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Real Time Control
The Answer to Everything or Just Another Over Hyped Piece of

Technology

B J Morrow IEng AMICE ACIWEM DIP(WEM) - North West Water Ltd

Introduction
This paper will look briefly at the development and implementation of Real Time Control (RTC) within the sewer
system in North West Water (NWW), including the benefits and problems it has brought to the company,
environment and community.

It will look at several large urban catchments as case studies, varying from the largest tourist resort in Europe
(Blackpool on the Fylde Coast) to a large industrialised inland town (Bolton).

It will detail systems implemented in previous years, recent improvements and future plans.

Fig 1 – Location Plans

Background
What is RTC ? The best place to start is with a definition.

RTC can be defined as “a system of rules that control movable regulators, based on data from sensors that
continuously monitor the sewer system”.

RTC systems themselves fall into one or more of the following categories :-

•  Reactive – decisions on altering regulators are based on actual flows/levels recorded in the sewer system
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•  Predictive – flows/levels in the sewer system are predicted and decisions on altering regulators are based on
this predicted data

•  Local – the filling and emptying of each storage tank is controlled by the available capacity in the sewer
immediately downstream

•  Global - the filling and emptying of each storage tank is controlled by a series of rules that take into account
the capacity of the rest of the sewer network (sewers and tanks)

RTC is not a new piece of technology there are already thousands of systems in operation. Every pumping
station is a local, reactive RTC system, all be it a very simple one.

This is actually a very important point. Any control system should be kept to the simplest possible form. Lots of
people have run away with the notion that all RTC systems must be very complex and cover a huge catchment
to be of any value.

This is not true. Depending on the situation all that may be required is :-

•  The installation of a single control gate on a large diameter trunk sewer to mobilise the unused storage
capacity.

•  The installation of some depth monitors at the CSO downstream of an off-line tank to ensure that when the
tank is emptied is doe not cause a spill at the CSO.

•  A few additional rules where there are 2 or more storage tanks on the same sewer line will give a global
system and ensure that the first tank is not emptied directly into the next.

Leaving pumping stations aside NWW has been building and operating major RTC systems for some 12 years.
Some of the largest sewer networks with RTC systems of varying degrees of complexity are in :-

Blackpool & Fleetwood  - Fylde Coast area 
PE – 300,000

Lytham St Annes PE – 40,000

Bolton   PE – 465,000 Liverpool – MEPAS system PE – 886,000

Morecambe PE – 47,000

These RTC systems have grown in complexity over the years. Early ones being local systems controlling a
single gate or pump to the latest ones being global systems controlling several dozen gates and or pumps.

One of the major problems in trying to identify the benefits of RTC systems is that like most companies NWW
does not develop 2 solutions to each problem (one with RTC and one without) and therefore the benefits listed in
this paper are some what subjective. It should also be noted that currently within NWW the use of RTC is
considered from start of the design process and the solutions developed are based around this fact. RTC is
generally not added after work has been completed.

Case study 1 Fylde Coast (Blackpool)
The Fylde Coast scheme was originally designed to ensure compliance with the UWWTD and resulted in the
existing crude outfalls being diverted into a 14km long, 2.85m dia. transfer tunnel for treatment at a new WwTW
at Fleetwood. This tunnel also acted as a storm tank with excess flows being discharged through the old outfalls.
A global RTC system was used to control the filling/emptying of the tunnel, pumped flows to the WwTW’s and a
local RTC system for the operation of each the storm PS’s.

In 1998 the sewer system was substantially upgraded to meet the requirements of the Bathing Water Directive ie
an average of 3 spills per bathing Season per outfall. The only possible solution that would meet the very tight
timescale for the implementation of the work was the construction of storage tanks (total additional volume
90,000m3).
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Due to the highly developed urban environment, the size of the storage tanks had to be kept to an absolute
minimum. This requirement, the fact that the new storage tanks would have to be fully integrated into the existing
tunnel system and that the existing system was controlled by RTC systems lead to the obvious decision was to
enhance the existing systems.

The new RTC system now ensures that the existing tunnel and new storage tanks are filled at the optimum rate
to ensure that the 3 spills standard is met at all the outfalls. The outfall PS’s are still operated by local RTC
systems. The combined systems now monitor a total of 27 pumps, 6 flow monitors, 13 depth monitors and 33
penstocks.

Fig.2 – The Fylde Coast Scheme

Project specific problems/benefits
The architecture (hardware & software) of the original system proved to be very complex and difficult if not
impossible to alter and extend to meet the new requirements. The current NWW standard for this sort of
hardware and software was also different from what existed.

In designing the new system the main objective was to keep the final list of control rules to an absolute minimum.
During the design phase direct links between the design software and the PLC’s were utilised. However, despite
this there were a number of difficulties during the commissioning phase of the project where setpoints and rules
were incorrect.

The fact that the system is intensively monitored for normal operation of the RTC system has enabled NWW to
fully analyse a recent major flooding incident within the catchment. This detailed information has proved that the
flooding in the catchment had occurred some 20-30 minutes before the storm flows arrived at tunnel
connection/pumping station.
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The future
By March 2003 a total of 15 UID’s (Unsatisfactory Intermittent Discharges) have to be resolved in the Fylde
Coast catchment. As these will have to meet a spill frequency similar to the existing, ave. 3 spills / Bathing
Season, or even more onerous, the existing RTC system will have to be upgraded yet again.

The challenges will be :-

•  Maintain the overall simplicity of the RTC system while integrating the new storage volumes.

•  Ensuring that the existing 3 spills/BS are maintained at the existing CSO’s

Case study 2 Bolton
The original flood prevention scheme in Bolton resulted in a strategy to build up to 7 large on and offline storage
tanks. By the late 1980’s, 4 of these had been built, 3 offline & 1 online ranging in size from 1,250 to 10,000m3.
The offline tanks are gravity filled with a high level overflow to the adjacent river, the pumped return is controlled
by a sensor looking at the capacity of the downstream sewer.

Around this time the problem of pollution of the local rivers by CSO’s was gaining a higher profile and needed to
be addressed by NWW. The company decided to look into the possibility of utilising these large storage tanks to
reduce discharges from the sewer system without reducing the flood protection that they provided.

The system has been run in the original local mode whilst being the subject of several research projects looking
at RTC, integrated solution strategies and radar rainfall. These projects led to the installation of several
raingauges and additional flow/depth sensors in the catchment together with a SCADA system with a view to
installing a predictive RTC system. However, for a number of reasons, mainly funding problems, this work was
not progressed.

Fig. 3 – Bolton RTC Scheme
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Project specific problems/benefits
The storage tanks were originally designed to reduce flooding in the Town Centre area and not reduce pollution
of the local watercourses. This means that their locations are not ideal from a point of view of reducing
discharges.

The design of the tanks themselves causes some operational problems, which had to be taken into account
when writing the new control rules.

The commissioning of the original control system had been fully completed and some unknown problems came
to light during the recent work.

The hardware used for the original SCADA system was now obsolete with some of the software not being Y2K
compliant and none of it complying with NWW current standards.

The methods of communicating with remote sensors has also moved on substantially from the use of telephone
lines to radio systems.

The future
By March 2004 a total of 42 UID’s have to be resolved in the Bolton WwTW catchment. The majority of these
have a River Impact driver and therefore form part of the River Croal UPM study. The likely result of this study
will be the construction of additional storage tanks at some or all of these UID’s.

NWW and WRc have recently carried out investigations to look at the size of storage tank required at one of
these AMP3 UID’s, the Syphon overflow, which is the major CSO controlling, flows to the WwTW. This has
identified substantial benefits (30% reduction in size) that may possibly be obtained by running the existing
system in a global mode instead of local. The global mode will not only look at the sewers immediately
downstream of each storage tank but also the status of the other storage tanks and also the water level at the
Syphon overflow. This mode of operation will ensure that maximum use is made of the available storage
volumes before discharges are made from the sewer system. The Environment Agency (EA) have been fully
aware of this work and have now agreed a Discharge consent that will allow the system to be switched from
local to global when the final commissioning work is completed. The diagrams below show some of the proposed
alterations to the control rules :-

Fig. 4 - Local mode

Fig. 5 - Global mode
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All the modelling work done to develop the global control system has been based entirely on hydraulics, quality
has not been considered. The benefits to the environment are based solely on the reduced volumes of sewage
being discharged to the local rivers. The use of RTC in a quality mode would require amongst other things a
reliable online quality monitor for both the river and sewer network. An EU funded research project has recently
trailed a prototype unit at Bolton WwTW.

Fig. 6 – Mimic diagram from Bolton SCADA system

Generic benefits and problems for most RTC installations
Benefits Problems

The Company (North West Water)

•  Savings in capital costs.

•  Compliance data to meet consent requirements.

•  Extra operational data on the sewer system.

•  Technology edge over competitors.

•  Future flexibility in operation of the sewerage
system

The Company (North West Water)

•  Increases in operational costs.

•  Additional operational data can be time consuming
to analysis.

•  More items of complex equipment to test during
commissioning.

•  More complex items of equipment require higher
skilled workforce to maintain.

The community

•  Less disruption while work is carried out.

•  Technology spin off RTC today tomorrow ??

•  Lower bills as the lower capital costs are taken
account of at the next price review.

The community

The environment The environment
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•  Less disruption to the community.

•  Reduction in work required results in less damage
to the environment in sourcing/manufacturing
construction materials.

•  Increased damage through increased power usage
if pumping is utilised.

Conclusions
The main benefit to any utility is of course savings in capital costs and these can be substantial. However, as
can be seen from the above tables the savings in capital costs need to offset by the likely increase in operational
costs.

This increase in operational costs can cause difficulties if the end users are under pressure to reduce
operational expenditure and are not fully committed to the system being installed. There have been cases when
they either switch it off or alter it as soon as the engineers/designers have left. This can a major problem as the
operating systems rules inevitably form part of the consent issued by the EA.

The other problems listed above can be overcome during the design/implementation phase.

The holy grail of RTC is the fully predictive system using radar to predict rainfall, a model of the sewer network
running in real time (looking at hydraulics and quality) and a control system utilising the outputs from the model
to decide whether to store or spill flows to the river.

NWW’s view is that this is still a long way off and the full business benefits of this approach have yet to be
proved. Therefore NWW is currently only looking at reactive RTC systems. The issue of being able to measure
quality parameters in real time has not yet been fully solved and the EA have not as yet got to grips with how to
consent this sort of installation.

So is RTC the answer to everything or just another over hyped piece of technology?

It is definitely not the answer to everything but there again it is not just an over hyped piece of technology.

Like most things when it is used correctly it can be one of the most useful items engineers can use. But when
used incorrectly it can make the situation worse and also discredit the whole use of high technology solutions.

Discussion
Question  Martin Osborne Earth Tech Reid Crowther

You mentioned the increased risk of equipment failure in RTC schemes, but do you have a corresponding reduction
in risk of system failure because you have control.

Answer

YES. Having a global control system means that you have an additional layer of protection against equipment
failure. In the event of failure the system should revert to a local control system. Only if you have a further failure
does it become a serious problem.

Question  Liz Chapman Montgomery Watson

You mentioned problems with software systems becoming obsolete, how would you future proof.

Answer

I suppose you need 2020 hindsight and crystal balls. You should also remember that software and hardware are
normally written off over a period of 5 years or so. So in theory they should be replaced with new equipment every 5
years anyway. The key thing is to ensure that the systems installed are as flexible as possible.

Question Dave Walters Virtual Worlds

I put a lot of the level and rainfall sensors in 14 years ago how have they performed ?

Answer
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We had very few failures Dave you did a good job. There have been some problems with water tightness on ultra
sonic sensors, but more recent ones are extremely reliable.
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