
River Dee - Chester Quality Improvement Scheme

Synopsis
This paper describes the Scoping, Feasibility and outline design stages of the above project which is
presently being constructed . These stages of the project were undertaken between August 1993 &
May 1995, with much of the study work carried out prior to publication of the UPM Manual 1 . The
paper describes the role of the Technical Review Group, with representatives from interested parties
and the direction dictated by the group and the decisions agreed by the group. The Paper also
describes the Water Quality Modelling technology which was used in the studies and compares the
performance of that technology against today's technology . The key decisions made during solution
development and comments on the subsequent detailed changes as a consequence of new
screening technology becoming available are also mentioned . The paper is intended to be read in
conjunction with a later paper to be presented at the WaPUG Autumn meeting to describe the details
of construction .

INTRODUCTION

HISTORICAL PERSPECTIVE
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The Cityof Chester has developed and prospered as a result of , its - proximity -to -the& river, -and in',
more recent times has benefited from a significant increase in tourist, commercial and recreational
pursuits . The growth of the city has resulted in a resident population of approximately 70 000 which
is served by a sewer network in the city centre and surrounding settlements. The sewer system is
predominantly combined and has developed from direct discharges to the river to the provision of an
intercepting sewer collecting these flows and discharging them to a sewage treatment works
downstream . The sewage treatment works discharges below the tidal limit of the river at Sealand
Road . The intercepting sewer was provided with a series of combined sewer overflows (CSOs)
providing flood and surcharge relief during storm conditions . The CSOs, being constructed during
the early twentieth century, do not conform to modern design and are often `adhoc' arrangements .
Most of the CSOs, however, are provided with weir structures which at least provide some control to
discharged flows.

Initial work on studying the Chester sewer system began in early 1992, with the production of a
drainage area plan by Chester City Council for Dwr Cymru - Welsh Water as part of the water
company's AMP2 appraisal strategy . This involved the construction of a hydraulic model using
WALLRUS, built from manhole survey data and provided with information from a flow survey and a
CCTV survey, both of which were undertaken during that year .
Montgomery Watson (MW) became involved in consideration of Chester's sewer system during late
1993 . MW were specifically commissioned to scope the requirements for investigating water quality
problems associated with intermittent discharges from Chester to the River Dee. A scoping
statement, produced in October 1993, suggested that preliminary understanding of the dominant
processes causing the adverse water quality should be undertaken and this should include
discussions with all parties interested in water quality on the Dee. The scope statement also
suggested that a preliminary investigation should be undertaken with a view to obtaining an agreed
solution without the need for the use of detailed modelling tools, such as fully calibrated Sewer
System & River Quality models . A full investigation, using these complex tools, was also suggested
in the event that the conclusions from the preliminary investigation had risks associated with them
which may preclude any arising solution .
This part of the study was commenced in early 1994, some 11 months before the UPM Manual was
published in November 1994. Some of the tools proffered by the UPM Manual were used . However,
the framework for water quality assessment published in the UPM Manual was not used . Neither the
sophisticated modelling tools now used in UPM Studies nor technologies for solid separation were in
as advanced a stage as they are now.

IDENTIFYING THE PROBLEM
The first part of the project was to establish the nature of the watercourse and the perceived
problems within the watercourse. In order to undertake these tasks detailed consultations with all the
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relevant authorities and individuals were required . Therefore, discussions were held with the National
Rivers Authority, as it was then, and Chester City Council . Following contact with these authorities
and of the individuals a Technical Review Group was set up to fully debate the problems and any
possible solutions arising from this work . The initial trawl of information concluded the following :
" The River Dee has a current Water Quality classification of 1b which is also its water quality

objective .
"

	

There is a problem largely associated with aesthetic nuisance caused by CSO spillage along the
river causing reduction in the amenityvalue of the river.

" Frequent CSO spillage from the "CSO Interceptor" just upstream of Chester Weir has been
noted. Complaints of odour from the river, particularly on The Groves upstream of Chester Weir
have been noted.

"

	

Spillage of sewage into the river can be caused by operational maintenance of the stormwater
syphon which travels under the river in the vicinity of Chester Weir . The stormwater syphon is
often contaminated with sewage as it receives overflows from three upstream CSOs.

"

	

Anumber of localised problems associated with specific CSOs were also noted.
Figure 1, illustrates the River Dee, the sewer network with CSOs and the locations of water quality
problems. It was concluded that the problem within the river stemmed from aesthetic nuisance from
CSOs . Although the river . i s meeting its long term water quality objective, it was accepted that the
river may suffer from intermittent discharges which would not normally be monitored due -by the
routine water quality sampling that the river classification system is based upon. Therefore, an
approach which reflected pollutant loads was included within the analysis .

Developing the Tools

Several tools were developed to examine the problem. Firstly, the existing WALLRUS model was
converted to MOSQITO for examination of water quality issues . Secondly, a rainfall time series
based. upon local historical data was. derived in preference to the annual rainfall time series as failure ,
at higher return periods than those normally considered by the typical year rainfall time series was
suspected.
The WALLRUS model, which had been verified by Chester City Council, for the purposes of the
AMP2 study, was refined in a number of aspects after its conversion to MOSQITO. In particular, the
model was amended to allow for diurnal variation in flow, an aspect less important in flood prediction
than in quality prediction . Separate identification of infiltration, as distinct from commercial trait or
domestic flow was established as this was important in assigning appropriate pollutant loadings . The
pollutant loadings themselves were applied to the model using the DWP file and the associated
DWF file .
Initial simulations resulted in fatal errors using MOSQITO. This was subsequently found to be
caused by problems with the sediment transport model, which resulted in suspended solids
concentrations exceeding the capability of the computer on which the simulations were performed .
Upon further examination of the simulation output, using an integrative approach, the failure point
was determined as a sewer immediately downstream of a pumping station in the model. When the
pumping station was removed, the problem was no longer present. .
However, the pumping station was a key ancillary within the sewer network and it was therefore
necessary that it be retained . Despite the fact that some simulations failed other simulations were
successful, and accordingly the results from the these analysis were used . The figure detailed below
indicates typical MOSQITO predictions during a storm.
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Mosqito Analysis with Storm Event
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By means of comparison the same storm has been recently run with HYDROWORKS QSIM and a
comparison of the results is also presented below.

Hydroworks vs Mosgito Comparison : Flow: Major
Overflow
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It should be noted that HYDROWORKS produced similar results to MOSQITO . The simulations
performed were performed with version 2.0 of HYDROWORKS.
No attempt to calibrate the MOSQITO model against Quality data was made. It was considered that
the data collection requirements could not be justified on the grounds of cost and the fact that the
MOSQITO model did not provide repeatably robust results.
The MOSQITO model was used to indicate the relative loads from CSOs which , under a series of
rainfall inputs, were most likely to cause water quality problems in the river.
Total BOD loads were calculated incorporating both the dissolved and attached (to Sediment) forms.
Total BOD predictions for the worst CSOs in response to historical rainfall time series storms are
presented graphically below. It should be noted that erroneous results have been removed from this
analysis .
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Chester River Impact : BCD Rankings Without Flyers
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The values of BOD load from each CSO which were exceeded for 2,15,30,60,120 & 240 minutes
were determined . This analysis suggested that a significant amount of the total BOD load was spilt in
the worst five minutes, usually at the beginning of the spill, with the vast majority of spill mass of
BOD discharged in the first 30 minutes of spill .
The MOSQITO analysis concluded that in excess of 90% of the BOD loads were attributable to 6
CSOs. Therefore concluded that the 6 CSOs would be taken forward for more detailed
consideration.
The result from the water quality assessment using MOSQITO were compared against more
traditional methods of determining overflow performance , namely adherence with Formula `A', and
spill frequency criteria. Formula A values were calculated from population, trade, commercial and
infiltration rates for each overflow and compared with its setting. In addition the model was subject to
a rainfall time series analysis using the South West Annual Rainfall Time Series to determine spill
frequency . The results from these analyses are presented below and are compared with the
performance of the overflows against two arbitrarily selected pollution load threshold.
The traditional analysis of the CSOs generally confirmed the designation of `poor performers' judged
from the MOSQITO analysis .
However there where exceptions, for instance, CSO 250 passed the traditional criteria but failed the
quality criteria . On detailed examination this CSO is located directly on a major trunk sewer were
significant amounts of sediment are available for spill at the CSO. This overflow was a relatively
high set overflow and therefore met the traditional criteria . Conversely, CSO 110 failed both the
Formula A and TSR criteria but passed the pollution criteria. This CSO is located within a part of the
system which is directly controlled by a downstream pumping station and velocities in this area
therefore are very low. The system effectively operates as a large settling chamber because of the
low velocities . Therefore this overflow only spilled virtually clean effluent.

Failure Criteria (v= Pass, x = Fail)
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OUTLINE DESIGN

Targeted Overflows and Design Criteria
The `Poor Performing' CSOs identified by the MOSOITO work, were targeted for expenditure and
later a decision was made to target a larger total of 13 CSOs . The additional CSOs to be included
were those which either gave rise to a large number of complaints due to their location or were
subject to operational problems . In addition there was anecdotal evidence to suggest that a further
CSO may give rise to problems of an Aesthetic nature. It was decided that this CSOs performance
should be monitored, using permanent monitoring to confirm the existence of a problem.
The role of the Technical Review Group was important in this decision and allowed all knowledge
concerning the performance of CSOs in Chester to be aired before the Owners, Operators and
Regulators . The Environment Agency later accepted the proposals.
The locations of these CSOs are presented as Figure 2.
The agreed design criteria followed the structure of the recently published AMP II guidelines . The
watercourse had been designated as moderate amenity. The main requirements of these guidelines
is the provision of 6mm bi-directional screening of CSOs which spill more frequently than 30 time
per year and 10mm uni-directional screening of spills less frequent than this .
It was recognised that the achieving a spill frequency lower than 30 times per year, by the use of
storage would lessen the screening requirements .
More details concerning approaches using these guidelines are published elsewhere . 2 & 3
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CSO Ref Formula A TSR Analysis 2 Minute
Pollutant Load

30 minute
Pollutant Load

30 x > 30 p.a x x

90 x > 30 p.a x x

250 < 30 p.a x

70 x > 30 p.a x

100 x > 30 p.a r

110 x > 30 p.a 91, V

140 x > 30 p.a

150 > 30 p.a V x

10 > 30 p.a r x
40 ,i > 30 p.a r

130 > 30 p.a r

210 < 30 p.a _

280 < 30 p.a r

170 r < 30 p.a r r

130 < 30 p.a V/ f

160 V < 30 p.a J

230 r < 30 p.a V

640 V < 30 p.a

200 ~ < 30 p.a r

260 < 30 p.a



Rationalisation of CSOs
Many of the thirteen CSOs were located very near to one another, so it therefore logical that they be
provided by with a common outfall to the river, wherever possible . This would lessen the number of
structures required and thereby reduce the overall screening requirement and hence the capital
cost . .
Careful consideration of the rationalisation procedure was required to ensure that the level of
flooding service provided by the present sewer system was not compromised . The WALLRUS /
MOSQITO model was used to ensure that flooding and surcharge levels in the system were not
increased by the design of the new CSO structures nor the proposed rationalisation works.
The rationalisation work resulted in a total of seven construction schemes being identified
detailed below.

The locations of the construction sites are presented on the Figure 3.

Practical Considerations

as

A major concern addressed by the outline design was to ensure the screen facilities could be
effectively maintained to avoid excessive operational costs and to reduce the risk of blinding . The
detailed consideration of these aspects included review of available screening equipment . Even in
the short time since the production of the outline' design report, a large number of new screening
devices have come to the market and have resulted in different screen types being considered in
detailed design and construction phases .

Summary of Strategy
The outline design concluded the following work should be constructed .
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Description CSOs Rationalised

Old Troopers Inn 10

Sandy Lane Car Park 30, 40 & 100

Grosvenor Park Terrace 130, 140, 150 & 250

The Groves 210

Edgar Park 70

Little Roodee 190

Hydro Pumping Station 170 & 640

Scheme Name Proposed Solution

Old Troopers Inn Storage & 10mm Screen

Sandy Lane Car Park Storage & 10mm Screen

Grosvenor Park Terrace 6 mm Screen

The Groves 10mm Screen

Edgar Park Storage & 10mm Screen

Little Roodee 10mm Screen

Hydro Pumping Station Pump refurbishment, new wet well & 10mm Screen



REMAINING WORK & PROGRAMME
Having completed the outline design the schemes identified were subject to detailed design, with
construction expected to be complete by September 1997 . Expected outturn costs are not likely to
exceed £2.2m.
The programme of work for the study and subsequent construction is detailed below.
Scope Statement

	

Aug93 - Oct 93
Feasibility Study

	

Mar94 - Oct 94
Outline Design

	

Jan95 - May 95
Detailed Design

	

Sept 96 - July 97
Construction

	

Nov96 - Sept 97

SUMMARY
" Preliminary Investigation into the water quality problems obviated the need for detailed river

modelling and the associated data collection requirements .
"

	

The formulation of a Technical Review Group allowed full discussion of the issues involving all
interested parties . This resulted in rapid decisions being made to the satisfaction of all .

"

	

Indicative results from MOSQITO were used to determine the CSOs which most contributed to
adverse Water Quality as a method for targeting the overflows for expenditure .

" The MOSQITO model produced for this work produces comparable results to HYDROWORKS
QM.

"

	

Rationalisation of CSO structures at the outline design stage resulted in significant capital cost
savings.

REFERENCES
1 . FWR (1994) Urban Pollution Management Manual (UPM) FR/CL 002
2. I G Garside & T M Kennedy.(1995) Meeting the AMP II Moderate Amenity Standards WaPUG

Autumn Meeting 1995
3. FWR (1994) CSO,Design Guide FWR 0488

Proceedinas WaPUG Sorina Meetina 1997 Panes -11


