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ABSTRACT
Designing and constructing CSOs has occurred for many years. A number of significant advancements have
occurred in the last 20 years, through the design guides, however a substantial number of other
improvements have been used to improve delivery and gain greater efficiency. These improvements have
been spread across a number of key areas, from programme and delivery, through the design and
construction process, and finally with operations and maintenance. The benefits of such approaches have
enabled delivery targets to be met, whist improving the quality of the final product.

CSOS AND THEIR PURPOSE
The CSO has been a necessity in the UK since the implementation of a combined sewerage system to
provide flood relief at specific points within the network. This Victorian method, is still required today,
however, far tighter regulation is now in place to control its mixture of foul and surface water discharge.
CSOs have developed substantially since the mid 1980s with the testing and development of numerous
design guides. Improvements have been seen firstly through using the chamber hydraulics to control solids
(Balmforth and Henderson 1988, Balmforth et al 1994) through to the inclusion of screens and the latest
version of the WaPUG Design Guide (WaPUG 2006).

MEETING THE CSO DELIVERY PROGRAMME
During the AMP3 and AMP4 programmes in the UK, there has been a major investment in screening
unsatisfactory CSO discharges. The overall programme has been very large with the total number of CSOs
delivered by YWS being around 1000 and nationally in excess of 3000. With such financial investment
required, many water companies have driven a reduction in cost through increased efficiencies in the design,
supply and construction processes. This has particularly been seen with Yorkshire Water, where the
development of a sound screen framework, the re-use of existing chambers, as well as challenging design
standards, whilst wishing to understand more complex structures or those with high flows with a greater deal
of certainty, have all been achieved. Efficiency through design, supply and construction is discussed in
further detail below. However, a different challenge has been evident at times, that being through meeting
the regulatory output dates agreed between water companies and the Environment Agency.
Programme Efficiencies
In AMP4 Yorkshire Water, had a particular need to meet output dates, and it became evident that the initial
programme of model build, verification, subsequent CSO design and construction may not meet the
necessary output dates.
The initial approach commenced in 2005, with the building of sewer system hydraulic models, vital to enable
the CSOs to be designed and constructed. The original output date for completion of the constructed CSOs
was March 2010. However, there was a business need to bring the delivery forward with a phased
completion of the screened CSOs between March 2007 and March 2008. This significantly reduced the
timescale for producing the appropriate models necessary to delivery the large capital construction
programme. For the output dates to be achieved it was imperative that the modelling outputs were either
phased or delivered early to prevent the construction work being back end loaded within the overall
programme. To achieve this, Watermark, decided to take a different delivery approach.
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The whole delivery programme for the modelling and CSO design was reviewed. Initially the critical path in
the modelling for each CSO was identified to enable Watermark to select which CSOs could be delivered
three years early (Figure 1). The second stage was to identify when advance CSO design work could
commence prior to the modelling work being complete to enable the CSOs to be built before March 2007.
Critical though was an assessment of the risks at each stage, and full sign up to this approach by Yorkshire
Water was obtained. The result was a simultaneous delivery programme of modelling and CSO design.
A critical decision taken at a very early stage was the establishment of a dedicated programme team.
Instead of using different core teams for each CSO project, Yorkshire Water agreed to having a single core
team (consisting of three critical people), overseeing the delivery of the entire programme (with the
appropriate technical support from Yorkshire Water and Watermark). This created huge efficiencies as it
meant one team had responsibility for the entire modelling and CSO delivery programme.
As a result of this different approach, the hydraulic modelling programme was completed by the end of April
2007 with significant financial savings and one year ahead of the initial programme. This was a remarkable
time scale for such work and an excellent financial outcome which allowed Yorkshire Water to plough capital
savings back into other projects. Further more, the CSOs required were constructed and operational by the
required dates, ensuring YW could claim there outputs as agreed with the EA.
Reducing Design Time
The particular challenge of reducing the time taken to undertake design was met in two particular ways.
Firstly, many complex schemes were optioneered through a mini workshop, bringing together the ideas and
experiences of the team and those external to the team. This in particular enabled a quick method to
“challenge” the potential option. This not only happened in the comfortable surroundings of the office but
also on site, and involved the client to ensure ‘buy-in’ was obtained for the solution, even at such an early
stage.
An extension to this was delivered by undertaking the actual design on site. For example, these sessions
included the hydraulic modelling and outline design of the CSOs, whilst extra data collection occurred on the
day, specifically related to the progressing design. This was particularly important in areas, where constant
intrusion during the design process would have led to annoyance to the customer who had a CSO located in
their garden. However designing on site enabled quick solutions to be developed and importantly, others to
be rejected. The benefits of such an approach at particular challenging locations can be substantial,
reducing re-work and “honing in” on the most suitable, appropriate and efficient solution quickly.
Screen Framework
Within Yorkshire Water, a CSO screen framework has been in place for the last two AMP periods. This has
realised a number of significant benefits. The two suppliers Hydrok and Huber run ‘clinics’ to provide support
to the design teams. Often it is clear which screen is most appropriate for the solution, however Hydrok and
Huber also come together to discuss potential solutions in workshops to have input into the design process,
and at times identify non-standard solutions. The relationship that Huber and Hydrok have developed with
the designers and constructors makes them an integral part of the ‘bigger team’ thereby reducing design
times and providing efficiencies.
Hydrok and Huber have put significant effort into making sure the framework works. Information and ideas
are shared between the Companies and it is noticeable that the lifting frames required to install the Huber
screens are provided by Hydrok, because this is the most efficient way of delivering the overall programme
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Figure 1 – Reducing the CSO Design Process
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DESIGN EFFICIENCIES
The reduction in the standard chamber size has evolved over the last 20 years, culminating at present in the
recognised UK standard of the WaPUG chamber (WaPUG 2006). This chamber size is substantially smaller
(Marples et al 2007) than that initially set out in ER304E (Balmforth and Henderson 1988) and earlier
WaPUG guides (2001). These changes have been developed through a greater understanding of the flow
and solid behaviours in the chamber and the interaction with screens, through actual physical testing facilities
and CFD (Computational Fluid Dynamics) assessments (Burt 2004).
CSO Runway Approach
This standard smaller chamber has optimised a runway design approach to identify feasible options starting
from not needing to build through to a new chamber (Table 1) as the potential for re-using the existing
chamber increases. This also enabled the more complex solutions to be identified at an early stage, and
where greater resource and effort would be required.
Table 1 – Runway approach to CSO design options and complexity
Solution Type / Chamber
Do nothing – prove not failing asset

Solution
Simple

Raise the weir (spill point eg: no spill 1 in 10 year storm)
Retrofit in existing chamber
Extend existing chamber
New build chamber
New build chamber (Outfall Solution)
Non standard chamber / Joint solutions

Complex

Complex Structure Analysis
Such complex structures often require a greater level of understanding or solution development. This has
often led to undertaking CFD or physical modelling of the chambers to ensure that the existing hydraulic
conditions were fully understood as well as the proposed solution. For Yorkshire Water, it is a requirement to
undertake such extra modelling if the spill flow is greater than 2 m3/s.
An example of a particular complex structure was the Thwaitegate screening chamber in Leeds where 9
CSOs discharged to one point, and an outfall solution was most appropriate. However, this did not use an
escalator screen alone (a more traditional approach) but utilised a combination of screens and pumped
continuation return, with the spill flows passing to the receiving water body. To provide greater surety to the
design, a major CFD analysis of the non-standard chamber was undertaken to calculate the flow split, how
flows would be presented to the screens and where deposition/drop out zones may occur (Figure 2). This
design understanding was also furthered by undertaking an assessment of the solids loading presented to
the screens and passed forward to the pumps, in an attempt to identify if the pumps would be overcome by
solids being presented to them.
Automated CSO Designer
The design of a CSO is a particular repetitive task as the design is iterative interacting closely with the model
and vive-versa. This can lead to re-work of similar calculations many times, as the hydraulic solution is
finalised. To assist in this process, MWH have developed an automated CSO designer that enables input
data to be entered and undertakes the calculations for the user. Critically, this saves substantial time as
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when minor details change and are re-entered; the calculations are automatically completed in seconds.
Above the time saved, the output is a standardised format that enables a checker and reviewer to follow the
calculations easily, and no steps are omitted in the process.

Figure 2 – CFD analysis on the 1 in 5 year return period flows at Thwaitegate showing the flow splits and flow
velocity through the chamber
Gross Solids Modelling to optimise solutions
A further development has been to undertake “gross solids” modelling of the sewer system to gain an
understanding of the potential loading and timing of the first foul flush that may be presented to screens
during storm conditions. The solids model “GROSSIM” (Digman et al, 2002) has been developed that
predicts the quantity and temporal distribution of solids at any point in the sewer network. It utilises a
hydraulic model and the results output in each link to determine how the solids move through the system and
importantly, after a long period of dry weather prior to a storm. The software enables six solid types to be run
(faeces, toilet tissue, baby wipes, tampons, sanitary towels and panty liners) and was based on the results of
an in-sewer sampling programme (Digman 2003).
The GROSSIM software has been used to predict the solids loading at inlet screens at WwTW as well as the
loading to pumping stations. It has also been used to indicate whether the first foul flush for a range of
storms would pass through an overflow location and into a downstream tank. In this particular example, an
existing chamber could be retrofitted with a static screen, if it had a higher flow loading than normal. The
belief was that the first foul flush would be passing forward to the storage tank, before the CSO operated.
GROSSIM was used to indicate that the solids would be passed forward (Figure 3) and only a diluted loading
would occur thereafter being presented to the screen, thus enabling the static screen to be retrofitted.
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Continuation Solids
Spill Solids
Continuation Flow
Spill Flow

Time
Figure 3 – Example of the solids loading and temporal distribution as it reached the overflow with the
first foul flush occurring prior to the spill flow occurring

Alternative power sources
Rising energy prices and a focus on carbon costs provides a
challenge in reducing the cost and impact of a solution. In one
location, this has been taken a step further because of the cost
(financial, environmental and local impact) of providing power to
a remote location. This would have required a new electricity
supply to be taken over several kilometres and across a river to
the CSO site.
To overcome these factors, a Hydrok Mecmex screen was
installed with batteries instead of traditional power source. To
charge the batteries, a small wind turbine and solar panels were
installed. Figure 4 shows the wind turbine and solar panels with
the kiosk, which houses the batteries and controls for the screen.
Figure 4 (right) – Alternative power source to the mecmex
using a wind turbine and solar panels to charge batteries

CONSTRUCTION AND MAINTENANCE OPTIMISATION
Construction
Although great efficiencies and cost savings can be driven at the front end of the design process, there has
also been a drive to reduce costs and time on site using other methods and materials differing from the
traditional in-situ concrete.
During AMP3, there was a perception that a CSO chamber that could be “dropped into the ground” would
offer substantial savings (time and cost) compared with the traditional in-situ concrete approach. To
understand the true benefits of such an approach, an assessment of pre-cast chambers and constituents of,
was undertaken. This included a review of the product information, meetings with suppliers, and discussions
with construction and operation staff. Although a number of key advantages were identified including cost
and time savings, many of the prefabricated packages resulted in reduced access points for screen
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maintenance and replacement. In addition, those with a particular smooth surfaces at the bottom of the
chamber were of considerable concern to the ‘operations’ staff not offering a suitable and safe surface to
undertake maintenance.
It was concluded that the most appropriate pre cast elements, were ones that offered flexibility in construction
as well as not restricting the necessary screen maintenance. This included pre-cast concrete wall sections,
stainless steel weirs or pre-cast concrete segemental chambers (CSO in a Box). The pre-cast wall sections
were bolted together enabling walls to be constructed with a day and tied into a base slab. However, these
still required further in-situ concrete and reinforcement in the base but offered flexibility in size. The CSO in a
Box offered speed of construction and no further steel reinforcement required (inset figure ref). Both solution
types when appropriate resulted in speed of construction and cost savings.
One of the most common pre-cast options used to generate savings is the use of pre-fabricated GRP and
stainless steel components. In particular the use of stainless steel weirs (insert figure) in retrofit or new build
scenarios helped to reduce construction times and its associated challenges such as managing flow etc.

Figure 5 – CSO in a Box – Pre-fabricated
sections that are joined together as shown left and wall and base slab sections in transportation

Figure 6 – Examples of pre-fabricated stainless steel weirs with Hydrok Mechmex screens

Page 7

WaPUG Summer Conference 2008

Innovative CSO Design and Delivery

Operational improvements
A regular challenge in the design of CSOs is to
provide safe access for easy maintenance.
However, at times, the depth to the invert of the
sewer system makes it difficult to construct a roof
slab and use traditional access covers as there is
insufficient depth. To negate this problem, covers
that can be fully opened up have been used to
achieve good access and overcome the lack of
available depth (Figure 7) thereby overcoming a
number of health and safety challenges and
ensures that good screen maintenance can be
achieved. Such covers can be designed to take
substantial wheel loading, however the decision
was taken to only install these in car parks or off
road areas, due to the unproven nature. This kind
of access is particular welcomed by operational staff.
Figure 7 – Example of CSO chamber with full
access for easyier screen maintenance
During the maintenance operation a key challenge is to ensure operatives understand the CSO and how it
works. To facilitate this, a simple schematic has been produced that is placed in the kiosk or CSO structure
itself (Figure 8), ensuring any new operative can understand how this CSO works, or important aspects
straight away.

Figure 8 – Example of a simplified CSO layout drawing left in kiosks
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CONCLUSIONS
The number of CSOs designed and constructed within the UK over recent years has naturally led to drive
greater efficiencies within the overall processes. These included programme, design, supplier frameworks,
constructional and operational improvements. All of these initiatives can be shown to lead to reduced carbon
footprint and energy demand and specifically include:
•

Programme and delivery efficiencies by aligning hydraulic model build/verification and CSO design in
a parallel process to meet client needs

•

Screen supplier frameworks where companies work in a collaborative environment and are an
extension of the design team

•

Using other modelling techniques such as CFD and solids modelling to ensure the right product is
design and built first time

•

Using renewable energy source to power CSO screens

•

Identifying the most appropriate pre-cast solutions available and how best to be used

•

Providing clear access to enable CSOs to be easily maintained and also constructed where
previously would not have been possible
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