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Water level control

Why do we need to monitor water levels and flows in canals

• proper operation of distribution structures

• reducing "dead zones"

• protection of canals

• protecting the perimeter against overflows

For example: we need to maintain the water level between a

minimum value (to protect canals and reduce dead zones) and a

maximum value (for safety reasons)

è



Hydraulic management of an irrigation network
Upstream regulation

Flow rate injected into the network regulated at the upstream intake structure;

constant, but adjusted from time to time according to changing needs

Downstream regulation

è forced rotation irrigation

èneed to control the water level
• manual adjustment
• control by static structures
• automatic valve control

Variable injection rate depending on demand

èneed to pass on variations in demand to 

the intake structure

• control by valves with constant downstream level
• control by cylindrical valves
• control by disc valves

Transversal 
gates



Upstream regulation using static structures (weirs)

• h ³ 2e thin wall (flow measurements)

• h < 2e thick wall

• z ³ 0.4h not flooded

• z < 0.4h flooded

flow + 
regulation
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Q: flow over the weir
m: flow coefficient depending on the thickness of the weir and its shape (approx. 0.4)
m1: coefficient depending on the orientation of the weir in relation to the flow
l: length of spillway
h: load on the weir

Mesure  de h

4h min.

Hydraulic functioning of weirs



Thin-wall weirs for flow measurement

Mesure de h

4h min.



Level control using thick wall weirs



Regulation weirs

Piano-Key Weir type



Automatic gate with constant upstream level (AMIL gates)
WORKING PRINCIPLE

The only torques involved are that due to the weight P and

that due to the buoyancy F on the float.

The valve is balanced so that these two torques are equal

and opposite for any position of the gate, when the upstream

level is at the setting level.
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pertuis de logement

Cross-section and plan view of a section of canal with upstream regulation

The position and density of the control structures depends on:

• channel slope

• position of bypass channels

• admissible tidal range

• imposed constraints



EPFL campus (irrigation loop)

Real scale application



Dynamical behavior and instablity
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Gate rotational dynamics

Upstream water level change

Bernhard and Perona, 2017



Bernhard and Perona, 2017



Instability
Response to step function Periodic behaviour (limit cycle)

Bernhard and Perona, 2017



Advantages and disadvantages of upstream regulation

Advantages

• simplicity; possibility of regulation by means of simple, rustic and inexpensive

structures (weirs)

Disadvantages

• difficulties in estimating the flow rate to be introduced into the network (flow rate required + en-route losses)

• difficulties in coping with unexpected non-consumption of water1

• Impossible to irrigate on demand

1 following, for example, closure of the valves during a storm à loss of water stored in the tabs



Constant level downstream valve (AVIO valve)



WORKING PRINCIPLE:

The torques involved are that due to the weight P and that due to the buoyancy F on the float. The movable

counterweight allows the device to be adjusted to bring the centre of gravity to the desired position.

The valve is balanced so that these two torques are equal and opposite for any position of the gate leaf, when the

downstream level is at the level of the hinge pin (adjustment level).

Downstream constant level valve



Valve with constant downstream

level placed after an orifice (Avio

valve)

Valve with constant downstream

level placed across the entire section

of the canal (Avis valve)



Valve with constant downstream level behind orifice (top) and on channel (bottom)

Valves with constant downstream level Mask module batteries



Disc valves

How a disc valve works

flotteur

disque d’obturation



Schematic differences between the two regulations

Régulation par l’aval
Vanne de réglage

Ligne piézométrique à débit nul

Obturateur à disque       

Bassin intermédiaire



Plan and cross-section of a section of canal with downstream regulation



Advantages and disadvantages of downstream regulation

Advantages

• automatic flow regulation

• possibility of irrigating on demand

Disadvantages

• position of the water line at zero flow: succession of horizontal planes

• high valve density

• difficulty in obtaining a stable regime in the canals

need to raise the banks (prohibitively expensive when the slope > 0.0003)è



Use of valves with constant downstream level

• in series to allow regulation downstream of the network

• locally, upstream of a diversion or at the start of a diverted canal to regulate

water levels from time to time

• at the outlet of a reservoir to regulate the flows injected into the network



Canal intake structure with regulation by cylindrical valve

Operating principle of a cylindrical valve

châssis à 3 articulations


