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The Design of CSO Chambers to Incorporate Screens

Dr DJ Balmforth, Montgomery Watson,

G Morris, the Environment Agency and Prof AJ Saul, University of Sheffield

Background
This paper summarises the recent work undertaken to develop the WaPUG Guide for designing CSO chambers
to incorporate screens to meet aesthetic regulatory requirements in AMP3. The Guide may be found on the
WaPUG web site where it has been placed as a working draft for use and comment. It is intended that
comments posted on the web site will be reviewed by the authors, together with any other relevant feedback,
with a view to producing a final version early in 2001.

Several thousand CSOs are to be upgraded in AMP3 and work is now well advanced on drainage area
modelling to support this work. Most water companies are now developing their strategy for detailed design and
construction and guidance on best practice is therefore urgently required. In terms of pollution impact, CSOs
may be divided into two categories: those that require upgrading to provide adequate control of aesthetic
pollutants as may be demonstrated by FR0466 surveys (Aesthetic CSOs), and those that have to provide a
higher degree of pollution control in order meet receiving water impact targets (water quality CSOs). Water
Quality CSOs also have to meet the Aesthetic CSO requirements. The Guide aims to address the aesthetic
requirements only.

Recent practice in CSO chamber design uses the ER304E (Balmforth et al 1988) and FR0488 (Balmforth et al
1994) reports as guides. These reports were written at a time when the preferred option for retaining aesthetics
was by stilling or dynamic separation. Screen technology was still in its infancy and generally not favoured
because of concerns over effectiveness and operational reliability. Since the publication of FR0488, however,
further research has indicated that much of the aesthetic pollutants are neutrally buoyant. These chambers have
been shown not to separate or retain such pollutants to any significant degree. Moreover the technology of self-
cleaning screens has advanced substantially in recent years such that there is growing confidence in their
performance and reliability. Research at the Wigan test facility (Saul 1999) has shown that 6mm mesh screens
can retain all solids greater than 6mm in two dimensions, and therefore meet the regulatory requirements without
the need for any separation in the chamber, provided, of course, that they are designed and installed correctly.

In the absence of better guidance, recent design practice has been to simply add a screen to an FR0488
chamber. In many cases this has lead to substantial over-design. Since the screen is providing the separation
and retention function, any stilling and settling provided by the chamber is superfluous. Moreover, because of its
large size, longitudinal velocities can become quite small in FR0488 chambers, especially at the downstream
end. There has been some evidence of sediment build up on the invert of such chambers. Also, the FR0488
chamber is not designed to provide flow patterns that ensure that the screen will work under optimum conditions.
In particular the 8D weir length may be incompatible with an effective screen length at the design discharge.

Development of a New Design
In developing the new chamber design the authors have focussed on the following principles.

•  The CSO will meet the regulatory requirements for the retention of aesthetic pollutants (NRA 1994).

•  Solids retention will be provided by screening.

•  The chamber will provide adequate hydraulic control and facilitate the effective operation of the screen.

•  There will be an appropriate mechanism for screenings return.

•  The 6mm and 10mm retention regulatory requirements will be met by the same screen, i.e., the 6mm screen
will be designed for a 5 year return period peak spill flow.

•  The chamber will adequately divert the target flood flow.



WaPUG Autumn Meeting 2000 Paper 6

Page 2 of 5

•  There will be sufficient relief capacity in the event of screen failure.

•  Maintenance requirements will be minimised.

•  Any water quality objectives will be met through the provision of additional storage rather than enhancement
of the chamber.

Although the range and performance of currently available screens has been taken into account (from the Wigan
trials (Saul 2000)) to ensure compatibility with chamber design, the authors have deliberately steered clear of
giving advice on screen selection. In arriving at the final configuration the authors have focussed on the principle
of BATNEC that underpins the current regulatory framework.

Design of the Chamber
The chamber design builds directly on the earlier FR0488 guide, but interprets the various design features in the
context of a screened solution for controlling aesthetics.

Figure 1 Side Weir CSO Chamber

A high side weir structure has been chosen as the preferred option for most applications since it will more easily
accommodate a screen and is easily adapted to existing sewer alignments. It is also a long thin structure and
therefore less likely to require service diversions when constructed in or close to the highway.

Without replicating the Guide itself, the main differences between the revised design and the original FR0488
chamber can be summarised as follows:

•  There is no need to control the inlet velocity in order to provide stilling and settling of the flow at inlet. Thus
the requirement for Dmin = 0.815 Q0.4 can be relaxed. However it is undesirable to allow too high velocities to
occur at inlet otherwise supercritical flow will form in the chamber (this would adversely affect both hydraulic
control and screen performance). This leads to a requirement for a minimum inlet diameter, given by
                                                        Dmin = 0.6 Q0.4, based on the peak 1 year return period inflow.

•  The inlet diameter (Din) should be the next available pipe size above Dmin and if necessary the inlet pipe
should be upsized for 25 diameters upstream.

•  A width B of at least 1.4 Din with a minimum value of 600mm. Note that where scumboards are required then
there should be sufficient width to allow a 300mm space between scumboard and weir.
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•  A minimum weir height of 0.8 Din. Note, however, that supercritical flow should not occur at inlet to the
chamber. A further requirement to achieve this is that the energy level in the flow at the upstream end of the
chamber should not exceed twice the crest height. In some cases it may be necessary to raise the weir
height to accommodate this.

•  There is no requirement for a stilling length. A minimum inlet length is required, however, to ensure that the
flow approaches the screen properly. The inlet length may be determined from

                                  Inlet Length = 0.87 (B – Din) with a minimum of 500mm.

•  There is no requirement for a storage length. However an outlet length is required with screens that return
the screenings to the surface of the flow in the chamber (see below).

•  There is no requirement for an 8D weir length. However, the weir(s) must be long enough to accommodate
an appropriate screen and also (together with any relief weir) discharge the target return period flood spill
flow at the required head.

•  The chamber invert should have a dry weather flow channel of 300mm minimum width with benching at 1 in
6. The longitudinal slope should be sufficient to achieve self cleansing at 2DWF.

•  The recommended flow control devices are an orifice plate or penstock, designed in accordance with
FR0488.

•  Scumboards are only required where there is a need to protect the screen from large objects. They should
be set 300mm from the weir and with their lower edge 100mm below the weir. They should not interfere with
the screenings return mechanism.

Screenings Return
With a screen that returns the screenings directly into the chamber it is important that the surface flow carries the
screenings away from the weir and into the continuation flow. If this is not done, screenings will be continually re-
presented to the screen. Computational Fluid Dynamics (CFD) has been used to simulate flow patterns and
particle tracks in CSO chambers and has shown that the flow on the surface at the downstream end of the weir
is directed towards the weir. This will lead to a build up of screenings at the downstream end of the weir, and
there is evidence that this had led to operational problems with some screens.

To overcome this problem an outlet length should be included in the chamber or an alternative method used for
screenings return (as described below). The outlet length should not be less than 3Din with a minimum value of
1.5m. In addition the screen should extend beyond the downstream end of the weir such that screenings are
returned not less that 2Din from the end of the weir, with a minimum value of 1m.

An alternative solution is to return the screenings directly to the continuation flow. An outlet length is not then
required, though it will be necessary to have a screenings return chamber downstream of the flow control to
return the screenings to, as shown in figure 2. With this configuration the flow control may be fitted on the “dry”
side of the chamber cross wall, facilitating maintenance.
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Figure 2  Alternative Screenings Return

Location of the Screen
Different screens are located in different positions in the chamber. There are three basic alternatives: vertically
on the weir crest, horizontally just below the weir crest, and beyond the weir, fastened to the downstream face.
The position of the screen affects two important aspects of performance: the effective return of the screenings,
and the relief capacity of the chamber if the screen becomes blinded.

Screens mounted vertically on the weir create a significant increase in head during operation and if they become
blinded relief can only be provided by overtopping the screen. The consequential rise in the hydraulic gradient
upstream may increase the risk of flooding to an unacceptable degree. Careful consideration should be given to
screenings return with this configuration.

A similar condition is created by horizontal screens that span the full width of the chamber. However in this case
the problem can usually be overcome by providing a relief overflow weir or by only fitting the screen for part of
the chamber width. Horizontal screens should extend beyond the end of the weir to provide adequate screenings
return as described above.

Screens located beyond the weir have minimal impact on water levels and can normally provide relief by
overtopping a back plate. However such screens usually require the return of screenings to a separate
screenings return chamber as described above.

Comparison of Performance with FR0488
Provided that the above recommendations are followed, a chamber can be designed that should work well with
most of the types of screens currently available. Depending on the type of screen that is selected it can be
shown that the overall performance of chamber more than meets the regulatory requirements and is superior to
that using a traditional approach with an FR0488 chamber. The reasons for this are:

•  6mm mesh screens can retain all solids greater than 6mm in any two dimensions (rather than a “significant
quantity”)

•  The screen design flow is taken as the 5 year peak spill flow. Thus at the 6mm design flow the screen is
operating below design “capacity”. The Wigan trials (Saul 2000a) show that screens operating below
“capacity” have a greater retention efficiency.
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•  The bulk of aesthetic pollutants are close to neutrally buoyant. Research has shown (Saul 2000b) that even
at flows well below the design flow, FR0488 chambers provide little separation above the flow split.

In developing the Guide the authors have compared the overall performance of the recommended chamber with
the baseline performance characteristics given in UPM2 Appendix C (FWR 1998). By way of an example, for a
CSO with a 1 year peak inflow of 643 l/s, continuation flow of 118 l/s and 6mm screen design spill flow of 117 l/s,
the overall chamber (basic FR0488) + screen efficiency from UPM2  is 68% and the efficiency achieved using
the WaPUG Guide and an appropriate screen is 78%.

Access, Venting and Maintenance
The issues surround access, venting and maintenance are essentially the same as at the time of writing
FR0488. The exceptions to this relate to the installation and maintenance of any screenings plant. Since the
configuration and installation and maintenance requirements differ from one screen to another the Guide does
not go into detail about these aspects. Nevertheless careful consideration will need to be given to these in order
to ensure safe working of personnel and to achieve minimum whole life costs.

Conclusions
The Guide is a progressive development from the principles embedded in ER304E and FR0488. It is a timely aid
to the cost-effective design of CSO chambers for use with screens to meet the aesthetic regulatory requirements
for AMP3. By combining the best features of earlier designs and the latest screening technology the authors
have demonstrated that overall performance is better than both the regulatory requirements and that set out as a
baseline in UPM2.
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Discussion
There were no questions on this paper
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