IRRnet: a rehabilitation
plan of the unique open-
sky irrigation network
facility at EPFL

The AMIL hydromechanical
gate installed in the network

Prof. Paolo Perona
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c P~ L I



BASSIN DE BASSINS A

The irrigation network model is an CEIRE BESA
installation that condenses into a .
small space (approx. 100 m2) the
various water regulation or
distribution devices that can be |
found in a real irrigation network; it | dmC SmEERE | e |
allows various measurements or ' CoT A
adjustments to be made to
familiarise the user with the
equipment installed. See plan.
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Modele de réseau d’irrigation
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The network mounts all key
infrastructures for the correct
functioning of an irrigation network,

e.g.:
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REAL EPFL facility
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REAL EPFL facility
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Thin-wall weirs for flow measurement
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Level control using thick wall weirs
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Piano-Key Weir type

Regulation weirs
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Automatic gate with constant upstream level (AMIL gates)

contrepoids WORKING PRINCIPLE

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

flotteur de
démarrage

that due to the buoyancy F on the float.

axe de
rotation

The valve is balanced so that these two torques are equal

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

flotteur

level is at the setting level.




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

EPFL campus (irrigation loop)
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Dynamical behavior and instablity
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Dynamical Behavior and Stability Analysis of
Hydromechanical Gates

Fabian A. Bernhard' and Paolo Perona?

Abstract: This study revisits the stability of hydromechanical gates for upstream water surface regulation, also known as AMIL gates. AMIL
gates are used in irrigation canals, where they are often installed in series. From the lati ive, i ilities are undesired because
they generate waves and f ions in the discharge. A model for an AMIL gate is described as a nonlinear dynamical system,
‘which permits analyzing the dynamic interaction between the local water level and the gate position. The feedback effect of the gate on the
water level is introduced by considering a storage volume of length /. In the derived model, waves are simplified to fluctuations of the flat
water surface of the storage volume. Although previous studies used the same model, none has clarified the sensitivity of the model to the
parameter L. The role of this is i i and itis with experimental measurements. The precision of the regulation is
described by the decrement, the range of the water level around the target level. Based on the mathematical model, a relationship for cal-
ibration of the gate and precision of regulation is presented. The subsequent stability analysis of the dynamical system focuses on five control
parameters and sheds light on their influence on the gate behavior. Hopf bifurcations are identified, which separate stable equilibrium
solutions from stable periodic solutions. Further work might consider the implications of the periodic solutions on gates that work in series,
as well as envision the innovative use of such gates outside of the domain of irrigation canals to obtain dynamic environmental flows in

Fig. 1. (Color) Experimental AMIL gate exhibiting oscillating beha-
vior and creating waves

Fig. 2. (Color) Longitudinal and cross-section illustration of gate giving the geometric parameters
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Introduction

Hydromechanical gates for upstream water surface regulation, also
known as AMIL gates, are used in gravity irrigation systems to con-
trol water levels upstream of their location for varying flow rates in
the main canal (Rogers and Goussard 1998; Ramirez-Luna 1997;
Montaiiés 2005; GEC Alsthom 1992). This flow rate may vary if
the inflow upstream changes or as water is removed via lateral off-
takes from the main canal according to a varying demand.

AMIL gates are a specific type of radial gates, used as automatic
control structures in order to cope with these variations in flow rate
by opening or closing in response to the current water level. Their
objective is to maintain the water level in a certain range around their

Through the interaction of the gate and the local water level,
oscillations are possible and are indeed observed, particularly when
the damping element is worn out (Ramirez-Luna 1997; Montaiiés
2005; Bernhard 2015). Fig. 1 and Videos S1 and S2 show an aged
experimental AMIL gate at Ecole Polytechnique Fédérale de
Lausanne in Switzerland (EPFL) that exhibits an oscillating behav-
ior. This behavior was triggered by operation of the lateral offtake
structures in the foreground of the photo. A wave propagating in the
upstream direction can be seen. Waves, and thus oscillating behav-
ior in general, are undesired because they are likely to affect the
discharges in the main canal and the lateral offtakes.

A number of other authors have investigated instabilities related
to gate operation in irrigation canals in general or more specifically

trunnion axis. This range is referred to as (Ramirez-Luna
1997; GEC Alsthom 1992) and can be related to the gate properties
(calibration of mass and center of gravity).

A photo and an illustration of an AMIL gate are shown in Figs. 1
and 2. In addition to typical radial gates, they are equipped with a
toroidal float attached to the upstream side of the gate leaf, counter-
weights on the downstream side, and a damping device to reduce
oscillations. Because the gate is operated only by the water force,
AMIL gates are counted among the hydromechanical gates (Cassan
et al. 2011).
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of AMIL gates.
Litrico et al. (2007) developed a general method for stability
analysis of automatic gates in open channels. The Saint-Venant
equations (one-dimensional shallow water equations) for the
hannel d i

p were combined with a model of the auto-
matic gate in order to derive the governing equations. The method
was based on linearization and Laplace of these governing

equations. To simplify, only a static relationship between the gate
opening and the water level was assumed, i.e., the gate is in equi-
librium with the water level at each instant. This was based on

the ion that gate d ics are in front of the pools
dynamics. Litrico and Fromion (2009) used a similar approach also
throughout.

Stability of AMIL gates was specifically investigated in Corriga
etal. (1977, 1980) and Ramirez-Luna (1997). Corriga et al. (1977)
investigated an AMIL gate connected to a short, level pool and con-
sidered a dynamic interaction between the gate position and the
water level. A calibration of the gate that results in zero total dec-
rement was implicitly assumed. The model was linearized and the
step responses of the linear and the nonlinear systems were com-
pared. By means of the Laplace transform, a transfer function of the
linear system was derived. Instabilities were discovered and their
existence was related to the value of the damping parameter.

J. Irrig. Drain Eng.

J. Irrig. Drain Eng., 2017, 143(9): 04017039
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Upstream water level change
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Fig. 2. (Color) Longitudinal and cross-section illustration of gate giving the geometric parameters l
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which is a system of the form

%x = F(x,1)

with states x = (6,,0,, YT = (0,d6/dt, f’l)T.
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Fig. 4. (Color) Equilibrium position in the projected state space for
varying Q/: the two components d4 and dp (above and below gate axis)
of the total decrement are shown
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Instability

Response to step function Periodic behaviour (limit cycle)
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Advantages

* simplicity; possibility of regulation by means of simple, rustic and inexpensive | d@ - " ,

structures (weirs) \\

Disadvantages

* Impossible to irrigate on demand

* 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 water!

1 following, for example, closure of the valves during a storm - loss of water stored in the tabs
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Downstream constant level valve
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A niveau amont Figure 1
l gaatee
PR ¢
NG ! A niveau aval . flotteur
RS _j contrepoids
AR
., ® . = > .
niveau constant
poussée S | _£
hydl;aulique o ' -
sur le
tablier axe (,’e bac du
) 4

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

» débit
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Field

Notice the possibility to combine several gate apertures by
which means the total flow is simply the sum thanks to the

constant water level upstream (e.g., mantained by a control
structure)
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Today status and plan

m

PRESENT STATUS

The status of the facility today is disastrous and
due to a sustantial careless and abandoment
after my departure to UoE in 2015

The network walls (concrete) need to be re-sealt,
all components as well as the entire measuring
devices have to be dismantled and restored and
new pumps have to be bought and installed

RESTORATION PLAN

The network was mainly used for teaching.
However, a full restoration makes only sense if the
network can be converted for research uses as well.

¥

ADDITIONAL POTENTIAL (Research, services)
- teaching and education (short courses to
practitioners)

- testing and calibration of measuring devices;
- dynamic environmental flows;

- hyporheic flow and sediment clogging;

- macroroughness habitats

- plant root growth and tropism actions

- new material (e.g. bio-cement)
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Foreseen improvements:

- automatic gates for control of water level within the channel (to decide which one) and simulate a CPP (levels and flows);

- straigth reach with inserted rhizoboxes for studying plant root growth in response to tropism actions;

- design a Tyrolean intake with coverable rakes for testing rake profiles and cprresponding dynamic flow releases;

- Flume reach with hyporheic flow possibilites by creating a double bed with permeable material organized in matrasses;

- Straight reach with possibility of insertion of macrouroughness obstacles for studying wake amplitude and hydrodynamics;
- Deployment of walls and bed made of biocement for studying its long-term resistance to erosion and release of susbtances




Offre Rehabilitation des canaux d'irrigation extérieurs
Objet Commentaire
Phasel

Etablissement des plans, préparation et supervision  |Cédric 5. 100chf/h 4'000.00]

Elagage de la végétation et nettoyage de la zone 2'000.00|

Vidage et curage des bassins Tinguely 2'000.00]|

Réameénagement et étanchéité des canaux Ramos 15'000.00]

Peinture des canaux Peintre & embaucher 5'000.00}

Démontage, révision, peinture et remontage des PLTE (selon devis, pompe

vannes, imnimétres. . comprise) 31'720.00] € next page

Bache amovible pour PIV Entreprise a choisir 5'000.00|

Déplacement des commandes électriques de la

pompe Entreprise a choisir 10'000 00|

Cléture autour du modéle Entreprise a choisir 20'000.00]

Mise en route et tests Cédric 2] 100chf/h 1'600.00}

Démontage évacuation divers 1'500.00|

Total 97'820.00
|
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Offre travail PLTE

Description Fournisseur N° Offre Remarques Heure | Tarif horaire Prix
Préparation offre PLTE 8:00 CHF 40.00 320.00
Dessins PLTE 60:00 | CHF 40.00 2400.00
Démontage PLTE 100:00 | CHF 40.00 4000.00
Réparation - fabrication PLTE 200:00 | CHF 40.00 8000.00
Remontage PLTE 200:00 | CHF 40.00 8000.00
Zingage - Peinture SPI SA 2500.00
Fourniture et matiére PLTE 2500.00
Pompes
Démontage 24:00 | CHF 40.00 960.00
Réparation - fabrication 50:00 | CHF 40.00 2000.00
Remontage 26:00 | CHF 40.00 1040.00
TOTAL 668:00 || CHF 31 720.00

>
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