
page 1

RESERVOIR MANAGEMENT:

NEW APPROACH FOR BETTER CONTROL

AND OPTIMIZATION

David Humphrey Cla-Val UK Limited

Keywords

Automatic Control Valve, proportional level control, PID controller, remote set point, process variable.

Abstract

This paper describes a new approach for better reservoir control and optimisation. Cla-Val
UK Ltd. has over 20 years experience in pressure management and network optimisation.
Starting with conventional methods of reservoir level control, our recent developments in
demand related reservoir management allows us now to manage in a more flexible way
reservoir levels within global distribution systems.

Historically, a hydraulic flow control valve set with pre-set flow rates locally controlled level.
A more flexible system was required which allows variable flow control proportionally linked
to reservoir level with the facili ty to adjust via Telemetry or by local Push-button control. The
system was also required to be both robust and simple to program.

The case study described hereunder is an application developed for Welsh Water(UK) at the
Stumpy reservoir with a 18,000 Cubic meter capacity supplying potable water into the Barry
area of South Wales.
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1. Introduction

Stumpy forms part of a reservoir network serving the potable water into the City of Cardiff
with a population of approximately 300,000. Like the majority of reservoirs, water engineers
are employed to throttle manually operated gate valves to balance the needs of the network,
whilst maintaining relatively constant output from the Water Treatment works and ensuring
reservoir levels are managed to prevent overflow and prolonged contact times.

Figure 1. Stumpy reservoir

Reductions in manpower has enforced a greater reliance on automation relying on self
regulating for day to day control whilst allowing remote overrides to deal with exceptions, for
example burst, scheduled reservoir maintenance.

2. Reservoir Level control application

2.1 Actuator

A flexible system was required which allows inlet flows to vary in response to changes in
reservoir level with the facili ty to adjust via Telemetry or by local push-button Control. Only
a single-phase power supply existed, therefore the control system had to be capable of
operating with a low power consumption.

A 400mm hydraulically actuated automatic control valve was chosen. It utili ses the pressure
in the pipeline to provide the energy for actuation. Valve stem position is controlled by two
solenoids operating with a 24V d.c power supply connected to the Control valve with
ancill ary tubing. Each Solenoid is kept closed with no power (Figure 2).
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Figure 2. Schematic view of the control valve with solenoids.

When the PID controller issues a command to increase flow as reservoir level drops, the
solenoid is energised for a controlled period to allow a volume of water to escape from above
the valve diaphragm and into the (lower pressure) downstream pressure pipework, this
feedback action will i ncrease the main flow of the valve and contribute to fill up the reservoir.

Out=G(e+R.œHGW� ' �GH�dt)
Equation PID (1)

Where G = Gain; R = Reset (repeats per minute); D = Derivative (minutes)

Figure 4. PID principle

Conversely, if the valve is required to reduce flow, the Closing solenoid is energised to
transfer a volume of water from the valve inlet into the valve cover.

This kind of configuration allows the system to work with a very low amount of power and
with very small solenoids, and is able to stay stable without energy.
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2.2 Network configuration & regulation
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Figure 3. Network regulation configuration

A Panel mounted PID electronic valve controller is directly linked to each solenoid. The
controller is configured to accept a remote set-point (4-20 mA) signal from a level transmitter
in the reservoir and a 4-20mA Process variable signal from an electronic flow meter sited
upstream of the hydraulic control valve (Figure 3). Using the simple maths function of the
controller, the control algorithm was established to allow inlet flows to vary as the water level
varied obviated the requirement for remote set point flow input signal.

Reservoir level is designed to be proportioned with flow rate. It is programmed to effectively
stop the setpoint at 600m3 below 3 meters depth and at 400m3 above 4 meters depth. In
between 3 meters and 4 the flow will proportion itself (f igure 4).
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Figure 4. Reservoir scaling.
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The advantage to this is simplicity. The controller remains a flow controller driven by the
level input on Remote Set-point, but, the flow set-point becomes fixed outside the band of
proportional control.

Response time of the hydraulically operated valve is governed by differential and flow. This
can become criti cal when closing as the upstream hydraulic gradient increases exponentially
with the reduction of f low. Each output circuit has an independently programmable dead-
band, proportional band and solenoid cycle time. By adjusting these control settings in
combination, response Opening and closing cycle times were programmed to allow the valve
to make a smooth transition to the set-point and avoid overshooting and surge. Finally, the
control valve is fitted with both manual operators and hydro-mechanical adjustment of the
valve operating speed, such that in the event of solenoid failure, a mechanical restriction will
ensure that potentially damaging surges are prevented.

In the event the valve closure is too rapid, a hydraulically operated pressure relief valve is
incorporated, allowing the valve to vent potentially damaging high pressures into the
reservoir.

Whilst being capable of stand alone modulating control, the system allows simple manual
over ride operation on site, Remote override via telemetry or manually controlled positioning
of the valve.

3. Conclusion

This article describes how it can be easy to regulate a reservoir level, without a lot of energy
in order to drive strongly the valve. This system remains quite simple and improves the Mean
Time Between Failure of the global application, always criti cal for water system.

By the way, using a PID controller to supervise the network allows the user to think about
configuration, li ke time controlled, wasted water constrained and so on…
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