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1.0 Purpose of this document  

1.1 Introduction 

1.1.0.1 This updated Water Framework Directive (WFD) Assessment Report (v2 - October 
20141) has been prepared to assess the potential impacts of the proposed development 
of a Tidal Lagoon at Swansea Bay (the Project or Lagoon). The Project is proposed for 
land  at Queens Dock, land at Crymlyn Burrows and land at Baglan Bay, Swansea and a 
marine area within Swansea Bay.  For more detail of the Project see Section 2 and the 
Environmental Statement produced for the Project (Tidal Lagoon Swansea Bay plc 
(TLSB), (2014)). 

1.1.0.2 This updated Report(v2) has been prepared following discussions with Natural 
Resources Wales (NRW) and relates to TLSB’s application for a Development Consent 
Order (DCO) (for more detail of the consents required for the Project see Section 2).   

1.1.0.3 The WFD (Directive 2000/60/EC of the European Parliament and of the Council 
establishing a framework for the Community action in the field of water policy) was 
implemented in the UK by the Water Environment (Water Framework Directive) 
(England and Wales) Regulations 2003. 

1.1.0.4 The fundamental principle of the Directive is to protect water resources and to promote 
sustainable water use.  The WFD was put in place to: 
i. Enhance the status, and prevent further deterioration of, aquatic ecosystems and

associated wetlands which depend on the aquatic ecosystems; 

ii. Promote the sustainable use of water;

iii. Reduce pollution of water, especially by ‘priority’ and ‘priority hazardous’
substances; and

iv. Ensure progressive reduction of groundwater pollution2.

1.1.0.5 The WFD sets the objectives for all waterbodies in Europe classified under the WFD. 
Table 1.1 provides a summary of the WFD objectives. 

Table 1.1  Summary of Water Framework Directive objectives 
Objectives Reference 

Member states shall implement the necessary measures to prevent deterioration of 
the status of all bodies of surface water. 

4.1(a)(i) 

Member states shall protect, enhance, and restore all bodies of surface water, subject 
to the application of subparagraph (iii) for artificial and heavily modified bodies of 
water, with the aim of achieving good surface water status by 2015.  

4.1(a)(ii) 

Member states shall protect and enhance all artificial and heavily modified 
waterbodies of water, with the aim of achieving good ecological potential and good 
surface water chemical status by 2015. 

4.1(a)(iii) 

Progressively reduce pollution from priority substances and cease or phasing out 
emissions, discharges and losses of priority hazardous substances.  

4.1(a)(iv) 

1 Principle changes to text since v1 have been shown in Blue font. 
2 http://ec.europa.eu/environment/water/water-framework/  
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1.1.0.6 The WFD creates a mechanism through which each signatory has to aim to bring its 
water resources to an accepted biological and chemical standard (good 
ecological/chemical status for natural waterbodies; and good ecological potential/good 
chemical status for artificial/heavily modified waterbodies) by 2015; this is based on a 
series of parameters (quality elements) dependent on the type of waterbody 
considered (i.e. rivers; lakes; transitional waters and coastal waters) and its 
hydromorphological designation (i.e. natural; artificial or heavily modified).  In cases 
where good status/potential cannot be achieved by 2015 a provision is given under 
Article 4.4 of the WFD extending the deadline to 2021 or 2027. The date has been 
extended to 2027 in respect of a large number of waterbodies. Within Wales the 
competent authority, as of 2013, for delivering the Directive is NRW (preceded by the 
Environment Agency). Around 20% of waterbodies in England in Wales are currently 
meeting the objective. 

1.1.0.7 The WFD requires member states to establish river basin districts and a management 
plan for each.  In Wales, as in England, WFD-related actions are managed through the 
River Basin Management Plan (RBMP) process.  For the Project, the relevant RBMP is 
the Western Wales RBMP.  The first Western Wales RBMP was published by 
Environment Agency Wales in 2009 and it is currently being updated by NRW. 
Waterbody Action Plans (WAPs) are also available and these summarise the key 
features and objectives of the waterbody along with updated information on the 
current WFD status between revisions of the RBMPs.   

1.1.0.8 The WFD has important implications for planning works that may affect relevant 
waterbodies.  It has the effect of controlling such development such that it does not 
cause deterioration in waterbody status, ideally, such development should improve the 
status of the affected waterbodies.  

1.1.0.9 The WFD (Articles 4.7 and 4.8) provides that, in the event of a project resulting in an 
adverse impact on a waterbody which could cause a deterioration in its WFD status, or 
could prevent actions which are required to raise the WFD status of the waterbody, 
then the project must be assessed and justified in the context of the actions proposed 
to mitigate the adverse impact on the status of the waterbody.   

1.1.0.10 The WFD does allow derogations from its requirements to prevent deterioration in 
status or to restore waterbodies to Good Ecological (or Good Potential) status if the 
Development meets certain socio-economic and environmental criteria. For a 
derogation to be applicable, it must satisfy the criteria in Article 4.7: 
 
Article 4.7   ‘Member States will not be in breach of this Directive when: 
 
-  failure to achieve good groundwater status, good ecological status or, where 

relevant, good ecological potential or to prevent deterioration in the status of a 
body of surface water or groundwater is the result of new modifications to the 
physical characteristics of a surface waterbody or alterations to the level of bodies 
of groundwater, or 

-  failure to prevent deterioration from high status to good status of a body of 
surface water is the result of new  sustainable human development activities and 
all the following conditions are met: 
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(a) all practicable steps are taken to mitigate the adverse impact on the status 
of the body of water; 

 
(b)  the reasons for those modifications or alterations are specifically set out 

and explained in the river basin management plan required under Article 13 
and the objectives are reviewed every six years; 

 
(c)  the reasons for those modifications or alterations are of overriding public 

interest and/or the benefits to the environment and to society of achieving 
the objectives set out in paragraph 1 are outweighed by the benefits of the 
new modifications or alterations to human health, to the maintenance of 
human safety or to sustainable development, and 

 
(d)  the beneficial objectives served by those modifications or alterations of the 

waterbody cannot for reasons of technical feasibility or disproportionate 
cost be achieved by other means, which are a significantly better 
environmental option.’ 

1.1.0.11 Where a derogation is proposed under Article 4.7, Article 4.8 of the WFD requires that 
other waterbodies are not adversely affected. This means that a similar consideration 
must be applied to these waterbodies.  Article 4.8 states: 

 ‘When applying paragraphs 3, 4, 5, 6 and 7, a Member State shall ensure that the 
application does not permanently exclude or compromise the achievement of the 
objectives of this Directive in other bodies of water within the same river basin district 
and is consistent with the implementation of other Community environmental 
legislation.’ 

1.1.0.12 TLSB prepared a WFD Assessment Report as part of the application for Development 
Consent (Document 8.5) in respect of the Project.  Within that report and the 
Environmental Statement (ES) that was also prepared, the fundamental process by 
which the design of the Project has been developed to minimise the effects on the 
environment has been presented.  Since submission of the original WFD Assessment 
Report, following ongoing consultation with NRW, a further version of the WFD 
Assessment Report was submitted to the Planning Inspectorate on 6 August 2014.  
Subsequently, the report has been further revised following consultation with NRW, 
with this version being submitted to the Planning Inspectorate on 7 October 2014.  This 
is explained further below.         

1.2 Document updates 

1.2.0.1 The Relevant Representation from Natural Resources Wales (reference 
SH/2014/116403, 11 April 2014) (NRW) refers to the Water Framework Directive (WFD) 
Assessment.    In its Relevant Representation, NRW provided its view that the WFD 
Assessment Report did not contain sufficient information to assess the potential 
impacts on waterbody status adequately nor fully consider Article 4.7 and Article 4.8.  
At the stage of their Relevant Representation, NRW were of the view that deterioration 
of Swansea Bay waterbody is likely and deterioration or other waterbodies a possibility, 
and that Articles 4.7 and 4.8 should be fully considered.   

Tidal Lagoon Swansea Bay 
Water Framework Directive Assessment – Updated Report – v2 Page  3 
 



 Tidal Lagoon Swansea Bay plc  
 

1.2.0.2 Further advice from NRW within an email sent on the 3 June 2014 and a meeting held 
on the 13 June 2014 indicated a need for TLSB to update the WFD assessment in order 
to address the aspects that they refer to, namely:  

“It is our position that the proposed development would change the condition of many 
of the components that define the status of Swansea Bay waterbody and therefore it 
will cease to function as a discrete physical and ecological unit.  The development would 
result in significant changes to the hydro-morphology of Swansea Bay waterbody which 
will impact upon ecology. The following criteria have been used as a basis for NRW’s 
advice that the scheme will cause deterioration of the Swansea Bay waterbody: 

• The UKTAG guidance states that absolute areas 'inconsistent with classification of 
good, moderate or poor' for coastal waters of 1.5km². (UKTAG Guidance 
‘Recommendations on Surface Water Classification Schemes for the purposes of 
the Water Framework Directive’ page 41. 

•  ‘Clearing the Waters’ guidance for the assessment of new projects, applied to the 
metrics of the capital dredge component of the lagoon development only, results 
in an area of 5.44% of the waterbody being impacted; the guidance states that an 
area of >5% of the waterbody would trigger the need for a full deterioration 
assessment and an activity of this scale to have the potential to cause 
deterioration at waterbody level.  

• Expert judgement concludes that the development will cause deterioration of this 
waterbody through loss of integrity of the waterbody as a whole and degradation 
of its habitats. In addition, the development will impede the achievement of some 
of its mitigation measures, thus compromising the achievement of Good 
Ecological Potential by 2027. 

1.2.0.3 An updated WFD assessment report was submitted to the Planning Inspectorate in 
August 2014 in response to the above comments from NRW.  The report was also 
published and advertised to enable the public and consultees to comment further in 
September 2014.   

1.2.0.4 On the 11 September 2014, further comments were provided to the Planning 
Inspectorate by NRW on the updated WFD assessment report.  Key issues raised related 
to water quality issues, benthic invertebrates within Swansea Bay, mobilisation of 
contaminants, mitigation measures and option assessment.  A meeting was held with 
NRW on the 25 September 2014 to discuss revisions to the WFD compliance assessment 
and the Report.  Subsequently, TLSB has prepared this updated WFD Report(v2) which 
is being submitted to the Planning Inspectorate on the 7 October 2014. 

1.2.0.5 This updated Report(v2) identifies the WFD waterbodies that may be affected by the 
Project which may require assessment under Articles 4.7 and 4.8 of the WFD.  Within 
this updated Report(v2), the Project is described, and an assessment in respect of 
compliance with the WFD through its various stages is presented (Sections 3 – 4).  The 
outcome of the study is presented in Section 4 of this report. 

1.2.0.6 TLSB have also prepared Sections 5 and 6 of this Report(v2) to provide relevant 
information to assist NRW to assess the Project appropriately in accordance with 
Articles 4.7 and 4.8 of the WFD.  Sections 5 and 6 consider the criteria in Article 4.7 and 
Article 4.8 based on the EC Common Implementation Strategy for the Water Framework 
Directive (2000/60/EC) Guidance Document No. 20 Guidance Document on Exemptions 
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to the Environmental Objectives (EC Commission, 2009), further discussions with NRW 
and other relevant documents.  This exercise has been performed as follows: 

i. identify those waterbodies to which an assessment under Article 4.7 is 
considered to be applicable and described: 

a) whether the Project will comprise all practicable steps and to mitigate adverse 
effects on waterbody status; 

b) how the Project should be addressed in river basin management plans; 

c) a statement as to the application of reasons of overriding public interest and 
for benefits of the Project; and  

d) a consideration of alternatives. 

ii. identifying waterbodies where an assessment is required under Article 4.8 and a 
consideration of whether WFD objectives are compromised by the Project 
and/or implementation of other Community Legislation. 

1.2.0.7 For point (i) above, Section 5 has been structured to provide information under the 
following key headings:  

• Mitigation  
• Public Interest  
• Sustainable Development: Economic, Social and Environmental  
• Technical Feasibility and Disproportionate Cost.    

1.2.0.8 Section 6 of the report provides information relevant to point (ii). 

1.2.0.9 NRW, as a competent authority on behalf of the Welsh Government, will use the 
information contained in this report to assess the Project in accordance with Articles 4.7 
and 4.8 of the WFD.  This will enable NRW to provide guidance to the Planning 
Inspectorate.  It is TLSB’s view that the Project meets the criteria for derogation under 
Article 4.7 for Swansea Bay Coastal Waterbody as discussed further in sections 5, 6 and 
7 of this report. 
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2.0 The Project and site setting 
2.1 Introduction   

2.1.0.1 TLSB is proposing to construct and operate a tidal energy lagoon, located in Swansea 
Bay, South Wales (Figure 2.1). The tidal lagoon will generate renewable energy in the 
form of electricity using the large tidal range (the difference between high and low 
water) which is a distinguishing feature of the Bay. The lagoon will have a nominal rated 
capacity of 240 Megawatts (MW), generating 400GWh net annual output. This is 
enough electricity for approximately 121,000 homes: more than Swansea’s annual 
domestic electricity use (109k households); c.70% of Swansea Bay’s annual domestic 
electricity use (Swansea, Neath & Port Talbot, 173k households); or c.9% of Wales’ 
annual domestic electricity use (based on 1,369k households). 

 

Figure 2.1: Location of Project   

2.1.0.2 In addition to generating electricity, the Project also aims to provide visitor facilities and 
other amenities including art, education, mariculture and sporting/recreational 
facilities. The seawall is expected to be open to the public during daylight hours for 
walking, running, cycling etc., though access will be controlled in extreme weather.  

2.2 Consenting Process 

2.2.0.1 As the Project is an offshore electricity generating station of more than 100MW, it is a 
Nationally Significant Infrastructure Project (NSIP) under the Planning Act 2008. 
Construction of such a project requires that a Development Consent Order (DCO) is first 
granted by the Secretary of State for Energy and Climate Change via an application to 
the Planning Inspectorate (PINS) under the 2008 Act.  

Tidal Lagoon Swansea Bay 
Water Framework Directive Assessment – Updated Report – v2 Page  6 
 



 Tidal Lagoon Swansea Bay plc  
 

2.2.0.2 The DCO for the Project will embrace a number of separate consents formerly required 
for a project of this type. Section 33 of the Planning Act 2008 dispenses with the need 
for separate planning permission or deemed planning permission under the Town and 
Country Planning Act 1990 (TCPA 1990) and consents under Section 36 of the Electricity 
Act 1989. Any permissions required under TCPA 1990 will be sought after the grant of 
DCO consent, as these elements will not be integral to the construction or operation of 
the elements of the Project as defined by the DCO.  

2.2.0.3 The DCO will authorise construction and operation of the generating station itself, and 
its component parts. These include both offshore and onshore elements of the project, 
including the integral electrical grid connection works.  

2.2.0.4 As the Project lies within Welsh waters, an application for a Marine Licence has been 
made to the Marine Licensing Team within Natural Resources Wales (NRW). The 
process for granting a Marine Licence is set out by the Marine and Coastal Access Act 
2009 which gives the appropriate licensing authority (NRW in this case) powers to grant 
or not grant a marine licence to an applicant who wishes to carry out licensable 
activities in territorial waters.  

2.2.0.5 An application for a Marine Licence has been submitted concurrently with the 
application for the DCO. The requirement for a Marine Licence (ML) is broadly defined 
by works taking place in the offshore environment that affect the seabed or the 
movement of materials related to it. In this sense, elements of the offshore Project that 
are subject to the DCO application are also subject to a separate ML application.  

2.3 Overview of the Project 

2.3.0.1 The Project is situated at Swansea Port, approximately 2.2 km southeast of Swansea 
City Centre. The Project as a whole spans the administrative areas of the City and 
County of Swansea Council (CCSC) and Neath Port Talbot County Borough Council 
(NPTCBC). The main onshore development lies within the Port area, immediately south 
of Fabian Way (A483) which is the main trunk road from Junction 42 of the M4 into 
Swansea. 

2.3.0.2 The onshore development area (Figure 2.2) provides an indication of where the 
structures associated with the Project will be located. Immediately west of the site, 
adjacent to the boundary, is the mouth of the River Tawe and to the east of the site, is 
the River Neath.  

2.3.0.3 Figure 2.2 provides an indication of the Project and the wider extent to the mouth of 
the River Neath related to the national grid connection at Baglan.  
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Figure 2.2: The Project  

2.3.0.4 The following provides an overview of the Project, including its construction and 
operation.  Certain elements are defined as parameters to permit appropriate levels of 
flexibility for future design development including consideration of options (turbines 
and construction methods) as well as construction phase planning. These options are 
discussed throughout the Environmental Statement produced for the Project and, the 
likely worst case option is described and assessed within this report. 

2.3.0.5 The lagoon will enclose part of Swansea Bay, from the eastern side of the River Tawe 
(western landfall) to the eastern edge of the new Swansea University Bay Campus 
(SUBC) (eastern landfall). The new seawalls that impound the lagoon will extend 
approximately 1.5km directly offshore from the campus, adjacent to Crymlyn Burrows 
SSSI.  The seawalls will then extend in a southwest direction along the western 
boundary of the training wall of the River Neath Channel. A turbine and sluice gate 
housing will be located in the south west of the lagoon, at an oblique angle to the 
dredged channel of the river Tawe.  The seawall will then extend north towards 
Swansea Port, close to the mouth of the River Tawe parallel but off set by 100m to the 
dredged channel for the River Tawe. In total, this will form an approximately 9.5km-
long, U-shaped, seawall which will encompass approximately 11.5km2 of the seabed, 
foreshore and intertidal area of Swansea Bay.   

2.3.0.6 The seawall will have a sediment core held in place by a casing of sediment-filled 
geotextile tubes, known as Geotubes®. The outside of the structure will be covered in 
rock armour of various sizes, depending on its level of exposure (Figure 2.3). The sand 
used to form the walls will be taken from within the lagoon footprint. Rock armour will 
then be brought in by sea to provide protection. The top of the seawall will have an 
access road which will be used for operation and maintenance of the lagoon as well as 
for visitors.  
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Figure 2.3: Example cross-section through lagoon seawall 

2.3.0.7 An alternative design of the seawall could be used that doesn’t incorporate Geotubes® 
and is a conventional construction of a sea structure, an illustration of what this would 
look like is shown below in Figure 2.4. The seawall would still have a sediment core 
which would be held in position by large piles of gravel dredged from within the Lagoon 
or quarry run material. The quarry run material would be what was left over after the 
blasting for the rock armour. The footprint and angle of the slopes would remain largely 
unchanged from the design incorporating Geotubes®. The volumes of material dredged 
for the conventional construction method would be the same, if not less than for 
Geotubes®, as such Geotubes® have been taken forward in this assessment. 

 

Figure 2.4 Section of the Lagoon seawall using conventional construction 

2.3.0.8 The hydro (water) turbines (between 13 and 16), located within the turbine and sluice 
gate housing, will be bi-directional, namely able to generate power with flows of water 
in both directions (i.e. on both incoming and outgoing tides).  The turbines, which will 
be up to 7m in diameter, will be permanently underwater (Figure 2.5).  There will also 
be between 6 and 10 sluice gates – these are large gates which will be underwater and 
able to let seawater in and out of the lagoon without going through the turbines, as 
required. 
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Figure 2.5: Cross-section of turbine housing structure 

2.3.0.9 To generate electricity, as the sea starts to rise (flood tide) from low tide level, water is 
prevented from entering the lagoon for an average of 2.5 hours, and this creates a 
difference in water levels known as ‘head’. Once sufficient head has been reached, the 
water is allowed to flow into the lagoon through the turbines, turning the runner (like a 
propeller) and generating electricity. This process is repeated on the ebb tide, where 
the water is prevented from leaving the lagoon until there is sufficient head to start the 
process again (Figure 2.6). 

 
Figure 2.6: Illustration of water flow between the sea and the lagoon 

2.3.0.10 Towards the end of the ebb or flood tide the sluice gates will be opened. This is to 
empty or fill the lagoon as quickly as possible before low or high tide level. By doing 
this, it ensures that the lagoon water level is as close to the outside sea level as 
possible, before the tide starts to rise or fall again. This is to maximise electricity 
generation and to keep the intertidal area as close as possible to that occurring 
naturally outside the lagoon. If variable speed turbines are feasible, an option to pump 
the seawater at the end of the tide could be used to further equalise seawater levels. 

2.3.0.11 This generation sequence will happen on both the flood and ebb tides, four times a day 
in total. Figure 2.7 illustrates this generating cycle. 
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Figure 2.7: Indicative 48-hour operating cycle for the lagoon 

2.3.0.12 The electricity generated from the lagoon will be transported to the nearest National 
Grid substation at Baglan by underground cables. The cables will be laid in the seawall 
and then where possible alongside existing roads/paths to the River Neath and onto the 
substation. To cross the River Neath, the cable will either be put through existing 
disused pipes or it will be drilled underneath the river. 

2.3.0.13 At the end of the lifetime of the project (120 years) there are there are two potential 
options. 

i. Replace, upgrade and extend life of power generating station; and 

ii. Remove turbines and sluice gates and continue leisure use of the impounded area.    

2.4 Project updates 

2.4.0.1 Since submission of the DCO application, a number of variations to the Project 
identified within the ES have been confirmed and the monitoring proposed within this 
document reflects the current situation.  More details can be found in the Adaptive and 
Environmental Management Plan (AEMP Revision 2). The variations relevant to this 
WFD Assessment compromise: 

• Following extensive discussions with Dwr Cymru Welsh Water, it has been 
confirmed that the long sea outfall will be extended by approximately 1.5km to 
discharge outside of the lagoon.  The existing outfall is buried beneath/within the 
seabed of Swansea Bay and, similarly, the outfall extension will be buried. 

• The temporary cofferdam will be a sediment cofferdam constructed using 
Geotubes® or quarry run and rock armour.  A twin sheet pile option is not being 
progressed. 

• There will be no micrositing of the turbine and sluice gate housing.  The turbine 
and sluice gate housing will be positioned at Location A on the southwest straight 
of the lagoon seawalls (see Figure 2.2). 

• Variable speed turbines will be used with pumping at the end of the tidal cycle. 

• Grid connection cable directionally drilled beneath the Neath Estuary. 
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2.5 Project components for WFD assessment 

2.5.0.1 The project has been split into offshore works, onshore works, grid connections works 
and decommissioning for assessment purposes. It should be noted that in terms of the 
offshore element of the Project there are a number of component parts (both 
temporary and permanent) which come together to form the Lagoon.  Although integral 
to each other for ease of reference these have been discussed separately under various 
headings. Those considered particularly relevant to the WFD, on the basis of their 
proximity to the fluvial, estuarine and marine environment, are considered further 
within Section 3 and are shown in red: 

Offshore works 
1. turbine and sluice gate housing structure including:

i. Construction of temporary cofferdam;

ii. 16 fixed speed turbines, each with 7m diameter;

iii. 8 sluice gates;

iv. Scour protection mattresses;

2. lagoon seawalls;

3. boating centre slipways and sailing area associated with western landfall;

4. outfall extension;

5. dolphin piles for marine safety zone;

6. removal of Swansea Port eastern breakwater;

7. mariculture;

8. widening works to Neath Harbour channel (including repositioning of training
wall(s);

9. maintenance dredging;

10. Offshore building, on top of turbine and sluice gate housing structure;

11. Permanent cranage;

12. Temporary stockpile areas (intertidal rock storage).

Onshore works 

13. Western Landfall Building;

14. Eastern Landfall visitors viewing platform;

15. Visitor parking;

16. Highways access;

17. Pedestrian and cycle access;

18. Temporary stockpile areas;

19. Other features such as coastal landscaping.

Grid Connection Works 

20. Grid connection cable route.
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Decommissioning 

21. Decommissioning (maintain, upgrade and extend use, or remove turbines and
sluice gates and continue leisure use).

2.5.0.2 The location of the Project is shown in Figure 2.1 with the various onshore and offshore 
components shown on Figure 2.2. 
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3.0 Methodology for WFD Compliance Assessment 
3.1 Introduction 

3.1.0.1 In order to assess whether the Project is compliant with the objectives set out in the 
WFD, the following steps have been undertaken: 

i. Stage 1 – Defining the study area, based on the location of key components of the
Project, the distance of waterbodies from the Project, and the hydrological
connectivity of waterbodies to the Project (discounting those waterbodies not
considered to be relevant using the theoretical likelihood of the Project
interacting with WFD status or potential);

ii. Stage 2 – Collating baseline data on the screened-in waterbodies, their current
WFD status and potential, their specific objectives and any mitigation measures
or failures undertaken to date;

iii. Stage 3 – Defining the relationship of the Project's components with the included
waterbodies (i.e. screening out components not considered to be relevant so that
the possibility of effect and the consequences can be identified);

iv. Stage 4 – A preliminary assessment of the remaining screened in components of
the Project against the WFD elements (biological, chemical and
hydromorphological element that make up the overall WFD status) of the
screened in waterbodies. This is to identify whether any components could have
an impact on the status or potential of the waterbodies and whether a detailed
assessment is required. Other developments that could potentially have a
cumulative impact with the Project have been considered in this section;

v. Stage 5 – Undertake a detailed assessment based on the findings of the
preliminary assessment in respect of any components of the Project, identified as
likely to have an impact upon the WFD elements.  This assessment will also
consider any conflicts between the Project and relevant RBMP mitigation
measures, and any cumulative impacts of the development.

3.1.0.2 The assessment carried out, pursuant to the WFD, and reported within this document 
draws information from other assessments reported elsewhere, particularly the 
Environmental Statement (ES) relating to the Project. 

3.2 Study Area (Stage 1) 

3.2.0.1 The Project will be situated within the Western Wales River Basin District (RBD) 
(Environment Agency, 2009) which extends across the entire western half of Wales 
from the Vale of Glamorgan in the south, to Denbighshire in the north and includes the 
island of Anglesey off the north-west coast of North Wales as shown in Figure 3.1. 
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Figure 3.1 Western Wales River Basin District3  

3.2.0.2 Coastal waterbodies, transitional (estuarine) waterbodies, river waterbodies and 
groundwater waterbodies that host the key components of the Project and those that 
are adjacent, upstream and downstream of the Project i.e. hydrologically connected, 
that are considered within this assessment are listed in Table 3.1.  This table has been 
updated since production of the original WFD report to include further waterbodies 
provided by NRW, following consultation that confirmed they should be assessed in 

3  http://www.environment-agency.gov.uk/research/planning/33116.aspx; accessed December 2013 
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respect of the potential for effect upon migratory fish.  Figures showing the location of 
the coastal, estuarine and groundwater waterbodies are provided in Appendix 1. 

Table 3.1 WFD waterbodies considered within the assessment 

Waterbody No. Waterbody Name 

Coastal Waterbodies 

GB611008590001 Bristol Channel Outer North  

GB641008260000 Swansea Bay 
Estuarine Waterbodies 

GB541005900900 Tawe Estuary 

GB541005800700 Neath Estuary 

GB541005800600 Afan Estuary 
River Waterbodies 

River Neath 

GB110058032430 River Neath - confluence with Nedd Fechan and Mellte to tidal limit 

GB71010012 Neath and Tennant 

GB110058026350 Baglan Brook - headwaters to conf with River Neath 

GB110058026390 Clydach - headwaters to conf with River Neath 

GB110058026370 Nant Cae'r-bryn - headwaters to conf with Neath 

GB110058032430 Neath - conf with Nedd Fechan and Mellte to TL 

GB110058032360 Dulais - headwaters to confluence with River Neath 

GB110058032340 Nedd Fechan - Pyrddin conf to River Neath conf 

GB110058032330 Mellte - conf with Sychryd to conf with R. Neath 

GB110058032320 Sychryd - headwaters to confluence with Mellte 

GB110058032350 Mellte - conf with Hepste to confluence to Sychryd 

GB110058032380 Mellte - Llia and Dringarth conf to Hepste conf 

GB110058032410 Llia - headwaters to confluence with Mellte 

GB110058026380 Neath-Clydach 

GB110058032420 Neath-Mellte 

GB110058032390 Neath-Mellte 

River Afan 

GB110058026110 Afan - confluence with Pelenna to tidal limit 

GB110058026140 Pelenna - headwaters to confluence with Afan 

GB110058026130 Afan - conf with Corrwg to confluence with Pelenna 

GB110058026150 Corrwg - headwaters to confluence with Afan 

GB110058026120 Afan - headwaters to confluence with Corrwg 

GB110058026100 Ffrwd Wyllt - headwaters to tidal limit 

Afon Cynffig 

GB110058026450 Kenfig - conf with Margam Moors to tidal limit 
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Waterbody No. Waterbody Name 

GB110058026180 Margam Moors - headwaters to conf with Kenfig 

GB110058026160 Kenfig - Nant Cwm Philip conf to Margam Moors conf 

GB110058026190 Nant Cwm Philip - headwaters to conf with Kenfig 

GB110058026170 Kenfig - headwaters to conf with Nant Cwm Philip 

River Tawe 

GB110059032180 River Tawe - confluence with Twrch to tidal limit 

GB110059025690 River Tawe – confluence with Nant Cwmgelli to tidal limit 

GB110058026450 River Kenfig - confluence with Margam Moors to tidal limit 

GB110059025700 Crymlyn Brook – Headwater to confluence with Tennant Canal 

GB110059025710 Nant y Fendrod - headwaters to conf with Tawe 

GB110059032200 Lower Clydach - headwaters to confluence with Tawe 

GB110059032190 Upper Clydach - headwaters to confluence with Tawe 

GB110059032170 Tawe - conf with Giedd to confluence with Twrch 

GB110059032210 Twrch - conf with Nant Gwys to conf with Tawe 

GB110059032260 Llynfell - headwaters to confluence with Twrch 

GB110059032290 Twrch - headwaters to confluence with Llynfell 

GB110059032220 Twrch - conf with Llynfell to confluence with Gwys 

GB110059032270 Gwys - headwaters to confluence with Twrch 

GB110059032280 Giedd - headwaters to confluence to Tawe 

GB110059032240 Tawe - conf with Nant Llech to conf with Giedd 

GB110059032250 Nant Llech - headwaters to confluence with Tawe 

GB110059032300 Tawe-Twynni 

Clyne River   

GB110059025620 Clyne River - headwaters to tidal limit 

GB110059025610 South Gower streams – Burry Pill 

Pennard Pill  

GB110059025580 Pennard Pill East - headwaters to tidal limit 

GB110059025520 Pennard Pill - un-named conf in Parkmill to TL 

Groundwaters 

GB41002G201000)  Swansea Carboniferous Coal Measures 

Source: Data provided by NRW June and July 2014.   
Note: Waterbodies with fish classification data highlighted in           .  

Preliminary screening of the waterbodies 

3.2.0.3 The majority of construction and operation relating to the Project will be located within 
the marine environment within the Swansea Bay Coastal waterbody.  A small 
proportion of the structures associated with the Project will be located within the Tawe 
Estuary waterbody.  A section of the cable connecting the Project to Baglan Bay 
substation will be laid by directional drilling under the Neath Estuary.  As the cable will 
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be laid at least 10m below the river bed, there will be no direct effect on the 
waterbody.  However, the potential for indirect effects on migratory fish associated 
with noise and vibration during the directional drill and EMF from the operational cable 
have been considered for the Neath Estuary waterbody.   

3.2.0.4 Due to the largely marine nature of the Project, deterioration of Swansea Carboniferous 
Coal Measures Groundwater waterbody (GB41002G201000) is not considered likely. 
Notwithstanding this, during operation, a small potential to affect the saline wedge of 
this waterbody has been identified and this has been investigated further through the 
Environmental Impact Assessment (EIA) Process (ES Chapter 18: Land Quality and 
Hydrogeology). This waterbody is therefore included within this assessment. 

3.2.0.5 A number of waterbodies listed in Table 3.1 and Appendix 2, do not have data for 
migratory fish (see Table 3.1 above), for example, the Neath and Tennant Canal and 
Crymlyn Brook. The Neath and Tennant canal, which is approximately 8 miles in length, 
is designated as an artificial waterbody under the WFD4.  For the most part, the canal is 
shallow (depths from 0.5m to 2m) and river fed, receiving freshwater flow for 95% of 
the time9.  At Port Tennant, the course of the canal has been covered over by railways, 
roads and other facilities of Swansea Port, but it continues to supply water to the Prince 
of Wales dock through a large culvert, which helps to maintain water levels in the 
docks.  There is therefore no direct connection to Swansea Bay as the canal is 
connected to the Prince of Wales dock via culvert.  Fishing on the canal is managed by 
Skewen Coarse Angling Club and fish species caught within the canal include pike, rudd, 
roach, chub, bream, tench and carp5.  It can be concluded that this canal is not of 
significant importance for migratory fish that could potentially be affected by the 
Project.  Similarly, from its headwaters, Crymlyn Brook runs southwards and connects 
to the Tennant canal.  As such, it can be concluded that this watercourse is also not of 
significant importance for migratory fish that could potentially be affected by the 
Project (diadromous fish, namely Atlantic salmon, European eel, lamprey and sea trout).  
Due to their limited hydrological connectivity to Swansea Bay, potential effects, such as 
suspended sediment and deposition, and noise and vibration as a result of the 
construction and operation of the Project will not directly affect these watercourses, 
but the potential effects on migratory fish routes have been considered.  These two 
watercourses and all other river waterbodies listed in Table 3.1, have been included 
within the assessment for migratory fish for completeness as requested by NRW6. 

3.3 WFD baseline (Stage 2) 

3.3.0.1 This section provides the WFD baseline conditions for those surface waterbodies 
screened into Stage 2 of the WFD assessment. The WFD quality elements include 
biological, hydromorphological, physico-chemical parameters and chemical parameters. 

3.3.0.2 Annex V, 1.4.2, (i) of the WFD states that "For surface water categories, the ecological 
status classification for the body of water shall be represented by the lower of the values 
for the biological and physico-chemical monitoring results for the relevant quality 
element". Values are judged against a five point scale: High; Good; Moderate; Poor; and 

4 In the Water Framework Directive an "artificial waterbody" means a body of surface water created by human activity 
(Article 2(8)). 
5http://homepage.ntlworld.com/doyle58/TENNANT%20CANAL.htm 
 

 

6 NRW letter dated 11 October 2013 
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Bad.  Thus, for instance, if a waterbody achieves a high status for all of its biological 
quality elements (including fish fauna) with exception of phytoplankton, which achieves 
a poor status, the overall ecological status will be judged as poor.    

3.3.0.3 WFD baseline data for the waterbodies is presented in Appendix 2. At the time of 
writing the original WFD Report, the 2013 classifications were unpublished.  The 2013 
data were provided to TLSB, following consultation with NRW so that the most recent 
information was able to be used in the assessment.  As identified above, the 
waterbodies principally affected by the components of the Project are the Tawe Estuary 
waterbody and the Swansea Bay Coastal waterbody and full classification data are 
available for these two waterbodies.  It has been identified that there is a potential for 
effects on a number of quality elements for adjacent waterbodies comprising the Neath 
Estuary, Bristol Channel Outer North and Swansea Carboniferous Coal Measures and full 
classification data are presented for these three waterbodies.  For all the other 
waterbodies listed in Table 3.1 it has been determined and agreed with NRW that the 
only quality element that the Project has the potential to affect is the ‘fish’ quality 
element, and within this element, only the migratory fish component should be 
assessed.  As such, only fish classification data are presented in Appendix 2. It should be 
noted, as identified above, that fish classification data are not available for all of the 
waterbodies included within Table 3.1 and these waterbodies are identified in Appendix 
2. Red text indicates WFD failures in Appendix 2. 

3.3.0.4 In summary, the WFD baseline information presented within Appendix 2 for the Neath 
Estuary, Tawe Estuary, Swansea Coastal Waterbody, Bristol Channel Outer North and 
Swansea Carboniferous Coal Measures, shows that: 

i. the Neath Estuary, Tawe Estuary and Bristol Channel Outer North waterbodies 
are meeting the WFD objective of Good Status. 

ii. Swansea Bay Coastal waterbody is identified as having a ‘moderate’ status as 
mitigation measures required to raise the ecological potential to ‘Good’ have not 
yet been implemented (see below for details of mitigation measures). 

iii. the Swansea Carboniferous Coal Measures is identified as having a ‘poor’ status’ 
due to its poor chemical status and the resultant impact on Surface Waters. 

3.3.0.5 Fish classification data for the other waterbodies ranges from ‘high’ (a number of 
waterbodies within the Tawe) to ‘poor’ (a number of waterbodies within the Afan and 
Kenfig) status.     

WFD mitigation measures for Swansea Bay Coastal waterbody 

3.3.0.6 Information in Annex B of the Western Wales RBMP (Waterbody status objectives) 
(Environment Agency, 2009a) presents the mitigation measures identified for Swansea 
Bay Coastal waterbody.  

3.3.0.7 Article 4.1(a) (iii) of the Directive sets out “specific objectives” for Heavily Modified 
Waterbodies (HMWBs). HMWBs are required to achieve ‘good ecological potential’ 
(GEP).  When assessing GEP, consideration is given to the possible mitigation measures 
identified for the waterbody.  In their written representation NRW (9th July 2014) have 
advised that “For HMWBs the reference conditions on which classification is based 
represent the maximum ecological quality that could be achieved for a HMWB once all 
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mitigation measures for the waterbody have been applied. Hydro-morphological 
conditions which are impacted by the physical alteration will primarily dictate the 
ecological potential of a HMWB. Maximum ecological quality is intended to describe the 
best approximation to a natural aquatic ecosystem that could be achieved given the 
hydro-morphological characteristics that cannot be changed without significant adverse 
effects to the specified use (flood defence/navigation in this instance) or the wider 
environment. GEP allows for a slight deviation from maximum ecological quality”.  

3.3.0.8 The mitigation measures identified for Swansea Bay that are required to reduce the 
hydromorphological impacts of its use and achieve GEP are: 

i. indirect / offsite mitigation (offsetting measures); 

ii. alter timing of dredging / disposal; 

iii. reduce sediment re-suspension; 

iv. reduce impact of dredging; 

v. prepare a dredging / disposal strategy; 

vi. avoid the need to dredge (e.g. minimise under-keel clearance; use fluid mud 
navigation; flow manipulation or training works); 

vii. operational and structural changes to locks, sluices, weirs, beach control, etc.; 

viii. preserve and where possible enhance ecological value of marginal aquatic 
habitat, banks and riparian zone; 

ix. managed realignment of flood defence; 

x. bank rehabilitation / re-profiling; 

xi. preserve and, where possible, restore historic aquatic habitats; 

xii. removal of hard bank reinforcement or replacement with soft engineering 
solution; and 

xiii. remove obsolete structures. 

3.3.0.9 There are no mitigation measures detailed in Annex B of the RBMP for the Neath 
Estuary, Tawe Estuary, Bristol Channel Outer North or Swansea Carboniferous Coal 
Measures waterbodies. This is because these waterbodies are classified as already 
achieving Good Ecological Potential.  Therefore, no mitigation is necessary. 

3.4 Relationship of the Project to relevant WFD waterbodies (Stage 3) 

3.4.0.1 This section provides more information about the components of the Project and their 
relationship to the WFD waterbodies included in this assessment.  This section 
determines which components of the Project have the potential to affect the WFD 
quality elements of the waterbodies.  

3.4.0.2 Where the components of the Project are relevant to the WFD's quality elements, those 
components are taken forward to Stage 4 of this assessment (Preliminary Assessment). 
If the components of the Project are not considered relevant to the WFD, they are not 
taken forward to Stage 4 and are screened out at this stage.  

3.4.0.3 Table 3.2 presents further details of the elements associated with the Project and their 
relationships with the WFD waterbodies identified above. 
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Table 3.2  Relationship of the Project components with relevant WFD waterbodies  
Development 
Component 

Relevant  WFD waterbodies Details / Comments Relevant to WFD? 

Temporary 
cofferdam for 
construction of 
turbine and sluice 
gate housing 
structure (dredging, 
construction of 
temporary cofferdam 
from sediment filled 
Geotubes (or quarry 
run) and rock 
armour7, dewatering, 
installation of scour 
mattress, 
construction of 
turbine and sluice 
gate housing, 
removal of 
temporary cofferdam 
and re-use of 
Geotubes (quarry 
run) and rock armour 
in seawalls). 

Construction within the Swansea Bay 
Coastal waterbody.  
Disposal of unsuitable dredged sediment 
in licensed Swansea Bay Outer Disposal 
Grounds within Bristol Channel Outer 
North waterbody. 
   

Excavation of bed level for turbine housing 
and formation of temporary cofferdam from 
sediment filled Geotubes (or quarry run) and 
rock armour. Dredged material will be reused 
as part of construction of the Lagoon 
seawalls.  Any unsuitable material will be 
disposed of at the licensed Swansea Bay 
Outer Disposal Grounds. 

Construction: Yes – excavation of the seabed, 
formation of cofferdam and dewatering of 
cofferdam could have a potential short-term impact 
on the Swansea Bay Coastal waterbody’s chemistry 
and biology.  Disposal of unsuitable material could 
have a potential short-term impact on the Bristol 
Channel Outer North Coastal Waterbody.  
Operation: No - the cofferdam structure will be 
removed prior to operation of the Lagoon and as 
such, there will be no impacts during this stage. 

Turbines and sluice 
gates (operation and 
maintenance of the 
turbines and sluice 
gates) 

Operation within the Swansea Bay 
Coastal waterbody.   
Partly adjacent to the Bristol Channel 
Outer North Coastal waterbody. 
Adjacent to the Tawe Estuary waterbody 

Assessment based on variable speed 
turbines8. 

Construction: No – construction/placement of the 
turbines and sluice gates within the housing 
structure will be undertaken in the dry and as such 
no further impacts above those for the “Temporary 
cofferdam for turbine and sluice gate house 

7 It is no longer proposed to use a sheet piled construction technique 
8 It is no longer proposed to use fixed speed turbines 
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Development 
Component 

Relevant  WFD waterbodies Details / Comments Relevant to WFD? 

and Neath Estuary waterbody, and 
associated rivers upstream. 
Other waterbodies hydraulically 
connected to the Swansea Bay coastal 
waterbody. 

construction” component are anticipated during 
construction.  
Operation: Yes - there are potential long-term 
impacts on the hydromorphology and biology (fish 
and other biology) of the Swansea Bay Coastal 
waterbody, and upstream estuarine and river 
waterbodies.  Potential effects could arise from 
alteration of coastal processes, flows, noise, and 
entrainment of migratory fish.  Maintenance works 
on the turbines will be carried out in the dry, so no 
impacts are anticipated. 

Lagoon seawalls 
(dredging to provide 
material for use in 
seawalls, filling and 
placement of 
Geotubes (or use of 
quarry run instead of 
Geotubes), scour 
mattress, intertidal 
rock stockpile area, 
placement of rock 
armour, permanent 
presence of seawalls 
and turbine housing 
structure creating 
impounded 
waterbody, cable 
connection to be laid 
above high water 
mark in western 
Lagoon seawall, 

Construction and long term presence of 
Lagoon walls within the Swansea Bay 
Coastal waterbody.   
Short-term works to remove Eastern 
Breakwater and long-term presence of 
water shuttle pontoon within the Tawe 
Estuary waterbody. 
Disposal of dredged sediment within 
Bristol Channel Outer North Coastal 
waterbody. 
Partly adjacent to the Neath Estuary and 
Tawe Estuary waterbodies, and 
associated rivers upstream. 
 
 

Construction involves: 
• dredging to provide approximately 

7.3million m3  of sediment for use in 
geotextile tubes and seawall;  

• disposal of approximately 0.8million m3 

unsuitable material; 
• stockpile of rock in intertidal area; 
• placement of Geotubes (or use of quarry 

run); and 
• outer protection of rock armour of various 

grades. 
 

Construction: Yes – dredging, storage of rock on the 
intertidal area and construction of Lagoon seawalls 
could have potential impacts on the chemistry 
(contaminants) and biology (habitats and species) of 
Swansea Bay Coastal waterbody.   
Disposal of unsuitable material could have a 
potential short-term impact on the Bristol Channel 
Outer North Coastal waterbody. 
Operation: Yes - Presence of Lagoon seawalls and 
any maintenance works required during operation 
could have a potential long-term impact on the 
hydromorphology and biology (habitats, fish and 
other biology) of the Swansea Bay Coastal 
waterbody, and upstream estuarine and river 
waterbodies. Potential effects could arise from 
alteration of coastal processes, flows, 
sedimentation, exposure, change in extent or 
suitability of habitats, habitat fragmentation, 
disruption to migratory routes, use of the lagoon for 
recreational (watersports) purposes. 
There is a potential impact during operation on the 
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Development 
Component 

Relevant  WFD waterbodies Details / Comments Relevant to WFD? 

ongoing maintenance 
works, changes to 
dredging regimes 
within Swansea, 
Neath and Port 
Talbot navigational 
channels resulting 
from operation of the 
Project). 

saline wedge and hence the Swansea Carboniferous 
Coal Measures Groundwater waterbody. 

Boating centre 
slipways and sailing 
area associated with 
western landfall 
(capital and 
maintenance 
dredging discussed 
under Lagoon 
Seawalls above). 

Construction and operation within the 
Swansea Bay Coastal waterbody. 
 

Pontoons and boating facilities. Dredged 
sailing area within Lagoon. 

Construction: No – would result in minimal 
construction within the waterbody for boating 
centre and slipway.  Best practice construction 
methods and environmental management would 
minimise impacts. Construction dredging for sailing 
area would form part of Lagoon seawall construction 
and is discussed above under “Lagoon seawalls”.  
Any additional dredging would be minimal.  
Operation: No - During operation, maintenance 
dredging would be required in the Lagoon and any 
maintenance dredging for the boating area would be 
covered within this. This potential impact is covered 
under the “Maintenance Dredging” component. 

Outfall extension 
(extension of 
Swansea Waste 
Water Treatment 
Works long sea 
outfall). 

Construction within Swansea Bay 
Coastal waterbody 
Adjacent to Bristol Channel Outer North 
waterbody. 

Extension of long sea outfall under Lagoon 
seawall to approximately 750m outside of the 
seawall.  Outfall to be buried beneath the 
seabed. 

Construction: Yes –Small area of habitat disturbance 
during dig and backfilling to bury outfall. 
Operation: Yes – improved water quality within the 
lagoon; potential effects on water quality elsewhere. 

Dolphin piles (piled 
construction of 
dolphin piles). 

Construction within Swansea Bay 
Coastal waterbody. 

Piled construction of dolphin piles (steel piles 
each 2m in diameter) placed at 50 to 100m 
intervals at a distance of 500m from the 
outside of the turbine and sluice gate 

Construction: No – Short term works and best 
construction practice will be employed.  
Operation: No - During operation no impact on the 
biological, chemical or hydromorphological 
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Development 
Component 

Relevant  WFD waterbodies Details / Comments Relevant to WFD? 

structure.   supporting elements are anticipated.  No long term 
impacts are anticipated.   

Removal of Port of 
Swansea eastern 
breakwater 

Construction works on the outer extent 
of the Tawe Estuary transitional 
waterbody and Swansea Bay Coastal 
waterbody. 

Removal of existing eastern seawall at Port of 
Swansea entrance.   

Construction: No – short term demolition impacts 
from removal of breakwater wall will result in 
localised disturbance of sediments and impacts on 
water quality, but no long term impacts are 
anticipated. 
Operation: No – no long term impacts are 
anticipated. 

Mariculture (oyster 
spatting ponds, 
lobster hatchery) 

Construction and operation within the 
Swansea Bay coastal waterbody. 

Construction of Oyster spatting ponds by 
eastern lagoon seawall and lobster hatchery 
in the Western Landfall Building. 

Construction: No – minimal construction within the 
waterbody, and no anticipated construction impacts 
through utilising best practice construction methods.   
Operation: No – no anticipated operational impacts 
through utilising best practice environmental / 
mariculture management. 

Widening works to 
Neath Harbour 
Channel (realignment 
of existing eastern 
Neath Harbour 
Channel training wall 
and dredging of 
sediments for dune 
and beach 
landscaping) 

Construction works within the Swansea 
Bay coastal waterbody. 
Adjacent to Neath Estuary transitional 
waterbody and upstream waterbodies.  

Existing Neath Harbour Channel eastern 
training wall (rubble structure approx. 1100m 
in length and approx. 3 – 4 m high) to be 
removed and repositioned between 0 – 100m 
to the east to allow construction of the 
Eastern Lagoon seawall.  New training wall to 
be raised by approximately 1m along its 
length as requested by Neath Port Authority.  
Material from existing wall to be re-used in 
new structure, with approx. 1000m3 
additional rock material to raise the height of 
the structure. The new Lagoon seawall will 
also become part of the western training wall.  
Material will be dredged from a small area at 
the seaward end of the existing eastern 

Construction: Yes – potential impacts to biological, 
chemical and hydromorphological elements during 
dredging and construction works.   
Operation: No - Additional maintenance dredging 
above that already undertaken for Port operation is 
not anticipated (Chapter 6, Environmental 
Statement) and therefore no long term impacts are 
anticipated. 
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Development 
Component 

Relevant  WFD waterbodies Details / Comments Relevant to WFD? 

training wall.  Dredged sediment will either 
be re-used in the Geotubes (or as fill material) 
within the seawalls or disposed of at the 
licenced disposal ground.  Maintenance 
dredging will continue on the current basis 
once construction complete. 

Maintenance 
Dredging 
(maintenance 
dredging within 
approximately one-
third of the area of 
the Lagoon) 

Maintenance dredging within the lagoon 
footprint within Swansea Bay Coastal 
waterbody. Disposal of dredged 
sediment is likely to be to the licenced 
disposal ground in Bristol Channel Outer 
North Coastal Waterbody. 

It is anticipated that maintenance dredging 
within the Lagoon will not need to start until 
10 to 15 years after the completion of 
construction and then be performed 
approximately every two years.  However, the 
need to do so will be monitored.  Based on 
this monitoring a dredging strategy will be 
developed and a licence for disposal will be 
discussed and agreed with NRW.  

Construction: No.  Capital dredging covered under 
Lagoon Seawalls above. 
Operation: Yes – localised potential impacts on 
biological, hydromorphological and chemical WFD 
elements. Disposal of material could have a potential 
short-term impact on the Bristol Channel Outer 
North Coastal Waterbody. (note capital dredging is 
discussed under “Lagoon seawalls”) 

Other features 
including coastal 
landscaping 

Construction works within Swansea Bay 
Coastal waterbody (high water to 
terrestrial area) 

Material (generated from capital and 
maintenance dredging activities) used to 
landscape beach area within the Lagoon 
footprint. 

Construction: No – minimal works on high water to 
terrestrial area within Lagoon footprint. No further 
change to hydromorphological dynamics of the 
waterbody (note capital dredging is discussed under 
“Lagoon seawalls”) 
Operation: No – no further change to 
hydromorphological dynamics of the waterbody 
(note maintenance dredging is discussed under 
“Maintenance dredging” 

Grid Connection 
cable route 

Construction within the Swansea Bay 
Coastal waterbody. 
Construction within the Neath Estuary 
waterbody – cable will be laid approx. 
10m under the river bed of the 
waterbody.  
Construction within Carboniferous Coal 

The electrical output from the Project will be 
transferred to the Baglan substation, east of 
the Neath Estuary, via three cables laid 
underground in a single trench. The route 
would be within the western Lagoon seawall 
and roads within the Port; it would then be 
laid within the verge alongside Fabian Way 

Construction: Yes – All onshore construction 
associated with laying cable along the proposed grid 
connection route would be subject to best practice 
pollution prevention measures, which are 
considered sufficient to mitigate any impact upon 
WFD waterbodies. The crossing of Neath estuary will 
be by directional drill and, with standard good 
construction practice, will not directly affect the 

Tidal Lagoon Swansea Bay 
Water Framework Directive Assessment – Updated Report v2 Page  25 
 



 Tidal Lagoon Swansea Bay plc  
 

Development 
Component 

Relevant  WFD waterbodies Details / Comments Relevant to WFD? 

Measures Groundwater and adjacent to 
the Tawe Estuary waterbody.  

before following a tarmac path through the 
eastern extent of Crymlyn Burrows SSSI. It will 
then cross the Neath estuary by directional 
drill to reach Baglan substation. 

 

Neath Estuary waterbody. However, the potential 
effect of noise and vibration on migratory fish has 
been considered.  The cable will be laid within the 
newly installed Lagoon seawalls, which is considered 
within the “lagoon seawalls” component. 
Operation: Yes – the cable will be laid above high 
water within the Western Lagoon Seawall and will be 
ducted approx. 10m below the Neath river bed.  As a 
result there will be no direct operational impacts 
resulting from the operational cable connection.  
However, the potential for EMF to affect migratory 
fish has been considered. 

Decommissioning 
(maintain, upgrade 
and extend use, or 
remove turbines and 
continue leisure use) 

Lifetime of the project is 120 years. On 
decommissioning, continued operation 
within the Swansea Bay Coastal 
waterbody, or cessation of operation 
and maintenance activities and works to 
remove turbines and sluice gates will 
occur. 

Potential requirements for dredging will be 
assessed at the decommissioning/upgrade 
stage once future use confirmed. 

Maintenance and upgrade: Maintaining operational 
conditions has been addressed for other 
components within this compliance assessment.   
Removal of turbines and sluice gates: Yes – potential 
changes to coastal processes through return of 
natural tidal cycle particularly within the lagoon 
following removal of turbines and sluice gates.  
Effects will be partly dependant on future dredging 
regimes.  Potential positive benefits to fish resulting 
from removal of turbines. 
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3.4.0.4 Figures 3.2 and 3.3 illustrate the components of the Project within the Tawe Estuary, the 
Swansea Bay and the Neath Estuary WFD waterbodies.  The only component of the 
Project that will be located within land that comprises the Neath Estuary waterbody is 
the electrical grid connection beneath its bed.  This will be installed by directional 
drilling, which will result in cables being installed approximately 10m below the estuary 
bed.  There will be no other structures or other elements associated with the Project 
within this waterbody.  Within Appendix 3, figures are presented which illustrate the 
components of the Project within the Tawe and the Swansea Bay waterbodies.  The 
following table identifies the footprint of the Project within the Swansea Bay and Tawe 
Estuary waterbodies: 

Table 3.3 Components of the Project within WFD waterbodies 

Waterbody name Tawe Estuary Swansea Bay 

Total Area of Waterbody 
(Ha) 

939 11019 

Component of Project 
within waterbody 

Toe of western lagoon seawall Footprint of the seawalls and turbine 
house, the temporary rock storage 
area and a worst case scenario for 

dredging (wide primary dredge area 
– see Chapter 4 Project Description 
of the ES) but does not include any 

habitat gain as a result of 
construction of the seawalls (see 

Section 3.6.3.4). 

Footprint of 
development within 
waterbody (Ha) 

0.015 

(500m length by approx. 0.3m width 
of toe) 

528.3 

% area of development 
compared to overall area 
of waterbody 

0.16 0.05 

Note: These areas are approximate only. 

3.4.0.5 Table 3.2 details those components of the Project that are considered to be potentially 
relevant to the WFD objectives of the waterbodies identified, namely: 

i. temporary cofferdam for turbine and sluice gate housing (construction); 

ii. turbines and sluice gates (operation);  

iii. Lagoon seawalls (construction and operation); 

iv. outfall extension (construction and operation); 

v. widening works to Neath Harbour channel (construction); 

vi. maintenance dredging (operation); 

vii. grid connection cable route (construction and operation); and 

viii. decommissioning (removal of sluice gates and turbines). 

9 Area of Tawe Estuary waterbody confirmed by NRW on the 24 September 2014 as 927841m2 
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3.4.0.6 These components are therefore screened in to Stage 4, the WFD preliminary 
assessment. 

3.4.0.7 All other components of the Project are screened out of the preliminary assessment, and 
not taken forward for assessment at Stage 4, as it is not considered that they could affect 
the achievement of the WFD objectives of the relevant waterbodies.  The reasons for 
their exclusion are presented in Table 3.2 above. 

3.5 WFD preliminary assessment (Stage 4) 

3.5.0.1 This section reports the preliminary assessment. It assesses each component of the 
Project that has been identified as being relevant to the WFD (Stage 3) against the 
quality elements of the waterbodies within the study area (Stage 1). The assessment has 
been undertaken for the waterbodies on the basis of whether the works undertaken as 
part of the Project are likely to result in: 

i. failure to achieve good ecological status or good ecological potential within the 
waterbody; 

ii. failure to prevent any deterioration in groundwater status, ecological status or 
ecological potential within the waterbody; 

iii. permanent exclusion of, or compromised achievement of, WFD objectives in the 
waterbody (or other waterbodies); 

iv. non-compliance or compromised implementation of other EU legislation; and 

v. prevention of the waterbody in meeting any of the mitigation measures specified 
in the RBMP, either now or in the future. 

3.5.0.2 In general, construction of the Project will have a temporary impact on the surrounding 
environment, for example impacts in respect of noise and increased suspended solids.  
However, there could be longer term impacts associated with construction, such as 
permanent loss of habitat beneath the footprint of the Project, or deterioration of 
potentially important marine flora, fauna or fish.  During operation, longer term impacts 
are anticipated, some negative and others potentially positive.  However, the WFD is 
concerned only with non-temporary effects, principally negative effects, on one or more 
WFD parameters at waterbody level. This means effects that will have medium- to long-
term implications for the WFD quality elements, specific pollutants, priority substances 
or protected areas.   

3.5.0.3 Regarding what constitutes ‘non-temporary’ deterioration in the context of WFD, the 
European Commission (2009) Common implementation Strategy on the WFD Guidance 
Document No. 20 (page 25) states that ‘Fluctuations in the condition of waterbodies can 
sometimes occur as a result of short-duration human activities…if the condition of each 
affected waterbody is adversely affected for only a short period of time and recovers 
within a short period of time…..such fluctuations will not constitute deterioration of 
status’ The footnote elaborates ‘No definition will be given to ‘short period of time’. 
However, the frequencies mentioned for the monitoring programmes (Annex V 1.3.4 and 
2.2.3) can serve as an indication.’  These annexes provide monitoring frequencies which 
vary from a few months to up to six years for hydromorphological conditions. 

3.5.0.4 The quality elements that could potentially be affected by the Project within each 
waterbody have been identified based on UKTAG (2013a) guidance. An assessment of 
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the impact of the components of the Project (identified in Table 3.2 above) on each of 
these quality elements relevant for each of the waterbodies has been undertaken for 
both the construction and operation phases.  The results of this assessment are 
presented in Tables 3.4 – 3.8.  Table 3.9 presents the findings for waterbodies where 
potential effects will be restricted to migratory fish, as confirmed by NRW.   

3.5.0.5 Those interactions between the Project and the quality elements within each of the WFD 
waterbodies which are considered to pose a potential risk to the achievement of the 
objectives of the WFD in respect of the relevant waterbody/waterbodies are identified in 
the assessment Tables 3.4 – 3.9. The quality elements potentially affected by 
components of the Project have, therefore, been taken forward to Stage 5, where they 
are subject to more detailed assessment.  The tables also detail the reasons as to why 
any elements are screened out of the assessment.  

 
Protected areas assessment 

3.5.0.6 Tables 3.4 – 3.8 also identify areas protected under Community Legislation, for example 
Natura 2000 sites (Special Areas of Conservation (SAC) or Specially Protected Areas 
(SPA)), shellfish waters, bathing waters within each of the waterbodies.  It should be 
noted that the Freshwater Fish Directive and Shellfish Waters Directive were repealed in 
2013 and are now encompassed within the WFD and have been assessed accordingly.  
For Natura (2000) sites, the Habitats Directive contains a number of obligations for 
Special Areas of Conservation and Special Protected Areas.  The aim of these obligations 
is to achieve “the favourable conservation status” of such sites, for example, by requiring 
that appropriate steps be taken to avoid the deterioration of the habitats that they 
support. These obligations are considered and discussed further in the Report to Inform 
Habitats Regulation Assessment (Volume 5, Folder 3, Document 5.5).  The legislative 
framework for water quality assessments at designated bathing waters is set out in the 
current Bathing Water Directive (cBWD, 1976), although this will be superseded in 2015 
by the revised Bathing Water Directive (rBWD, 2006).  Relevant standards for the bathing 
waters affected by the Project are discussed further in Chapter 7 Marine Water Quality 
of the ES.  The findings of these assessments conclude that the Project will not result in 
adverse effects on these protected areas.  As such, the Project is consistent with the 
implementation of other Community environmental legislation and an effect on the 
objectives of such legislation is therefore not considered further within this WFD 
assessment document.  
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Table 3.4        Swansea Bay Coastal waterbody – heavily modified waterbody (for flood defence and navigation purposes, due to the presence of extensive artificial 
shoreline structures and the occurrence of dredging related activities within the waterbody) 
Current (2013) status: moderate or worse (mitigation measures not in place) 
Overall status objective: Good potential by 2027 
Specific status objective: Good ecological potential by 2027; Good chemical status by 2015 
 Assessed or not assessed 

within WFD classification 
data provided by NRW 

Current and 
predicted status in 
NRW 2013 data 

Pressures (identified in 
UKTAG guidance 
documents) 

Potential project effect Project components potentially 
resulting in potential effects 

Biological Elements 
Phytoplankton Assessed 

 
Current status: good 
Predicted status: bad 
2015 

Nutrient enrichment Potential project effects 
resulting from changes in 
water chemistry (primarily 
nutrients) 

lagoon seawalls (construction 
and operation), outfall 
extension (operation), sluice 
gates and turbines (operation) 

Macroalgae Assessed 
 

Current status: high 
Predicted status: not 
available 

nutrient enrichment, 
hazardous chemicals 

Potential projects effect 
resulting from changes in 
water chemistry (primarily 
nutrients), release of 
contaminants, loss/change in 
habitat (muddier substrate) 
and hydromorphological 
changes 

temp cofferdam (construction), 
lagoon seawalls (construction 
and operation), outfall 
extension (operation), sluice 
gates and turbines (operation) 
widening works to Neath 
channel (construction), 
maintenance dredging, 
decommissioning (removal of 
sluice gates and turbines) 

Angiosperms 
(seagrass) 

Not assessed n/a nutrient enrichment, 
morphological 
alterations 

Not present – Screened out.  
Note: potential for 
introduction within the 
lagoon will be investigated 
once the Project is 
operational. 

 

Benthic invertebrates Not assessed10 n/a organic pollution, 
hazardous chemicals and 
some morphological 
alterations 

Potential project effects 
resulting from smothering, 
direct permanent habitat 
loss/change, release of 

temp cofferdam (construction), 
lagoon seawalls (operation and 
construction), sluice gates and 
turbines (operation), outfall 

10 NRW undertook a benthic invertebrate survey in Swansea Bay coastal waterbody in 2014 but the data are not yet available. 
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Table 3.4        Swansea Bay Coastal waterbody – heavily modified waterbody (for flood defence and navigation purposes, due to the presence of extensive artificial 
shoreline structures and the occurrence of dredging related activities within the waterbody) 
Current (2013) status: moderate or worse (mitigation measures not in place) 
Overall status objective: Good potential by 2027 
Specific status objective: Good ecological potential by 2027; Good chemical status by 2015 
 Assessed or not assessed 

within WFD classification 
data provided by NRW 

Current and 
predicted status in 
NRW 2013 data 

Pressures (identified in 
UKTAG guidance 
documents) 

Potential project effect Project components potentially 
resulting in potential effects 

contaminants, changes in 
water chemistry, noise and 
vibration and 
hydromorphological changes.   

extension (construction and 
operation), widening works to 
Neath channel (construction), 
maintenance dredging, 
decommissioning (removal of 
sluice gates and turbines) 

Fish - Not considered 
within WFD as a 
quality element for 
coastal waters – 
Screened out 

  organic enrichment 
(DO), habitat destruction 

  

Physico-chemical elements 
Dissolved Inorganic 
Nitrogen 

Not assessed n/a n/a Potential project effect 
resulting in changes in water 
chemistry 

lagoon seawalls (operation), 
sluice gates and turbines 
(operation), outfall extension 
(operation) 

Dissolved oxygen Assessed Current status: high 
Predicted status: high 
2015 

n/a Potential project effect 
resulting in changes in water 
chemistry 

lagoon seawalls (operation), 
sluice gates and turbines 
(operation), outfall extension 
(operation) 

Specific pollutants Assessed Copper and toluene 
Current status: good 
Predicted status: 
good 2015 

n/a Potential project effect 
resulting in changes in water 
chemistry 

lagoon seawalls (operation), 
outfall extension (construction 
and operation), widening works 
to Neath channel (construction) 

Hydromorphological elements 
Depth variation Not assessed n/a n/a Potential projects effect 

resulting from 
temp cofferdam (construction), 
lagoon seawalls (construction 
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Table 3.4        Swansea Bay Coastal waterbody – heavily modified waterbody (for flood defence and navigation purposes, due to the presence of extensive artificial 
shoreline structures and the occurrence of dredging related activities within the waterbody) 
Current (2013) status: moderate or worse (mitigation measures not in place) 
Overall status objective: Good potential by 2027 
Specific status objective: Good ecological potential by 2027; Good chemical status by 2015 
 Assessed or not assessed 

within WFD classification 
data provided by NRW 

Current and 
predicted status in 
NRW 2013 data 

Pressures (identified in 
UKTAG guidance 
documents) 

Potential project effect Project components potentially 
resulting in potential effects 

hydromorphological changes and operation), sluice gates and 
turbines (operation), 
maintenance dredging, outfall 
extension (construction), 
widening works to Neath 
channel (construction), 
decommissioning (removal of 
sluice gates and turbines) 

Structure of the 
intertidal zone 

Not assessed n/a n/a Potential projects effect 
resulting from release of 
contaminants, loss/change in 
habitat (muddier substrate) 
and hydromorphological 
changes 

lagoon seawalls (construction 
and operation), sluice gates and 
turbines (operation), 
maintenance dredging, 
widening works to Neath 
channel (construction), 
decommissioning (removal of 
sluice gates and turbines) 

Wave exposure Not assessed n/a n/a Potential projects effect 
resulting from 
hydromorphological changes 

lagoon seawalls (construction 
and operation), sluice gates and 
turbines (operation), 
decommissioning (removal of 
sluice gates and turbines) 

Quality, structure and 
substrate of coastal/ 
estuarine bed 

Not assessed n/a n/a Potential projects effect 
resulting from release of 
contaminants, loss/change in 
habitat (muddier substrate) 
and hydromorphological 
changes 

temp cofferdam (construction), 
lagoon seawalls (construction 
and operation), sluice gates and 
turbines (operation), 
maintenance dredging, outfall 
extension (construction), 
widening works to Neath 
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Table 3.4        Swansea Bay Coastal waterbody – heavily modified waterbody (for flood defence and navigation purposes, due to the presence of extensive artificial 
shoreline structures and the occurrence of dredging related activities within the waterbody) 
Current (2013) status: moderate or worse (mitigation measures not in place) 
Overall status objective: Good potential by 2027 
Specific status objective: Good ecological potential by 2027; Good chemical status by 2015 
 Assessed or not assessed 

within WFD classification 
data provided by NRW 

Current and 
predicted status in 
NRW 2013 data 

Pressures (identified in 
UKTAG guidance 
documents) 

Potential project effect Project components potentially 
resulting in potential effects 

channel (construction), 
decommissioning (removal of 
sluice gates and turbines) 

Direction of 
dominant currents 

Not assessed n/a n/a Potential projects effect 
resulting from 
hydromorphological changes 

lagoon seawalls (construction 
and operation), sluice gates and 
turbines (operation), 
decommissioning (removal of 
sluice gates and turbines) 

Freshwater flow - Not 
considered within 
WFD as a quality 
element for coastal 
waters – Screened out 

     

Chemical status 
Chemical status No project effect - no discharge of priority substances as a result of the Project - screened out 
Protected areas 
Protected areas Bathing Water Directive, 

Freshwater Fish 
Directive, Natura 2000 
(Habitats and / or Birds 
Directive, Shellfish Water 
Directive 

Project is consistent with Community Legislation (see section 3.5.0.6).  
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Table 3.5     Tawe Estuary – heavily modified waterbody (Flood Protection, Navigation, Quayline, Structure) 
Current (2013) status: good potential 
Overall status objective: good potential by 2027 
Specific status objective: good ecological potential by 2015 
 Assessed or not 

assessed within WFD 
classification data 
provided by NRW 

Current and 
predicted status in 
NRW 2013 data 

Pressures (identified in UKTAG 
guidance documents) 

Potential project effect Project components potentially 
resulting in potential effects 

Biological Elements 
Phytoplankton Not assessed n/a Nutrient enrichment Potential project effect 

resulting from changes in 
water chemistry (primarily 
nutrients) 

lagoon seawalls (construction 
and operation), outfall 
extension (operation) 

Macroalgae Assessed Current status: 
high 
Predicted status: 
not available 

nutrient enrichment, hazardous 
chemicals 

Potential project effect 
resulting from changes in 
water chemistry (primarily 
nutrients), release of 
contaminants, loss/change in 
habitat (muddier substrate) 
and hydromorphological 
changes 

lagoon seawalls (construction 
and operation) 

Angiosperms Not assessed n/a nutrient enrichment, 
morphological alterations 

Not recorded as present 
within the waterbody – 
Screened out  

 

Benthic invertebrates Not assessed n/a organic pollution, hazardous 
chemicals and some morphological 
alterations 

Potential project effect 
resulting from changes in 
water chemistry (primarily 
nutrients), release of 
contaminants, smothering, 
loss/change in habitat 
(muddier substrate) and 
hydromorphological changes 

lagoon seawalls (construction 
and operation) 

Fish Not assessed n/a organic enrichment (DO), habitat 
destruction 

Potential project effects 
resulting from changes in 
water chemistry (DO), habitat 

Temp cofferdam (construction), 
lagoon seawalls (construction 
and operation); sluice gates and 
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Table 3.5     Tawe Estuary – heavily modified waterbody (Flood Protection, Navigation, Quayline, Structure) 
Current (2013) status: good potential 
Overall status objective: good potential by 2027 
Specific status objective: good ecological potential by 2015 
 Assessed or not 

assessed within WFD 
classification data 
provided by NRW 

Current and 
predicted status in 
NRW 2013 data 

Pressures (identified in UKTAG 
guidance documents) 

Potential project effect Project components potentially 
resulting in potential effects 

destruction - smothering, 
direct loss and change.  
Potential effects on migratory 
fish arising from construction 
and operation of Project 
within Swansea Bay Coastal 
Waterbody 

turbines (operation), 
maintenance dredging 
(operation), decommissioning 
(removal of sluice gates and 
turbines) 

Physico-chemical elements 
Dissolved Inorganic 
Nitrogen 

Not assessed n/a n/a Potential project effects 
resulting from changes in 
water chemistry 

lagoon seawalls (construction 
and operation), outfall 
extension (operation) 

Dissolved oxygen Not assessed n/a n/a Potential project effects 
resulting from changes in 
water chemistry 

lagoon seawalls (construction 
and operation), outfall 
extension (operation) 

Specific pollutants Not assessed n/a n/a Potential project effects 
resulting from changes in 
water chemistry 

lagoon seawalls (construction 
and operation) 

Hydromorphological elements 
Depth variation Not assessed n/a n/a Potential projects effect 

resulting from 
hydromorphological changes 

lagoon seawalls (construction 
and operation) 

Structure of the 
intertidal zone 

Not assessed n/a n/a Potential projects effect 
resulting from 
hydromorphological changes 
 

lagoon seawalls (construction 
and operation) 

Wave exposure Not assessed n/a n/a Potential projects effect 
resulting from 

lagoon seawalls (construction 
and operation) 
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Table 3.5     Tawe Estuary – heavily modified waterbody (Flood Protection, Navigation, Quayline, Structure) 
Current (2013) status: good potential 
Overall status objective: good potential by 2027 
Specific status objective: good ecological potential by 2015 
 Assessed or not 

assessed within WFD 
classification data 
provided by NRW 

Current and 
predicted status in 
NRW 2013 data 

Pressures (identified in UKTAG 
guidance documents) 

Potential project effect Project components potentially 
resulting in potential effects 

hydromorphological changes 
Quality, structure and 
substrate of 
coastal/estuarine bed 

Not assessed n/a n/a Potential projects effect 
resulting from 
hydromorphological changes 

lagoon seawalls (construction 
and operation) 

Direction of 
dominant currents 

Not assessed n/a n/a Potential projects effect 
resulting from 
hydromorphological changes 

lagoon seawalls (construction 
and operation) 

Freshwater flow Not assessed n/a n/a No potential effect on 
freshwater flow – no works 
within the waterbody that 
would affect freshwater flow 
down the river – Screened out 

 

Chemical status 
Chemical status No project effect - no discharge of priority substances as a result of the Project - Screened out 
Protected areas 
Protected areas Shellfish Water 

Directive, Urban Waste 
Water Treatment 
Directive 

Project is consistent with Community Legislation (see section 3.5.0.6).  
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Table 3.6    Neath Estuary – heavily modified waterbody (Quayline) 
Current (2013) status: good potential 
Overall status objective: good potential by 2027 
Specific status objective: good ecological potential by 2027, good chemical status by 2015 
 Assessed or not 

assessed within WFD 
classification data 
provided by NRW 

Current and 
predicted status 
in NRW 2013 
data 

Pressures (identified in UKTAG 
guidance documents) 

Potential project effect Project components potentially 
resulting in potential effects 

Biological Elements 
Phytoplankton Biological elements 

not individually 
assessed. 

Current status: 
high 
Predicted 
status: not 
available 

Nutrient enrichment Potential project effect 
resulting from changes in 
water chemistry (primarily 
nutrients) 

lagoon seawalls (construction 
and operation), outfall 
(operation), sluice gates and 
turbines (operation), widening 
works to Neath channel 
(construction) 

Macroalgae See above See above nutrient enrichment, hazardous 
chemicals 

Potential project effect 
resulting from changes in 
water chemistry (primarily 
nutrients), release of 
contaminants, loss/change in 
habitat (muddier substrate) 
and hydromorphological 
changes 

lagoon seawalls (construction 
and operation), outfall 
(operation), sluice gates and 
turbines (operation), widening 
works to Neath channel 
(construction) 

Angiosperms See above11 See above nutrient enrichment, 
morphological alterations 

Potential project effect 
resulting from 
hydromorphological changes 

Lagoon seawalls (construction 
and operation), widening works 
to Neath channel (construction) 

Benthic invertebrates See above See above organic pollution, hazardous 
chemicals and some 
morphological alterations 

Potential project effect 
resulting from changes in 
water chemistry (primarily 
nutrients), release of 
contaminants and smothering 
and hydromorphological 
changes 

lagoon seawalls (construction 
and operation), widening works 
to Neath channel (construction) 

11 NRW undertook a saltmarsh survey in 2014, but the data are not yet available. 
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Table 3.6    Neath Estuary – heavily modified waterbody (Quayline) 
Current (2013) status: good potential 
Overall status objective: good potential by 2027 
Specific status objective: good ecological potential by 2027, good chemical status by 2015 
 Assessed or not 

assessed within WFD 
classification data 
provided by NRW 

Current and 
predicted status 
in NRW 2013 
data 

Pressures (identified in UKTAG 
guidance documents) 

Potential project effect Project components potentially 
resulting in potential effects 

Fish See above See above organic enrichment (DO), habitat 
destruction 

Potential project effects 
resulting from changes in 
water chemistry (DO), habitat 
destruction - smothering, 
direct loss and change.  
Potential effects on migratory 
fish arising from construction 
and operation of Project 
within Swansea Bay Coastal 
Waterbody. Disturbance to 
migratory fish as a result of 
construction (noise and 
vibration) and operation 
(EMF) of the grid connection 
cable route. 

Temp cofferdam (construction), 
lagoon seawalls (construction 
and operation); sluice gates and 
turbines (operation); 
maintenance dredging 
(operation), widening works to 
Neath channel (construction), 
decommissioning (removal of 
sluice gates and turbines), grid 
cable connection route 
(construction and operation) 

Physico-chemical elements 
Dissolved Inorganic 
Nitrogen 

Not assessed n/a n/a Potential project effects 
resulting from changes in 
water chemistry 

lagoon seawalls (construction 
and operation), outfall 
extension (operation) 

Dissolved oxygen Assessed Current status: 
high 
Predicted 
status: high 
2015 

n/a Potential project effects 
resulting from changes in 
water chemistry 
 
 

lagoon seawalls (construction 
and operation), outfall 
extension (operation) 

Specific pollutants Assessed Arsenic, copper, 
iron and zinc 
current status: 
good 

n/a Potential project effects 
resulting from changes in 
water chemistry 

lagoon seawalls (construction 
and operation), widening works 
to Neath channel (construction) 

Tidal Lagoon Swansea Bay  
Water Framework Directive Assessment – Updated Report v2 Page  38 
 



 Tidal Lagoon Swansea Bay plc  
 

Table 3.6    Neath Estuary – heavily modified waterbody (Quayline) 
Current (2013) status: good potential 
Overall status objective: good potential by 2027 
Specific status objective: good ecological potential by 2027, good chemical status by 2015 
 Assessed or not 

assessed within WFD 
classification data 
provided by NRW 

Current and 
predicted status 
in NRW 2013 
data 

Pressures (identified in UKTAG 
guidance documents) 

Potential project effect Project components potentially 
resulting in potential effects 

Predicted 
status: not 
available 

Hydromorphological elements 
Depth variation supporting 

hydromorphological 
conditions assessed – 
not individually 

supports good 
current status; 
supports good 
predicted 2015 
status 

n/a Potential projects effect 
resulting from 
hydromorphological changes 

lagoon seawall (construction 
and operation), widening works 
to Neath channel (construction) 

Structure of the 
intertidal zone 

See above See above n/a Potential project effect 
resulting from release of 
contaminants and 
hydromorphological changes 

lagoon seawall (construction 
and operation), widening works 
to Neath channel (construction) 

Wave exposure See above See above n/a Potential project effect 
resulting from 
hydromorphological changes 

lagoon seawall (construction 
and operation), widening works 
to Neath channel (construction) 

Quality, structure and 
substrate of 
coastal/estuarine bed 

See above See above n/a Potential project effect 
resulting from release of 
contaminants, loss/change in 
habitat (muddier substrate) 
and hydromorphological 
changes 
 

lagoon seawall (construction 
and operation), widening works 
to Neath channel (construction) 

Direction of 
dominant currents 

See above See above n/a Potential project effect 
resulting from 
hydromorphological changes 

lagoon seawall (construction 
and operation), widening works 
to Neath channel (construction) 

Freshwater flow See above See above n/a No potential effect on  
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Table 3.6    Neath Estuary – heavily modified waterbody (Quayline) 
Current (2013) status: good potential 
Overall status objective: good potential by 2027 
Specific status objective: good ecological potential by 2027, good chemical status by 2015 
 Assessed or not 

assessed within WFD 
classification data 
provided by NRW 

Current and 
predicted status 
in NRW 2013 
data 

Pressures (identified in UKTAG 
guidance documents) 

Potential project effect Project components potentially 
resulting in potential effects 

freshwater flow – no works 
within the waterbody that 
would affect flow of water 
down the river – Screened 
out 

Chemical status 
Chemical status No project effect - no discharge of priority substances as a result of the Project - Screened out 
Protected areas 
Protected areas Shellfish Water 

Directive 
Project is consistent with Community Legislation (see section 3.5.0.6).  
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Table 3.7     Bristol Channel Outer North coastal waterbody 
Current (2013) status: good 
Overall status objective: good by 2027 
Specific status objective: good ecological status by 2027; good chemical status by 2015 
 Assessed or not 

assessed within WFD 
classification data 
provided by NRW 

Current and 
predicted status in 
NRW 2013 data 

Pressures (identified in UKTAG 
guidance documents) 

Potential project effect Project components potentially 
resulting in potential effects 

Biological Elements 
Phytoplankton Assessed Current status: 

high 
Predicted status: 
high 2015 

Nutrient enrichment No project effect – existing 
licenced disposal ground – disposal 
of material will be in accordance 
with the marine licence – Screened 
out  

 

Macroalgae Not assessed n/a nutrient enrichment, hazardous 
chemicals 

No project effect – existing 
licenced disposal ground – disposal 
of material will be in accordance 
with the marine licence – Screened 
out 

 

Angiosperms Not assessed n/a nutrient enrichment, 
morphological alterations 

No project effect – existing 
licenced disposal ground – disposal 
of material will be in accordance 
with the marine licence – Screened 
out 

 

Benthic invertebrates Not assessed n/a organic pollution, hazardous 
chemicals and some morphological 
alterations 

Potential project effects resulting 
from loss/change of habitat; 
smothering and 
hydromorphological changes 

maintenance dredging disposal; 
lagoon seawalls (construction) 
and temp cofferdam 
(construction) (disposal of 
dredged material only) 

Fish - Not considered 
within WFD as a 
quality element for 
coastal waters – 
Screened out 
 

  organic enrichment (DO), habitat 
destruction 
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Table 3.7     Bristol Channel Outer North coastal waterbody 
Current (2013) status: good 
Overall status objective: good by 2027 
Specific status objective: good ecological status by 2027; good chemical status by 2015 
 Assessed or not 

assessed within WFD 
classification data 
provided by NRW 

Current and 
predicted status in 
NRW 2013 data 

Pressures (identified in UKTAG 
guidance documents) 

Potential project effect Project components potentially 
resulting in potential effects 

Physico-chemical elements 
Dissolved Inorganic 
Nitrogen 

Assessed Current status: 
good 
Predicted status: 
moderate 2015 

n/a Potential project effects resulting 
from changes in water chemistry 

lagoon seawalls (construction 
and operation), outfall 
extension (operation) 

Dissolved oxygen Assessed Current status: 
high 
Predicted status: 
high 2015 

n/a Potential project effects resulting 
from changes in water chemistry 

lagoon seawalls (construction 
and operation), outfall 
extension (operation) 

Specific pollutants Assessed Copper current 
status: good 
Predicted status: 
not available 

n/a Potential project effects resulting 
from changes in water chemistry 

lagoon seawalls (construction 
and operation), widening works 
to Neath channel (construction) 

Hydromorphological elements 
Depth variation Morphology assessed Current status: 

good 
Predicted status: 
good 2015 

n/a Potential project effect resulting 
from changes in depth following 
deposition of sediment from 
disposal of dredged material. 

maintenance dredging disposal; 
lagoon seawalls (construction) 
and temp cofferdam 
(construction) (disposal of 
dredged material only) 

Structure of the 
intertidal zone 

See above See above n/a Potential project effect resulting 
from changes in depth following 
deposition of sediment from 
disposal of dredged material. 

maintenance dredging disposal; 
lagoon seawalls (construction) 
and temp cofferdam 
(construction) (disposal of 
dredged material only) 

Wave exposure See above See above n/a No potential effect predicted as a 
result of disposal of dredged 
material or changes in coastal 
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Table 3.7     Bristol Channel Outer North coastal waterbody 
Current (2013) status: good 
Overall status objective: good by 2027 
Specific status objective: good ecological status by 2027; good chemical status by 2015 
 Assessed or not 

assessed within WFD 
classification data 
provided by NRW 

Current and 
predicted status in 
NRW 2013 data 

Pressures (identified in UKTAG 
guidance documents) 

Potential project effect Project components potentially 
resulting in potential effects 

processes resulting from the 
Project – Screened out 

Quality, structure and 
substrate of 
coastal/estuarine bed 

See above See above n/a Potential project effect resulting 
from changes in depth following in 
deposition of sediment from 
disposal of dredged material. 

maintenance dredging disposal; 
lagoon seawalls (construction) 
and temp cofferdam 
(construction) (disposal of 
dredged material only) 

Direction of 
dominant currents 

See above See above n/a No potential effect predicted as a 
result of disposal of dredged 
material or changes in coastal 
processes resulting from the 
Project – Screened out 

 

Freshwater flow - Not 
considered within 
WFD as a quality 
element for coastal 
waters – screened out 

 n/a n/a   

Chemical status 
Chemical status No project effect - no discharge of priority substances as a result of the Project - Screened out 
Protected areas 
Protected areas Bathing Water 

Directive, Natura 2000 
(Habitats and/or Birds 
Directive). Shellfish 
Water Directive 

Project is consistent with Community Legislation (see section 3.5.0.6).  

 
  

Tidal Lagoon Swansea Bay  
Water Framework Directive Assessment – Updated Report v2 Page  43 
 



 Tidal Lagoon Swansea Bay plc  
 

Table 3.8    Swansea Carboniferous Coal Measures – groundwater 
Current (2013) status: Poor – poor chemical status (general chemical test and impact on surface waters) 
Overall status objective – good by 2027 
Specific status objective - Good Quantitative Status by 2015, Good Chemical Status by 2027 
 Assessed or not 

assessed within 
WFD classification 
data provided by 
NRW 

Current and 
predicted status in 
NRW 2013 data 

Pressures (identified in UKTAG 
guidance documents) 

Potential project effect Project components potentially 
resulting in potential effects 

Saline wedge Assessed Current status: 
good 
Predicted status: 
good 2015 

n/a Potential project effect on 
saline wedge  

Lagoon seawalls (construction 
and operation) 

 
 
Table 3.9     Other waterbodies 
 pressures (identified in UKTAG guidance 

documents) 
Potential project effect Project components potentially resulting in 

potential effects 
Biological Elements 
Fish Nutrient enrichment Potential effects on migratory fish arising 

from construction and operation of Project 
within Swansea Bay Coastal Waterbody.  

Temp cofferdam (construction), lagoon seawalls 
(construction and operation); sluice gates and 
turbines (operation); widening works to Neath 
channel (construction) (Neath Estuary 
waterbody and upstream waterbodies only), 
decommissioning (removal of sluice gates and 
turbines) 
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WFD mitigation measures assessment 

3.5.0.7 Under the WFD, development should not inhibit the implementation of any of the 
mitigation measures to enable a waterbody to achieve Good Potential under the WFD. 
Swansea Bay is classified as a Heavily Modified Waterbody (HMWB) for flood defence 
and navigation purposes, due to the presence of extensive artificial shoreline structures 
and the occurrence of dredge related activities within the waterbody.  As outlined above, 
the Western Wales RBMP includes a series of mitigation measures relating to the 
Swansea Bay Coastal waterbody (Environment Agency, 2009a).  These mitigation 
measures are not yet in place, but could be implemented to ensure that the waterbody 
achieves its WFD objectives.  The RBMP (2009a) identifies that the Environment Agency 
(now NRW) will work with various sectors and organisations to implement the Plan and 
thus the mitigation measures.  

3.5.0.8 The Project is a new scheme and therefore outside the reference conditions on which it 
was classified as a HMWB.   It has therefore been identified that the Project will act as an 
added pressure to the waterbody in addition to those pressures identified at the time of 
designation.   

3.5.0.9 Compatibility of the Project with the mitigation measures proposed for Swansea Bay has 
been considered, as reported below.  As identified in consultation with NRW during 
September 2014, a review of the WFD proposed mitigation measures will be undertaken 
as part of the RBMP process.  However, this has not yet been carried out, and as a result 
there is no further detail as to whether all of the mitigation measures detailed within the 
RBMP will be implemented or how they will be implemented.  Consequently, it is not 
possible to assess compatibility of the Project would be with the mitigation measures 
fully. Nevertheless, where there is potential for incompatibilities/compatabilities to exist, 
these are highlighted in red, and where mitigation measures are supported by the 
Project, these are shown in green.  Mitigation measures which are not affected or are 
not relevant to the Project are shown by strike through: 

 
i. Indirect / offsite mitigation (offsetting measures); 
ii. Alter timing of dredging / disposal (potential partial incompatibility) – The 

standard dredging season is generally April to October to minimise down time and 
to take advantage of potentially better weather conditions.  The dredging for the 
Project is planned for this period. However, there are specific timings for dredging 
and disposal at present within Swansea Bay that is carried out by other 
organisations, so the baseline situation will remain constant because it is assumed 
that those bodies will continue to operate as at present. 

iii. Reduce sediment re-suspension (potential incompatibility) – The Project will use 
dredged material from Swansea Bay, within the Lagoon area, to construct the 
Lagoon seawalls. During the construction phase this dredging will cause re-
suspension of sediment from the seabed.  Once the Project is operational, TLSB 
will undertake dredging within the Lagoon (see Section 3.6.2.40).  Such activity will 
be undertaken in accordance with the requirements of a marine licence, which will 
be applied for prior to any maintenance dredging occurring.  Other organisations, 
such as ABP will continue to carry out dredging within Swansea Bay, in order to 
maintain navigational channels.  These dredging operations will also be subject to 
marine licence conditions.  The impact of sediment re-suspension as a result of the 
Project has been further examined during the EIA process (ES Chapter 6: Coastal 
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Processes, Sediment Transport and Contamination), with key points identified in 
the sections below; 

iv. Reduce impact of dredging (potential incompatibility) – The Project will use 
dredged material from within the Project area, to construct the Lagoon seawalls – 
this would result in a temporary, construction phase impact. During operation 
maintenance dredging within the Lagoon and possible changes to the current 
dredging practices in Swansea channel and the Neath Port Talbot channel would 
occur.  Operational dredging within the Lagoon by TLSB and elsewhere within the 
Bay, by other organisations would be carried out under relevant marine licences.  
It should be noted that the predicted increase in sediment deposition within the 
Swansea navigational channel as a result of the Project is within the headroom of 
the existing marine disposal licences held by ABP.  The dredging activities 
associated with the Project have been reviewed as part of the EIA process (ES 
Chapter 6: Coastal Processes, Sediment Transport and Contamination) with key 
points outlined in the sections below; 

v. Prepare a dredging / disposal strategy (potentially compatible) – a dredging and 
disposal strategy has been prepared for the construction phase of the Project and 
is contained within the marine licence application submitted to NRW.  A dredging 
and disposal strategy will also be prepared for the future maintenance dredging 
and submitted with the marine licence application for that activity prior to 
commencement of any dredging; 

vi. Avoid the need to dredge (e.g. minimise under-keel clearance; use fluid mud 
navigation; flow manipulation or training works) (potential incompatibility) – 
construction of the Project will require dredging works.  The Project will result in 
the need for maintenance dredging within the Lagoon footprint and potentially 
changes to the frequencies of existing dredging within the Swansea channel and 
the Neath Port Talbot channel.  Operational dredging within the Lagoon by TLSB 
and dredging elsewhere within the Bay, by other organisations would be carried 
out under relevant marine licences.  It should be noted that the predicted increase 
in sediment deposition within the Swansea navigational channel as a result of the 
Project is within the headroom in relation to disposal of dredged arisings provided 
for in the existing marine licences held by ABP. 

vii. Operational and structural changes to locks, sluices, weirs, beach control etc 
(potential incompatibility) – The objective of this mitigation measure is to reduce 
artificial impacts. This Project constitutes an addition to artificial structures within 
the Bay.  

viii. Preserve and where possible enhance ecological value of marginal aquatic habitat, 
banks and riparian zone (potential partial incompatibility) – It is recognised that 
intertidal habitat will be lost as a result of the Project. However, areas of the coast 
within the Lagoon will be enhanced with coastal grassland, salt marsh and dune 
systems.    

ix. Managed realignment of flood defence 
x. Bank rehabilitation / reprofiling (potential compatibility) – Areas of the coast 

within Swansea Port, which are currently hard engineering, will be enhanced with 
landscaping works (areas of maritime grassland, beach and saltmarsh); 

xi. Preserve and, where possible, restore historic aquatic habitats (potential partial 
incompatibility) - It is recognised that the Project has the potential to change 
established aquatic habitats within the lagoon.  However, enhancement strategies 
are  proposed such as reintroduction of the native oyster. 

xii. Removal of hard bank reinforcement or replacement with soft engineering 
solution (potential incompatibility) – Lagoon seawalls are to be rock-armoured, 
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and scour protection is to be employed around the turbine housing (underwater). 
The former is therefore an extension of the existing hard bank reinforcement. 
However, it is proposed that there will be some softening of the existing rock 
armour, through the provision of dunes, saltmarsh etc. which could result in 
benefits; 

xiii. Remove obsolete structure (potential compatibility) - the Project will involve the 
removal of the existing 2m high seawall along the southern extent of the Port of 
Swansea.  This structure is not part of any formal flood protection. The Lagoon 
seawalls and the managed water levels will provide flood protection to onshore 
buildings, thereby allowing the removal of the existing seawall. The existing rock 
armour protection which aligns the northern boundary of the Lagoon will be 
landscaped in areas thereby reducing the visual impact and encouraging additional 
habitats such as sand dune. Finally, in addition to this, the Swansea eastern 
breakwater will be removed as part of the Project.  

3.5.0.10 The potential adverse impact of the Project on those mitigation measures highlighted in 
red above will be taken forward to Stage 5 for detailed assessment.  As the Project is 
considered to be potentially incompatible/partially incompatible with a number of the 
WFD mitigation measures, it can be concluded at this stage that an Article 4.7 
assessment will be required for Swansea Bay coastal waterbody. 

Cumulative Impact Assessment 

3.5.0.11 The ES has identified a list of developments proposed that should be reviewed in terms 
of cumulative impacts. These developments are shown below in Table 3.10, and a 
preliminary screening has been undertaken to identify those which will be considered 
further in terms of the WFD during the EIA process.  Table 3.10 identifies in which 
technical chapter of the ES, the potential cumulative effects have been considered 
within.  From the assessments undertaken with the ES, it is considered that the Project, 
together with any other plans or Projects, will not cause deterioration in the status of 
any waterbody under the WFD, or compromise the future achievement of the objectives. 
Although, WFD assessment focuses on different parameters to the EIA, the assessment in 
the ES are considered sufficient to establish the absence of relevant interactions. 

Table 3.10  Screening of cumulative and in-combination projects 

Project and location Current status Screening 

Swansea University Bay Campus, 
adjacent to Crymlyn Burrows. 

Construction Feb 2013 – Sept 
2015. 

Potential positive impacts in 
terms of WFD objectives, from 
a flood risk perspective, 
through encompassing the 
shoreline within the tidal 
lagoon. Considered in: Chapter 
11 Coastal Birds; Chapter 12 
Terrestrial Ecology; Chapter 13 
Seascape and Landscape Visual 
Impact Assessment; Chapter 
15 Onshore Transport; Chapter 
16 Air Quality; Chapter 17 
Hydrology and Flood Risk; 
Chapter 18 Land Quality and 
Hydrogeology; Chapter 22 
Economy, Tourism and 
recreation. 
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Project and location Current status Screening 

St Modwens land development - east 
of Swansea Docks, to west of Neath 
estuary. 

Remediation of land, and 
potential future 
developments – no details 
available. 

No cumulative effect 
anticipated.  

Mumbles pier, foreshore and coastal 
strip redevelopment. 

Due to be completed by the 
end of 2013. 

No cumulative effect 
anticipated.  

Construction of new RNLI Lifeboat 
Station, Mumbles. 

Work complete.  Potential cumulative effect 
considered in Chapter 8 
Intertidal and Subtidal Benthic 
Ecology; Chapter 9 Fish 
including Commercial and 
Recreational Fisheries; Chapter 
10 Marine Mammals; Chapter 
13 Seascape and Landscape 
Visual Impact Assessment. 

SA1 development, Swansea. Development currently 
taking place, completion 
date unknown. 

No cumulative effect 
anticipated. 

Construction of the southern access 
road to Coed Darcy Urban Village, 
crossing nearby Crymlyn Bog. 

Yet to commence. Works distant and shore 
based; however, with ground 
intrusion so potential 
groundwater impacts.  
Potential cumulative impacts 
have been assessed further in 
the ES.  Considered in: Chapter 
12, Terrestrial Ecology; Chapter 
13, Seascape and Landscape 
Visual Impact Assessment; 
Chapter 15, Onshore 
Transport; Chapter 16, Air 
Quality. 

Swansea Boulevard project – work 
between Princess Way and The 
Strand, and the River Tawe bridges 
and The Strand. 

Phase 1 completed Nov 
2013. Phase 2 starts 2014. 

No cumulative effect 
anticipated. 

Wind turbine – on Welsh water site 
on Fabian Way. 

Application – Unsuccessful 
25/10/2013. 
 

Not considered. 

Five wind turbines – at Mynydd 
Marchywel between Rhos and Cilfrew 
Neath. 

Submitted Jan 2012. 
Consultation finished Jan 
2013. Still in planning. 

No cumulative effect 
anticipated. 

Sixteen wind turbines – at Mynydd Y 
Gwair, Swansea. 

Approved – unknown 
construction timetable. 

No cumulative effect 
anticipated. 

Five wind turbines – on land at 
Mynydd Brombil Farm, Margam Port 
Talbot. 

Submitted June 2012, still in 
planning. Consultation 
finished April 2013. 

No cumulative effect 
anticipated. 

Atlantic Array Wind Farm – off North 
Devon Coast approx 35km distant. 

DCO application submitted 
but withdrawn in 
November 2013. 

Not considered. 

Seventy six turbine Pen y Cymoedd 
windfarm near Neath. 

Planning approved – 
construction 2014. 

No cumulative effect 
anticipated. 

Llynfi Afan Renewable Energy Park -15 
turbine windfarm – on land 500m 
southwest of Cynnonville Port Talbot. 

Planning permission refused.  
Application was allowed on 
appeal on 27/08/2013. 

No cumulative effect 
anticipated. 

Mynydd y Betws- Fifteen turbine 
windfarm located on land to the east 
of Ammanford in Camarthenshire. 

Granted planning consent 
2009. Started operating April 
2013. 

No cumulative effect 
anticipated. 

Mynydd y Gwrhyd - windfarm in the 
Upper Amman and Swansea valleys. 

Approved on appeal 
07/05/2009. 

No cumulative effect 
anticipated. 
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Project and location Current status Screening 

Port of Swansea single wind turbine. Operational. No cumulative effect 
anticipated. 

Newlands Farm, single wind turbine- 
Margam. 

Application submitted 
January 2013. 

No cumulative effect 
anticipated. 

Kenfig Industrial Estate single wind 
turbine. 

Application submitted. 
Expected decision by Feb 
2014. 

No cumulative effect 
anticipated. 

Port Talbot Harbour redevelopment. Potential future 
activities/development. 
Status unknown. 

Shore based, likely 
modification of existing hard-
engineered coastline. Potential 
cumulative impacts have been 
assessed further in the ES. 
Considered in: Chapter 9 Fish, 
including Commercial and 
Recreational Fisheries; Chapter 
12, Terrestrial Ecology; Chapter 
17 Hydrology and Flood Risk; 
Chapter 14 Navigation and 
Marine Transport. 

Upgrading of the existing coastal 
defence of Aberavon West 
Promenade, Sandfields, Port Talbot. 

Completed August 2013. Project completed. 

Porthcawl regeneration scheme 
includes Porthcawl Marina project 
and 19th century lighthouse 
restoration.  

Approved by BCBC – 
timescale unknown. 

No cumulative effect 
anticipated. 

Tata Steel works- Internal power 
generation enhancement for Port 
Talbot steel works- installation of two 
new boilers and two new turbines 
housed in new power station building. 

Application expected to be 
submitted 2014. 

No cumulative effect 
anticipated. 

Underground coal gasification under 
Swansea Bay. 

License potentially to be 
extended. 

No further information 
available. - cumulative 
assessment cannot be 
undertaken at this stage. 

Underground coal gasification under 
Llanelli. 

Conditional Licence issued. No cumulative impact 
anticipated. 

Navigational dredging along the 
Swansea (Tawe), Neath and Port 
Talbot Channels.  

On-going. Potential cumulative impacts 
have been considered further 
in the ES Chapter 6 Coastal 
Processes; Chapter 8 
Intertidal and Subtidal Benthic 
Ecology; Chapter 9 Fish, 
including Commercial and 
Recreational Fisheries; Chapter 
10, Marine Mammals; Chapter 
14 Navigation and Marine 
Transport Assessment. 

Dredging at Monkstone cruising and 
sailing club and Swansea Marina. 

On-going maintenance as 
required. 

Potential cumulative impacts 
have been considered further 
in the ES Chapter 6 Coastal 
Processes; Chapter 8 Intertidal 
and Subtidal Benthic Ecology; 
Chapter 9 Fish, including 
Commercial and Recreational 
Fisheries; Chapter 10, Marine 
Mammals; Chapter 14 
Navigation and Marine 
Transport Assessment. 
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Project and location Current status Screening 

Mumbles Oyster project: Plan to put 
10,000 oysters on seabed off the 
village of Oystermouth. 

Permission granted 
September 2013.  

Potential cumulative effects 
have been considered in 
Chapter 9 Fish, including 
Commercial and Recreational 
Fisheries; Chapter 8, Intertidal 
and Subtidal Benthic Ecology; 
Chapter 22, Economy, Tourism 
and Transport 

Severn Barrage. Not within foreseeable 
future. 

Not considered. See note 
below. 

Swansea Barrage. Operational. Potential cumulative effects 
considered in Chapter 9 Fish, 
including Commercial and 
Recreational Fisheries 

Cardiff Barrage. Operational. On-going – no cumulative 
effect anticipated. 

Baglan Power station. Operational. Review of potential 
cumulative impact 
undertaken within the ES.  
See Chapter 9 Fish, including 
Commercial and Recreational 
Fisheries. Chapter 7: Marine 
Water Quality. 

Prenergy Biomass Power Station, Port 
Talbot- 350MW wood chip fuelled 
thermal generating station. 

Granted condition approval 
by BERR on the 20 November 
2007. While large scale 
construction has not been 
begun, implementation of 
the development has 
occurred and as such the 
planning permission remains 
extant. 

No cumulative effect 
anticipated. 

Abernedd Power station was granted 
conditional approval by DECC on the 
23 Feb 2011 for construction of a 
870MW gas fired combined cycle gas 
turbine power plant. 

This development has not yet 
been implemented. 

No cumulative effect 
anticipated. 

Nobel Banks aggregate extraction 
site. 

Ongoing. Potential cumulative effects 
have been considered in 
Chapter 10 Marine Mammals 
and Turtles 

The Swansea Bay (Thomas Shellfish 
Limited) Mussel Fishery Order. 

Ongoing. Potential cumulative effects 
have been considered in 
Chapter 10 Marine Mammals 
and Turtles 

Ro Ro Ferry – Port of Swansea. Currently not operational. Ferry not anticipated to 
recommence in the 
foreseeable future. No 
cumulative assessment 
undertaken. 

Rhiannon Offshore Windfarm. Pre-application stage. Project approx 500km distant – 
no cumulative impact 
anticipated.  

Burbo Bank Offshore Windfarm 
extension. 

Existing and extension 
sought 2013. 

Project approx 550km distant – 
no cumulative impact 
anticipated.  

Tidal Energy Ltd Deltastream 
Installation Ramsey Sound. 

Consent secured. Installation 
2014. 

Potential cumulative impact 
considered in Chapter 10 
Marine Mammals and Turtles. 
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Project and location Current status Screening 

Seagen Skerries Tidal Stream Array. Consent secured. Installation 
2014. 

Project approx. 450km distant 
– no cumulative impact 
anticipated.  

Tidal Stream Energy Demonstration 
Array St David’s Head, 
Pembrokeshire. 

Construction is planned to 
commence in 2017. 

Potential cumulative impact 
considered in Chapter 10 
Marine Mammals and Turtles. 

Note:  It was proposed that the Severn Barrage should be considered in the cumulative impact 
assessment for the Project as part of this EIA at the time this EIA was scoped.   However, the Severn 
Barrage does not constitute a project within any of the categories for consideration set out above.  
The Severn Barrage project has been considered by the Parliamentary Energy and Climate Change 
Select Committee, which commented, "Hafren Power has not overcome the serious environmental 
concerns that have been raised. Further research, data and modelling are needed before 
environmental impacts can accurately assessed – especially regarding fluvial flood risk, intertidal 
habitats and impact to fish. The need for compensatory habitat on an unprecedented scale casts 
doubt on whether the project could achieve compliance with the EU Habitats Directive."  In light of 
the uncertainty over the Severn Barrage project and its impacts, as well as its timing, it is not 
appropriate to assess it cumulatively with the Project.  Should a Severn Barrage be brought forward 
subsequently, then its promoter would assess its impacts cumulatively with the Project.  There is no 
reason to believe at this stage that the Project and a Severn barrage are environmentally 
incompatible.  
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3.6 WFD detailed assessment (Stage 5) 

3.6.1 Introduction 

3.6.1.1 This section examines the potential for a non-temporary effect on status at waterbody 
level for activities associated with the Project.  Such an effect could involve deterioration 
in status. Alternatively, it could be that the activity prevents the waterbody from meeting 
its WFD objective (whether “good status” or lower if an alternative objective has been 
set).   

3.6.1.2 The assessment has considered all of the water courses identified in Table 3.1 and the 
quality elements that have been screened in for each waterbody as described in Section 
4.  The assessment considers the potential effects of the Project on the ecological status 
of each waterbody considering the relevant biological elements and the supporting 
physico-chemical and hydromorphological elements.  As identified in Stage 4, it is 
considered that there will be no effects on the chemical status of any waterbody 
resulting from the Project and as such, this topic has been screened out. 

3.6.1.3 Under the terms of the WFD, the assessment has been based upon the effect of the 
Project on the existing waterbody (relevant for Swansea Bay coastal waterbody) and not 
upon the waterbodies that may exist after the creation of the Project. 

3.6.1.4 To assess if a potential effect resulting from the Project will cause a non-temporary 
deterioration in the status of any waterbody, or compromise the future achievement of 
the objectives, the effect was considered in relation to 2013 classification data (Appendix 
2) and the tables used to describe the biological status for river bodies, estuaries and 
coastal waterbodies from the UKTAG (2013) guidance ‘Final Recommendations on new 
and updated biological standards’.  These are presented in Appendix 4.  Where no 
classification data are available for a quality element, NRW have advised that the 
element should be considered to be of ‘good’ status and the potential effects on status 
evaluated on this basis.  This approach will be followed unless there is a situation where 
data for an element not assessed under WFD is available.  Justification for an alternative 
approach is provided in the following sections where relevant. 

3.6.1.5 In addition, the effect was also evaluated, where relevant, in relation to the UKTAG 
guidance within ‘Recommendations on Surface Water Classification Schemes for the 
purposes of the Water Framework Directive’ (2007) which identifies spatial criteria for 
the geographic extents of failures of one or more of standards or condition limits (other 
than the morphological condition limits) that are expected to have a significant effect on 
the ecological status of a waterbody.   

3.6.1.6 Table A1a (page 41) of the UKTAG guidance (2007) identifies “spatial criteria for the 
geographic extents of failures of one or more of standards or condition limits (other than 
the morphological condition limits) that are expected to have a significant effect on the 
ecological status of a waterbody”.  For coastal and transitional waters the spatial criteria 
are identified as follows: 

• Failure of a standard or condition limit for 'good', 'moderate' or 'poor' over more 
than 1.5 km2 of contiguous surface area of the waterbody; or  

• failure of a standard or condition limit for 'good', 'moderate' or 'poor' over more 
than 15 % of the surface area of the waterbody unless 15 % of the surface area of 
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the waterbody is 1.5 km2 or less. Where the latter applies, failure of the standard 
or condition limit over a total surface area of more than 1.5 km2 or over 100 % of 
the surface area of the waterbody, whichever is the smaller.” 

3.6.1.7 Table A1b presents standards appropriate for fish species in river systems as follows: 

 

Table A1b: Standards for the hydromorphological quality element, 'river continuity' 
to be used in assessing impacts on the movement of fish species in river systems  
Column 1  Column 2  Column 3  
High  Good  Moderate  
Severe loss of fish access to 
rivers draining less than 1 
% of catchment area of the 
waterbody  

Severe loss of fish access to 
rivers draining less than 5 
% of catchment area of the 
waterbody  

Severe loss of fish access 
to rivers draining less 
than 20 % of the 
catchment area of the 
waterbody  

 

3.6.1.8 The Clearing the Waters: Marine Dredging and the Water Framework Directive: Stage 2 
New Projects Process (Environment Agency, 2012a) identifies within the Trigger Table for 
Dredging Effects on WFD Parameters that in relation to morphological conditions, 
dredging an area of >5% of a waterbody would trigger the need for a full deterioration 
assessment.  It is considered that an activity of this scale has the potential to cause 
deterioration at waterbody level.  This trigger value has been considered within the 
following assessment. It should be noted that the EIA and Habitats Regulation 
Assessment (HRA) process has examined the likely effects of dredging associated with 
the Project and it is recognised in the Clearing the Waters guidance document 
(Environment Agency, 2012b) that a deterioration assessment can be incorporated 
within these assessment mechanisms (Part A, Step 5: consider delivery mechanism for 
assessment, Clearing the Waters: Marine Dredging and the Water Framework Directive: 
Stage 3: Assessment).   

3.6.1.9 The findings of the studies undertaken for the EIA and HRA have been used as a basis for 
the assessment of the potential effects of the Project on all the quality elements for the 
waterbodies within Stage 5 of the WFD assessment.  As has been identified previously, 
the WFD assessment process differs in that it will only consider whether the activity will 
have a significant non-temporary effect on the status of one or more WFD parameters at 
waterbody level.  As such, the findings of the HRA and EIA process have been further 
evaluated on this basis.  

3.6.1.10 The following sections assess the potential effects of the Project on the WFD 
waterbodies.  The assessments are based on the findings of the EIA presented within the 
ES and the HRA document submitted as part of the DCO application for the Project.  The 
Swansea Bay Coastal, Tawe Estuary, Neath Estuary, Bristol Channel Outer North and 
Swansea Carboniferous Coal Measures have been considered individually as the quality 
elements differ.  However, the other waterbodies identified in Table 3.1 have also been 
considered, as the screening process, detailed in Section 4, identified that the Project is 
only likely to affect the ‘fish’ (migratory fish only) quality element.  The methodology for 
the assessment of the ‘fish’ quality element for all waterbodies is set out below. 
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3.6.1.11 In relation to invasive species, although not identified as a quality element, UKTAG 
guidance has listed 3 categories of alien species. The guidance states that a waterbody 
will be classed as worse than high status if there is evidence that one or more species on 
the high impact list has become established over a significant spatial extent of the 
waterbody (i.e. 0.5km of contiguous length or 5% by length (river) or 5% by area (lakes 
and TRAC waters). The guidance also states that a waterbody will be classed as worse 
than good status if there is evidence that an alien species on the high impact list is 
causing the biological quality elements to deviate more than slightly from their reference 
conditions. The Environment Agency and NRW record the presence of alien species in 
waterbodies, but do not have data on the length or area of coverage.  Invasive species 
have been discussed briefly under Swansea Bay coastal waterbody below.   

3.6.1.12 As outlined in Section 3.5.0.6, the potential effects on nationally and internationally 
protected areas, have been assessed in detail within the ES and the HRA, so no further 
assessment is required within this WFD report.  

3.6.1.13 Mitigation is an essential component of the Project and has been considered throughout 
the design and EIA process.  Chapter 23 Mitigation and Monitoring of the ES provides a 
description of the mitigation that will be implemented as part of the Project, for any 
environmental effects considered to be significant under the Infrastructure Planning 
(Environmental Impact Assessment) Regulations 2009 (the 'EIA Regulations’) and the 
Marine Works (Environmental Impact Assessment) Regulations 2007 (the 'Marine 
Regulations').  These Regulations, together with the Planning Act 2008 (PA 2008), give 
effect to the European Council Directive 85/337/EEC (as amended by Council Directive 
97/11/EC and Council Directive 2003/35/EC of the European Parliament and Council).  
Mitigation measures will also be relevant for the potential effects on quality elements 
assessed under the WFD and have been described as appropriate in the following 
sections.   

3.6.1.14 In addition to describing the mitigation measures, Chapter 23 Mitigation and Monitoring 
and Appendix 23.1, the draft Adaptive Environmental Management Plan (AEMP), also 
provides details of the monitoring proposed.  A subsequent revision to the AEMP is being 
submitted to the Planning Inspectorate on the 5th August 2014.  Further revisions to the 
AEMP will be made as the Project progresses.  The mitigation measures will be 
monitored and adaptations to the mitigation will be implemented if required, 
throughout the pre-construction, construction and post-construction phases of the 
Project.  The statutory authorities will be required to be fully involved in agreeing the 
monitoring strategy, reviewing the findings and the development of any adaptations to 
the mitigation measures required. This adaptive monitoring process is recognised as 
appropriate within guidance documents including the ‘EC Guidance on the 
implementation of the EU nature legislation in estuaries and coastal zones, Guidance 
Document: The implementation of the Birds and Habitats Directives in estuaries and 
coastal zones with particular attention to port development and dredging’ (European 
Commission, 2011), where it is stated (page 18) that: “Where uncertainties or lack of 
knowledge on physical, morphological or biological processes still exist, these should be 
minimized as far as possible by additional research; where uncertainty remains adaptive 
monitoring programmes should be foreseen. New evidence and scientific information 
should be fed back into the management plan and where necessary lead to an 
appropriate adaptation of the management measures and monitoring schemes.” 
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3.6.1.15 Ongoing monitoring is also undertaken under the WFD by NRW in Wales for surveillance 
waterbodies.  The data gathered by NRW for waterbodies under the WFD will be 
reviewed and analysed in relation to data gathered as part of the ongoing monitoring 
programme set out within the AEMP.  This adaptive monitoring programme has also 
incorporated assessment of relevant quality elements assessed under the WFD as 
outlined in the following sections.   

3.6.1.16 Mitigation and monitoring will also be written into the Construction Environmental 
Management Plan (CEMP) and the Operational Environmental Management Plan 
(OEMP), as described in Chapter 4 of the ES.   

Fish quality element assessment approach 

3.6.1.17 The Swansea Bay region is known to support a number of diadromous (migratory) fish 
species. These species are all priority species of conservation importance under 
European legislation and of relevance to this WFD assessment. 

3.6.1.18 Spawning populations of Atlantic salmon (Salmo salar), sea trout (Salmo trutta) and 
European eel (Anguilla anguilla) are regularly recorded in Swansea Bay and connected 
waterbodies. Twaite shad (Alosa fallax), though caught in the Bay, are not known to have 
any local spawning populations.  

3.6.1.19 There is no evidence to indicate the extent of sea lamprey (Petromyzon marinus) or river 
lamprey (Lampetra fluviatilis) spawning in any of the rivers flowing into Swansea Bay. 
Fishery surveys by NRW (previously Environment Agency) undertaken between 2001 and 
2012 indicate that ammocoetes (juvenile lamprey) were found within all rivers at low 
densities, with exception of the River Afan. Spawning of river lamprey is observed by the 
Environment Agency on an annual basis on most rivers entering Swansea Bay (Evans, H., 
pers. comm., 15th February 2013). Sea lamprey have also been seen spawning in low 
numbers at the mouth of the River Neath (2 pairs seen in 2011). 

3.6.1.20 Anadromous fish populations experience significant natural inter-annual variation, 
dominated by super-regional influences (Harris & Milner, 2004; Tesch, 2003). Marine 
mortality is often significant, and is thought to represent an important determinant of 
low adult return rates (Aas et al., 2011). The population of anadromous fish (migrate to 
freshwater to spawn) within the River Tawe is prone to natural fluctuation, this is 
reflected in the number of fish declared by rod fishermen during yearly catch return data 
(Environment Agency, n.d.); numbers of anadromous fish returning to the Rivers Neath 
and Afan also fluctuate yearly.   

3.6.1.21 Chapter 9: Fish, including Recreational and Commercial Fisheries of the Environmental 
Statement concludes that the key rivers of interest for the impact of the project on 
migratory fish are the Rivers Tawe and Neath. The rivers enter the Bay just outside the 
western and eastern landfalls of the Lagoon seawalls respectively.  A detailed assessment 
of the potential effects of the Project on the Tawe and Neath has been undertaken for 
the Tawe Estuary and Neath Estuary waterbodies respectively.  It follows that any 
impacts identified for these waterbodies would be relevant for the upstream 
waterbodies of each river identified in Table 3.1.   

3.6.1.22 The likely effect of the Project on the populations of migratory species of salmon, eel and 
lamprey within Swansea Bay, such as the Kenfig and the Afan and other waterbodies 
entering the Bay as defined in Table 3.1 has been assessed as minimal within Chapter 9 
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of the ES. However, all waterbodies have been incorporated within the Stage 5 
assessment for completeness.  It should be noted, that the limited hydrological 
connectivity between Swansea Bay and the Neath and Tennant canal (and thus Crymlyn 
Brook) and information available for fish species present suggest that these 
watercourses are not important for migratory fish. 

3.6.2 Swansea Bay Coastal Waterbody 

Table 3.11 Swansea Bay Coastal Waterbody - Screened-in elements (see Table 3.3) 

Biological elements  Physico-chemical elements Hydromorphological 
elements 

Phytoplankton Dissolved Inorganic Nitrogen Depth variation 

Macroalgae Dissolved Oxygen Quality, structure and 
substrate of coastal bed 

Benthic invertebrates Specific Pollutants (Annex III) Structure of the inter-
tidal zone 

Wave exposure 

Direction of dominant 
currents 

 

Biological Elements 

Phytoplankton 

3.6.2.1 Chapter 8 Intertidal and Subtidal Benthic Ecology of the ES has examined the potential 
effects of the Project on phytoplankton.  Chapter 7 Marine Water Quality of the ES has 
also considered the potential effects of the Project on water quality, including nutrients, 
and the findings of this assessment have been considered within Chapter 8 for 
phytoplankton.  Changes in phytoplankton community composition may result from 
increased frequency and quantity of inorganic nutrient inputs, which could have negative 
effects on other biological quality elements, such as fish.  

3.6.2.2 Section 8.4.3.1 – 8.4.3.2 of Chapter 8 of the ES describes the baseline environment in 
relation to phytoplankton within Swansea Bay:   

8.4.3.1 A review has been undertaken of available scientific papers on phytoplankton 
and zooplankton in Swansea Bay and the wider marine region (Bristol 
Channel). Significant phytoplankton growth can occur in Swansea Bay where 
areas of shallow water and less tidal dispersion, compared to the wider Bristol 
Channel, encourage growth (Joint, 1980). Joint reported patches of 
phytoplankton in Swansea Bay that were positively correlated to seawater 
temperature and negatively correlated with decreases in turbidity. It is 
hypothesised by Collins et al. (1979) that Swansea Bay has a tidal stream 
parallel to the Gower coast with an anti-clockwise eddy that results in partial 
separation of a water mass in the Bay from adjacent regions and allows for 
the development of discrete phytoplankton growth. 

8.4.3.2 Phytoplankton surveys by APEM between November 2008 and October 2009 
in the vicinity of the Hinkley Point C cooling water system found limited species 
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diversity and abundance. A total of 21 species were found (19 diatoms, the 
flagellate Ceratium furca and the prasinophyte Halosphaera viridis). The 
highest phytoplankton abundance was found in July and consisted mostly of 
Odontella spp (Cefas, 2011a). 

3.6.2.3 Section 8.5.1.6 identifies that the phytoplankton species occurring in Swansea Bay are 
typical of the wider region and that none are protected under local, national or 
international legislation. 

3.6.2.4 Chapter 8 of the ES has considered the following potential effects of the Project on 
phytoplankton: 

• Changes in suspended sediment concentrations and re-deposition of suspended 
sediments during construction and operation; 

• Release of contaminants associated with the dispersion of suspended sediments; 

• Discharges and accidental spillages; 

• Changes in habitat suitability during the construction phase; 

• Changes in habitat extent and suitability during the operational phase; 

• Changes in water quality during operation; 

• Damage / obstruction to planktonic species during operation; and 

• Changes in biological interactions during operation. 

3.6.2.5 The assessments concluded that there would be no significant change to the baseline 
situation for phytoplankton, principally due to the existing dynamic hydrodynamic and 
sediment regime conditions within Swansea Bay and the short term exposure to any 
potential sources of contamination. Phytoplankton are considered to have a low 
sensitivity to the likely changes resulting from the Project given their high tolerance and 
rapid rates of recovery.  

3.6.2.6 The most significant area of potential change within Swansea Bay is within the Lagoon 
impoundment. Here, the following changes may have a potential impact on 
phytoplankton growth: 

i. lower current speeds and reduced advection, dispersion and flushing within the 
lagoon impoundment; 

ii. increased light penetration due to sediment deposition in the lower energy 
impounded waters ; 

iii. a reduction in nutrient (nitrogen) concentrations within the Lagoon impoundment. 
 

3.6.2.7 Changes in current speed would lead to a lower energy environment which would 
potentially suit phytoplankton production.  However only part of the Lagoon is likely to 
experience significant reductions in current velocity.  Figure 6.33 and 6.34 in Chapter 6 of 
the ES show that in the area closest to the turbines a significant increase in current 
velocity will occur (>1 m/s) and that an area of higher velocity will extend up to 2.5 km 
into the lagoon.  The remainder of the Lagoon, i.e. toward the Lagoon walls and the 
intertidal area at the back of the Lagoon, will experience a relative reduction in current 
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velocity, typically <0.1 m/s. These areas are already relatively low energy environments 
compared to the majority of Swansea Bay, and while the reduction in velocity is relatively 
small it represents a proportional decrease of 40% or more.   

3.6.2.8 Figures 6.40 and 6.41 in Chapter 6 of the ES show the change in residual flow in Swansea 
Bay and the Lagoon.  The residual flow represents the net movement of water over a full 
tidal cycle, and indicates the dominant direction and rate of movement of pollutants. In 
the Lagoon the residual flow is changed from an east to west flow parallel to the 
coastline to a strong clockwise gyre centred approximately 1 km north east of the 
turbines. The higher residual flow over much of the lagoon area would be expected to 
increase mixing and dispersion of pollutants within this part of the Lagoon.  A reduction 
in residual flow is seen along the shoreline and Lagoon walls.  These areas could 
potentially experience a reduction in dispersion and mixing, with pollutants potentially 
remaining longer. This could give rise to higher local primary production. 

3.6.2.9 Changes to current velocity and residual flow indicate a potential reduction in flushing, 
i.e. the water mass becomes isolated from adjacent waters limiting the transport and 
dispersion of phytoplankton and allowing primary production to occur.  Model 
applications have been undertaken to assess the flushing of the lagoon using a tracer 
which is placed in the Lagoon at a uniform and constant concentration.  The surrounding 
coastal waters are devoid of tracer.  As the model run progresses the concentration of 
tracer in the Lagoon is gradually reduced through exchange with external seawater 
(through the turbines) and in the Lagoon.  By monitoring tracer concentration it is 
possible to assess the exchange of Lagoon and seawater at various locations.  Runs were 
undertaken with tracer in the Lagoon impoundment and with a tracer covering the same 
area in the Baseline model, to provide a comparison of flushing with Baseline conditions, 
i.e. no Lagoon walls. 

3.6.2.10 Figure 3.2 presents the change in tracer concentration with time at five locations within 
the Lagoon (shown on the inset map). Results are presented for a spring tide for a 
Baseline and Lagoon case; neap flushing times are generally lower due to the lower tidal 
volume.  The curves in the plots represent the percentage remaining of the initial tracer 
concentration with time. Results have been averaged over each tide for clarity.    
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Figure 3.2 Change in Flushing Time of Lagoon Area Following Project Completion  

3.6.2.11 From Figure 3.2 it can be seen that sites close to the turbines will rapidly exchange water 
with the open bay, in most cases within a shorter time frame that at present.  The 
increased exchange rate over the Baseline is due to higher local advection, a more 
consistent flow direction through the turbines; and less tracer being drawn back after 
exiting the lagoon.  At these sites 50% of the tracer is lost within one day, with 90% lost 
within two days. The bulk of the Lagoon water, between the turbines and location 
MP212, is replaced by seawater within 1 to 2 days.  At MP221 a similar rapid initial 
exchange is seen with the loss of 50% of the tracer within these first two days.  After this 
time exchange is reduced compared to the Baseline.  Under baseline conditions 
exchange is not limited by the Lagoon walls, with the Lagoon in situ the exchange with 
the bay occurs through the turbines only. Tracer from further back in the lagoon must 
mix with the water mass between it and the turbines before it can be dispersed into the 
bay. This effect becomes greater in the inter-tidal area towards the back of the lagoon; at 
MP224 only 35% of the tracer is exchanged in the first two days, and at the most 
shoreward location (MP54) less than 5% of tracer is exchanged within two days.   

3.6.2.12 Rapid exchange is seen between the turbines and MP221, indicating this area is well 
mixed and exchanges with Swansea Bay water. This area represents around 60% of the 
lagoon surface area and around 80% of the Lagoon volume.  Shoreward of MP221 mixing 
with the larger Lagoon water mass and Swansea Bay is steadily reduced.  Mixing is least 
in the intertidal waters between high water and low water. 

3.6.2.13 Light is generally the most significant factor in determining primary production in coastal 
waters, particularly in estuaries. A reduction in turbidity (suspended solids) in the Lagoon 
could lead to a potential increase in primary production.  Joint and Pomroy (1981) 
reported phytoplankton data from the Severn Estuary and Bristol Channel over the 
period 1973 to 1977 and that ‘The standing stock of phytoplankton chlorophyll a was 
similar throughout the Bristol Channel but the rate of primary production was much 
greater where the water was less turbid. The estimated primary production was 6.8g C m 
-2 for the most turbid region and 164.9g C m -2 for the Outer Bristol Channel. A larger 
proportion of the annual primary production occurred in the spring in the Outer Channel 
than in the most turbid regions. Swansea Bay lies within the less turbid waters of the 
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Outer Bristol Channel where primary production would be expected to be at the higher 
end of the reported values.  The reported variation in phytoplankton production covers 
an area where suspended solids vary significantly.  In the upper estuary where primary 
production is lowest suspended sediment concentrations are high and frequently exceed 
1000mg/l.  In Swansea Bay, where higher primary production is observed, suspended 
solids concentrations are typically between 10mg/l and 50mg/l, i.e. 20 times lower than 
the Bristol Channel.  While the waters in the low energy parts of the Lagoon will 
experience some reduction in suspended solids concentrations, the observed data from 
the Bristol Channel suggests that significant reductions in suspended solids are required 
to markedly increase primary production.  A small reduction in suspended solids 
concentrations within the Lagoon impoundment is therefore unlikely to give rise to a 
significant change in primary production. 

3.6.2.14 The potential of effects as a result of changes in water quality, particularly nutrients, is 
discussed further under the topic of physico-chemical parameters below. This 
demonstrates that with removal of the outfall from within the lagoon (by extending the 
existing outfall beyond the Lagoon sea wall) and changes to the source of the lagoon 
water mass there is likely to be a significant reduction in nitrogen concentrations within 
the lagoon: the water entering the Lagoon will be offshore Swansea Bay coastal water, 
with very little contribution from the Neath or the Tawe rivers.  Model predictions of 
DAIN concentrations show a potential reduction of 100µg/l to 300µg/l within the lagoon, 
this represents up to half the average baseline concentration.  Assuming that all nitrogen 
is available for primary production, there is a linear relationship between nitrogen and 
productivity and no other factors limit production, the predicted reduction in nitrogen 
could halve primary production within the Lagoon impoundment. This effect would be 
most significant in areas of the Lagoon with more limited mixing, as nitrogen consumed 
by phytoplankton may not be replaced at a sufficient rate to maintain primary 
production. In effect those areas most suited hydrodynamically to phytoplankton 
production would be expected to receive lowest inputs of nitrogen. 

3.6.2.15 An analysis of chlorophyll concentrations from WIMS samples in Swansea Bay and the 
Tawe and Neath estuaries shows typical 90%ile concentrations of 4µg/l to 15µg/l.  These 
are within the High (<10µg/l) to Good (<15µg/l) class for chlorophyll specified by UKTAG 
for the waters of the UK West Coast.  These values indicate the current Waterbody status 
is Good, suggesting a relatively low risk of phytoplankton blooms.   

3.6.2.16 As discussed, during generation, over much of the Lagoon current speeds and flushing 
are increased.  This would be expected to maintain existing suspended solids and 
increased light penetration.  Nutrient concentrations would be reduced compared to 
Baseline conditions.  Phytoplankton entering the Lagoon would have a low residence 
time, with a large proportion flushed out on subsequent tides. Given these factors the 
overall risk of increased primary production is considered very low.  

3.6.2.17 However, the low energy area of the Lagoon in the shallows and along the lagoon walls 
(<40% of the Lagoon area, <20% of the volume) may be at risk of increased primary 
production compered to Baseline conditions due to reduced tidal dynamics and greater 
light penetration due to potential reductions in suspended solids concentrations. 
However the risk of increased primary production in these areas of the Lagoon is 
considered low as: 
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i. reductions in flow velocity and suspended solids concentrations are relatively 
small compared to Baseline conditions; 

ii. these areas lie away from the turbines and therefore away from the main source 
of phytoplankton and nutrients; 

iii. as these areas do not exchange water with the remainder of the Lagoon at high 
rates there is less chance of significant concentrations of phytoplankton reaching 
them; 

iv. nutrient levels in the low energy areas of the Lagoon will be relatively low; 

v. nutrients within these areas would be quickly reduced by phytoplankton 
production and would be replenished at low rates due to the locally reduced 
mixing. 

 
3.6.2.18 Overall the risk of significantly increased phytoplankton production within the Lagoon is 

considered low, given the relatively small changes predicted over the bulk of the Lagoon 
area and the relatively limited supply of phytoplankton and nutrients.  Monitoring will be 
undertaken within the lagoon, as set out in the AEMP, in the most at-risk areas (shallow 
areas at the shoreward margins). 

3.6.2.19 Elsewhere within Swansea Bay coastal waterbody, the presence of the lagoon increases 
mixing within the Bay, leading to greater dispersion of the discharge from the outfall 
(which will be re-positioned outside of the lagoon) and the nutrient loads from rivers 
such as the Neath, Tawe and the Afan. There are therefore unlikely to be any effects on 
phytoplankton resulting from the Project.  It follows that these predicted changes are not 
expected to significantly alter the distribution of phytoplankton in the Swansea Bay 
coastal waterbody, or lead to significant changes in primary production. 

3.6.2.20 Classification data for 2013 identify that the current status for phytoplankton within 
Swansea Bay Coastal waterbody is Good.  The findings of the assessment detailed above 
predict that the Project (lagoon seawalls, outfall extension and sluice gates and turbines) 
will not result in deterioration of the status of the Swansea Bay coastal waterbody in 
relation to the phytoplankton quality element, or that the Project will compromise the 
future achievement of the WFD objectives. 

Macroalgae 

3.6.2.21 Chapter 8 Intertidal and Subtidal Benthic Ecology of the ES has examined the potential 
effects of the Project on macroalgae.  Chapter 7 Marine Water Quality of the ES has also 
considered the potential effects of the Project on water quality, of which nutrient levels 
are of particular note, and the findings of this study were considered within the 
assessment presented in Chapter 8 of the ES for macroalgae. 

3.6.2.22 Section 8.4.4.1 of Chapter 8 of the ES summarises the baseline environment in relation to 
macroalgae within Swansea Bay: “The zonation of intertidal algae found on the rocky 
shore within the Project area appears to follow general patterns found elsewhere; for 
example, Pelvetia canaliculata and Fucus spiralis on the upper shore”, with sections 
8.4.5.4 – 8.4.5.23 describing the presence of macroalgae in more detail.  Section 8.5.1.6 
identifies that the macroalgae species occurring in Swansea Bay are typical of the wider 
region and that none are protected under local, national or international legislation.  
Chapter 8 of the ES examines the following potential effects on macroalgae: 
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• Changes in suspended sediment concentrations and re-deposition of suspended 
sediments during construction and operation; 

• Release of contaminants associated with the dispersion of suspended sediments; 

• Discharges and accidental spillages; 

• Introduction of non-native species; 

• Changes in habitat suitability during the construction phase; 

• Change in habitat extent and suitability during the operational phase; 

• Changes in water quality during operation; and 

• Changes in biological interactions during operation. 

3.6.2.23 Sections 8.5.8.18 – 19 of Chapter 8 of the ES identifies that “the Project will result in the 
permanent loss of intertidal and subtidal habitat under the footprint of the scheme, of 
which only a small proportion is rock habitat and thus suitable for macroalgae.  The 
Lagoon structure itself, however, has the potential to provide a new colonisation surface 
for macroalgal species which are dependent on hard substrata, particularly on the more 
sheltered inside facing side of the Lagoon seawall. The marine organisms that grow in 
and around the Project area should give a good indication of the species that could be 
expected to grow on and around the Lagoon seawall. Both Pelvetia canaliculata and 
Fucus spiralis have been observed along the hard sea wall between the River Tawe and 
River Neath. This will form the northern boundary of the Lagoon and will be linked to the 
new Lagoon structure creating a viable pathway through which these species can 
colonise the new surface. Larval supply, settlement, substratum, species interactions and 
physical stresses will all be critical in determining the community structure that will 
develop on artificial structures (Menge et al. 2010 cited in Bertelli and Powell, 2013).” 

3.6.2.24 The very first organisms to colonise a hard substrate surface in the marine environment 
produce a biofilm. This is comprised of diatoms, bacteria, protozoans, cyanobacteria, 
microalgae and macroalgal propagules. It is widely accepted that these organisms along 
with the other molecules that make up the film, will influence the settlement of 
subsequent organisms. The type of community that will first colonise a new structure 
follows a common pattern. Fast-growing algae such as Blidingia, Ulva and Porphyra spp. 
are primary colonisers. These may be replaced over time by later colonisers, typically 
barnacles, limpets, mussels and foliose algae. Local field trials around Swansea Bay for 
biofouling experiments identified that over nine species of algae initially colonised 
artificial surfaces. However, areas subject to high water flow may be unsuitable for 
macroalgae. A previous review of attached macroalgae in relation to the proposed 
Severn Barrage scheme suggested that hard substrates in less sheltered waters away 
from the banks, where flow speeds are higher, were more likely to be colonised by 
barnacle dominated communities, rather than macroalgae. However, the nature of the 
colonisation will also depend on the nature of the structure, e.g. boulder mounds will be 
less attractive to less mobile invertebrates including limpets.  For a summary of beneficial 
effects surrounding artificial reefs please see Jensen (2002). 

3.6.2.25 The construction of the seawalls of the Project will result in an increase in the overall 
area of rock intertidal (38.7ha)12 and subtidal (24.2ha) habitat that has the potential to 

12 Areas taken from updated Tables 4.3-4.5 (from Chapter 4 Project Description of the ES) submitted as TLSB 
Written Response Q1.15 on 10 July 2014 
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be colonised by macroalgae.  However, it is recognised that increased deposition of 
sediment on rock surfaces as a result of reduced flows may reduce the habitat suitability 
for many macroalgae species.  This could occur as a result of the predicted slight increase 
in sedimentation within the lagoon footprint, resulting from reduced flows and wave 
exposure (see Table 6.22 Chapter 6 Coastal Processes, Sediment Transport and 
Contamination and further described below under hydromorphological conditions).  
Macroalgae species that occur in Swansea Bay already experience fluctuations in water 
flows and sedimentation under natural conditions and the operation of the Project will 
result in changes outside the normal sedimentary conditions.  However, macroalgae will 
only be exposed to changes in suspended sediments while they are submerged in water 
and in the majority of areas, the tide will rapidly re-mobilise and disperse sediment 
resulting from the Project, which will allow the macroalgae to continue to 
photosynthesise.  Macroalgae are considered to have a low sensitivity to these changes 
given their high tolerance and rapid rate of recovery.  Contaminant levels are expected to 
be low in the areas that will be directly affected by the Project, as demonstrated in the 
analysis results presented in Chapter 4 Project Description of the ES.  As such, any short 
term exposure to released contaminants is not expected to result in significant effects on 
macroalgal populations. 

3.6.2.26 Potential changes to salinity, temperature and dissolved oxygen resulting from the 
Project both within and outside the Lagoon are predicted to be within natural variations 
already experienced within Swansea Bay.  Short term exposure to elevated contaminant 
levels resulting from the Project were considered not to have an effect on macroalgae. 

3.6.2.27 The potential for opportunistic macroalgae has been considered.  Opportunistic 
macroalgae are able to utilise excess nitrogen in the environment and outcompete other 
seaweed species. They can produce blooms, forming dense algal mats which can have 
harmful effects on underlying mudflat sediments and fauna, other algae, seagrass, and 
saltmarsh.  Blooms form principally of species of Ulva (this includes taxa formerly known 
as Enteromorpha), Chaetomorpha or Cladophora, although other green, red (e.g. 
Ceramium, Porphyra) and brown algae (e.g. Ectocarpus, Pylaiella) may also reach 
nuisance proportions (Fletcher, 1996a, 1996b cited in UKTAG, 2014).  However, as 
identified above, the assessment undertaken predicts that there will not be a significant 
change in nutrient levels resulting from the Project within Swansea Bay or the Lagoon. 

3.6.2.28 Classification data for 2013 identify that the current status for macroalgae within 
Swansea Bay Coastal waterbody is ‘high’. The findings of the assessment detailed above 
predict that the Project (lagoon seawalls, outfall extension, widening works in Neath 
channel and sluice gates and turbines) will not result in deterioration of the status of the 
Swansea Bay coastal waterbody in relation to the macroalgae quality element, or that 
the Project will compromise the future achievement of the objectives.  The presence of 
opportunistic macroalgae will be monitored during the intertidal surveys which will be 
carried out post construction as detailed in the AEMP.  

 

Benthic Invertebrates 

3.6.2.29 UKTAG (2014a) Infaunal Quality Index (IQI) requires that the assessment of the benthic 
invertebrate quality element under the WFD considers abundance, diversity and the 
presence and/or absence of pollution-tolerant and disturbance-sensitive taxa.  An 
assessment has been made of the potential impact of the components of the Project on 
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the subtidal and intertidal benthic ecology as detailed in Chapter 8 of the ES.  For the 
WFD assessment the components in question comprise the ‘lagoon seawalls’, the 
‘temporary cofferdam’, ‘widening of the Neath channel’ and the ‘maintenance dredging’.  
Capital dredging is incorporated into the ‘lagoon seawalls’ component.  The assessment 
has considered the aspects identified within the IQI. Note this assessment is linked to 
those species associated with soft sediments and not hard substrate. As such any 
colonisation of hard structures associated with the Project are not taken into 
consideration. 

Intertidal and subtidal benthic surveys 

3.6.2.30 Intertidal and subtidal habitats, and species which are functionally reliant on these 
habitats (e.g. microphytobenthos), are sensitive to direct physical loss at locations where 
new structures are introduced onto the seabed (i.e. within the development ‘footprint’ 
of these structures).  Intertidal and subtidal surveys were undertaken for the Project as 
reported in Chapter 8 of the ES.  The intertidal study covered the area to the east (to the 
River Neath) and west (to Blackpill SSSI) of the lagoon using historical data and data from 
surveys carried out in 2013 specifically for the Project. A benthic survey consisting of 
sediment sampling, epifaunal trawls and CTD profiling within Swansea Bay as part of the 
subtidal benthic characterisation for the Project was undertaken on 4th – 8th May and 
18th June 2013.  The survey comprised: 

i. 59 sites for sediment sampling; 

ii. 49 sites for benthic samples; 

iii. 10 CTD (Conductor, Temperature and Depth) salinity profiles; and 

iv. 7 epifaunal trawls. 

3.6.2.31 The 59 sediment sampling sites were located both in the Lagoon and in the surrounding 
area. The sites comprised 49 sites for benthic analysis (27 samples from within Project 
footprint and 22 samples from the surrounding area), 59 sites for particle size analysis 
(PSA) and 17 sites for metal analysis.  In terms of the benthic sampling, 3 replicates were 
collected from each of the 49 sites, but only one was processed to “characterise” the 
benthic ecology in the area. The remaining two samples from each site have been stored 
for selective further analysis. Details of survey findings are presented in Chapter 8 
Intertidal and Subtidal Benthic Ecology and also contained within the Swansea Bay Tidal 
Lagoon Benthic Data Report (Titan, 2013). 

Habitat loss or change resulting from the Construction of the Project 

3.6.2.32 The total area of direct intertidal and subtidal habitat loss as a result of the construction 
of the Project is 42.8ha and 485.5ha respectively. This includes the footprint of the 
seawalls and turbine house (including the temporary cofferdam required for its 
construction), the temporary rock storage area and a worst case scenario for dredging 
(wide primary dredge area – see Chapter 4 Project Description of the ES) but does not 
include any habitat gain as a result of construction of the seawalls (see 3.6.3.4). Primary 
and secondary dredge areas have been identified within Chapter 4 Project Description of 
the ES.  It is considered unlikely that the secondary dredge areas will be used.  If an area 
identified within the primary dredge area is found to be unsuitable, dredging will be 
stopped in this area and an area within the secondary dredge area will be utilised.  There 
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will therefore be no increase in total dredge area than that identified for the primary 
dredge area. 

3.6.2.33 A further area of subtidal habitat will be affected by construction works associated with 
the extension of the outfall.  Since submission of the updated WFD report (August 5th 
2014), it has been confirmed that the outfall will be buried and, as a result, there would 
be a temporary disturbance to bury the pipe.   

3.6.2.34 There will also be an additional small area of habitat loss as a result of the widening 
works to the mouth of the Neath navigation channel and the small area of dredging 
required. These works are all in the lower intertidal area.  However, as the wall will be 
relocated, there will be no net loss of intertidal habitat.  Subsequent to the submission of 
the application for development consent further discussions are on-going with Neath 
Port Authority in relation to the final works required for navigational access, but in 
principle, the works will involve:  

i. The eastern arm of the Lagoon seawall will form part of the western Neath training 
wall (red hatched area on Figure 3.3) and the western training wall, will be 
reinstated to its former level (similar to the inshore height) for approximately the 
last 1km; 

ii. The navigation channel width from opposite the lagoon return wall at Crymlyn 
Burrows will be widened to 100 metres and the Monkstone light will be 
repositioned; 

iii. The eastern Neath training wall will be realigned (splayed) from the location of the 
Monkstone light;  

iv. The starboard buoy would be moved to create a gap of a minimum of 250 metres 
from the Lagoon wall; and 

v. A small area of dredging (yellow triangle shown on Figure 3.3) will be undertaken 
within the channel to widen it. 
 

3.6.2.35 The realignment of the last 1km of the existing eastern intertidal training wall will entail 
the relocation of the material from the old wall.  Construction works will be undertaken 
at Mean Low Water Springs between March and October using land-based plant and, 
potentially, limited marine plant. The plant will pick up and relocate the existing wall at 
its realigned location, approximately 100m further south-west.  A new Monkstone light 
will be installed adjacent to the realigned wall.  Dredging will be undertaken within the 
channel (yellow triangle shown on Figure 3.3) and, depending on its geotechnical 
composition, the sediment will be used within the lagoon walls or disposed at the 
licensed off shore disposal grounds (where the material dredged from the Neath channel 
by Neath Port Authority is already disposed). 

3.6.2.36 Construction of the new training wall is expected to last 3-4 weeks.  The works will be 
undertaken in Year 2 or 3 of construction of the lagoon while works are ongoing on the 
eastern seawall, to minimise additional disturbance to the area. 
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Figure 3.3 Neath eastern training wall repositioning 

Habitat loss and change resulting from the operation of the Project 

3.6.2.37 Once operational, 22.3ha will be regained as the temporary intertidal rock storage area 
will no longer be needed, leaving a residual 20.5ha direct loss. In addition to this, there 
will be an additional 2.9 ha of intertidal habitat lost as a result of water level changes 
within Swansea Bay.  .   

3.6.2.38 In relation to the subtidal area, once the temporary cofferdam is removed, the subtidal 
area will be regained except for those areas underneath the turbine and sluice housing 
structure and the scour mattress (4.1ha) (the previous soft sediments in this subtidal 
area will be replaced by the hard scour mattress which will provide a different habitat to 
the baseline scenario).   

3.6.2.39 Therefore, in total, with the use of variable speed turbines, assuming a worst case 
scenario of no habitat gain resulting from the seawalls and turbine house, there will be 
approximately 23ha of permanent intertidal habitat loss (under lagoon seawalls, boating 
area and change in water levels); and 73ha of permanent subtidal habitat loss (under 
lagoon seawalls, scour mattress and turbine and sluice gate house) and 2.9ha of 
permanent subtidal gain with the change in water levels13. 

3.6.2.40 Maintenance dredging will also be required within the Lagoon once the Project is 
operational and this dredging will affect subtidal habitats.  Chapter 6 of the ES has 
examined the future dredging requirements and section 6.5.2.75 – 76 identifies that 
“Within the Lagoon, mud will settle out over slack periods when there is no water 
exchange between the Lagoon and Swansea Bay. However, during power generation a 

13 It is no longer proposed to use fixed speed turbines. 
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proportion of this sediment will be resuspended and transported away from the turbine/ 
sluice structure under strong flow conditions; potentially exiting the Lagoon over the ebb 
tide. Across the majority of the Lagoon, away from the turbine/ sluice gate structure (i.e. 
towards the back), long-term sedimentation is to be expected; increases in this 
sedimentation (above baseline levels) are estimated to cover approximately one-third of 
the Lagoon. These areas of sedimentation are expected to coincide with the 
sedimentation distribution patterns illustrated in Figure 6.50 (Volume 2 of the 
Environmental Statement). It is also expected that some sand will also accumulate within 
the Lagoon, although this will be considerably less than that predicted for mud.    

Based upon the same annual interpretation method undertaken for the Swansea and Port 
Talbot channels, it is estimated that accretion within the Lagoon will likely represent an 
annual volume of between 570,000 to 920,000 m3. It is expected that a large quantity of 
this sediment would need to be maintenance dredged, likely over a number of campaigns 
(dependent upon the chosen dredge methodology), in order for the Lagoon to maintain 
its power generation effectiveness. It is anticipated that maintenance dredging within the 
Lagoon will not need to start until 10 to 15 years after the completion of construction and 
then be performed approximately every two years. However, the need to do so will be 
monitored and, based on this monitoring, a dredging strategy will be developed and a 
licence for disposal will be discussed and agreed with the Marine Licencing Team (MLT).” 

3.6.2.41 During the period between the completion of construction and the first maintenance 
dredge, the subtidal and intertidal areas will become re-colonised (see below for further 
information).  Dredging will subsequently occur in areas where mud has been deposited. 
Figure 6.50 (Volume 2, reproduced in Appendix 3) illustrates the predicted mud 
deposition pattern within the Lagoon and from this it can be seen that approximately 
one third of the Lagoon area will require dredging (which would equate to approximately 
383.3ha based on an impounded area of 11.5km2).  It should be noted that there will be 
areas of the Lagoon which are likely to be unaffected by both the capital and 
maintenance dredging operations, and some areas which may be affected by the capital 
dredging but not by the maintenance dredging (apart from short term potential impacts 
principally in relation to suspended sediments during dredging) and vice versa. 

3.6.2.42 In addition to changes within the Lagoon, there will be potential for changes to habitats 
of which it is not possible to accurately quantify in the wider Swansea Bay coastal 
waterbody.  These potential changes in habitats, and thus the composition of species, 
may result from the construction of the Project and resultant effects on coastal 
processes causing sediment (mud) deposition or erosion in localised areas or changes in 
water levels affecting intertidal habitat exposure. 

3.6.2.43 Figures 6.50, 6.51 and 6.52 within Volume 2 of the ES (reproduced in Appendix 3) 
illustrate mud deposition resulting from operation of the Project under various 
conditions (Figure 6.50 Predicted changes to mud deposition during a 10 in 1 year storm 
event; Figure 6.51 Predicted changes to mud deposition during calm periods (spring tide 
only), and Figure 6.52 Predicted changes to mud deposition during a 1 in 20 year storm 
event).  The effects on receptors are also described in Chapter 6 of the ES and discussed 
below under the two relevant headings defined in Table 6.22 of Chapter 6, i.e.: 

• Wider Bay Swansea sand beach areas and effect on lower shore; and 

• Tawe, Neath and Port Talbot channels. 
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Wider Bay Swansea sand beach areas and effect on lower shore 

3.6.2.44 Relevant extract from Table 6.22, Chapter 6 of the ES: 

Wider bay Swansea 
sandy beach areas 
and effect on lower 
shore 

Construction – no predicted significant increases to SSC or sediment deposition 
during construction phase. 

Operation – general slight reduction in mean flow speeds over the western part of 
the bay as a result of the constriction of the bay between Mumbles headland and 
the outer extent of the lagoon wall. Predicted changes to HW and LW levels are 
predominantly constrained to the upper and lower parts of the bay (around the 
entrance to the Tawe and behind Mumbles). Reflection of SW waves off of the outer 
lagoon wall result in a small predicted increase in significant wave height to the 
southern part of the western bay (behind Mumbles). 

The assessment of potential changes to mud transport during smaller (10 in 1 year) 
storm conditions shows no predicted increased deposition of mud material across 
the intertidal part of the western bay, with any changes predicted to occur in the 
subtidal part of the bay. Where potential increased mud deposition is predicted, it 
should be noted that the system will reach an equilibrium condition whereby the 
increased deposition will result in shallower depths, such that the flows over the 
bed will be increased to the point that further deposition will be less likely. 
Additionally, calmer periods (which have less potential to mobilise sediment from 
the bed) and larger storm events (which have the potential to increase erosion), 
have been shown to result in lower levels of deposition, and over a reduced spatial 
extent. 

The potential intermittent transport of sand material from the eastern part of the 
bay to the western part of the bay (during larger storm events) will be blocked by 
the lagoon, leaving direct transport from offshore during SW and SE storms as the 
primary source of sand to the western part of the bay. Analysis of the SCBCEG 
annual beach profiles for this region show an initial reduction in beach and intertidal 
levels between 1998 and 2005, but a more stable elevation between 2005 and 
2013. A slight general seaward movement of HAT and MHWS indicates a general 
trend for slight accretion since 2005. As a result of this, and the reduction in 
intermittent sand transport, it is considered that this slight accretion is likely to 
reduce following construction of the lagoon, leading to a more stable profile in the 
future. 

3.6.2.45 From this, the key potential change is in relation to mud deposition in the subtidal 
environment in the western area of the Bay.  However, this is predicted to reach an 
equilibrium condition whereby the likelihood of further deposition is reduced.  Benthic 
sampling was undertaken as part of the Project by Titan in 2013 (Titan, 2013) and a 
number of samples were located in the area where deposition is predicted for a 10 in 1 
year storm event as detailed below.  The locations of the samples are shown in Figure 
8.17 (reproduced in Appendix 3) and the areas of predicted deposition and erosion in 
Figures 6.40-6.52 (reproduced in Appendix 3).  
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Table 3.12 Samples within or in close proximity to areas of predicted erosion and 
deposition in the Western Bay 

Sample 
number 

Sediment 
type 

Faunal 
assemblage 

Species 
richness 

Abundance Total 
number of 
species 

11 Sand C 0-5 0-5 0-5 

10 Sand D 5-10 10-15 5-10 

8 Sand D 0-5 0-5 0-5 

6 Sand C 5-10 5-10 5-10 

43 Sand Unsuccessful n/a n/a n/a 

5 Muddy sand Outlier 5-10 5-10 5-10 

 
3.6.2.46 The faunal assemblage at the sites 11, 10 and 8 where the main area of mud deposition 

is predicted to occur comprises groups C and D.  Site 11 comprise faunal group C 
(average group similarity of 30.19%) and consisted of 6 taxa (at the 90% cut-off for low 
species contribution). The polychaete worms Magelona johnstoni, Nephtys, Glycera 
tridactula, Magelona filiformis, Magelona mirabilis and the bivalve Nucula nitidosa were 
key characterising fauna of this group.  These species inhabit sediments ranging from 
sand to muddy sand and vary in their recovery from disturbance ranging from 
intermediate (Glycera tridactula) to high recovery (Nucula nitidosa, Magelona genus)14.  
Sites 8 and 10 comprise faunal group D (average group similarity of 25.14%) which was 
characterised by the presence of one individual, the polychaete worm Travisia forbesii15.  
This species is considered to have an intermediate recoverability following disturbance. 

3.6.2.47 Any sediment deposition at these sites resulting from the Project will be gradual, to a 
maximum of 0.5-1mm (Figure 6.50, Chapter 6).  Deposition of mud in the localised area 
may result in a change in those species which inhabit sand to species which inhabit 
muddy-sand or mud habitats.  As identified above, once an equilibrium is reached, the 
habitat will stabilise and allow colonisation of species adapted to a muddy sand – mud 
habitat.  It is important to note that the samples collected in this area had low species 
diversity and abundance which reflects the more mobile nature of sand. In addition, the 
sand (sites 6, 8, 10 and 11) and the muddy-sand (site 5) had similar low diversity and 
abundance.  There may also be changes at sites 6, 43 and 5 but to a lesser extent, as less 
sediment is predicted to be deposited (0.2 – 0.5mm, see Figure 6.50, Chapter 6). 

Tawe, Neath and Port Talbot Channels  

3.6.2.48 Relevant extracts from Table 6.22, Chapter 6 are shown below for predicted changes to 
sediments elsewhere within the Swansea Bay coastal waterbody. 

14 http://www.genustraithandbook.org.uk/genus/ 
15 (http://www.marlin.ac.uk/speciessensitivity.php?speciesID=3918) 
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Tawe channel Construction – some localised predicted increases to SSC and sediment deposition 
as a result of construction activity in the western part of the bay. 

Operation – predicted effects on Tawe approach channel can generally be split into 
two regions: 

1.  Outer part of approach channel (offshore of the present lagoon extent) – 
predicted increases to current flow during ebb generation phase; small predicted 
increase in significant wave height as a result of reflection of SW waves off of the 
lagoon wall. As a result, it is considered unlikely that increased sediment deposition 
will occur in this part of the channel. 

2. Inner part of approach channel (adjacent to the western arm of the lagoon wall) – 
predicted decrease in mean flow speed; predicted decrease in significant wave 
height from SW and SE waves as a result of sheltering from the lagoon. As a result, it 
is considered that increased sediment deposition (predominantly muds) is likely 
within this part of the approach channel. Maximum deposition within the channel of 
approximately 1.5mm is predicted over a 24 hour period during a 10 in 1 year storm 
event (i.e. this level of deposition might be expected to occur 10 times over an 
annual period). Calmer periods (which have less potential to mobilise sediment from 
the bed) and larger storm events (which have the potential to increase erosion), 
have been shown to result in lower levels of deposition, and over a reduced spatial 
extent. 

Neath Channel As a result of the reduction in mean flow speeds and the sheltering by the lagoon 
from the predominant SW waves, it is predicted that sand will accrete in the region 
fronting Crymlyn Burrows, against the eastern arm of the lagoon wall. The amount 
and extent of deposition is largely dependent on the prevailing SW storm 
conditions, with more severe storms potentially carrying more sand into this part of 
the bay, therefore increasing the potential accretion. Where the volume of material 
is great enough, it is considered possible that some of the accreted sand may build-
up against the lagoon wall and ‘fall-into’ the Neath approach channel. 

No change in mud distribution, either through erosion or accretion, has been 
identified within the Neath Channel. 

Port Talbot channel Construction – some predicted increases in deposition within the outer parts of the 
approach channel as a result of disposal activity at the spoil ground. Overall, 
deposits are expected to be dispersed over time, following cessation of disposal 
activity. Any material that remains within the channel is considered likely to be 
indiscernible when compared to the natural variability of the system. 

Operation – some predicted increases in mud deposition within the inner and outer 
parts of the approach channel as a result of changes to mud transport pathways. 
Overall, it is considered that additional material deposited within the channel is 
likely to be indiscernible when compared to the natural variability of the system. 

 

3.6.2.49 Predicted sediment (mud) deposition or erosion elsewhere within the Bay is illustrated 
on Figures 6.50 – 6.52.  These figures show pockets of deposition and erosion in a 
number of localised areas within the Swansea Bay coastal waterbody.  Areas of particular 
note in terms of deposition for a 10 in 1 year storm event, are located to the south and 
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east of the lagoon wall and in the Swansea (inner) and Port Talbot (outer) Channels.  For 
many of these areas, deposition is between 0.2-1mm, with a maximum of 2-2.5mm 
immediately adjacent to the southern lagoon wall.  In terms of erosion, localised areas 
occur in the Swansea (outer) and Port Talbot (inner) Channels, to the south east of the 
lagoon wall and to the west of the Tawe.  Erosion is between -0.2 - -0.5mm in the 
majority of areas, with a maximum of -0.5 - -1mm immediately to the south east of the 
lagoon wall, the outer Swansea Channel and the inner Port Talbot Channel. 

3.6.2.50 The following table presents details of the benthic sampling sites located within, or in 
proximity to areas predicted to experience deposition or erosion in the mid and eastern 
Bay. 

Table 3.13 Samples within or in close proximity to areas of predicted erosion and 
deposition in the mid and eastern Bay 

Sample 
number 

Sediment 
type 

Faunal 
assemblage* 

Species 
richness 

Abundance Total number 
of species 

Sites located within, or in proximity to areas predicted to experience deposition 

33 Sand B 5-10 50-75 30-35 

45 Sand No sample No sample No sample No sample 

46 Sandy gravel E 50-55 100-180 40-45 

47 Gravelly sand A 60-65 180-250 50-55 

48 Gravelly sand A 45-50 100-180 

…. 

40-45 

54 Muddy sand No sample No sample No sample No sample 

Sites located within, or in proximity to areas predicted to experience erosion 

16 Gravelly sand A 35-40 180-250 30-35 

23 Sand and 
gravel 

F 5-10 5-10 5-10 

57 Sand B 55-60 15-20 5-10 

*Full details of the faunal assemblages are given in Chapter 8 Intertidal and Subtidal Benthic 
Ecology of the ES (8.4.6.16 – 8.4.6.21) 

3.6.2.51 The geographical distribution of the faunal groups shown above is likely to reflect 
differences in sediment composition.  In general, more mobile areas of finer sand or mud 
tend to be of lower species abundance and diversity, whereas gravelly sand and cobbles 
support a higher diversity and abundance. Taxa belonging to the Phylum Annelida were 
generally found to dominate the benthic communities in terms of abundance, species 
diversity and total biomass.  Chapter 8 Intertidal and Subtidal Benthic Ecology, section 
8.5.4.19 identifies that subtidal species and habitats present within Swansea Bay, 
including subtidal sands and gravels, are considered to be well adapted to natural levels 
of siltation due to the existing dynamic conditions.  However, it is recognised that in 
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localised areas as shown on Figures 6.50 – 6.52 levels of sediment (mud) deposition or 
erosion may gradually lead to a change in habitat favouring species tolerant to the 
altered environmental conditions. Predicted sediment (mud) deposition or erosion 
elsewhere within the Bay is illustrated on Figures 6.50 – 6.52.  These figures show 
pockets of deposition and erosion in a number of localised areas within the Swansea Bay 
coastal waterbody.  Areas of particular note in terms of deposition for a 10 in 1 year 
storm event, are located to the south and east of the lagoon wall and in the Swansea 
(inner) and Port Talbot (outer) Channels.  For many of these areas, deposition is between 
0.2-1mm, with a maximum of 2-2.5mm immediately adjacent to the southern lagoon 
wall in certain weather conditions.  In terms of erosion, localised areas occur in the 
Swansea (outer) and Port Talbot (inner) Channels, to the south east of the lagoon wall 
and to the west of the Tawe.  Erosion is between -0.2 - -0.5mm in the majority of areas, 
with a maximum of -0.5 - -1mm immediately to the south east of the lagoon wall, the 
outer Swansea Channel and the inner Port Talbot Channel.  

3.6.2.52 Maintenance dredging in the Tawe, Neath and Port Talbot navigation channels is 
discussed below under the hydromorphological quality element. 

Summary of the effects of the Project on Benthic Invertebrates  

3.6.2.53 The habitat loss/potential change has been compared to the overall area of the Swansea 
Bay coastal waterbody i.e. 11,019 ha16.  As identified previously, with the use of variable 
speed turbines, assuming a worst case scenario of no habitat gain resulting from the 
seawalls and turbine house, there will be approximately 23ha of permanent intertidal 
habitat loss (under lagoon seawalls, boating area and change in water levels); and 73ha 
of permanent subtidal habitat loss (under lagoon seawalls, scour mattress and turbine 
house).  In total, this permanent loss (96ha), equates to approximately 0.9% of the 
Swansea Bay coastal waterbody. 

3.6.2.54 In other areas, it is recognised that the Project has the potential to affect areas of 
subtidal and intertidal habitat.  As to whether the Project will result in a temporary or 
permanent change in habitat and thus species supported, this will depend on various 
factors, such as the habitat and species present and their tolerance to change (e.g. 
smothering, disturbance), the nature and extent of the disturbance, the environmental 
conditions post construction, natural variation which is currently experienced within the 
bay and the opportunities for recolonisation.  Potential worst case habitat loss/change 
comprise (assuming no habitat gain from construction of the structures and maintenance 
dredge areas are different to capital dredge areas) are summarised below: 

• Potential temporary loss/change of 22.3ha for the intertidal rock storage area – 
(0.2% of Swansea Bay coastal waterbody); 

• Potential temporary loss/change of 415ha as a result of the worst case capital 
dredge and the temporary cofferdam (3.8% of Swansea Bay coastal waterbody); 

• Ongoing maintenance dredging events every two years (commencing 10 – 15 years 
following commencement of operation) over an approximately 383.3ha area – a 
potential loss/change of 3.5% of Swansea Bay coastal waterbody.  It should 
however, be noted that maintenance dredging will occur in areas already 

16 Revised area for Swansea Bay Coastal waterbody provided by NRW on the 20 June 2014 
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previously dredged as part of the capital dredging and also in areas subject to 
changes in habitat as a result of the operation of the Lagoon; 

• Potential changes to subtidal habitats in the wider Bay resulting from deposition or 
erosion of sediments (discussed further below). 

3.6.2.55 The ‘Clearing the Waters’ guidance (Environment Agency, 2012) was used to examine 
whether the capital and maintenance dredging require a full deterioration assessment.  
The guidance identifies that a full deterioration assessment is required if the zone of 
effect (1.5 x the dredge footprint) is greater than 5% of the area of a waterbody.  In the 
case of the capital dredged area, the worst case zone of effect is 622.5ha, and for the 
maintenance dredge area it is 574.5ha.  When considering the area of Swansea Bay i.e. 
11,019ha, both the capital and maintenance dredge zones of effect slightly exceed the 
trigger value (5.6% and 5.2% respectively).   

3.6.2.56 The effects of the dredging and recovery of dredged areas, has been considered in detail 
in the EIA undertaken for the Project.  As identified above, the sediments associated with 
these dredged areas will comprise principally of silts and muds.  The following mitigation 
measures will be implemented to reduce the potential effects of suspended sediments 
on benthic invertebrates: 

• Selection of dredging equipment by the contractor will be appropriate to the 
depths and material types to be dredged and to minimise the creation of plumes. 

• Marine habitat or seafloor disturbance clearing for the construction of the Project 
will be limited to the red line footprint of the development. Operations outside the 
scheme footprint will be prohibited. Boundaries will be enforced and distribution 
of worker awareness information. 

• The Project will adhere to Best Practice Guidance identified in Marine Minerals 
Guidance 1: Extraction by dredging from the English seabed (Office of the Deputy 
Prime Minister, 2002), or other industry standards with respect to dredging and 
disposal of dredged material. 

• Disposal of the dredge spoil not suitable for seawall construction will be 
undertaken at Swansea Bay licensed outer disposal grounds thereby presenting 
minimal risk of impact to sites outside the development area. 

• Dredging will generally be undertaken between April and October.  
• Preventing on-board screening or minimising material passing through spillways 

when outside the dredging area to reduce the spread of the sediment plume. 
 

3.6.2.57 In relation to the potential for recovery following dredging operations, in soft sediment 
environments, recovery of animal communities generally occurs relatively quickly.  
Dredging studies17 indicate that recovery rates were most rapid in highly disturbed 
sediments in estuaries that are dominated by opportunistic species, with recovery 
occurring within 6 months.  In general, recovery times increase in stable gravel and sand 
habitats dominated by long-lived components with complex biological interactions 
controlling community structure.   Within the lagoon, the dredged areas are therefore 
likely to be recolonised after the capital dredge event and also between each 
maintenance event by opportunistic species.  This is supported by the fact that there will 
continue to be exchange of water through the turbines and sluice gates ensuring that 
water quality within the lagoon will provide an ecologically supportive environment 
(Chapter 7 Marine Water Quality of the ES).  In addition, contaminant levels within the 

17 http://www.ukmarinesac.org.uk/activities/ports/ph5_2_2.htm#a1 
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sediments that will be dredged have been assessed and disturbance of these sediments 
would not be expected to cause any long-term exceedence of Environmental Quality 
Standard (EQS) concentrations (see Physico-chemical quality element below).  

3.6.2.58 UKTAG guidance (UKTAG, 2007) provides a spatial criteria for coastal waters where a 
permanent loss of over the value of 1.5km2 of contiguous surface area of a waterbody 
would indicate a failure of a standard or condition limit for ‘good’, ‘moderate’ or ‘poor’. 
As identified previously, the permanent subtidal and intertidal habitat loss under the 
footprint of the structures of the Project is 96ha (0.96km2) i.e. below 1.5km218.  However, 
it is recognised that there may be changes to substrates in other areas affected by the 
construction and operation of the Project, such as the intertidal rock storage area, 
dredged areas, the outfall extension footprint, temporary cofferdam, Neath training wall, 
the areas affected by deposition of sediment (see below) and water level changes in the 
wider Bay.  These changes may result in habitats not suitable to support species that 
were present at these locations prior to the works, but which are already present in 
substrates elsewhere in the bay.  If the full extent of these areas is taken into 
consideration (assuming loss as opposed to changes to other species which are present 
in the bay), the Project will result in an exceedance of the spatial criteria detailed above.  
However, affected areas of subtidal and intertidal habitat, other than those permanently 
lost under the structures (as noted above) will be recreated, and will therefore be 
available for recolonisation, albeit potentially by benthic communities which are present 
elsewhere in the bay.   

Mitigation and Enhancements 

3.6.2.59 It is recognised that the Project will result in some direct loss of habitats and the species 
they support, and that the loss of these habitats cannot be mitigated on a like for like 
basis.  This is particularly the case for the ‘protected’ habitats: subtidal sands and gravels, 
hydroid rockpools and intertidal mudflat and sandflat and potentially the ‘protected’ 
Sabellaria species (alveolata and spinulosa).  Mitigation for the loss of subtidal sands and 
gravels, hydroid rock pools and intertidal mudflat and sandflat is considered to be 
technically unfeasible and therefore, it is acknowledged that this loss will be permanent.   
In this report, the term ‘protected’ is used for habitats and species that are listed at 
various levels of legislation (e.g. including UK legislation), but which are not under any 
legal designation within Swansea Bay and are not all included in the list of threatened 
and/or declining species and habitats used by the OSPAR Commission.  The only two 
features on the OSPAR list are intertidal mudflats and Sabellaria spinulosa. 

3.6.2.60 The feasibility of transplanting Sabellaria alveolata is being investigated by TLSB to 
mitigate for the direct loss as a result of the construction of the Project.  A pilot 
tanslocation project was undertaken in the summer of 2014 and that study is described 
briefly below. 

3.6.2.61 The main objectives of the pilot study were:  

a) to develop a method of relocating Sabellaria alveolata reef blocks; 

18 There will also be a permanent loss of intertidal habitat resulting from the relocation of the Neath training 
wall.  However, this will involve a change in location of the training wall, resulting in no net loss of intertidal 
habitat. 
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b) to assess whether relocation has a detrimental effect on the survival of the tube 
worms; and   

c) to assess whether the handling of reef blocks itself  (without relocation) has a 
detrimental effect on the reef and its populations. 

3.6.2.62 Sabellaria alveolata reef blocks were selected from a donor site within the proposed 
Lagoon footprint adjacent to the existing eastern breakwater of the Port of Swansea 
(shown by a red star on Figure 3.4). These blocks were identified for relocation to a 
receptor site Sabellaria alveolata reef located west of the River Tawe opposite Swansea 
City Civic Centre (shown by a yellow star on Figure 3.4). 

 

 
 

3.6.2.63 For the pilot translocation study, 20 block samples were selected at random at the donor 
site east of the River Tawe, which lies within the footprint of the Project. The block 
sample selection was based on the following criteria: 

Figure 3.4 -Areas of Sabellaria alveolata marked in lilac. Location of donor (red star) and 
receptor (yellow star) Sabellaria sites. 
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a) The samples were on approximately 30cm square sized boulders to represent the 
type of environment at the yellow star receptor site in Swansea Bay. 

b) The samples were easily moved and transportable. 

c) The Sabellaria alveolata tube colony on the boulders was large enough (approx 
20cm-30cm square) in order to take 10x10cm corer samples. 

3.6.2.64 A method was developed that allowed relocation of the Sabellaria alveolata reef blocks 
by boat within a 24 hour period. Nine of the samples were moved from the donor site 
east of the River Tawe (adjacent to the existing eastern breakwater) to the receptor site 
west of the River Tawe.  A further 10 samples were used as controls to assess the effect 
of handling of reef blocks. These blocks were treated in the same manner as those which 
were moved so as to mimic the relocation process.  However, the control samples 
remained at the donor site. The samples were visited 5 weeks after relocation or 
handling. 

3.6.2.65 The study also looked at the formations and health of the reefs at the donor site and the 
receptor site, to provide a baseline of the existing reef condition. This provides a snap 
shot of each of the reefs at each site, but allows an understanding of the differences of 
the reefs at the donor and receptor sites. 

3.6.2.66 The assessment of existing reefs was carried out in accordance to guidelines by the 
Cumbria Wildlife Trust (Egerton, 2014). Quadrats measuring 50cm2 were placed 
randomly on top of reef blocks. The percentage cover of Sabellaria alveolata and 
formation of the reef was recorded within the quadrat area. Reef formation was 
recorded according to the descriptions set out by Gruet (1984) cited in Egerton 2014, 
shown below. 

Formation Description 

Patchy Small crusts or mounds which are less than 30cm2 

Hummock Raised mound which are greater than 30cm2 

Sheet Flat crust which are greater than 30cm2 

Reef Large mounds which are greater than 1m2 

 

3.6.2.67 The percentage of the type of cover was also recorded. A photographic guide used by 
Egerton (2014), was used to standardise and increase accuracy of the assessment. 
Categories included ‘crisp apertures’, ‘worn apertures’, ‘dead’ and newly settled’.  

3.6.2.68 The results of the study are presented in Figure 3.5 below.  The results show: 

a) Sabellaria alveolata density prior to translocation ranged widely between the two 
sites and within groups of samples from 1100 worms/m2 up to 20,000 worms/m2. 

b) The mean density of Sabellaria alveolata in untreated, non-relocated samples was 
5000 worms/m2.  

c) The mean density of Sabellaria alveolata in the controls, which were treated to 
mimic the relocation process but were not relocated, was 2500 worms/m2

.  
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d) The mean density of Sabellaria alveolata in the relocated samples was 6700 worms/m2. 

 

 
3.6.2.69 Generally, the Sabellaria alveolata reef at the receptor site (west of the River Tawe) was 

noted as a healthier reef, showing a higher frequency of crisp apertures than prior to 
translocation. A greater percentage of ‘sheet’ reef was found at the donor site. Both sites 
contained ‘dead’ areas of Sabellaria alveolata, but a higher proportion was recorded at 
the donor site and a lower proportion of newly settled Sabellaria alveolata was seen 
compared to the receptor site west of the River Tawe.  

3.6.2.70 The results of the pilot study show that translocation of Sabellaria alveolata from the 
port donor site to the receptor site west of the River Tawe was successful, with all 
translocated specimens surviving. However, densities in control samples, i.e. samples 
that were handled in the same way as the relocated ones but not actually placed at the 
receptor site, had lower densities of the tube worms. This is not unexpected and it 
suggests that the handling of the reef blocks and the physical process of relocation 
(disturbance) has a potentially negative effect on the reef handled.  

3.6.2.71 The difference in recovery could be attributable to the conditions present at the Port 
donor site and the receptor site west of the River Tawe, which affect the quality of the 
reef. A preliminary assessment of reef formations and health indicated the receptor site 
at the west of the River Tawe was healthier than the donor site reef at the Port. As such, 
it is plausible that the translocated worms to the west of the River Tawe recovered faster 
and to a greater degree as the conditions at the translocation receptor site were more 
favourable than at the port donor site.  

 

Figure 3.5 Boxplot showing the mean densities of Sabellaria aveolata per m2 at Swansea 
Port (PN), control samples (PC) and translocated samples (TR). 
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Photo 1 - Example of Port Sabellaria alveolata  Photo 2 - Example of Sabellaria alveolata west of      

the River Tawe 
 
3.6.2.72 Although control samples did show lower densities of worms, it may be that due to 

conditions of the donor site it may take longer for the handled reef to recover. An 
experiment by Tyler Walter (2005) investigating effects of trampling on Sabellaria 
alveolata reef, showed that Sabellaria alveolata reefs could recover quickly after 
disturbance, but it was noted that a full recovery could take several years. Sabellaria 
alveolata reefs are also known to go through higher and lower periods of recruitment, 
which may have contributed to the difference in density. 

3.6.2.73 More detailed comparison between the health of reefs at the port donor site and the 
receptor site west of the River Tawe is proposed to be provided in the MSc thesis to be 
submitted October. Preliminary results confirm that recruitment of young Sabellaria 
alveolata was greater at the receptor site than at the donor site, with a greater 
proportion of newly settled reef formation seen. 

3.6.2.74 The results of the pilot study have shown, as would be expected, that temporary 
disturbance to the reef blocks does occur through handling, but translocation of 
Sabellaria alveolata is feasible, with the survival of all samples (controls and translocated 
specimens). The results also demonstrate that a receptor site to the west of the River 
Tawe would be a suitable receiver site, although further consideration will be given to 
this for future translocation. Any receptor site for a large-scale translocation would be 
discussed with relevant regulators.   

3.6.2.75 A translocation method statement will be developed prior to construction of the Lagoon 
and implementation of translocation works.  This will be based on a review of the final 
results of this study, and it will be used to refine the methods for moving a larger 
amounts of reef.  An assessment of the formations and health of the reef at the affected 
site will also be undertaken, and reef suitable for translocation will be identified. In 
addition to this the detailed mapping of intertidal habitat across Swansea Bay, as 
identified in the AEMP Table 7.3, Objective ME3 – Study to examine intertidal habitat 
extents and any changes in habitats in the lagoon and wider Bay, will be used to identify 
a range of receptor sites. Monitoring of the translocation of the Sabellaria alveolata will 
be controlled through the AEMP, in discussion with NRW. 

3.6.2.76 In terms of Sabellaria spinulosa no mitigation is considered to be technically feasible and 
therefore, it is acknowledged that any loss of this species may be permanent.  However, 
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it should be noted that information available from MarLIN19 on habitat preferences for 
Sabellaria species identified that both species of Sabellaria can colonise a range of 
habitats including "Large to very large boulders". In addition to this they prefer 
moderately strong to strong current and a varying degree of exposure. All these 
conditions will remain in Swansea Bay with the Lagoon present and, furthermore, the 
outer lagoon seawall itself will provide additional habitat to colonise with a range of 
current and wave exposure.   Further details of the methodology for the translocation is 
given in the updated AEMP submitted to the Planning Inspectorate on the 5th August 
2014. 

3.6.2.77 The Lagoon seawall could also attract settlement of Sabellaria alveolata and Sabellaria 
spinulosa offspring, which would assist in mitigating possible disturbances of the existing 
tube-worm reefs during the construction phase, or potential negative impacts of a 
changed hydrodynamic regime. Artificial coastal defence structures have been found to 
provide settlement substrate similar to natural materials and were found to be colonised 
by large numbers of S.alveolata. Long term monitoring of the colonisation of the seawalls 
is proposed as detailed in Appendix 23.1, the draft AEMP of the ES and the updated 
AEMP that is to be submitted to the Planning Inspectorate on the 7th October 2014. 

3.6.2.78 TLSB recognises the potential effect that the Project will have on intertidal and subtidal 
habitats and has incorporated opportunities, where possible, to enhance the ecological 
environment within the design.  The introduction of the new rocky habitat, which will 
create additional intertidal and subtidal habitat, along with the specific practicable 
mitigation measures detailed above, provides the opportunity for beneficial impacts and 
the opportunity for the re-colonisation of significant parts of the Lagoon area.   

3.6.2.79 The Lagoon seawall itself is being designed to promote and enhance the ecological 
diversity of the Bay through the use of design concepts such as bioblocks and rockpools 
which may promote the settlement of Sabellaria larvae and species associated with 
hydroid rockpools. A report by SEACAMS (Appendix 8.3, Volume 2, ES) investigated the 
ecological value that the Lagoon seawall could provide as a substrate for marine 
invertebrates. The report highlighted that artificial structures are often colonised by 
species that create their own habitat, such as kelp, mussels or honeycomb worms. As a 
consequence the artificial structure becomes host to secondary biogenic, reef-forming 
species which accelerate the development of a diverse algal and faunal community. The 
subtidal part of the structure can also enhance commercially important species such as 
lobsters and crabs. These benefits could also be extended to other commercial species 
such as mussels (Mytilus edulis), and native oysters (Ostrea edulis).  A programme to 
enhance native oyster within Swansea Bay is also proposed as part of the Lagoon in 
conjunction with SEACAMS. 

Decommissioning 

3.6.2.80 At the end of the Project lifetime, two decommissioning options are proposed which vary 
in terms of physical intervention. The decommissioning options are: 

I. at the end of the working life of the facility, the turbines and sluice gates could be 
removed, and the tide allowed to flow through the resultant gaps in the structure; 
and  

19 http://www.marlin.ac.uk/specieshabitats.php?speciesID=4277   
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II. it is equally likely that at the nominal end of the working life of this facility, the 
technology relating to power generation by tidal lagoons will have further 
developed, and the Project will have been progressively updated so that the Project 
could be kept in use as a generating station, and would not require 
decommissioning.    

3.6.2.81 The effects of decommissioning would therefore be different for each of the options.  If 
the Project's operation life is extended through ongoing updates, then the impacts would 
be the same as those identified for the operational phase, subject to any improvements 
due to increased understanding and technological advances. It is anticipated that the 
works to maintain, replace or remove the turbines and sluice gates would be undertaken 
from the turbine/sluice gate structure using the overhead gantry cranes and this process 
would not result in any potential effects on WFD quality elements.  

3.6.2.82 The removal of the turbines and sluice gates would result in the water exchange within 
Swansea Bay being largely reinstated. There will still be a change to the flow and 
sedimentary regimes but to a lesser degree than during the operational phase, and in 
turn this is considered to result in a reduced overall impact to marine ecology receptors 
compared to the operational phase.  It is probable that sedimentation will settle inside 
the Lagoon if it is not removed by dredging. In the long-term, this would result in seabed 
levels increasing and extensive intertidal mudflat and saltmarsh are likely to occur. In 
time, it is likely that decommissioning would result in a change in habitat within the 
Lagoon to that of mudflat/saltmarsh with resultant impacts on benthic invertebrates. 

3.6.2.83 Thus actual decommissioning as currently proposed is likely to result in change to the 
physical environment that will develop during the operation of the Lagoon for energy 
generation. Whilst this is likely to be a significant change to the environment, in 120 
years' time such changes (to the future baseline environment) may be seen as beneficial 
and not adverse.   The effects of the decommissioning of the Project on benthic 
invertebrates are not possible to assess fully at this stage. 

3.6.2.84  Benthic invertebrates were assessed within Swansea Bay coastal waterbody under the 
WFD during a survey in 2014, but the data are not yet available.  The potential changes 
to the intertidal and subtidal habitats (and supported species) as a result of capital and 
maintenance dredging, temporary works (Neath training wall, outfall extension, 
temporary cofferdam, rock storage area), sediment deposition, sediment erosion and 
water level changes within the wider Bay, present a risk to the status of the benthic 
invertebrate quality element that cannot be fully quantified.  As such, it has been 
recognised that the construction and operation of the Project may affect the assumed 
‘good’ status of the Swansea Bay coastal waterbody and an Article 4.7 assessment would 
be required. 

Invasive Species 

3.6.2.85 Non-native, or invasive, species are described as "organisms introduced by man into 
places outside of their natural range of distribution, where they become established and 
disperse, generating a negative impact on the local ecosystem and species" (IUCN, 2011).  
Chapter 8 Intertidal and Subtidal Benthic Ecology has assessed the presence of invasive 
species within Swansea Bay and the potential effects of the Project.  A number of 
invasive species are recorded as being present within Swansea Bay and include soft-
shelled clam (Mya arenaria), amphipod (Monocorophium sextonae), barnacle (Elminius 
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modestus), wireweed (Sargassum muticum), Australian tube worm (Ficopomatus 
enigmaticus) and American slipper limpet, (Crepidula fornicata).   

3.6.2.86 The use of vessels and infrastructure during the construction phase of the Project has the 
potential to generate transfer pathways for non-native species through ballast water and 
fouling.  A full biosecurity risk assessment will be undertaken prior to works commencing 
on the Project based on the template that is being prepared for submission as part of the 
DCO Examination process.  In addition measures to reduce the risk of introduction or 
spread of invasive species will be written into the CEMP and OEMP being prepared for 
the Project. 

3.6.2.87 Invasive species are already recorded as being present within Swansea Bay.  With the 
implementation of appropriate control mechanisms, it is not predicted that the Project 
will result in a change to the baseline situation.  A monitoring strategy has been 
incorporated within the AEMP to monitor for the presence of any invasive species 
colonising the lagoon seawalls and NRW will be informed if any species are found to be 
present.  Any proposed management strategies will be agreed with NRW. 

Physico-chemical Elements 

3.6.2.88 In the ES, Chapter 7 Marine Water Quality, section 7.7.7 has assessed the water 
chemistry changes resulting from the Project specifically for the elements applicable to 
the WFD.  Since submission of the DCO, it has been determined that the long sea outfall 
will be extended by around 1.5km outside the lagoon seawalls.  Ongoing discussions are 
being held with Dwr Cymru Welsh Water (DCWW) in relation to the final design, 
construction methodology for the extension to the outfall and operating management. 
Extending the outfall brings potential benefits to all areas of water quality, by moving the 
discharge out further into the Bay and into an area of higher dispersion. 

Salinity 

3.6.2.89 Salinity in Swansea Bay is influenced by the mixing of seawater from the Bristol Channel 
with freshwater discharges from local rivers and streams around the bay, in particular 
the rivers Neath and Tawe.  Chapter 6 of the ES describes the baseline salinity within 
Swansea Bay.  Table 3.14 below summarises the variation in salinity described in Chapter 
6, with additional data from the NRW Water Information Management System (WIMS).  
These sampling sites include two in Swansea Bay: site 74093 (Inner Swansea Bay, 
approximately 2km south east of the Lagoon); and site 74094 (Outer Swansea Bay, 
approximately 6km south of Mumbles Head).  Data from a number of other sites in the 
Tawe and Neath estuaries is also presented.  It should be noted the Tawe sites are 
upstream of the barrage which only allows salt water intrusion at high water on spring 
tides.   

3.6.2.90 The effects of river discharges can clearly be seen in the range of salinities observed in 
Swansea Bay and the estuaries: seawater typically has a salinity of 35 psu.  Lowest 
salinities are observed close to the coastline, particularly the river estuaries, and during 
winter conditions, when freshwater inputs are greatest. The offshore WIMS data tends 
to show a slightly higher mean and maximum salinity compared to the inshore sites, 
which are more influenced by local freshwater inputs.   
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Table 3.14 Measured salinity (psu) in Swansea Bay  

Sampling Point Min  
(psu) 

Mean 
(psu) 

Max  
(psu) 

Swansea Bay downstream of Margam Outfall* 32.98 32.98 32.98 
WIMS 39105 - Bracelet Bay, Mumbles Head** 29.32 32.52 34.99 
WIMS 74094 – Outer Swansea Bay** 23.20 32.40 35.00 
WIMS 89995 -1.7km South East Of Mumbles Head** 29.48 32.11 33.68 
BSC Newsea Outfall: 100m Downtide* 29.89 31.95 33.82 
Afan Outfall: 100m Downtide* 29.80 31.89 33.66 
WIMS 89994 -4.5km West Of Kenfig** 28.91 31.84 33.15 
WIMS  74093 - Inner Swansea Bay 27.43 31.96 34.38 
WIMS 74118 - Swansea Bay West Shell Fish** 27.34 31.44 33.93 
Aberavon Sands at Slip* 27.44 31.22 32.72 
WIMS 71663 - R.Neath Est @ BP Landing Stage** 12.03 30.05 32.93 
WIMS 71586 - River Neath At Briton Ferry** 0.57 23.89 36.70 
WIMS 71625 - Neath @ Neath Abbey Wharf** 0.75 19.76 33.37 
WIMS 71660  -R.Neath @ A474 Neath Rb** 0.05 10.06 31.15 
WIMS 72138 - Tawe Est. @ White Rock Rd.Br**†. 0.05 1.28 12.28 
WIMS 30008 - Tawe Est. @ New Cut Rd.Bridge**† 0.06 3.22 20.77 
WIMS 72217 - Tawe Est @ New Cut Rd Bridge**† 0.06 2.26 8.57 
WIMS 72115 - Tawe Est. Marina Entrance**† 10.96 2.99 5.01 
BSC Newsea Outfall* 0.80 1.56 3.38 

(*Source: ABP Research (2000), samples Sept 195 to May 2000)) 
(**Source NRW WIMS sample sites, samples 1992 to 2008.) 
(† Upstream of Tawe Barrage) 

3.6.2.91 Chapter 7 of the ES summarises a series of model applications that were undertaken to 
assess the effects of the Lagoon on salinity in Swansea Bay.  A summary of the results 
and conclusions from Chapter 7 of the ES is presented below. 

3.6.2.92 Figure 3.6 in this Report shows model predicted salinity during the high water (HW) and 
low water (LW) periods in the winter under high river flow conditions, when freshwater 
inputs are greatest.  In the offshore area salinity remains above 30 psu, while in the 
central bay salinity is reduced below 30 psu by riverine inputs, consistent with low to 
mean salinity ranges presented in Table 3.14.   

3.6.2.93 Figure 3.6a (Baseline LW) shows the LW period, when river discharges reduce local 
salinity along the shoreline.  The river discharges from the Tawe and Clyne reduce 
salinities to between 15 psu and 20 psu in the western bay.  Salinity increases in the 
offshore direction reaching 25 psu in the central Bay and over 30 psu further offshore, 
i.e. towards the limits of Swansea Bay.  At HW (Figure 3.6b Baseline HW) the influx of 
offshore water increases salinity in the Bay to over 25 psu, reducing the area of low 
salinity (<20 psu) to a narrow strip along the shoreline.   

3.6.2.94 Average salinities within the transitional waters are typically 10 psu or less, and can vary 
between 0 psu and over 25 psu (see also Table 3.14). 

3.6.2.95 With the Lagoon in place at low water (Figure 3.6c) the salinity along the Swansea 
shoreline is slightly reduced, to around 10 psu.  This occurs as the Tawe discharge is 
displaced by the Lagoon at LW.  At HW (Figure 3.6d) an increased intrusion of saline 
offshore water can clearly be seen in the western Bay.  Minimum salinity is increased 
from 15 psu to 20 psu along the shoreline. 
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3.6.2.96 In the transitional waters of the Tawe Estuary salinity is increased by up to 5 psu at high 
water with the intrusion of more saline offshore water, at low water salinity is largely 
unchanged.  In the Neath Estuary salinity is slightly reduced (2 psu) due to the 
obstructive effects of the Lagoon wall reducing westerly mixing along the shoreline.   

3.6.2.97 In the Lagoon, the salinity remains relatively stable, at 25 psu to 30 psu, compared with a 
Baseline of 15 psu to 30 psu.  The greatest variation is seen in the shallower water. 

3.6.2.98 These changes in salinity can clearly be seen in Figure 3.7, which shows the predicted 
difference in salinity between the Baseline condition and the Lagoon, with the proposed 
1.5km outfall extension, under winter conditions with a time varying winter flow and 
summer conditions, with a constant mean river flow.  Although the freshwater inputs are 
higher in the winter scenario, the model suggests slightly greater salinity differences may 
occur in summer.  This is due to the constant mean river flow condition in the summer 
scenarios. The winter flow scenario provides a more realistic picture of salinity variation.  
Overall the results for summer and winter conditions show similar trends and patterns, 
with slightly higher (1 psu) differences predicted in the summer scenario. 

3.6.2.99 In the western Bay, between the Swansea shoreline and a line between Mumbles Head 
and the Lagoon, a net increase in mean salinity is predicted.  This is primarily a result of 
offshore waters from beyond Mumbles Head being drawn into the Lagoon though the 
turbines.  Some of this water also enters the western part of Swansea Bay.  The offshore 
water is of marginally higher salinity than the water in Swansea Bay, as it is less diluted 
by the local freshwater inputs.  The subsequent release of Lagoon water also helps 
elevate salinity in the western part of the Bay.  With the relative change in the mass of 
river and offshore waters entering the western part of the Bay, the mean salinity along 
the Swansea shoreline is increased by 1 psu to 5 psu.  Greatest change is seen in the 
centre of this region and along the outside of the western lagoon wall and Tawe 
navigational channel. 

3.6.2.100 On the eastern side of the Lagoon seawall, a reduction in salinity is seen.  On the ebb tide 
the east Lagoon seawall prevents the westerly flow of the Neath Estuary discharge and 
displaces the low salinity Neath plume to the south along the Afan coastline. This results 
in a 1 psu to 5 psu decrease in salinity around the mouth of the Neath Estuary and along 
the Afan shoreline.  The change in salinity in the Neath channel is relatively small, as low 
salinity is maintained by freshwater flow from the river Neath. 

3.6.2.101 Salinity within the Lagoon is increased by the largest amount, as the area is cut off from 
the freshwater discharges from the Neath and Tawe rivers. The Lagoon is filled by more 
saline offshore water passing through the turbines. Furthermore the timing of the flood 
tide generation is such that the low salinity plumes from the Tawe and Neath estuaries 
along the navigation channels are largely prevented from entering the Lagoon. Increases 
in average salinity of up to 20 psu are predicted in winter, while in summer, an increase 
of up to 23 psu is predicted in the north east corner of the Lagoon.  Greatest change is 
restricted to the shallow intertidal areas most influenced by the river discharges (in the 
Baseline scenario), and the effect decreases offshore to between 1 psu and 5 psu near 
the turbines. 

3.6.2.102 Changes in salinity could potentially affect shellfish waters within the Bay.  The Shellfish 
Waters Directive (Annex 1) provides salinity standards for discharges to shellfish waters, 
and seeks to minimise the effects of increased salinity on shellfish waters.  The Guideline 
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standard requires that salinity should be between 12 psu and 38 psu.  The Mandatory 
standards requires that discharges should not cause salinity to increase by more than 
10% of that in unaffected waters and that salinity should not increase above 40 psu.   

3.6.2.103 Over the majority of the shellfish waters the salinity is currently above 12 psu, with the 
possible exception of the lower Neath estuary.  With the Lagoon in place the salinity of 
the western bay would remain above 12 psu.  An increase in mean salinity of up to 25% 
could occur, but the maximum salinity would not be changed and would remain well 
below the Guideline limit of 38 psu.  In the eastern bay mean salinity would be reduced 
by the Lagoon, by up to 5 psu (25%).  While minimum salinity would still be expected to 
remain above 12 psu in the majority of the area, a reduction to below 12 psu could occur 
around low water in the lower Neath estuary and navigational channel.  However this 
area is largely outside of the shellfish water and would be expected to exhibit salinities 
lower than 12 psu under baseline conditions. 

3.6.2.104 Within the lagoon, local increases in salinity of greater than 10% would be expected.  
Average salinity would be increased and would remain above 12 psu throughout the 
Lagoon, maximum salinity would increase in those areas currently affected by the Neath 
and Tawe freshwater plumes.  Salinity would reach a maximum of about 32 psu, i.e. close 
to the offshore maximum, but would not exceed 38 psu.  Salinity variation would also be 
less than at present as freshwater inputs would be significantly reduced.   

3.6.2.105 Overall, the Lagoon would cause a change in average salinity in Swansea Bay of 
approximately 3 psu.  Least change is seen in the offshore areas while the shallow 
intertidal areas could see local changes of up to 5 psu. These changes are mainly due to 
changes in minimum salinity as the river plumes are displaced and offshore water enters 
the western bay. While local variations in maximum salinity may occur, these would 
remain within the maximum observed in the bay.  The predicted changes in salinity 
should be seen within the context of the naturally high variability of salinity in the bay, 
particularly in the very dynamic intertidal and near shore areas, where the river 
discharges and drying around low water produce a very large range in salinity.  In the 
Shellfish Waters minimum and maximum salinities remain will within Guideline limits. 
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a) Baseline – winter LW spring tide b) Baseline – winter HW spring tide 
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c) Lagoon – winter LW spring tide d) Lagoon – winter HW spring tide 

Figure 3.6  Comparison of Baseline and Lagoon on winter salinity (psu). 
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a) Winter 

 
b) Summer 

Figure 3.7 Difference in mean salinity between Baseline and Lagoon (psu). 
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Dissolved Inorganic Nitrogen 

3.6.2.106 Nutrients (nitrogen and phosphorous) are required for primary production of 
phytoplankton (algae) in the aquatic environment.  High nutrient concentrations can 
lead to high phytoplankton concentrations (eutrophication) which can have adverse 
impacts on the ecology of an aquatic system, and can lead to blooms of toxic algae.  In 
saline waters nitrogen acts as the limiting nutrient to the growth of marine 
phytoplankton. 

3.6.2.107 Nutrient (nitrogen) sensitivity has been assessed using numerical modelling in a manner 
such as the results can be compared to UKTAG standards (see Table 7.4 in Chapter 7 of 
the ES and Appendix 3) to provide an indication of current class and potential changes 
following construction of the Lagoon, as described in Chapter 7 of the ES.  However, 
sections 7.7.7.22 - 23 identify that: 

a. the model takes a conservative approach to modelling of nitrogen, with no sink 
terms applied; 

b. the model inputs are based on a limited dataset; and 

c. there is currently insufficient data with which to verify the model for nitrogen. 

3.6.2.108 7.7.7.23 The model results therefore provide a means of assessing relative changes after 
the Lagoon has been constructed, but cannot provide results sufficient to fully determine 
changes in class against the WFD.” 

3.6.2.109 With these considerations in mind a number of model applications have been re-run 
with a number of modifications to provide a more robust output from which to assess 
WFD class.  These additional runs include: 

i. reduced input dissolved available inorganic nitrogen (DAIN) concentrations to 
reflect more closely the measured data in the upstream river catchments;  

ii. time varying river flows to provide a more realistic representation of dilution 
and flushing in the estuaries over the winter months; 

iii. additional salinity output, taking into account the effects of varying river flow; 

iv. long simulation periods with eight week output series to provide representative 
output from which to determine DAIN and salinity statistics. 

3.6.2.110 Results were then used to provide a more detailed assessment of class under the latest 
UKTAG guidance on DAIN thresholds (a Draft copy of the latest UKTAG guidance was 
provided by NRW 25-09-14).  The new UKTAG guidance uses both nitrogen 
concentration and salinity to determine water body class in clear coastal and 
transitional waters (SPM <10mg/l).  Class is determined using the graph reproduced 
below as Figure 3.8.  To classify a waterbody the mean salinity value is calculated from 
available monitoring data and the winter (November to February inclusive) DAIN is 
normalised against this salinity value.  The calculated value is then compared against 
the nutrient-salinity curves to identify where the normalised value sits in respect to the 
boundary classification lines.  To reflect the winter conditions required for DAIN 
assessment, i.e. low phytoplankton activity, the use of no sink terms was maintained 
from the ES model - this remains a conservative assumption as some phytoplankton 
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activity occurs in winter. It should be noted that DAIN concentrations are based on 
micro Mols (µM), model results and monitoring data have therefore been converted 
from the normal measured / modelled µg/l for WFD class determination.  

 

Figure 3.8 WFD Nutrient Salinity Reference Curves for Clear Coastal and Transitional Waters. 

3.6.2.111 Table 3.15 below provides a summary of measured DAIN and salinity at a number of 
sites in Swansea Bay.  Based on the graph in Figure 3.8, this would place the Swansea 
Bay Waterbody as Moderate class under present conditions. 

Table 3.15 Measured salinity (psu) in Swansea Bay  

Sampling Point 
Mean 

Salinity 
(psu) 

Mean 
Winter DAIN 

(µM) 

Estimated 
Class 

WIMS 74093 - Inner Swansea Bay 31.38 30.038 Moderate 

WIMS 89994 - 4.5km West Of Kenfig 31.441 28.54 Moderate 

WIMS 89995 - 1.7km South East Of Mumbles Head 31.56 25.71 Moderate 

Mean 31.27 28.10 Moderate 

 

3.6.2.112 In the inshore intertidal areas and navigational channels, where salinity is lowered by 
river discharges, the WFD class for DAIN would be expected to be improved by the 
lower salinity.  However the local rivers also discharge relatively high concentrations of 
DAIN in to these areas in winter. Based on a salinity of 20 psu to 25 psu in these areas 
(Figure 3.6) Class would currently be Good to Moderate along the Swansea shoreline 
and in the approaches to the Tawe estuary.  Around the Neath estuary and Aberafan 
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shoreline Class would be Good due to the lower nutrient loads from the river Neath and 
lower salinity. 

3.6.2.113 Based on the DAIN modelling presented in Chapter 7 of the ES (Figures 7.22 and 7.23) 
the Lagoon is conservatively predicted to reduce DAIN concentrations in the majority of 
Swansea Bay and within the Lagoon, by 7µM to 10µM (100 to 150 µg/l).  This reduction 
in DAIN would be expected to maintain or improve present WFD Moderate class.  

3.6.2.114 In the area between the Lagoon and the Aberafan coastline an increase in DAIN of 7µM 
to 10µM is conservatively predicted.  However, as described above, the Lagoon will also 
reduce local salinity by 1 psu to 5 psu, which would tend to offset the local increase in 
DAIN.  Overall the current Class of the waters adjacent to the Neath estuary would not 
be expected to change.  A further assessment of DAIN in the Neath estuary is provided 
in the relevant waterbodies section below. 

3.6.2.115 Overall, the Lagoon serves to reduce nitrogen concentrations within Swansea Bay, by 
modifying the trajectories of the river plumes and generating additional mixing with 
offshore waters.  Extending the Waste Water Treatment Works (WWTW) outfall causes 
further changes in offshore nitrogen concentrations.  Moving the discharge displaces 
the nitrogen load from the WWTW into deeper, more dynamic waters, with greater 
available dispersion.  The net change is a general reduction of nitrogen concentrations 
in Swansea Bay. This reduction is partly offset by localised increases in nitrogen 
concentrations in the transitional waters around the Tawe and Neath estuaries as 
discussed under these waterbodies below.   

3.6.2.116 Given existing nitrogen concentrations, changes caused by the Lagoon would not be 
expected to significantly alter the distributions of phytoplankton in the Bay, or lead to 
significant changes in primary production or biology.  Due to the net reduction in 
nitrogen concentrations in the Lagoon the risk of algal blooms in the Lagoon is 
considered very low. 

3.6.2.117 Based on the existing WIMS data for Swansea Bay, the findings of the assessment 
undertaken predict that the Project (lagoon seawalls, outfall extension and sluice gates 
and turbines) will not result in deterioration of the status of the Swansea Bay coastal 
water body in relation to the Dissolved Inorganic Nitrogen quality element, or that the 
Project will compromise the future achievement of the objectives.  

Dissolved Oxygen 

3.6.2.118 Dissolved Oxygen is required for respiration of marine organisms, and is a primary 
indicator of the ability of an aquatic system to support marine life.  Numerical modelling 
of DO concentrations within Swansea Bay have been undertaken as detailed in Chapter 
7 Marine Water Quality (sections 7.7.7.37 – 7.7.7.43).  The modelling predicts that DO 
levels within the Bay and Lagoon are well above the WFD High class boundary of 5.6 
mg/l (see Table 7.5 of Chapter 7 and Appendix 4). 

3.6.2.119 Classification data for 2013 identify that the current status for DO within Swansea Bay 
Coastal water body is ‘high’. The findings of the assessment detailed above predict that 
the Project (lagoon seawalls, outfall extension and sluice gates and turbines) will not 
result in deterioration of the status of the Swansea Bay coastal water body in relation to 
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the DO quality element, or that the Project will compromise the future achievement of 
the objectives. 

Specific Pollutants 

3.6.2.120 The results of offshore ground investigation works (Chapter 4, Project Description and 
Chapter 6 Coastal Processes, Sediment Transport and Contamination) demonstrated 
that the levels of contaminants with sediments proposed for use are generally low 
when compared to CEFAS Action levels20. Of the 67 sub-samples collected (at a range of 
depth), the majority (approximately 73.5%) had determinands all below Action Level 1. 
The remaining samples had slightly elevated levels of a few determinands, above Action 
Level 1 but below Action Level 2 (approximately 26.5%) and none (0%) had values above 
Action Level 2 for any specific determinand (dredged material with contaminant levels 
above Action Level 2 is generally considered unsuitable for sea disposal). Chapter 6 
concludes that, no analysed sample exceeds Cefas Action Level 2 for any specific 
contaminant. Furthermore, there is clear evidence of lessening contamination levels 
with depth, suggesting that the deeper sediments found across the Bay have not been 
subject to historic anthropogenic activities. As a result, the sediments that will be 
dredged and then subsequently used/ disposed in the construction of the Lagoon are 
not considered to be contaminated with respect to using/ disposing the sediments 
within the marine environment.  

3.6.2.121 Stage 2 of the Clearing the Waters guidance (Environment Agency), identifies that due 
to the gap in the scientific knowledge about how sediment-bound pollutants behave 
during disposal activities, a precautionary approach should be taken to identify dredging 
activities that require a full assessment.  The guidance identifies that dredging proposals 
are a trigger to screen in disposal of dredged material where the sediment quality for an 
individual substance is greater than CEFAS action level 1.  Section 7.7.11 of Chapter 7 of 
the ES examines the potential release of contaminants during the construction phase in 
line with the above approaches.  The release of these contaminants will occur:  

a. during the construction of Lagoon seawalls and the temporary cofferdam to 
enable the construction of the turbine and sluice gate housing structure; and 

b. during de-watering of the construction area within the temporary cofferdam. 

3.6.2.122 The contaminants selected for the analysis are those which have been calculated to 
require in excess of 10 (log scale 1) dilutions to achieve the relevant Environmental 
Quality Standard (EQS) i.e. arsenic, copper, lead, cadmium, nickel, zinc (dissolved) and 
tributyltin (Table 7.21 in Chapter 7 of the ES). 

3.6.2.123 For the dewatering of the area within the temporary cofferdam, Figure 7.27 within 
Chapter 7 and the explanation provided in Sections 7.7.11.4 - 7.7.11.9 of the ES 
indicates rapid dilution within a very short distance of the discharge.  Table 7.27, 
reproduced below, presents the distance from the discharge point over which each 
parameter is predicted to exceed its EQS.  Figures for both with and without 
background concentrations are presented and assume average concentrations of 
contaminants in the sediment, as these are more representative of sediment quality 
over the site.  For tributyltin, a conservative approach has been taken, as it has been 
assessed at the detection limit, which is likely to be considerably in excess of its actual 

20  http://www.cefas.defra.gov.uk/media/562541/cefas%20action%20levels.pdf 
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concentration.  Even at this maximum possible concentration, tributyltin would only 
require around 10 dilutions to achieve its EQS. 

Table 7.27 reproduced from Chapter 7 showing Contaminants, Partition Coefficients, 
Environmental Quality Standards and dilutions for average contaminant 
concentrations. 

Contaminant EQS 
(ug/l) 

Dilution to 
Standard 

Log Dilution 
to Standard 

Dilution to 
Standard*  

Log Dilution 
to Standard*  

Exceedence 
Distance (m) 

Year 1 Year 2 

Arsenic 25 52.7 1.72 54.6 1.74 < 80 < 80 

Copper 5 62.9 1.80 82.4 1.92 ~100 ~100 

Nickel 30 48.7 1.69 50.0 1.70 <80 <80 

Zinc (dissolved) 40 14.6 1.16 15.6 1.19 <80 <80 

* including background concentration 

 

3.6.2.124 For the seawall construction (dredging and Geotube® filling or sediment berm 
construction with quarry run), Section 7.7.11.14 identifies that in the areas where 
dredging is proposed (see Chapter 4: Project Description) contaminant concentrations 
are lower (CEFAS Action Level 1), typically at or below the average values quoted in 
Table 7.26b (Chapter 7) and 7.27 (reproduced above) of Chapter 7 of the ES.  
Contaminants from these sediments would be diluted rapidly and achieve EQS levels 
within approximately 100m of the discharge point.  Further dispersion would be 
expected to reduce these concentrations to background levels within relatively short 
distances - 500m or so. 

3.6.2.125 In summary, Section 7.7.11.17 of Chapter 7 of the ES, identifies that the overall impact 
of construction on metals and other contaminants released from sediment is predicted 
to be minimal.  While local concentrations of pollutants would increase, these would be 
localised, typically within 100m of the de-watering or construction activities, and would 
not be expected to cause any long-term exceedence of EQS concentrations and WFD 
class in Swansea Bay.  

3.6.2.126 Classification data for 2013 for copper and toluene in Swansea Bay coastal water body 
identify that the current status is ‘good’.  No other specific pollutants are assessed. It is 
considered that the Project (lagoon seawalls, outfall extension and widening works to 
Neath channel) will not result in changes to the baseline situation within the Swansea 
Bay coastal water body in relation to specific pollutants, and as such the Project will not 
cause deterioration of its status, or compromise the future achievement of the 
objectives.  

Hydromorphological Elements 

3.6.2.127 Hydromorphological effects have been considered in detail within Chapter 6 Coastal 
Processes, Sediment Transport and Contamination of the ES.  It should be noted that 
the design of the Project, presented in Chapter 4 Project Description has fundamentally 
been led by consideration of coastal processes and the need to minimise potential 
effects from a large marine infrastructure development, where possible.  The iterations 
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considered are presented in Chapter 3 Site Selection and Option Appraisal of the ES.  
This section provides an overview of the effects on coastal processes resulting from the 
Project and a summary is then provided as to the potential effects on each of the 
hydromorphological elements screened into the assessment (see Table 3.10). 

3.6.2.128 Section 6.5.2.13 of Chapter 6 of the ES identifies that “overall, the operation of the 
Project will inherently have an impact on flow speeds and directions within Swansea 
Bay, although these are predominantly constrained to within the Lagoon and in the 
near-field across the western region of the bay (principally controlled by the jetting flows 
exiting the lagoon over the ebb tide)”.  

3.6.2.129 Within the Lagoon, the modelling has shown that the flow speeds and directions will be 
substantially changed compared to the baseline during the operational period, with 
large areas of both increased and decreased flows, which will continue for the life of the 
Project.   

3.6.2.130 Results from the coastal processes modelling (Chapter 6 Coastal Processes, of the 
Environmental Statement) predicts that there will be a general slight reduction in mean 
flow speeds over the western part of the Bay as a result of the constriction of the Bay 
between Mumbles headland and the outer extent of the Lagoon seawall. Predicted 
changes to High Water and Low Water levels are predominantly constrained to the 
upper and lower parts of the Bay (around the entrance to the Tawe and behind 
Mumbles). Reflection of SW waves off the outer Lagoon seawall result in a small 
predicted increase in significant wave height to the southern part of the western Bay 
(behind Mumbles) under these wind conditions. 

Sediment / morphological regime 

3.6.2.131 A detailed geomorphological assessment has been undertaken to predict the changes to 
the sediment / morphological regime as a result of the Project within Chapter 6.  

3.6.2.132 The assessment of potential changes to mud transport during smaller (10 in 1 year) 
storm conditions shows no predicted increased deposition of mud material across the 
intertidal part of the western Bay, with any changes predicted to occur in the subtidal 
part of the Bay. Where potential increased mud deposition is predicted, it should be 
noted that the system will reach an equilibrium condition whereby the increased 
deposition will result in shallower depths, such that the flows over the bed will be 
increased to the point that further deposition will be less likely. Additionally, calmer 
periods (which have less potential to mobilise sediment from the bed) and larger storm 
events (which have the potential to increase erosion), have been shown to result in 
lower levels of deposition, and over a reduced spatial extent. 

3.6.2.133 The potential intermittent transport of sand material from the eastern part of the Bay 
to the western part of the Bay (during larger storm events) will be blocked by the 
Lagoon, leaving direct transport from offshore during SW and SE storms as the primary 
source of sand to the western part of the Bay. Analysis of the Swansea and Carmarthen 
Bay Coastal Engineering Group (SCBCEG) annual beach profiles for this region show an 
initial reduction in beach and intertidal levels between 1998 and 2005, but a more 
stable elevation between 2005 and 2013. A slight general seaward movement of 
Highest Astronomical Tide and Mean High Water Spring indicates a general trend for 
slight accretion since 2005. As a result of this, and the reduction in intermittent sand 
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transport, it is considered that this slight accretion is likely to reduce following 
construction of the Lagoon, leading to a more stable profile in the future. 

3.6.2.134 For the area of the Lagoon, results from the modelling have indicated that there is 
potential for considerable change to both sediment transport and morphology during 
the operation period. Within the Lagoon, mud will settle out over slack periods when 
there is no water exchange between the Lagoon and Swansea Bay.  Chapter 6 assessed 
the worst case scenario with fixed speed turbines.  With the variable speed turbines and 
pumping, this period of no water exchange will be for a very limited time as shown in 
the illustration below.   

 

3.6.2.135 During power generation, a proportion of this sediment will be re-suspended and 
transported away from the turbine/ sluice structure under strong flow conditions; 
potentially exiting the Lagoon over the ebb tide.  Across the Lagoon, away from the 
turbine/sluice gate structure (i.e. towards the north/north east), long-term 
sedimentation is to be expected; increases in this sedimentation (above baseline levels) 
are estimated to cover approximately one-third of the Lagoon.  This area equates to the 
approximate 383.3ha area discussed previously, where there is a potential requirement 
for maintenance dredging after 10-15 years of the Project commencing operation (see 
Section 3.6.2.40). 

3.6.2.136 Immediately adjacent to the turbines/sluice gates outside of the Lagoon, an area of 
higher ‘jetting’ flows is expected during the operational period. These flows will 
potentially increase sediment transport to and from the Lagoon over both flood and 
ebb tides, respectively, but may also increase the erosion potential of the seabed 
sediments in this area. Modelling indicates that any erosion that that does occur is likely 
to extend no further than 400m from the turbine/sluice gate structure and be 
temporary in nature, with a morphological equilibrium state being reached relatively 
quickly (i.e. following a number of large spring tides), as depths increase against 
increasing density of the seabed. 

Future dredging maintenance 

3.6.2.137 Using the results from the sediment modelling, it is possible to ascertain the 
approximate likely impacts that the Project will have on sediment transport and 
sedimentation (accretion/erosion), and more specifically, how these changes compare 
to sediment volumes presently dredged from within the Swansea and Port Talbot 
approach channels.  No change has been predicted within the Neath Channel (outside  
natural variability).  
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3.6.2.138 Chapter 6 (Section 6.4.3.23) identifies that Port Talbot requires annual maintenance 
dredging of approximately 1.5 million wet tonnes on average, whilst average annual 
maintenance dredging within the Swansea Channel is around 250,000 wet tonnes.  
These amounts are equivalent to a volume of around 1,154,000 m3 and 192,300 m3, 
respectively, at an assumed sediment density of 1,300 kg/m3. 

3.6.2.139 Taking into account the predicted results from the cohesive (mud) sediment model (as 
the sediments that deposit in these channels are predominantly mud), the change in 
sediment volume (between the baseline and Lagoon scenarios) was extracted over the 
length of both approach channels (and within the Port Talbot Outer Harbour).  These 
values were then scaled up to a period of one year, to provide an estimated annual 
increase in sediment volume within these areas. A number of assumptions are 
associated with this calculation method, which include:  
i. accretion within the channels occurs at a continuous rate over the annual period, 

i.e. the channels would need to be dredged frequently (to the modelled depths) for 
these maximum rates to occur; 

ii. further variations in tidal and wave conditions, outside of those assessed, are not 
considered, whereby accretion rates may increase/ decrease to those predicted at 
any given time; and 

iii. further consolidation of the deposited sediment, over time, will not occur. 

3.6.2.140 Based upon the calculation method provided above, the estimated potential increase in 
annual sediment volume that may require additional dredging is provided in Table 6.18 
in Chapter 6 (reproduced below) for both Swansea and Port Talbot. In effect, the 
Project is predicted to potentially increase average annual maintenance dredge 
volumes by 20 to 34% along the Swansea Channel, and by 1.2 to 2.0% at Port Talbot 
(along the approach channel and within the Outer Harbour - although it is considered 
that this predicted change in deposition will be generally indistinguishable from the 
natural variation in annual dredge volumes). The ranges of potential annual 
sedimentation provided within Table 6.18 (reproduced below) have been calculated 
based upon measured summer/ winter sedimentation variability within the channels.  
As shown in Figures 6.50 to 6.52 (Volume 2 of the ES, Appendix 3), the majority of the 
increased Swansea dredging would need to be undertaken within the inshore half of the 
channel, whilst increases within the Port Talbot approach channel is predominantly 
within patches along its length. It should be emphasised, however, that these predicted 
potential changes to maintenance dredging are based upon average annual dredging 
rates, therefore these changes will be considerably less during years when the existing 
maintenance dredging requirements within the channels is considerably greater. 
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Table showing predicted annual change in sedimentation volumes within the Swansea 
and Port Talbot approach channels, and the potential impact on maintenance 
dredging (Table 6.18 from Chapter 6) 

Location 
Existing Annual 

Volume Dredged 
(m3) 

Potential Increase in Annual Sediment Volume (m3) 
(% increase above existing average dredge volume) 

Minimum Mean Maximum 
Swansea – 
Approach 
Channel 

192,300 39,000 
(20%) 

52,000 
(27%) 

65,000 
(34%) 

Port Talbot – 
Approach 
Channel & Outer 
Harbour 

1,154,000 13,500 
(1.2%) 

18,000 
(1.6%) 

22,500 
(2.0%) 

 

3.6.2.141 No change has been predicted within the Neath channel or Port Talbot channel (outside 
of natural variability). In the Swansea channel, where existing maintenance dredging 
levels are relatively low, Table 6.18 from Chapter 6 (reproduced above) illustrates a 
predicted increase of between 20 to 34% is expected.  It should be noted that this 
predicted increase is within the headroom of the current marine licence held by ABP.  
Dredging within this navigational channel will be carried out under marine licence 
during both the construction and operation of the Lagoon.  The marine licence will be 
applied for and held by ABP. 

3.6.2.142 As discussed previously, within the Lagoon, it is anticipated that maintenance dredging 
will not need to start until 10 to 15 years after the completion of construction and then 
be performed approximately every two years. However, the need to do so will be 
monitored and, based on this monitoring, a dredging strategy will be developed and a 
licence for disposal will be discussed and agreed with Marine Licensing Team. 

3.6.2.143 Whilst there are changes to the hydromorphological regime of Swansea Bay identified, 
these will predominantly be noticeable within the lagoon. Within the AEMP, a long term 
monitoring strategy is proposed to examine the potential changes resulting from the 
Project.  These are likely to involve ongoing monitoring of beach profiles based on data 
gathered since 1998 by the Swansea and Carmarthen Bay Coastal Engineering Group, 
together with high-resolution aerial surveys of the coastal area from Mumbles to Kenfig 
using a photogrammetric-grade, multispectral camera. The data from the aerial surveys 
would be tied back into the beach transect data.  The aerial survey data can also be 
used to examine biotopes and vegetation to assist in the presentation of a wider picture 
of the potential effects of the Project.  

3.6.2.144 Hydromorphological quality elements are not assessed for the Heavily Modified 
Swansea Bay coastal waterbody as the waterbody is classified as an operational 
waterbody.  It is considered that on their own, the hydromorphological effects of the 
Project would not result in a deterioration in status of this quality element within 
Swansea Bay.  An assessment of the potential effects of these hydromorphological 
changes compared to the baseline situation, on the WFD biological elements has been 
undertaken and has led to the prediction that there are uncertainties in the status of 
the benthic invertebrate quality element as detailed previously.  In summary, for the 
hydromorphological elements, the assessment has concluded:  
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• Depth variation: the Project (lagoon seawalls, temporary cofferdam, maintenance 
dredging, outfall extension and widening works to the Neath channel) will not 
cause deterioration in the depth and variation status of the Swansea Bay coastal 
waterbody under the WFD, or compromise the future achievement of the 
objectives.  However, there is uncertainty as to how the changes may affect its 
supporting role for biological quality elements. 

• Quality, structure and substrate of coastal bed: the Project will not cause 
deterioration in the quality, structure and substrate of coastal bed status of the 
Swansea Bay coastal waterbody under the WFD, or compromise the future 
achievement of the objectives.  However, there is uncertainty as to how the 
changes may affect its supporting role for biological quality elements. 

• Structure of the inter-tidal zone: the Project will not cause deterioration in the 
structure of the inter-tidal zone status of the Swansea Bay coastal waterbody 
under the WFD, or compromise the future achievement of the objectives.  
However, there is uncertainty as to how the changes may affect its supporting role 
for biological quality elements. 

• Wave exposure: the Project will not cause deterioration in the wave exposure 
status of the Swansea Bay coastal waterbody under the WFD, or compromise the 
future achievement of the objectives.  However, there is uncertainty as to how the 
changes may affect its supporting role for biological quality elements. 

• Direction of dominant currents: the Project will not cause deterioration in the 
direction of dominant currents status of the Swansea Bay coastal waterbody under 
the WFD, or compromise the future achievement of the objectives.  However, 
there is uncertainty as to how the changes may affect its supporting role for 
biological quality elements. 

3.6.2.145 No mitigation is considered to be technically feasible for the potential changes to 
hydromorphological conditions.  As identified previously, the design of the Project has 
been based on minimising the potential adverse effects that the changes would have on 
environmental receptors.  Monitoring of hydromorphological changes will be 
undertaken (see Section Table 5.2) and the findings considered in relation to ongoing 
studies of ecological receptors, particularly the benthic invertebrate studies. 

Summary: 

3.6.2.146 In summary, in the case of Swansea Bay Coastal waterbody it has been identified that 
there is a potential risk of deterioration of the benthic invertebrate quality element and 
hydromorphological conditions supporting the biological quality elements. 
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3.6.3 Tawe Estuary Waterbody 

Table 3.15 Tawe Estuary Waterbody - Screened-in elements (see Table 3.5) 

Biological elements Physico-chemical elements Hydromorphological 
elements 

Phytoplankton Dissolved Inorganic Nitrogen Depth variation 

Macroalgae Dissolved Oxygen Quality, structure and 
substrate of estuarine 
bed 

Benthic invertebrates Specific Pollutants (Annex III) Structure of the inter-
tidal zone 

Fish Wave exposure 

Direction of dominant 
currents 

 

Biological elements 

Phytoplankton 

3.6.3.1 The baseline environment for phytoplankton and potential effects of the Project are 
summarised above for Swansea Bay coastal waterbody and presented in detail within 
Chapter 8 Intertidal and Subtidal Benthic Ecology.  Specific to the Tawe Estuary 
waterbody, is the potential for a change in nutrient levels to affect phytoplankton.  This 
potential effect is detailed in Chapter 7 Marine Water Quality and summarised below 
under the physico-chemical element.  The models used to examine nutrients levels in 
the baseline and with lagoon scenarios, are based on conservative assumptions and 
when existing actual data is compared to the predictions for the baseline situation, this 
conservatism is evident. Given the potential conservatism in the model, the effects of 
the Lagoon on nitrogen concentrations in the Tawe Estuary and the wider Swansea Bay 
are relatively small.  

3.6.3.2 Phytoplankton is not assessed within the WFD monitoring programme in the Tawe 
Estuary. The predicted changes resulting from the Project (lagoon seawalls and outfall 
extension) would not be expected to affect the WFD status for nutrients (dissolved 
inorganic nitrogen) in the Tawe Estuary transitional waterbody, or compromise the 
future achievement of the objectives.  It follows that these predicted changes are not 
expected to significantly alter the distribution of phytoplankton in the Tawe Estuary, or 
lead to significant changes in primary production.  

Macroalgae  

3.6.3.3 The baseline environment for phytoplankton and potential effects of the Project are 
summarised above for Swansea Bay coastal waterbody and presented in detail within 
Chapter 8 Intertidal and Subtidal Benthic Ecology.  Specific to the Tawe Estuary 
waterbody, Chapter 8 identifies that the existing eastern breakwater within the Tawe 
waterbody, supports Pelvetia canaliculata and Fucus spiralis seaweeds, but that the 
macroalgae Ascophyllum nodosum dominates.  This breakwater will be removed as a 
result of the Project, but a section of the western seawall will be constructed within the 
Tawe Estuary waterbody, thus providing a similar habitat for recolonisation of 
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macroalgae species (see the assessment for Swansea Bay Coastal waterbody for 
potential for the colonisation of the seawall by macroalgae, Sections 3.6.2.23-24). 

3.6.3.4 As identified above, the construction of the seawalls of the Project will result in an 
increase in the overall area of rock intertidal and subtidal habitat that has the potential 
to be colonised by macroalgae.  However, it is recognised that increased deposition of 
sediment on rock surfaces as a result of reduced flows may reduce the habitat 
suitability for many macroalgae species.  This could occur as a result of the predicted 
slight increase in sedimentation within the entrance to the Tawe channel along the 
western seawall under certain conditions (see Table 6.22 Chapter 6 Coastal Processes, 
Sediment Transport and Contamination and further described below under 
hydromorphological conditions).   

3.6.3.5 Macroalgae species that occur in Swansea Bay already experience fluctuations in water 
flows and sedimentation under natural conditions and the operation of the Project will 
result in changes outside the normal sedimentary conditions.  However, macroalgae will 
only be exposed to changes in suspended sediments while they are submerged in water 
and in the majority of areas, the tide will rapidly re-mobilise and disperse sediment 
resulting from the Project, which will allow the macroalgae to continue to 
photosynthesise.  Macroalgae are considered to have a low sensitivity to these changes 
given their high tolerance and rapid rate of recovery.  Contaminant levels are expected 
to be low in the areas that will be directly affected by the Project, as demonstrated in 
the analysis results presented in Chapter 4 Project Description of the ES.  As such, any 
short term exposure to released contaminants is not expected to result in significant 
effects on macroalgal populations. 

3.6.3.6 Potential changes to salinity, temperature and dissolved oxygen resulting from the 
Project in the Tawe Estuary waterbody are predicted to be within natural variations 
already experienced within Swansea Bay.  Short term exposure to elevated contaminant 
levels resulting from the Project were considered not to have an effect  

3.6.3.7 The potential for opportunistic macroalgae has been considered in relation to the 
potential for changes in nutrient levels within the waterbody.  Changes in nutrient levels 
resulting from the Project are discussed in Section 8.5.10.20 of Chapter 8 of the ES and 
also further under physic-chemical elements below.  Section 8.5.19.29 identifies that 
"The water quality assessment predicts that overall, as a result of the Project, nitrogen 
concentrations within the Lagoon and the wider Swansea Bay are reduced due to the 
modification of the trajectories of the plumes from the River Neath and Tawe and the 
generation of additional mixing with offshore waters. The net change is a general 
reduction of nitrogen concentrations in Swansea Bay and offshore waters, although this 
is partly offset by increases in nitrogen concentrations (100 μg/l) in the transitional 
waters of the Rivers Tawe and Neath.”  This potential change in nitrogen concentration 
in the Neath and Tawe Estuary waterbodies has been examined in Chapters 7 and 8 of 
the ES.  It is considered that given the existing nitrogen concentrations throughout 
Swansea Bay, this slight increase will not result in an increase in the potential for any 
accelerated growth of phytobenthos or higher forms of plant life which would result in 
undesirable disturbance to the balance of organisms present in the waterbody or to the 
physico-chemical quality of the water. 

3.6.3.8 The 2013 classification data for the Tawe Estuary for macroalgae identifies that the 
quality element is at ‘high’ status.  As the Project will result in an increase in the overall 
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area of rocky intertidal and subtidal habitat that has the potential to be colonised by 
macroalgae within the Tawe Estuary waterbody, it is considered that the Project 
(lagoon seawalls and outfall extension) will not result in deterioration in status for 
macroalgae within this waterbody, or compromise the future achievement of the 
objectives.  The presence of opportunistic macroalgae will be monitored during the 
intertidal surveys which will be carried out post construction as detailed in the AEMP. 

Benthic Invertebrates 

3.6.3.9 Chapter 8 Intertidal and Subtidal Benthic Ecology of the ES has examined the potential 
effects of the Project on benthic invertebrates considering these aspects.  Chapter 7 
Marine Water Quality of the ES has also considered the potential effects of the Project 
on water quality and the findings of this study were considered within the assessment 
presented in Chapter 8 for benthic invertebrates. 

3.6.3.10 Chapter 8 of the ES provides a description of the benthic invertebrate assemblage 
within Swansea Bay based on historical data and surveys carried out as part of the 
Project.  Species diversity and abundance are influenced by the sediments present 
within the Bay.  Within the Tawe Estuary waterbody, of note, is the presence of the 
nationally important Sabellaria alveolata in the far eastern extent of the waterbody to 
the east of the eastern breakwater.  The majority of this Sabellaria alveolata reef lies 
within the Swansea Bay Coastal waterbody (and has been assessed within Swansea Bay 
Coastal Waterbody above).   

3.6.3.11 The construction of the Project will result in the loss of the small extent of the Sabellaria 
alveolata reef that lies within the Tawe Estuary waterbody (to the east of the mouth of 
the Tawe).   

Location of Sabellaria alveolata found at both the subtidal and intertidal surveys 
(Titan Environmental Surveys Ltd, 2013) 
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3.6.3.12 Mitigation for this loss has been proposed (for a more detailed description of mitigation 
proposed see Section 3.6.2.60 - 79), but it is recognised that the translocation of the 
species has not been tried before, so its success is uncertain.  Although during 
construction, there may be temporary indirect effects on benthic habitats and species 
(littorina spp. and barnacles) the small harbour area to the north of the existing 
breakwater, once the western seawall has been constructed, the wave conditions and 
exposure within this area are predicted to be similar to the baseline scenario.   

3.6.3.13 A new length of the toe of the western seawall (approximately 500m x 3m) will be 
constructed within the intertidal and subtidal areas of the waterbody and will provide a 
habitat similar to that lost following removal of the existing eastern breakwater.   

3.6.3.14 As identified for macroalgae above and further assessed within the hydromorphological 
quality element below, increased sedimentation is predicted within the inner approach 
to the Swansea Channel under certain conditions (see Chapter 6 Coastal Processes, 
Sediment Transport and Contamination, Table 6.22).  However, Figures 6.50 – 6.52 of 
the ES (reproduced in Appendix 3 to this Report) illustrate sediment deposition and 
erosion resulting from the operation of the Project and it can be seen that no significant 
changes are predicted within the Tawe Estuary waterbody.  Maintenance dredging to 
remove sediments is already carried out within this waterbody for navigation purposes 
to maintain access for vessels to Swansea Port and Marina.  As such, habitats and 
species within the Tawe Estuary waterbody will already experience physical 
disturbance, changes to suspended sediments and sediment re-deposition. 

3.6.3.15 Benthic invertebrates are not assessed within the Tawe Estuary under WFD.  However, 
as identified above, the ongoing dredging within the Tawe Channel for navigational 
purposes will result in a habitat that experiences regular physical disturbance with 
resultant effects on colonising species.  There will be a loss of a small extent of the 
Sabellaria alveolata reef but mitigation is proposed for this loss, although it is 
recognised that a novel methodology is proposed.  Loss of habitats resulting from the 
construction of the western seawall within this waterbody will be balanced by habitats 
created by the removal of the existing breakwater. On the basis that the benthic 
habitats already experience routine disturbance, and thus already support habitats 
associated with disturbance, the Project (lagoon seawalls) is not predicted to result in 
the deterioration of the status of the Tawe Estuary waterbody in relation to the benthic 
invertebrate quality element, or compromise the future achievement of the objectives.  

Fish 

3.6.3.16 This section examines the effect of the Project on the fish quality element of the Tawe 
Estuary waterbody and upstream waterbodies.  As identified previously, the key effects 
of the Project on migratory fish will occur within the Swansea Bay coastal waterbody 
and to a lesser extent the Tawe Estuary waterbody.  Any potential effects on migratory 
fish will occur within these two waterbodies and will thus be relevant for all the 
upstream waterbodies of the Tawe Estuary and are therefore discussed in this section.   

Baseline information on migratory fish 

3.6.3.17 NRW provided TLSB with site-level information on the Ecological Quality Ratio (EQR) for 
salmon, trout and eel on all of those waterbodies where data was available in July 2014. 
Those relevant to the Tawe are detailed in Table 3.15 below. 
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Table 3.15 Ecological Quality Ration for salmon, trout and eel for Tawe waterbodies 

Waterbody ID Waterbody 
EQR 

Waterbody 
class 

Name  EQR Eel EQR 
Salmon  

EQR 
Trout 

GB110059025710 0.5032 Good Fendrod 0.2260 0.5803 0.6293 
GB110059032280 0.4822 Good Giedd 0.8030 0.2707 0.7037 

GB110059032200 0.4729 Good 
Lower 
Clydach 0.5107 0.4513 0.4780 

GB110059032200 0.4729 Good 
Lower 
Clydach 0.6033 0.1753 0.0937 

GB110059032180 0.6761 Good Nant Du 0.4500 0.7793 0.9747 
GB110059032180 0.6761 Good Nant Du 0.4540 1.0000 0.7937 

GB110059032170 0.7229 High 
Nant 
Gyrlais 0.6930 0.4610 0.9263 

GB110059032180 0.6761 Good 
Nant 
Llech 0.5993 0.3500 0.8297 

GB110059032250 0.558 Good 
Nant 
Llech 0.4683 0.6470 0.7247 

GB110059032240 0.8102 High 
 
Tawe 0.8817 0.5663 0.9957 

GB110059032220 0.5064 Good Twrch 0.4673 0.1173 0.7870 
GB110059032300 0.6031 Good Tywynni 0.5223 1.0000 0.5057 

GB110059032190 0.7027 High  
Upper 
Clydach 0.9400 0.3320 0.7913 

GB110059032270 No data available 
Gwys-
Twrch No data available 

GB110059032290 No data available 
Twrch-
Llynfell No data available 

  

3.6.3.18 The boundary between good and moderate classes is 0.4. It can be seen from Table 3.15 
above that a ‘good’ waterbody class does not necessarily equate to a high EQR for a 
particular species. There are also two waterbodies within the catchment that have no 
data available to generate fish classifications, the Gwys from its headwaters to the 
confluences with the Twrch and the Twrch from its headwaters to the confluence with 
the Llynfell. Nant Gwys runs through a heavily wooded valley for approximately 2km 
from its headwaters until it meets the Twrch. Afon Twrch originates in the Black 
Mountains before it joins the Llynfell at Cwm Twrch Uchaf, north-west of Ystalfera. With 
respect to fish EQRs it is not possible to make a judgement without any data for these 
watercourses as the EQRs vary even along the same waterbody.  

3.6.3.19 Information regarding the fish classification for the Tawe Estuary is not available, as no 
assessment has been undertaken of any biological element under the WFD, with the 
exception of macroalgae, which has been assessed as being at ‘good’ status. As no 
baseline fish classification data is available for the Tawe Estuary, it is assumed that it is 
of a ‘good’ status. 

3.6.3.20 Chapter 9 (Fish including Recreational and Commercial Fisheries) of the ES indicates 
that the River Tawe has the highest numbers of salmon in the Swansea Bay area, with 
juvenile salmon present in the catchment. Rod catch data provided by Environment 
Agency Wales (now Natural Resource Wales NRW)), demonstrates inter-annual 
variation, however; broad scale estimates of fish populations seem to indicate fairly 
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stable populations. Populations across the UK however, are in decline (Environment 
Agency, 2011). 

Key potential effects on fish 

3.6.3.21 The key potential effects assessed within the EIA (Chapter 9 Fish including Recreational 
and Commercial Fisheries of the ES) in relation to diadromous (migratory) fish are: 
increases in suspended solids, increased noise and vibration, artificial light, habitat 
modification and loss during dewatering of the cofferdam and entrainment in the 
turbines. As identified previously, the potential effects of the Project will occur 
principally in the Swansea Bay coastal waterbody and partially in the Tawe Estuary 
waterbody as they move to their natal rivers.  However, any effects on migratory fish 
occurring with these waterbodies will indirectly effect the status of the fish quality 
element within hydrologically connected waterbodies.  As such, this section outlines the 
potential effects on migratory fish, namely salmonids, trout and eel that navigate 
through the Tawe Estuary and into upstream waterbodies, as given in Table 3.15. 

3.6.3.22 In addition, specific to the Tawe Estuary waterbody, an assessment has been 
undertaken for the potential effects of the Project on the small extent of herring 
spawning habitat bordering the Tawe Estuary waterbody that may be lost. 

Suspended sediments 
3.6.3.23 Increases in Suspended Sediment Concentrations (SSC) above ambient levels due to 

dredging operations for the construction of the lagoon seawall and the temporary 
coffer dam could act as a barrier to migration. 

3.6.3.24 Navigation of diadromous fish into the waterbodies considered within this assessment, 
particularly the Tawe, is not expected to be disturbed by increased suspended sediment 
levels associated with the Lagoon construction. Physical process modelling (detailed in 
Chapter 6 of the ES) predicts that sediment dispersal will be limited to the near-field 
zone of Swansea Bay and will be temporary in nature. The Bristol Channel and Severn 
Estuary have naturally exceptionally high suspended sediment levels and diadromous 
fish species successfully migrate through such conditions as a matter of course. 
Migratory salmonid fish have been shown to use olfactory cues associated with water 
chemistry for coastal water navigation which are not predicted to be significantly 
affected by the Project (see Chapter 9 of the ES). The localised nature of any plumes 
would give ample opportunity for fish to circumnavigate them. 

3.6.3.25 As described above for benthic invertebrates, the following mitigation measures will be 
implemented to further reduce the potential effects of suspended sediments on 
migratory fish: 

• Selection of dredging equipment by the contractor will be appropriate to the 
depths and material types to be dredged and to minimise the creation of plumes. 

• Marine habitat or seafloor disturbance clearing for the construction of the Project 
will be limited to the red line footprint of the development. Operations outside 
the scheme footprint will be prohibited. Boundaries will be enforced and 
distribution of worker awareness information. 

• The Project will adhere to Best Practice Guidance identified in Marine Minerals 
Guidance 1: Extraction by dredging from the English seabed (Office of the Deputy 
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Prime Minister, 2002), or other industry standards with respect to dredging and 
disposal of dredged material. 

• Disposal of the dredge spoil not suitable for seawall construction will be 
undertaken at Swansea Bay licensed outer disposal grounds thereby presenting 
minimal risk of impact to sites outside the development area. 

• Dredging will generally be undertaken between April and October.  
• Preventing on-board screening or minimising material passing through spillways 

when outside the dredging area to reduce the spread of the sediment plume.  

3.6.3.26 As a result of the implementation of the mitigation measures, it is considered that there 
will be no deterioration in the classification of the fish quality element Tawe Estuary, 
River Tawe (or any of its associated waterbodies) from any increases in suspended 
sediments. 

Noise and vibration 
3.6.3.27 The main concern with regard to fish is the potential for underwater noise and vibration 

to exclude marine fish from near shore and intertidal habitats and to deter migratory 
fish from entering or leaving the Tawe river mouth, which is adjacent to the Project.  
Although increases in general construction activity, such as dredging, lagoon seawall 
construction and vessel movement, will also contribute to the overall level of subsea 
noise and vibration within the area, the main potential for effects on migratory fish 
would be expected during piling activities.   

3.6.3.28 Piling is only required to install the dolphin piles, as it has been determined that the 
most appropriate method of construction of the temporary cofferdam (where a 
possible need for impact/percussive piling for sheet piled construction was previously 
identified in the ES) is by the use of a sediment core and outer rock armour.  

3.6.3.29 Construction of the dolphin piles will occur for approximately 15 days during the 
daytime only.  These would be installed at the start of the construction programme to 
afford protection to the offshore cofferdam. Currently this is expected to be either 
March/April or June/July and therefore does not extend significantly into the key 
migratory periods of any of the fish. Modelling was also carried out which specifically 
considered the likely range at which injury and behavioural responses may be expected 
for a range of migratory fish species (see Chapter 9 of the ES). Table 3.16 below 
illustrates the results. 

Table 3.16 Modelled ranges at which migratory fish will be impacted by construction 
noise  

Species dB above hearing 
threshold** 

Behavioural response range (m) 
Dredging Dolphin 

Vibro-piling 
Dolphin 

Impact piling 
Eel/lamprey 75 3 25 1000 

90 ORR* 4 177 
Salmon/trout 75 3 20 1000 

90 ORR* 4 177 
*Outside of Response Range 
**75dB is taken as the threshold at which 50% of fish can be expected to show avoidance 
behaviour; 90dB is the threshold where strong avoidance behaviour will occur in most species. 
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3.6.3.30 In the case of dredging and vibro-piling, ranges of impact are highly constrained and do 
not extend into critical intertidal habitat or the river mouths. The use of impact (or 
percussive) piling, if required for the dolphin piles, would have a greater impact range, 
potentially excluding these species from areas of subtidal and intertidal habitats in 
periods when pile driving was taking place.  

3.6.3.31 However, it is expected that there will be only a small likelihood of impact piling being 
utilised and the majority of piling will be low-noise vibro-piling. Impact piling will only 
be employed when hard patches of substrate are encountered. When this occurs, the 
duration of any impact piling is expected to be short (a matter of hours during daylight). 
A behavioural response range of up to 1000m from the source of impact piling does not 
form a barrier effect to fish entering the Tawe as the source of the noise is at least 3km 
offshore from the Tawe river mouth and 4.5km from the shoreline of Mumbles Bay. In 
addition, the standard use of ‘soft start’ piling methodology, in line with Joint Nature 
Conservancy Guidance (JNCC, 2010), will be rigorously enforced to allow any fish in the 
vicinity to move away from the source of the noise. This temporary and reversible effect 
is therefore not predicted to impede salmon, sea trout or eel migration routes, either 
across the Bay or to and from the Tawe river mouth. 

3.6.3.32 In the operational phase, modelling of the predicted underwater noise levels for 
turbines at a range of distances was undertaken in Chapter 19 of the ES. This indicated 
that at 25m the turbine noise was 103dB ref 1µPa, dropping to 71dB ref 1µPa by 1000m 
from the turbines. As background levels were between 110 and 120dB ref 1µPa, 
increasing to between 151 and 179dB ref 1µPa when shipping was taken into account, it 
was considered that noise levels would not increase significantly beyond very close 
proximity to the turbines. The assessment predicts that the potential impact of the 
operational turbine noise on fish will not affect fish migrating through the Swansea Bay 
coastal waterbody to reach the Tawe. 

3.6.3.33 The assessment concludes that the impact on migratory fish from disruption to 
migratory routes as a result of increased noise and vibration during construction and 
operation will be negligible on all species.  Mitigation measures will however, be 
implemented as identified above and it is considered that the measures proposed are 
practicable and appropriate for the level of impact predicted. As a result it is considered 
that there will be no deterioration in the classification of the Tawe Estuary, River Tawe, 
or any of its associated waterbodies. 

Artificial light 
3.6.3.34 Light may act as a repellent or attractant to fish depending on species and/or life stage. 

Species such as eel are negatively phototactic at all life stages. Both the movement of 
glass eel and elver into freshwaters and of pubescent silver eel to sea typically occur at 
night (Bruijs & Durif, 2009) and light falling onto their migratory pathway may have a 
marked obstructive impact on their movement (Sorensen, 1951) to and from the River 
Tawe.   

3.6.3.35 The temporary cofferdam required for the construction of the turbine and sluice gate 
housing will not be lit from the outside, although some navigational lighting may be 
needed where stipulated by health and safety requirements. During construction the 
other light sources will primarily be mobile, intermittent and localised; and as such are 
anticipated to cause negligible disturbance to the migratory fish associated with the 
Tawe waterbody. 
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3.6.3.36 During operation the background light levels of the city forms the baseline for any 
assessment. Lighting will be incorporated into the design of the project to ensure a safe 
environment for operatives and members of the public. As a result, extensive 
illumination of the surface waters will not occur and it is therefore anticipated that 
there will be no disturbance to migratory routes of fish associated with the Tawe. 

3.6.3.37 The following additional mitigation measures will be implemented to further reduce the 
potential effects of artificial light on migratory fish: 

• Illumination of the site would be directional. 

• The illumination of the water surface, especially outside the Lagoon, would be 
avoided where possible. 

• The use of white mercury vapour lamps should be avoided. 

3.6.3.38 The assessment concludes that the impact on migratory fish from disruption to 
migratory routes as a result of increases in artificial light will be negligible on all species.  
Mitigation measures will, however; be implemented as identified above and it is 
considered that the measures proposed are practicable and appropriate for the level of 
impact predicted. As a result it is considered that there will be no deterioration in the 
classification of the Tawe Estuary, River Tawe (or any of its associated waterbodies) 
from any increase in artificial light. 

Habitat modification and loss 

3.6.3.39 Leonhard et al. (2011) have shown that the introduction of hard substrates to 
homogenous sand banks associated to renewable energy developments can result in a 
net gain for marine fish biodiversity. 

3.6.3.40 During the construction phase, habitat modification and loss will occur as a result of the 
dredging, the construction of the seawall and loss of benthic habitat due to the 
temporary cofferdam (which will be dewatered prior to and during construction works).  
Details of the habitat losses and modifications are given in Chapter 4 Project 
Description.  

3.6.3.41 Re-colonisation of a site following dredging typically starts to occur immediately 
(Chapter 8 Intertidal and Subtidal Ecology). However, the extent to which dredged areas 
recover is based on the period between dredging activities. Given the large amount of 
alternative foraging habitat available over the rest of Swansea Bay and the Bristol 
Channel, the impact of habitat loss and modification associated with the construction or 
operational phase is not considered sufficient to result in the deterioration of the status 
of the River Tawe, its associated waterbodies or its transitional waters on a non-
temporary basis.  

Dewatering 

3.6.3.42 The temporary cofferdam will be constructed and then dewatering will occur via 
pumping. Given the relatively long timescale which will be required to build the turbine 
housing/sluice gate structure, and associated construction noise, it is likely that mobile 
fish will vacate the area prior to completion of the temporary cofferdam. During the 
dewatering, any effects on remaining fish can be mitigated by fish rescue techniques 
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and use of fish-friendly pumps (Environment Agency, 2011c).  The impact of dewatering 
associated with the construction of the temporary cofferdam is not considered 
sufficient to result in the deterioration of the status of the River Tawe, its associated 
waterbodies or its transitional waters on a non-temporary basis. 

Entrainment 

3.6.3.43 Hydroelectric turbines have the potential to injure or kill fish which are entrained within 
the generating flow. This can occur as a result of collision with the rotating turbine 
blades, or due to changes in pressure, severe turbulence or hydraulic shear stress. Risks 
typically increase as fish increase in length and mass, and sensitivities vary amongst 
species. 

3.6.3.44 Of those entering or leaving the Lagoon, a proportion will pass through the sluice gates 
(open during periods near high and low water) and others will pass through the 
turbines. Water velocities passing through the turbine housings are estimated to be 10-
11 ms-1 during power generation, hence they are well in excess of swimming abilities of 
any fish likely to be present and any passage through the turbines is likely to be in the 
direction of flow only. 

3.6.3.45 In order to assess the risk of injury caused by turbine operation, two types of computer 
modelling were applied to the Project (further details can be found in Chapter 9 of the 
ES): 

a) Fish behaviour modelling: This stage used a process known as “individual-based 
modelling” (IBM) to predict how fish of a given species will react to water 
currents and topographical features. IBM modelling allows the frequency of 
turbine encounters by fish to be estimated, and also the number of times a 
specific type of fish, such as a salmon, is expected to pass through a turbine as a 
result of tidal incursions and excursions.  

b) Turbine injury rate modelling: The second stage used a turbine passage fish 
injury rate model (STRIKER™ v.4) to estimate the percentage of fish passing 
through a turbine, identified by the IBM, that are likely to be injured.  

3.6.3.46 The IBM model showed that olfactory trails from the Tawe and the Neath remain quite 
distinct with the Lagoon in place and turbines and sluices operating, allowing adult 
salmon to home to their natal rivers with minimal distraction. Results demonstrated 
that there is no significant effect on olfactory trails as a result of water being drawn in 
to the Lagoon and released again. 

3.6.3.47 Salmon and sea trout smolts migrating from the rivers Tawe and Neath to sea were 
modelled leaving the rivers on an ebb tide, where the hydraulics encourage rapid 
dispersion to sea and modelling indicated minimal interaction with the turbines and 
sluice gates. Adult sea trout were modelled in a very similar way to salmon, with 
appropriate changes to size and, therefore, swimming speeds. The smaller size and 
slower swimming speed of returning sea trout resulted in more interaction with the 
turbines and sluices compared with salmon, leading to increased entrainment. 

3.6.3.48 Eels and lamprey are weaker swimmers than salmon and trout but are thigmophillic (i.e. 
they like to be in contact with stationary physical objects such as the seabed). This 
means they are capable of using selective tide stream transport, by resting on the bed 
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when the tide is flowing a direction in which they do not wish to travel, and lifting up 
into the water column when the tide is flowing in their preferred direction of travel 
(incoming tide). This behaviour allows small (and therefore relatively slow swimmers) to 
move extremely quickly in a strong tidal system such as the Bristol Channel. The model 
demonstrated a degree of entrainment in eel trying to reach the Tawe. 

3.6.3.49 The IBM model was then combined with the turbine injury rate model (STRIKER™ v.4) to 
assess the overall turbine entrainment injury rate, as illustrated in Table 3.17 below. 

Table 3.17 (taken from Chapter 9 of the ES): Combine results from IBM and STRIKER™ 
v.4 models  

Species  No. of fish 
encountering 
turbine 

Mean 
repeat 
number of 
turbine 
passes 

Overall turbine 
entrainment injury 
(unmitigated annual) 

Residual 
mortality with 
AFD (%) 

Mean 
mortality 
% 

Standard 
error % 

Atlantic salmon 
adult 

603 1.65 0.87 0.09 0.26 

Atlantic salmon 
smolt 

125 2.98 0.12 0.03 0.04 

Sea trout adult 2044 1.91 3.4 0.19 1.02 
Sea trout smolt 149 3.38 0.16 0.04 0.05 
Eel adult 223 1.64 0.19 0.04 0.19 
Eel elver 393 3.27 0.07 0.03 0.07 
River Lamprey 
adult 

999 2.68 1.35 0.11 1.35 

River Lamprey 
transformer 

120 3.33 0.02 0.02 0.02 

 

3.6.3.50 For the purpose of the EIA reported in Chapter 9 of the ES, the STRIKER™ v.4 model has 
been used, as described above, to determine the impact on fish as they pass through 
the turbines. In terms of effects on fish fixed speed turbines are deemed worst case 
over variable speed. This is described further in 9.5.3.97 of the ES where it states “This 
use of fixed speed turbines has two potential effects with regard to the safety of fish 
passage. First, as the water flow through the turbine reduces at the same time as 
operating head decreases, the axial velocity of water through the turbine becomes 
slower but the blade speed remains the same. This means that the water-length 
reduces and therefore that the probability that a fish will be struck by the blade 
increases towards lower flows. Second, as the blade angles change, the turbine moves 
away from its most efficient operating point, hence efficiency reduces and more 
turbulence, hydrodynamic pressure change and shear stress is generated, potentially 
creating more harmful conditions for fish.”  

3.6.3.51 Since submission of the application for development consent it has been decided that 
variable speed turbines will be used in the Project and therefore all predicted encounter 
impacts will be reduced. In comparison to the fixed speed turbines (see para 9.5.3.98 of 
the ES) “Variable speed turbines are matched to distribution grid frequency either by 
using variable speed gearboxes or using electronic inverters. In a variable-speed turbine 
the converse of the above with regard to fish is true. First, as the water flow reduces, 
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the blades slow proportionately so that the water-length remains constant. Secondly, 
the water-to-blade angle remains constant so that efficiency is maintained”.  

3.6.3.52 The Striker V4 modelling which has been undertaken within the EIA, represented the 
reduced blade speed (ranging from 30 to 67rpm), but as information on the final 
turbine internal characteristics was not available, data from a fixed speed turbine has 
been used. Table 9.23 in Chapter 9 (reproduced below) shows predicted fish injury rates 
for a variable-speed turbine, compared with those for the fixed speed 67 rpm option.  

Table 9.23 (Reproduced from Chapter 9) shows predicted percentage fish injury rates 
using STRIKER™ v.4 over full operating head range variable speed for variable-speed 
turbine option. Note: this models strike-related injuries for a 7 m axial flow design, 
but assumes the same internal hydrodynamic conditions as the fixed-speed option as 
no CFD modelling data are yet available for this version. 

Species/Lifestage 

Ebb Generation Flood Generation 

Variable 
Speed 

Fixed Speed 
67rpm 

Change in 
Injury Rate 

Variable 
Speed 

Fixed Speed 
67rpm 

Change in 
Injury Rate 

Atlantic salmon & 
sea trout smolt 2.29% 2.9% -19.0% 2.96% 3.52% -15.9% 

Atlantic salmon 
adult 6.30% 9.23% -31.7% 7.11% 9.81% -27.5% 

Sea trout adult 6.10% 8.70% -29.9% 6.89% 9.28% -25.8% 

Shad adult 49.52% 50.46% -1.8% 44.95% 50.45% -10.9% 

Herring 48.89% 49.47% -1.1% 44.23% 49.44% -10.5% 

Glass eel/elver 0.47% 0.60% -20.9% 0.48% 0.60% -20.0% 

Silver eel 3.54% 5.67% -35.7% 3.68% 5.50% -33.1% 

Gadoids 7.53% 9.0% -15.7% 9.15% 8.94% 2.3% 

Bass 3.93% 4.78% -17.0% 4.01% 4.74% -15.5% 

Flatfish 1.25% 1.86% -31.4% 1.29% 1.82% -29.2% 

Lamprey 3.66% 5.86% -35.9% 3.80% 5.70% -33.3% 

3.6.3.53 The results show that there would be an improvement (reduced injury rate) across all 
fish species with the use of variable speed turbines (up to 67rpm) over fixed speed 
turbines at 67rpm. Note the ES also states that (9.5.3.99) that no Computational Fluid 
Dynamics (CFD) modelling data are as yet available from which to assess the effects of 
improved internal hydrodynamics, but this could yield further benefits for some species, 
notably the clupeid species (herring, shad) for which this represents the largest source 
of trauma. As such, even though the Striker V4 results for variable speed turbines 
presented in table 9.23 show significant improvement over fixed speed, they are still 
worst case for this type of turbine.  
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3.6.3.54 Further modelling will be undertaken once Computational Fluid Dynamics data is 
available from the turbine manufacturer on the internal flow characteristics of the 
proposed turbine, which is predicted to show further decreased mortality.   

3.6.3.55 Another option which is being considered for the Project is the use of variable speed 
turbines together with pumping.  As discussed in Chapter 4 there are other benefits of 
variable speed turbines (4.8.3.4) which includes the ability to pump at end of tidal cycle. 
This would allow energy output to be increased whilst intertidal losses are reduced. The 
reduction in intertidal losses would have a direct obvious potential beneficial effect on 
birds and marine ecology. An outline assessment of effect on these on birds is included 
in Chapter 11, 11.5.3.22 and on marine habitats in Table 8.8 and 8.5.8.12.   

3.6.3.56 In relation to fish, an assessment has been undertaken for variable speed turbines with 
a pumping mode which would be utilised at the end of each tidal cycle to equalise the 
water levels inside and outside the lagoon before the turn of the tide. In this way 
intertidal losses would be minimised which would be of benefit across a number of 
environmental areas (including subtidal ecology, birds and fish).  

3.6.3.57 Since the submission of the ES further, more specific information on pumping mode has 
become available during the turbine tender process. As provided in the response to 
Examiners Written Question 3.1, in appendix 3.1.1, the proposed pumping rates are 
within the Rochdale envelope described above and this is further elaborated in the 
following sections.  

3.6.3.58 In general as the head difference of water increases between inside and outside the 
lagoon, the rotational speed of the turbine need to increase. The rotational speed 
would generally have a range in pumping of between 39rpm for a 1m pumping head up 
to 90rpm for 5.5m pumping head. For the Swansea Bay Tidal Lagoon, the pumping head 
will never reach 5.5m pumping and a maximum head of 3.5m is anticipated. At this 
head the maximum turbine speed would be 73rpm. Notwithstanding this a 
precautionary approach has been applied and a variable turbine speed of 90rpm has 
been run through the STRIKER™ v.4 model. The results of the model output are 
presented in the table below. 

Predicted Injury Rates during Turbine Passage for ‘worst case’ of 67 rpm Fixed Speed 
Turbines versus 90 rpm Variable Speed Turbine Option.  

 
 Species /Lifestage 
  

Predicted Mortality Rate 
Variable Speed 90rpm Fixed Speed 67rpm Change with Variable Speed 

 Atlantic salmon & sea trout 
smolt  

2.62% 2.83% -7.2% 

 Atlantic salmon adult  8.16% 9.23% -11.3% 
 Sea trout adult  5.68% 6.43% -11.4% 
 Shad adult  50.08% 50.45% -0.5% 
 Herring  49.22% 49.44% -0.4% 
 Glass eel/elver  0.55% 0.60% -7.6% 
 Silver eel  4.71% 5.50% -14.0% 
 Gadoids  8.37% 8.94% -6.1% 
 Bass  4.41% 4.74% -6.9% 
 Flatfish  1.60% 1.82% -11.8% 
 Lamprey  4.88% 5.70% -14.0% 
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3.6.3.59 As can be seen from the table above the predicted fish injury rates during pumping (at 
90rpm) would be less than those modelled for the ES, namely fixed speed turbines in 
generation mode at 67rpm.  

3.6.3.60 Overall the assessment within the ES is precautionary as are the findings for variable 
speed turbines for the following reasons:  

a. Fixed speed modelled 67rpm, but maximum rpm would be 62.5rpm  

b. Variable speed turbines modelled 67 rpm, but no Computational Fluid Dynamics 
(CFD) modelling data are as yet available from which to assess the effects of improved 
internal hydrodynamics.  

c. Variable speed turbines pumping mode modelled 90 rpm, but maximum rpm would 
be 73rpm. In addition, no Computational Fluid Dynamics (CFD) modelling data are as yet 
available from which to assess the effects of improved internal hydrodynamics. 

3.6.3.61 As identified in the updated AEMP (Section 8.3) modelling and a series of monitoring 
will be undertaken to develop an appropriate mitigation, including the potential use of 
an Acoustic Fish Deterrents (AFDs) system so far as necessary to achieve predicted 
outcomes following variable speed turbine procurement. Such mitigation as is required 
would be located at the entrance to the turbine structure as a mitigation measure 
against fish entrainment, and would be aimed at hearing-sensitive species (herring) or 
salmonids, which are hearing generalists, as necessary. Based on the worst case turbine 
encounter assessment (i.e. fixed speed) and the use of AFD. Table 3.14 identifies that, 
following mitigation, the estimated annual mortality to Atlantic salmon and sea trout 
drops to between 0.04% (Atlantic salmon smolt) and 1.02% (adult sea trout). Based on 
the worst case assessment it is therefore considered that the impact on fish associated 
with the Tawe waterbody or its transitional waters from entrainment within the 
operational turbines, when AFDs are implemented, will not cause deterioration of the 
status of the River Tawe, its associated waterbodies or its transitional waters on a non-
temporary basis. It is anticipated that the selection of variable speed turbines may 
obviate the need for AFD, although the AEMP secures an approach that allows their 
adoption if necessary in light of impacts actually experienced. 

Herring spawning habitat  

3.6.3.62 As noted in Chapter 9 Fish, including Recreational and Commercial Fisheries, the 
construction of the western seawall will result in the loss of an area of herring spawning 
habitat within the Swansea Bay Coastal waterbody, with the very western extent of the 
spawning ground just on the border of the Tawe Estuary waterbody.  As identified in 
Chapter 9 of the ES, herring are known to spawn in Swansea Bay (see extract below).  

9.3.4.4 During February and March herring spawn within Swansea Bay. Their 
spawning is concentrated in three locations across the Bay (see Figure 9.12). 
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Figure 9.12 Identified herring spawning grounds within Swansea Bay 

3.6.3.63 Chapter 9 goes on to state: 

3.6.3.64 9.4.2.67 In the case of herring, loss of seabed associated with the temporary 
construction footprint could reduce available spawning area for the Swansea Bay stock 
during the construction phase. Recent accounts indicate that herring spawning occurs 
closer to the shore, in proximity to the entrance of the River Tawe, in an area called 
‘Swansea Rough’ (Horsfall, I., pers. comm. 2013; Thomas, B., pers. comm. 2013). Herring 
spawning in this region most likely use the Sabellaria reef (63 ha) and shore defences 
found fronting the ABP owned land.     

3.6.3.65 As part of the design of the seawall, mitigation is proposed in the form of the recreation 
of herring spawning habitat.  This is discussed in detail within Chapter 9 and also in the 
Note on herring spawning areas, appendix 7.1.1 submitted as an Appendix to the 
Written Questions to the Planning Inspectorate on the 10th July 2014.   From these 
studies, it is considered that “Overall the seawall itself will form potential spawning 
areas, whether it be translocated small rocks with Sabellaria, sand at the foot of the 
walls or the rock armour itself.  With the different degrees of shelter and exposure 
around the lagoon as a whole, the potential “availability” of areas within the Bay for 
herring spawning should increase. As such, there is good evidence to support TLSB's 
view.  TLSB consider the mitigation described above to be viable and appropriate”. 
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Conclusions 

3.6.3.66 It is considered that none of the impacts discussed above, once mitigation has been 
implemented, would result in a decline in the individual EQRs for migratory fish for the 
Tawe or its associated waterbodies. As no baseline fish classification data is available for 
the Tawe Estuary, it is assumed that it is of a ‘good’ status. Notwithstanding this, the 
same conclusion is reached for the migratory fish that pass through the Tawe Estuary. 
No deterioration of the status of the River Tawe, its associated waterbodies or its 
transitional waters on a non-temporary basis is therefore concluded. 

Physico-chemical Elements 

3.6.3.67 Chapter 7 Marine Water Quality, section 7.7.7 has assessed the water chemistry 
changes resulting from the Project specifically for the elements applicable to the WFD.  
The Tawe Barrage presents a partial obstruction to tidal ingress, but may be overtopped 
during Spring tides.  Nevertheless, for assessment purposes, the transitional water is 
assumed to extend upstream of the Tawe Barrage to the historical tidal limit, where 
further upstream propagation is prevented by the weir at Trewyddfa. 

Salinity 

3.6.3.68 As discussed previously under the Swansea Bay physico-chemical elements section, the 
Lagoon will tend to increase salinity in the coastal waters adjacent to the Tawe estuary.  
This effect occurs as the plume from the Tawe becomes attached to the Lagoon wall 
reducing dispersion to the east. Furthermore the Lagoon also tends to cause greater 
mixing with offshore water.  These factors cause a local increase in average salinity in 
the inshore waters to the west of the Lagoon (Figure 3.6 and 3.7). 

3.6.3.69 The predicted change in salinity in the Tawe navigation channel and estuary can be seen 
in Figure 3.9 which compares predicted average salinity along the Tawe channel from 
the barrage (0m chainage) to 3500m offshore (-ve chainage) and 4500m up river (+ve 
chainage).  The results present a model application under varying winter freshwater 
flows over a period of eight weeks.  The solid line represents the mean salinity while the 
upper dotted lines present the 95%ile and the lower dashed lines the 5%ile.  There is no 
salinity monitoring data available for the Tawe Estuary, although a few samples are 
available just upstream of the barrage (Table 3.12) which indicate a salinity range from 
zero to about 20 psu. 

3.6.3.70 The Lagoon tends to increase the average salinity in the navigational channel and 
estuary mouth by a maximum of 6 psu 1500 m offshore. The increase in salinity reduces 
upstream with an increase of 3 psu at the downstream limit of the transitional water 
body (-1000m chainage) to a minimum of <0.5 psu at the Tawe barrage.   

3.6.3.71 The increase in mean salinity in the transitional waterbody is mirrored by a similar (4 
psu) increase at the 95%ile level, but only a small increase (<1.5 psu) at the 5%ile.  This 
reflects a change in salinity around high water due to the inflow of higher salinity 
offshore water that enters the western part of Swansea Bay in response to the Lagoon 
operation (see Figure 3.7).  During the low water period river flow is dominant and a 
smaller increase in salinity occurs, which is reflected in the 5%ile. 
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Figure 3.9 Predicted Variation in Mean Salinity Along the Tawe Estuary  

3.6.3.72 Changes in salinity are not expected to affect shellfish waters within the transitional 
water body, i.e those within the estuary, its approaches and within Swansea Docks.  
Within Swansea Docks the change in salinity would be expected to be smaller than in 
the estuary, as small volumes of estuary water are used to periodically top up dock 
water levels to account for locking and other losses.  Minimum salinity is largely 
unaffected.  There is potential for a salinity increase in excess of 10%, in the estuary but 
the change in salinity is small and within the natural variability of Baseline range. The 
maximum salinities are within the range specified by the Shellfish Water standards (38 
psu).   

3.6.3.73 Upstream of the barrage a small increase of <0.25 psu in the average salinity is 
predicted immediately upstream of the barrage reducing to 0 psu within 500m 
upstream.  The increase is due to the rise in average salinity downstream of the tidal 
barrage around high water when the barrage may be overtopped.  The maximum 
predicted increase is in the order of 1 psu (95%ile) around high water.  However this 
effect would be short lived and limited to the period of overtopping, i.e. high water on 
flooding spring tides, or <10% of the total time.  Over the remaining time, salinity would 
fall in response to freshwater dilution.   The increase in salinity is not expected to 
significantly affect the salinity in the Tawe river water body upstream of the barrage, as 
this region is already subject to saline intrusion at high water on spring tides.  The 
predicted change is small (<0.25 psu) and only affects a very small part of the water 
body (<0.05 km2).   

Dissolved Inorganic Nitrogen 

3.6.3.74 The baseline situation for Dissolved Inorganic Nitrogen (also referred to as Dissolved 
Available Inorganic Nitrogen (DAIN)) and the potential effects of the Lagoon and the 
extension of the outfall is considered within Section 7.7.7 of Chapter 7 of the ES and 
described for Swansea Bay Coastal water body above.  A further assessment has been 
undertaken for this report. 
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3.6.3.75 An analysis of available nutrient sample data in the Tawe Estuary, derived from the 
NRW WIMS database, was undertaken to provide input concentrations for additional 
model applications.  The WIMS data covers a period from 1990 to 2013.  An analysis of 
more recent (2004 to 2013) NRW sample data for the winter period at four locations in 
the River Tawe is provided in Table 3.17 below.  The first two sites are located in the 
upstream river Tawe, and are not subject to tidal dilution.  These sites give similar 
results, and indicate a mean concentration of around 800µg/l to 850µg/l, with a typical 
maximum (95%ile) of around 1400µg/l.   

3.6.3.76 Data at White Rock Road Bridge and New Cut Road Bridge, upstream of the barrage, 
show only a small (2-5%) reduction in average nitrogen concentration over the 
upstream sites, although the 95%ile is slightly more reduced.  The lower concentrations 
are likely to be due to limited tidal dilution.   

3.6.3.77 Historical data (1990 to 2004) shows a similar pattern with average winter nitrogen 
concentrations ranging from a minimum of 650μg/l at the estuary mouth to 760μg/l at 
the barrage, to 900μg/l in the upstream reaches.   

Table 3.17 Summary of NRW Data: Tawe Estuary 

Location SMPT 
DAIN (ug/l) 

Mean St dev Min Max 95 %'ile 5%'ile Count 

TAWE,GLAIS ROAD BRIDGE 30009 803 336 230 1520 1444 377 38 

RIVER TAWE @ MORRISTON ROAD 
BRIDGE 30001 853 322 320 1911 1340 429 41 

TAWE EST. @ WHITE ROCK RD.BR. 72138 784 300 258 1510 1330 375 32 

TAWE EST. @ NEW CUT RD.BRIDGE 30008 765 270 244 1420 1244 392 31 

 

3.6.3.78 Nutrient (nitrogen) sensitivity applications were run for the Tawe Estuary using a 
continuous 900µg/l input concentration in the upstream river and a steady state 
average flow (12 m3/s) condition.  A slightly higher than average DAIN concentration 
was chosen for conservatism.  These applications permit the effects the Project on tidal 
dilution and dispersion in the estuary to be assessed along the estuary.  

3.6.3.79 To provide a representative range of salinity and DAIN concentrations for WFD class 
assessment under Baseline and Lagoon operation conditions model runs were repeated 
using a variable flow condition over a simulated period of eight weeks during winter.  
Flows were derived from the NRW gauging station at Ynystanglws. The DAIN 
concentration was retained at a mean of 900µg/l.  This approach is considered 
conservative as an analysis of upstream data for DAIN and river flows (Figure 3.10) 
shows there is considerable dilution of nitrogen during periods of high flow.  
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Figure  3.10 Correlation of River Flow and Nitrogen Concentration in the Fluvial 
Tawe 

3.6.3.80 The nitrogen loads are conservatively estimated in the model to represent winter 
conditions.  Nitrogen sinks e.g. atmospheric losses and uptake by plants and algae are 
not included.   

3.6.3.81 Results using the continuous mean flow and concentration at the upstream boundary 
are presented in Figure 3.11.  The figure shows the predicted concentrations of nitrogen 
along a longitudinal section of the Tawe from the upstream river to the barrage, 
through the transitional waters and out into the bay along the navigational channel.  
Distance is presented relative to the tidal barrage, as this marks the upstream extent of 
the transitional waters.  The downstream extent of the transitional waters lies at a 
chainage of approximately -1000m. The results show the predicted average 
concentration (bold line) and the upper and lower 5%iles (dotted and dashed lines) for 
the Baseline and Lagoon with long sea outfall extension. 

3.6.3.82 Figure 3.11 indicates the Project causes a local increase in DAIN along the navigational 
channel between the barrage and approximately 2200m offshore (this can also be seen 
in the contours in Figure 7.23 of the ES).  This increase reaches a maximum 
approximately 1500m downstream with a relative increase of approximately 150 µg/l or 
30%.  However this effect is localised to the area adjacent to the lagoon wall, elsewhere 
concentration falls by a similar amount.  The change is mainly due to an increase in the 
higher percentile concentrations (dotted line) that occur towards low water when the 
lagoon structure reduces lateral dispersion and mixing of the river Tawe discharge with 
bay water. Within the transitional waters (0 to -1000m) the maximum increase in DAIN 
is predicted to be 50µg/l at the downstream limit and close to 0µg/l at the barrage.  This 
small difference is a function of restricted dispersion in this canalised area and the 
dominance of river discharges from the barrage impoundment. Upstream of the 
barrage the small changes in downstream concentration give rise to a very small change 
in average concentration of <1 µg/l or <0.1%. 
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Figure  3.11 Predicted Average Winter DAIN Concentration along the Tawe 
Channel. 

3.6.3.83 The change in concentration upstream and downstream of the barrage is generally 
restricted to a short period around high water.  This can be seen in the Figures 3.12 to 
3.14 which present pre- and post-Lagoon concentration time-series at the estuary 
mouth and two locations 50m upstream and downstream of the barrage (tidal water 
levels over 1m ODN are also shown for reference).   

3.6.3.84 Figure 3.12 clearly shows the effects of tidal dilution and how this is changed by the 
Lagoon.  On the neap tides, when tidal dilution is lowest, an increase in concentration is 
seen with the lagoon in place. However this situation is reversed on spring tides when 
the Lagoon causes greater exchange with offshore waters which reduces seawater 
nitrogen concentrations entering the estuary. Overall the net effect is a small 60µg/l 
(9%) increase in average concentration with the lagoon in situ.   
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Figure 3.12  Change in Predicted Nitrogen Concentrations at the Mouth of the Tawe 

3.6.3.85 It is important to note that the condition shown in Figure 3.11 and 3.12 is based on a 
constant river flow and is therefore conservative.  Under higher flow, lower DAIN 
concentrations, greater river plume advection dispersion, and greater mixing with 
coastal waters could lead to a reduction in DAIN in the waters at the mouth of the 
estuary.  This would increase the difference in DAIN seen at high water (i.e. lower DAIN 
concentrations post-Project) and could lead to lower DAIN concentrations on the neap 
tide, reducing the effect of the Project and potentially leading to periods of overall 
reduction in winter DAIN.  This would suggest that the steady river flow runs present a 
worst case and that actual changes in DAIN produced by the Project may be significantly 
less.  The revised model applications with time varying river flow (see below) therefore 
provide a less conservative and more representative assessment of potential future 
changes in winter DAIN and WFD class. 

3.6.3.86 Moving closer to the barrage (Figure 3.13) the differences in concentration post-Lagoon 
are reduced as the flow from the Tawe impoundment is more dominant.  Overall little 
change is seen, except for a 75µg/l increase in concentration for a short period around 
high water with the Lagoon in situ. Upstream of the barrage (Figure 3.14) a similar 
response is seen with a 25µg/l increase in concentration around High Water post-
Lagoon.  Given the conservatism of this assessment, as outlined above, actual changes 
in DAIN may be lower, and may show improvement under certain flow conditions. 
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Figure 3.13 Change in Predicted Nitrogen Concentrations 50m Downstream of the 
Tawe Barrage  

 

 

Figure 3.14 Change in Predicted Nitrogen Concentrations 50m Upstream of the Tawe 
Barrage  

3.6.3.87 Within the Tawe transitional waterbody the impacts of the Lagoon are small and 
restricted to short periods around high water.  Upstream of the barrage these effects 
will only occur when the barrage is overtopped.  Overall the predicted average 
concentration increases by less than 0.1% upstream of the barrage.  These relatively 
small changes are due to a number of factors: 
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a) Nutrient concentrations upstream of the barrage are most significantly affected 
by the freshwater flows from upstream. 

b) Freshwater inputs will mix with sea water when the tide is sufficiently high to 
overtop the barrage. 

c) Tide levels above the barrage invert level occur for approximately 20% of the 
time, depending on astronomical conditions, i.e. spring / neap tide, and time of 
year. [NB: While 75% of tides may be able to overtop the barrage at high water 
period, the duration for which the tidal level is higher than the barrage invert 
level is much shorter]. 

d) Sea water will generally only impact upstream of the barrage for 50% of the time 
when the barrage level is exceeded, i.e. as the tide floods up the estuary before 
high water.  After high water tide level falls and flow will ebb down the estuary, 
dominated by the flow of water impounded upstream of the barrage.  Seawater 
would therefore be expected to enter the impounded waters upstream of the 
barrage for 10% or less of the time. 

e) In general nutrient concentrations in the seawater of Swansea Bay are lower than 
in the river upstream of the barrage.  This is because the river is the major source 
of nutrients and once river flows enter Swansea Bay the nutrient concentrations 
are diluted by seawater. 

f) During the short period when seawater passes upstream of the barrage, it 
generally dilutes the nutrients in the impounded water. 

g) The lagoon is conservatively predicted to cause a slight increase in nutrient 
concentrations due to reduced lateral dispersion on ebb tides, as flow leaving the 
transitional waters is restricted by the lagoon wall.  This effect will be most 
significant on neap ebb tides, when overtopping of the barrage does not occur. 

h) On the flood tide any increase in concentration due to the Project should be 
relatively small as the transitional waters downstream of the barrage, are diluted 
by inflowing seawater from Swansea Bay.  The inflow is less affected by the 
Lagoon structure.   

3.6.3.88 The results of the conservative model applications clearly show that the effects of the 
Lagoon are limited and restricted to the transitional waters of the Tawe below the 
barrage.  High nitrogen concentrations in the river Tawe are caused by high river load 
and the impounding effects of the barrage, which considerably reduces natural tidal 
dilution.  The impacts of the Lagoon are limited to periods when the barrage is 
overtopped, and are conservatively predicted as resulting in a less than 0.1% increase in 
average nitrogen concentration.   

3.6.3.89 Results for the revised, less conservative, model applications with time varying flow 
representing typical winter flow conditions were processed and added to the WFD 
nutrient-salinity (N-S) curves to assess WFD class.  Results were output for three sites 
located at each end and in the middle of the transitional water, to allow for longitudinal 
variations in salinity and nitrogen.  Results from the three sites were also averaged to 
provide a waterbody average.  No suitable NRW monitoring data was available to add to 
the graph for comparison with the model results.  Results are presented below in Figure 
3.15. 
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Figure 3.15  WFD N-S Reference Curves and Measured N-S, Tawe Transitional Waters 

3.6.3.90 The results presented in Figure 3.15 indicate the Tawe Estuary waterbody would 
currently be expected to achieve Good class along its length. With the Lagoon in place 
the class is maintained.  Although salinity is slightly increased by the Project the 
nitrogen concentrations are slightly reduced.  This would appear to contradict the 
results from the more conservative applications using the steady flow condition 
presented above.  However, as discussed above, the hydrodynamic and dilution effects 
of the river discharge on estuary waters and mixing with coastal waters are better 
accounted for in the model with time varying inputs.  At high river flow greater dilution 
and advection in the coastal waters on the ebb tide will reduce the DAIN concentration 
in the waters that re-enter the estuary on the flood tide; this will occur to a greater 
extent than in the model runs with a constant mean flow. 

3.6.3.91 If the effect of higher river flow are ignored, for conservatism, the water body would 
still be expected to achieve Good class, although Good class may not be achieved at the 
most downstream limit where it meets the Swansea Bay water body; where effects of 
increased salinity on class are greatest.  It should also be noted that all model runs are 
based on conservative assumptions of no sink terms and higher than average DAIN 
concentrations in the Tawe river. 

3.6.3.92 The predicted changes as a result of the Project (lagoon seawalls and outfall extension) 
would not be expected to affect the WFD status in the Tawe estuary.  In the 
downstream area some deterioration may occur, but given the conservative nature of 
the assessment and the relatively small area affected, this is not considered sufficient to 
affect the waterbody class as a whole.  

3.6.3.93 Changes in nitrogen concentration in the Tawe Estuary waterbody would not be 
expected to compromise the future achievement of the objectives.  It follows that these 
predicted changes are not expected to significantly alter the distribution of 
phytoplankton in the Tawe Estuary, or lead to significant changes in primary production 
or biology. 
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3.6.3.94 The findings of the assessment undertaken predict that the Project will not result in 
deterioration of the status of the Tawe Estuary water body in relation to the Dissolved 
Inorganic Nitrogen quality element, or that the Project will compromise the future 
achievement of the objectives.   

Dissolved Oxygen 

3.6.3.95 Dissolved Oxygen is required for respiration of marine organisms, and is a primary 
indicator of the ability of an aquatic system to support marine life.  Numerical modelling 
of DO concentrations within Swansea Bay have been undertaken as detailed in Chapter 
7 Marine Water Quality (sections 7.7.7.37 – 7.7.7.43).  The modelling predicts that DO 
levels within the Bay and Lagoon are well above the WFD High class boundary of 5.6 
mg/l. 

3.6.3.96 DO is not monitored within the Tawe Estuary under the WFD.  The findings of the 
assessment detailed above predict that the Project (lagoon seawalls and outfall 
extension) will not result in deterioration of the status of the Tawe Estuary water body 
in relation to the DO quality element, or that the Project will compromise the future 
achievement of the objectives. 

Specific Pollutants 

3.6.3.97 As identified within the assessment described for the Swansea Bay Coastal water body, 
the sediments that will be dredged and then subsequently used/ disposed in the 
construction of the Lagoon are not considered to be contaminated with respect to 
using/ disposing the sediments within the marine environment.   

3.6.3.98 Routine dredging is also carried out within the Tawe Estuary water body, so any ongoing 
dredging required to maintain access for navigational purposes is not expected to result 
in further effects in relation to specific pollutants. 

3.6.3.99 The Tawe Estuary water body is not assessed for specific pollutants.  It is considered 
that the Project (lagoon seawalls) will not result in changes to the baseline situation 
within the Tawe Estuary in relation to specific pollutants, and as such the Project will 
not cause deterioration of its status, or compromise the future achievement of the 
objectives. 

Hydromorphological Elements 

3.6.3.100 Chapter 6 Coastal Processes, Sediment Transport and Contamination has considered 
the potential effects of the Project on hydromorphological elements that are relevant 
for the Tawe Estuary waterbody. 

3.6.3.101 Table 6.22 of Chapter 6 summarises the potential effects of the Project as follows: 

Construction – some localised predicted increases to SSC and sediment deposition as a result of 
construction activity in the western part of the bay. 
 
Operation – predicted effects on Tawe approach channel can generally be split into two 
regions: 
1.   Outer part of approach channel (offshore of the present lagoon extent) – predicted 

increases to current flow during ebb generation phase; small predicted increase in 
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significant wave height as a result of reflection of SW waves off of the lagoon wall. As a 
result, it is considered unlikely that increased sediment deposition will occur in this part of 
the channel. 

2. Inner part of approach channel (adjacent to the western arm of the lagoon wall) – 
predicted decrease in mean flow speed; predicted decrease in significant wave height 
from SW and SE waves as a result of sheltering from the lagoon. As a result, it is 
considered that increased sediment deposition (predominantly muds) is likely within this 
part of the approach channel. Maximum deposition within the channel of approximately 
1.5mm is predicted over a 24 hour period during a 10 in 1 year storm event (i.e. this level 
of deposition might be expected to occur 10 times over an annual period). Calmer periods 
(which have less potential to mobilise sediment from the bed) and larger storm events 
(which have the potential to increase erosion), have been shown to result in lower levels of 
deposition, and over a reduced spatial extent.  

 

3.6.3.102 As can be seen in the summary table and has been described above for the biological 
elements, changes in hydromorphological elements may result in areas of increased 
sedimentation (predominantly muds) within the inner part of the approach channel 
adjacent to the western arm of the lagoon wall depending on the climatic conditions. 

3.6.3.103 In the Swansea channel, where existing maintenance dredging levels are relatively low, 
an increase of between 20 to 34% in dredged volume compared to baseline is expected 
as a result of the Project.  However, as shown in Figures 6.50 – 6.52 of the ES (and 
reproduced in Appendix 3) no significant erosion or deposition is predicted to occur in 
the Tawe Estuary waterbody itself, and as the area already experiences strong flows, 
varying salinities, temperatures and dredging events, the habitats and species present 
will already reflect disturbed conditions.   

3.6.3.104 Hydromorphological quality elements are not assessed for the Tawe Estuary waterbody.  
It is considered that the hydromorphological effects of the Project would not result in a 
deterioration in status of this quality element within the Tawe Estuary. The assessment 
has concluded: 

3.6.3.105 Depth variation: the Project (lagoon seawalls) will not cause deterioration in the depth 
and variation status of the Tawe Estuary waterbody under the WFD, or compromise the 
future achievement of the objectives.   

3.6.3.106 Quality, structure and substrate of coastal bed: the Project will not cause deterioration 
in the quality, structure and substrate of coastal bed status of the Tawe Estuary 
waterbody under the WFD, or compromise the future achievement of the objectives.   

3.6.3.107 Structure of the inter-tidal zone: the Project will not cause deterioration in the 
structure of the inter-tidal zone status of the Tawe Estuary waterbody under the WFD, 
or compromise the future achievement of the objectives.   

3.6.3.108 Wave exposure: the Project will not cause deterioration in the wave exposure status of 
the Tawe Estuary waterbody under the WFD, or compromise the future achievement of 
the objectives.   
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3.6.3.109 Direction of dominant currents: the Project will not cause deterioration in the direction 
of dominant currents status of the Tawe Estuary waterbody under the WFD, or 
compromise the future achievement of the objectives.   

Summary: 

3.6.3.110 The Project will not cause deterioration in the status of the Tawe Estuary waterbody, or 
compromise the future achievement of the objectives. 

3.6.4 Neath Estuary Waterbody 

Table 3.16 Neath Estuary Waterbody - Screened-in elements (see Table 3.6) 

Biological elements Physico-chemical elements Hydromorphological 
elements 

Phytoplankton Dissolved Inorganic Nitrogen Depth variation 

Macroalgae Dissolved Oxygen Quality, structure and 
substrate of estuarine 
bed 

Angiosperms Specific Pollutants (Annex III) Structure of the inter-
tidal zone 

Benthic invertebrates Wave exposure 

Fish Direction of dominant 
currents 

 

Biological Elements 

3.6.4.1 Classification data for the Neath Estuary provides information on supporting biological 
elements and identifies a current ‘good’ status.  The biological quality elements are not 
individually assessed. 

Phytoplankton 

3.6.4.2 The baseline environment for phytoplankton and potential effects of the Project are 
summarised above for Swansea Bay coastal waterbody and presented in detail within 
Chapter 8 Intertidal and Subtidal Benthic Ecology.  Specific to the Neath Estuary 
waterbody, is the potential for a change in nutrient levels to affect phytoplankton.  This 
potential effect is detailed in Chapter 7 Marine Water Quality and summarised below 
under the physico-chemical element.  The models used to examine nutrient levels in the 
baseline and with lagoon scenarios, are based on conservative assumptions and when 
existing actual data is compared to the predictions for the baseline situation, this 
conservatism is evident. Given the potential conservatism in the model, the effects of 
the Lagoon on nitrogen concentrations in the Neath Estuary and wider Swansea Bay are 
relatively small.  

3.6.4.3 Phytoplankton is not assessed within the WFD monitoring programme in the Neath 
Estuary. The predicted changes resulting from the Project (lagoon seawalls and outfall 
extension) would not be expected to affect the WFD status for nutrients (dissolved 
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inorganic nitrogen) in the Neath Estuary transitional waterbody, or compromise the 
future achievement of the objectives.  It follows that these predicted changes are not 
expected to significantly alter the distribution of phytoplankton in the Neath Estuary, or 
lead to significant changes in primary production.  

Macroalgae  

3.6.4.4 The baseline environment for phytoplankton and potential effects of the Project are 
summarised above for Swansea Bay coastal waterbody and presented in detail within 
Chapter 8 Intertidal and Subtidal Benthic Ecology.  Specific to the Neath Estuary 
waterbody, Chapter 8 identifies that the intertidal area is composed of fine sand 
sediment (LS.LSa.FiSa.Po). A sand dune complex has formed along the western bank of 
the estuary and is designated as the Crymlyn Burrows SSSI.  The full range of dune 
communities is present, starting just above the high water mark at the strandline and 
fore-dunes, progressing inland through the mobile dunes and dune slacks to the fixed 
dunes (Countryside Council for Wales, undated).  The mobile sand area presents a 
habitat that is not favourable for macroalgal colonisation. 

3.6.4.5 Potential changes to salinity, temperature and dissolved oxygen resulting from the 
Project in the Neath Estuary waterbody are predicted to be within natural variations 
already experienced within Swansea Bay.  Short term exposure to elevated contaminant 
levels resulting from the Project were considered not to have an effect on any 
macroalgal species.  

3.6.4.6 The potential for opportunistic macroalgae has been considered in relation to the 
potential for changes in nutrient levels within the waterbody. However, as identified 
above, the mobile sand habitat and the predicted accretion of sands present 
unfavourable habitats for macroalgal colonisation.  Changes in nutrient levels resulting 
from the Project are discussed in Section 8.5.10.20 of Chapter 8 of the ES and also 
further under physic-chemical elements below.  Section 8.5.19.29 identifies that "The 
water quality assessment predicts that overall, as a result of the Project, nitrogen 
concentrations within the Lagoon and the wider Swansea Bay are reduced due to the 
modification of the trajectories of the plumes from the River Neath and Tawe and the 
generation of additional mixing with offshore waters. The net change is a general 
reduction of nitrogen concentrations in Swansea Bay and offshore waters, although this 
is partly offset by increases in nitrogen concentrations (100 μg/l) in the transitional 
waters of the Rivers Tawe and Neath.”  This potential change in nitrogen concentration 
in the Neath and Tawe Estuary waterbodies has been examined in Chapters 7 and 8 of 
the ES.  It is considered that given the existing nitrogen concentrations throughout 
Swansea Bay and the presence of mobile sediments unsuitable for macroalgal growth, 
this slight increase will not result in an increase in the potential for any accelerated 
growth of phytobenthos or higher forms of plant life which would result in undesirable 
disturbance to the balance of organisms present in the waterbody or to the physico-
chemical quality of the water. 

3.6.4.7 Macroalgae are not monitored under the WFD within the Neath Estuary.  The existing 
mobile sand habitat within the waterbody and the predicted accretion and 
development of the dune system in Crymlyn Burrows are considered to be unfavourable 
habitats for macroalgal colonisation.  As such, it is considered that the Project (lagoon 
seawalls, outfall extension and widening works to the Neath channel) will not result in 
deterioration in status for macroalgae within this waterbody, or compromise the future 
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achievement of the objectives.  The presence of opportunistic macroalgae will be 
monitored during the intertidal surveys which will be carried out post construction as 
detailed in the AEMP. 

Angiosperms 

3.6.4.8 A Countryside Council for Wales (undated) publication 'Your Special Site and its Future' 
describes the Crymlyn Burrows SSSI as including "fine examples of habitat transitions 
between Sand dune and Saltmarsh habitats."  The report identifies that “saltmarsh lies 
in the east of the site, in two locations, on the bank of the River Neath and where the 
River carries salt water from the estuary, deep into the sand dune complex, creating a 
ribbon of saltmarsh through the sand dunes. This transition includes a range of 
saltmarsh communities, from pioneer saltmarsh, just above the low water mark, 
through middle and upper saltmarsh to sand dune habitat, reedbed and wet woodland”. 

3.6.4.9 Figure 3.16 below, provided by NRW in September 2014, illustrates the current location 
of saltmarsh within the Neath Estuary waterbody.  Chapter 12 of the ES has examined 
the terrestrial ecology and assessed the areas likely to be affected by the Project. 

 

Figure 3.16 Current location of saltmarsh within the Neath Estuary waterbody 

3.6.4.10 The lagoon will not impound the River Neath so the flow of the river and the flood of 
the tide to give the estuarine and intertidal areas will not be affected. As identified in 
Chapter 6 of the ES, coastal processes are likely to result in sand deposition on the 
lagoon’s eastern wall, thereby creating more dune fronting Crymlyn Burrows. However, 
this will not affect the River Neath nor will it alter the fact that land within the Crymlyn 
Burrows will continue to flood as a result of tidal waters entering via the River Neath. As 
such, the transition between sand dunes and saltmarsh habitat in the vicinity will not be 
affected by the Project.  
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3.6.4.11 As summarised in table 12.8 of the ES, modification of coastal processes as a result of 
the Lagoon leading to sediment accretion fronting Crymlyn Burrows SSSI and along 
parts of the eastern lagoon seawall, is likely to protect the existing strandline and 
foredune habitat from severe erosion events, and in the medium term create new 
habitat.  

3.6.4.12 Overall, dune systems are dynamic in their nature. The current dune system has 
developed following long-term sand deposition outstripping the capacity of erosion 
events. Interaction of coastal deposition and erosion is likely to continue even if the 
position of the dune front changes. Therefore, this site will remain in a "state of 
transition".  

3.6.4.13 Angiosperms were monitored under the WFD within the Neath Estuary in 2014, but the 
data are not yet available.  The findings of the assessment undertaken to examine the 
effects of the Project on the saltmarsh predict that the Project (lagoon seawalls, outfall 
extension and widening works to the Neath channel) will not result in deterioration in 
status for angiosperms within this waterbody, or compromise the future achievement 
of the objectives.   

Benthic Invertebrates 

3.6.4.14 There will be no direct effects on the Neath Estuary from construction of the Project 
and thus there will be no loss of benthic habitats.  The Countryside Council for Wales 
report (undated) states that “The mudflats and sandflats of the Inter-tidal habitat 
supports rich populations of invertebrates, including ephemeral cockle beds and other 
bivalves, that provide food for a locally important community of over-wintering waders, 
including oystercatcher, ringed plover and sanderling”. 

3.6.4.15 As identified above for the assessment of the angiosperm quality element, the current 
dune system has developed following long-term sand deposition outstripping the 
capacity of erosion events. Interaction of coastal deposition and erosion is likely to 
continue even if the position of the dune front changes. Therefore, this site will remain 
in a "state of transition".   

3.6.4.16 Benthic invertebrates were monitored under the WFD in the Neath Estuary in 2014 but 
no data are yet available.  On the basis of the above assessment, it is predicted that the 
Project (lagoon seawalls, outfall extension and widening works to the Neath channel) 
will not result in deterioration in status for benthic invertebrates within this waterbody, 
or compromise the future achievement of the objectives.   

Fish 

3.6.4.17 This section examines the effect of the Project on the fish quality element of the Neath 
Estuary waterbody and upstream waterbodies.  As identified previously, the key effects 
of the Project on migratory fish will occur within the Swansea Bay coastal waterbody 
and to a lesser extent the Tawe Estuary waterbody.  Any potential effects on migratory 
fish occurring in the Swansea Bay coastal waterbody will thus be relevant for all the 
upstream waterbodies of the Neath Estuary and are therefore discussed in this section.   
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Baseline information on migratory fish 

3.6.4.18 NRW provided TLSB with site-level information on the Ecological Quality Ratio (EQR) for 
salmon, trout and eel on all of those waterbodies where data was available. Those 
relevant to the Neath are detailed in Table 3.17 below. 

Table 3.17 Ecological Quality Ration for salmon, trout and eel for Neath waterbodies 

Waterbody ID Waterbody 
EQR 

Waterbody 
class 

Name  EQR 
Eel 

EQR 
Salmon  

EQR 
Trout 

GB110058026380 0.4022 Good Clydach  0.7847 0.2033 0.3593 
GB110058026380 0.4022 Good Clydach 0.3670 0.6527 0.3700 
GB110058026390 0.3768 Moderate Clydach 0.4960 0.1220 0.8570 
GB110058032360 0.5387 Good Dulais  0.7367 1.0000 0.7133 
GB110058032360 0.5387 Good Dulais 0.2633 1.0000 0.9077 
GB110058032430 0.6895 Good Gwyrelych 0.6203 0.4493 0.9123 
GB110058032430 0.6895 Good Gwyrelych 0.6030 0.6993 0.1250 
GB110058032430 0.6895 Good Gwyrelych 0.8070 0.4017 0.3423 

GB110058032430 0.6895 Good 

Melin 
Court 
Brook 0.7667 0.2213 0.9353 

GB110058032380 0.3802 Moderate Mellte 0.9443 1.0000 0.1967 
GB110058032420 0.4536 Good Mellte 0.9550 1.0000 0.3463 
GB110058032390 0.3845 Moderate Mellte 0.9180 1.0000 0.3657 
GB110058032330 0.4335 Good Mellte 0.7757 0.1150 0.8180 
GB110058032320 0.3568 Moderate Mellte 0.8170 0.1683 0.7860 

GB110058032430 0.6895 Good 
Nant 
Clwyd 0.5810 0.3863 0.8817 

GB110058032400 0.4992 Good Neath 0.9737 1.0000 0.5327 
GB110058032370 0.5073 Good Pyrddin 0.9117 1.0000 0.6460 

GB110058032430 0.6895 Good 
Rheola 
Brook 0.8307 0.5343 0.8263 

GB110058026350 No data available 
Baglan 
Brook No data available 

GB110058026370 No data available 
Nant 
Cae’r-bryn No data available 

  

3.6.4.19 The boundary between good and moderate classes is 0.4. It can be seen form Table 3.17 
above that a ‘good’ waterbody class does not necessarily equate to a high EQR for a 
particular species. There are also two waterbodies within the catchment that have no 
data available to generate fish classifications; Baglan Brook from its headwaters to the 
confluence with the River Neath, and Nant Cae’r-bryn, from its headwaters to the 
confluence with the River Neath. With respect to fish EQRs it is not considered possible 
to make a judgement without any data as the EQRs vary even along the same 
waterbody. 

3.6.4.20 Current status on the biological elements of the Neath Estuary are classified as ‘high’. 

3.6.4.21 Chapter 9 (Fish including Recreational and Commercial Fisheries) of the ES indicates the 
River Neath has important Atlantic salmon spawning grounds in its upper reaches, 
though most of the tributaries are used by non-migratory trout as migration is 
obstructed by barriers. 
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Key potential effects on fish 

3.6.4.22 The key potential effects assessed within the EIA (Chapter 9 Fish including Recreational 
and Commercial Fisheries of the ES) in relation to diadromous (migratory) fish are: 
increases in suspended solids, increased noise and vibration (including the directional 
drilling under the Neath Estuary waterbody to lay the grid connection cable), artificial 
light, habitat modification and loss during dewatering of the cofferdam, entrainment in 
the turbines and behavioural effects as a result of electromagnetic fields from export 
cables laid under the River Neath. As identified previously, the actual direct effects on 
migratory fish within the Neath Estuary will occur within the Swansea Bay Coastal 
waterbody as they move to their natal rivers.  However, any effects on migratory fish 
occurring with the Swansea Bay Coastal waterbody will indirectly effect the status of 
the fish quality element within hydrologically connected waterbodies.  As such, this 
section outlines the potential effects on migratory fish, namely salmonids, trout and eel 
that navigate through the Neath Estuary and into upstream waterbodies, as given in 
Table 3.16. 

Suspended sediments 

3.6.4.23 Increases in SSC above ambient levels due to dredging operations for the construction 
of the lagoon seawall and the temporary cofferdam could act as a barrier to migration. 
The assessment undertaken for the Tawe estuary and waterbodies associated with the 
River Tawe (para 3.6.3.23-3.6.3.26), also applies to the Neath Estuary and waterbodies 
associated with the River Neath. 

3.6.4.24 As a result of the implementation of the mitigation measures, it is considered that there 
will be no deterioration in the classification of the Neath Estuary, River Neath (or any of 
its associated waterbodies) from any increases in suspended sediments. 

Noise and vibration 

3.6.4.25 The main concern with regard to fish is the potential for underwater noise and vibration 
to exclude marine fish from near shore and intertidal habitats and to deter migratory 
fish from entering or leaving the Neath river mouth, which is adjacent to the Project.  
Although increases in general construction activity, such as dredging, lagoon seawall 
construction and vessel movement, will also contribute to the overall level of subsea 
noise and vibration within the area, the main potential for effects on migratory fish 
would be expected during piling activities.  

3.6.4.26 The assessment undertaken for the Tawe estuary and waterbodies associated with the 
River Tawe (para 3.6.3.27-3.6.3.33) also applies to the Neath Estuary and waterbodies 
associated with the River Neath. With respect to any fish entering the Neath estuary, 
the impacts of noise from piling activities do not impede migratory routes into the 
Neath.  

3.6.4.27 The assessment concludes that the impact on migratory fish from disruption to 
migratory routes as a result of noise and vibration during construction and operation 
will be negligible on all species.  Mitigation measures will however, be implemented as 
identified above in para 3.6.3.33 and it is considered that the measures proposed are 
practicable and appropriate for the level of impact predicted. As a result it is considered 
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that there will be no deterioration in the classification of the Neath Estuary, River Neath 
(or any of its associated waterbodies). 

Artificial light 

3.6.4.28 Light may act as a repellent or attractant to fish depending on species and/or life stage. 
It is considered that with implementation of mitigation measures outlined in para 
3.6.3.37 to further reduce the potential effects of artificial light on migratory fish, 
including avoidance of illumination of the water surface and directional lighting, there 
will be no deterioration in the classification of the Neath Estuary, River Neath (or any of 
its associated waterbodies). 

Habitat modification and loss 

3.6.4.29 There will be no direct habitat loss or change as a result of the Project within the Neath 
Estuary waterbody.  Maintenance dredging occurs within the Neath channel and this 
will continue during and post construction of the Project. Habitat loss and modification 
will be principally within the Swansea Bay coastal waterbody as discussed previously. 

3.6.4.30 As there will be no direct habitat loss or change within the Neath Estuary as a result of 
the Project, no deterioration of the status of the River Neath, its associated waterbodies 
or its transitional waters on a non-temporary basis is predicted.  

Entrainment 

3.6.4.31 Hydroelectric turbines have the potential to injure or kill fish which are entrained within 
the generating flow. This can occur as a result of collision with the rotating turbine 
blades, or due to changes in pressure, severe turbulence or hydraulic shear stress. Risks 
typically increase as fish increase in length and mass, and sensitivities vary amongst 
species. 

3.6.4.32 The IBM model showed that olfactory trails from the Tawe and the Neath remain quite 
distinct with the lagoon in place and turbines and sluices operating, allowing adult 
salmon to home to their natal rivers with minimal distraction. Results demonstrated 
that there is no significant effect on olfactory trails as a result of water being drawn in 
to the lagoon and released again. 

3.6.4.33 Salmon and sea trout smolts migrating from the rivers Tawe and Neath to sea were 
modelled leaving the rivers on an ebb tide, where the hydraulics encourage rapid 
dispersion to sea and modelling indicated minimal interaction with the turbines and 
sluice gates. The results indicate that the risk of entrainment in turbines for migratory 
fish aiming for the River Neath is less than that for the River Tawe, as they do not pass 
the turbine structures.  

3.6.4.34 It is therefore considered that the impact on fish associated with the River Neath 
waterbodies or its transitional waters from entrainment within the operational turbines 
(as discussed in 3.6.3.50- 61), will not cause deterioration in the classification of the 
Neath Estuary, River Neath or any of its associated waterbodies. 
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Behavioural effects as a result of electromagnetic fields from export cables 

3.6.4.35 Electiricity will be transported to the substation at Baglan Bay along three single 275kV 
core cables trenched within the Lagoon western seawall above high water. Once 
onshore, the electric cables will run sub-surface to terminate at Baglan Bay substation. 
The cable route will cross the course of the Neath River.  The cables would cross the 
River Neath by the installation of a single large diameter or 3 smaller diameter ducts by 
directional drill, approximately 650m in length. The duct(s) will be installed with 
approximately 10m clearance from the top of the duct to the river bed above21. 

3.6.4.36 Whilst burying a cable will not affect the magnitude of the magnetic field, the field will 
diminish with increasing distance from the cable in direct proportion to the current 
(amperes) passing along the cable.  In this case, the cable will be buried approximately 
10m below the Neath river bed.   

3.6.4.37 Modelling has shown that electric fields will be fully contained by the shielding around 
the cables, whilst magnetic fields will be released into the local environment, but are 
not discernable beyond the immediate vicinity of the cable. 

3.6.4.38 As a result there will be no impact on any migratory fish passing over the buried cable 
and there will be no deterioration in the classification of the Neath Estuary, River Neath 
or any of its associated waterbodies. 

Conclusions 

3.6.4.39 It is considered that none of the impacts discussed above, once mitigation has been 
implemented, would result in a decline in the individual EQRs for migratory fish for the 
River Neath or its associated waterbodies. Similarly, there would be no deterioration in 
the fish element at the waterbody level of the Neath Estuary as a result of the 
construction or operation of the Project. 

Physico-chemical Elements 

3.6.4.40 Chapter 7 Marine Water Quality, section 7.7.7 has assessed the water chemistry 
changes within the Neath Estuary transitional water body resulting from the Project 
specifically for the elements applicable to the WFD.   

Salinity 

3.6.4.41 As discussed previously under the Swansea Bay physico-chemical elements section, the 
Lagoon will tend to reduce salinity in the coastal waters adjacent to the Neath estuary.  
This effect occurs as the plume from the Neath is prevented from dispersing to the west 
by the Lagoon walls.  Lower salinity water from the Neath is therefore forced south 
along the Afan coastline leading to a local reduction in salinity between the lagoon wall 
and the Afan coastline (Figure 3.17). 

3.6.4.42 Within the Neath estuary the change in average salinity is typically <2 psu.  Figure 3.17 
below compares average salinity along the Neath channel from the mouth (0 m. 
chainage) to the tidal limit (8000 m chainage) and 4000 m offshore along the 

21 It has been determined that the cable will be laid under the River Neath by directional drill and not through 
existing ducts 

Tidal Lagoon Swansea Bay 
Water Framework Directive Assessment – Updated Report v2 Page  131 
 

                                                             



 Tidal Lagoon Swansea Bay Plc  
 

navigational channel (-ve chainage).  The results present a model application under 
varying freshwater winter flows over a period of eight weeks.  The solid line represents 
the mean salinity while the upper dotted lines present the 95%ile and the lower dashed 
lines the 5%ile.   

3.6.4.43 The Lagoon tends to reduce the average salinity in the estuary mouth by about 2 psu, 
the effect reduces upstream with a 0.5 psu difference at 500m upstream and no 
significant change (<0.25 psu) from 2000m upstream.  Little change is seen in the 5%ile, 
indicating no net change in minimum salinity, while a reduction of up to 3 psu is seen in 
the 95%ile, due to the general reduction in salinity in the waters between the Lagoon 
and Aberafan coastline. 

3.6.4.44 Changes in salinity are not expected to affect shellfish waters within the estuary and 
adjacent shallow areas.  There is a salinity reduction but minimum salinity is largely 
unaffected and the change in salinity is small and within the normal range experienced 
in these waters under Baseline conditions. The maximum salinities are within the range 
specified by the Shellfish Water standards and no increase in maximum salinity is 
predicted.  Given the natural variability of salinity in this area the predicted changes 
would not be expected to have an impact on the status of the Neath Estuary 
waterbody.  

 

Figure  3.17 Predicted Variation in Mean Salinity Along the Neath Estuary  

Dissolved Inorganic Nitrogen 

3.6.4.45 The baseline situation for Dissolved Inorganic Nitrogen and the potential effects of the 
Lagoon and the extension of the outfall is considered within Section 7.7.7 of Chapter 7 
of the ES and described for Swansea Bay Coastal water body above.  

3.6.4.46 An analysis of available nutrient sample data in the Neath Estuary, derived from the 
NRW WIMS database, was undertaken to provide input concentrations for additional 
model applications.  The WIMS data covers a period from 1990 to 2013.  An analysis of 
more recent (2004 to 2013) NRW sample data for the winter period at four locations in 
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the River Neath is provided in Table 3.20 below.  The first three sites give similar results, 
and indicate a mean concentration of around 600µg/l, with a typical maximum (95%ile) 
of around 950µg/l.  Data from the Britton Ferry site in the lower Neath Estuary indicates 
mean winter concentrations of approximately 510μg/l with a 95%ile of 621μg/l.  These 
lower values are caused by tidal dilution on the flood tide.  Historical data (1990 to 
2004) shows a similar pattern with average winter concentration increased from 
580μg/l at the estuary mouth to 700μg/l towards the tidal limit.  

Table 3.20 Summary of NRW Data: Neath Estuary 

Location SMPT 
DAIN (ug/l) 

Mean St dev Min Max 95 %'ile 5%'ile Count 

R.CLYDACH AT DYFFRYN ARMS R.B 71618 612 190 260 980 954 357 28 

NEATH 500M BELOW ABERDULAIS GS 10004 596 233 283 1675 948 340 61 

R.NEATH @ A474 NEATH RB 71660 566 132 340 688 685 385 6 

RIVER NEATH AT BRITON FERRY 71586 510 83 400 645 621 414 6 

 

3.6.4.47 Nutrient (nitrogen) sensitivity applications were run for the Neath Estuary using a 
continuous 600µg/l input concentration at the upstream river / transitional water 
boundary and a steady state average flow (12 m3/s) condition.  These applications 
permit the effects the Project on tidal dilution and dispersion in the estuary to be 
assessed along the estuary.  

3.6.4.48 To provide a representative range of salinity and DAIN concentrations for WFD class 
assessment under Baseline and Lagoon operation conditions, model runs were repeated 
using a variable flow condition over a simulated period of eight weeks during winter.  
Flows were derived from the NRW gauging station at Resolven. The DAIN concentration 
was retained at a mean of 600µg/l.  This approach is considered reasonable, as although 
the DAIN load may vary in response to flow, flow variation is greater than that of DAIN, 
and at high flow DAIN tends to be less than 600µg/l.   An analysis of upstream data 
(Figure 3.18) shows there is relatively little change in nitrogen concentration with flow.  
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Figure  3.18 Correlation of River Flow and Nitrogen Concentration in the Fluvial 
Neath 

3.6.4.49 The nitrogen loads are conservatively estimated in the model to represent winter 
conditions.  Nitrogen sinks e.g. atmospheric losses and uptake by plants and algae are 
not included.   

3.6.4.50 Results using the continuous mean flow and concentration at the upstream boundary 
are presented in Figure 3.18.  The figure shows the predicted concentrations of nitrogen 
along a longitudinal section of the Neath from the upstream river, through the 
transitional waters and out into the bay along the navigational channel.  Distance is 
presented relative to the mouth of the estuary between Crymlyn Burrows and Witford 
Point.  The results show the predicted average concentration (bold line) and the upper 
and lower 5%iles (dotted and dashed lines) for the Baseline and Lagoon with long sea 
outfall extension cases. 

3.6.4.51 Figure 3.19 clearly shows how the Project causes a local increase in average winter 
DAIN along the navigational channel and estuary from 3000m offshore (this can also be 
seen in the contours in Figure 7.23 of the ES).  This increase reaches a maximum 
approximately 1000m offshore with a relative increase of approximately 100µg/l (25%).  
However this effect is localised to an area between the lagoon wall and the Aberafan 
coastline, further offshore and south the concentration falls by a similar amount.  The 
change is mainly due to an increase in the lower percentile concentrations (dotted line) 
that represent conditions around high water.  At this time tidal dilution occurs as 
offshore bay water is transported into the estuary - with reduced lateral dispersion 
post-Lagoon there is a slight reduction in mixing with offshore water which causes a 
local increase in minimum concentration around the mouth of the estuary.    

3.6.4.52 As discussed above for the Tawe Estuary modelling, it is important to note that the 
condition shown in Figure 3.19 is based on a constant river flow and is therefore 
conservative worst case, actual changes in DAIN produced by the Project may be 
significantly less.  Under higher flow, lower DAIN concentrations, greater river plume 
advection and dispersion, and greater mixing with coastal waters could lead to a 
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reduction in DAIN in the waters at the mouth of the estuary.  This could reduce the 
effect of the Project and potentially lead to periods of overall reduction in winter DAIN.  
The revised model applications with time varying river flow (see below) therefore 
provide a less conservative and more representative assessment of potential future 
changes in winter DAIN and WFD class. 

3.6.4.53 Moving up the estuary the increase in DAIN is less significant as tidal dilution decreases 
and concentration is more strongly affected by river inputs.   Within the estuary the 
predicted increase in average concentration reduces rapidly from 50µg/l (13%) at the 
mouth to <10 µg/l (1%) 2000m upstream.  There is then a more gradual change as the 
difference reduces to 0 µg/l approximately 3000m upstream.  

 

Figure 3.19 Predicted Average Winter DAIN Concentration along the Neath Channel. 

3.6.4.54 The effects of reduced tidal dilution can clearly be seen in Figure 3.20, which compares 
predicted concentration time series 500m upstream of the estuary mouth.  With the 
Lagoon in situ the drop in concentration on the flood tide is reduced from around 
200µg/l to 75µg/l.  However it should be noted this effect is only seen on parts of the 
tide and reduces as a function of tidal range. The effect on average concentration is 
much less, with the average concentration increasing from 550µg/l to 572µg/l due to  
the Lagoon.  At the higher percentiles (95%ile) the Lagoon has very little effect on DAIN 
concentrations, as the higher concentrations are dominated by the concentrations in the 
upstream river.  The Lagoon will not therefore affect maximum concentrations. 
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Figure 3.20 Change in Predicted Nitrogen Concentrations 500 m upstream of the 
Mouth of the Neath 

3.6.4.55 Figure 3.21, clearly shows the reduced mixing in off-shore waters caused by the lagoon. 
The figure compares predicted concentration time series at a site 1000 m offshore of 
the estuary mouth where the effects of the Lagoon reach a maximum. 

                                                                                                                                                                                

 

Figure 3.21 Change in Predicted Nitrogen Concentrations 1000m offshore of the mouth 
of the Neath 
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3.6.4.56 The presence of the Lagoon wall reduces westerly transport of waters from the River 
Neath.  This causes a change in the distribution of nutrient concentrations in the 
shallow area of sand banks between the Lagoon and the Afan coastline and the lower 
Neath Estuary. In the offshore waters the increase in winter average DAIN 
concentration reaches a maximum of 50μg/l approximately 1000m offshore before 
falling to 0μg/l 3000m offshore.  In the Neath Estuary, an increase in average DAIN 
concentrations of 100μg/l to 10μg/l are predicted from the estuary mouth to 2000m 
upstream.  

3.6.4.57 Results for the model applications with time varying flow representing typical winter 
conditions were processed and added to the WFD nutrient-salinity (N-S) curves to 
assess WFD class.  Model results were added for Baseline and Lagoon scenarios at a 
number of locations along the estuary to allow for longitudinal variations in salinity and 
nitrogen.  Results were output for eight sites roughly equidistant along the estuary from 
the tidal limit to the boundary with Swansea Bay.  Results from the sites were also 
averaged to provide a waterbody average.  Available NRW monitoring data from two 
sites within the waterbody was also added to the graph, together with an average from 
both sites, for comparison with the model results.  Results are presented below in 
Figure 3.22. 

 

Figure 3.22 WFD N-S Reference Curves and Measured N-S, Neath Transitional Waters 

3.6.4.58 The results presented in Figure 3.22 indicate the Neath Estuary waterbody would 
currently be expected to achieve Good, possibly High class. A few sample points lie 
above the High curve, but these are from a site at the downstream limit of the estuary, 
which is conservatively estimated to represent 0.4km2, or less than 3% of the total 
waterbody area. The average DAIN for the waterbody achieves High class.  

3.6.4.59 With the Lagoon in place the present class is maintained.  Both salinity and DAIN are 
slightly reduced by the Project, providing a potential for a small improvement.  As in the 
Tawe, this would appear to contradict the results from the more conservative 
applications using the steady flow condition presented above.  However, as discussed 
previously, the model with time varying inputs provides a more representative and less 

Tidal Lagoon Swansea Bay 
Water Framework Directive Assessment – Updated Report v2 Page  137 
 



 Tidal Lagoon Swansea Bay Plc  
 

conservative assessment.  If the effect of varying river flow are ignored, the water body 
would still be expected to achieve the present class, as although nitrogen is increased, 
salinity is reduced.  It should also be noted that all model runs are based on 
conservative assumptions of no sink terms and higher than average DAIN 
concentrations in the Neath river. 

3.6.4.60 The predicted changes as a result of the Project (lagoon seawalls and outfall extension) 
would not be expected to affect the WFD status in the Neath Estuary Waterbody and 
would not be expected to compromise the future achievement of the objectives.  It 
follows that these predicted changes are not expected to significantly alter the 
distribution of phytoplankton in the Neath Estuary, or lead to significant changes in 
primary production or biology. 

3.6.4.61 The findings of the assessment undertaken predict that the Project will not result in 
deterioration of the status of the Neath Estuary water body in relation to the Dissolved 
Inorganic Nitrogen quality element, or that the Project will compromise the future 
achievement of the objectives.   

Dissolved Oxygen 

3.6.4.62 Dissolved Oxygen is required for respiration of marine organisms, and is a primary 
indicator of the ability of an aquatic system to support marine life.  Numerical modelling 
of DO concentrations within Swansea Bay have been undertaken as detailed in Chapter 
7 Marine Water Quality (sections 7.7.7.37 – 7.7.7.43).  The modelling predicts that DO 
levels within the Bay and Lagoon are well above the WFD High class boundary of 5.6 
mg/l. 

3.6.4.63 Data for the Neath Estuary water body for the WFD identify that the water body is 
classified as ‘high’ status.  The findings of the assessment detailed above predict that 
the Project (lagoon seawalls and outfall extension) will not result in deterioration of the 
status of the Neath Estuary water body in relation to the DO quality element, or that 
the Project will compromise the future achievement of the objectives. 

Specific Pollutants 

3.6.4.64 As identified within the assessment described for the Swansea Bay Coastal water body, 
the sediments that will be dredged and then subsequently used/ disposed in the 
construction of the Lagoon are not considered to be contaminated with respect to 
using/ disposing the sediments within the marine environment.   

3.6.4.65 Routine dredging is also carried out within the Neath Estuary water body, so any 
ongoing dredging required to maintain access for navigational purposes is not expected 
to result in further effects in relation to specific pollutants. 

3.6.4.66 Prior to construction commencing, in the area of dredging identified for the relocation 
of the Neath training wall, an additional sample will be collected and analysed as 
requested by Cefas.  Routine dredging is also carried out within the Neath Estuary water 
body with material historically used for beach reprofiling, so any ongoing dredging 
required to maintain access for navigational purposes is not expected to result in 
further effects in relation to specific pollutants. 
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3.6.4.67 The Neath Estuary water body is not assessed for specific pollutants under the WFD.  It 
is considered that the Project (lagoon seawalls and widening works in Neath channel) 
will not result in changes to the baseline situation within the Neath Estuary in relation 
to specific pollutants, and as such the Project will not cause deterioration of its status, 
or compromise the future achievement of the objectives. 

Hydromorphological elements 

3.6.4.68 Chapter 6 Coastal Processes, Sediment Transport and Contamination has considered 
the potential effects of the Project on hydromorphological elements that are relevant 
for the Neath Estuary waterbody. 

3.6.4.69 Table 6.22 of Chapter 6 summarises the potential effects of the Project as follows: 

Operation: As a result of the reduction in mean flow speeds and the sheltering by the lagoon 
from the predominant SW waves, it is predicted that sand will accrete in the region fronting 
Crymlyn Burrows, against the eastern arm of the lagoon wall. The amount and extent of 
deposition is largely dependent on the prevailing SW storm conditions, with more severe storms 
potentially carrying more sand into this part of the bay, therefore increasing the potential 
accretion. Where the volume of material is great enough, it is considered possible that some of 
the accreted sand may build-up against the lagoon wall and ‘fall-into’ the Neath approach 
channel. 
No change in mud distribution, either through erosion or accretion, has been identified within 
the Neath Channel. 

 

3.6.4.70 Further numerical modelling scenarios have been carried out to incorporate the 
proposed changes to the Neath training walls. As described above, in addition to the 
implementation of the Lagoon, this assessment has also included consideration of: 

i. The realignment of approximately the outer 1 km (section furthest offshore) of 
the existing eastern training wall, introducing a splay to open out the entrance of 
the navigation channel (including the associated dredging of the widened 
section); and 

ii. The reinstatement of approximately the outer 1 km (leading up to the proposed 
siting of the eastern lagoon wall) of the western training wall to its former level 
(similar to the inshore height at around 3 m above Chart Datum). 

3.6.4.71 These further numerical modelling scenarios have confirmed the findings of the ES in 
regard to potential effects on the Neath waterbody. Figure 3.23 shows the predicted 
changes to the elevation of mean high water springs in the area to the east of the 
lagoon, including the Neath Estuary. This shows that the implementation of the lagoon 
wall and the associated works to the Neath training walls do not result in any predicted 
change to MHWS in this part of the Bay (except in the region inside the proposed 
lagoon). 
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Figure 3.23  Predicted changes to the elevation of MHWS within the Neath Estuary 
waterbody 

3.6.4.72 Figure 3.24 shows the predicted changes to mean spring flow speeds over the same 
area. The results show that the implementation of the lagoon and the associated Neath 
training wall works do not result in any predicted change to the mean spring tidal 
current flow within the Neath Estuary waterbody. Predicted changes are limited to the 
outer and middle sections of the Neath approach channel, and across parts of the 
intertidal area fronting Crymlyn Burrows and Aberavon Sands. 

 

Figure 3.24  Predicted changes to mean spring current flow speeds within the Neath 
Estuary waterbody 
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3.6.4.73 Figure 3.25 shows the predicted changes to significant wave height from a 
representative southwesterly 1 in 20-year wave event across Swansea Bay. This 
assessment shows that the implementation of the lagoon and the associated works to 
the Neath training wall do not result in a predicted change to the wave height within 
the Neath Estuary waterbody. Predicted reductions in wave height (as a result of the 
sheltering afforded by the proposed lagoon) are limited to the outer and middle parts of 
the Neath approach channel, and parts of the intertidal area fronting Crymlyn Burrows. 

 

Figure 3.25 Predicted changes to significant wave height within the Neath Estuary 
waterbody under southwesterly 1 in 20yr wave event 

3.6.4.74 The coastal processes assessment predicts an accretion in sand fronting Crymlyn 
Burrows SSSI and the eastern lagoon wall, resulting from the sheltering from the lagoon 
from the predominant SW waves.  The rate of accretion will depend on climatic 
conditions.  No change in sediment volumes compared to that presently dredged within 
the Neath Channel has been predicted (outside of natural variability) (see Section 
3.6.2.141) (see Figures 6.50 – 6.52, reproduced in Appendix 3). 

3.6.4.75 An assessment of potential changes in the ability of waves to stir the sediment (as a 
result of changes to the wave climate as a result of the lagoon) has been carried out for 
the Neath Channel and within the Neath waterbody. The force imparted by the wave 
conditions on the sediment at the seabed is termed bed shear stress, and is a function 
of significant wave height, mean wave period and water depth. In general, a reduction 
in wave height will lead to a lower bed shear stress at the bed (for a given water depth), 
whilst a greater water depth will lead to more dissipation of wave energy throughout 
the water column, again resulting in a lower bed shear stress (for a given set of wave 
conditions). Figure 3.26 shows a comparison of wave induced bed shear stress at four 
locations extending from the outer reaches of the Neath Channel, landward to a 
location within the Neath Estuary, at approximately the inner extent of the approach 
channel. The positions of the four locations are shown on Figure 3.27 and the co-
ordinates are as follows (in OSGB36):  Outer 2 269983, 190419; Eastern Corner: 270607, 
191069; Middle 271189, 191694; Estuary 272337, 192842. 
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3.6.4.76 The timeseries plots are calculated based on the numerical model output over the 
period of the largest recorded offshore wave event between January 1991 and February 
2013 (occurring during December 2006) (see Chapter 6). 

 

Figure 3.26 Predicted changes to wave induced bed shear stress within the Neath 
Channel and Neath Estuary waterbody under the largest recorded wave event 
between 1991 and 2009 (see Chapter 6 of the ES) 

 
Figure 3.27 Bed shear stress data extraction points on Neath Channel and estuary 
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3.6.4.77 The results presented in Figure 3.26 show that there is a small predicted change in the 
bed shear stress at each site within the Neath Channel, with the greatest reduction 
shown within the region where the reduction in significant wave height is predicted to 
be greatest. Also shown on the plots in Figure 3.26 are a series of critical bed shear 
stress thresholds for a variety of different grain sizes (ranging from very fine sand to 
coarse gravel). These thresholds represent the bed shear stress limit, above which the 
wave characteristics have the ability to potentially agitate the sediment grains at the 
bed. The results of the project benthic survey (which included PSA), indicates that the 
mean grain diameter of seabed material in and around the Neath Channel ranges from 
approximately 180µm to around 400µm (classified as fine to medium sand). The plots in 
Figure 3.26 show that the predicted changes to wave induced bed shear stress are not 
sufficient to change the wave induced bed shear stress at the threshold of particles 
within this size range. As a result, it is considered that changes to the wave climate are 
unlikely to result in changes to wave induced sediment transport properties within 
either the Neath Channel or the Neath Estuary waterbody. 

3.6.4.78 Classification data for the Neath Estuary identify general information for supporting 
hydromorphological quality elements: supports good current status, supports good 
predicted 2015 status.  An assessment of the potential effects of these 
hydromorphological changes compared to the baseline situation, on the WFD specific 
pollutants elements has led to the prediction that on their own, the 
hydromorphological effects of the Project would not result in a deterioration in status 
of this quality element within the Neath Estuary. The assessment has concluded: 

• Depth variation: the Project (outfall construction and widening works in Neath 
channel) will not cause deterioration in the depth and variation status of the Neath 
Estuary waterbody under the WFD, or compromise the future achievement of the 
objectives.   

• Quality, structure and substrate of coastal bed: the Project will not cause 
deterioration in the quality, structure and substrate of coastal bed status of the 
Neath Estuary waterbody under the WFD, or compromise the future achievement 
of the objectives.   

• Structure of the inter-tidal zone: the Project will not cause deterioration in the 
structure of the inter-tidal zone status of the Neath Estuary waterbody under the 
WFD, or compromise the future achievement of the objectives.   

• Wave exposure: the Project will not cause deterioration in the wave exposure 
status of the Neath Estuary waterbody under the WFD, or compromise the future 
achievement of the objectives.   

• Direction of dominant currents: the Project will not cause deterioration in the 
direction of dominant currents status of the Neath Estuary waterbody under the 
WFD, or compromise the future achievement of the objectives.   

Summary: 

3.6.4.79 The Project will not cause deterioration in the status of the Neath estuary transitional 
waterbody, which is identified as an Article 4.8 waterbody, or compromise the future 
achievement of the objectives.   
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3.6.5 Bristol Channel Outer North waterbody 

Table 3.19 Bristol Channel Outer North Waterbody - Screened-in elements (see Table 
3.7) 

Biological elements Physico-chemical elements Hydromorphological 
elements 

Benthic invertebrates Dissolved Inorganic Nitrogen Depth variation 

Dissolved Oxygen Quality, structure and 
substrate of coastal bed 

Specific Pollutants (Annex III) Structure of the inter-
tidal zone 

 

Biological Elements 

Benthic invertebrates 

3.6.5.1 Unsuitable material dredged during the construction phase of the Project and material 
dredged for maintenance purposes within the lagoon will be disposed of within the 
licenced disposal site within Bristol Channel Outer North waterbody.  This site already 
receives dredged material from navigational channels within Swansea Bay and habitats 
and species present will be subject to disturbance. In a worst case scenario, 
approximately 800,000m³ of dredged material may be unsuitable for use in the Project 
and thus require disposal at the licenced disposal ground.  Disposal of this material is 
anticipated to be in year 1, associated with the construction of the turbine and sluice 
gate structure and year 3, associated with bathymetric adjustments for the boating 
area.    

3.6.5.2 The coastal processes assessment described in Chapter 6 of the ES identifies that 
increased deposition during sediment disposal is predicted to be primarily constrained 
to the area surrounding the spoil ground. Chapter 6 also identifies that Predicted effects 
on hydrodynamics, waves and sediment transport processes during the operation phase 
are predicted to be primarily constrained to the Swansea Bay region. As a result, no 
significant effects predicted for the offshore region, including the Kenfig SAC.  Benthic 
invertebrates are not assessed under the WFD within Bristol Channel Outer North.  It is 
predicted that there will be no change to the baseline scenario for benthic invertebrates 
as a result of the Project (lagoon seawalls and maintenance dredge), and as such, the 
Project will not cause deterioration in the benthic invertebrate status of the Bristol 
Channel Outer North waterbody under the WFD, or compromise the future 
achievement of the objectives.   

Physico-chemical elements 

3.6.5.3 The offshore disposal site is a licenced operational site already receiving material from 
dredging from navigational channels within Swansea Bay.  Disposal of any dredged 
material resulting from the Project will meet the conditions of the marine licence. 
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Dissolved Inorganic Nitrogen 

3.6.5.4 The Project would result in a slight reduction in nitrogen (approx. 10 μg/l) at the 
boundary of the Bristol Channel Outer North waterbody with the Swansea Bay Coastal 
waterbody, but essentially there would be no effect in the Bristol Channel Outer North 
waterbody. 

3.6.5.5 Data for the Bristol Channel Outer North waterbody for the WFD identify that the 
waterbody is classified as ‘good’ status for dissolved inorganic nitrogen, but it is 
predicted that the waterbody will be of ‘moderate’ status by 2015.  The predicted 
changes as a result of the Project (lagoon seawalls and outfall extension) would not be 
expected to affect the WFD status for dissolved inorganic nitrogen in the Bristol Channel 
Outer North waterbody or compromise the future achievement of the objectives.  It 
follows that these predicted changes are not expected to significantly alter the 
distribution of phytoplankton in the Bristol Channel Outer North waterbody, or lead to 
significant changes in primary production or biology. 

Dissolved Oxygen 

3.6.5.6 As with Swansea Bay (east), a very slight reduction in minimum (5%ile) DO of < 0.1 mg/l 
(<2% due) could occur due to changes in circulation and salinity distribution – as salinity 
affects solubility of oxygen).  However the effect is too small to affect WFD class or 
biology, as the minimum concentration (7.6mg/l) remains well above High class (5.6 
mg/l). 

3.6.5.7 Data for the Bristol Channel Outer North waterbody for the WFD identify that the 
waterbody is classified as ‘high’ status for DO.  The findings of the assessment detailed 
above predict that the Project (lagoon seawalls and outfall extension) will not result in 
deterioration of the status of the Bristol Channel Outer North waterbody in relation to 
the DO quality element, or that the Project will compromise the future achievement of 
the objectives. 

Specific Pollutants 

3.6.5.8 There will be no net effect on the Bristol Channel Outer North waterbody resulting from 
the Project.  Changes in pollutant concentrations are likely to be very small, simply 
redistributed and limited to Swansea Bay Coastal waterbody.  Any pollutants mobilised 
during construction or dewatering would receive at least 3000 to 10,000 dilutions by 
the time they reach the Bristol Channel waters. As discussed previously, most 
contaminants in sediments are at very low levels, and typically only in surface layers.  All 
contaminants assessed to date would reach EQS levels within 100m of the dredging 
location. 

3.6.5.9 Classification data for specific pollutants monitored under the WFD indicate a ‘good’ 
status for copper. It is considered that the Project (lagoon seawalls and maintenance 
dredging) will not cause deterioration of its status, or compromise the future 
achievement of the objectives. 
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Hydromorphological elements 

3.6.5.10 Chapter 6 Coastal Processes, Sediment Transport and Contamination has considered 
the potential effects of the Project (lagoon seawalls – disposal of capital dredged 
material and maintenance dredging only) on hydromorphological elements that are 
relevant for the Bristol Channel Outer North waterbody. 

3.6.5.11 Table 6.22 of Chapter 6 summarises the potential effects of the Project as follows: 

Offshore Disposal Ground: 

Potential deposit volumes remain within the envelope of historic variation in annual deposits 
from approach channel dredging. Overall, no significant effect predicted from potential deposit 
activity. 

Kenfig SAC: 

Construction – some short-term increase to suspended sediment concentration due to sediment 
disposal at spoil ground, but no predicted deposition across the intertidal or shallow sub-tidal. 
Overall, no significant effect from construction phase. 
Operation – no predicted changes to hydrodynamics. No predicted changes to wave 
characteristics. Subsequently, no predicted changes to sediment transport processes. Overall, no 
significant effect predicted from operation phase. 

3.6.5.12 The findings from the detailed coastal processes assessment illustrate that there will be 
no effects on the hydromorphological elements of the Bristol Channel Outer North 
waterbody. In summary, for the hydromorphological elements, the assessment has 
concluded: 

• Depth variation: the Project (lagoon seawalls – disposal of capital dredged material 
and maintenance dredging only) will not cause deterioration in the depth and 
variation status of the Bristol Channel Outer North waterbody under the WFD, or 
compromise the future achievement of the objectives.   

• Quality, structure and substrate of coastal bed: the Project will not cause 
deterioration in the quality, structure and substrate of coastal bed status of the 
Bristol Channel Outer North waterbody under the WFD, or compromise the future 
achievement of the objectives.   

• Structure of the inter-tidal zone: the Project will not cause deterioration in the 
structure of the inter-tidal zone status of the Bristol Channel Outer North coastal 
waterbody under the WFD, or compromise the future achievement of the 
objectives.   

Summary 

3.6.5.13 The Project will not cause deterioration in the status of the Bristol Channel Outer North 
coastal waterbody, or compromise the future achievement of the objectives. 

3.6.6 Swansea Carboniferous Coal Measures Groundwaters 

3.6.6.1 The only quality element screened into the assessment is the potential effect of the 
Project on the saline wedge within Swansea Carboniferous Coal Measures waterbody. 
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3.6.6.2 An assessment has been made of the potential impact of the project on the saline 
wedge of the groundwater in the Swansea Carboniferous Coal Measures waterbody, 
detailed in Chapter 18: Land Quality and Hydrogeology (Volume 1), and Appendix 18.1 
(Volume 3), of the ES.  

3.6.6.3 The supplementary report within Appendix 18.1 of the ES concludes that there would 
be no change in the potential for saline intrusion in the area adjacent to the Queen’s 
Dock. The high impounded water level and depth of the dock construction acts as a 
barrier to groundwater discharge to the intertidal zone, and conversely, as a barrier to 
saline intrusion from tidal waters to the aquifer. There will be no change to this as a 
result of the Project. 

3.6.6.4 The future potential for saline intrusion along the remainder of the coastal margin 
enclosed by the Project, will remain similar under the proposed managed tidal cycle as 
the current natural tidal cycle. The managed high tide levels will be above the elevation 
of the observed fresh groundwater discharges. These groundwater discharges typically 
occur at the base of the existing Port of Swansea seawall/Swansea University Bay 
Campus (SUBC) coastal erosion protection rip-rap, or where the sea wall/rip-rap is 
absent at a position high up on the intertidal zone/beach profile, below the seaward 
edge of the sand dunes. 

3.6.6.5 This represents a similar condition as present under the current natural tidal cycle – the 
groundwater discharges are submerged by the top of each tide, resulting in a mixing of 
tidal water and groundwater along a zone defined by the position of the seawall and a 
strip immediately inland of the seawall, where standing groundwater levels are lower 
than the natural or managed high tide level. 

3.6.6.6 The reduced managed high tide levels (compared to the natural peak high tide level) are 
expected to reduce the width of the groundwater/tidal water mixing zone and 
therefore reduce the potential for saline intrusion, especially in the eastern area 
adjacent to the SUBC. The extent of any existing or future groundwater/tidal water 
mixing zone in this area is expected to be less than 200m, approximately half the 400m 
distance between the high tide mark and Crymlyn Bog SAC. 

3.6.6.7 Swansea Carboniferous Coal Measures waterbody has been classified as of poor status 
in 2013, with a predicted 2027 of good.  Saline intrusion is classified as good status, with 
predicted good status for 2015.  As such, the waterbody is not failing due to saline 
intrusion.  Based on the information above, it is considered that the Project will not 
have a significant non-temporary effect on the status of one or more WFD parameters 
at waterbody level.  

3.6.6.8 It is therefore considered that the Project (lagoon seawalls) will not cause deterioration 
in the status of the Swansea Carboniferous Coal Measures waterbody, or compromise 
the future achievement of the objectives in relation to saline intrusion. 

Summary 

3.6.6.9 The Project will not cause deterioration in the status of the Swansea Carboniferous Coal 
Measures waterbody, which is identified as an Article 4.8 waterbody, or compromise 
the future achievement of the objectives. 
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3.6.7 Other Associated Waterbodies 

3.6.7.1 This section examines the effect of the Project on the fish (migratory fish only) quality 
element of the other associated waterbodies, namely the Afan, the Kenfig and the 
South Gower Streams. As identified previously, the key effects of the Project on 
migratory fish will occur within the Swansea Bay coastal waterbody and to a lesser 
extent the Tawe Estuary waterbody.  Any potential effects on migratory fish occurring in 
the Swansea Bay coastal waterbody may also be relevant for the associated 
waterbodies.  

Baseline information on migratory fish 

3.6.7.2 NRW provided TLSB with site-level information on the Ecological Quality Ratio (EQR) for 
salmon, trout and eel on all of those associated waterbodies where data was available 
as summarised in Table 3.20 below (further details are found in Appendix 2). 

Table 3.20 Ecological Quality Ration for salmon, trout and eel for associated 
waterbodies 

Waterbody ID Waterbody 
EQR 

Waterbody 
class 

Catchment 
Name  

EQR 
Eel 

EQR 
Salmon  

EQR 
Trout 

GB110058026120 0.5017 Good Afan 0.7953 0.7567 0.5723 
GB110058026150 0.4445 Good Afan 0.9220 0.4963 0.6897 
GB110058026150 0.4445 Good Afan 0.7760 0.2857 0.5657 
GB110058026150 0.4445 Good Afan 0.9183 0.1480 0.5843 
GB110058026130 0.4603 Good Afan 0.8203 1.0000 0.3660 
GB110058026130 0.4603 Good Afan 0.7603 0.3823 0.6727 
GB110058026100 0.05193 Poor Afan 0.8307 0.2117 0.6757 
GB110058026100 0.05193 Poor Afan 0.2250 0.1917 0.2877 
GB110058026100 0.05193 Poor Afan 0.5600 0.2360 0.2927 
GB110058026140 0.1783 Poor Afan 0.7847 0.1557 0.1300 
GB110058026140 0.1783 Poor Afan 0.6660 0.3927 0.4360 
GB110058026140 0.1783 Poor Afan 0.5843 0.1657 0.2507 
GB110058026170 0.4373 Good Kenfig 0.4853 0.4070 0.5743 
GB110058026190 0.1974 Poor Kenfig 0.6480 0.3177 0.3330 
GB110058026190 0.1974 Poor Kenfig 0.4177 0.2243 0.4887 
GB110058026190 0.1974 Poor Kenfig 0.4443 0.3987 0.0313 
GB110058026190 0.1974 Poor Kenfig 0.3407 0.2490 0.2330 
GB110058026190 0.1974 Poor Kenfig 0.2787 0.3103 0.0527 
GB110058026190 0.1974 Poor Kenfig 0.4330 0.3693 0.7497 
GB110058026170 0.4373 Poor Kenfig 0.2477 0.2523 0.4477 
GB110059025610 0.4572 Good Neath 0.2450 0.2267 0.7727 

GB110059025620 0.2839 Good 
South Gower 
Streams 0.2163 0.2817 0.1557 

GB110059025580 0.4166 Moderate 
South Gower 
Streams 0.3987 0.2387 0.4287 

GB110059025520 0.4849 Good 
South Gower 
Streams 0.6140 0.3590 0.3463 

GB110058026110 No data available Afan  No data available 
GB110058026160 No data available Kenfig No data available 
GB110058026180 No data available Kenfig No data available 
GB110058026450 No data available Kenfig No data available 
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3.6.7.3 The boundary between good and moderate classes is 0.4. It can be seen form Table 3.18 
above that a ‘good’ waterbody class does not necessarily equate to a high EQR for a 
particular species. There are also three waterbodies within the Kenfig catchment and 
one within the Afan that have no data available to generate fish classifications.  

Key potential effects on fish 

3.6.7.4 The key potential effects assessed within the EIA (Chapter 9 Fish including Recreational 
and Commercial Fisheries of the ES) in relation to diadromous (migratory) fish are: 
increases in suspended solids, increased noise and vibration, artificial light, habitat 
modification and loss during dewatering of the cofferdam and entrainment in the 
turbines. As identified previously, the actual direct effects on migratory fish within the 
associated waterbodies will occur within the Swansea Bay Coastal waterbody as they 
move to their natal rivers.  However, any effects on migratory fish occurring within the 
Swansea Bay Coastal waterbody will indirectly effect the status of the fish quality 
element within hydrologically connected waterbodies.  As such, this section outlines the 
potential effects on migratory fish, namely salmonids, trout and eel that navigate 
through the associated waterbodies (Kenfig, Afan and South Gower Streams) into 
upstream waterbodies, as given in Table 3.18. 

Suspended sediments 

3.6.7.5 Increases in SSC above ambient levels due to dredging operations for the construction 
of the lagoon seawall and the temporary coffer dam could act as a barrier to migration. 
The assessment undertaken for the Tawe and the Neath also applies to the associated 
waterbodies of the Afan, Kenfig and the South Gower Streams. 

3.6.7.6 As a result of the implementation of the mitigation measures, it is considered that there 
will be no deterioration in the classification of the associated waterbodies from any 
increases in suspended sediments. 

Noise and vibration 

3.6.7.7 The main concern with regard to fish is the potential for underwater noise and vibration 
to exclude marine fish from near shore and intertidal habitats and to deter migratory 
fish from entering or leaving the river mouths of the associated waterbodies. The 
modelled range for behavioural avoidance of fish as a result of underwater noise and 
vibration does not act as a barrier to migration for any of the associated waterbodies.   

3.6.7.8 The assessment undertaken for the Tawe and Neath concludes that the impact on 
migratory fish from disruption to migratory routes as a result of noise and vibration 
during construction and operation will be negligible on all species.  Mitigation measures 
will however, be implemented as identified above in para 3.6.3.27-3.6.3.33 and it is 
considered that the measures proposed are practicable and appropriate for the level of 
impact predicted. The potential impacts on fish associated with the River Afan and River 
Kenfig in particular, would be expected to be even less due to the increased distance 
from the source of noise to the river mouths. As a result it is considered that there will 
be no deterioration in the classification of any of the associated waterbodies as a result 
of construction or operational underwater noise and vibration. 
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Artificial light 

3.6.7.9 Light may act as a repellent or attractant to fish depending on species and/or life stage. 
It is considered that with implementation of mitigation measures outlined in para 
3.6.3.37 to further reduce the potential effects of artificial light on migratory fish, 
including avoidance of illumination of the water surface and directional lighting, there 
will be no deterioration in the classification any of the associated waterbodies. 

Habitat modification and loss 

3.6.7.10 There will be no direct habitat loss or change as a result of the Project within the other 
waterbodies hydrologically connected to Swansea Bay Coastal waterbody.  Habitat loss 
and modification will be principally within the Swansea Bay coastal waterbody as 
discussed previously. 

3.6.7.11 As there will be no direct habitat loss or change within the waterbodies as a result of 
the Project, there will be no deterioration of the status of the River Afan, River Kenfig or 
South Gower Streams on a non-temporary basis.  

Entrainment 

3.6.7.12 Hydroelectric turbines have the potential to injure or kill fish which are entrained within 
the generating flow. This can occur as a result of collision with the rotating turbine 
blades, or due to changes in pressure, severe turbulence or hydraulic shear stress. Risks 
typically increase as fish increase in length and mass, and sensitivities vary amongst 
species. 

3.6.7.13 The IBM model showed that olfactory trails from the Tawe and the Neath remain quite 
distinct with the lagoon in place and turbines and sluices operating, allowing adult 
salmon to home to their natal rivers with minimal distraction. Results demonstrated 
that there is no significant effect on olfactory trails as a result of water being drawn in 
to the lagoon and released again. 

3.6.7.14 Risk of entrainment in the turbines of fish migrating to the River Afan, River Kenfig and 
the South Gower Streams would be expected to be even lower than those returning to 
the Tawe and the Neath, as fish do not need to pass near the lagoon to reach their natal 
rivers.    

3.6.7.15 It is therefore considered that the impact on migratory fish of the associated 
waterbodies from entrainment within the operational turbines, as discussed in 3.6.3.50- 
51, will not cause deterioration in the classification of the associated waterbodies.  

Summary 

3.6.7.16 The Project will not cause deterioration in the status of the fish (migratory only) quality 
element for the ‘other waterbodies’ listed in Table 3.1, which are identified as an Article 
4.8 waterbody, or compromise the future achievement of the objectives in relation to 
the fish (migratory only) quality element. 
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3.6.8 WFD mitigation measures assessment 

3.6.8.1 Under the WFD, development should not inhibit the implementation of any of the 
mitigation measures to enable a waterbody to achieve Good Potential under the WFD. 
As identified in Section 3.5.0.9, a number of mitigation measures identified for Swansea 
Bay Coastal waterbody may potentially be affected by the Project and, as such, an 
Article 4.7 assessment would be required.  The effects of the Project are discussed 
further below.  

ii. Alter timing of dredging / disposal (potential partial incompatibility) 

3.6.8.2 Dredging in the marine environment generally occurs between April to October to 
minimise down time and to take advantage of potentially better weather conditions.  
The dredging for the Project is planned for this period and routine dredging within the 
navigational channels within Swansea Bay (Port Talbot, Neath and Swansea channels), 
carried out by other organisations, is likely to also occur within this period (this will be 
controlled by the marine licence held by each individual organisation).  Timing of 
dredging and disposal is therefore not expected to differ from the existing situation, 
however, particularly during the construction period, the frequency of dredging and 
disposal will significantly increase.  All dredging will be undertaken under the conditions 
of appropriate marine licences. 

iii. Reduce sediment re-suspension (potential incompatibility) 

3.6.8.3 The Project will use dredged material from Swansea Bay, within the Lagoon area, to 
construct the Lagoon seawalls. During the construction phase this dredging will cause 
temporary re-suspension of sediment from the seabed. In addition, there will be routine 
maintenance dredging within the lagoon once the Project becomes operational 
(expected every two years commencing after the Project has been operational for 10-15 
years).  It is considered that as the maintenance dredging associated with the Project 
over its lifetime, will result in additional sediment re-suspension events, albeit limited to 
the impounded lagoon footprint and to the disposal ground, the Project would be 
considered to be in conflict with this mitigation measure.  Mitigation measures will be 
implemented for the Project as detailed previously to minimise the potential effects of 
dredging and re-suspension of sediments on marine ecology (benthic invertebrates and 
fish).  As noted previously, maintenance dredging and disposal will be carried out under 
the conditions of a marine licence.  

iv. Reduce impact of dredging (potential incompatibility) 

3.6.8.4 The Project will use dredged material from within the Project area, to construct the 
Lagoon seawalls – this would result in a temporary, construction phase impact. During 
operation, maintenance dredging within the Lagoon and possible changes to the 
current dredging practices in Swansea channel and Port Talbot channel would occur.  It 
is considered that as the maintenance dredging associated with the Project and the 
potential changes to the dredging regime within the Swansea and Port Talbot channels 
will occur over the lifetime of the Project, the Project would be considered to be in 
conflict with this mitigation measure.  The potential effects of the Project on sediment 
deposition within the navigational channels will be monitored as detailed within the 
AEMP.  In addition, the need for maintenance dredging within the lagoon will also be 
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monitored.  Dredging and disposal will be carried out under the conditions of marine 
licences applied for and held by TLSB and other organisations. 

vi. Avoid the need to dredge (e.g. minimise under-keel clearance; use fluid mud 
navigation; flow manipulation or training works) (potential incompatibility) 

3.6.8.5 The Project will result in the need for maintenance dredging within the Lagoon footprint 
and potentially changes to the frequencies of existing dredging within the Swansea 
channel and the Neath Port Talbot channel.  It is considered that as the maintenance 
dredging associated with the Project and the potential changes to the dredging regime 
within the Swansea and Port Talbot channels will occur over the lifetime of the Project, 
the Project would be considered to be in conflict with this mitigation measure. The 
potential effects of the Project on sediment deposition within the navigational channels 
will be monitored as detailed within the AEMP.  Dredging and disposal will be 
undertaken under the conditions of appropriate marine licences. 

vii. Operational and structural changes to locks, sluices, weirs, beach control etc 
(potential incompatibility) 

3.6.8.6 The objective of this mitigation measure is to reduce artificial impacts. This Project 
constitutes an addition to artificial structures within the Bay and could thus be 
considered to be in conflict with this mitigation measure. 

viii. Preserve and where possible enhance ecological value of marginal aquatic habitat, 
banks and riparian zone (potential partial incompatibility) 

3.6.8.7 It is recognised that intertidal habitat will be lost as a result of the Project and as such, 
the Project would be considered to be in conflict with this mitigation measure. 
However, areas of the coast within the Lagoon will be enhanced with coastal grassland, 
salt marsh and dune systems.  Ongoing monitoring of the ecological habitats including 
those within nearby areas such as the Crymlyn Burrows SSSI will be monitored under 
the provisions of the AEMP. 

xi. Preserve and, where possible, restore historic aquatic habitats (potential partial 
incompatibility) 

3.6.8.8 It is recognised that the Project has the potential to change established aquatic habitats 
within the lagoon and as such, the Project would be considered to be in conflict with 
this mitigation measure.  Enhancement strategies are however, proposed such as 
reintroduction of the native oyster by the creation of oyster spatting ponds and 
subsequent release into the Lagoon.   

xii. Removal of hard bank reinforcement or replacement with soft engineering solution 
(potential incompatibility) 

3.6.8.9 The Project will result in the construction of 9.5km of rock armoured seawall which will 
be in-situ for the lifetime of the Project.  As part of the Project soft engineering options 
involving coastal grassland and saltmarsh habitats, dune and beach systems will be 
created.  However, it is recognised that the construction of the lagoon seawalls will 
result in increased hard bank reinforcement and as such, the Project would be 
considered to be in conflict with this mitigation measure.  
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4.0 Summary and identification of Article 4.7 and Article 
4.8 waterbodies 

 

4.1.0.1 A summary of the potential impacts on the quality elements and the assessment of 
these impacts for each waterbody identified in Stage 5 of the WFD compliance 
assessment is provided in Table 4.1. 

4.1.0.2 The construction of the Project will result in structures being placed within Swansea Bay 
coastal waterbody and within the Tawe Estuary waterbody.  The grid connection cable 
route lies under the Neath Estuary waterbody.  Under the terms of the WFD, the 
assessment has been based upon the effect of the Project on the existing waterbody 
and not upon the waterbodies that may exist after the creation of the Project. 

4.1.0.3 Assessment has required examination of the condition of the quality elements which 
define the status of the WFD waterbodies and any deterioration of these elements at 
waterbody level as a result of the Project. 

4.1.0.4 The decision maker must establish whether the Project will result in conflict with the 
terms of the WFD.  A member state of the European Union does not breach the 
Directive if the modifications (in this case, the Project) to the physical characteristics of 
a waterbody does not result in either "failure to achieve…good ecological status or, 
where relevant, good ecological potential or to prevent deterioration in the status of 
the body of surface water…" 

4.1.0.5 The ecological potential of the waterbody is identified by reference to its chemical, 
biological and hydro-morphological components.  If the effects are such that the 
potential status of the waterbody is unaffected, the WFD assessment need proceed no 
further. 

4.1.0.6 However, where there is, will be or (on a precautionary basis) may be a failure to 
achieve…good ecological status or, where relevant, good ecological potential or to 
prevent deterioration in the status of the body of surface water…” further assessment is 
required under Article 4.7 of the WFD. 

4.1.0.7 When considering the assessment under Article 4.7 it is necessary to consider Article 
4.8 as well.  This provides that where works are proposed (here, the Project) they 
should not "permanently exclude or compromise the achievement of the objectives of 
this Directive in other bodies of water within the same river basin district and [are] 
consistent with the implementation of other community environmental legislation". 

4.1.0.8 The Article 4.8 assessment requires the decision maker to be satisfied that the Project 
will not prevent other contiguous or connected waterbodies from achieving the 
environmental objectives as a result of the Project.  The other community 
environmental legislation which must not be precluded includes the Habitats Directive, 
Birds Directive and other environmental directives such as the Environmental Impact 
Assessment Directive. 

4.1.0.9 From the numerous, detailed technical assessments undertaken within this WFD 
Assessment Report, the EIA and the HRA on the impact of the Project to the quality 
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elements considered within the WFD, it is considered that with the exception of the 
Swansea Bay coastal waterbody, the Project will not cause deterioration in the status of 
any other waterbody within the Western Wales RBMP (Environment Agency, 2009), nor 
will it compromise the future achievement or maintenance of “Good” chemical or 
ecological status.   The Project will also be in compliance with Community Legislation 
with respect to these waterbodies as identified in Section 3.5.0.6.  These other 
waterbodies are identified as waterbodies that are relevant to the provisions of Article 
4.8.  Monitoring of various parameters including coastal processes and fish will be 
undertaken as part of the Project and detailed within the AEMP (see Chapter 23, 
Appendix 23.1 of the ES) and updated AEMP (revisions submitted to the Planning 
Inspectorate on the 5th August 2014 and 7th October 2014) to validate the findings of 
the ES and also the WFD assessment with respect to these other waterbodies.   

4.1.0.10 In the case of Swansea Bay Coastal waterbody it has been identified that there is a 
potential risk of deterioration of the benthic invertebrate quality element and the 
biological quality element supporting hydromorphological conditions.  The Project also 
has a potential effect on the mitigation measures proposed for the HMWB and thus 
may affect the potential of the waterbody to achieve ‘good ecological potential’ by 
2027.  The Swansea Bay Coastal waterbody therefore requires further assessment 
under Article 4.7 of the WFD. 

4.1.0.11 In summary, the provisions of Article 4.7 will be considered for Swansea Bay Coastal 
waterbody.  All other waterbodies referred to in Table 3.1, and listed in Section 6, 
should be considered under the provisions of Article 4.8, so far as applicable. 
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Table 4.1 Summary of Assessment of Potential Effects of the Project on the Current and Future Status of WFD Waterbodies 

WFD Waterbody Screened in Quality 
Elements 

Assessment Basis Effect on status or potential status 

Swansea Bay (Coastal, 
GB641008260000) 

Heavily modified 
waterbody 

• Current status 
2013: Moderate or 
worse  (mitigation 
measures not in 
place),  

• Overall objective: 
Good potential by 
2027,  

• Specific objectives: 
Good Ecological 
Potential by 2027 
and Good Chemical 
Status by 2015 

Biological: 

Phytoplankton 

 

ES Chapter 7: Marine Water 
Quality 

EC Chapter 8: Intertidal and 
Subtidal Benthic Ecology 

The Project will not cause deterioration in the status of the Swansea Bay 
coastal waterbody, or compromise the future achievement of the objectives 
in relation to the phytoplankton quality element.  

Biological: 

Benthic invertebrates 

ES Chapter 8: Intertidal and 
Subtidal Benthic Ecology 

ES Chapter 7: Marine Water 
Quality 

The Project will potentially cause deterioration in the status of Swansea Bay 
coastal waterbody in relation to benthic invertebrates, although the risk is 
uncertain. 

Physico-chemical: 

Dissolved Inorganic Nitrogen, 
Dissolved Oxygen and Specific 
Pollutants 

ES Chapter 7: Marine Water 
Quality 

ES Chapter 4: Project 
Description 

The Project will not cause deterioration in the status of the Swansea Bay 
coastal waterbody, or compromise the future achievement of the objectives 
in relation to supporting physico-chemical quality elements.  

Hydromorphological: depth 
variation; structure of the 
intertidal zone; wave 
exposure; quality, structure 
and substrate of coastal bed; 
direction of dominant 
currents 

ES Chapter 4: Project 
Description 

ES Chapter 6: Coastal 
Processes 

The Project will potentially cause deterioration in the status of Swansea Bay 
coastal waterbody in relation to supporting hydromorphological quality 
elements, although the risk is uncertain. 

Mitigation measures WFD Assessment Document 

 

The Project will potentially have an effect on the implementation of a 
number of mitigation measures required within the Heavily Modified 
Waterbody to realise the objective of ‘Good Ecological Potential’ by 2027. 
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WFD Waterbody Screened in Quality 
Elements 

Assessment Basis Effect on status or potential status 

Tawe Estuary 
(Transitional, 
GB541005900900) 

Heavily modified 
waterbody 

• Current status 
2013: Good, 

• Overall objective: 
Good by 2027, 

• Specific objectives: 
Good Ecological 
Potential by 2015 

Biological: 

Phytoplankton 

 

ES Chapter 7: Marine Water 
Quality 

EC Chapter 8: Intertidal and 
Subtidal Benthic Ecology 

The Project will not cause deterioration in the status of the Tawe Estuary 
waterbody, or compromise the future achievement of the objectives in 
relation to the phytoplankton quality element.  

Biological: 

Macroalgae 

 

ES Chapter 7: Marine Water 
Quality 

EC Chapter 8: Intertidal and 
Subtidal Benthic Ecology 

The Project will not cause deterioration in the status of the Tawe Estuary 
waterbody, or compromise the future achievement of the objectives in 
relation to the macroalgae quality element. 

Biological: 

Benthic Invertebrates 

ES Chapter 7: Marine Water 
Quality 

EC Chapter 8: Intertidal and 
Subtidal Benthic Ecology 

The Project will not cause deterioration in the status of the Tawe Estuary 
waterbody, or compromise the future achievement of the objectives in 
relation to the benthic invertebrate quality element. 

Biological: 

Fish 

Chapter 6 Coastal Processes, 
Sediment Transport and 
Contamination 

Chapter 7 Marine Water 
Quality 

Chapter 9 Fish, including 
Commercial and 
Recreational Fisheries 

The Project will not cause deterioration in the status of the Tawe Estuary 
waterbody, or compromise the future achievement of the objectives in 
relation to the fish quality element. 

Physico-chemical: 

Dissolved Inorganic Nitrogen, 
Dissolved Oxygen and Specific 
Pollutants 

ES Chapter 7: Marine Water 
Quality 

ES Chapter 4: Project 
Description 

The Project will not cause deterioration in the status of the Tawe Estuary 
waterbody, or compromise the future achievement of the objectives in 
relation to the dissolved inorganic nitrogen quality element.  
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WFD Waterbody Screened in Quality 
Elements 

Assessment Basis Effect on status or potential status 

Hydromorphological: depth 
variation; structure of the 
intertidal zone; wave 
exposure; quality, structure 
and substrate of estuarine 
bed; direction of dominant 
currents 

ES Chapter 4: Project 
Description 

ES Chapter 6: Coastal 
Processes 

The Project will not cause deterioration in the status of the Tawe Estuary 
waterbody, or compromise the future achievement of the objectives in 
relation to the hydromorphological quality element. 

Mitigation measures Not applicable Not applicable 

Neath (Transitional, 
GB541005800700) 

Heavily modified 
waterbody 

• Current status 
(2013): Good 

• Overall objective: 
Good by 2027 

• Specific objectives: 
Good Ecological 
Potential by 2015, 
Good Chemical 
Status by 2015 

 

Biological: 

Phytoplankton 

 

ES Chapter 7: Marine Water 
Quality 

EC Chapter 8: Intertidal and 
Subtidal Benthic Ecology 

The Project will not cause deterioration in the status of the Neath Estuary 
waterbody, or compromise the future achievement of the objectives in 
relation to the phytoplankton quality element.  

Biological: 

Macroalgae 

 

ES Chapter 7: Marine Water 
Quality 

ES Chapter 8: Intertidal and 
Subtidal Benthic Ecology 

The Project will not cause deterioration in the status of the Neath Estuary 
waterbody, or compromise the future achievement of the objectives in 
relation to the macroalgae quality element. 

Biological: 

Angiosperm 

 

ES Chapter 7: Marine Water 
Quality 

ES Chapter 8: Intertidal and 
Subtidal Benthic Ecology 

ES Chapter 12: Terrestrial 
Ecology 

The Project will not cause deterioration in the status of the Neath Estuary 
waterbody, or compromise the future achievement of the objectives in 
relation to the angiosperm quality element. 
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WFD Waterbody Screened in Quality 
Elements 

Assessment Basis Effect on status or potential status 

Biological: 

Benthic Invertebrates 

ES Chapter 7: Marine Water 
Quality 

EC Chapter 8: Intertidal and 
Subtidal Benthic Ecology 

The Project will not cause deterioration in the status of the Neath Estuary 
waterbody, or compromise the future achievement of the objectives in 
relation to the benthic invertebrate quality element. 

Biological: 

Fish 

ES Chapter 7: Marine Water 
Quality 

EC Chapter 9: Fish, including 
Commercial and 
Recreational Fisheries 

The Project will not cause deterioration in the status of the Neath Estuary 
waterbody, or compromise the future achievement of the objectives in 
relation to the fish quality element. 

Physico-chemical: 

Dissolved Inorganic Nitrogen, 
Dissolved Oxygen and Specific 
Pollutants 

ES Chapter 7: Marine Water 
Quality 

ES Chapter 4: Project 
Description 

The Project will not cause deterioration in the status of the Tawe Estuary 
waterbody, or compromise the future achievement of the objectives in 
relation to the physic-chemical quality elements. 

Hydromorphological: depth 
variation; structure of the 
intertidal zone; wave 
exposure; quality, structure 
and substrate of estuarine 
bed; direction of dominant 
currents 

ES Chapter 4: Project 
Description 

ES Chapter 6: Coastal 
Processes 

The Project will not cause deterioration in the status of the Neath Estuary 
waterbody, or compromise the future achievement of the objectives in 
relation to the hydromorphological quality element 

Mitigation measures Not applicable Not applicable 

Bristol Channel Outer 
North (Coastal, 
GB611008590001) 

• Current status 

Biological: 

Benthic Invertebrates 

ES Chapter 7: Marine Water 
Quality 

EC Chapter 8: Intertidal and 
Subtidal Benthic Ecology 

The Project will not cause deterioration in the status of the Bristol Channel 
Outer North waterbody, or compromise the future achievement of the 
objectives in relation to the benthic invertebrate quality element. 
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WFD Waterbody Screened in Quality 
Elements 

Assessment Basis Effect on status or potential status 

(2013): Good, 
• Overall objective:

Good by 2027, 
• Specific objectives:

Good Ecological 
Status by 2027, 
Good Chemical 
Status by 2015 

Physico-chemical: 

Dissolved Inorganic Nitrogen, 
Dissolved Oxygen and Specific 
Pollutants 

ES Chapter 7: Marine Water 
Quality 

ES Chapter 4: Project 
Description 

The Project will not cause deterioration in the status of the Bristol Channel 
Outer North waterbody, or compromise the future achievement of the 
objectives in relation to supporting physico-chemical quality elements.  

Hydromorphological: depth 
variation; structure of the 
intertidal zone; quality, 
structure and substrate of 
coastal bed 

ES Chapter 4: Project 
Description 

ES Chapter 6: Coastal 
Processes 

The Project will not cause deterioration in the status of the Bristol Channel 
Outer North waterbody, or compromise the future achievement of the 
objectives in relation to supporting hydromorphological quality elements. 

Mitigation measures Not applicable  Not applicable 

Swansea Carboniferous 
Coal Measures 
(groundwater, 
GB41002G201000) 

• Current status
(2013): Poor

• Overall objective:
Good by 2027

• Specific objectives:
Good Quantitative
Status by 2015,
Good Chemical
Status by 2027

Saline intrusion Chapter 18 Land quality and 
hydrogeology  

The Project will not cause deterioration in the status of the Swansea 
Carboniferous Coal Measures waterbody, or compromise the future 
achievement of the objectives in relation to saline intrusion. 

Other waterbodies (see 
Table 3.1) 

Biological: 

Fish (migratory only) 

Chapter 6 Coastal Processes, 
Sediment Transport and 
Contamination 

The Project will not cause deterioration in the status of the other associated 
WFD waterbodies, or compromise the future achievement of the objectives 
in relation to the fish quality element. 
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WFD Waterbody Screened in Quality 
Elements 

Assessment Basis Effect on status or potential status 

ES Chapter 7: Marine Water 
Quality 

EC Chapter 9: Fish, including 
Commercial and 
Recreational Fisheries 
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5.0 Information to support Article 4.7 derogation 
criteria assessment for Swansea Bay Coastal 
Waterbody 

5.1 Introduction 

5.1.0.1 Following the above exercise, the criteria in Article 4.7 are considered on a “without 
prejudice” basis to ensure that full information is provided to decision makers in 
relation to Swansea Bay Coastal waterbody.  In the case of Swansea Bay Coastal 
waterbody it has been identified that there is a potential risk of deterioration of the 
benthic invertebrate quality element and the biological quality element supporting 
hydromorphological conditions.  The Project also has a potential effect on the 
mitigation measures proposed for the HMWB and thus may affect the potential of the 
waterbody to achieve ‘good ecological potential’ by 2027.  The Swansea Bay Coastal 
waterbody therefore requires further assessment under Article 4.7 of the WFD.  

5.1.0.2 One of the objectives of the WFD is to ensure the status of rivers, lakes, estuaries, 
coastal waters and groundwater is protected from deterioration.  However, in specific 
circumstances, the WFD does provide for exemptions or reasons why this objective 
should not be applied. Although protecting the water environment is a priority, some 
new modifications may provide important benefits to human health, human safety 
and/or sustainable development. Such benefits can include hydropower generation. 

5.1.0.3 The Western Wales River Basin Management Plan Annex B (Environment Agency 2009a) 
identifies that ‘It is sometimes not possible to undertake such activities without causing 
deterioration of status to the waterbody, or preventing the waterbody from reaching its 
environmental objectives. The benefits such developments can bring need to be 
balanced against the social and economic benefits gained by maintaining the status of 
the waterbody’.  This section examines the Project in this context. 

5.1.0.4 EC Guidance (2009) has been reviewed and an exercise to provide supporting 
information in order that decision makers can fully assess the Project against the 
criteria in Article 4.7 for Swansea Bay Coastal waterbody has been performed, as 
identified in section 1.2.  This exercise has been carried out to examine the Article 4.7 
derogation criteria under the following headings:  

• Mitigation (and monitoring)
• Public Interest
• Sustainable Development: Economic, Social and Environmental
• Technical Feasibility and Disproportionate Cost.

5.1.0.5 Following from this a note as to how the Project could be addressed in river basin 
management plans is provided. 

5.2 Mitigation (and Monitoring) 

Introduction 
5.2.0.1 In the application of Article 4.7, it must be demonstrated that: “All practicable steps are 

taken to mitigate the adverse impact on the status of the body of water”.  EC (2009) 
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guidance identifies that “The wording "all practicable steps", in analogy with the term 
"practicable" used in other legislation, suggests those mitigation measures should be 
technically feasible; do not lead to disproportionate costs; and are compatible with the 
new modification or sustainable human development activity”. 

5.2.0.2 This section examines the mitigation measures proposed for potential effects of the 
Project proposed for the Swansea Bay coastal waterbody.  The review has considered 
the UKTAG Guidance: Guidance on the Classification of Ecological Potential for Heavily 
Modified Waterbodies and Artificial Waterbodies (2008) and the EC Guidance (2009).   

Mitigation 

5.2.0.3 As identified in Section 3.6.1, mitigation is an essential component of the Project and 
has been considered throughout the design and EIA process.  Chapter 23 Mitigation and 
Monitoring of the ES provides a description of the mitigation that will be implemented 
as part of the Project, for any environmental effects considered to be significant under 
the Infrastructure Planning (Environmental Impact Assessment) Regulations 2009 and 
the Marine Works (Environmental Impact Assessment) Regulations 2007).  The 
Mitigation measures will also be relevant for the potential effects on quality elements 
assessed under the WFD. 

5.2.0.4 As has been identified in the Stage 5 Assessment section, mitigation measures have 
been incorporated to reduce potential effects on quality elements where possible.  
Extensive studies involving research, best practice guidance and expert judgement, 
have been undertaken to develop these mitigation measures and it is considered that 
the measures proposed are practicable and appropriate to the impact identified.  The 
mitigation measures have also been discussed with statutory and non-statutory 
authorities.  To validate the effectiveness of the mitigation measures proposed, a 
programme of monitoring will be undertaken as discussed below. 

5.2.0.5 It is noted, that there are potential effects for which mitigation is technically unfeasible 
or has not been tried before.  This is principally the case for the loss of benthic habitats, 
including protected habitats and species and for hydromorphological changes.  As 
identified in the Stage 5 Assessment, TLSB together with SEACAMS is piloting the 
translocation of Sabellaria alveolata and the success of this proposed approach 
measure will be monitored within the AEMP.  If successful, this method could be 
transferred to other projects where this species may be affected. 

5.2.0.6 For Swansea Bay Coastal waterbody for which Article 4.7 derogation is being sought, 
Table 5.1 identifies the mitigation measures proposed in support of Article 4.7 linked to 
those quality elements for which deterioration in status/potential is predicted or that it 
has been identified that there is a potential risk of deterioration.  Mitigation measures 
for other quality elements for which a potential deterioration in status is not predicted 
are described in Section 4 of this Report and in detail within Chapter 23 of the ES.  
These mitigation measures will be secured as part of the DCO within the CEMP, OEMP 
and AEMP.  

5.2.0.7 Table 5.1 illustrates how these mitigation measures will be secured within the DCO or 
the Marine Licence for this project. 
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Table 5.1 Mitigation proposed for Article 4.7 waterbodies 

WFD Waterbody Screened in Quality 
Elements 

Effect on status Mitigation 

Swansea Bay (Coastal, 
GB641008260000) 

Heavily modified 
waterbody 

Biological: 

Benthic invertebrates 

The Project will potentially cause 
deterioration in the status of Swansea Bay 
coastal waterbody in relation to benthic 
invertebrates, although the risk is uncertain. 

• Translocation of Sabellaria alveolata

• Measures to reduce the potential for dispersion and thus re-
deposition of suspended sediments during dredging (see
Section 3.6.3.23 – 3.6.3.26)

• Maintenance dredging events to occur following bathymetry
surveys to ensure dredging only occurs to maintain channels
for navigation and to meet the operational requirements
within the lagoon.

Above mitigation measures secured within Chapter 23 of the 
ES, the CEMP, the OEMP and the AEMP submitted as part of 
the DCO and Marine Licence application. 
Technically unfeasible mitigation for loss of benthic habitats and 
species – including sands and gravels, hydroid rockpools, 
Sabellaria alveolata (see above) and Sabellaria spinulosa. 

Hydromorphological: The Project will potentially cause 
deterioration in the status of Swansea Bay 
coastal waterbody in relation to supporting 
hydromorphological quality elements, 
although the risk is uncertain. 

• Replenishment of beaches depending on outcome of beach
profile monitoring and review of historical data examining
natural variation.

• Maintenance dredging requirements for within the lagoon
footprint and within navigational channels will be reviewed
based on bathymetry monitoring and in consultation with
Port Authorities.

Above mitigation measures secured within Chapter 23 of the 
ES, the CEMP, the OEMP and the AEMP submitted as part of the 
DCO and Marine Licence application. 
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WFD Waterbody Screened in Quality 
Elements 

Effect on status Mitigation 

Technically unfeasible to mitigate for changes in coastal 
processes resulting in hydromorphological changes from 
construction of the lagoon seawalls and operation of the turbine 
and sluice gates. 

Mitigation Measures   Not possible to mitigate for the increased pressure on mitigation 
measures proposed for Swansea Bay coastal waterbody resulting 
from the Project.  However, mitigation has been incorporated 
into the construction phase to minimise the potential effects, 
and the design of the Project has incorporated a number of 
enhancements as detailed as follows: 

iii. Reduce sediment re-suspension 
Measures to reduce the potential for dispersion and thus re-
deposition of suspended sediments during dredging (3.6.3.23 – 
3.6.3.26) will be implemented. 

ii. Alter timing of dredging / disposal, iv. Reduce impact of 
dredging; vi. Avoid the need to dredge (e.g. minimise under-keel 
clearance; use fluid mud navigation; flow manipulation or 
training works) 
The Project will use dredged material from within the Project 
area, to construct the Lagoon seawalls – this would reduce the 
amount of material that would require to be disposed of at the 
Bristol Channel Outer North waterbody.  Surveys will be 
undertaken in the lagoon and the navigational channels to 
ensure that the frequencies of any maintenance dredging are 
appropriate. 

viii. Preserve and where possible enhance ecological value of 
marginal aquatic habitat, banks and riparian zone 
Areas of the coast within the Lagoon will be enhanced with 
coastal grassland, salt marsh and dune systems.  Ongoing 
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WFD Waterbody Screened in Quality 
Elements 

Effect on status Mitigation 

monitoring of the ecological habitats including those within 
nearby areas such as the Crymlyn Burrows SSSI will be 
monitored under the provisions of the AEMP. 

xi. Preserve and, where possible, restore historic aquatic 
habitats 
Enhancement strategies are however, proposed such as 
reintroduction of the native oyster by the creation of oyster 
spatting ponds and subsequent release into the Lagoon.   

xii. Removal of hard bank reinforcement or replacement with 
soft engineering solution 
As part of the Project soft engineering options involving coastal 
grassland and saltmarsh habitats, dune and beach systems will 
be created.   

Above mitigation measures and enhancements secured within 
Chapter 23 of the ES, the CEMP, the OEMP and the AEMP 
submitted as part of the DCO and Marine Licence application. 
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Monitoring 
5.2.0.8 As the Project is a novel combination of development components, it is recognised that 

there is a level of uncertainty in the prediction of environmental effects and thus the 
effectiveness of mitigation measures proposed.  On page 18 of the EC Guidance Note 
‘The implementation of the Birds and Habitats Directives in estuaries and coastal zones 
with particular attention to port development and dredging’ (2011) the following point 
is of particular relevance to the preparation of an AEMP (Chapter 23.1 of the 
Environmental Statement (ES)) for the Project: 

“Where uncertainties or lack of knowledge on physical, morphological or biological 
processes still exist, these should be minimized as far as possible by additional research; 
where uncertainty remains adaptive monitoring programmes should be foreseen. New 
evidence and scientific information should be fed back into the management plan and 
where necessary lead to an appropriate adaptation of the management measures and 
monitoring schemes.” 
 

5.2.0.9 Extensive studies have been undertaken to examine the potential effects on physical, 
morphological or biological processes as reported within the ES.  It is recognised that 
the potential effects of any changes to these processes can result in wide ranging 
impacts on environmental receptors, for example changes in coastal processes resulting 
in alterations to sedimentation patterns can affect the marine benthos and 
subsequently bird populations.   

5.2.0.10 A number of the studies have involved the use of numerical models, particularly for 
coastal processes, fish, noise, and water quality.  These models have been calibrated 
and validated based on existing data, scientific evidence and expert judgement.  
Mitigation has been designed to minimise the potential effects on any environmental 
receptors.  However, it is recognised that further validation of the model output, 
particularly for a new type of development i.e. a tidal lagoon, is vital to confirm any 
findings and to ensure that appropriate mitigation has been implemented for any 
adverse effects predicted.   

5.2.0.11 This approach is supported within the CEFAS (2012) ‘Guidelines for data acquisition to 
support marine environmental assessments of offshore renewable energy projects’.  
This states that “Monitoring is used for a variety of purposes.  Developers invest a lot of 
effort to produce Environmental Statements, the conclusions of which are often based 
on predictions derived from numerical models, extrapolation from site-specific and 
historic survey data and extrapolation from other analogous activities. However, there is 
a paucity of published peer-reviewed Articles on the environmental impacts of offshore 
renewable energy devices (Gill, 2005) and only limited timeseries data to monitor 
impacts (ME1117, (2010)). Monitoring conditions attached to consents and licences can 
therefore be used to validate predictions made in Environmental Statements. An 
extension of this testing of predictions is to identify unexpected outcomes or impacts 
and, where appropriate, trigger the development of corrective actions. Given the limited 
base information, monitoring can also be used to deal with uncertainties within 
Environmental Statements by testing hypotheses on the nature, extent and duration of 
potential novel impacts.”   

5.2.0.12 The updated AEMP produced for the Project will be further developed based on CEFAS 
guidance (2012) and the latest revision has been submitted to the Planning Inspectorate 
on the 5 August 2014.  The guidelines provide for consideration of a variety of 
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environmental topics and requires that monitoring must be hypothesis driven with 
measureable outputs.  The AEMP presents short, medium and long term monitoring 
proposals and identifies that the findings of the monitoring will be reviewed, discussed 
with statutory authorities and any changes to mitigation or ongoing monitoring agreed.  
This will ensure that the most appropriate mitigation measures are implemented to 
minimise any effects resulting from the Project on quality elements within the WFD 
waterbodies.  This proposed review of the findings and amendment of mitigation, is in 
keeping with the EC guidance (2011) which identifies (page 29) that “Monitoring 
schemes should be designed in a way that they signal any unexpected developments at 
a stage where effective corrective measures can still be taken”. 

5.3 Monitoring of Water Quality 

5.3.0.1 Ongoing monitoring is carried out by NRW for the quality elements of the surveillance 
WFD waterbodies.  Operational monitoring is undertaken on the Swansea Bay Coastal 
waterbodies.  Operational monitoring is undertaken in waterbodies identified as ‘at risk’ 
or ‘probably at risk’ of not achieving good status.  Monitoring is carried out to assess the 
magnitude and impact of all relevant significant pressures on these bodies and, where 
necessary, to assess changes in the status of such bodies resulting from the programme 
of measures.  

5.3.0.2 Not all quality elements are monitored within each waterbody.  Monitoring is carried 
out for those quality elements which are indicative of the pressures to which the body 
or bodies are subject. In order to assess the impact of these pressures, the following are 
monitored where relevant: 

• parameters indicative of the biological quality element, or elements, most 
sensitive to the pressures to which the waterbodies are subject, 

• all priority substances discharged, and other pollutants discharged in significant 
quantities, 

• parameters indicative of the hydromorphological quality element most sensitive 
to the pressure identified. 

5.3.0.3 It is recognised that for some quality elements, a lack of long term historical baseline 
data may result in difficulties identifying the source of any changes resulting in 
deterioration or improvement to the status of a waterbody.  For example, a lack of 
comprehensive long term historical data for nutrients in transitional waterbodies, such 
as the Tawe and the Neath.  It is known that nutrient loading from rivers and outfalls 
are key sources of nutrients to these waterbodies.  Changes in coastal processes and 
the presence of natural and artificial obstructions such as the Tawe barrage, will affect 
the dispersion of nutrients in transitional and coastal waters.  Without long term 
historical data, any future monitoring that could be undertaken pre-construction of the 
Project, would only provide a snapshot of the situation at the time of sampling, on 
which it would not be possible to definitively base an assessment of the potential 
effects of the Project.  However, it is proposed to monitor for nutrients, as outlined in 
the updated AEMP and Table 5.2 below. The results of this will be considered together 
with available data and the output from the numerical model to further examine the 
potential effects of the Project. 

5.3.0.4 Monitoring that has been proposed within the AEMP that will also be relevant for the 
Swansea Bay Coastal waterbody WFD quality elements is identified in Table 5.2. 
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Table 5.2  Proposed AEMP monitoring relevant for WFD Quality Elements for Swansea Bay Coastal waterbody 

Quality element AEMP proposed monitoring 

Swansea Bay Coastal Waterbody 
Biological quality element: 
Phytoplankton 

UKTAG have produced a coastal water phytoplankton tool (2014b) and the methodologies presented in the AEMP will be 
reviewed on the basis of this guidance.  Relevant for Swansea Coastal waterbody, the guidance identifies that “For some 
waterbodies, such as where there are naturally high levels of turbidity, or where there is a high level of natural variability in the 
phytoplankton community, there should be careful consideration of whether phytoplankton can be assessed according to the 
full requirements of the WFD.”  The assessment predicts that nutrient levels in the Swansea Bay coastal waterbody are likely to 
decrease due to the increase in dispersion.  It is proposed to monitor phytoplankton (i.e. Chlorophyll) within the Lagoon.  
Monitoring proposals are described within the AEMP.   

Biological quality element: Macroalgae UKTAG have produced an intertidal rocky shore macroalgal index (2014c) and an opportunistic macroalgal index (2014). The 
intertidal rocky shore macroalgal index (UKTAG 2014c) states that artificial structures should not be considered. The monitoring 
proposals within the AEMP will be reviewed to consider these indices.    
Intertidal and subtidal surveys will be used to examine the colonisation of the seawalls by macroalgae.   
The presence of species which can form blooms i.e. species of Ulva (this includes taxa formerly known as Enteromorpha), 
Chaetomorpha or Cladophora, and other green, red (e.g. Ceramium, Porphyra) and brown algae (e.g. Ectocarpus, Pylaiella) will 
be monitored as part of the intertidal surveys.  Output from the high resolution aerial surveys will also be used to monitor for 
macroalgae.  

Biological quality element: Benthic 
invertebrates 

UKTAG (2014a) Infaunal Quality Index (IQI) requires that the assessment of the benthic invertebrate quality element under the 
WFD considers abundance, diversity and the presence and/or absence of pollution-tolerant and disturbance-sensitive taxa.   
Intertidal and subtidal surveys will be undertaken as part of the ongoing monitoring for the Project.  Monitoring proposals 
within the AEMP will be reviewed on the basis of the UKTAG guidance prior to commencement.  

Physico-chemical elements: dissolved 
inorganic nitrogen, dissolved oxygen 
and specific pollutants 

No further monitoring is required for Swansea Bay Coastal waterbody for dissolved inorganic nitrogen and dissolved oxygen due 
to the dispersive environment created following extension of the outfall and the construction of the Project drawing the flows 
from the Neath and Tawe further offshore. However, the Tawe Estuary, Neath Estuary and offshore will be monitored for 
dissolved inorganic nitrogen as detailed in the Section 6.3 of the updated AEMP. No monitoring for specific pollutants is 
required.  A limited number of samples will be collected and analysed for contaminants in certain areas (the boating area and in 
associated with the Neath training wall repositioning works) as required by Cefas, as part of the application for the marine 
licence. 

Hydromorphological conditions (Depth 
variation; Quality, structure and 

The following potential effects, relevant to WFD quality elements, will be monitored as part of the updated AEMP:  
• intertidal beach profiles to ascertain any potential changes in erosion and accretion patterns (modelling in support of the 
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substrate of coastal bed; Structure of 
the inter-tidal zone; Wave exposure; 
Direction of dominant currents 

ES shows no change or more stable beach profiles across wider area; accretion at Crymlyn Burrows adjacent to Lagoon 
wall). 

• subtidal surveys to monitor broad scale changes in bathymetry and intermittent increases in localised subtidal siltation.
• levels of sediments (accretion and erosion) within the lagoon and navigation channels; 
• changes to wave reflection, suspended sediment and currents outside the Lagoon; and
• changes in currents as a result of the turbine and sluice gate operation.

Details of the surveys are provided in the updated AEMP.  They include monitoring of beach profiles, intertidal sediment 
sampling, fixed point photography, high resolution aerial surveys, subtidal transect monitoring, subtidal sediment sampling, 
multi-beam bathymetric and side scan sonar surveys, deployment of two Nortek Acoustic Wave and Current Profiler (AWAC) 
instruments  and surveys using a vessel mounted Acoustic Doppler Current Profiler (ADCP). The findings of the coastal processes 
investigations will be used, together with the findings of the ecological studies, to assess the effects of the construction and 
operation of the Project. 

Invasive species The establishment of invasive species will be monitored as part of the seawall survey and will be the focus of a more general 
annual walkover survey. Specific attention will be given to species such as Pacific Oyster or invasive seaweeds.  This 
methodology will be updated and co-ordinated with the bio-security risk assessment that is being prepared for the construction 
and operational phases of the Project.   In addition, a biosecurity risk assessment is being prepared, and this, together with the 
OEMP and the CEMP will be used as the mechanism for monitoring and managing the potential effects of the Project in relation 
to invasive species. 
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5.4 Public Interest 

Introduction 

5.4.0.1 This section considers the Project in relation to public interest in accordance with the 
requirements of Article 4.7.  The policy context is outlined to set the scene for the 
Project being required for over-riding public interest reasons.  This review has 
considered the Common Implementation Strategy for the Water Framework Directive 
(200/60/EC) – Guidance Note on Exemptions to the Environmental Objectives22. 

Policy Context  

European Union 

5.4.0.2 The EU Emissions Trading Scheme capped the amount of greenhouse gases that can be 
emitted from sectors covered by the ETS including power generation. In 2020, 
emissions from sectors covered by the EU ETS will need to be 21% lower than in 2005 
by 2020, and to 43% lower than 2005 levels by 203023.  

5.4.0.3 The EU Directive on the Promotion of the Use of Energy from Renewable Sources24 sets 
mandatory national targets consistent with a 20% share of energy to be generated from 
renewable sources by 2020; for the UK this translates to 15% of final gross consumption 
from renewable resources by 2020.  

5.4.0.4 The UK also faces a gap in energy production as a result of the Large Combustion Plan 
Directive25, which enforces that all relevant (fossil fuel combustion plants) should be 
upgraded to meet the required standards, limit their operation or eventually be closed 
by 2015. This has a resultant impact on the UK’s ability to meet its energy needs in the 
coming years.  

United Kingdom 

5.4.0.5 The Climate Change Act 2008 transposed into UK law the EU legal requirement for UK 
emissions to reduce to 80% below 1990 levels by 2050.   

5.4.0.6 The 2007 Energy White Paper26 provides the context for the long term energy challenge 
facing the UK and characterises the two main elements of this as: tackling climate 
change by reducing carbon dioxide emissions; and ensuring clean and affordable 
energy. The paper supports the provision of renewable energy through its recognition 
that they provide crucial contribution to meeting these challenges.  

5.4.0.7 The UK Renewable Energy Strategy (RES)27 was published in July 2009 in conjunction 
with the UK Low Carbon Transition Plan (2009)28.  The RES significantly raises the target 

22 Common Implementation Strategy for the Water Framework Directive (200/60/EC), Guidance Document N° 20 – Guidance Document on 
Exemptions to the environmental objectives (European Communities, 2009). 
23 http://ec.europa.eu/clima/policies/ets/index_en.htm  
24 European Parliament and the Council of the European Union (2001) Directive 2009/28/EC, of the European Parliament and of the 
Council of 23 April 2009, on the promotion of the use of energy from renewable sources (Renewable Energy Directive). 
25 European Parliament and the Council of the European Union (2001) Directive 2001/80/EC of the European Parliament and of the Council 
of 23 October 2001, on the limitation of emission of certain pollutants into the air from large combustion plants (Large Combustion Plant 
Directive). 
26 HM Government (2007), Meeting the Energy Challenge: A White Paper on Energy. 
27 HM Government (July 2009), UK Renewable Energy Strategy. 
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figure of electricity generated from renewable sources, requiring 15% of all energy 
consumed in the UK to be from such sources by 2020. 

5.4.0.8 An increase in the proportion of energy generation from renewable sources is an 
essential means by which targets may be achieved29; the UK currently achieves just 4.1 
per cent of energy generation from renewable sources30.  

Wales 

5.4.0.9 The Welsh Government’s ambition, as set out in the Programme for Government31, is to 
‘create a sustainable, low carbon economy for Wales’.   

5.4.0.10 The Climate Change Strategy for Wales32 identifies a target of reducing greenhouse gas 
emissions by 3% per year from 2011.  In terms of energy generation, the strategy 
identifies that the Welsh Government will “drive reduced energy consumption and 
improve energy efficiency, and maximise renewable and low carbon energy generation 
in Wales”. 

5.4.0.11 One Wales: One Planet – The Sustainable Development Scheme33 recognises the 
economic benefits and job creation opportunities of the energy sector in Wales.   

5.4.0.12 Wales is seeking to achieve a renewable electricity production target of 7TWh per 
annum by 2020; the Welsh Government Energy Policy Statement34 details how Wales 
has the potential to produce twice the amount of electricity it currently uses from 
renewable sources by 2025, with 40 per cent coming from marine. 

5.4.0.13 The Welsh Government is strongly committed to unlocking marine energy35. 

5.4.0.14 “We believe that Wales has the potential to be a world-leader in the marine energy 
market – as a significant generator and, just as importantly, as an exporter of marine 
energy knowledge, technologies and services” 36. 

5.4.0.15 The ambition in Wales is that communities benefit from energy infrastructure 
developments37.  The Welsh Government recognise that significant infrastructure 
developments, whilst important to the transition to a low carbon economy, will impact 
on communities and their local environments, therefore ensuring clear community 
benefits from such developments is important.   Planning Policy Wales (Edition 6, 
February 2014) reflects the Welsh Government’s commitment to sustainable 
development which over time aims to lead to an economically, socially and 

28 HM Government (July 2009), The UK Low Carbon Transition Plan: National Strategy for Climate Change and Energy. 
29 Department of Energy and Climate Change (DECC) (2009) Offshore Energy Strategic Environmental Assessment. 
30 Department of Energy and Climate Change (DECC) (2013) UK Renewable Energy Roadmap update 2013. 
31 http://wales.gov.uk/topics/environmentcountryside/energy/?lang=en  
32 Welsh Assembly Government (2010), Climate Change Strategy for Wales, October 2010. 
33Welsh Assembly Government (2009) One Wales: One Planet, The Sustainable Development Scheme of the Welsh Assembly Government, 
May 2009. 
34 Welsh Government (2010), Energy Policy Statement, A Low Carbon Revolution. 
35Ministerial Policy Statement on Marine Energy – July 2009. 
36 Welsh Government (2012) Energy Wales: A Low Carbon Transition, March 2012.  
37 Page 6: Welsh Government (2012) Energy Wales: A Low Carbon Transition, March 2012.  
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environmentally sustainable Wales.  It sets out that planning policies, decisions and 
proposals should38:  

• “Support the need to tackle the causes of climate change by moving towards a 
low carbon economy. This includes facilitating development that reduces 
emissions of greenhouse gases in a sustainable manner, provides for 
renewable and low carbon energy sources at all scales and facilitates low and 
zero carbon developments”; 

• “Support the need to tackle the causes of climate change by moving towards a 
low carbon economy. This includes facilitating development that reduces 
emissions of greenhouse gases in a sustainable manner, provides for 
renewable and low carbon energy sources at all scales and facilitates low and 
zero carbon developments” 

• “Promote a low carbon economy and social enterprises.” 

5.4.0.16 It is stated within Planning Policy Wales that climate change is one of the most 
important challenges facing the world and it is imperative to act urgently to reduce 
greenhouse gas emissions and deal with the consequences of climate change. The 
document reinforces Wales’ obligations to achieve “annual carbon reduction-equivalent 
emissions reductions of 3 per cent per year from 2011 in areas of devolved 
competence, which include land use planning” and the commitment “to achieving at 
least a 40 per cent reduction in all greenhouse gas emissions in Wales by 2020 against a 
1990 baseline”39.  In order to minimise the cause of climate change Planning Policy 
Wales sets out how the Welsh Government is planning to take decisive actions to move 
towards a low carbon economy, facilitating the delivery of new and sustainable forms of 
energy generation at all scales. 

Planning: Nationally Significant Infrastructure 

5.4.0.17 The Project is considered a Nationally Significant Infrastructure Project (NSIP) under the 
Planning Act 2008.  As such, the primary relevant policy is the Overarching National 
Policy Statement for Energy (EN-1)40. This policy states that there is an urgent need for 
new (and particularly low carbon) energy infrastructure, in order to secure energy 
supplies that enable the UK to meet its 2050 emissions targets (EN-1 paragraph 3.3.15).   

5.4.0.18 EN-1 elaborates on the role of renewable energy generation, including the UK’s 
commitment to sourcing 15% of its total energy from renewable sources by 2020.  EN-1 
also explains the economic contribution of the renewables sector and its contribution to 
energy security.   

“it is necessary to bring forward new renewable electricity generating projects as soon 
as possible. The need for new renewable electricity generation projects is therefore 
urgent.” (EN-1 paragraph 3.4.5). 

5.4.0.19 In this context EN-1 goes on to state that: 

38 PPW Edition 6 (February 2014), paragraph 4.4.3. 
39 PPW Edition 6 (February 2014), paragraph 4.5.2. 
40 Department of Energy and Climate Change (July 2011), Overarching National Policy Statement for Energy (EN-1). 
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“The [Secretary of State]should therefore assess all applications for development 
consent for the types of infrastructure covered by the energy NPSs on the basis that the 
Government has demonstrated that there is a need for those types of infrastructure and 
that [this need is urgent].” (paragraph 3.1.3). 

Marine Planning 

5.4.0.20 The Marine and Coastal Access Act 2009 (MCAA) sets out the statutory basis for a new 
plan-led system for marine activities throughout the UK.  Marine plans provide the 
opportunity to manage marine activities in a sustainable way taking into account 
economic, social and environmental issues.  

5.4.0.21 The new marine planning system for the UK has already begun. All four UK 
administrations adopted the Marine Policy Statement (MPS) in March 201141.  

5.4.0.22 Welsh Ministers are the Planning Authority for the Welsh inshore and the Welsh 
offshore areas.  Consultation by the Welsh Government on a Welsh National Marine 
Plan has commenced, its publication is planned for end of 2015.   

5.4.0.23 The Marine Policy Statement sets out that a secure, sustainable and affordable supply 
of energy is of central importance to the economic and social well-being of the UK. The 
marine environment is seen as making an increasingly major contribution to the 
provision of the UK’s energy supply and distribution42; “a significant part of the 
renewable energy required to meet [the UK’s] targets and objectives will come from 
marine sources”43. 

5.4.0.24 The MPS sets out what issues should be considered by decision makers when examining 
and determining applications for energy infrastructure and marine plan authorities are 
developing Marine Plans44; stating the national level of need for energy infrastructure, 
as set out in the Overarching National Policy Statement for Energy(EN-1)45; the positive 
wider environmental, societal and economic benefits of low carbon electricity 
generation; that renewable energy resources can only be developed where the 
resource exists and where economically feasible; the potential impact of inward 
investment in offshore wind, wave, tidal stream and tidal range energy related 
manufacturing and deployment activity; as well as the impact of associated 
employment opportunities on the regeneration of local and national economies - all of 
these activities support the objective of developing the UK’s low carbon manufacturing 
capability. 

River Basin Management Planning 

5.4.0.25 The WFD requires member states to establish river basin districts and, for each, a 
management plan. In Wales, as in England, WFD-related actions are managed through 
the River Basin Management Plan (RBMP) process. For the Project, the relevant RBMP is 

41 HM Government (March 2011), UK Marine Policy Statement. 
42 Paragraph 3.3.1: HM Government (March 2011), UK Marine Policy Statement. 
43 Paragraph 3.3.3: HM Government (March 2011), UK Marine Policy Statement. 
44 Paragraph 3.3.4: HM Government (March 2011), UK Marine Policy Statement. 
45 Department of Energy and Climate Change (July 2011), Overarching National Policy Statement for Energy (EN-1). 
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the Western Wales RBMP. The first Western Wales RBMP46 was published by 
Environment Agency Wales in 2009 and it is currently being updated by NRW. 

5.4.0.26 The RBMPs are the key source of information on the water environment and they set 
objectives for every waterbody and summarise the measures which partners will deliver 
to achieve these outcomes for the water environment. The plans aim to take a holistic 
approach to managing the water environment and ensure that we balance ecological, 
social and economic values in decision-making.47 

5.4.0.27 The RBMPs include statutory commitments to:  

• protect the water environment from deterioration;  
• achieve the objectives of Protected Areas by 2015 (i.e. Habitats and Birds, Bathing 

Waters, Drinking Water, Freshwater Fish, Shellfish Waters, Nitrates, Urban Waste 
Water);  

• aim to achieve WFD Good Ecological Status/Potential and Good Chemical Status 
for all surface waters (and the equivalent for ground waters) by 2015; and  

• ensure new modifications to waterbodies are in line with WFD objectives. 48 
 

5.4.0.28 Where an objective cannot be achieved a justification must be provided. 

5.4.0.29 The Western Wales RBMP49 states that “Although protecting the water environment is a 
priority, some new modifications may provide important benefits to human health, 
human safety and/or sustainable development.” It gives the example of hydropower 
generation as a modification that may provide such benefits. 

5.4.0.30 The RBMP goes on to state that “it is often impossible to undertake such activities 
without causing deterioration of status to the waterbody. The benefits that such 
developments can bring need to be balanced against the social and economic benefits 
gained by maintaining the status of the water environment in England and Wales.50” 

Public interest  

5.4.0.31 The legislative and policy context set out above clearly articulates that delivering 
renewable energy infrastructure, particularly of a scale that contributes to EU, UK and 
Welsh targets on renewable energy, is in the public interest.  Also, in relation to the 
Development Consent Order application, NPS EN-151 and EN-352, set out the urgent 
need to increase the amount of electricity from renewable energy in order to increase 
and secure supply.  The Project will contribute to the targets established in UK 
legislation and policy by providing the equivalent to 9 per cent of Wales’ annual 

46 Environment Agency (2009) River Basin Management Plan, Western Wales River Basin District, main document, December 2009.    
47 Natural Resources Wales and Welsh Local Government Association (no date) Local Authority services and the water environment; advice 
note on the Water Framework Directive.  
48 Natural Resources Wales and Welsh Local Government Association (no date) Local Authority services and the water environment; 
advice note on the Water Framework Directive. 
49 Page 29: Environment Agency (2009) River Basin Management Plan, Western Wales River Basin District, main document, December 
2009.    
50 Page 29: Environment Agency (2009) River Basin Management Plan, Western Wales River Basin District, main document, December 
2009.    
51 Department of Energy and Climate Change (July 2011), Overarching National Policy Statement for Energy (EN-1). 
52 Department of Energy and Climate Change (DECC) (July 2011), National Policy Statement for Renewable Energy Infrastructure (EN_3) 
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domestic use in the form of reliable, renewable energy; equivalent to 121,000 homes or 
70 per cent of Swansea Bay’s annual domestic electricity use. 

5.4.0.32 The Project is also uniquely positioned to meet the ambition of the Welsh Government 
to ensure that communities benefit from energy infrastructure developments53.  The 
Project will result in significant benefits to the local economy of the area (which is 
detailed under ‘Economic’).  The social benefits (detailed under ‘social’) are 
considerable.  The Project also provides environmental enhancements.   

5.4.0.33 The Project contributes to the delivery of local strategic development in the Local 
Authorities where development takes place. This is set out in more detail in the 
Environmental Statement that accompanied the DCO application – see Chapter 5. 
Planning and Policy Context.   

5.4.0.34 At a broad level, the each authority provides a local articulation of UK Welsh national 
policy as outlined above therefore support the provision of renewable energy, subject 
to the avoidance of unacceptable environmental impacts. The Project will contribute to 
regeneration of the local area, both in terms of physical regeneration from public realm 
improvements, and provision of new facilities, such as open space, sport and recreation 
facilities, which in turn contribute to local wellbeing and economic prosperity through 
growth in tourism.  

5.4.0.35 The suite of environmental information accompanying the DCO Application reports the 
thorough review of the potential for impacts, both positive and adverse.  In relation to 
the provisions of the EIA Directive54, the studies demonstrate that significant adverse 
impacts can be avoided or mitigated to an appropriate level.  It is recognised that in 
relation to the provisions of the WFD, mitigation for the benthic invertebrate and the 
hydromorphological quality elements is not technically feasible and as such, an Article 
4.7 assessment is required for Swansea Bay Coastal waterbody.  It is however, 
considered that following the outcomes of the EIA process, and given the ability of the 
Project to generate renewable energy as well as provide further public goods in terms 
of its use as public realm and facility, it is considered that the benefit of the Project 
outweighs its impact.  

5.4.0.36 Therefore, given the urgent need for renewable energy generating capacity, the further 
benefits of the proposal in delivering public realm and facility for the local area, and the 
acceptable level of environmental impacts after mitigation, TLSB considers that the 
Project is in the public interest to the extent that justifies derogation under Article 
4.7(c) of the WFD. 

5.5 Sustainable Development: Social, Economic and Environmental 

Introduction 
5.5.0.1 Sustainable development is inherent to the purpose of the Project, and is integral to all 

elements of the Project – as has been explained under ‘public interest’.  This section 
examines the effects of the Project in relation to social, economic and environmental 
aspects in the light of appropriate guidance including the Scottish Environmental 

53 Welsh Government (2012) Energy Wales: A Low Carbon Transition, March 2012. 
54 EIA Directive (85/337/EEC) 
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Protection Agency guidance ‘Supporting Guidance (WAT-SG-67) Assessing the 
Significance of Impacts - Social, Economic, Environmental’ (2013)55. 

5.5.0.2 The Project has been assessed to be carbon neutral in approximately 4 years (these four 
years equating to around 3% of its operational lifetime) (Chapter 5 of the Environmental 
Statement: Planning and Policy Context).  

5.5.0.3 Other ‘sustainable’ elements of the Project include the following. 

5.5.0.4 Sustainable Design: 

• The seawall is designed to withstand 50 years of the effects of climate change, 
with scope to adapt further after this time;  

• the preservation and enhancement of habitats in close proximity to the Project;  
• the reuse of brown land and enhancement of water quality in the Bay;  
• the provision of public realm that promotes an active lifestyle;  
• the promotion of sustainable transport modes in walking and cycling;  
• all buildings integral to the Project are designed to Sustainable Building (BREEAM) 

standard.  

5.5.0.5 Sustainable Construction: 

• Selection, sourcing and handling of materials;  
• the use of sea transport;  
• considerate contractor schemes. 

5.5.0.6 Social sustainability:  

• recreational space, sport, art, culture, visitor facilities;  
• long term commitment to educational facilities and outreach. 

5.5.0.7 Economic sustainability:  

• job creation;  
• supply chain development;  
• enhancement of local tourism; 
• the establishment of a tidal lagoon industry.  

5.5.0.8 Environmental sustainability:  

• the generation of renewable energy; 
• habitat creation and biodiversity measures;  
• monitoring and management of surrounding ecologies.  

Social  
5.5.0.9 The provision of energy is vital to social well-being56. Energy Wales: A Low Carbon 

Transition states how Wales’ energy system underpins the way of life and that the 
system is undergoing profound change in order to meet social objectives amongst 

55 Scottish Environment Protection Agency (2013) Supporting Guidance (WAT-SG-67) Assessing the Significance of Impacts - Social, 
Economic, Environmental, version 3, April 2013. 
56 Paragraph 2.1.2: Department of Energy and Climate Change (July 2011), Overarching National Policy Statement for Energy (EN-1). 

Tidal Lagoon Swansea Bay 
Water Framework Directive Assessment – Revised Report v2 Page  176 

 

                                                             



 Tidal Lagoon Swansea Bay Plc  
  

others57.  The Project will provide a source of reliable, renewable energy equivalent to 
9% of Wales’ domestic demand, thereby contributing to overall wellbeing and social 
objectives. 

5.5.0.10 Social benefits arising from the Project to the local community include provision of 
public realm and facilities. This will also attract visitors that contribute to the local 
economy.   

5.5.0.11 The design of the Project as a ‘marine park’ will deliver significant public realm and 
landscaping benefits, including visitor facilities, public art, children’s play area, boating 
facilities, sailing training and activity for young, old and disabled visitors alike, an 
ecological park and natural recreational area, improved access to the seafront and an 
attractive venue for the provision of events of local, regional and national importance. 
Community benefits will be secured, inter alia under the Section 106 agreement.  These 
will provide positive social benefits in health and wellbeing in an area that suffers from 
higher levels of deprivation and poorer health than the UK average.  It will also 
contribute to the regeneration of an area of industrial dereliction and contamination 
and the establishment of an attractive new waterfront between Swansea and the River 
Neath.   

5.5.0.12 An education and skills strategy linked to the Project will ensure that the benefits of the 
Project during its construction and operation involves educational and training 
opportunities for the city region. This strategy coincides with the aims of a supply chain 
strategy (more detail below), which means that the Project will be delivered in a way 
that ensures the provision of opportunities for local employment and training and up-
skilling for the local workforce.  

Economic  
5.5.0.13 Energy production is vital to economic prosperity58. An increase in renewable energy 

will contribute to meeting the energy needs of the UK as a result of the impact of the 
closure of fossil fuel plants59.  

5.5.0.14 Technical Advice Note 23: Economic Development reinforces that Planning Policy Wales 
advises that the planning system should particularly support the low-carbon economy60. 

5.5.0.15 The Project will result in significant benefits to the local economy of the area. The initial 
capital investment c.£750m will lever close to £300m of regional spending spread over a 
three year development period and result in a potential £454m of additional output in 
Wales.  

5.5.0.16 The construction phase of the development will support an estimated 1,850 full time 
equivalent jobs.  This, together with the support the Project will provide to the 
manufacturing and construction sectors, is important in the context of current 
challenges facing the Welsh economy.  

5.5.0.17 The operational phase of the Project, from 2018 onwards, could further support an 
estimated £5m in extra output for Wales, and £2.2m in GVA annually for the region.  

57 Page 7: Welsh Government (2012) Energy Wales: A Low Carbon Transition, March 2012. 
58 Paragraph 2.1.2: Department of Energy and Climate Change (July 2011), Overarching National Policy Statement for Energy (EN-1). 
59 Paragraph 3.3.11: Department of Energy and Climate Change (July 2011), Overarching National Policy Statement for Energy (EN-1). 
60 Paragraph 2.1.13: Welsh Government (2014) Technical Advice Note 23: Economic Development. 
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This involves supporting around 60 full time equivalent jobs per annum.  An estimated 
£1.5 to £2.1 million of gross value added and 65 to 90 full time job equivalents per 
annum will also be realised through tourism leveraged from the 70,000 to 100,000 
leisure trips per annum anticipated.  

5.5.0.18 TLSB has undertaken to implement a supply chain strategy, which aims to maximise the 
potential to develop a supply chain and achieve the target Project spend of 50% in 
Wales and 65% in the UK. The aims of the strategy are to shape the economic benefits 
of the Project in order to:   

• Foster a world-class cluster of manufacturing, assembly and construction 
businesses capable of supplying an initial five tidal lagoons in the UK, with the 
potential thereafter to supply up to 50 locations worldwide; and  

• Create a ‘business hub’ which will support and house anchor tenants to include 
Tidal Lagoon Power (TLP), Alstom, Voith and Costain. This is very much in line 
with the ambitions of the Swansea Bay City Region.  

 
5.5.0.19 In this way, TLSB will provide benefits to the city region that are dependent on the 

success of the Project, but which will also be sustained beyond its construction and 
operation.  

Environmental impact 
5.5.0.20 Through the process of Environmental Impact Assessment, the design of the Project has 

been informed by the potential environmental impacts identified (see Chapter 3 of the 
Environmental Statement: Site Selection and Option Appraisal).  Where possible, these 
impacts have been avoided.  If they cannot be reasonably avoided, where reasonably 
possible they are mitigated (see Chapter 23 of the Environmental Statement: Mitigation 
and Monitoring).   

5.5.0.21 NPS EN-1 sets out the presumption in favour of development of electricity and that this 
should be weighed against adverse impacts such as those that are environmental in 
nature61.  

5.5.0.22 Energy Wales: A Low Carbon Transition states62 how it is the intention of Welsh 
Government for the delivery of a low carbon economy should also deliver effective 
management of the interface with the natural environment.  This in effect accepts the 
need for nationally significant energy infrastructure and recognises that there will be 
potential for adverse impacts inherent to development of such scale and importance. 

5.5.0.23 It is recognised that as the Project is a new type of development, there remains 
uncertainty in relation to the prediction of environmental effects.  As a result, as 
identified in section 5.2 a comprehensive AEMP (updated version submitted to Planning 
Inspectorate on the 5 August 2014) to monitor and if necessary, further mitigate for the 
environmental effects of the Project. 

 

 

61 Paragraph 4.1.4: Department of Energy and Climate Change (July 2011), Overarching National Policy Statement for Energy (EN-1). 
62 Page 11: Welsh Government (2012) Energy Wales: A Low Carbon Transition, March 2012. 
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Summary  

5.5.0.24 The EU, UK and Welsh legislative and policy context in itself provides a public interest 
case for the development of this Project.  This addresses the justification required under 
Article 4.7.  The public interest case is strengthened further by the contribution of the 
Project to sustainable development in Wales, the city region and the local area.  The 
Project contributes to economic, social and environmental sustainability in the area.  
TLSB consider that there is a strong overriding case in the public interest to develop the 
Project.  

5.5.0.25 In addition, the environmental impact assessment process demonstrates that there are 
considerable positive impacts and that the Project has avoided significant adverse 
impacts and identified mitigation as far as reasonably possible in line with the 
requirements of the EIA Directive.  TLSB consider that this shows that the strong case in 
the public interest is not undermined by significant environmental impacts. 

5.6 Technical Feasibility and Disproportionate Cost 

Introduction 

5.6.0.1 This section has examined whether an alternative option to the Project would present a 
significantly better environmental option.  It considers the significance of the adverse 
environmental impacts associated with the Project compared with the significance of 
those associated with the alternative option.  An option could be a significantly better 
environmental option if a) the benefit it delivers is at least equivalent to the benefit that 
would be delivered by the Project; and b) its environmental cost is significantly less than 
the environmental cost of the Project; and c) it is economically viable and hence a 
realistic option.   

5.6.0.2 The SEPA guidance document ‘Supporting Guidance (WAT-SG-68) Assessing Significantly 
Better Environmental Options’ (2013a) identifies that “For there to be a significantly 
better environmental option, the adverse impacts of the proposal must be of reasonably 
high significance. If the impacts of a proposal are not of reasonably high significance, an 
alternative option might be a slightly or moderately better option but it cannot be a 
significantly better environmental option.” 

Technical Feasibility and Disproportionate Cost 

5.6.0.3 Paragraph 2.5.36 of National Policy Statement EN-3, which is at least an important and 
relevant consideration in relation to the application for development consent in respect 
of the Project, states that most renewable energy resources can only be developed 
where the resource exists and where economically feasible. Therefore, the Secretary of 
State should not use a sequential approach in the consideration of renewable energy 
projects (for example, by giving priority to the re-use of previously developed land for 
renewable technology developments).  

5.6.0.4 The site of the Project has been chosen for several key reasons, described in detail in 
the ES Chapter 3, Site Selection and Option Appraisal. In the context of tidal range 
energy generation, the Severn Estuary (of which Swansea Bay is part) has the highest 
tidal range in the UK and the second highest in the world. The siting of the Project in 
Swansea Bay offers the opportunity to harness this tidal range to produce a significant 
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and consistent generation of base load, clean, electricity capable of meeting the energy 
needs of over 120,000 homes (more than 70 per cent of homes in the Swansea Bay 
area) via a convenient adjacent grid connection.  Appendix 5 to this Report comprises a 
technical to present the findings of an assessment examining the Annual Energy 
Production.  This technical note identifies that the net Annual Energy Production of the 
Project is 500GWh (see Appendix 5). 

5.6.0.5 The location of the Project also provides favourable seabed conditions to enable TLSB to 
reduce construction costs and deliver a viable tidal range scheme with opportunities for 
additional associated regenerative and recreational benefits.  

5.6.0.6 The industrial landfall point provides significant benefits in terms of minimising impacts 
during construction, assisting with transport logistics, avoiding navigation channels and 
more sensitive environmental areas and providing the potential for onshore facilities 
with opportunities to enhance the local area.  

5.6.0.7 In terms of reaching the energy targets of the UK and Wales as set out above, TLSB can 
deliver significant outcomes with a much reduced impact on the amount of land or sea 
bed used than is required for its most comparable renewable energy equivalents. 
Further to this, the energy produced by the Project will be reliably produced for 14 
hours of the day, for 120 years, whereas the technologies above are inherently 
intermittent and unpredictable with dramatically lower lifespans. None of the 
comparable renewable projects set out above provide periods of energy production 
that can be used as baseload electricity for the National Grid.  

Table 5.3: Comparison of renewable technologies (see Chapter 5 Planning and 
Policy Context of the ES) 

 

Scheme No. of generating stations Land take (km2) 

Swansea Bay Tidal Lagoon 13-18 11.2km2 

Offshore wind 80[1] 39.6 km2[2] 

Onshore wind 120[3] 28km2[4] 

Solar PV 1,021[5] 4.8km2[6] 

 

[1] Based on industry average of 3MW installed capacity per turbine  
[2] Based on Gwynt y Mor Offshore windfarm  
[3] Based on industry average of 2MW installed capacity per turbine  
[4] Based on 539MW capacity of Whitelee wind farm which has a land take of 57km2. Halving both figures 
gives an approximate value of 28km2.  
[5] Based on 235 watts per PV unit, industry average.  
[6] Based on 1MW per 5 acres, industry average.   
 

5.6.0.8 While it is impossible to build infrastructure of this nature without any environmental 
impact, the reduction of such impacts has been considered at every stage of Project 
design, and it is demonstrated in the ES that the Project will bring many positive 
environmental benefits to the Bay. These have been set out in earlier parts of this 
document.  
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5.6.0.9 There are three main types of renewable energy generation from the power of the sea: 

wave power, tidal stream and tidal range.  In order to capture energy from the sea 
there are three marine renewable options that are being progressed in the UK: wave 
power, tidal stream and tidal range. 

5.6.0.10 Wave power derives energy from the movement of the waves, which in turn derive 
power from the wind. Wave energy devices are therefore usually placed in areas with 
high winds and rough seas. Tidal stream relies on devices (not dissimilar to wind 
turbines) which are placed on the seabed and passively harness the movement of the 
tides. Tidal stream devices are therefore usually placed in areas of fast-moving currents, 
e.g. between two land forms. Tidal stream power is focused on capturing the energy 
from the flow of currents during the ebb and flood tides. These devices are like 
underwater windmills (turbines) which turn with the flow of the current. Each turbine 
can be placed on freestanding foundations or a number can be grouped on a single 
foundation frame. Good locations for these devices are in high tidal flow areas, such as 
where flows are channelled between landforms and hence the currents increase. The 
Orkney Isles in Scotland has sea conditions appropriate for both wave and tidal stream 
devices, and is the location of the European Marine Energy Centre, a research and test 
base focusing on these technologies.  

5.6.0.11 The third form of energy generation, tidal range schemes, captures the energy of the 
tides by holding back water at flood tide and releasing the flow on the ebb tide (and 
vice versa for projects with bi-directional turbines). Tidal range projects must therefore 
be placed in areas with a high tidal range (the difference between high tide and low 
tide). There are two main approaches: tidal barrages (which run across estuaries, 
damming the river behind, e.g. the Rance Barrage in France) and tidal lagoons (which sit 
within an estuary, allowing the river(s) to flow unimpeded). There are no purpose-built 
tidal lagoons of the type proposed in the world, but TLSB believes that such a scheme is 
now viable through the innovative combination of proven technologies.  

5.6.0.12 The tidal range of a particular location is dependent, in part, on its position relative to 
the equator, but more on other physical factors in the area e.g. topography, water 
depth, shoreline configuration, size of the ocean basin etc. The highest tidal range in the 
world can be found in the Bay of Fundy in Nova Scotia (>11m), and this is closely 
followed by Swansea and the Bristol Channel, UK (>9m). 

5.6.0.13 The UK Government has also considered marine renewable energy in its rounds of 
Strategic Environmental Assessments (SEA) to inform licensing and leasing of the 
seabed for energy uses. In SEA8 (2007), the Government considered the strategic use of 
the southwest waters of England and Wales, including the Bristol Channel, for oil 
exploration and renewable energy (such as wind). The conclusion of SEA8 states that 
the area has not seen a large amount of development in relation to oil exploration or 
renewable energy in the offshore zones, but that significant infrastructure development 
has taken place in the densely populated coastal zones. 

5.6.0.14 In the more recent SEA11 (2011), it is identified that the SEA will will help to contribute 
to the Government renewable energy targets by enabling future rounds of renewable 
leasing for offshore wind, wave and tidal devices.  The report outlines that “The 
potential impacts of tidal range schemes may be significant (the scale of impact 
dependent on design and operation mode), with the potential loss of large areas of 
inter-tidal habitats and salt marshes as a result of changes in water levels and sediment 
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transport within an estuary or river basin” (page xiii) and that a tidal range scheme 
“would likely result in significant effects on landscape/seascape character” (page xvi).  In 
relation to RBMP, the report notes that “UK River Basin Management Plans and 
Shoreline Management Plans, have provided an ecological and morphological baseline 
for UK estuaries and coasts which may be influenced by plan/programme activities, for 
instance the imposition of tidal range technologies could negatively impact both 
estuarine morphology and ecology and reduce the likelihood that targets in relation to 
achieving good ecological status are met by 2015” (pg 73).   

5.6.0.15 The report goes on to state that that although tidal range projects may have “large 
physical footprints and may have significant environmental impacts on both the physical 
environment and associated habitats. However, mitigation measures (e.g. two way 
operation, regular sluicing and fish diversion) may reduce the impact.” (pg 146). 
Consequently the SEA recommends that “site specific assessments are undertaken 
before decisions can be taken on potential leasing and the desirability and acceptability 
of individual tidal range projects”. 

5.6.0.16 Further understanding of the potential size and distribution of wave and tidal resources 
has been developed in a study by The Crown Estate (2012). The objective was to look at 
the future potential for wave and tidal project development around the UK coast. The 
study concluded that there are opportunities for tidal range schemes that can 
contribute to the UK’s energy needs. In addition, the study noted that England and 
Wales share the largest single area of tidal range resource, namely the Bristol Channel 
and Severn Estuary. 

5.6.0.17 Key features in the selection of Swansea Bay as the location for the world’s first tidal 
lagoon were: the high tidal range; the gently-sloping seabed; and the opportunities for 
incorporated regenerative and recreational benefits. The Severn Estuary, of which 
Swansea Bay is part, has the second highest tidal range in the world, at approximately 
10.5m (second only to the Bay of Fundy in Nova Scotia at 11m). The Bay also has a 
gently-sloping seabed, which reduces the height of the impounding seawall required, 
and the associated costs, thereby increasing viability of a tidal range scheme. Finally, 
the location of urban centres within the Bay increases the ability of a scheme to deliver 
additional regenerative and recreational benefits that are unique to tidal lagoons.  

5.6.0.18 Other factors, assessments and consultation dictated the location of the Lagoon within 
the Bay. The area south of Swansea Docks preserves the designated recreational 
beaches of Swansea Bay and Aberafan Sands. The area between the dredged channels 
of the River Tawe and River Neath preserves access to the Swansea and Neath Docks, 
and avoids designated conservation areas (e.g. Crymlyn Burrows and Blackpill SSSIs). 
This site also minimises disruption to existing users of the Bay; supports access to local 
and wider transport infrastructure; provides space for onshore construction and 
operation facilities and opportunities for interaction with the local area. Details of the 
preferred option were refined through continuous consultation as part of the iterative 
EIA consultation process, reported in the ES Chapter 4, Project Description, and in the 
Consultation Report accompanying this application.  

5.6.0.19 The siting of the Project in Swansea Bay offers the opportunity to harness the reliable 
renewable energy of the tides in an area that is the second best placed in the world to 
do so. This can be done using existing technology and techniques in an innovative way 
that minimises the impacts on the environment of the Bay, while enhancing the 
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experience of its recreational users and minimising the impact on the interests of 
existing commercial users, such as the ports and commercial fishermen.  

5.6.0.20 The combination of specific factors and wider context, explored above, results in a 
scheme whose benefits outweigh its impact, both in the provision of renewable energy 
and beyond.  

5.7 Revision of the RBMP 

Introduction 
5.7.0.1 This section addresses Article 4.7 criteria (b) “Reasons for modifications or alternations 

are specifically set out and explained in the river basin management plan required under 
Article 13 and the objectives are reviewed every six years”. 

Revision of the RBPM 

5.7.0.2 Any uses of derogations, and the reasons for them must be reported in the RBMP or 
next update (page 8, section 2, Regulatory Method (WAT-RM-34) Derogation 
Determination - Adverse Impacts on the Water Environment (SEPA, 2013b)). 

5.7.0.3 In SEPA’s guidance (page 10, section 2, Regulatory Method (WAT-RM-34) Derogation 
Determination - Adverse Impacts on the Water Environment (2013b), a River Basin 
Management Plan objective may be compromised by authorising a proposal that would 
mean that the measures identified in that Plan for achieving the objective would no 
longer be sufficient to do so.  However, the Plan's objective would not be compromised 
if the applicant agreed to take sufficient additional measures in time to achieve the 
objective by the planned deadline for doing so (e.g. 2015, 2021 and 2027).   

5.7.0.4 For Swansea Bay, Tawe Estuary and Neath Estuary HMWB waterbodies, the objective is 
to achieve Good Ecological Potential by 2027. 

5.7.0.5 The RBMP mitigation measures for Swansea Bay Heavily Modified Waterbody are not 
yet in place (as advised by NRW in their written representation dated 9th July 2014, 
paragraph A1.16).  At paragraph A1.20 (of their written representation), NRW describe 
how the Western Wales RBMP has identified thirteen possible mitigation measures for 
the Swansea Bay HMWB (which are chosen from a suite).  At this stage, without the 
mitigation measures being in place, the best indication of how GEP could be achieved 
by 2027 if the pathway of achieving the possible mitigation measures.  The Project does 
not appear to be compatible  with the following possible mitigation measures (see NRW 
written representation, July 2014): 

• Measures relating to reducing dredging and dredge-related impacts; 

• Operational and structural changes to locks, sluices, weirs, and beach control etc; 

• Preservation and where possible enhancement of the ecological value of marginal 
aquatic habitat, banks and riparian zone; 

• Preserve, and where possible, restore historic aquatic habitats; 

• Removal of hard bank reinforcement or replacement with soft engineering 
solutions.  
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5.7.0.6 The Project is considered to be compatible and contributes towards the achievement of 

the measures to remove obsolete structure i.e. the length of flood wall at Swansea 
Docks (referred to as the eastern breakwater). 

5.7.0.7 It is understood that the Project is a physical modification of a significant scale, 
therefore a review of the baseline information that informs the objectives and 
mitigation for the Swansea Bay HMWB would also need to occur.  Timing of the 
development is well aligned with the next RBMP cycle which can inform future 
objectives and action plans.  NRW published a consultation paper in June 2013, Western 
Wales River Basin District: Challenges and Choices, which outlines the significant water 
issues, including physical modifications.  There is reference to the potential for over a 
100 small-scale hydropower schemes in the Western Wales River Basin District – “Most 
of these will need new impoundments, often on unspoilt upland streams. We will work 
with the developers to avoid unacceptable impacts on the water environment.” (page 
14, NRW, 2013).  

5.7.0.8 The information set out in this detailed report on WFD compliance can inform this 
process.  It is clear that the River Basin Management Planning process is based on 
adaptive management principles, and that it is a process expected to deal with 
significant physical modifications – an expectation set out in the Severn RBMP to 
account for the longstanding proposals for a Tidal Power Scheme in the Severn Estuary.  
Therefore the there is a process to address part b) of Article 4.7 should significant 
modifications (that also meet the other tests) arise.   

5.7.0.9 NRW are currently reviewing the Western Wales River Basin Management Plan, which 
means that the modification to the Swansea Bay HMWB waterbody can be set out and 
explained in line with part b) of Article 4.7.  The good timing is of particular significance 
given that it can inform future river basin management planning for the Western Wales 
basin and assist in achieving the objectives of the Directive. 
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6.0 Article 4.8 

6.1.0.1 Section 5 identifies that there is a potential deterioration of status for Swansea Bay 
coastal waterbody.  TLSB consider that the Project has been designed such that the 
following two principal conditions, necessary to meet the requirements of Article 4.7, 
are satisfied:  

• All practicable steps, including consideration of all significantly better
environmental options, must have been taken by the developer to mitigate the
adverse effects of the proposed Project; and

• An overriding public interest in the renewable energy Project proceeding has
been demonstrated and/or the benefits of the Project to human health, to the
maintenance of human safety or to sustainable development have been shown to
outweigh the social and environmental benefits of avoiding the impacts of the
project.

6.1.0.2 When considering the assessment under Article 4.7 it is necessary to consider Article 
4.8 as well.  This provides that where works are proposed (here, the Project) they 
should not "permanently exclude or compromise the achievement of the objectives of 
this Directive in other bodies of water within the same river basin district and [are] 
consistent with the implementation of other community environmental legislation". 

6.1.0.3 The Article 4.8 assessment requires the decision maker to be satisfied that the Project 
will not prevent other contiguous or connected waterbodies from achieving the 
environmental objectives as a result of the Project.  The other community 
environmental legislation which must not be precluded includes the Habitats Directive, 
Birds Directive and other environmental directives such as the Environmental Impact 
Assessment Directive. 

6.1.0.4 As identified in Section 4, from the numerous, detailed technical assessments 
undertaken within this WFD Assessment Report, the EIA and the HRA on the impact of 
the Project to the quality elements considered within the WFD, it is considered that 
with the exception of the Swansea Bay coastal waterbody, the Project will not cause 
deterioration in the status of any other waterbody within the Western Wales RBMP 
(Environment Agency, 2009), nor will it compromise the future achievement or 
maintenance of “Good” chemical or ecological status.   The Project will also be in 
compliance with Community Legislation with respect to these waterbodies as identified 
in Table 6.1.  These other waterbodies are identified as waterbodies that are relevant to 
the provisions of Article 4.8.  Monitoring of various parameters including coastal 
processes and fish will be undertaken as part of the Project and detailed within the 
AEMP to validate the findings of the ES and also the WFD assessment with respect to 
these other waterbodies.  

6.1.0.5 As such it is considered that the provisions of Article 4.8 are satisfied in the Project will 
not prevent other contiguous or connected waterbodies from achieving the 
environmental objectives as a result of the Project or compromise Community 
legislation.   
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Table 6.1 Waterbodies considered under the provisions of Article 4.8 

Waterbody No. Waterbody Name 

Coastal Waterbodies 

GB611008590001 Bristol Channel Outer North  

Estuarine Waterbodies 

GB541005900900 Tawe Estuary 

GB541005800700 Neath Estuary 

GB541005800600 Afan Estuary 

River Waterbodies 

River Neath 

GB110058032430 River Neath - confluence with Nedd Fechan and Mellte to tidal limit 

GB71010012 Neath and Tennant 

GB110058026350 Baglan Brook - headwaters to conf with River Neath 

GB110058026390 Clydach - headwaters to conf with River Neath 

GB110058026370 Nant Cae'r-bryn - headwaters to conf with Neath 

GB110058032430 Neath - conf with Nedd Fechan and Mellte to TL 

GB110058032360 Dulais - headwaters to confluence with River Neath 

GB110058032340 Nedd Fechan - Pyrddin conf to River Neath conf 

GB110058032330 Mellte - conf with Sychryd to conf with R. Neath 

GB110058032320 Sychryd - headwaters to confluence with Mellte 

GB110058032350 Mellte - conf with Hepste to confluence to Sychryd 

GB110058032380 Mellte - Llia and Dringarth conf to Hepste conf 

GB110058032410 Llia - headwaters to confluence with Mellte 

GB110058026380 Neath-Clydach 

GB110058032420 Neath-Mellte 

GB110058032390 Neath-Mellte 

River Afan 

GB110058026110 Afan - confluence with Pelenna to tidal limit 

GB110058026140 Pelenna - headwaters to confluence with Afan 

GB110058026130 Afan - conf with Corrwg to confluence with Pelenna 

GB110058026150 Corrwg - headwaters to confluence with Afan 

GB110058026120 Afan - headwaters to confluence with Corrwg 

GB110058026100 Ffrwd Wyllt - headwaters to tidal limit 
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Waterbody No. Waterbody Name 

Afon Cynffig 

GB110058026450 Kenfig - conf with Margam Moors to tidal limit 

GB110058026180 Margam Moors - headwaters to conf with Kenfig 

GB110058026160 Kenfig - Nant Cwm Philip conf to Margam Moors conf 

GB110058026190 Nant Cwm Philip - headwaters to conf with Kenfig 

GB110058026170 Kenfig - headwaters to conf with Nant Cwm Philip 

River Tawe 

GB110059032180 River Tawe - confluence with Twrch to tidal limit 

GB110059025690 River Tawe – confluence with Nant Cwmgelli to tidal limit 

GB110058026450 River Kenfig - confluence with Margam Moors to tidal limit 

GB110059025700 Crymlyn Brook – Headwater to confluence with Tennant Canal 

GB110059025710 Nant y Fendrod - headwaters to conf with Tawe 

GB110059032200 Lower Clydach - headwaters to confluence with Tawe 

GB110059032190 Upper Clydach - headwaters to confluence with Tawe 

GB110059032170 Tawe - conf with Giedd to confluence with Twrch 

GB110059032210 Twrch - conf with Nant Gwys to conf with Tawe 

GB110059032260 Llynfell - headwaters to confluence with Twrch 

GB110059032290 Twrch - headwaters to confluence with Llynfell 

GB110059032220 Twrch - conf with Llynfell to confluence with Gwys 

GB110059032270 Gwys - headwaters to confluence with Twrch 

GB110059032280 Giedd - headwaters to confluence to Tawe 

GB110059032240 Tawe - conf with Nant Llech to conf with Giedd 

GB110059032250 Nant Llech - headwaters to confluence with Tawe 

GB110059032300 Tawe-Twynni 

Clyne River   

GB110059025620 Clyne River - headwaters to tidal limit 

GB110059025610 South Gower streams – Burry Pill 

Pennard Pill  

GB110059025580 Pennard Pill East - headwaters to tidal limit 

GB110059025520 Pennard Pill - un-named conf in Parkmill to TL 
 

Groundwaters 

GB41002G201000)  Swansea Carboniferous Coal Measures 
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7.0 Conclusions 

7.1.0.1 This WFD Assessment Report has been updated to assess the potential impacts of the 
Project following written representations received from NRW following TLSB’s 
submission of a WFD assessment report as part of the application for a DCO.   

7.1.0.2 The WFD (Directive 2000/60/EC of the European Parliament and of the Council 
establishing a framework for the Community action in the field of water policy) was 
implemented in the UK by the Water Environment (Water Framework Directive) 
(England and Wales) Regulations 2003. 

7.1.0.3 The fundamental principle of the Directive is to protect water resources and to promote 
sustainable water use.  The WFD was put in place to: 

i. Enhance the status, and prevent further deterioration of aquatic ecosystems and
associated wetlands which depend on the aquatic ecosystems;

ii. Promote the sustainable use of water;

iii. Reduce pollution of water, especially by ‘priority’ and ‘priority hazardous’
substances; and

iv. Ensure progressive reduction of groundwater pollution63.

7.1.0.4 The WFD sets the objectives for all waterbodies in Europe classified under the WFD and 
it creates a mechanism through which each signatory has to aim to bring its water 
resources to an accepted biological and chemical standard (good ecological/chemical 
status for natural waterbodies; and good ecological potential/good chemical status for 
artificial/heavily modified waterbodies) by 2015; this is based on a series of parameters 
(quality elements) dependent on the type of waterbody considered (i.e. rivers; lakes; 
transitional waters and coastal waters) and its hydromorphological designation (i.e. 
natural; artificial or heavily modified).  In cases where good status/potential cannot be 
achieved by 2015 a provision is given under Article 4.4 of the WFD extending the 
deadline to 2021 or 2027. The date has been extended to 2027 in respect of a large 
number of waterbodies. Within Wales the competent authority, as of 2013, for 
delivering the Directive is NRW (preceded by the Environment Agency).  

7.1.0.5 The WFD has important implications for planning works that may affect relevant 
waterbodies.  It has the effect of controlling such development such that it does not 
cause deterioration in waterbody status (ideally, such development should improve the 
status of the affected waterbodies).  

7.1.0.6 The WFD (Articles 4.7 and 4.8) provides that, in the event of a project resulting in an 
adverse impact on a waterbody which could cause a deterioration in its WFD status, or 
could prevent actions which are required to raise the WFD status of the waterbody, 
then the project must be assessed and justified in the context of the actions proposed 
to mitigate the adverse impact on the status of the waterbody.   

7.1.0.7 The WFD does allow derogations from its requirements to prevent deterioration in 
status or to restore waterbodies to Good Ecological (or Good Potential) status if the 

63 http://ec.europa.eu/environment/water/water-framework/ 
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Development meets certain socio-economic and environmental criteria. For a 
derogation to be applicable, it must satisfy the criteria in Article 4.7 in respect of the 
waterbodies in which a Project is situated and Article 4.8 in respect of the other 
waterbodies. 

7.1.0.8 This updated WFD report presents an assessment of compliance with the WFD.  From 
the numerous, detailed technical assessments undertaken within this WFD Assessment 
Report, the EIA and the HRA on the impact of the Project to the quality elements 
considered within the WFD, it is considered that with the exception of the Swansea Bay, 
Coastal waterbody, the Project will not cause deterioration in the status of any other 
waterbody under the WFD, nor will it compromise the future achievement or 
maintenance of “Good” chemical or ecological status.    

7.1.0.9 Detailed investigations have been carried out under the provisions of the Habitats 
Directive and the findings presented in the HRA produced for the DCO. Additional 
studies have been carried out within the ES e.g. in terms of water quality, Chapter 7 
Marine Water Quality. These investigations demonstrate that the Project will be 
compliant with Community Legislation in all waterbodies.  No further assessment was 
therefore required in relation to Article 4.8 of the WFD. 

7.1.0.10 In the case of Swansea Bay Coastal waterbody it has been identified that there is a 
potential risk of deterioration of the benthic invertebrate quality element and 
hydromorphological conditions supporting the biological quality elements.  The Project 
also has a potential effect on the mitigation measures proposed for the HMWB and thus 
may affect the potential of the waterbody to achieve ‘good ecological potential’ by 
2027.  The effects of the Project on the Swansea Bay Coastal waterbody therefore 
required further assessment under Article 4.7 of the WFD. 

7.1.0.11 Within the Western Wales RBMP (Environment Agency 2009) it is recognised that “It is 
often impossible to undertake such activities64 without causing deterioration of status to 
the waterbody. The benefits that such developments can bring need to be balanced 
against the social and economic benefits gained by maintaining the status of the water 
environment in England and Wales.”  Even without the Project, the Western Wales 
RBMP (Environment Agency, 2009) acknowledges that “achieving good status in all 
waterbodies by 2027 is a significant challenge. The information gained from 
investigations during the first cycle will help to accelerate improvement to known issues 
using both traditional and novel techniques in both second and third cycles. New issues 
will arise though.” (page 37).  The Western Wales RBMP (2009) goes on to say “For 
some waters therefore, achieving good status by 2027 may not be technically feasible or 
disproportionately costly.  The Environment Agency wants to work with others to find 
and implement additional actions to improve the environment, with the aspiration of 
achieving good status in at least 60 per cent of waters by 2021 and in as many waters as 
possible by 2027.” (page 37).  This statement in the RBMP emphasises that river basin 
management planning to achieve the WFD Objectives is an adaptive management 
process that is capable of managing new issues. 

7.1.0.12 Information has been provided in the report to assist decision makers to fully assess the 
Project in accordance with Articles 4.7 and 4.8 of the Directive.  TLSB considers that the 
Project has been designed such that the following two principal conditions are satisfied:  

64 Including hydropower generation 
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• All practicable steps, including consideration of all significantly better 
environmental options, must have been taken by the developer to mitigate the 
adverse effects of the proposed Project; and  

• An overriding public interest in the renewable energy Project proceeding has 
been demonstrated and/or the benefits of the Project to human health, to the 
maintenance of human safety or to sustainable development have been shown to 
outweigh the social and environmental benefits of avoiding the impacts of the 
project.  

7.1.0.13 TLSB considers that the EU, UK and Welsh legislative and policy context in itself provides 
a public interest case for the development of this Project.  This addresses the 
justification required under Article 4.7.  The public interest case is strengthened further 
by the contribution of the Project to sustainable development in Wales, the city region 
and the local area.  The Project contributes to economic, social and environmental 
sustainability in the area.  TLSB consider that there is a strong overriding case in the 
public interest to develop the Project.  

7.1.0.14 In addition, the environmental impact assessment process demonstrates that there are 
considerable positive impacts and that the siting and design of the Project has avoided 
significant adverse impacts and identified mitigation as far as reasonably possible.  This 
shows that the strong case in the public interest is not undermined by environmental 
impacts. 
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Coastal  

Coastal waterbodies that have been identified, adjacent or near to the Project, are: 

I. Swansea Bay (Coastal waterbody, GB641008260000) 
II. Bristol Channel Outer North (Coastal waterbody, GB611008590001)

Figure A WFD Waterbodies – Coastal65 

65 Environment Agency ‘What’s in Your Backyard’ Maps http://maps.environment-
agency.gov.uk/wiyby/wiybyController?ep=maptopics&lang=_e; accessed March 2013  
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Transitional (Estuarine) 

Transitional (or estuarine) waterbodies that have been identified, adjacent or near to 
the Project, are: 

i. Tawe Estuary (Estuarine waterbody, GB541005900900) 

ii. Neath Estuary (Estuarine waterbody, GB541005800700) 

iii. Afan Estuary (Estuarine waterbody, GB541005800600) 

 

 
 Figure B WFD Waterbodies – Transitional (Estuarine) Neath and Tawe66  
 
Note: The image of the Tawe Estuary transitional water body was obtained from the 
Environment Agency website http://maps.environment-
agency.gov.uk/wiyby/wiybyController?x=357683&y=355134&scale=1&layerGroups=default&ep=
map&textonly=off&lang=_e&topic=wfd_estuaries#x=267395&y=192766&lg=1,5,6,7,&scale=8 
which is the link provided from the Annex B of the Western Wales River Basin Management Plan 
(Environment Agency, 2009a) and is for illustration purposes.  The extent of the water body has 
been considered to cover the area upstream to the WFD river bodies that adjoin the water body 
(i.e. Tawe - conf with Nant Cwmgelli to tidal limit GB110059025690; Nant y Fendrod - 
headwaters to conf with Tawe GB110059025710; and Tawe -confluence with Twrch to tidal limit 
GB110059032180).  

66 Environment Agency ‘What’s in Your Backyard’ Maps http://maps.environment-
agency.gov.uk/wiyby/wiybyController?ep=maptopics&lang=_e; accessed March 2013 
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Figure C WFD Waterbodies – transitional (Estuarine) Afan67  

  

67 Environment Agency ‘What’s in Your Backyard’ Maps http://maps.environment-
agency.gov.uk/wiyby/wiybyController?topic=wfd_estuaries&layerGroups=default&lang=_e&ep=map&scale=6&x=275401.
3541666666&y=186648.48958333328#x=275470&y=188972&lg=1,5,6,7,&scale=9, accessed March 2013 

Tidal Lagoon Swansea Bay 
Water Framework Directive Assessment – Revised Report v2 Page  198 

 

                                                             

http://maps.environment-agency.gov.uk/wiyby/wiybyController?topic=wfd_estuaries&layerGroups=default&lang=_e&ep=map&scale=6&x=275401.3541666666&y=186648.48958333328%23x=275470&y=188972&lg=1,5,6,7,&scale=9
http://maps.environment-agency.gov.uk/wiyby/wiybyController?topic=wfd_estuaries&layerGroups=default&lang=_e&ep=map&scale=6&x=275401.3541666666&y=186648.48958333328%23x=275470&y=188972&lg=1,5,6,7,&scale=9
http://maps.environment-agency.gov.uk/wiyby/wiybyController?topic=wfd_estuaries&layerGroups=default&lang=_e&ep=map&scale=6&x=275401.3541666666&y=186648.48958333328%23x=275470&y=188972&lg=1,5,6,7,&scale=9


Tidal Lagoon Swansea Bay Plc 

Groundwater 

A groundwater waterbody that has been identified, adjacent or near to the Project, is: 

i. Swansea Carboniferous Coal Measures (Groundwater waterbody,
GB41002G201000)

Figure D WFD Waterbodies – Groundwater68 

68 Environment Agency ‘What’s in Your Backyard’ Maps http://maps.environment-
agency.gov.uk/wiyby/wiybyController?ep=maptopics&lang=_e; accessed March 2013 
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Table A WFD Baseline Data (Transitional, Coastal Waters, Groundwater) 

Waterbody ID No. 
and name 

Estuarine Coastal Water Groundwater 
GB541005900900 
Tawe Estuary 

GB541005800700 
Neath Estuary  

GB641008260000 
Swansea Bay 

GB611008590001 
Bristol Channel Outer North  

GB41002G201000 Swansea 
Carboniferous Coal 
Measures 

Classified as Heavily 
Modified? 

Yes Yes Yes No N/A 

Current Overall 
Status or Potential 

Good potential Good potential Moderate or worse Good Poor (Overall Class) 

Status Objective 
(Overall) 

Good potential y 2015 Good potential by 2015 Good potential by 2027 Good by 2027 Good by 2027 

Specific Status 
Objective(s) 

Good Ecological Potential by 
2015 

Good Ecological Potential 
by 2015, Good Chemical 
Status by 2015 

Good Ecological Potential by 
2027, Good Chemical Status 
by 2015 

Good Ecological Status by 
2027, Good Chemical Status 
by 2015 

Good Quantitative Status by 
2015, Good Chemical Status 
by 2027 

Justification if 
overall objective is 
not good status by 
2015 

N/A – waterbody is meeting 
objective  

N/A – waterbody is 
meeting objective  

Disproportionately 
expensive. Technically 
infeasible 

Disproportionately expensive. Disproportionately 
expensive 

Protected Area 
Designation 

Shellfish Water Directive, 
Urban Waste Water 
Treatment Directive 

Shellfish Water Directive. 
The Neath Estuary 
borders Crymlyn Burrows 
SSSI 

Bathing Water Directive, 
Freshwater Fish Directive, 
Natura 2000 (Habitats and / 
or Birds Directive, Shellfish 
Water Directive 

Bathing Water Directive, 
Natura 2000 (Habitats and / 
or Birds Directive). Shellfish 
Water Directive 

Drinking Water Protected 
Area 

Information on 
supporting biological 
elements 

Biological elements: 
Macroalgae: High 

Other biological elements: 
Not assessed 

Current Status – High Phytoplankton: 
Current Status – Good 
Predicted Status by 2015 – 
Bad  

Macroalgae: 
High 

Other biological elements: 
not assessed 

Phytoplankton:  
Current Status – High  
Predicted Status by 2015 – 
High  

Terrestrial ecosystems -
probably at risk 

Information on 
supporting chemical 

Not assessed Current status – good 
Objective – good by 2015 

Dissolved inorganic 
nitrogen: 

Dissolved Oxygen: 
Current Status – High  

From RMP  
Not at risk - Nitrate. 
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Waterbody ID No. 
and name 

Estuarine Coastal Water Groundwater 
GB541005900900 
Tawe Estuary 

GB541005800700 
Neath Estuary  

GB641008260000 
Swansea Bay 

GB611008590001 
Bristol Channel Outer North  

GB41002G201000 Swansea 
Carboniferous Coal 
Measures 

elements 
Dissolved Oxygen: 
Current status – High  
Predicted status by 2015 – 
High 

Arsenic: 
Current status – Good 
Objective – not set 

Copper: 
Current status – Good 
Objective – not set 

Iron: 
Arsenic: 
Current status – Good 
Objective – not set 

Zinc: 
Arsenic: 
Current status – Good 
Objective – not set 

Not assessed 

Dissolved oxygen: 
Current Status – High 
Predicted Status by 2015 – 
High  

Copper: 
Current Status – Good  
Predicted Status by 2015 – 
Good 

Toluene: 
Current Status – Good  
Predicted Status by 2015 – 
Good 

Predicted status by 2015 – 
High 

Dissolved inorganic nitrogen: 
Current status – good 
Predicted status by 2015 – 
moderate 

Copper: 
Current Status – Good  

Probably not at risk for 
diffuse pesticides; 
phosphorous, chlorinated 
substance, hazardous 
substance 

Information on 
supporting hydro-
morphological 
conditions 

Tidal Regime - Freshwater 
Flow: 
Current status – Supports 
Good   
Predicted status by 2015 – 
Supports Good 

Tidal Regime - Freshwater 
Flow: 
Current status – Supports 
Good 
Predicted status by 2015 – 
Supports Good 

Not assessed Morphology: 
Current Status – Supports 
Good 
Predicted Status by 2015 – 
Supports Good 

Not at risk - Saline intrusion 
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Waterbody ID No. 
and name 

Estuarine Coastal Water Groundwater 
GB541005900900 
Tawe Estuary 

GB541005800700 
Neath Estuary  

GB641008260000 
Swansea Bay 

GB611008590001 
Bristol Channel Outer North  

GB41002G201000 Swansea 
Carboniferous Coal 
Measures 

Information on 
Quantitative Status 
(Groundwater Only) 

N/A N/A N/A N/A Current Status: Good 

Impact on Wetlands: 
Current Status – Good 
Predicted Status by 2015 – 
Good 

Impact on Surface Waters: 
Current Status – Good 
Predicted Status by 2015 – 
Good 

Saline Intrusion: 
Current Status – Good 
Predicted Status by 2015 – 
Good 

Water Balance: 
Current Status – Good 
Predicted Status by 2015 – 
Good 

Information on 
Chemical Status 

Does not require assessment Current Status: Good 
Objective: Good by 2015 

1,2-dichloroethane:  
Current status – Good  
Predicted status by 2015 – 
Good 

Cadmium and its 
compounds: 
Current status – good 
Objective – not set  

Current Status: Good 

Benzene: 
Current status – Good  
Predicted status by 2015 – 
Good 

Lead and its Compounds: 
Current status – Good  
Predicted status by 2015 – 
Good 

Mercury and its 
Compounds: 

Current Status: Good 

1,2-dichloroethane: 
Current status – Good  
Predicted status by 2015 – 
Good 

Lead and its Compounds: 
Current status – Good  

Cadmium and its Compounds: 
Current status – Good  
Predicted status by 2015 – 

Current Status: Poor 

Drinking Water Protected 
Area: Current Status – Good 
Predicted Status by 2015 – 
Good 

General Chemical Test: 
Current Status – Poor 
Predicted Status by 2015 – 
Good 
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Waterbody ID No. 
and name 

Estuarine Coastal Water Groundwater 
GB541005900900 
Tawe Estuary 

GB541005800700 
Neath Estuary  

GB641008260000 
Swansea Bay 

GB611008590001 
Bristol Channel Outer North  

GB41002G201000 Swansea 
Carboniferous Coal 
Measures 

Hexacholobenzene: 
Current status – good 
Objective – not set 

Hexachlobutadiene 
Current status – good 
Objective – not set 

Hexachlorocyclohexane 
Current status – good 
Objective – not set 

Lead and its compounds 
Current status – good 
Objective – not set 

Mercury and its 
compounds 
Current status – good 
Objective – not set 

Nickel and its compounds 
Current status – good 
Objective – not set 

Pentachlorophenol 
Current status – good 
Objective – not set 

Trichlorobenzenes 
Current status – good 
Objective – not set 

Current status – Good  
Predicted status by 2015 – 
Good 

Nickel and its Compounds: 
Current status – Good  
Predicted status by 2015 – 
Good 

Cadmium and its 
compounds: 
Current status – good 
Objective – not set  

Hexacholobenzene: 
Current status – good 
Objective – not set 

Hexachlobutadiene 
Current status – good 
Objective – not set 

Hexachlorocyclohexane 
Current status – good 
Objective – not set 

Aldrin, dieldrin, endrin and 
Isodrin 
Current status – good 
Objective – not set 

Carbon tetrachloride 
Current status – good 
Objective – not set 

Good 

Nickel and its compounds: 
Lead and its Compounds: 
Current status – Good  
Predicted status by 2015 – 
Good 

Hexachlorobenzene: 
Current status – Good  
Predicted status by 2015 – 
Good 

Hexachlorobutadiene: 
Current status – Good  
Predicted status by 2015 – 
Good 

Hexachlorocyclohexane: 
Current status – Good  
Predicted status by 2015 – 
Good 

Mercury and its Compounds: 
Lead and its Compounds: 
Current status – Good  

Pentachlorophenol: 
Current status – Good  
Predicted status by 2015 – 
Good 

Trichlorobenzenes: 
Current status – Good  
Predicted status by 2015 – 

Impact on Wetlands: 
Current Status – Good 
Predicted Status – Good 

Impact on Surface Waters: 
Current Status – Poor 
Predicted Status by 2015 – 
Poor 

Saline Intrusion: 
Current Status – Good 
Predicted Status by 2015 - 
Good 
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Waterbody ID No. 
and name 

Estuarine Coastal Water Groundwater 
GB541005900900 
Tawe Estuary 

GB541005800700 
Neath Estuary  

GB641008260000 
Swansea Bay 

GB611008590001 
Bristol Channel Outer North  

GB41002G201000 Swansea 
Carboniferous Coal 
Measures 

Trichlormethane 
Current status – good 
Objective – not set 

Aldrin, dieldrin, endrin 
and Isodrin 
Current status – good 
Objective – not set 

Carbon tetrachloride 
Current status – good 
Objective – not set 

DDT total 
Current status – good 
Objective – not set 

Para-para DDT 
Current status – good 
Objective – not set 

Tetrachloroethylene 
Current status – good 
Objective – not set 

Trichlorethylene 
Current status – good 
Objective – not set 

DDT total 
Current status – good 
Objective – not set 

Para-para DDT 
Current status – good 
Objective – not set 

Good 

Trichloromethane: 
Current status – Good  
Predicted status by 2015 – 
Good 

Aldrin, Dieldrin, Endrin and 
Isodrin: 
Current status – Good  
Predicted status by 2015 – 
Good 

Carbon Tetrachloride: 
Current status – Good  
Predicted status by 2015 – 
Good 

DDT Total: 
Current status – Good  
Predicted status by 2015 – 
Good 

Para-para DDT: 
Current status – Good  
Predicted status by 2015 – 
Good 

Tetrachloroethylene: 
Current status – Good  
Predicted status by 2015 – 
Good 

Trichloroethylene: 
Current status – Good  
Predicted status by 2015 – 
Good 
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Waterbody ID No. 
and name 

Estuarine Coastal Water Groundwater 
GB541005900900 
Tawe Estuary 

GB541005800700 
Neath Estuary  

GB641008260000 
Swansea Bay 

GB611008590001 
Bristol Channel Outer North  

GB41002G201000 Swansea 
Carboniferous Coal 
Measures 

Hydrological 
relationship with 
Project 

A small proportion of the 
offshore element of the 
Project is located within this 
waterbody 

The grid connection route 
crosses this waterbody,  

The offshore element of the 
Project is located within this 
waterbody  

The Project is located directly 
adjacent to this waterbody 

The offshore element of the 
Project is located directly 
adjacent to this 
groundwater waterbody, 
with the grid connection 
route and other limited 
land-based works located 
within the waterbody 

Additional 
information from 
the Waterbody 
Action Plans (WAPs) 

Waterbody is considered at 
risk of physical or 
morphological alteration as a 
result of dredging 

Waterbody is considered 
probably at risk of point 
source pollution as a result 
from dangerous substances 
and sanitary determinands, 
and also from diffuse source 
pollution as a result of 
nutrient nitrogen  

Waterbody is considered 
at risk of physical or 
morphological alteration 
as a result of dredging  

Waterbody is also 
considered probably at 
risk from point and diffuse 
source pollution as a 
result of organic 
enrichment and sanitary 
determinands 

Waterbody is considered 
probably at risk of diffuse 
source pollution as a result 
of nutrient nitrogen, and 
from physical or 
morphological alteration as 
a result from shoreline 
structures 

Waterbody is considered 
probably at risk of physical or 
morphological alteration as a 
result of dredge spoil 
replacement. It is also 
considered probably at risk 
from invasive species 

Waterbody is considered 
probably not at risk - Diffuse 
Source Urban and Transport 
Pressure Drinking, Water 
and Abstraction 

Note – text in red indicates WFD failure 
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Table B Waterbody Classification Data for Migratory Fish69 

Waterbody ID Waterbody 
EQR 

Waterbody 
Status 

Catchment River (1) River (2) Site Name Site NGR EQR Eel EQR 
Salmon 

EQR 
Trout 

Natural 
obstruction 

GB110058026120 0.5017 Good Afan Afan AF05 SS8719196241 0.7953 0.7567 0.5723 No 

GB110058026150 0.4445 Good Afan Corrwg AF03 SS8765599245 0.9220 0.4963 0.6897 No 

GB110058026150 0.4445 Good Afan Corrwg AF(x) SS8632897294 0.7760 0.2857 0.5657 No 

GB110058026150 0.4445 Good Afan Corrwg Corrwg fechan AF04a SS8754699446 0.9183 0.1480 0.5843 No 

GB110058026130 0.4603 Good Afan Cregan AF13X SS8448897164 0.8203 1.0000 0.3660 Yes 

GB110058026130 0.4603 Good Afan Cregan AF02 SS8482396366 0.7603 0.3823 0.6727 No 

GB110058026100 0.05193 Poor Afan Ffrwdwyllt AF07 SS8160092196 0.8307 0.2117 0.6757 No 

GB110058026100 0.05193 Poor Afan Ffrwdwyllt AF06 SS7750089500 0.2250 0.1917 0.2877 No 

GB110058026100 0.05193 Poor Afan Ffrwdwyllt AF08X SS8000090500 0.5600 0.2360 0.2927 No 

GB110058026140 0.1783 Poor Afan Pelenna Blaenpelenna AF11AX SS8161197008 0.7847 0.1557 0.1300 No 

GB110058026140 0.1783 Poor Afan Pelenna AF01 SS7990096200 0.6660 0.3927 0.4360 No 

GB110058026140 0.1783 Poor Afan Pelenna Gwenffrwd AF10X SS7973796237 0.5843 0.1657 0.2507 No 

GB110058026170 0.4373 Good Kenfig Coalbrook KE11X SS8232983520 0.4853 0.4070 0.5743 No 

GB110058026190 0.1974 Poor Kenfig Cwm philip Cwmcaetreharn KEWFD3 SS8061086864 0.6480 0.3177 0.3330 No 

GB110058026190 0.1974 Poor Kenfig Cwm philip KEC2 SS8027886010 0.4177 0.2243 0.4887 No 

GB110058026190 0.1974 Poor Kenfig Cwm philip KEC1 SS8048484043 0.4443 0.3987 0.0313 No 

GB110058026190 0.1974 Poor Kenfig Cwm philip KEC3 SS8039185412 0.3407 0.2490 0.2330 No 

GB110058026190 0.1974 Poor Kenfig Cwm philip KEC4 SS8041985358 0.2787 0.3103 0.0527 No 

GB110058026190 0.1974 Poor Kenfig Kenfig KEWFD2 SS7897287560 0.4330 0.3693 0.7497 No 

GB110058026170 0.4373 Good Kenfig Kenfig KE6 SS8067982915 0.2477 0.2523 0.4477 No 

GB110058026380 0.4022 Good Neath Clydach NE05 SN8323202596 0.7847 0.2033 0.3593 No 

69 Supplied by NRW on the 2 July 2014 
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Waterbody ID Waterbody 
EQR 

Waterbody 
Status 

Catchment River (1) River (2) Site Name Site NGR EQR Eel EQR 
Salmon 

EQR 
Trout 

Natural 
obstruction 

GB110058026380 0.4022 Good Neath Clydach NE05A SN8290402960 0.3670 0.6527 0.3700 No 

GB110058026390 0.3768 Moderate Neath Clydach NE01i SN7394500748 0.4960 0.1220 0.8570 No 

GB110058032360 0.5387 Good Neath Dulais NE03 SN8079707577 0.7367 1.0000 0.7133 Yes 

GB110058032360 0.5387 Good Neath Dulais NE03C SN7774800621 0.2633 1.0000 0.9077 Yes 

GB110058032430 0.6895 Good Neath Gwrelych NE07A SN8890406618 0.6203 0.4493 0.9123 No 

GB110058032430 0.6895 Good Neath Gwrelych GWR2 SN8880106645 0.6030 0.6993 0.1250 No 

GB110058032430 0.6895 Good Neath Gwrelych GWR3 SN8921506261 0.8070 0.4017 0.3423 No 

GB110058032430 0.6895 Good Neath 

Melin 
court 
brook NE04 SN8222902011 0.7667 0.2213 0.9353 No 

GB110058032380 0.3802 Moderate Neath Mellte NE20 SN9316813353 0.9443 1.0000 0.1967 Yes 

GB110058032420 0.4536 Good Neath Mellte Dringarth NE12 SN9365114351 0.9550 1.0000 0.3463 Yes 

GB110058032390 0.3845 Moderate Neath Mellte Hepste NE14 SN9409909775 0.9180 1.0000 0.3657 Yes 

GB110058032330 0.4335 Good Neath Mellte NE08 SN9125608131 0.7757 0.1150 0.8180 No 

GB110058032320 0.3568 Moderate Neath Mellte Sychryd NE07i SN9112207897 0.8170 0.1683 0.7860 No 

GB110058032430 0.6895 Good Neath Nant clwyd NE19 SN8498704964 0.5810 0.3863 0.8817 No 

GB110058032400 0.4992 Good Neath Neath NE10 SN9110814838 0.9737 1.0000 0.5327 Yes 

GB110058032370 0.5073 Good Neath Pyrddin NE02 SN8692810285 0.9117 1.0000 0.6460 Yes 

GB110058032430 0.6895 Good Neath 
Rheola 
brook NE06 SN8429904158 0.8307 0.5343 0.8263 No 

GB110059025610 0.4572 Good 

South 
Gower 
Streams Burry pill GS01 SS4512793137 0.2450 0.2267 0.7727 No 

GB110059025620 0.2839 Moderate 

South 
Gower 
Streams Clyne SGWFD1 SS5979592422 0.2163 0.2817 0.1557 No 
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Waterbody ID Waterbody 
EQR 

Waterbody 
Status 

Catchment River (1) River (2) Site Name Site NGR EQR Eel EQR 
Salmon 

EQR 
Trout 

Natural 
obstruction 

GB110059025580 0.4166 Good 

South 
Gower 
Streams 

Pennard 
pill GS02 SS5453589145 0.3987 0.2387 0.4287 No 

GB110059025520 0.4849 Good 

South 
Gower 
Streams 

Pennard 
pill SGWFD2 SS5435189043 0.6140 0.3590 0.3463 No 

GB110059025710 0.5032 Good Tawe Fendrod TW15A SS6870099200 0.2260 0.5803 0.6293 No 

GB110059032280 0.4822 Good Tawe Giedd TW12 SN7873011283 0.8030 0.2707 0.7037 No 

GB110059032200 0.4729 Good Tawe 
Lower 
clydach TW01 SN6890201229 0.5107 0.4513 0.4780 No 

GB110059032200 0.4729 Good Tawe 
Lower 
clydach TW02A SN6842302645 0.6033 0.1753 0.0937 No 

GB110059032180 0.6761 Good Tawe Nant du TW03 SN7414805704 0.4500 0.7793 0.9747 No 

GB110059032180 0.6761 Good Tawe Nant du TW03Ai SN7410005700 0.4540 1.0000 0.7937 Yes 

GB110059032170 0.7229 High Tawe 
Nant 
gyrlais TWN4 SN7864809410 0.6930 0.4610 0.9263 No 

GB110059032180 0.6761 Good Tawe Nant llech TWN3 SN7188002971 0.5993 0.3500 0.8297 No 

GB110059032250 0.558 Good Tawe Nant llech TW13 SN8342212598 0.4683 0.6470 0.7247 No 

GB110059032240 0.8102 High Tawe Tawe TW05 SN8246712814 0.8817 0.5663 0.9957 No 

GB110059032220 0.5064 Good Tawe Twrch Llynfell TW11A SN7549011519 0.4673 0.1173 0.7870 No 

GB110059032300 0.6031 Good Tawe Tywynni TW14a SN8498217211 0.5223 1.0000 0.5057 Yes 

GB110059032190 0.7027 High Tawe 
Upper 
clydach 

WFD site 
(Clydach) SN7212803935 0.9400 0.3320 0.7913 No 
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Table C:  Waterbodies with no data available to generate fish classifications70 

Waterbody ID Waterbody 

GB110058026110 Afan - confluence with Pelenna to tidal limit 

GB110058026160 Kenfig - Nant Cwm Philip conf to Margam Moors conf 

GB110058026180 Margam Moors - headwaters to conf with Kenfig 

GB110058026450 Kenfig - conf with Margam Moors to tidal limit 

GB110058026350 Baglan Brook - headwaters to conf with River Neath 

GB110058026370 Nant Cae'r-bryn - headwaters to conf with Neath 

GB110059032270 Gwys - headwaters to confluence with Twrch 

GB110059032290 Twrch - headwaters to confluence with Llynfell 

70 Supplied by the NRW on 2 July 2014 
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APPENDIX 3 

Figures

Proposed works within WFD Waterbodies (Neath and Tawe waterbodies) 

Proposed works within WFD Waterbodies (Swansea Bay, Neath and Tawe waterbodies) 

Figure 6.50 Predicted changes to mud deposition during a 10 in 1 yr storm event 

Figure 6.51 Predicted changes to mud deposition during calm periods (spring tide only) 

Figure 6.52 Predicted changes to mud deposition during a 1 in 20 year storm event 

Figure 8.17  Titan Environmental Surveys Ltd, Sample points (2013) 
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FIGURE 6.52

PREDICTED CHANGES TO MUD DEPOSITION 

DURING A 1 IN 20 YEAR STORM EVENT
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SWANSEA BAY TIDAL LAGOON

FIGURE 6.51

PREDICTED CHANGES TO MUD DEPOSITION 

DURING CALM PERIODS (SPRING TIDE ONLY)
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SWANSEA BAY TIDAL LAGOON

FIGURE 6.50

PREDICTED CHANGES TO MUD DEPOSITION 

DURING A 10 IN 1 YR STORM EVENT
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APPENDIX 4 

WFD Classification Descriptions for Biological Elements
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River Waterbodies Description of Classification Status 

Table 1: Description of high, good and moderate status for river macrophytes and phytobenthos  
HIGH STATUS  GOOD STATUS  MODERATE STATUS  
The taxonomic composition corresponds 
totally or nearly totally to undisturbed 
conditions.  
There are no detectable changes in the 
average macrophytic and the average 
phytobenthic abundance.  

There are slight changes in the 
composition and abundance of 
macrophytic and phytobenthic taxa 
compared to the type-specific 
communities. Such changes do not 
indicate any accelerated growth of 
phytobenthos or higher forms of plant 
life resulting in undesirable disturbances 
to the balance of organisms present in 
the waterbody or to the physico-
chemical quality of the water or 
sediment.  
The phytobenthic community is not 
adversely affected by bacterial tufts and 
coats present due to anthropogenic 
activity.  

The composition of macrophytic and 
phytobenthic taxa differs moderately 
from the type-specific community and is 
significantly more distorted than at good 
status.  
Moderate changes in the average 
macrophytic and the average 
phytobenthic abundance are evident.  
The phytobenthic community may be 
interfered with and, in some areas, 
displaced by bacterial tufts and coats 
present as a result of anthropogenic 
activities.  

Table 2: Description of high, good and moderate status for river invertebrates  
HIGH STATUS  GOOD STATUS  MODERATE STATUS  
The taxonomic composition and 
abundance correspond totally or nearly 
totally to undisturbed conditions.  
The ratio of disturbance sensitive taxa to 
insensitive taxa shows no signs of 
alteration from undisturbed levels.  
The level of diversity of invertebrate 
taxa shows no sign of alteration from 
undisturbed levels.  

There are slight changes in the 
composition and abundance of 
invertebrate taxa from the type-specific 
communities.  
The ratio of disturbance-sensitive taxa 
to insensitive taxa shows slight 
alteration from type-specific levels.  
The level of diversity of invertebrate 
taxa shows slight signs of alteration from 
type-specific levels.  

The composition and abundance of 
invertebrate taxa differ moderately from 
the type-specific communities.  
Major taxonomic groups of the type-
specific community are absent.  
The ratio of disturbance-sensitive taxa 
to insensitive taxa, and the level of 
diversity, are substantially lower than 
the type-specific level and significantly 
lower than for good status.  

Table 3: Description of high, good and moderate status for river fish 
HIGH STATUS  GOOD STATUS  MODERATE STATUS  
Species composition and abundance 
correspond totally or nearly totally to 
undisturbed conditions.  
All the type-specific disturbance-
sensitive species are present.  
The age structures of the fish 
communities show little sign of 
anthropogenic disturbance and are not 
indicative of a failure in the 
reproduction or development of any 
particular species.  

There are slight changes in species 
composition and abundance from the 
type-specific communities attributable 
to anthropogenic impacts on physico-
chemical and hydromorphological 
quality elements.  
The age structures of the fish 
communities show signs of disturbance 
attributable to anthropogenic impacts 
on physico-chemical or 
hydromorphological quality elements, 
and, in a few instances, are indicative of 
a failure in the reproduction or 
development of a particular species, to 
the extent that some age classes may be 
missing.  

The composition and abundance of fish 
species differ moderately from the type-
specific communities attributable to 
anthropogenic impacts on physico-
chemical or hydromorphological quality 
elements.  
The age structure of the fish 
communities shows major signs of 
anthropogenic disturbance, to the 
extent that a moderate proportion of 
the type specific species are absent or of 
very low abundance.  

Tidal Lagoon Swansea Bay 
Water Framework Directive Assessment – Revised Report v2 Page  216 



 Tidal Lagoon Swansea Bay Plc  
  
  

 

 

Coastal Waterbodies Description of Classification Status 
 

 
Table 8: Description of high, good and moderate status for coastal water phytoplankton  
HIGH STATUS  GOOD STATUS  MODERATE STATUS  
The composition and abundance of 
phytoplanktonic taxa are consistent 
with undisturbed conditions.  
The average phytoplankton 
biomass is consistent with the type-
specific physico-chemical 
conditions and is not such as to 
significantly alter the type-specific 
transparency conditions.  
Planktonic blooms occur at a 
frequency and intensity which is 
consistent with the type specific 
physico-chemical conditions.  

The composition and abundance of 
phytoplanktonic taxa show slight 
signs of disturbance.  
There are slight changes in biomass 
compared to type-specific 
conditions. Such changes do not 
indicate any accelerated growth of 
algae resulting in undesirable 
disturbance to the balance of 
organisms present in the 
waterbody or to the quality of the 
water.  
A slight increase in the frequency 
and intensity of the type-specific 
planktonic blooms may occur.  

The composition and abundance of 
planktonic taxa show signs of 
moderate disturbance.  
Algal biomass is substantially 
outside the range associated with 
type-specific conditions, and is such 
as to impact upon other biological 
quality elements.  
A moderate increase in the 
frequency and intensity of 
planktonic blooms may occur. 
Persistent blooms may occur during 
summer months.  

 
 
Table 9: Description of high, good and moderate status for coastal water macroalgae and angiosperms 
HIGH STATUS  GOOD STATUS  MODERATE STATUS  
All disturbance-sensitive macroalgal 
and angiosperm taxa associated 
with undisturbed conditions are 
present.  
The levels of macroalgal cover and 
angiosperm abundance are 
consistent with undisturbed 
conditions.  

Most disturbance-sensitive 
macroalgal and angiosperm taxa 
associated with undisturbed 
conditions are present.  
The level of macroalgal cover and 
angiosperm abundance show slight 
signs of disturbance.  

A moderate number of the 
disturbance-sensitive macroalgal 
and angiosperm taxa associated 
with undisturbed conditions are 
absent.  
Macroalgal cover and angiosperm 
abundance is moderately 
disturbed and may be such as to 
result in an undesirable 
disturbance to the balance of 
organisms present in the 
waterbody.  

 

Table 10: Description of high, good and moderate status for coastal water invertebrates  
HIGH STATUS  GOOD STATUS  MODERATE STATUS  
The level of diversity and abundance 
of invertebrate taxa is within the 
range normally associated with 
undisturbed conditions.  
All the disturbance sensitive taxa 
associated with undisturbed 
conditions are present.  

The level of diversity and abundance 
of invertebrate taxa is slightly 
outside the range associated with 
the type-specific conditions.  
Most of the sensitive taxa of the 
type-specific communities are 
present  

The level of diversity and abundance 
of invertebrate taxa is moderately 
outside the range associated with 
the type-specific conditions.  
Taxa indicative of pollution are 
present.  
Many of the sensitive taxa of the 
type-specific communities are 
absent  
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Estuary Waterbodies Description of Classification Status 

Table 11: Description of high, good and moderate status for phytoplankton in estuaries 
HIGH STATUS GOOD STATUS MODERATE STATUS 
The composition and abundance of 
the phytoplanktonic taxa are 
consistent with undisturbed 
conditions.  
The average phytoplankton biomass 
is consistent with the type-specific 
physico-chemical conditions and is 
not such as to significantly alter the 
type-specific transparency 
conditions.  
Planktonic blooms occur at a 
frequency and intensity which is 
consistent with the type specific 
physico-chemical conditions  

There are slight changes in the 
composition and abundance of 
phytoplanktonic taxa.  
There are slight changes in biomass 
compared to the type-specific 
conditions. Such changes do not 
indicate any accelerated growth of 
algae resulting in undesirable 
disturbance to the balance of 
organisms present in the waterbody 
or to the physico-chemical quality of 
the water.  
A slight increase in the frequency 
and intensity of the type specific 
planktonic blooms may occur.  

The composition and abundance of 
phytoplanktonic taxa differ 
moderately from type-specific 
conditions.  
Biomass is moderately disturbed 
and may be such as to produce a 
significant undesirable disturbance 
in the condition of other biological 
quality elements.  
A moderate increase in the 
frequency and intensity of 
planktonic blooms may occur. 
Persistent blooms may occur during 
summer months.  

Table 12: Description of high, good and moderate status for macroalgae in estuaries 
HIGH STATUS GOOD STATUS MODERATE STATUS 
The composition of macroalgal taxa 
is consistent with undisturbed 
conditions.  
There are no detectable changes in 
macroalgal cover due to 
anthropogenic activities.  

There are slight changes in the 
composition and abundance of 
macroalgal taxa compared to the 
type-specific communities. Such 
changes do not indicate any 
accelerated growth of phytobenthos 
or higher forms of plant life resulting 
in undesirable disturbance to the 
balance of organisms present in the 
waterbody or to the physico-
chemical quality of the water.  

The composition of macroalgal taxa 
differs moderately from type-
specific conditions and is 
significantly more distorted than at 
good quality.  
Moderate changes in the average 
macroalgal abundance are evident 
and may be such as to result in an 
undesirable disturbance to the 
balance of organisms present in the 
waterbody.  

Table 13: Description of high, good and moderate status for angiosperms in estuaries  
HIGH STATUS GOOD STATUS MODERATE STATUS 
The taxonomic composition 
corresponds totally or nearly totally 
to undisturbed conditions.  
There are no detectable changes in 
angiosperm abundance due to 
anthropogenic activities.  

There are slight changes in the 
composition of angiosperm taxa 
compared to the type-specific 
communities.  
Angiosperm abundance shows slight 
signs of disturbance.  

The composition of the angiosperm 
taxa differs moderately from the 
type-specific communities and is 
significantly more distorted than at 
good quality.  
There are moderate distortions in 
the abundance of angiosperm taxa.  
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Table 14: Description of high, good and moderate status for estuarine invertebrates 
HIGH STATUS GOOD STATUS MODERATE STATUS 
The level of diversity and abundance 
of invertebrate taxa is within the 
range normally associated with 
undisturbed conditions.  
All the disturbance-sensitive taxa 
associated with undisturbed 
conditions are present.  

The level of diversity and abundance 
of invertebrate taxa is slightly 
outside the range associated with 
the type-specific conditions.  
Most of the sensitive taxa of the 
type-specific communities are 
present.  

The level of diversity and abundance 
of invertebrate taxa is moderately 
outside the range associated with 
the type-specific conditions.  
Taxa indicative of pollution are 
present.  
Many of the sensitive taxa of the 
type-specific communities are 
absent.  

Table 15: Description of high, good and moderate status for estuarine fish 
HIGH STATUS GOOD STATUS MODERATE STATUS 
Species composition and abundance 
is consistent with undisturbed 
conditions.  

The abundance of the disturbance-
sensitive species shows slight signs 
of distortion from type-specific 
conditions attributable to 
anthropogenic impacts on physico-
chemical or hydromorphological 
quality elements.  

A moderate proportion of the type-
specific disturbance-sensitive 
species are absent as a result of 
anthropogenic impacts on 
physicochemical or 
hydromorphological quality 
elements.  
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Table 7.4  Nutrient standards in marine and transitional waters under the WFD. 

Area Salinity (psu) Dissolved Inorganic Nitrogen (Winter mean) 
High/Good 
Boundary 

Good/Moderate 
Boundary 

Moderate/Poor 
Boundary 

Poor/Bad 
Boundary 

µmol/l µg/l µmol/l µg/l µmol/l µg/l µmol/l µg/l 

Offshore More than 34.5 10 140 15 210 - - - - 

Coastal 30 – 34.5 12 168 18 252 27 378 40.5 567 

Transitional Less than 30 20 280 30 420 45 630 67.5 945 

Table 7.5  Dissolved oxygen standards in marine waters under the WFD. 

Classification Standard (5 percentile 
mg/l) 

Description 

High 5.6 Protect all life-stages of salmonid fish 

Good 4.0 ~ 5.7 Resident salmonid fish 

Moderate 2.4 ~ 4.0 Protects most life-stages of non-salmonid fish 

Poor 1.6 ~ 2.4 Resident non-salmonid fish, poor survival of salmonid fish 

Bad 1.6 No salmonid fish. Marginal survival of resident species. 
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APPENDIX 5 

Annual Energy Production 
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Tidal Lagoon Swansea Bay. Registered in England and Wales No. 08141301 

Registered Office: The Lypiatts, Lansdown Rd, Cheltenham, GL50 2JA

NOTE ON TLP PROPRIETARY ENERGY MODEL AND TLSB ENERGY OUTPUT 

In order to accurately model the energy potential of the Swansea lagoon, Tidal Lagoon Power Ltd (TLP) 

has developed an in-house 0D model, which allows optimisation of energy production on a tide-by-tide 

basis for an entire year. This is called the ‘Full Systems’ model and is the most sophisticated of its type 

in the world.  

This model is termed a zero-dimensional (0D) model and was developed based on standard mass 

balance equations using the specific area characteristics of the final (J3) design for Tidal Lagoon 

Swansea Bay (TLSB), turbine performance characteristics for various types of turbines (variable speed 

and synchronous speed) supplied by the world’s three leading turbine manufacturers (GE-Andritz, 

Alstom and Voith) and tidal harmonic analysis provided by the University of Liverpool who are world 

leaders in tidal modelling. The turbine characteristics reflect the latest developments in the field of low 

head bulb turbines in tidal power applications. 

The 0D model results have been validated against independent 0D modelling by the University of 

Liverpool and by HR Wallingford for a number of typical cases. It is shown that these models are 

consistent and predict Annual Energy Production (AEP) figures that are less than 0.5% apart. All 

modelling is done for the year 2003.  

The in-house 0D modelling was then used to quantity variations in AEP due to tidal variations on a daily, 

monthly and yearly basis (AEP predictions were computed up to 2043) as well as due to storm surges 

and hydrodynamic, electrical and mechanical losses. It is shown that in the overall tidal cycle of 18.6 

years, the year 2003 represents an average year in terms of AEP and is suitable to be used as reference 

year to estimate long term average AEP figures. It is further shown that the variation due to storm 

surges is less than 3% (higher or lower) on a yearly basis. Two-dimensional (2D) modelling of the final 

lagoon layout was performed by the University of Liverpool and HR Wallingford. These 2D models have 

the ability to accurately simulate the dynamics of the flow into and out of the structures and provide a 

good understanding of the hydrodynamic effects involved.  

An assessment of the combined effect of electrical, mechanical and hydrodynamic losses was carried 

out based on specific data for turbine, transformer and (HV) cable losses. In terms of plant availability it 

is shown that a total allowance of 3% reduction on the AEP is sufficient to cover regular planned and 

unplanned maintenance and machine outages. With this assessment we use a conversion factor 

between gross and net overall AEP, the figure of 500GWh is the net AEP which will be exported to the 

grid and takes account of plant availability as well as all hydrodynamic and electrical losses and in the 

system. 
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