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Introduction 

Revised Bathing Water Directive 

The revised European Union Bathing Water Directive (rBWD) (2006/07/EC) came into force at the start of this 
bathing season (May 2015), and fully repealed the previous BWD of 1976.  The new legislation has introduced 
significantly tighter water quality standards causing a number of bathing waters to be at risk of not meeting 
the new minimum classification.   

The rBWD has four levels of classification: Excellent; Good; Sufficient; and Poor, and all designated bathing 
waters (BWs) are required to meet at least the Sufficient classification.  The classifications are assessed using 
data collected during the current bathing season and the three preceding bathing seasons, making a four-year 
rolling assessment period providing approximately 80 samples (4 x 20 samples per year although 16 samples 
per year will be collected in Wales from 2015).  The key aspect of these classifications is that they are assessed 
statistically over a four bathing-season period to generate a distribution from which the 90 and 95 percentiles 
(%iles) are determined.  The magnitude of bacteria concentrations are therefore now an important component 
of bathing water performance -unlike the 1976 directive, where each sample taken either passed or exceeded 
the threshold.  A single very high concentration sample can therefore affect the classification of the BW for the 
next four years. Natural Resources Wales (NRW), identified that the water quality at the Swansea Bay BW was 
poor, and was unlikely to meet the minimum Sufficient class required by the revised directive. 

 

Swansea Bay Bathing Water description and 
historic performance  

Swansea Bay is bounded to the North and West by 
the city of Swansea and to the east by Port Talbot 
and Aberafan.  Large rivers drain into Swansea 
Bay: the River Tawe, the River Neath and the River 
Afan.   The  rivers  have  a  mixed  urban  /  rural  
catchment.  A significant number of combined 
sewer overflows (CSOs) discharge to the Tawe 
(Swansea catchment), the Neath and the Afan 
(Neath and Afan catchment).  The River Clyne 
discharges close to the bathing water, and is 
known to have suffered from poor microbiological 
water  quality.   A  number  of  smaller  streams  also  
discharge close to the bathing water, including the 
Singleton Park, or Brynmill Stream; these pass 
through predominantly urban areas, and there are 

known historical instances of misconnections to 
the streams.  Recent efforts by NRW are 
understood to have led to improvements in the 
water quality of the River Clyne and other local 
streams. 

The Swansea Bay BW is located approximately in 
the centre of Swansea Bay, and is therefore 
subject to discharges from local CSOs along the 
Swansea seafront and discharges from the Tawe 
and local streams.   

The discharge from Swansea Bay Wastewater 
Treatment Works (WwTW) does not have a 
significant impact on the bathing water, as the 
discharge is located offshore and the effluent is 
disinfected. 



 

Figure 1. Geographic location of Swansea Bay & 
Direct Spilling CSOs 

Figure 2 (a-b) presents the bathing water sample 
data processed to assess water quality under the 
rBWD.  The lines represent the 90%ile and 95%ile 
concentrations for each year, including data from 
the previous three bathing seasons.  In addition, 
the rBWD classification (Fig 2-c) is indicated, and 
the bathing season rainfall recorded at Victoria 
Park in Swansea is also presented (Fig 2-d).   

Bathing water quality can be seen to improve over 
the period from 2000 to 2007 following the 
commissioning of the Swansea WwTW (1998); 
during 2004 to 2007 Sufficient class would have 
been achieved.  The improvement in water quality 
from  2001  to  2006  may  in  part  be  due  to  lower  
rainfall during these years.  From 2008, the bathing 
water underwent a period of steady decline in 
water quality to Poor class until 2011.  After 2011, 
water quality improved and Sufficient Class would 
have been achieved in 2013 and 2014.  Sufficient 
was  achieved  in  2013  due  to  a  drier  summer,  
completion of pump replacement at the Langdon 
Road Sewage Pumping Station (SPS) and 
discounting (whereby high concentration samples 
can be excluded if adequate prediction and 
warning is provided).  Discounting made no 
difference  to  the  class  achieved  in  2014,  
confirming the need to complete asset 
investigations, although had the highest samples 
been discounted, the bathing water could have 
achieved Good class for the first time.  

Background to Welsh Water investigations  

r  Cymru  Welsh  Water  (DCWW)  have  been  
working closely with NRW (and previously 
Environment Agency Wales) over the past 10 years 

evaluating and reviewing the various assets which 
have the potential to impact on Swansea Bay BW, 
to ensure compliance with the rBWD in 2015.  A 
phased approach, over two Asset Management 
Programme (AMP) cycles was agreed with NRW. 

Of the circa 192 CSOs in the greater Swansea 
sewer network, 17 were identified as discharging 
with a direct effect onto the designated BW.  They 
either discharged directly into the bathing waters, 
or into a watercourse, which subsequently 
discharges to the bathing water.  Of the 17 CSOs, 
seven were identified as spilling on average 
greater than three spills per bathing season and 16 
did not have satisfactory screening arrangements.   

 

 

 

G = Good Class; S = Sufficient Class; 
P = Poor Class 

 

 

 

 

Figure 2. Historical Bathing Water quality under 
the 2006 BWD 
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DCWW  and  NRW  agreed  an  overall  strategy  for  
Swansea Bay to ensure that over both AMP5 and 
AMP6  cycles,  a  series  of  projects  would  be  
undertaken on the identified CSOs to improve 
both the frequency and the aesthetic quality of 
that spill, and ultimately to deliver the 
environmental improvements required at the BW. 

Integrated Modelling Approach 

In order to ensure that the planned asset 
interventions will deliver the required 
environmental improvements, and that the most 
appropriate and sustainable solutions are 
identified, DCWW commissioned a detailed 
compliance assessment to be undertaken by their 
delivery partners: Morgan Sindall, Grontmij and 
Intertek.  This assessment included state-of-the-art 
integrated hydraulic, riverine and coastal water 
quality modelling and surveys, which has 
incorporated the following: 

 Upgrade and application of a hydrodynamic 
model of the coast around Swansea Bay, 
including the use of field data collected by the 
Smart Coasts Project (funded by the City and 
County of Swansea and Interreg) 

 Development and application of a hydrological 
model of the River Clyne to provide flows in the 
Clyne and neighbouring streams (via scaling on 
catchment area) 

 Flow monitoring of the sewerage networks 
containing the 17 identified CSOs 

 Network model upgrades and re-verification 

 Network modelling of Swansea’s sewerage 
catchments 

 NRW  gauged  flows  for  the  River  Tawe,  Neath  
and Afan 

 Microbiological concentrations for rivers, 
streams, CSOs and WwTWs collected by the 
Smart Coasts Project  

Intertek’s STORM-OPTIMISER compliance 
assessment approach integrates outputs from 
hydrodynamic (coastal), hydrologic (river) and 
hydraulic (sewerage) models to assess water 
quality and environmental compliance at bathing 
(or shellfish) waters.  This approach uses a 
combination of field data and predictive models to 

determine the impact (relative and absolute) of all 
the sources (both continuous and intermittent) 
identified as being relevant to the study, and 
provides detailed information regarding the 
impact of each individual source, as well as the 
impact in the context of all the other sources 
(source apportionment).  This output enables 
decisions to be made regarding the most 
appropriate mitigation or intervention required to 
best deliver compliance at the designated bathing 
(or shellfish) waters.  

 

Figure 3. Schematic summarising compliance 
assessment approach 

The study assessed the impact at the BW from all 
potential sources (WwTW, CSOs and diffuse rivers 
and streams) over a period of 10 years – based on 
measured rainfall to drive the river and sewerage 
catchment models, and the full range of 
environmental conditions (wind and tides) run in 
the coastal model.   

Asset Improvement Schemes 

Investigations 
 
In order to gain a better understanding of the 
Swansea catchment, DCWW appointed Morgan 
Sindall and Grontmij to instigate a series of 
investigations including a 12 week flow monitoring 
exercise within the sewer networks surrounding 
the 17 CSOs.  

A sewer network hydraulic model upgrade and 
localised re-verification exercise was undertaken 
by Grontmij using the information gathered from 
these surveys to locally re-verify the existing 



Drainage Area model of the Swansea Catchment.  
This sewer network model was run using actual 
rainfall data sets, recorded between 2001 and 
2011 by the NRW rain gauge station, located in 
Victoria Park, Swansea.  The average long-term 
annual rainfall for Swansea of approx. 1,050mm 
matched this 11 year period, ensuring a like-for-
like comparison going forward.   

The spill outflow of all 192 CSOs within the 
Swansea Catchment was assessed through 
STORM-OPTIMISER, which predicted the impact of 
CSO’s discharges on water quality at the bathing 
water.   Based  on  this  analysis,  if  no  action  was  
taken, the bathing water was forecast to fail 
compliance with the new Sufficient standard as 
required by the 2006 BWD. 

Catchment Characteristics 

Prior to the construction of the Swansea WwTW in 
the late 1990s, sewage from Swansea and its 
boroughs were diverted via the “Town Drain” to 
the sea outfall beneath Knab Rock at the Mumbles, 
and discharged during an ebbing tide.  The tanks at 
Knab Rock had a capacity of 7½ million gallons, 
and served a population of 250,000.  

 

Figure 4: Schematic of Swansea Sewerage 
 
By  1997,  the  new  Swansea  WwTW  was  
operational, providing primary, secondary and 
tertiary treatment for the entire catchment.  
Modifications to the network included the 
following; 
 
 New  4m  dia.  gravity  trunk  sewer  diverting  

flows from the upper Swansea catchment & 
Singleton Park toward Langdon Road SPS; 

 New  SPS  at  Knab  Rock,  returning  flows  to  the  
head of the new gravity trunk sewer; 

 New SPS at Langdon Road, pumping flows up 
to 3,600l/s toward Swansea WwTW. 
 

These modifications meant that the 1930’s trunk 
sewer from south-western Swansea toward Knab 
Rock had additional capacity and formed an 
important factor in the proposed strategy. 

The re-verified hydraulic model of the network 
was re-run with the long term year rainfall  series.   
To achieve a “typical / conventional” three spills 
per bathing season solution, a total of 22,880m3 
would be required, with the largest individual 
storage being approximately 6,800m3.   To  
construct this amount of storage in an urban 
environment would require pumped-return 
storage tanks; assuming areas could be located to 
construct the storage.  This was considered a very 
expensive solution, estimated in the order of 
£55M capital costs, with ongoing OPEX costs for 
power and operations/maintenance costs 
associated with large pumped-return storage 
tanks. 

To minimise solution costs, a range of alternative 
options were reviewed including: 

 Surface water separation schemes; 
 Re-using existing assets to their full 

potential; and 
 Gravity draining storage tanks. 

 
Catchment Strategy 

The proposed strategy was to investigate the CSOs 
with a direct impact to the BW in two phases, over 
AMP5 and AMP6. The first phase included 
investigation of eight CSOs: the Singleton Park five 
CSOs and three at the Cricketers CSOs.  These are 
shown in Figure 5. The second phase included five 
CSOs discharging to the River Clyne (via the Cwm 
Stream) and the Sketty Green and Dunns Lane 
CSOs, which discharged directly to the bay.  These 
are shown in Figure 6. 

Phase 1 CSOs – Re-using Existing Assets 

The Singleton Park 5 CSOs spill into the Singleton 
Park,  or  Brynmill  Stream  which  flows  through  
Singleton  Park.   As  shown  in  Figure  5,  spills  from  
Vivian Road and Glanbrydan Avenue discharge via 
surface water systems before spilling to the 
Brynmill Stream, whilst the other three discharge 



directly into the stream.  This open stream flows 
along the eastern boundary of Singleton Park, 
where it is then culverted beneath Mumbles Road 
before discharging onto the designated bathing 
water.  The Cricketers complex of three CSOs, was 
situated downstream of Bryn Rd CSO and 
discharged via a surface water system directly 
onto the beach. 

The CSOs operate in a ‘daisy-chain’ system, 
relieving the catchment at points throughout the 
catchment.   

 

Figure 5: Phase 1 CSOs 

The  Singleton  Park  five  &  Cricketers  CSOs  were  
identified by the sewer network model as an area 
of the network which was under-utilised, and 
therefore by proposing a holistic approach to the 
flow management within the catchment, the CSOs 
were able to be rationalised from eight to four, 
whilst still maintaining an average of three spills 
per bathing season, without the addition of 
storage.  In addition to the network alterations, 
screens were also required to meet the aesthetic 
driver standard of screenings being discharged via 
2D-6mm screens. 

Decommissioning of CSOs 

Through catchment management and re-using the 
system to its full potential, five CSOs were 
decommissioned (Vivian Road, Singleton Park 23, 
Bryn Road and two of the three CSOs at the 
Cricketers).   

 

 

Refurbishing CSOs 

Singleton Park CSO 24 is situated within the park 
and receives all flows from the decommissioned 
Vivian Road and CSO 23.  Spill flows discharged via 
an unsatisfactory screen to the Brynmill Stream, 
which discharges to Swansea Bay foreshore, in the 
middle of the designated bathing beach.  The 
existing  chamber,  (10.5  x  3.6  x  3m  deep)  was  of  
sufficient size, and in good condition, to be reused 
to incorporate a new Rok2 mechanical screen, 
capable of screening in excess of 500l/s (see photo 
1  below).   The  chamber  was  then  covered  by  a  
new pre-cast concrete slab with separate man 
access  and  full  screen  access  openings  to  allow  
safe maintenance.  

 

Photo 1: CSO 24 showing mechanical screen- 
courtesy of Morgan Sindall plc 

The original Glanbrydan Avenue CSO was a ‘hole in 
the wall’ CSO; any spills were unscreened and 
discharged via a surface water system into 
Brynmill Stream.   

Due to the location of the CSO, in the junction of 
two narrow residential streets, the approach taken 
for this CSO was to construct a new CSO chamber.  
To minimise construction time and impact on 



residents, a Pipex prefabricated CSO chamber was 
installed (see photo 2 below).  

Through supply chain management, Morgan 
Sindall  were  able  to  deliver  the  Hydro  
International static screen to the Pipex factory for 
installation in the factory, limiting confined space 
working on site.   

 

Photo 2: Installation of Prefabricated CSO at 
Glanbrydan Avenue – Image courtesy of Grontmij 

Continuation flows from the three Cricketers CSOs 
(one located on a leg of each the incoming sewer) 
dropped into the main trunk sewer for Swansea, 
heading toward Knab Rock.  By increasing the pipe 
diameter of the continuation pipes discharging 
into the trunk sewer and installing a new 2D-6mm 
screen on one of the CSOs, three spills per bathing 
season was maintained, whilst decommissioning 
two un-screened CSOs.   The  CSO chamber  was  in  
the  centre  of  a  heavily  trafficked  road.   To  
minimise maintenance time with open access 
covers in the road, a spray bar system, with an 
upstand unit at the side of the road was installed, 
to allow safe maintenance.  

Phase 2 CSOs –Surface Water Separation 

Five  CSOs  spill  into  the  Cwm  Stream  which  flows  
into the River Clyne at its confluence with Swansea 
Bay, whilst Sketty Green spills into a surface water 
system, which discharges directly on to the 
Swansea  BW.   The  system  and  amount  of  
established surface water networks in this 
catchment gave rise to the potential for additional 
surface water removal solutions.  With the 
agreement  of  NRW,  this  phase  of  works  was  
programmed over both AMP5 and AMP6.  

Completing solutions downstream from the Glan-
yr-Afon  CSO  in  stages  allows  the  success  of  each  
surface water option to be assessed, revising down 
the residual storage required at the bottom CSOs. 

 

Figure 6: Phase 2 CSOs 

The CSOs again operate in a ‘Daisy-chain’ system, 
relieving the catchment at points throughout the 
catchment.  The top four CSOs were completed in 
the last year of AMP5 and are currently being 
monitored.   The  remaining  two  Sketty  CSOs  are  
programmed  for  mid  AMP6,  once  the  success  of  
the upstream CSOs can be quantified. 

The two remaining CSOs shown to have an impact 
on the bathing water are located at the Mumbles 
headland.   

Amalgamating CSOs 

Glan-yr-Afon  &  Furzeland  Drive  CSOs  are  only  
approximately 400m apart.  Connectivity surveys 
carried out by Morgan Sindall identified a number 
of surface water networks that were discharging 
into the combined sewers.  By redirecting these to 
discharge directly into the Cwm stream, there was 
an opportunity to amalgamate the two CSOs, 
reducing the discharge from one unscreened and 
one  10mm  bar  screen  into  a  single  2D-6mm  
screened CSO. To ensure a three spills per bathing 
season spill rate, approximately 400m3 residual 
storage was still required (photo 3).  By moving the 
storage to Furzeland Drive, the opportunity to 
provide the storage as gravity pipework ensured 
that the TOTEX costs were minimised. 



 

Photo 3: Installation of storage tanks at Furzeland 
Drive – Image courtesy of Grontmij 

Refurbishing CSOs 

Sketty Park Drive CSO already had approximately 
890m3 storage constructed as oversized pipework 
adjacent to the sewer, filled by a bifurcation pipe 
on  the  main  sewer.   The  tank  drained  by  a  small  
diameter penstock toward Sketty Green CSO.  
However, there was no control in the bifurcation 
manhole, to divert flows into the tanks, therefore 
the majority of storm flow was bypassing this CSO 
and passing toward Rhyd-y-Defaid CSO.  As such, 
the mechanical screen that had been installed in 
the CSO had operated for only a few hundred 
hours in total over the 8 years it had been in place.  
To utilise the existing asset, a CSO Technik flow 
control device was introduced into the main 
sewer, set to pass forward Formula A flow to Rhyd-
y-Defaid CSO and the remaining stormwater into 
the tanks and spill via the mechanical screen.   

The Rhyd-y-Defaid CSO was a single sided, 
unscreened  CSO.   By  limiting  flows  from  Sketty  
Park Drive, a 2D-6mm static screen was installed, 
with a spray bar to limit maintenance. 

AMP6 CSOs 

The remaining two Sketty CSOs, will be completed 
in AMP6.  These two CSOs are downstream of the 
AMP5 CSOs and the completion and success of 
these upstream CSOs will determine the level of 
storage that could be required.  Had none of the 
other CSO work been completed, then these two 
CSOs alone accounted for approximately half of 
the 22,800m3 storage.  Through the interventions 
made to the upstream CSOs, this figure was 

reduced to approximately 2,800m3.  However, it is 
these two CSOs which can benefit the most from 
other solutions, including surface water separation 
and making use of the existing assets, in this case 
the trunk sewer. 

Surface Water Separation 

The upstream catchment of Sketty Green CSO is 
served by both foul and combined systems.  The 
Morgan Sindall survey team undertook an 
extensive connectivity survey of the catchment, 
identifying that a number of roof and road/ paved 
area drained, predominantly through road gullies 
to the combined system, when there was a 
significant surface water network within a close 
distance.  Through hydraulic modelling, it has been 
estimated that through separation of the roof 
(shown in red) and road/paved (shown in brown) 
area in Figure 7 below, that the residual storage at 
this CSO can be reduced from 1,800m3 to 
approximately 100m3.   It  may  even  be  possible  
that further separation can reduce this storage 
amount to zero, through further survey.   

 

Figure 7: Connectivity investigations u/s of CSO 

Decommissioning of CSO 

Derwen Fawr’s outfall is approximately 200m from 
the mouth of the River Clyne, and was one of the 
main impacting CSOs.  Rather than construct 
storage capacity in the region of 1,000m3, there is 
the opportunity to remove this CSO completely.   

With these proposed upstream surface water 
separation schemes, combined with the fact that 
the majority of sewage now flows directly to the 
Swansea WwTW, it is expected that there is 
capacity to divert all the remaining flows into the 
trunk sewer running toward Knab Rock.  This will 



move a significant impacting CSO away from the 
bathing beach. 

Hydraulic modelling predicted that the existing 
sewer network can accommodate the increase in 
flow.   However,  there  will  be  a  small  increase  in  
spill volumes from Knab Rock, although hydraulic 
modelling predicted this would amount to an 
approximate increase of about 0.01%; therefore 
only  a  negligible  increase  to  the  Knab  Rock  spill.   
Hydrodynamic modelling completed by Intertek 
confirmed that although the proportional 
contribution from Knab Rock on the Swansea Bay 
BW marginally increases, the overall water quality 
of the BW improves, through the removal of spills 
from Derwen Fawr - a significant contributing 
point source. 

Results  

Validation of the compliance model configuration 
was undertaken by comparing STORM-OPTIMISER 
predictions against the NRW sample data collected 
at  the  Swansea  Bay  BW.   Figure  8  provides  an  
example of the comparison of the modelled and 
measured cumulative frequency distribution for E-
coli (EC). 

 

Figure 8. Comparison of measured and modelled 
cumulative frequency distributions 

The validated STORM-OPTIMISER model was then 
applied to two proposed catchment solutions:   

 Phase 1 improvements in spills (to three spills 
per bathing season) at CSOs in Mumbles and 

Swansea foreshore areas. As discussed above, 
improvements include upgraded screening, 
changes in pass forward flow, better use of 
available storage, new storage and surface 
water removal through removal of 
misconnections and landscaping solutions; and 

 Phase 1 plus the additional Phase 2 
improvements by increasing upstream surface 
water removal and the decommissioning of 
Derwen Fawr  CSO through an  increase  in  pass  
forward flow to Knab Rock Pumping Station.   

Storm hydrographs from the network model 
representing the Phase 1 and Phase 2 
improvements were assessed using STORM-
OPTIMISER to determine the change in compliance 
(relative to the baseline) and the change in 
contribution from each source. 

Table 1 summarises the overall results of the 
assessment, and Figure 9 provides detailed results 
(as pie-charts) for EC (left) and for intestinal 
enterococci  (IE)  (right).   The  key  DCWW  assets  
under investigation are coloured green in the pie 
charts, and other important DCWW assets are 
coloured orange and pink.  The diffuse, riverine 
sources are coloured blue. 

The results demonstrate that the Phase 1 
investment will deliver significant improvements in 
water quality, with the rBWD classification 
improving from Poor to borderline Sufficient.  The 
Phase 2 investment will provide further 
improvement in water quality at the BW, and the 
Sufficient classification should be achieved more 
comfortably. 

The results also indicate that following the Phase 1 
and Phase 2 improvements, the majority of 
impacts at the BW will result from diffuse sources 
(rivers  and  streams)  –  as  shown  by  the  blue  
segments of the pie charts – especially for IE, and 
that any further investment in DCWW assets 
would only provide limited improvement in water 
quality.   

 

 

 



Scenario EC 90%ile 
concentration 

IE 90%ile 
concentration 

BWD overall 
classification 

Baseline 623 EC/100ml 232 IE/100ml Poor  
Phase 1 350 EC/100ml 170 IE/100ml Sufficient 
Phase 2 275 EC/100nl 152 IE/100ml Sufficient 

Table 1 summary of the results of the baseline and the phase 1 and phase 2 predictions 

Baseline:  Poor    90%ile = 623 EC/100ml    90%ile =232 IE/100ml 

 

 

 

 

 

 

 

Phase 1: Sufficient   90%ile = 350 EC/100ml    90%ile =170 IE/100ml 

 

 

 

 

 

 

Phase 2: Sufficient   90%ile = 275 EC/100ml    90%ile =152 IE/100ml 

 

 

 

 

 

 

 

Figure 9. Summary of compliance assessment results for EC (left) and IE (right) 
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Conclusions  

Working collaboratively with NRW, and with the City and County of Swansea and the Interreg funded Smart 
Coasts project (led by University of Aberystwyth), DCWW and their delivery partners (Morgan Sindall plc, 
Grontmij, and Intertek) have identified a number of operational improvements and asset interventions to 
ensure future bathing water compliance and limit spills to three per bathing season, instead of simply 
constructing approximately 23,000 m3 storage.  These include: 

• Surface water separation schemes 

• Refurbishment of a key pumping station and sewer repairs 

• Decommissioning or upgrading existing CSOs 

• 400 m3 new storage – at only 1 of the 17 CSOs identified as critical 

• Optimisation of existing storm storage capacity  

• Removal of saline intrusion 

In addition to these interventions, an ongoing initiative led by NRW to identify and remove misconnections is 
reducing the diffuse pollution in the local rivers and watercourses. 

The integrated hydraulic, river and coastal water quality modelling has demonstrated that through the use of a 
range of novel asset interventions and improved operational management, DCWW will deliver the water 
quality improvements required at Swansea Bay BW, at reduced total expenditure (TOTEX) to its customers.  

Implementation and improvement works began in AMP5 and will continue through to completion in 2018.  
The study has shown that when this major programme of work is completed, further asset improvement by 
DCWW would deliver only relatively limited additional environmental benefits.  The study has also shown that 
diffuse pollution is now the primary impacting source, which reinforces the importance of NRW’s on-going 
efforts to reduce diffuse pollution in the local catchment. 

As a Bathing Water Protected Area under the EU’s Water Framework Directive (WFD), bringing the Swansea 
BW into compliance with the rBWD would also help compliance with WFD. 
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