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Introduction
The Severn Estuary and Bristol Channel have the second highest tidal range in the world.
Swansea Bay, which lies toward the outer end of the Bristol Channel has an average tidal range
of 8.5 m during spring tides. The construction of a tidal lagoon will enable this natural resource
to be harnessed. The proposed Swansea Bay Tidal Lagoon will be the world’s first energygenerating lagoon, with a nominal rated capacity of 320 megawatt (MW) producing renewable
power for over 155,000 homes for 120 years, saving around 236,000 tonnes of carbon dioxide
(CO2) each year. The tidal lagoon will generate renewable energy in the form of electricity using
the large tidal range (the difference between high and low water).
The lagoon will be formed by enclosing an area of Swansea Bay, between the Tawe and Neath
rivers, within a 9.5 km breakwater to create a 11.5 km² impoundment (see Figure 1). Power will
be generated by controlling the flow of seawater to and from the lagoon through a series of
turbines and sluices.
It is proposed to provide a water sports venue within the Lagoon impoundment for local,
regional, national and international events. Areas for aquaculture are also proposed. Therefore
good water quality is an importance consideration in the design and operation of the Lagoon.
Figure 1: Location overview (TLSB, 2014)
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The creation of the lagoon will modify the pattern of tidal flow within Swansea Bay. This could
alter the dispersion and distribution of pollutants discharged from Wastewater Treatment Works
(WwTWs), Combined Sewage Overflows (CSOs) and local rivers. This situation is further
complicated as the lagoon would enclose the Swansea WwTW Long Sea Outfall (LSO).
Intertek were commissioned by Tidal Lagoon Swansea Bay to assess the potential impacts of
the lagoon on water quality in relation to the Water Framework Directive, bathing water
standards and shellfish water standards.
Figure 2 provides a geographical overview of the Swansea Bay water body, highlighting the
designated WFD Waterbody, bathing and shellfish waters as well as significant local wastewater
outfalls that are operated by Dŵr Cymru Welsh Water (DCWW). These DCWW assets, along
with diffuse inputs (e.g. urban and agricultural runoff) to local streams and rivers, are known to
affect water quality in the bay to varying degrees. There are also a number of other industrial
and private discharges to the bay and river waters which may also impact water quality.
Figure 2: Water quality designations and key waste water outfalls

Since 1996 the bathing waters within Swansea Bay have seen a marked improvement in
microbiological water quality. Aberafan Sands met Higher (Guideline) standard (excluding
2006) until the two years from 2011 to 2012 where only Minimum (Imperative or Mandatory)
standard was achieved under the current Bathing Water Directive (cBWD). Swansea Bay’s
status is less certain, in the last ten years the Higher standard (Guideline) was only achieved in
2007 and 2013 under the cBWD. Natural Resources Wales (NRW) have identified that
Swansea Bay bathing water is at risk of not meeting Sufficient Class under the revised Bathing
Water Directive (rBWD) by 2015.
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DCWW is currently undertaking improvement works under the UK AMP5 Asset Management
Plan (AMP). A key objective of the AMP5 plan for Swansea Bay is a reduction in the frequency
and duration of storm spills from key CSOs in the Swansea catchment, particularly those
discharging to streams and outfalls along the Swansea foreshore. These improvements are
expected to lead to Sufficient Class at the Swansea Bay bathing water by 2015 or 2016 under
the rBWD, with a steady improvement in water quality over the intervening period as
improvement schemes come on line.

Impact Assessment Approach
As the operational tidal lagoon will not itself be the source of any pollutants it is not itself
expected to generate a direct impact on water quality. However the tidal lagoon will have an
indirect effect on water quality in Swansea Bay, because placing a large obstruction, such as
the lagoon, into the Bay will modify the existing water movement, mixing and pollutant
dispersion. It is anticipated that the following potential changes may occur:









The normal tidal circulation within the Bay will be changed because the anticlockwise
tidal gyre within the Bay will be interrupted. The lagoon will, potentially create two areas
of circulation, one to the east and one to the west of the lagoon;
The area occupied by the lagoon will be changed, potentially reducing overall mixing
within the Bay: although mixing will still occur within the Lagoon area as there will be
twice daily exchange of water within the lagoon;
The lagoon seawalls will limit the lateral dispersion of pollutants discharged from the
Tawe and Neath estuaries. However, this may have a positive benefit in causing the
plumes to move further out into the Bay, reducing their impacts on the local coastline;
The water body of the lagoon may be more quiescent and, as such, the existing mixing
of the discharges in the lagoon area may change and
The path of discharge plumes released within the lagoon will be modified and will
discharge to the bay through the turbine array, which is situated offshore.

A reduction, or change, in circulation could limit mixing and dispersion and lead to shortcircuiting of pollutant transport paths. This would be expected to lead to changes in bacteria
concentrations at bathing beaches and shellfish waters, and a change in the distribution of other
determinands, e.g. temperature, salinity, nutrients and dissolved oxygen, with the potential
formation of localised areas of increased concentration.
In order to assess the effects of the Tidal Lagoon on water quality a series of numerical models
were used. These models were applied to a Baseline (present) case and a Development
(future) case with the tidal lagoon in situ. Comparison of the output from the Baseline and
Development models allows an assessment of changes in water quality to be made.
Optimisation and mitigation measures can then incorporated in the model and tested to
determine their relative effectiveness.
The water quality assessment is based on an established fine resolution numerical model of
Swansea Bay (Figure 3) and comprehensive input data sets. The model has been continually
developed since the 1990s in support of DCWW’s investment programmes. For the present
study the models were further improved and re-validated using newly available data from the
Smart Coasts project and bespoke survey data (Titan, 2012). High levels of model validation
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were achieved and the models used in this assessment include the latest available data and
knowledge.
Discharges from DCWW assets are derived from the latest network models for the Swansea
and Afan WwTW catchments. The models were developed during AMP4 and updated and reverified during AMP5.
The study was undertaken in consultation with key stakeholders, including DCWW, NRW and
City and County of Swansea Council (CCSC).
Figure 3: Swansea Bay Coastal Model - model grid and bathymetry

Approximately 175 river, WwTW, CSO, drainage and industrial discharges were represented in
the coastal model. These discharge sources represent the significant pollutant sources to
Swansea Bay and are summarised in Figure 4, together with model discharge locations and the
locations of Smart Coast sample points used to define pollutant concentrations. To maintain a
manageable number of discharge locations, sources are grouped based on proximity.
Microbiological discharge concentrations are derived from directly measured concentrations
where possible, as this takes account of local variations and the effects of dilution by storm
water. Other pollutant concentrations (e.g. nutrients) are derived from NRW river and coastal
sample data, DCWW sample data and discharge consent information.
To assess sensitivity to the presence of the Tidal Lagoon, models are run for two conditions:
i.
ii.

Baseline, current discharges but with no Lagoon; and
Lagoon, the model is modified to include a representation of the Lagoon and re-run: all
discharge conditions remaining the same as the Baseline.
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Figure 4: Discharge sources, model discharge locations and Smart Coasts sample sites

Model output from Baseline and Lagoon applications were compared to determine the potential
sensitivity of water quality in Swansea Bay to the Tidal Lagoon. The Sensitivity Applications
were run for microbiology, temperate and salinity, nutrients (Nitrogen) and Dissolved Oxygen
(DO).
From these applications changes in plume behaviour and the distribution of pollutants in
response to the presence of the lagoon were determined. Results were also assessed against
relevant standards, e.g. rBWD and Shellfish Waters Directive (SWD) standards and WFD
UKTAG standards where applicable.
Intertek’s STORM-IMPACT modelling system was used to undertake a detailed assessment of
microbiological impacts. STORM-IMPACT allows full assessment of impacts under a range of
conditions (e.g. rainfall, discharge phasing, tide and wind). All significant discharges can be
accounted for and their relative contributions to the total impact can be assessed. This allowed
assessment of compliance with bathing water and shellfish water standards.
Optimisation applications
During the design development of the tidal lagoon a number of different designs for the lagoon
were modelled to minimise the impacts on water quality and other receptors. Initial
assessments showed that storm discharges from the Swansea LSO would significantly affect
bacteria concentrations within the lagoon, such that water quality would not be sufficient to
facilitate water based activities, i.e. a minimum Sufficient standard under the rBWD. Three
options to reduce the impacts of the storm discharge on the lagoon were assessed. These
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were storm storage, Ultra Violet (UV) disinfection of storm water and a 1.5 km extension of the
outfall to beyond the lagoon wall. Optimisation runs were undertaken to determine the best
option.

Results
Swansea LSO Optimisation Results
Figure 5 presents the results of a series of model applications to assess the effects of the
Lagoon on the Swansea WwTW LSO discharge. The plots present maximum (95%ile)
concentrations during a continuous storm discharge over a spring tide.
Predicted
concentrations are highly conservative, as prolonged discharges of storm water would not
occur, but provide a means of assessing relative change.
With the lagoon in place changes in hydrodynamics caused by the lagoon would cause the
storm discharge from the Swansea LSO to affect a greater area along the Swansea seafront
(Figure 5a and 5b). Within the Lagoon, although there is little change over the Baseline
condition, the results indicate water quality in the lagoon not meet Sufficient Class under the
rBWD.
The storage volumes required to sufficiently reduce spills from the WwTW were found to be
unfeasible and could not be accommodated within the available land. UV disinfection would
allow large parts of the lagoon area to be used for all year round water sport activities. However
sufficient land within the WwTW footprint would be required for the plant and there would be a
requirement for an emergency response plan and a water quality management plan to advise
the public during periods when water quality is potentially poor. The UV plant would also have
to be adopted by DCWW with potential long-term consequences to DCWW’s business.
Outfall extension would potentially be the most costly option, but presents a more sustainable
long-term solution. It presents a significant engineering challenge in passing the outfall under
the Lagoon wall, with potential risks to the integrity of the pipe and lagoon should the Lagoon
wall settle significantly.
Extending the outfall reduces impacts along the Swansea coastline, with a reduction over the
Baseline (Figure 5, c). The plume moves further offshore and closer to the Afan coastline.
Water quality within the lagoon is significantly improved, although some dilute storm water is
drawn back into the lagoon on the flood tide generation.
Applying UV disinfection to the storm discharge at the current outfall location (Figure 5, d)
significantly reduces the concentration of the discharge, resulting in minimal impact of the storm
discharge on Swansea Bay and improved water quality within the lagoon.
Overall extending the outfall by 1.5 km provides the best overall solution, providing improved
bathing water and shellfish water quality, high water quality within the lagoon impoundment,
without the need for on-going maintenance and management plans.
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Figure 5: Comparison of the effects of the Lagoon and optimisation options on effluent dispersion from the Swansea WwTW LSO (E Coli /100ml)
95%ile E Coli concentration:
Continuous storm discharge
Spring tide
No wind

a) Baseline

b) Lagoon

c) Outfall Extension (1.5km)

d) UV Disinfection
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Microbiology Results
Results from the STORM-IMPACT assessment and coastal model sensitivity runs were used to
determine the impacts of the Lagoon on bathing and shellfish water quality. Figures 6 and 7
show example output from a coastal model sensitivity runs and provide an indication of the
effects of the Lagoon and optimisation options on microbiological water quality within the bay.
Figure 6 shows predicted maximum (95%ile) concentrations during a typical storm event and
Figure 7 shows predicted concentrations during dry weather. From the model results the
following observations can be made:












The presence of the lagoon changes the hydrodynamics of the central area of Swansea
Bay. The lagoon blocks east / west dispersion of the Tawe and Neath river plumes. The
river plumes become attached to the lagoon walls producing a slight increase in
exchange with offshore waters (Figure 6).
Changes in hydrodynamics between the turbines and Mumbles Head lead to an
increase in exchange with offshore water to the west of the Lagoon. This has the effect
of reducing bacteria concentrations along the Swansea shoreline and marginally
increasing bacteria concentrations along the Gower coast (Figure 6).
Trapping of the Swansea LSO discharge in the lagoon slightly improves water quality in
the area to the east and west of the lagoon, but has little overall effect on water quality at
the Swansea and Aberafan Bathing Waters (Figure 6).
Overall, the presence of the lagoon is not predicted to have a detrimental impact on the
bathing waters or shellfish waters within Swansea Bay. The lagoon would provide a net
improvement in microbiological water quality in Swansea Bay, particularly at the
Swansea Bay and Aberafan Bathing Waters, which would be further improved by UV
treatment or outfall extension.
Within the Lagoon impoundment some areas would meet rBWD Sufficient class, but
large areas would be unsuitable for bathing activities following storm events. During dry
weather bacteria concentrations would be low enough to meet the Good or Excellent
thresholds of the rBWD, except close to the LSO (Figure 7).
Optimisation options reduce the impact of the Swansea LSO storm water discharge the
lagoon impoundment. UV disinfection would provide rBWD Good or Excellent class over
most of the lagoon. Outfall extension would provide Excellent rBWD class in the whole of
the lagoon, but would cause a slight increase in bacteria concentrations in the southern
part of Swansea Bay, as the discharge is displaced to the south (Figure 6 and Figure 7).
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Figure 6: Comparison of effects of the Lagoon and optimisation options on microbiological water quality, wet weather 95%ile (E Coli / 100ml)

E Coli /100ml
Storm event
Spring tide
No wind

a)

c)

Baseline 95%ile

UV disinfection 95%ile

b)

d)
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Outfall extension 95%ile
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Figure 7: Comparison of effects of the Lagoon and optimisation options on microbiological water quality, dry weather 95%ile (E Coli / 100ml)

E Coli /100ml
Background loads
Spring tide
No wind

a)

c)

Baseline 95%ile

UV disinfection 95%ile

b)

d)
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WFD Results
Results from coastal model sensitivity applications were used to determine the impacts of the
Lagoon on water quality under WFD, in particular salinity, temperature, nitrogen and DO. The
model results were compared with relevant WFD UKTAG standards to provide a context for
assessing baseline water quality and the effects of the lagoon. The WFD results demonstrated
the following:












The lagoon causes changes in hydrodynamics and circulation in the previously open
water affected by the lagoon.
The physical structure of the lagoon limits the dispersion of the Tawe plume in an
easterly direction and the Neath plume in a westerly direction, and limits the interaction
of these two water masses, particularly as the tide floods into the estuaries
Increased exchange occurs between the bay waters to the west of the Lagoon and the
waters offshore of Mumbles.
These changes are most clearly seen in the distribution of salinity in the intertidal and
shallow areas along the Swansea and Afan coastline. To the west of the Lagoon
average salinity increases by 1 psu to 5 psu as more saline water enters this area. To
the east of the Lagoon the reduced dispersion of the River Neath plume causes as 1 psu
to 5 psu reduction in local salinity. The salinity range in the area occupied by the lagoon
reduces from 15 psu to 5 psu, as the salinity becomes more stable at 25 psu to 30 psu.
Given the naturally high variability in salinity within the Bay the predicted change in
salinity is unlikely to have a significant impact.
Changes in temperature are much smaller, maximum temperature variations are less
than 1°C. Overall, these changes are not considered significant, as they are within
normally expected variability.
Nutrient (nitrogen) concentrations in Swansea Bay are predicted to show a general
reduction due to greater exchange with offshore waters, which have lower nitrogen
concentrations. There will be a small localised increase in the areas adjacent to the
Tawe and Neath estuaries, as dispersion of nitrogen rich river water is slightly reduced
by the presence of the Lagoon structure. A small increase in nitrogen concentrations is
also predicted in the lower parts of the Tawe and Neath estuaries, but this is not
sufficient to affect WFD status.
Dissolved oxygen concentrations are largely unaffected by the lagoon and no adverse
effect on the High WFD class is expected.

Conclusions
The assessment considers relative changes against a Baseline (2015) case and the impacts of
these changes on existing water quality, measured against relevant microbiological and
chemical standards under the WFD. Changes have been predicted using a validated coastal
model combined with the comprehensive input data sets. A precautionary approach to the
model applications and assessment of results was adopted to provide a high level of
confidence.
The presence of the lagoon in Swansea Bay would lead to changes in tidal circulation and
exchange of water between the Bay and the offshore waters of the Bristol Channel. The effects
of these changes on water quality are generally positive and cause a small improvement in
water quality over the majority of Swansea Bay. These effects include:
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A small improvement in predicted microbiological water quality at the Swansea Bay and
Aberafan Bathing Waters.
Small changes in water quality in the shellfish waters, with potential improvement in
some areas. The magnitude of these changes would not be expected to affect shellfish
flesh quality or class.
Temperature and salinity will change in the shallow and estuarine areas of Swansea
Bay. The magnitude of any change would be seasonally variable, with greatest change
likely in winter. However these changes are within the natural range and are not
expected to have an adverse impact.
Nitrogen concentrations would be likely to fall slightly over most of Swansea Bay as
mixing between the water in the bay with offshore water is increased causes slightly
more efficient flushing of nutrient rich river water from the Bay. A small increase in
nitrogen concentration in and around the river estuaries is predicted but would not be
expected to have an adverse effect on WFD status or lead to increased primary
production.
The lagoon has very little effect on dissolved oxygen levels in Swansea Bay.
Microbiological water quality in the lagoon would be slightly improved over Baseline
conditions, and parts of the shoreline within the lagoon would be expected to meet
Sufficient class under the rBWD.

Two optimisation options have been considered to improve water quality in the Lagoon
impoundment: implementation of UV treatment of storm water discharge from the Swansea LSO
and extending the LSO by 1.5 km to take it outside of the Lagoon. While both options provide
significant improvements in microbiological water quality the outfall extension is the preferred
option. Extending the outfall would bring potential benefits to all areas of water quality, as it
would move the discharge further out into the Bay and into an area of higher dispersion;
although a slight reduction in water quality around the new location is to be expected.
Overall the impacts of the lagoon would not be expected to adversely affect water quality within
Swansea Bay. WFD class for the determinands considered would not be affected.

For further information on this exciting project please visit the Tidal Lagoon Swansea Bay
website at www.tidallagoonswanseabay.com
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