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The European Union Bathing Water Directive (2006/07/EC) has four levels of classification: Excellent, Good, 

Sufficient and Poor. All the designated bathing waters (BWs) need to achieve at least the Sufficient 

classification. Southern Water Services (SWS) have 83 bathing waters (BW) across their region. SWS have 

commitments to maintain 54 of these at an ‘Excellent’ classification, where the classification is calculated on 

an annual basis.  SWS also have commitments to deliver improvements to a further seven BWs in order to 

raise their classification to ‘Excellent’.  Gaining insight into the root cause of BW quality and the cause and 

effect of catchment activity on BW quality is extremely complex and requires integration of many sources of 

information. To address this challenge SWS saw the need to pilot an integrated approach instead of 

carrying out bespoke standalone modelling and physical studies of each BW. SW’s Bluewave Innovation 

team sponsored the Integrated Bathing Waters Modelling project to develop a cost effective, risk 

assessment modelling framework. The project integrated SWS asset data, urban drainage models, river 

catchment models and marine models.  The outputs of these models provide evidence that will be used to 

support management actions and investment decisions in relation to BW performance. 

The SWS Engineering Technical Solutions (ETS) modelling team, Intertek and HR Wallingford have worked 

collaboratively to undertake the pilot study.  The aims were threefold: developing and evaluating the 

benefits of an integrated modelling approach; forecasting data to identify the risk of water quality impacts 

at designated BW sites; and assessing the relative contribution SWS assets have to water quality.  As part of 

the pilot, three catchments were investigated: Bexhill, Cowes and Littlehampton. 

Due to the complex interactions between the three modelling domains the modelling approach required 

close collaboration between the urban drainage, river and coastal modelling teams.  The aim of the 

modelling work was to develop an integrated modelling system which is used to assess the bacteria 

(Escherichia-coli, or E.coli) loads that are discharged to coastal waters.   

Catchment study areas 

Bexhill 

Bexhill catchment is relatively small and steep. The main watercourse is the Egerton Stream that runs from 

north to south and discharges to the sea south of Egerton Park. The upper reaches are predominantly open 

channels with very little flow in dry weather conditions. When the stream reaches the commercial part of 

Bexhill, it is mainly culverted until the stream discharges into the sea. Two flap valves are installed at 

Egerton Park to prevent tidal intrusion into the drainage system. 

The integrated model combined existing models of Egerton Stream and the foul network, see Figure 1. The 

Egerton Stream model was built in MIKE11, while the foul system was modelled in InfoWorks CS and 

InfoWorks ICM.  Therefore, some model conversion was required.  Integrating the MIKE 11 model presented 

additional complications as it pre-dated some extensive changes within the town centre.  To minimise the 

uncertainty with the stream, a site visit was conducted early in the project.   

 

mailto:Paul.taylor@intertek.com


 
 

CIWEM UDG AUTUMN CONFERENCE 2019 
  NOTTINGHAM 

 

Figure 1: Bexhill ICM Model 

The integrated river and urban drainage model comprises approximately 3,000 nodes and 17 outfalls, of 

which only six discharge directly to the sea in Bexhill. There are two further outfalls that discharge to 

Egerton Stream; one at London Road and one at Bexhill Down. The other CSOs were not considered 

relevant for the purpose of this study as they discharge to other water courses or to the treatment works.   

Once the integrated model was constructed, significant work was then undertaken on the model to improve 

both model stability and run time.  It was noted that the original urban drainage ICM model had been 

developed for design purposes and that water quality (WQ) studies had not been considered.  

Consequently a number of simplifications were made, especially in relation to real time control (RTC) and 

headlosses around short steep pipes.  The amended model was then checked for accuracy against the 

original model.  

Because Egerton Stream is dry much of the summer, no inflow boundary conditions were applied to the 

model and the only inflows into the stream were from CSOs.   

The rainfall data used was timeseries rainfall (TSR) generated for Hastings TSR zone based on Hastings 

Newgate raingauge and Bexhill raingauge for the period from December 1999 to December 2016. 

Littlehampton 

Littlehampton is a coastal town situated at the mouth of the River Arun. The River Arun has a length of 

about 60km (about 40km included in the model) and it is tidally influenced along most of its length.  Along 

with Littlehampton, towns along the river and its tributaries include Pulborough, Arundel, West Chiltington 

and Angmering.  Developing an integrated model for the river and urban drainage required amalgamating 

a number of models. ICM models exist for the urban drainage networks for each town and a MIKE11 model 

from 2004 exists for the river.  However, it was noted that there were often disconnects between the urban 

drainage models and the river as a number of CSOs drained into drainage ditches rather than the river itself 

and these ditches were not included in any of the supplied models.  To allow for flow paths from the CSOs 

to the Arun, ditch channels were assumed using Lidar and aerial photography.  The River Arun has a major 
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tributary in the River Rother but no model data was supplied for this.  As a result, the E.coli contributions 

from any built up area along the Rother were not included in this study.   

The Littlehampton ICM model includes the foul/combined drainage systems of the towns of Littlehampton, 

Arundel and Angmering. West Chiltington and Pulborough were included in a separate model, see Figure 2.  

Similarly to the Bexhill catchment, the MIKE11 model required conversion to InfoWorks ICM.  In order to 

expedite the conversion a software tool was developed to convert the river sections into the ICM format. 

 

Figure 2: Littlehampton, Pulborough and River Arun model 

Once the river section data was imported, additional checks were made to check model ‘sense’ as well as to 

include all the river crossings.    

The model has as its boundary condition inflows from the National River Flow Archive.  Inflows were taken 

at the Rother and Pallingham Quay.  Data were generally available for the duration of the study period, 

however, the recorded flows at Arun at Pallingham between 2009 and 2014 were truncated at a fixed value 

and therefore the flow could be under-estimated. In addition, inflows were taken from where Pulborough 

WwTW discharges to the Stor and a nominal abstraction from the Hardham Water Treatment Works. 

Although, a number of assumptions were made in the model construction process (such as bridges being 

modelled as culverts) this has minor influence on the results of this particular modelling project. Moreover, 
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no surveys were undertaken as part of this project and there was no river flow or level data available to 

check the model calibration. 

Sensitivity tests have been undertaken to insure that the water level and flow rate of the integrated model 

were sufficiently close to the original model. 

The rainfall data used was timeseries rainfall (TSR) generated for Westergate TSR zone based on Westergate 

raingauge and Bognor raingauge for the period from January 2003 to April 2018. 

Cowes 

The third pilot catchment was Cowes, a town located in the north of Isle of Wight. The town is on both sides 

of the River Medina estuary that drains from south to north. The western side of the catchment drains to 

Woodvale Transfer WPS and it is pumped to Fairlee Transfer WPS. The eastern side of Cowes network drains 

to Springhill Transfer WPS and it is also pumped to Fairlee Transfer WPS. The flow collected at Fairlee 

transfer WPS is pumped to Sandown WwTW. The Cowes network is part of the InfoWorks ICM model of 

Sandown.  This model has been pruned and simplified in order to reduce the running time and only the 

network upstream Fairlee Transfer WPS has been considered for this study and it will be referred as Cowes 

model, see Figure 3. The Cowes model includes foul/combined network and a very limited contribution of 

the surface water system. The model of River Medina was not integrated with Cowes ICM model because it 

was already integrated with the coastal model.   

The rainfall data used was timeseries rainfall (TSR) generated for Cowes TSR zone based on Cowes 

raingauge and Carisbrooke raingauge for the period from January 1999 to June 2017. 

 

 

Figure 3: ICM model of Cowes 

 

 



 
 

CIWEM UDG AUTUMN CONFERENCE 2019 
  NOTTINGHAM 

Water Quality modelling 

The initial intention of the study was to assess both E.coli and intestinal enterococci but InfoWorks ICM uses 

a single coliform parameter, therefore it was agreed to use E.coli.  A uniform representative value was 

applied in the wastewater profiles in ICM, and this can subsequently be adjusted, if needed in the BW 

management tools that integrate the ICM outputs with the coastal models to provide predictions of 

impacts at the BW.  

For the integrated Littlehampton model, background E.coli concentrations were applied at the three river 

inflow locations of Pallingham Quay, the confluence of the Rother and Arun and the Pulborough WwTW. 

The discharge from Pulbrough WwTW comprises the spills from the storm tank as well as the continuous 

discharge of the treated effluent that was applied as a constant flow rate with an E.coli concertation of 

510,000 cfu/100ml (Kay et al. 2008 E.coli concentration for activated sludge as secondary treatment).  As 

part of the sensitivity testing of the flow data, investigations on the effect of the flow rate were undertaken. 

A single slug of E.coli was applied as a tracer with varying flow and the effects on the E.coli concentration at 

the mouth of the Arun were analysed. The results indicated that the arrival time of the peak concentration 

varied between 2 and 10 days, depending on the river flow. The results showed a slower travel time and a 

substantially lower E.coli concentration during the period of low river flow.  Therefore, the approach was to 

apply a different E.coli concentration depending if the recorded daily flow in the Arun was less or greater 

than the mean flow. In the Bexhill model, there was no base flow applied to Egerton Stream therefore, no 

background E.coli concentrations were applied to the model. 

In InfoWorks ICM, the T90 parameter regulates the time taken for 90% of E.coli concentration to decay. This 

value can change significantly if the discharge flows in pipes or in open channel networks. T90 is influenced 

by salinity, solar radiation and temperature. The integrated model covers both sewer and river environments 

but InfoWorks ICM uses a single T90 value for the entire model. This is a significant limitation, especially for 

the Littlehampton model where the River Arun has turbulent flow and has areas with saline and fresh 

conditions where different decay rates would be more applicable.  The T90 value for the Littlehampton 

model was set to 60 hours as it was felt that this was representative of the river.  For both Bexhill and Cowes 

the T90 parameter was set to 80 hours. 

The ICM models used for this study were calibrated for hydrodynamic (HD) simulations but had never been 

run for water quality studies. It was noted that hydraulic instabilities that could be ignored in HD conditions 

could often cause E.coli concentrations to spike to unrealistic values (to the order of 1x10^30).   An 

indication of this is shown in Figure 4. 

 

Figure 4: thematic map of the E.coli concentration and related plot 
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To minimise the instabilities in the water quality runs, a significant amount of time was spent improving 

model stability.  Model changes involved simplification as well as using different modelling approaches, 

such as the following: 

 Checking, and where appropriate, removal of short steel pipes,  

 Setting a minimum pipe length of 5 meters;  

 Adjustment of negative gradients; 

 Setting headlosses to zero where the gradients were steep and where the pipes were short; 

 Fixed pumps were converted to screw pumps – it was noted that the pipes downstream of fixed 

pumps showed unrealistic values of E.coli concentrations. 

The model changes showed significant improvements in both water quality stability and run times. 

In addition, checks were carried out in order to ensure that the changes did not cause any significant 

change to either flow or water levels. 

Once the integrated ICM models were stable and checked, they were run for the ten bathing seasons from 

2007 to 2016.  The simulations were run from the 1st of April to the 1st of October each year; an extra 

month was included in order to initialise the models and provide representative antecedent conditions.   

Once each model run was completed the results were analysed using an InfoWorks ICM statistical template. 

In the analysis, spills with a flow rate smaller 0.001 m3/s and a spill volume smaller than 50m3 were ignored, 

in line with the EA policy on counting spills In addition, events longer than 12 hours were split into two or 

more events. 

Flow rates and E.coli concentrations at the outfalls and the mouths of the rivers were extracted from the 

models and passed to the BW management tools, which efficiently integrate these with the outputs from 

the coastal models - rather than being directly introduced into the coastal models. An example of the 

output is shown in Figure 5. 

 

Figure 5: E.coli concentration and flow at a section of Littlehampton integrated model for a typical year 
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Coastal Models 

Three of Southern Water’s existing calibrated and validated coastal models were used for this study – one 

covering each of the three BWs.  A suite of nested marine hydrodynamic models were used to represent 

hydrodynamics (HD) along the south coast of England.  These models must represent the receiving water 

accurately, be of sufficient resolution to define significant local features, be numerically efficient, and 

correctly represent the hydrodynamics locally. 

The integrated BW Management Tools made use of SWS’s marine hydrodynamic models of Bexhill, 

Littlehampton and Cowes, developed by SWS using the industry-standard MIKE21 coastal modelling 

software.  These models are two-dimensional (2D), depth-averaged, nested regular-grid hydrodynamic 

models, with an outer (regional) model domain with grid resolution of 2000 m, area model domains within 

this with a resolution of 500 m and local models within the area models covering the three BWs with a 

resolution of 125 m.   The model extents of the three 125m models are shown in Figure 6 (Bexhill), Figure 7 

(Littlehampton) and Figure 8(Cowes). 

Depths are shown relative to Mean Sea Level (MSL) and designated BWs are shown by black diamonds. 

The models were run for a six to eight week period to cover a full spring-neap tidal cycle using river flows 

for the main river boundary conditions. 

These models were used to create a database of ‘unit’ impacts at representative locations for SWS assets 

under a wide range of conditions.  This technique is common practice for compliance assessments at 

bathing waters, and the same databases underpin all three BW Management Tools. The particle tracking 

module within the MIKE21 modelling software was used to model the transport, dispersion and decay of 

the plumes from SWS assets in the hydrodynamic model.   

Discharges were simulated for a representative range of environmental conditions, including mean spring, 

intermediate and neap tides and seven representative wind conditions (calm conditions plus six directional 

sectors).  Twelve different hourly stages of the tide (High Water, HW + 1, HW + 2, etc.), or ‘units’, were 

modelled individually.  In each case the discharge was released for an hour and the resulting plume tracked 

for seven days to allow decay and dispersion to reduce the concentrations in the plume to insignificant 

levels.  The top 2 m of the water column was then output to avoid artificially lowering impact 

concentrations by depth-averaging the impacts. 

Rather than directly modelling the impact of each spill, the coastal models were used to generate impacts 

from 252 different ‘unit discharges’ (3 tides x 12 hours x 7 winds) for each source.  A unit discharge is a 

release of a nominal flow (1 l/s) with a nominal bacterial concentration (5x106 cfu/100 ml) for a nominal 

period of time (1 hour).  Such discharges were released from all identified discharge points.  The water 

quality impacts of the unit discharges were brought together to generate a ‘unit impact database’.  The BW 

Management Tools then integrate the marine unit impact data together with the outputs from the 

integrated ICM river and urban drainage models to provide the prediction of total impacts, and the source 

apportionment for each source, at the BWs. 
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Figure 6: Coastal model extent and bathymetry for Bexhill BW 

 

Figure 7: Coastal model extent and bathymetry for Littlehampton BW 
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Figure 8:  Coastal model extent and bathymetry for Cowes 

 

 

BW Modelling and Assessment Tools 

Three proof of concept modelling and assessment tools have been developed under this pilot study.  The 

tools can be used in BW investigations by efficiently integrating all relevant models and data into a single 

environment. The tools developed include: 

▪ Bathing Water Compliance Assessment Tool: This predicts compliance at the bathing waters  

▪ Bathing Water Prediction System: This produces a three-day forecast of bathing water quality once 

every day.  

▪ Release Impact Tool: This enables the rapid assessment of water quality impacts of a sewage discharge 

from Southern Water assets in the event of a pollution incident.  

 

Bathing Water Compliance Assessment Tool 

The BW compliance assessment tool is built on Intertek’s STORM-OPTIMISER, a bespoke software tool that 

integrates impact databases predicted by the coastal models with the ten year timeseries of flows and E.coli 

concentrations generated by the integrated ICM river and urban drainage models.  The impact assessment 

system can include all potential sources of bacteria, including: continuous and intermittent discharges from 

Southern Water assets; private and trade point source discharges; and diffuse loads from rivers and streams.   

Figure 9 provides a schematic overview of the Compliance Assessment Tool approach. The tool predicts 

compliance at the bathing waters by replicating coastal model scenarios rapidly using impact databases.  

Using the STORM-OPTIMISER approach, the compliance assessment tool can provide predicted time series 

of impacts over long duration periods (typically at least ten years or bathing seasons) from each individual 

potential source, over thousands of scenarios representing different environmental conditions (tidal states, 



 
 

CIWEM UDG AUTUMN CONFERENCE 2019 
  NOTTINGHAM 

tidal phases and wind conditions) and discharge conditions.  Its outputs are equivalent to time series 

predictions that could be produced by explicitly modelling specific scenarios within the coastal model, as 

shown in Figure 10. However, whereas modelling thousands of scenarios explicitly in a coastal model is 

impractical, the compliance assessment tool allows all such scenarios to be achieved much more efficiently 

and within pragmatic timescales. 

The individual impacts from each source and under all scenarios are summed to give a total measure of 

impact - but accounting for the marginal probability of each scenario (i.e. the proportion of time for which 

it is likely to occur), from which key percentile concentrations (i.e. 90th and 95th percentiles) are calculated 

for direct comparisons to the BW Directive standards.  Figure 11 shows a comparison of modelled and 

measured distributions of impact concentrations. 

Impacts can be obtained for both E.coli and intestinal enterococci (IE) by applying an appropriate ratio to 

the E.coli outputs from the ICM models.  This is a common technique, and the ratio applied can be adjusted 

in the tool as required. 

In addition to predicting the total impacts and key percentile concentrations, the impact model also breaks 

down the impact in terms of the proportional contribution from individual sources (source apportionment 

based on impacts – not discharge loads).  This is shown in Figure 12Error! Reference source not found.. 

This allows a better understanding of critical sources, in particular where the predicted performance does 

not meet the required standard, and ultimately will deliver better management and better targeted 

mitigation or intervention strategies. 

The Graphical User Interface (GUI) for the Compliance Assessment Tool is shown in Figure 13. 
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Figure 9 : Schematic of the Compliance Assessment Tool approach:  
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Figure 10: Comparison of timeseries output from the compliance assessment tool and an explicit coastal model run 

 

 

 

Figure 11: Comparison of predicted distribution of impacts with measured distribution from sampling data 

 

 

a. Threshold concentration: 0 EC/100ml  b. threshold concentration: 250 EC/100ml 

 

Figure 12: Example of presentation of source apportionment analysis for different impact thresholds 
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Figure 13: Compliance Assessment Tool Graphical User Interface 

 

 

Bathing Water Prediction System 

The BW prediction system is based on the approach of Intertek’s Beach Management System (BMS) that 

predicts actual impacts by establishing a relationship between rainfall and loads from all sources and using 

environmental conditions local to a given bathing water. The prediction system integrates the same unit 

impact database which underpins the BW Compliance Assessment Tool (generated from the coastal 

models) and databases of bacteria loads created from the ten years of flows and E.coli timeseries generated 

by the integrated InfoWorks ICM river and urban drainage model outputs as discussed previously.  These 

therefore include continuous and intermittent discharges from Southern Water’s assets and diffuse loads 

from rivers and streams. The system integrates these model outputs and data to make prediction on water 

quality at BWs. The prediction system uses historical rainfall (the past four days) and forecast rainfall (the 

future three days) to estimate the bacteria loads from all discharge sources including wastewater treatment 

works (WwTWs), CSOs/CEOs, and rivers/SWs; and other environmental conditions such as wind speed and 

direction to determine the weighting factors of wind, solar radiation for T90 and tidal condition for tidal state 

and tidal phase.  Figure 14outlines the schematic approach of the prediction system. 

As the prediction system is supported by pre-defined databases and all necessary environmental data is 

obtained using the MeteoGroup data mining API, no user inputs are required once the prediction system is 

up and running. The prediction system gives a three-day forecast of water quality at BWs once every day. It 

produces not only the maximum, 90%ile and 95%ile concentrations and bathing water status (for that 

three-day period) but also the source apportionment of the impacts at BWs. It can also issue warning 

messages to beach managers/regulators by email, for beach management.  Currently, for the purpose of 
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evaluation, the system is configured to issue a message by e-mail to two people within SWS and also to 

Intertek.  However, additional recipients can be included if required.  

SCHEMATIC APPROACH
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Figure 14: Schematic of the Bathing Water Prediction System 

Rainfall 

Rainfall is the most important input for the prediction system, as it determines the discharge flows from 

SWS assets such as WwTWs, CSOs and CEOs. Flows for rivers/streams and SWs are also directly affected by 

rainfalls. 

The prediction system utilises rainfall data over a period of seven days: the past four days of observation 

rainfall and future three days of forecast rainfall. The best rainfall match to the seven-day rainfall time series 

(the ‘target’ rainfall) is selected from the rainfall database constructed from the rainfall data used in the 

integrated ICM river and urban drainage modelling.  This then enables the discharge flows from SWS assets 

and SWs/rivers to be estimated by choosing the urban drainage-modelled, or river-modelled flows 

corresponding to the best rainfall match, from the hydrograph databases (obtained from the 10-years of 

urban drainage and river modelling) within the prediction system.   

Wind Conditions 

Wind speed and direction have a large effect on pollutant transport. To take account of the influence of 

wind, seven wind conditions are included in the unit impact database that underpins the prediction system. 

They are a calm wind condition plus six wind directions spaced at 60° intervals. 

Wind data obtained from the MeteoGroup API (historical measured wind data and forecast wind conditions) 

are used to calculate the relative percentage occurrence of each of the seven wind conditions, which are 

then used to weight the impacts of different wind conditions in the prediction system. 

Solar Radiation 

Solar radiation is an important parameter that controls bacteria die-off rates. Solar radiation data obtained 

from the MeteoGroup API are all forecast data as no historical measured solar radiation data are available 

from the API.  The system therefore uses the previous forecasts as a proxy for actual historic data for the 

last four days, and the current forecast for the next three future days.  
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Tidal Conditions 

The tidal condition is one of the important environmental conditions that governs the hydrodynamics in 

coastal and estuarine waters, which drives the pollutant transport in a waterbody. Tidal conditions are 

obtained from pre-defined databases of tide age and tide table in the prediction system. This information is 

used to define the tidal state and tidal phase, so the correct unit impact components in the database are 

used in the prediction, in terms of both of tidal state and tidal phase.  Three tidal states are included in the 

unit impact database, i.e. spring tide, intermediate tide and neap tide. 

Predictions 

The prediction system produces a three-day forecast of bacteria concentration at BWs for both E.coli and IE, 

and contributions of individual discharge sources to the impact (source apportionments of impact) that 

exceeds a given threshold at BWs.  The same approach for assessing the impacts of IE as used in the 

Compliance Assessment tool is applied. A warning message is also sent automatically by email to selected 

individuals.  Currently this is to the evaluation team within SWS and Intertek, but other stakeholders could 

be included. 

The system makes three-day predictions of impact (bacteria concentrations) at BWs.  The user selects the 

BW of interest, and the prediction results are presented for that BW as time-series plots for E.coli and IE, 

over a period of three days, with the thresholds of “Good” classification for both E.coli and IE also shown on 

the plot, allowing the user to easily see any periods of exceedance of the threshold.  It should be noted that 

exceeding a classification threshold during an event does not mean that the classification cannot be 

achieved at the end of the bathing season.  A summary of maximum, 90%ile, 95%ile concentrations and 

bathing water ‘status’ are also produced for each day. Figure 15 and Figure 16 show examples of the results 

from the prediction system.   

 

Figure 15: Graphical User Interface showing predicted total impact and BW classification 
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Figure 16: Graphical User Interface showing source apportionment on different days 

 

 

Release Impact Tool 

The Release Impact Tool is similarly based on the approach of Intertek’s Beach Management System (BMS). 

This tool enables the rapid assessment of water quality impacts of a sewage discharge from Southern Water 

assets in the event of a pollution incident.  The prediction system uses the same unit impact database which 

underpins the BW Compliance Assessment Tool (generated from the coastal models).  

The tool assumes a uniform flow and concentration for the duration of the spill.  The user is required to 

input the site name, spill date and time and spill duration.  In Normal mode, the spill rate and concentration 

for each asset are fixed, whereas in the Advanced mode the user can edit these values. The unit for the 

closest tide and wind conditions is then scaled by the input load from the asset.  The environmental impact 

at the nearest BWs is then calculated for four days and plotted.  If the bacterial concentration breaches the 

Sufficient BWD threshold, then the total duration of exceedance is also calculated and flagged in the 

outputs presented. 

The tool produces a summary of environmental conditions, estimated spill volume and environmental 

impact for the prevailing wind direction. 

In Advanced Model, the tool produces a summary of environmental conditions, estimated spill volume and 

environmental impact for calm conditions and six wind sectors. Graphical User Interface showing source 

apportionment on different days. Figure 17 provides an example of the output produced from an advanced 

mode option. 
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Figure 17: Graphical User Interface showing source apportionment on different days 

 

Lessons learned 

The model integration process presented significant hurdles and helped to realise how the process could be 

improved with the following considerations: 

 When developing an integrated model in ICM, it is essential to review and assess the urban drainage 

model to understand how the model can be changed to improve both the run time and potential 

instabilities that could cause problems during WQ simulations; 

 Identify where additional data/survey is required in order to link the urban drainage model to the 

river model.  Examples may include locations where drainage channels have not been modelled; 

 Consider using user-defined pollutants to model additional pollutants such as enterococci;  

 Sensitivity analyses showed that the E.coli concentrations were very sensitive to the inflow rates 

applied at the upstream boundaries; higher flow rates resulted in higher velocities, which in turn 

resulted in less time for E.coli to decay.  Careful consideration should be given to the selection of 

inflows and their quality control;  

 When running full bathing water seasons run times can be very long and results files are often very 

large. To reduce both run times and results times the InfoWorks ICM model uses selection lists of 

key locations.  However when using gauge selections, the potential to diagnose model problems is 

reduced as results are not available for the remainder of the model; 

Site 1 
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 Using spatially varying rainfall; this is especially important when examining bathing water quality as 

summer convective storms will be intense and vary locally.  Observed data, such as the 

Meteorological Office Nimrod data is available for the UK.  The Nimrod data uses a 1km grid and 

observations are at a five-minute interval and will therefore give a reasonable return on both 

localised storms and peak intensities.    

 The interface between the urban drainage, river and coastal model must be carefully considered.  

When river modelling is extended into the tidal zone then model bacteria loads can be both positive 

and negative (i.e into and out of the coastal domain).  The location of the interface points must be 

chosen carefully to ensure that loads transferred to the coastal model are always positive. 

 The success of these studies is dependent on the disparate modelling teams having a good 

understanding of each other’s disciplines. The effective interchange of information between the 

teams has the potential to shorten timescales and improve the outcome. 

Conclusions  

The study assessed the model integration of the urban drainage of coastal towns with background pollution 

loading and intermittent contributions from CSOs in their urbanised areas. These example catchments were 

chosen deliberately to address a range of coastal conditions including an area with a single watercourse, 

another close to a river with a large catchment and estuary and a third close to a significant coastal inlet. 

These sites are representative of the range of coastal conditions which occur across the SW region and 

provide evidence that these techniques could be applied across the region. 

 

This integrated approach of using different models and input data is an innovative way to assess the root 

cause of the bathing water quality. SWS has found the approach to be of benefit across the three pilot 

areas, the alternative is to employ a much more onerous and less accurate approach. Upon completion of 

the evaluation of these tools, SWS will have the tools available to roll out and apply the integrated 

modelling framework at all bathing waters within their area. 

 

Detailed investigations are in progress at all of these sites as part of the AMP7 bathing water investigations.  

These tools will prove invaluable in these investigations and will allow SWS to understand the impact of 

company assets and other diffuse pollution sources. 

 


