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Application of Real Time Control to the Leigh Catchment

Jamie Margetts WS Atkins Water

Abstract

Offline pumped return storage has been proposed as a possible method of reducing the spill
frequency at unsatisfactory CSOs within the Leigh catchment during the AMP3 period. This study
focuses on the use of InfoWorks and continuous simulation to assess the performance of CSOs in
the catchment. The CSOs in the catchment were modelled as having pumped return offline
storage, that would reduce the spill frequency at each CSO to a notional 3 spills per year (to be
confirmed in current UPM study). Real Time Control Strategies were developed for each of these
CSOs to allow stored flow to be returned to the system. Continuous simulation was a fundamental
requirement, therefore, in this study to allow the effect of successive storms to be considered on
the filling regime of each of the storm tanks. Optimisation schemes were subsequently developed
to reduce the proposed storage volumes further, yet ensuring that the performance of the CSOs
remains the same.

Introduction

This study was carried out by WS Atkins, on behalf of North West Water, and was intended to be
an initial examination of real time control (RTC) applicability in the Leigh catchment and a general
indicator of what savings RTC can offer for AMP3. A total of 44,500m3 of CSO storage has been
proposed for Leigh during the AMP3 period. The main driver for this study was to use RTC to
optimise the volume of AMP3 storage required throughout the catchment.

It is essential that the optimisation of any offline storage schemes involves RTC, as this is the
component that controls the emptying regime of the storage tanks. RTC optimisation schemes can
involve both local control rules and global control rules. Local rules control the emptying regime
based on point environmental factors (such as water level or flow) in close proximity to the storage
tank in question. Global control rules look at factors throughout the whole system, such as flow at
the waste water treatment works (WwTW) or the fill status at other CSO storage tanks within the
system.

A second essential part of this study was the use of continuous rainfall to assess the performance
of the CSOs, storage tanks, and optimisation schemes. As the annual spill frequency and spill
volume from the CSOs and storage tanks is the main consideration in this study, it is a
fundamental requirement that the rainfall used shows the natural variability expected throughout
the year. For this reason the use of synthetic design storms is not appropriate. Rainfall containing
temporally variable characteristics can be in the form of Time Series Rainfall (TSR) or stochastic
or observed continuous data. TSR data is not applicable for such a study, as it is a series of
discrete single storm events. Continuous rainfall data, on the other hand, allows successive
storms to be considered and the effect of these on a partially full storage tank. The consideration
of successive storms is essential to develop robust RTC regulating the filling and emptying of
storage tanks. A 20 year stochastically generated rainfall series was used in this study that was
based on the long term rainfall records for Leigh.

Study Catchment

The Leigh catchment is located in the south eastern part of the Metropolitan Borough of Wigan,
and has a total population of 70,051 (1996 figures). The total drained area is approximately
1000ha, of which 88% is residential, and 7% industrial or commercial. There are a number of
watercourses within the catchment and the Pennington Flash, which is a nature reserve located in
the south west of the catchment.

The sewerage catchment is predominantly combined and drains to Leigh WwTW in the south of
the catchment. Leigh WwTW has a flow to full treatment (FFT) of 51MLD (590l/s). Within the
catchment there are 29 CSOs and 9 pumping stations. At 15 of these CSOs storage has been
proposed for the AMP3 period. The location of these CSOs can be seen in Figure 1.
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Figure 1 CSOs and Pumping Stations in Leigh Catchment

ting of Initial Model

ously built HydroWorks model was supplied by NWW as the basis to this study. This
orks model was originally based on a Wallrus model. A number of key aspects of this

were reviewed and updated in order to produce a more accurate model suitable for this
study.

delling of Leigh WwTW
This was originally modelled as a single screw pump discharging to a free outfall. The
model was updated to include the inlet sewers, inlet screw pumps, open channels,
screens, detritor, storm overflow chamber, and storm tanks.

delling of CSOs
The modelling of the CSOs was updated using survey data and engineering drawings.
Various control structures, inherited from the original Wallrus modelling, were removed
and remodelled.

delling of Westleigh
The original model did not represent the subcatchment of Westleigh. The population of
Westleigh is 12,000 and so the contribution from this area is significant. A crude model of
the Westleigh catchment was constructed and verified against flow survey data. This was
then added to the main Leigh model.
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•  Modelling of DWF
The DWF in the original model consisted of fixed DWF inputs. As continuous simulation
allows the timing of a storm to be considered, then there was a requirement for the DWF
modelling to be improved. Diurnal profiles were added to the household DWF contribution.
The industrial traders within the catchment were also modelled, and diurnal profiles
attributed where necessary.

This updated model was imported into InfoWorks, as continuous simulation is not possible in
HydroWorks. The model was simplified in InfoWorks to reduce the simulation times. InfoWorks
has a number of advantages over other hydraulic simulation software packages that makes it an
attractive choice for carrying out continuous simulation. Firstly, HydroWorks cannot utilise the very
large input files (long term rainfall) and the subsequent large output files. Secondly, the DWF
timestep function in InfoWorks allows run times and file sizes to be considerably reduced when
carrying out simulations with long term rainfall.

Development of Real Time Control

CSO Storage Tanks

Following the model update process to enable the model to be suitable for use in this study, the
proposed AMP3 storage tanks were modelled at each CSO. These were simply modelled as
offline tanks at each CSO. A baseline RTC strategy was then developed to control the filling and
emptying of each of the storage tanks. Variable speed pumps were modelled at each CSO
storage tank to return stored flow to the system after an event has passed. The following strategy
was developed as a starting point at each storage tank:

Figure 2 RTC operation at Leigh Road CSO

•  Return pump from storage tank is activated when the flow through the CSO falls below
Formula A for that CSO,

•  The pump rate from the storage tank varies to maintain a flow of Formula A downstream of
the CSO until the tank is empty,

•  Should the water level in the CSO rise so as to cause a further spill to the storage tank, then
the return pump will switch off. This rule was used as an emergency cut off to prevent backing
up due to potential constrictions downstream. This rule also prevents recirculation of flow,
where the pump is emptying the tank at the same time as spill occurring to the tank.

A PID control was required at each CSO to allow the flow rate from the tanks to be controlled as a
function of the downstream flow rate. Figure 2 highlights the RTC operation at one of the major
CSOs in the catchment.

Pump Return at Leigh Road CSO
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Leigh WwTW

In order to accurately assess the spill frequency from the storm tanks at the WwTW, an RTC
strategy was required in the model to empty the storm tanks after each event. The strategy used
at present at the WwTW was incorporated into the model:

•  Storm tanks empty when FFT falls below 30MLD (347l/s),
•  Storm tanks stop emptying should FFT increase above 40MLD (463l/s).

This RTC strategy was simply modelled using a variable sluice gate to return the flow from the
tanks to the WwTW inlet works.

Simulation of Baseline System

The InfoWorks model developed at this stage was to act as a baseline comparator against which
the performance of optimisation schemes can be tested. It was the original intention to simulate
the full 20 years of stochastically generated rainfall with the model to assess the performance of
the AMP3 storage tanks and CSOs. Due to the size of the model, and complexity of the RTC, the
simulation times and size of the result files was prohibitive, and prevented the full 20 years of data
from being simulated.

Simple summary statistics were therefore used to classify each year of stochastic rainfall, so that
the wet, average, and dry years could be isolated. These three years of continuous data would
then form the basis of the study. Table 1 highlights the summary statistics used to choose the
base rainfall in this study.

Year Depth (mm) Frequency of
storms > 5mm

depth

Frequency of
storms > 7mm

depth

Frequency of
storms >

10mm depth
2012 741.1 3 1 1 Dry
2008 846.4 12 6 1 Average
2010 1153.7 14 10 5 Wet

Table 1 Summary Statistics used to Classify Years

Initial simulations with the average year of rainfall highlighted that the proposed storage volumes
at some of the CSOs were either too small or too large, and as a result were not predicted to spill
the notional three times per year on which the proposed storage volumes were originally
designed. This discrepancy between predicted spill frequency and the design spill frequency is
due to the different simulation platforms used in this study (InfoWorks) and when the proposed
AMP3 volumes were developed (SIMPOL). As a result, the storage volumes in the model were
slightly modified so that for the average year each CSO storage tank was predicted to spill a
notional 3 times. Spill frequencies and volumes were higher for the wet year and lower for the dry
year, as would be expected.
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Figure 3 Statistical Template Feature of InfoWorks
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The timestep controller feature within InfoWorks was utilised to make the results files manageable,
as without the DWF timestep each result file (average year) would be approximately 5 gigabytes.
The DWF timestep function was set to flip the simulation engine from 120 second timestep to an
hourly timestep during the DWF periods between rainfall events. The timestep switch had, though,
to be delayed by 2000 minutes so that it did not occur when important pump return functions were
occurring at the CSO storage tanks at the end of an event. This is essential to ensure that RTC
actions at the storage tanks are complete before the large DWF timestep is used. The effect of
utilising the DWF timestep was to reduce the size of the results files to 1.5 gigabytes.

The InfoWorks statistical template feature was used to extract the spill frequencies and volumes at
each CSO in the catchment automatically. This would be a very laborious task to undertake
manually, as there are 15 CSO storage tanks in the catchment. An example of the data obtained
is shown in Figure 3.

Optimisation Schemes

Optimisation schemes were then developed that would result in maintaining the baseline system
performance (3 spills per year) but reduce the required storage volumes at CSOs within the
catchment. This would obviously reduce the capital expenditure required to construct and operate
these proposed AMP3 storage schemes. A number of optimisation schemes were investigated:

•  Varying the rate of pump return at the CSOs, as an increased rate may empty the storage
tank faster and thus prevent a spill caused by a follow-on storm. A decrease in pump return
rate may reduce the hydraulic loading downstream and thus prevent spills at CSOs
downstream.

•  Integrating the filling and emptying of a number of storage tanks within the system, so that all
available storage tank volume is utilised before spill occurs any where in the catchment.

•  Develop static optimisation schemes to simply increase the rate of pass forward at the CSOs,
and thus reduce the spill frequency and volume.

•  Develop an operational plan on parts of the system. For example, removing silt downstream
of two CSOs caused a significant reduction in spill frequency and volume at the CSOs.

•  Increase the flow to the WwTW, by increasing the pass forward flow at the main CSOs
protecting the WwTW. Extra storage is then required at the WwTW to prevent a worsening of
the performance of the storm tanks. The advantage of this optimisation scheme is that the
required storage can now be constructed as cheaper shallow tank storage at the WwTW,
rather than deep storage in the urban area of Leigh. There are also operational and
maintenance benefits to constructing some of the storage at the WwTW rather than at the
CSOs throughout Leigh.

Conclusions

Continuous simulation and RTC were successfully used in this preliminary desktop study to
reduce the CSO storage tank volume required in Leigh during the AMP3 period. Continuous
simulation proved particularly important due to the fact that many of the spills were predicted to be
a result of successive or follow on storm events, rather than single individual events.

This study only investigates the use of spill frequency and volume to assess the performance of
CSOs in the Leigh catchment. Future studies could investigate the use of Integrated Catchment
Simulation (ICS). This would allow water quality parameters to be investigated and the effects of
discharges from the storm tanks on the receiving water to be quantified. This could then be linked
to water quality impact criteria and the compliance of the storage tanks with water quality
regulatory standards. Further information regarding ICS can be found in Magnusson et al (1998)
and Margetts and Long (1999).
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Discussion

Question Helen Udale Montgomery Watson

For the sediment downstream did you do an assessment on what effect this would have on the
tank performance when returned.

Answer

We did not look at water quality at this stage

Question George Hare Montgomery Watson

With the continuous simulation and the time step between 2 minutes and 2 hours did you look at
emptying of tanks in the DWF mode.

Answer

Yes it worked but it did miss some of the pumped emptying effects.

Question John West Birmingham University

If you put in RTC does this not have a profound effect on the operational costs, did you compare
with capital costs ?

Do you have any views on the impact of RTC on river water quality?

Answer

We did not make the RTC complex so it should not have any negative effects on operational
costs.

We would like to look at water quality effects next.

Comment Ian Noble Montgomery Watson

CIRIA carried out a scoping study into the risks in RTC system, as part of this study Water
Companies with several years of operating telemetry linked overflow and pumping stations. These
RTC systems were actually less expensive to operate than none linked and control systems.
Examples quoted were that controlled linked overflow tanks and pumping stations require less
visits and inspections. A good example was that penstocks could be tested regularly from the
control room, current drawn by the motor in this testing compared with expect figures and
decisions on maintenance made. It was also possible to revise penstock movement rates and set
points remotely rather than using a sewer entry visit.
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