the siphon would continue to operate until air entered the inlet. The 

inlet is generally placed well below the Full Reservoir Level to prevent entrance of drifting materials and 

to avoid the formation of vortices and drawdowns which might break symphonic action.  

Another type of siphon spillway designed by Ganesh Iyer has been named after him. It consists of a 

vertical pipe or shaft which opens out in the form of a funnel at the top and at the bottom it is 

connected by a right angle bend to a horizontal outlet conduit. The top or lip of the funnel is kept at the 

Full Reservoir Level. On the surface of the funnel are attached curved vanes or projections called 

 

 

Selection of spillways  

The Bureau of Indian Standards code IS: 10137-  Guideli es for sele tio  of spill a s a d e erg  
dissipators  pro ide guideli es i  hoosi g the appropriate t pe of spill a  for the spe ifi  purpose of 
the project. The general considerations that provide the basic guidelines are as follows: 

Spillway structures add substantially to the cost of a dam. In selecting a type of spillway for a dam, 

economy in cost should not be the only criterion. The cost of spillway must be weighed in the light of 

safety required below the dam.  

 

Hydrological and Site Conditions  

The type of spillway to be chosen shall depend on:  

a) Inflow flood;  

b) Availability of tail channel, its capacity and flow hydraulics;  

c) Power house, tail race and other structures downstream; and  

d) Topography  

 

Type of Dam  

This is one of the main factors in deciding the type of spillway. For earth and rock fill dams, chute and 

ogee spillways are commonly provided, whereas for an arch dam a free fall or morning glory or chute or 

tunnel spillway is more appropriate. Gravity dams are mostly provided with ogee spillways.  

 

Purpose of Dam and Operating Conditions  
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The purpose of the dam mainly determines whether the dam is to be provided with a gated spillway or a 

non-gated one. A diversion dam can have a fixed level crest, that is, non-gated crest.  

 

Conditions Downstream of a Dam  

The rise in the downstream level in heavy floods and its consequences need careful consideration. 

Certain spillways alter greatly the shape of the hydrograph downstream of a dam. The discharges from a 

siphon spillway may have surges and break-ups as priming and depriming occurs. This gives rise to the 

wave travelling downstream in the river, which may be detrimental to navigation and fishing and may 

also cause damage to population and developed areas downstream.  

 

Nature and Amount of Solid Materials Brought by the River  

Trees, floating debris, sediment in suspension, etc., affect the type of spillway to be provided. A siphon 

spillway cannot be successful if the inflow brings too much of floating materials. Where big trees come 

as floating materials, the chute or ogee spillway remains the common choice.  

Apart from the above, each spillway can be shown as having certain specific advantages under particular 

site conditions. These are listed below which might be helpful to decide which spillway to choose for a 

particular project.  

Ogee Spillway  

It is most commonly used with gravity dams. However, it is also used with earth and rock fill dams with a 

separate gravity structure; the ogee crest can be used as control in almost all types of spillways; and it 

has got the advantage over other spillways for its high discharging efficiency.  

Chute Spillway  

a) It can be provided on any type of foundation,  

b) It is commonly used with the earth and rock fill dams, and  

c) It becomes economical if earth received from spillway excavation is used in dam construction.  

The following factors limit its adaption:  

a) It should normally be avoided on embankments;  

b) Availability of space is essential for keeping the spillway basins away from the dam paving; and  

c) If it is necessary to provide too many bends in the chute because of the topography, its hydraulic 

performance can be adversely affected.  

 

Side Channel Spillways  

This type of spillway is preferred where a long overflow crest is desired in order to limit the intensity of 

discharge, It is useful where the abutments are steep, and it is useful where the control is desired by the 

narrow side channel.  

The factor limiting its adoption is that this type of spillway is hydraulically less efficient.  

 

Shaft Spillways (Morning Glory Spillway)  

a) This can be adopted very advantageously in dam sites in narrow canyons, and  

b) Minimum discharging capacity is attained at relatively low heads. This characteristic makes the 

spillway ideal where the maximum spillway outflow is to be limited. This characteristic becomes 

undesirable where a discharge more than the design capacity is to be passed. So, it can be used as a 

service spillway in conjunction with an emergency spillway.  

The factor limiting its adoption is the difficulty of air-entrainment in a shaft, which may escape in bursts 

causing an undesirable surging.  
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Siphon Spillway  

Siphon spillways can be used to discharge full capacity discharges, at relatively low heads, and great 

advantage of this type of spillway is its positive and automatic operation without mechanical devices 

and moving parts.  

The following factors limit the adoption of a siphon spillway:  

It is difficult to handle flows materially greater than designed capacity, even if the reservoir head 

exceeds the design level; Siphon spillways cannot pass debris, ice, etc; There is possibility of clogging of 

the siphon passage way and breaking of siphon vents with logs and debris; In cold climates, there can be 

freezing inside the inlet and air vents of the siphon; When sudden surges occur and outflow stops; The 

structure is subject to heavy vibrations during its operation needing strong foundations; and Siphons 

cannot be normally used for vacuum heads higher than  

8 m and there is danger of cavitation damage.  

Overfill or Free Fall Spillway  

This is suitable for arch dams or dams with downstream vertical faces; and this is suitable for small drops 

and for passing any occasional flood.  

 

Tunnel or Conduit Spillway  

This type is generally suitable for dams in narrow valleys, where overflow spillways cannot be located 

without risk and good sites are not available for a saddle spillway. In such cases, diversion tunnels used 

for construction can be modified to work as tunnel spillways. In case of embankment dams, diversion 

tunnels used during construction may usefully be adopted. Where there is danger to open channels from 

snow or rock slides, tunnel spillways are useful. 

Discharge characteristics of ogee crests-uncontrolled flow  

For an ogee crested control weir for a spillway without any control with a gate, the free flow discharge 

equation is given as  

 

Where Q is the discharge (in m
3

/s), C
d 

is the coefficient of discharge, L
e 

is the effective length of crest (in 

m), including velocity of approach head. The discharge coefficient, C
d, 

is influenced by a number of 

factors, such as:  

1. Depth of approach  

2. Relation of the actual crest shape to the ideal nappe shape  

3. Upstream face slope  

4. Downstream apron interference, and  

5. Downstream submergence  

 

Discharge characteristics of ogee crests-controlled spillway  

The discharge for gated crests at partial gate opening is similar to flow through a low-head orifice and 

may be computed by the following equation recommended by the Bureau of Indian Standards code 

IS:6934-  H drauli  desig  of high ogee o erflo  spill a s-recommendations 
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Where Q is the discharge (in m
3

/s), C
g 

is the gated coefficient of discharge, G
0 

is the gate opening (in m), 

L
e 

is the effective length of crest, g is the acceleration due to gravity, and He
 
is the hydraulic head 

measured from the centre of the orifice (in m). 

 

 

 

 

Ogee Profile - Upstream Quadrant’  
The upstream quadrant may conform to an ellipse with the equation 

 

Ogee Profile - Downstream profile  

The downstream profile may conform to equation: 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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