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Introduction

The Water Framework Directive (WFD) introduced a holistic 
approach to the management of water quality. In the UK 
the aim is to have waterbodies achieving ‘Good’ ecological 
status by 2027. There are five status classifications for 
normal waterbodies: High, Good, Moderate, Poor and Bad.  
Intermittent discharges from Combined Sewer Overflows 
(CSO’s) and Storm tanks have the potential to influence 
compliance with the WFD, as they are a source of 
polluting materials. 

In AMP6 a project was undertaken to investigate 32 of 
the 246 river reaches in the Severn Trent catchment. This 
would consider the impact of intermittent discharges and 
look at the water quality on the various reaches throughout 
Severn Trent Water. 

Severn Trent Water wanted a deeper understanding on 
these reaches and we had to undertake large scale model 
upgrades, asset surveys, flow surveys and long term 
quality monitoring. Severn Trent Water funded this 
£2.5m project out of a desire to protect and enhance 
the environment and gain a deeper understanding of 
the real issues in water quality. 

Throughout this project one of the key enablers was 
stakeholder engagement and throughout the project, 
we have extensively consulted and involved the 
Environment Agency in the process. 

In this paper, we will explore the highs, lows and lessons 
learned on this project which has given an insight not 
available before and which have been taken forward into 
the AMP7 Water Quality Investment Plan.

Delivery of the Project

1.Modelling Approaches
Following a scoping study, three modelling approaches 
were developed for different river reaches depending on 
their environmental risk and assessment of how complex 
the river reach is.
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The three approaches used in the delivery of the 
project were:

Simple approach (Using RPS Socrates Tool)

 · UPM approach in accordance with current 
industry practice

 · Monte-Carlo approach to mixing statistically derived 
river flows / loadings with sewer / surface water model 
predicted flows (with fixed WQ loading on the spill flows) 

 · Results will be reported against FIS and percentile 
standards (99%ile and 90%ile)

Detailed approach (Using Intertek’s Catchment 
optimiser tool)

 · An integrated hydrological modelling system, which 
uses an approach based on the reFEH method

 · A diffusive wave approach to simulate the movement 
of water

 · Includes dispersion and simulation of conservative 
and first order decay parameters and interactions 
between water quality parameters

 · Results will be reported against FIS and percentile 
standards (99%ile and 90%ile)

Complex approach (Using Mike 11)

 · These models provide an array of computational 
methods for steady and unsteady flow in branched and 
looped channel networks, and flood plains. 

 · These models provide sophisticated water quality 
approaches. The process functions can consist of 
mathematical functions, built-in functions, numbers, 
forcings, constants, and state variables. 

 · Results will be reported against FIS and percentile 
standards (99%ile and 90%ile )

As part of the work, approval was sought and gained from 
the Environment Agency to this approach as they have 
been key stakeholders throughout the life of the project.

2.Survey Work
This project involved a lot of upfront work to coordinate 
and organise the survey work that was needed in advance 
of the monitoring.

The site walkovers and meetings with key Severn Trent and 
Environment Agency staff, allowed the full assessment of 
issues, and importantly, allowed an initial understanding of 
the assumptions of key stakeholders. 

An important part of the planning of assessments and 
model selection, was understanding stakeholder concerns, 
and developing an initial appraisal of the likelihood of the 
link, through scoping and historical data assessment. For 
example, walkovers, data analysis and stakeholder liaison 

led to the amalgamation of five separate models for 
Stoke on Trent into one integrated river model, with 
cost and programme savings, and a common modelling 
approach and application of input data for all the models, 
assessed simultaneously. 

Understanding where the best locations to place the river 
monitors is an essential part of this early work. That said, 
one lesson learned was to identify several sites for the 
location of the monitoring sites as there can be difficulties 
with landowners. Water Companies cannot use their 
statutory powers for these temporary sites and agreement 
with landowners can be protracted and complex. It took 
over 18 months for a couple of sites to agree with a local 
council which surprised us. 

As part of these studies we had to update the hydraulic 
models and needed to carry our various asset surveys 
on CSO’s, Pumping Stations and dual Manholes. We also 
needed to collect information on river topography and 
cross sections to supplement the excellent information the 
Environment Agency held and provided to aid this study.

 
3. Monitoring
We obtained EA monitoring data and then subjected this 
to analysis in order to determine the usefulness of the 
data to a contemporary study. This meant identifying any 
step changes and their causes (for example, upgrades 
to wastewater treatment, changes to discharges, 
new discharges, diffuse source changes) which would 
preclude the use of data prior to the change (as it would 
no longer be representative of the river conditions and 
characteristics). This is a vital step, as misleading water 
quality statistics would have been derived otherwise. The 
‘cleansed’ datasets were then subject to analysis, including 
comparison with the relevant water quality standards, 
to determine the baseline conditions of the rivers for 
subsequent testing.
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Instrumentation was placed for a period of one year, 
with autosamplers providing data for three dry weather 
and three wet weather events (dry and wet events being 
defined as per UPM/WaPUG guidance).

In addition, spot sampling was undertaken for areas that 
were difficult to access for more permanent sampling, or to 
gain additional information under identified circumstances. 
This collected dataset augmented and supported historic 
data for model build and use.

The datasets were analysed to provide one year of data 
for calibration (the year in which the instrumentation 
was in place). Sewerage network models of any sewerage 
catchment discharging into the river reach were 
run for the same period, in order that the flows and 
volumes emanating from the sewerage catchment were 
incorporated into the river flows (this source of flow, and 
therefore potential pollution, was significant in many of 
the watercourses being assessed). 

Model parameters were then adjusted to obtain a good 
fit against dry and storm event data collected during 
the bespoke surveys. Comparison of timeseries results 
enabled inputs, such as diffuse runoff and CSOs, to be 
characterised, prior to the model being used for formal 
assessment once considered fit for use. 

The analysis used a 10-year dataset, as above, with ten 
years of data for rainfall, and river and sewerage models. 

For the water quality surveys, we had to organise up the 
contractor to collect and transport the samples once we 
triggered an event (after looking at the weather radar) 
to the Laboratories. We also ensured that they had the 
capacity to receive and turn the samples round. 

For the Water Quality surveys we collected a full 12 months’ 
worth of data so that we got the winter and the summer flows.

4. Modelling  
There were a number of challenges in the calibration 
process. Examples included: incorporating and assessing 
interactions between the sewer network and high 
river levels which were preventing discharges due to 
flap valves not opening. Detailed discussions between 
Intertek and RPS produced a solution to determine and 
assess the impacts of this effect on the sewer network 
to accurately represent spills from the impacted CSOs. 
The Bottesford Beck, Scunthorpe, is controlled at the 
downstream boundary by a tidal gate which is key 
to modelling downstream water quality due to the 
controls on water volume at this location. No details 
were available for the operation of this gate. Low water 
levels also resulted in sondes becoming exposed to 
air, reducing the quality of data collected and adding 
uncertainty to results. Detailed analysis of survey and 
historical data, and discussions with the EA enabled 
the modelling to assess the influences on water quality 
and determine the impact of upstream discharges.

Key to the whole process was an informed Scoping stage, 
which meant that method and approach were agreed, and 
a robust data collection phase. The modelling was also 
planned to account for data gaps, in case data collection 
failed, and this proved useful in several sites, and methods 
to account for model uncertainty were agreed with the EA. 
The modelling method provided detailed, comprehensive 
outputs regarding intermittents (the driver of the studies) 
and also continuous and diffuse sources. Sources were 
modelled discretely, and this allowed full understanding 
of significance to compliance. Solutions could therefore 
be developed which reflected improved compliance, or a 
fair share principle (even if this did not deliver improved 
compliance due to the significance of diffuse sources). 
Solutions could be analysed at a very fine level of detail, 
such that non-intuitive outcomes (such as at Scunthorpe 
where cessation of storm spills affected the dilution 
available of diffuse pollution) could be demonstrated 
and explained.

The modelling and model builds were comprehensive 
and detailed, such that the tools are available 
in the future, for example for modelling of flow 
transfer or FE treatment requirements.
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5. Lessons learned

 · Well planned Scoping stage – consulting internally and 
with the Environment Agency

 · Take stakeholders through the journey with you – get 
buy in for key items

 · Alternative sites for monitor location (x3) 

 · Access to EA information  provides baseline 

 · Effective Communication with supply chain – agree 
timescales, process – Labs, contractors 

 · Complex hydraulics – allow time for difficult locations e.g. 
Scunthorpe, Stoke – Hinckley sewer/river interaction

 · EDM spill counts do not always match – care needed in 
interpreting results – investigate large anomalies

 · Understand the results, get below data to see 
what’s happening

 · Close collaboration between modellers and operators – 
understand interactions at works

 · Outfall safari – engagement with customers in Stoke, 
involve local communities
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