
Session 1- Chairman Sheila Sowerby - Environment Agency
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This paperdescribes how we carried out a hydraulic analysis and simple pollution assessment of the
Minworth catchment .

The Minworth catchment covers the Black Country and Birmingham The total catchment area is -
386 km2 and has a population of 1 .6 million . The trunk sewerage system is a complex looped
system that frequently operates under heavy surcharge ; usual methods for simplified modelling
could not be applied . We therefore used in-house software combined with HydroWorks QSIM .
By this method we provided a comparative analysis of design options in terms of river impact, using
the UPM guidelines for intermittent river standards [1] .

Background

Birmingham and the Black Country are situated in the West Midlands Region of Severn Trent Water
Limited (STWL). The Company is responsible for sewerage and sewage treatment within these two
areas, both of which are drained by the head waters of the River Tame. The population and industry
of the two areas are served by a combined trunk sewerage system, which drains the catchments to
Minworth Sewage Treatment Works (STW) on the east side of Birmingham .
The trunk sewerage system itself has three sections :

" The upstream section, known as the Black Country Trunk Sewer (BCTS), is the most recently
constructed part and carries flows up to 9 m3/s . It was built to enable the closure of 12 overloaded
STWs by transferring their flows to Minworth STW. This section of the system is dendritic, with no
combined sewer overflows (CSOs) . It serves major industries and also carries returned sludges
from remaining STWs in the catchment . The upstream section drains to the central section .

"

	

The central section is situated in the City of Birmingham and carries flows up to 20 m3/s . It is a
mix of old and new sewers forming part of the main Birmingham system. This section was built
before the upstream section . It is a complex looped system with 13 CSOs directly affected by the
flow regime, which discharge to the River Tame or its tributaries .

". The downstream section consists of two main outfall sewers with a combined capacity of about
25 m3/s . These link the Birmingham system to Minworth STW.

The problem

The strategy, as set out in 1976, recognised that the central section was a weak link and the
available capacity would eventually be fully used, as development and the closure of old STWs
proceeded . The increasing flows would in time place the existing CSOs in Birmingham at risk and
threaten the water quality in the River Tame. It was envisaged that additional capacity would be
provided at a later date by a new link sewer between the upstream and downstream sections,
bypassing the Birmingham system .

During AMP1, the need for this additional capacity was confirmed . AMP2 has imposed tighter
financial and time constraints on this project and STWL has to design, implement and commission a
solution before March 2000.

The two principal questions to be addressed were :
1 . Will the link sewer, as originally proposed, provide the required improvement in river impact as

well as hydraulic performance?

2. Is there a cheaper alternative?
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Modelling methodology

General
The study applied the UPM philosophy but used the modelling software shown in figure 1 .

Rainfall analysis

Sub-catchments

Background

Figure 1 : Modelling software used for the BCTS project

There was no existing flow or quality survey data for the Minworth catchment and the tight timescale
meant that there was not sufficient time to carry out survey work. Therefore this project depended
heavily on the accuracy of the existing drainage area study (DAS) models, that represented the sub-
catchments, and careful sensitivity testing of model parameters . This limited the project to a
comparative analysis of the existing system and the options, and could not provide the absolute
answers.

A common misconception in the diagnosis of CSO performance problems is that the return period of
the polluting incident is the same as the return period of the rainfall event that caused the incident .
This is not the case . The return period of the incident is better estimated from the return period of the
combination of antecedent dry period and rainfall . With this in mind, it becomes necessary to look at
the periods between the storms as well as the storms themselves .
We chose to use a statistical approach . We used a few storms defined so as to reproduce the
characteristics of a long rainfall record for Birmingham . The storms themselves did not come from
that record, but from the synthetic design storm profiles with frequencies of greater than once a year,
developed by HR Wallingford [2] . Further analysis of the Birmingham rainfall record enabled us to
estimate the likely antecedent dry period for a given storm, in order to look at worst case scenarios
with a particular return period. This method was fast and ensured that the worst case was identified
although it did not identify the full pattern of river impact . (A paper that discusses in detail the
methodology used will be published later this year [3] .)

Upstream of the trunk sewers it was assumed that each sub-catchment was dendritic and these
could be modelled simplistically, based on the existing drainage area study (DAS) models that
covered these sub-catchment areas. There were 57 sub-catchments with an average area of about
700 ha .

A simplified representation of a sub-catchment is given in (a) of figure 2. Both the runoff and foul
flow undergo significant attenuation in large contributing areas. When this study was carried out
HydroWorks could not represent any of this attenuation .
The latest version of the software has a Large Catchment Model, as an alternative to the Wallingford
Model, that attenuates the runoff, but the foul flow still effectively enters the sewerage system at the
main sewer.

Proceedings WaPUG Spring Meeting 1997

	

Pane 2



Figure 2: Sub-catchment modelling in

	

Figure 3 : Sediment build up in
HydroWorks

	

sub-catchments

(a) Real catchment

(b) Wallingford model

(c) Large catchment model

sediment build up

There are three primary sources of pollutants from the sub-catchments : foul flow, storm runoff and
additional flows (usually infiltration) . . There is also a secondary.source caused. bythe deposition and v
erosion of sediment in the local sewers . This is shown in figure 3. HydroWorks cannot represent this .
The transport and deposition of the sediment depends on the size and density of the particles. These
can be classed in two groups ; relatively dense, but non-polluting inorganic sediment and the less
dense but more highly polluting organic sediment. HydroWorks can currently represent only one
sediment fraction and so uses average sediment characteristics:

This would be agood compromise for estimating total sediment load . However in this case we were
interested in the polluting load and in particular the deposition of sediment from the dry weather flow .
We therefore used characteristics representative of the organic sediment :

Software
The software used (PoIlMod) was developed in-house at Reid Crowther Consulting Limited (RCCL) .
It is based on the Wallingford new runoff equation and features include the following:

represents the runoff from large contributing areas using average characteristics
"

	

represents the delay and attenuation of flows using a simple linear reservoir
"

	

takes into account the wetting and drying of the catchment
"

	

uses different soil classes for different catchments
"

	

can use acontinuation flow limit, that represents the effect of CSOs in the sub-catchment, spilling
flows above the continuation flow from the system

"

	

uses a modified surface washoff model based on the Butler and Clarke model [4]
"

	

represents deposition and erosion in the sewers in the sub-catchment
produces hydrographs and pollutographs that can be used as inflow files (*.qin) and pollutant files
(*.boa, *.bod, *.sf1, *.nhd) for a HydroWorks model

"

	

is very quick to run
Calibration
It was not possible to calibrate the sub-catchment models against field data, as there was none . We
therefore had to rely on standard values for most parameters and calibrate the simple models
against detailed models for others . These detailed models were developed by converting the DAS
models to HydroWorks QSIM .
There were three possible mechanisms that we could calibrate :
"

	

deposition of sediment in dry weather flow
"

	

erosion of deposited sediment in high flow
"

	

washoff of pollutants from the catchment surface.
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For the first of these we calibrated the PollMod models against the detailed HydroWorks models so
that the mass of sediment deposited was the same. We could also have calibrated PoIlMod for the
second, but as we were modelling only fine organic sediment all of which eroded very quickly, this
was not necessary .

We have reservations about the capabilities of HydroWorks to correctly represent the washoff of
pollutants from the catchment surface . We therefore did not calibrate PoIIMod against this
component .

The pollutant concentrations used for surface washoff and foul flows were based on published values
of pollutant concentrations .

Sewerage

Due to the complex nature of the trunk sewerage system it was necessary to model it in detail . We
therefore used HydroWorks .The returned sludges from the upstream STWs were included in the
model. The hydraulic component of the sewerage model was verified against known flooding and
surcharge locations . This included using available rainfall data for known events that caused
flooding.The sewerage model was not calibrated for pollutants . This had effectively been done as
part of the sub-catchment model calibration .

Minworth inlet works
The handling of the storm flows at the Minworth storm tanks was treated as part of the trunk
sewerage system, as this has a strong interaction with the sewerage system4lows .

The continuation flow to treatment was set to the current operational maximum . The overflow to the
storm tanks took all excess flows . The storm tanks were modelled in HydroWorks as a single large
manhole chamber, which spilt to the river once full . Once incoming flows dropped below the
maximum continuation flow, the storm tank emptied into the flow to treatment.
In the version of HydroWorks available at the time, all pollutants were assumed to be fully mixed at
manholes . Therefore, HydroWorks was not able to represent the sedimentation that occurs in the
tanks. We therefore created an Excel spreadsheet to estimate the sedimentation, using the flows
into the tank given by HydroWorks.

Minworth STW

After discussing the issues with the Project Board for Minworth STW, it was decided that

" - a constant treated effluent quality could be assumed for the existing flows, in dry weather and wet
weather conditions

"

	

the changes in loading to the works anticipated for the options were such that it was very unlikely
that the operational performance of the works would alter significantly

It was estimated that the concentration of total BOD in the treated effluent was between 10 and
15 mg/l . We therefore used 15 mg/I as this is the works consent .
River
Details of river channel size and slope were taken from cross-sections and long-sections . The river
was modelled as a series of open earth and concrete channels in the HydroWorks sewerage model,
connected via the CSO outfalls .

Base flows were applied to the river as lateral inflows along the length of the river . These were
based on known average flows in dry weather at specified sections .

It was not considered necessary to represent the change in base flow of the river caused by storm
events as:

"

	

the river Tame in the Birmingham area has an extremely urbanised catchment, therefore by far
the majority of the flow entering the river is from surface water overflows and CSOs

" any natural response of the river would probably appear much later than the effect of the
overflow spills

"

	

to usefully represent a storm response would require complex river catchment modelling, which
was not possible in the timescale

13 .., . . . ... .17 . ... ., lhf-011- o .-a .-_ n--_ 4-



Standards
The UPM Manual sets out intermittent river water quality standards during wet weather for the
protection of fish life . These are only for frequencies of up to once a year, implying that there is a
risk of fish kill every other year . The EA have indicated that they consider this unacceptable and that
they would expect the limits to be exceeded only once in five or ten years.
As no standards are available in the UK for these rarer events, we used the 1 year return period
standards, but applied them to 5 year return period incidents. We derived intermittent standards for
the river from equations B5 and B6 given in the UPM manual . We determined the following 1 year
return period thresholds intended to achieve Class 3 river standards :

However, as there was insufficient time to consider the impact of surface water discharges to the
river, we were looking for options that gave a significant safety margin .

Results
For all our results the 1 hour threshold was found to be .critical . . The. rBsults .in.figure;4 show thatahe
existing system failed to meet the river standards . Both of the final options were well within the
standards, even considering the probable error in the results due to the nature of the project.
In order to meet our targets, the results showed that it was necessary to build either the link sewer or
provided 55 000 m3 of controlled, off-line storage at Perry Hall Playing Fields .

Figure 4: Example BOD profiles for the River

	

Figure 5 : BOD profiles for the River Tame
Tame downstream of a CSO discharge point,

	

downstream of Minworth STW
for the worst case in a 5 year return period

Conclusions

Threshold (hours)

	

BODtconcentration (mgl1)

This alternative option had a very large storage volume for one location, but due to the
idiosyncrasies of the system, providing storage at a number of different locations could not provide
the same degree of benefit. It was also determined that providing a greater storage volume at this
location gave no greater improvement in river impact up to a 5 year return period . This is shown by
the BOD profiles in figure 5.

The objective of the project was achieved ; STWL was provided with sufficient guidance to compare
a number of options and make an informed decision between them, based on hydraulic performance
and river impact .
Once the options were reduced to just two that had equal environmental impact, it was then possible
to look at construction costs, whole-life costs, risk and future improvement potential.
There was a serious risk that the route of the link sewer would be lost over the next few years, dueto
the current urban regeneration in Birmingham . Therefore although there was a potential cost saving
in going for storage further upstream, the decision was taken that it was better to build the link sewer
now and reserve the option of upstream storage for a later date, if it proved beneficial . Building the
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storage first would probably have rendered the link sewer uneconomic at any time in the foreseeable
future .

	

_ _

STWL therefore decided that the link sewerwas the best option to be built at this time .
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Discussion

Question

	

Chris Brown NWW
Can you tell us the cost difference between the two options (new sewer or storage tank)?
Answer

	

Chris Sedgwick
Difficult to be precise. We have detailed knowledge of the cost-of tunnelling the newsewer,-but =no-
precise information on the provision of storage. The difference in cost between the two options is
several £million, with the tank being cheaper. It was decided that it was better to build the tunnel now
and reserve the option to build upstream storage later, as this might prove beneficial for the system's
performance in the future . Building the storage tank first would render .the tunnel uneconomic at any
time in the foreseeable future, and therefore limit the options for further improving the system .
Question

	

NickOrman WRc
What is the difference between PoIlMod and Simpol?
Answer

	

Helen Udale
We only looked at the version of Simpol in the UPM Manual . There were many reasons why we
didn't want to use Simpol, but the two principal reasons were as follows. This version does not use
the new runoff model, that takes into account the wetting and drying of the catchment (an important
feature when looking at long duration storms and long antecedent dry periods) and we needed the
output compatible with the input requirements of HydroWorks . It was quicker and easier to use our
own software, rather than make all the necessary changes.
Question

	

Richard Kellagher HR
Were you concerned that you used HydroWorks rather than Mike 11 or ISIS to model processes in
the river?
Answer

	

Helen Udale
Yes, if we wanted absolute results to determine what was happening in the river . We were looking at
CSOs in a simplified way and just wanted to make comparisons between the existing system and
options.
Question

	

Richard Kellagher HR
Using HydroWorks you are not considering the biological processes that occur in the river.
Answer

	

Helen Udale
I agree, but time and expense needed to be kept to a minimum. We certainly do not accept that our
results are absolute and I agree the final design decisions can not be made from our results .
However, considering the physical features of this particular river, our model was able to give a
useful indication of river impact.
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