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AN INNOVATIVE CSO DESIGN TO OPTIMISE SCREEN
PERFORMANCE

Garry Edwards, Associate Director, Entec UK Ltd.

Ashley Ferguson, AMP3 CSO Programme manager, Northumbrian Water Limited.

Abstract
An UKWIR CSORG report on sewage characteristics led to the conclusion that a large proportion of sewage
solids are neutrally buoyant, and hence larger chambers are unlikely to give significant advantages in terms of
separation/ settling. Large chambers still provide some storage which may reduce spill frequency but would
seem to provide no other advantages. Since 6mm screens by definition provide the means to comply with the
6mm criteria in the AMP2 guidelines, it was decided to focus attention on the screen and develop a chamber
around this, to establish whether significant savings could be made.

This paper describes how this was carried out and where the research has led to date.

Three chamber configurations were chosen to identify what effect shape had on the flow characteristics
presented to a screen; the three shapes investigated were rectangular, triangular, and circular. Each
configuration seemed to offer advantages and disadvantages, but the flow regimes needed to be accurately
assessed using the Computational Fluid Dynamics (CFD) technique. One of the chamber designs has now been
tested at the National CSO test site at Wigan and raises a number of issues for the design engineer.

Introduction
As a result of the latest periodic review by OFWAT, the Water Companies of England and Wales have been set
very tough challenges. The programme for improvement of unsatisfactory combined sewer overflows (CSOs) is
particularly challenging. Nationally over 4600 CSOs are to be addressed over the next five years, and it is
essential that this is carried out both efficiently and effectively.

There are many ways in which efficiency can be improved, at all stages in the programme, from inception,
through planning and design, and construction and commissioning. Many companies have already put into place
procurement policies and strategies to streamline this process from the outset.

It is important that each element of the process is examined to make efficiencies wherever possible. With this in
mind, the design of the CSO chamber was examined, to challenge conventional design approaches and
investigate other possibilities within the bounds of the objectives set out in the AMP guidelines.

Strategy
A high proportion of the CSOs to be addressed are unsatisfactory due to their performance in retaining aesthetic
pollution. Typically these CSOs have been the subject of public complaint over a number of years, although
some have only recently come to light as more public pathways are opened up in re-developments and brown-
field site regeneration. Where aesthetic pollution is the only problem, the AMP guidelines allow remediation of
the situation by a combination of two main methods; screening and reduction in frequency of discharge. (Ref
Table 2.6 Standards for protecting amenity use (DETR, 1997)(1))

Where expected flows are comparatively high, reducing the frequency of spills can involve the incorporation of
large amounts of storage into the existing system. This can be both costly and difficult, especially where land-
take is at a premium or other services prevent ideal siting of such storage facilities. There are numerous issues
surrounding the operation and maintenance of such storage tanks, which need to be assessed and taken into
account during the design process to ensure that whole life costs are minimised. In addition, the receiving
treatment works may be adversely affected by having to deal with the additional loads in terms of volume and
the nature of  flushed contaminants usually associated with storage facilities.
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Amenity use category

Expected frequency of

Spills
Standard

High Amenity > 1 spill/year 6 mm solids separation

< 1 spill/year 10 mm solids separation

Moderate Amenity > 30 spills/year 6 mm solids separation

< 30 spills/year 10 mm solids separation

Low Amenity & Non-Amenity Good engineering design

Table 2.6 Standards for protecting amenity use (DETR, 1997)

It therefore seemed prudent to look more closely at the use of screens as a means of achieving the required
standards.

Research Project
At a Technology Transfer Workshop in London on 10 November 1999, a dissemination of the results of 2 years
work carried out by the UKWIR CSO research Group (CSORG) took place. One of the fundamental areas of
research was on the characteristics of sewage solids. (2,3)

It was discovered that a high proportion of the sewage solids were neutrally buoyant. Neutrally buoyant solids
are those that neither sink nor float and include most of the visible pollutants, such as condoms and sanitary
products, which when found in or adjacent to receiving watercourses lead to public complaints. A graph of typical
results is shown below.

At a CSO, these neutrally bouyant solids tended to separate as a function of the flow split within the chamber,
i.e., if 50% of the flow into a chamber goes to spill, then 50% of these solids will go too. It became apparent that
smaller CSO chambers should be almost as effective as larger ones, although the larger chambers benefit in
increased storage, reducing frequency of spills.

Objectives
The AMP2 guidelines give the requirements for 6mm solid separation as described below:

6 mm solids separation
Separation, from the effluent, of a significant quantity of persistent material and faecal/organic solids greater
than 6 mm in any two dimensions. This should be applied to at least 80% of the spilled volume in a typical year,
the remainder being subject to 10 mm solids separation. Alternatively, the hydraulic design of the 6 mm solids
separation can be based on treating 50% of the volume discharged in a 1 year RP design event.

A 6mm screen will, by definition, meet the AMP2 6mm requirements for aesthetic control, and it was
therefore decided to focus the chamber on the requirements of the screen rather than considering the fitment of
screens to existing designs of chamber.

Ideally the chamber should have the following characteristics:

•  As small as possible whilst allowing the screen to effectively operate
•  Safe
•  Good hydraulic conditions
•  Easy to construct
•  Low cost
•  Standard construction techniques
•  Low maintenance
•  Allow flexible configurations of flow directions
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 Terminal velocity distributions recorded at 30 litres/s
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Figure 1 – Typical Sewage Characteristics in Terms of Settling Velocity

At a value engineering workshop at NWL, it was agreed that a radical approach to this was necessary, and
therefore the conventional design guidelines were set aside to concentrate on the objectives as set out above.

Preliminary Design

Three shapes were considered; rectangular, triangular and circular. Each shape had its initial perceived
advantages and disadvantages in terms of size, performance and buildability. These are summarised below.

RECTANGULAR TRIANGULAR CIRCULAR

Smallest footprint Medium Footprint Largest Footprint

Easy to construct Easy to construct Easy to construct using standard m/h
rings or pre-cast units.

Allows a 360 deg. change in
overflow direction

Limited flexibility in overflow direction Limited flexibility in overflow direction

Poor hydraulic conditions for screen Good hydraulic conditions for screen Good hydraulic conditions for screen

Secondary eddies may tend to take
keep screen face clean

Secondary eddies may tend to take
keep screen face clean

No “dead space” for screenings to
accumulate to avoid re-presentation
of screenings to screen

“Dead space” may form centre or
corners to provide a place for
screenings to accumulate away from
screen.

“Dead space” may form in the centre
to provide a place for screenings to
accumulate away from screen.
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Hydraulic Modelling
To investigate our hypotheses, we needed a reliable but quick  way of assessing the hydraulic characteristics of
each chamber. It would have been possible to use scale hydraulic models to look at the hydraulics, but we
wanted to make a broad assessment of the likely settling characteristics of the chambers also. We therefore
decided to use Computational Fluid Dynamics (CFD) techniques whereby the detailed hydraulics of fluid
movement in three dimensions can be represented in a mathematical model. This technique had been proven
reliable during the UKWIR research(4,5). The University of Sheffield was contracted to do this work under the
direction of Prof. Adrian Saul.

Three models were constructed to simulate the three chamber types, using FLUENT software. By introducing
“virtual sewage particles” into the “virtual flow” we were able to then follow the “virtual particle tracks”, to
establish the hydraulic characteristics of the chambers. An example of the output from the FLUENT model is
shown below.

Results of the Hydraulic Simulations
The circular shape gave the best hydraulic conditions for a screen, with a uniform velocity profile across the weir
as can be seen in the diagram below. It also exhibited a vortex motion, which would tend to keep any screenings
not yet carried forward to the continuation flow, in the centre of the chamber, and away from the screen.

The triangular chamber performed next best, providing a uniform flow profile for the screen, whilst the
rectangular chamber performed least well, tending to load the upstream end of the weir and generally not
provide ideal conditions for a screen.

The solids retention characteristics were assessed for the chambers without screens to allow a comparison to be
made and so give indicative performance for comparison with other types of chamber. A graph of the results is
shown below.
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Figure 2 - Flow Characteristics of the Circular Chamber

Figure 3 - Flow Characteristics of the Triangular Chamber
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Short side weir
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Figure 4 - Comparative Solids Retention Efficiency Performance

Comparison with FR0488 - the industry standard
In order that any of the chambers proposed are viable, they must compare favourably with the FR0488 design
(6). Therefore NWL decided to test one of the designs at Wigan WWTW to both confirm the predicted flow
regimes and allow comparison of Total Solids retention efficiency. However , since a 6mm screen will provide
the separating mechanism, the comparisons of its Total Solids separating efficiency are of interest, yet clearly
irrelevant in terms of meeting the required standards.

A properly specified and installed screen will address 100% of 6mm solids at its design flow; it is inevitable that it
will also address a significant amount at the 1 in 5 year event, thereby meeting the 10mm required standard.

FR0488 High-sided weir (HSW) and Stilling Pond (SP) designs try to give the best quiescent conditions within
the chamber to optimise any settling / floatation to achieve separation of solids from the flow. The peak storm
flow of a one year return period event is used as the basis of its dimensions, not the flow as specified to deal
with the 6mm solids separation criteria, and hence chambers having to deal with large storm flows can be very
large.

By looking first at the requirements of the screen and its hydraulic capacity, and  then designing a chamber
around that, it is likely that in many cases the chamber size can be significantly reduced, so that the overall cost
of the CSO chamber can be reduced.

Screens manufacturers will give guidelines on stage / discharge relationships, or capacity in terms of flow per sq
m of screen, or in most cases will give direct quotes for alternative screens which will meet the hydraulic
conditions expected at the site.

This may clearly involve an iterative process where head losses are critical, for say, flood protection.

A rough desk study comparison of the various chambers were made based on an inlet pipe size of Dmin
(FR0488) and it was found that considerable savings may be possible using alternative chamber designs,
especially at the higher design flows. Greater savings would be possible if existing inlet pipe sizes were
maintained.
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Comparison of Chambers
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Figure 5 – Comparison of Chambers for Screen Length of 3.0m

Tests at Wigan
A small rectangular chamber was tested at the Wigan CSO facility to evaluate the performance  in terms of
operation and efficiency, using the standard test procedures developed by the CSORG.

In order to establish Screening Retention Values (SRV’s) as well as Total Solids Retention Efficiency values
(TSRE’s); the chamber was tested with and without screens in place. For these tests a Hydrok Peak Screen was
used.

For the chamber without the screens it was found that there was no significant separation of sewage solids, as
the solids separated approximately equal to the flow split, as expected.

For the screen in place, even when the screen had blinded, they continued to operate satisfactorily.

The results are shown in figure 6 below.

Unfortunately, direct comparisons between the small rectangular chamber and an FR0488 chamber are difficult,
since the Hydrok Screen used was previously tested on a stilling pond. A comparison of the SRV values is
interesting (see figure 7).

The screen is providing the means of solids separation for the 6mm solids, although it is inevitable that the small
rectangular screening chamber is less efficient than the larger chambers at retaining the smaller more dense
particles such as grit, since the  FR0488 chambers were designed to do just this.

This is evident in the comparitive graph for TSRE shown in figure 8 below.
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Fig 6 - Total solids retention efficiency for side weir chamber and Hydrok High 
Peak screen (TSREwith)
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Fig 7        Comparison of SRV for Hydrok Screen on new chamber and stilling Pond
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Fig 8 - Comparison of TSRE for new chamber and stilling pond both fitted with Hydrok Peak screens
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It should also be noted that the screens on the rectangular chamber were subject to higher loading rates than
those on the stilling pond.

If we refer back to Fig 4., it is evident that the circular chamber will give a performance  much better than the
rectangular chamber and closer to the performance of a stilling pond chamber. This has two direct advantages; it
will retain more of the smaller denser particles, whilst putting less demands on the screen.

Assessment of the Designs
In all things there is a compromise, and this is true of CSO design. Assessing the  factors considered as
objectives, we can see that the rectangular chamber is the smallest, therefore probably the cheapest to
construct, as well as providing the opportunity for flows leaving in any direction; however it does not provide the
best conditions for the screen. Of the new designs, the circular chamber is the largest, and therefore likely to be
the more costly, whereas the triangular chamber is somewhere in between.

The triangular chamber has an advantage in that if built within a square box, would provide the means for a safe
entry / maintenance platform which is an important consideration.

Conclusions
By focussing on the requirements of the screens as a starting point to address the problem of aesthetic pollution,
it is possible to reduce the size of chamber whilst maintaining the overall efficiency of the design.

At lower flows or where screens require low loading rates, conventional design of chambers may provide an
effective solution , hence retro-fitting of screens to existing chambers is a sound alternative where loading rates
are small.
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An understanding of the hydraulic characteristics of screens is crucial to the design of chambers. This is an area
where little hard data is available, other than manufacturers data based on test conditions. More research is
required to enable designers to predict the performance of screening chambers with more confidence.
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Discussion
There were no questions on this paper
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