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9.0 Water Quality Processes

9.1 Overview of existing situation

9.1.0.1 The Severn Estuary is the UK’s second largest estuary with a tidal range in excess
of 12m. The resultant strong tidal currents fundamentally affect the physical,
chemical and biological properties of the Estuary. It is well mixed vertically as a
result of the high tidal flows and shallow water depth. In 2009, the Severn Tidal
Power — SEA Topic Paper: Marine Water Quality (DECC, 2010) reported that the
Estuary receives an average freshwater flow of approximately 25 million m3 /day
of which around 1 million m3 /day comes from sewage and industrial discharges.
The SEA notes that there are a wide range of direct discharges into the Estuary
including urban wastewater, industrial and power station discharges and a small
number of discharges containing radioactive substances. In addition, there are
various diffuse inputs occur, mainly from agriculture, but also to a lesser extent
from shipping.

9.1.0.2 The Severn Estuary and Bristol Channel contain a large number of water bodies as
defined by the 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,
referred to as the Water Framework Directive (WFD) (EU, 2000).

9.1.0.3 The WFD water bodies most likely to be directly impacted by the Project are the
coastal and transitional water bodies. There are also many connected water
bodies, primarily rivers, that may also be impacted to some extent by the Project
and which will need to be considered as part of a full WFD assessment. However,
it is anticipated that many of the identified water bodies, in particular the rivers,
will be screened out at an early stage of the impact assessment in relation to
effects on water quality. A separate WFD screening report will be prepared for the
Project (as detailed in Chapter 2 Proposed Approach) and submitted to the
appropriate statutory authorities.

9.1.04 Appendix 9.1 Water Quality Processes Data Review and Gap Analysis provides
further information on the coastal and transitional WFD water bodies in and
around the study area. Not all water bodies will be affected by the Project, but the
table provides an indication of the extent of transitional and coastal water bodies
within the study area. The performance and objectives of each water body are
presently under review by Natural Resources Wales (NRW) and the Environment
Agency (EA). Table 9.1 presents the current and objective overall status for each
water body as defined in 2009.
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Table 9.1: Overall WFD water body status — current (2009) and objective

WFD water | Name Approx. Current Overall objective!
body type distance overall
from status
Project
(km)
Transitional | Severn Upper 60 Moderate | Good Potential by 2027
Transitional | Severn Middle 30 Moderate | Good Potential by 2027
Transitional | Wye 30 Moderate | Good Status by 2027
Transitional | Bristol Avon 20 Good Good Potential by 2015
Transitional | Usk 0 Moderate | Good Potential by 2027
Transitional | Severn Lower 0 Moderate | Good Potential by 2027
Coastal Bristol Channel Inner | 5 Good Good Status by 2015
North
Coastal Bristol Channel Inner | 10 Moderate | Good Potential by 2027
South
Coastal Bridgwater Bay 15 Moderate | Good Status by 2027
Transitional | Parrett 15 Moderate | Good Status by 2027
Coastal Bristol Channel 35 Moderate | Good Status by 2027
Outer North
Coastal Bristol Channel 40 Good Good Status by 2015
Outer South
Transitional | Ogmore 50 Good Good Status by 2015
Coastal Swansea Bay 55 Bad Good Potential by 2027
Transitional | Afan 65 Good Good Potential by 2015
Transitional | Neath 70 Good Good Potential by 2015
Transitional | Tawe 70 Good Good Potential by 2015
Transitional | Loughor 110 Moderate | Good Status by 2027
Coastal Loughor QOuter 100 Good Good Status by 2015
Coastal Carmarthen Bay 80 Moderate | Good Status by 2027
Transitional | Tywi & Cywyn & 115 Moderate | Good Status by 2027
Gwendraeth
Coastal Pembrokeshire 135 Good Good Status by 2015
South
Transitional | Milford Haven Inner | 165 Moderate | Good Status by 2027
Coastal Milford Haven Quter | 150 Moderate | Good Status by 2027
Coastal Pickleridge Lagoon 160 Moderate | Good Status by 2027
Transitional | Solfach 180 Moderate | Good Status by 2027
Coastal Barnstaple Bay 90 Good Good Status by 2015
Coastal Bideford Bay 95 Moderate | Good Status by 2027
Transitional | Taw / Torridge 100 Moderate | Good Potential by 2027
Coastal Lundy 115 Good Good Status by 2015
Coastal Cornwall North 115 Good Good Status by 2015

9.1.0.5 Following the revocation of the EU Shellfish Waters Directive (EU, 2006b), Shellfish

Water quality is now protected by the WFD. The nearest Shellfish Waters to the

! potential indicates the status for a Heavily Modified Waterbody as defined by the WFD.
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Project are Swansea Bay and Burry Inlet on the Welsh coast and Taw/Torridge on
the English coast. Locations are shown in Figure 5.2 of Appendix 9.1. The closest
Shellfish Water, Swansea Bay, is approximately 50km from the Project.

9.1.0.6 Shellfish Harvesting Areas (or Designated Bivalve Mollusc Production Areas) are
found at specifically designated locations within the Shellfish Waters.
Classifications (A, B, C or Prohibited) are assigned annually for each harvested
species, based on sampling of bacterial concentrations in the shellfish flesh and
intravalvular fluid. The nearest harvested beds to the Project are in Swansea Bay.
There are three currently monitored beds in Swansea Bay and these have
consistently achieved Class B status in recent years. There is currently a single,
active several order for mussels within the Bay: The Swansea Bay Mussel Fishery
(CV and DM Thomas) Order 2012.

9.1.0.7 A number of designated Bathing Waters are found within the Severn Estuary and
Bristol Channel. Locations are shown in Figure 5.2 of Appendix 9.1. Bathing Waters
are protected by the revised Bathing Water Directive (rBWD) (EU, 2006a), which
came into force in 2015. All bathing waters will be required to achieve at least the
rBWD Sufficient class by the end of 2015.

9.1.0.8 Table 9.2 shows predicted Bathing Water performance against the rBWD
classification standards. Performance is based on the four years of data 2010-
2013, which may not be representative of long-term conditions. Predictions are as
provided by NRW (2013) and the EA (2013).

Table 9.2: Predicted rBWD performance for Bathing Waters in the vicinity of the

Project

Bathing Water Predicted rBWD performance
based on 2010-2013 sampling
data

Minehead Terminus Excellent

Dunster North West Good

Blue Anchor West Good

Burnham Jetty North Poor

Berrow North of Unity Farm | Good

Brean Good

Weston-super-Mare Uphill Poor

Slipway

Weston Main Good

Weston-super-Mare Sand Good

Bay

Clevedon Beach Good

Jackson's Bay Barry Island Good

Whitmore Bay Barry Island Good

Cold Knap Barry Excellent
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9.2 Scope of potential impact to be assessed
Overview of scope of water quality assessment

9.2.0.1 Water quality within the Severn Estuary and Bristol Channel reflects a dynamic
balance between upstream inputs to the estuary, downstream flushing of the
estuary (primarily by tidal action), and physical / chemical / biological processes
occurring within the water column. The most significant inputs to the estuary are
runoff from river catchments, wastewater discharges from sewerage catchments,
and potentially discharges from private or industrial sources (including power
stations). These inputs will form the focus of the marine water quality assessment.

9.2.0.2 The Project may cause a number of impacts, both on water quality processes and
on other topic areas that are directly or indirectly affected by water quality. The
scope of the water quality assessment has been driven by two main considerations.
First, the impacts that could be caused by the Project, both on its own and in
combination with other existing or proposed developments (see Chapter 3
Structure of the Environmental Statement). Second, evaluation of the Severn Tidal
Power Strategic Environmental Assessment (SEA) topic paper on marine water
quality (Parsons Brinckerhoff, 2010). The findings and recommendations of the
SEA topic paper have been incorporated into the proposed water quality
assessment scope.

9.2.0.3 The water quality assessment aims to provide the evidence needed to address the
following objectives, which are taken from the SEA topic paper on marine water
quality:

i. toavoid adverse effects on water quality in relation to water quality standards
(as defined in the WFD, rBWD etc.);

ii. to avoid adverse effects on designated marine wildlife sites of international
and national importance due to changes in water quality;

iii. to avoid adverse effects on water quality which would affect human health,
flora and fauna, recreation and other users;

iv. to avoid adverse effects on inherent water characteristics (temperature,
salinity, pH) that could lead to adverse changes in water quality; and

v. to minimise risks of pollution incidents.
Potential impacts of the Project

9.2.04 The following points summarise the primary mechanisms by which the Project
could affect the water quality environment and associated topics. These points
will all be addressed by the water quality assessment. Impacts will be assessed
both within the lagoon and through the wider estuarine environment.
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Changes to the hydrodynamic regime (current flows and water levels) may
affect the initial dilution, advection and dispersion of discharged pollutants.
This may affect the concentration of pollutants and other water quality
determinands in both space and time.

Changes to the flushing time of the estuary may similarly affect water quality.
This can occur both by altering the physical mixing of estuarine waters, and by
altering the residence time of estuarine water with knock-on effects on water
guality processes such as nutrient and oxygen cycles.

Changes to estuarine salinity and temperature, and in particular the potential
for stratification, could affect water column processes such as biological
growth and oxygen or nutrient cycling.

Changes to sediment movement and suspended sediment concentrations may
impact on water quality processes — for example, the uptake of oxygen due to
Chemical Oxygen Demand.

Changes to sediment movement and suspended sediment concentrations may
directly affect the distribution and impact of contaminants associated with
these sediments, such as metals.

Changes to turbidity may affect light penetration through the water column.
This could in turn affect growth rates for chlorophyll, phytoplankton and algae,
and die-off rates for faecal bacteria and other pathogens.

Complex water quality interactions will be considered. For example, changes
to estuarine salinity, temperature or pH can affect rates of chemical
interactions and biological processes.

Changes to water quality and sediment processes may affect the growth of
organisms such as macroalgae and reed beds, which could in turn further affect
both water quality and hydrodynamics.

Spatial scales of impact

9.2.0.5 For the purposes of the water quality assessment, the study region has been
divided into three areas.

9.2.0.6 The Near Field (Zone 1): this is the area immediately adjacent to the Project which
is directly hydraulically impacted and where pollutant sources can cause receiving
water concentrations to vary significantly in the short- to medium-terms and
seasonally. These sources include river and point sources adjacent to the Project.

9.2.0.7 The Mid Field (Zone 2): this is the area close to the Project, which would not be
expected to be significantly influenced by the hydraulic effects of the Project and
from which pollutant discharges would lead to low or moderate variations in
receiving water concentration in the short- to medium-terms and seasonally.
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The Far Field (Zone 3): this is the larger area of the Bristol Channel and Severn
Estuary which is unlikely to be affected by the Project in terms of hydraulics and
pollutant concentrations but where pollutants from sources can determine
regional background levels.

The primary aim of defining these zones is to differentiate between the treatment
of pollutants from these areas and the different data requirements for each.
Further detail on the proposed water quality zoning is provided in Appendix A of
Appendix 9.1.

Assessment scenarios

The water quality assessment will cover all scenarios that are required in support
of the EIA:

i. Baseline. Conditions prior to the Project, against which the effects of the
Project can be compared in order to establish the magnitude and significance
of impacts;

ii. Construction. Impacts during the construction phase of the Project which
would be phased over a number of years;

ii. Operation and maintenance. Impacts due to the Project throughout its
anticipated life (120 years);

iv. Operation and maintenance — cumulative. Life-cycle impacts due to the
cumulative effect of the Project and other cumulative developments (See
Chapter 3);

v. Mitigation. Any decrease in the predicted impacts of the above scenarios
resulting from mitigation measures;

vi. Decommissioning. Impacts due to any decommissioning scenarios proposed
for the lagoon at the end of its life (120 years) (see Chapter 6); and

vii. Climate change. Any modifications to impacts over the life of the Project due
to the effects of changing climate.

Legislative requirements

In line with the recommendations of the SEA topic paper on marine water quality,
the principal legislative drivers for the Project are:

i. the WFD;
ii. therBWD; and

iii. food hygiene regulations, principally EU Regulation 854/2004 for Products of
Animal Origin and the corresponding Welsh and English Regulations.
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The water quality considerations of these legislative drivers will be considered as
part of the assessment.

Interfaces with other topic areas

The water quality assessment will be progressed in close conjunction with the
coastal processes assessment (see Chapter 8 Coastal Processes, Sediment
Transport and Contamination). The methods of assessment (e.g. modelling tools)
and the required outputs (e.g. an understanding of the salinity, temperature and
sediment regimes) are closely linked. Details of the proposed collaborative
working approach will be detailed in a Modelling Work Plan. Further details of the
Modelling Work Plan are provided in Chapter 2 Proposed Approach and Chapter 8.

The SEA topic paper on water quality identified specifically the uncertainty
associated with calculations of suspended sediment concentration, and the knock-
on effects on water quality processes. This area will be a primary focus when
assessing links between water quality and coastal processes.

Water quality impacts may cause impacts on habitats in and around the Estuary.
As such, water quality processes will be linked with a range of other topic areas
including marine and freshwater fish, benthic ecology, marine mammals and birds.

Impacts on Bathing Waters may lead to direct human health impacts and
associated social impacts. Impacts on Shellfish Waters could cause economic
impacts. These links will be addressed within the wider assessment.

The water quality assessment will inform the overall WFD compliance assessment
and the Habitats Regulations Assessment.

Existing baseline data, consultation and need for survey

Appendix 9.1 presents location and volume of existing data sources and data gaps.
The following presents an overview of the key findings of the data review and gap
analysis.

Existing data sources

The key providers of data in support of the water quality assessment are NRW, the
EA, and the local water companies (DWr Cymru Welsh Water (DCWW) and Wessex
Water). Supporting information will come from a variety of other sources including
Cardiff Bay Harbour Authority, the British Oceanographic Data Centre, the UK
Meteorological Office, the University of Wales, prior studies including the Severn
Tidal Power SEA, and the scientific literature.

Hydrodynamic and sediment data

These are required for the water quality assessment, but will be primarily procured
as part of the coastal processes assessment (see Chapter 8).
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Rainfall and meteorological data

Rainfall data are required to help characterise discharge flows from river and
sewerage catchments. Wind data are required because of the effect that wind can
have on discharge plumes and mixing. Suitable data for the water quality
assessment are available from existing sources.

River discharge flows

Flow data are required in order to help define pollutant discharge loads to the
estuary. Historic monitoring data for large rivers are available from NRW and the
EA. Smaller, ungauged rivers may be suitably represented using catchment
modelling techniques, using the revitalised Flood Studies Report/Flood Estimation
Handbook rainfall-runoff method. Suitable data exist for the water quality
assessment and no further monitoring is proposed.

River water quality — chemistry and nutrients

River water quality data are required in order to help define pollutant discharge
loads to the estuary. Data are available primarily from NRW and the EA. The
available data represent a combination of routine monitoring and historic ad hoc
sampling. Where data are insufficient, suitable values may be obtained using
analytical techniques (either catchment modelling approaches or representative
default values, depending on the location and significance of the river). Additional,
targeted river sampling may be undertaken in support of the Project. If required,
sampling will be focused on the potentially more significant discharges (based on
large flow or proximity to the lagoon).

River water quality — bacteria

River water quality data are required in order to help define pollutant discharge
loads to the estuary. Data are available primarily from NRW and the EA, supported
by limited historic water company monitoring. Catchment modelling approaches
may be used to estimate bacteria discharge loads for some catchments. However,
the available data are somewhat limited in terms of geographical coverage and
time span. Screening runs will be undertaken to determine the likely effects of the
Project and the need for any further sampling which would be focused on the
potentially more significant discharges (based on large flow or proximity to the
lagoon).

Wastewater (sewage) discharge flows

Wastewater flows are required in order to determine pollutant loads from point
sources of contamination. Flow data are available from a combination of water
company sewerage network models and consented maximum flows. It is
considered that sufficient information exists for the purposes of the water quality
assessment and additional surveys are not required. However, information on
industrial discharges may be difficult to obtain.
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Wastewater (sewage) quality

9.3.0.9 Wastewater concentrations are required in order to determine pollutant loads
from point sources of contamination. Water company discharges can be
characterised through a combination of historic measurements, consented
maximum values, and defaults derived from regional or national databases of
measurements. Less information may be available for industrial discharges. A
targeted programme of sampling may be required for selected key discharges if
suitable concentration data cannot be identified or estimated.

Marine water quality — chemistry and nutrients

9.3.0.10 Marine water quality data are required to: establish baseline conditions; specify
initial background concentrations and offshore boundary conditions for the marine
water quality model; and calibrate and validate the water quality model. Data are
available from: routine sampling by NRW and the EA; data collection undertaken
in support of the Severn Tidal Power SEA and associated studies; and historic ad
hoc monitoring. A large number of data are available covering a range of locations,
points in time and water quality determinands. However, additional monitoring
may be carried out in order to help define baseline conditions for the Project
assessment and the cumulative impacts assessment. This monitoring will also help
to define seasonal cycles of key determinands such as nutrients, algae, chlorophyll
and phytoplankton.

Marine water quality — bacteria

9.3.0.11  Bacterial concentration data are required primarily to assess impacts at designated
Bathing Waters and Shellfish Waters. Long-term monitoring data (by NRW and the
EA) exist for all Bathing Waters, and also for Shellfish Waters though at a lower
frequency. These existing data sets are sufficient to define historic performance
at Bathing Waters, and at Shellfish Waters with wider margins of uncertainty.
Screening runs will be undertaken to determine the likely effects of the Project and
the need to carry out any additional bacterial sampling.

Determining river water sampling requirements

9.3.0.12 In order to determine the requirements for river water sampling, it is proposed to
undertake screening runs using the existing (DCWW) Cardiff model. The model will
be set up to run a baseline (no lagoon) and with the lagoon impoundment in
place. The model will be run using data for the impounded area and discharge
characteristics through the sluice gates and turbines. Rivers discharging to the
study area will be modelled using a conservative tracer and the behaviour of this
tracer will be tracked. Model runs will be undertaken for spring and neap tides. It
is proposed to undertake the modelling for the prevailing wind direction and no
wind scenarios only. If the presence of the lagoon impacts - for better or worse -
the river discharge plume then it will be characterised to the appropriate degree
(far, mid or near field). Using this information, existing water quality data for that
river will be evaluated and the need for additional sampling and the determinands
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required will be identified (e.g. nutrients, chemistry, or bacteria depending on
sensitive receivers).

Survey requirements

Section 4 of Appendix 9.1 presents an outline survey scope in support of the water
quality assessment. The key elements of the proposed survey scope are provided
below.

Marine water quality surveys will be carried out to coincide (as far as is possible)
with the oceanographic surveys that are progressing in 2015. Proposed locations
for the marine water quality surveys are shown in Figure 3.19 of Appendix 9.1
(these may be subject to change due to local site conditions). These locations are
considered sufficient to provide a baseline around the key areas of interest.
Requirements for the marine water quality surveys are as follows:

i. A suite of water quality data will be obtained at the identified sample sites (1
to 8 as shown on Figure 3.19 of Appendix 9.1).

ii. Water samples will be collected at hourly intervals at multiple depths (near-
surface, mid-depth and near-bed) for sites 1, 2, 4, 6 and 8. These will be
analysed for salinity, temperature, Dissolved Available Inorganic Phosphorus,
Dissolved Available Inorganic Nitrogen (as ammonia, nitrite and nitrate),
Biochemical Oxygen Demand, Dissolved Oxygen, suspended solids, turbidity,
chlorophyll a, and bacterial concentrations (Escherichia coli and intestinal
enterococci). Secchi depth will also be measured at each site. A set of samples
will also be taken to provide chlorophyll concentrations.

iii. For the remaining sites (3, 5 and 7), surface water quality samples will be
collected at hourly intervals and analysed for salinity, temperature, Dissolved
Available Inorganic Phosphorus, Dissolved Available Inorganic Nitrogen (as
ammonia, nitrite and nitrate), Biochemical Oxygen Demand, Dissolved Oxygen,
suspended solids, turbidity, chlorophyll, algal mass, and bacterial
concentrations (Escherichia coli and intestinal enterococci). Secchi depth will
also be measured at each site.

iv. Asecondsample replicate will be filtered, frozen and stored. This sample could
then be used for later analysis of conservative determinands such as heavy
metals if required.

v. Surveys will be undertaken both in winter (December to February) and in
spring/summer (from March onwards). This will provide information on
seasonal growth patterns.

Where appropriate and feasible, surveys will be conducted in key rivers identified
by the screening runs detailed above. The need for river sampling will be based on
the following rationale. River data for the key rivers identified by the screening
runs and included in the Appendix 9.1, will be analysed. The analysis will focus on
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whether the data provide a distribution suitable for use in WFD analysis. This would
be done, for example, by correlating river flows with the samples taken. If existing
data provide a sufficient distribution there will not be a need for river sampling. If
river sampling is required then possible surveys are listed below:

i. Sampling will be undertaken as far downstream as is possible, but above the
tidal limit. The exception is if there are practical reasons for sampling further
upstream. For example, where access is limited or may compromise health
and safety, or where it may be preferable to sample upstream of a large
Wastewater Treatment Works so that the effects of the Works and the diffuse
river load can be separated out. This will provide upstream boundary
conditions to the modelling. Downstream of the tidal limit sources will be
included explicitly within the model.

ii. The sampling requirements will depend on the quality of the distribution
available for each determinand from existing data. If existing dry weather data
are inadequate then sampling could be undertaken at three hourly intervals to
provide a representative concentration. If existing data lack extreme events
then the distribution may not be adequate. In this case, sampling should focus
on a wet weather event. A weather forecast should be used to predict rainfall
and sampling should commence prior to rainfall and for the duration of the
event. These data will enhance the distribution for the river through the
inclusion of extreme values. Alternatively, extreme events could be modelled
but validation data for the modelling may be lacking in the absence of sampled
wet weather events.

iii. If required, sampling should be undertaken under a number of different flow
conditions, such as two dry weather periods and two wet.

iv. Surveys will be undertaken both in winter (December to February) and in
spring/summer (from March onwards), to capture the seasonality in some
determinands (e.g. nutrients). This seasonality reflects both temporal patterns
of pollutant inputs to the river catchment (such as agricultural use of
phosphates) and the dependence of various water quality processes on
temperature.

v. The required determinands are likely to vary from river to river in accordance
with the quality of data captured in Appendix 9.1 and the location of the river.
For example, bacterial analysis is only relevant if it has potential to impact
bacterially sensitive sites (e.g. bathing waters). The requirement will be
specified following the screening assessment and further interrogation of the
water quality data. However, samples required could include temperature,
Dissolved Available Inorganic Phosphorus, Dissolved Available Inorganic
Nitrogen (as ammonia, nitrite and nitrate), Biochemical Oxygen Demand,
Dissolved Oxygen, suspended solids, and bacterial concentrations (Escherichia
coli and intestinal enterococci).
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vi. Asecond sample replicate will be filtered, frozen and stored. This sample could
then be used for later analysis of conservative determinands such as heavy
metals if required.

It is possible, although not probable, that there will be a need for targeted sampling
of discharge concentrations from point sources (such as Wastewater Treatment
Works or industrial discharges). This sampling will only be required in the event
that the load from a potentially significant discharge cannot be calculated or
estimated within reasonable bounds of accuracy (even when introducing a level of
conservatism). The proposed survey requirements would be as follows:

i. Sampling will be undertaken as close to the outfall as possible.
ii. Sampling will be hourly for a period of 12 hours.

iii. Surveys will be undertaken under a number of different flow conditions, ideally
two dry weather periods and two wet.

iv. Sampling will concentrate on those water quality determinands considered to
be of most significance to the water quality assessment. The most likely
requirement is for measurements of bacterial concentration, nutrients or
Biochemical Oxygen Demand / Dissolved Oxygen.

v. If feasible, sampling will be taken to coincide with the marine and/or river
water quality surveys outlined above.

Consultation

The primary stakeholders that will be consulted with regard specifically to water
quality processes are NRW and the EA.

Additional stakeholders will be consulted on specific issues. These will include
Natural England and the Marine Management Organisation.

Proposed assessment methodology
Background and approach

The proposed water quality assessment process aligns as far as possible with
previous studies undertaken for similar projects in the region, most notably the
Severn Tidal Power SEA and the Tidal Lagoon Swansea Bay EIA (TLSB, 2014).

The water quality assessment will follow best practice procedures for model
development and calibration, impact assessment etc. It is designed to address the
potential water quality impacts identified above.

The assessment will be undertaken in consultation with the key regulatory bodies
including NRW, the EA, Natural England, the Marine Management Organisation,
and Cefas.
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Baseline

9.4.04 The first stage of the water quality assessment will be to establish baseline
environmental conditions. The predicted effects of the Project will be compared
to this baseline in order to quantify the level of impact and to inform the need for
mitigation measures.

9.4.0.5 The baseline will expand on the data review and gap analysis presented in
Appendix 9.1. It will draw on the best existing data sources and studies. These will
be supplemented by targeted field surveys as outlined in Section 9.3.

Overview of approach
9.4.0.6 The water quality modelling assessment will adopt the following general approach:
i. development of modelling tools;

ii. screening assessments to define the model domain and areas of interest, plus
the key pollutant sources and water quality processes; and

iii. a detailed assessment investigating changes to the baseline environment
resulting from the Project, and considering the Project in isolation plus the
cumulative impacts of other projects, and any relevant mitigation or
compensation measures (such as managed retreat).

Model selection and development

9.4.0.7 A Modelling Work Plan (see Chapter 2 Proposed Approach and Chapter 8) is being
developed to aid integration of the various study topics that will use the coastal
numerical model. These include the coastal processes assessment (see Chapter 8)
and the flood risk assessment (see Chapter 10 Flooding and Hydrology). The
Modelling Work Plan will describe the various technical needs of these different
topic areas, and explains how these needs will be managed to ensure efficient
Project delivery and consistent outputs.

9.4.0.8 The water quality assessment will use the same underlying model as the coastal
processes assessment. There are some requirements specific to the water quality
assessment that will be addressed during the model development:

i. The model will need to extend up to the tidal limits of rivers.

ii. The model must be optimised for water quality runs. These runs may need to
cover long timescales of a year or more, for instance to assess nutrients and
algae/phytoplankton such that seasonal cycles are well-represented and a
dynamic equilibrium is reached. To achieve this in realistic Project timescales,
it may be necessary to reposition the model offshore boundary and reduce the
mesh resolution (neither of which will deleteriously impact the quality of the
water quality model predictions).
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iii. A separate coarse water quality model may be required in order to generate
boundary and initial conditions for the high resolution Bristol Channel/Severn
Estuary model.

iv. A basic model of the Project may be required in order to investigate water
quality effects within the lagoon. Issues of interest include: flushing times;
retention of pollutants and pollutant decay; potential for 3D stratification; and
potential for eutrophication and hypernutrification. Using a simple lagoon
model for screening will help to determine the requirements of the detailed
assessment, for example in terms of 3D processes.

In addition to the coastal/estuarine water quality modelling, models of some of the
river catchments draining to the Severn Estuary and Bristol Channel will be
constructed. Such models will comprise: a hydrological component in order to
accurately represent time-varying flows; and a water quality component in order
to determine pollutant loads for key determinands such as nutrients and bacteria.
Detailed catchment models will only be required for larger rivers (with larger
pollutant loads), for rivers discharging close to the Project area, and/or for rivers
that cannot be suitably characterised using measured data.

In all cases, the modelling approach will adopt industry best practice and take due
account of model accuracy, assumptions and uncertainty.

Model validation
The water quality model will be validated against the following parameters:

i. Dispersion coefficients. This will be undertaken using salinity data as part of
the coastal processes assessment.

ii. Water quality determinands. These will include key determinands such as
nitrogen, phosphorus and Dissolved Oxygen. The model will include
appropriate depictions of oxygen processes such as Biochemical Oxygen
Demand, sediment oxygen processes and ammonia decay. Interfaces with the
coastal processes assessment will be established in order to address sediment
issues such as the presence of fluid muds and the effect of these on Dissolved
Oxygen, for instance.

iii. Long-term water quality processes. This will assess the model’s ability to
predict seasonal cycles of Dissolved Available Inorganic Nitrogen (DAIN),
Dissolved Available Inorganic Phosphorus (DAIP), algae and water
temperature. Validation will be undertaken using available existing long-term
monitoring data for summer and winter. The proposed approach is to initially
model winter conditions for DAIN and DAIP (which are effectively
conservative), which will confirm that model loads and dispersion are
accurately represented. Algal/phytoplankton processes will then be built in to
ensure that these are represented correctly over the annual cycle. It will be
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necessary to run the model for at least a year and possibly longer in order to
reach dynamic equilibrium.

Water quality determinands

9.4.0.12 The water quality model will cover a wide range of determinands based on the
WEFD quality elements and other legislative drivers, including:

i. flushing;

ii. Dissolved Oxygen;

iii. Dissolved Available Inorganic Nitrogen;

iv. Dissolved Available Inorganic Phosphorus;

v. metals;

vi. organics;

vii. salinity;

viii. temperature;

ix. pH;and

x. phytoplankton.

Model parameters and inputs (discharge scenarios)
9.4.0.13  Suitable model setup parameters will be adopted to address such issues as:

i. dispersion coefficients, bed roughness and eddy viscosity (these will all be
determined during the model calibration and validation process);

ii. offshore boundary conditions (e.g. background levels for salinity and
nutrients);

iii. rates and constants for water quality interactions;
iv. bacteria decay rates; and
v. tide and wind conditions.

9.4.0.14  Discharge sources (pollutant loads) will be rationalised as far as possible, since
there are potentially a great many of these. Focus will therefore be placed on the
most critical discharge sources — those with large pollutant loads and/or a
discharge in close proximity to the Project (i.e. near-field and potentially mid-field).
Less critical discharges (smaller and/or more distant, i.e. far-field) may be
agglomerated or modelled in a simplified fashion.
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Appendix 9.1 discusses the data sources that will be used for discharge
identification and characterisation. The following discharges will be considered in
the water quality assessment:

i. rivers;

ii. water company Wastewater Treatment Works;
iii. water company Combined Sewer Overflows;

iv. private wastewater sources; and

v. trade/industrial discharges.

Screening for the Water Quality Assessment

Screening runs to identify key rivers will be undertaken using the DCWW existing
model (see above). In addition, screening will be undertaken to define the water
guality model required for the full water quality assessment of the lagoons. Initial
model screening runs will be used to:

i. refine the study area for the water quality processes assessment;

ii. define the detailed water quality modelling needs, in terms of model domain,
resolution, setup (e.g. 2D or 3D), and interactions with the other modelling
studies (coastal processes and flooding);

iii. prioritise the various identified pollutant discharges in terms of their potential
significance to the study (e.g. high significance; moderate significance; low or
negligible significance); and

iv. assign an indicative ranking to the identified sensitive receivers in terms of
their potential impact by the Project (e.g. high impact; moderate impact; low
or negligible impact).

The screening runs will model the movement of tracers discharged into the model
at suitable locations representative of pollutant discharges. These tracers will
either be modelled conservatively or with simple water quality processes such as
exponential decay. The extent of the area impacted by the tracers will be used to
help inform the required extent of the water quality assessment. Differences
between baseline (present situation) and post-installation impacts will be
considered; where these are low or negligible a detailed water quality assessment
may not be required.

Model tracer releases will also be used to test the flushing behaviour of the
proposed lagoon, and thus the potential residency time of pollutants released into
the lagoon.
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Screening model runs will tend to adopt conservative setup and input parameters.
This means that any pollutant discharges or sensitive receivers that are screened
out are very unlikely to affect or be affected by the Project.

Optimisation assessment

In parallel with the screening assessment, optimisation runs would be undertaken
in conjunction with the Project engineers in order to assist in the definition of the
lagoon based on known engineering or operational constraints.

For example, it could be considered that the flushing behaviour of the lagoon may
lead to water quality issues. Flushing may be quite high close to the turbines but,
compared to the existing situation, may be much reduced towards the shoreward
side of the lagoon. This could in theory lead to a build-up of pollutants and
associated water quality issues such as hypernutrification and eutrophication.

Optimisation runs would consider design options aimed at reducing these
potential issues. Possible options might include the careful placement of turbines
or sluice gates to maximise flows and flushing, or the introduction of additional
sluice gates to achieve the same effect. In the case of the latter, the optimisation
process would consider both the location of the sluices and their operational
regime (i.e. at what states of the tide they would be opened, and how frequently)
and the potential use of pumping.

It is likely that an optimisation process would go through a number of design
iterations in order to achieve the best design while taking account of other Project
constraints (see Chapter 5 Background to the Project and Site Selection and
Chapter 6 Project Description).

Detailed assessment

The extent and nature of the detailed modelling assessment will be determined in
part by the results of the screening assessment. The following points summarise
the anticipated detailed assessment:

i. A full suite of water quality determinands will be modelled, unless these have
been screened out at the screening stage. The determinands to be assessed
will be based on the requirements of the relevant environmental legislation
(primarily the WFD and rBWD).

ii. Detailed water quality processes and interactions will be modelled. In
particular, these will cover the nitrogen, phosphorus, oxygen and
algae/phytoplankton cycles. Suitable rates and constants for these processes
will be defined and justified. The water quality assessment will, where
appropriate, be integrated fully with the other modelling studies — for
example, the influence of sediments (coastal processes study) on oxygen
uptake.
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For WFD determinands such as nutrients and phytoplankton, the water quality
model will be run for a full year to look at seasonal variation, and possibly for
an additional year to check if dynamic equilibrium has been reached. The
model production runs will be started in winter when water quality processes
are at a minimum. Additionally, a further model run year may be required to
establish the initial conditions, although it may possible to do these runs in a
coarser (i.e. quicker) model grid and then pass the results to the fine model
grid for the detailed assessment. These models scenarios will be run with no
wind forcing, since wind effects tend to average out over the long term.

For bacterial determinands, as used in the assessment of Bathing and Shellfish
Waters, the water quality model will be run for a typical spring-neap tidal cycle.
Seven wind scenarios will be considered — calm winds, plus mean winds from
six direction sectors.

Potential Project impacts will be assessed by comparing the various
assessment scenarios against the established baseline. Any change in water
quality will be quantified in terms of magnitude, duration and potential effect
on waterbody classification.

Predicted impacts at receptors will be assessed over a suitable time period.
This will be a full year for determinands that display seasonal cycles, and a
typical spring-neap cycle for other determinands. For example, conservative
pollutants such as metals, and pollutants that decay rapidly such as bacteria,
will be assessed over a spring-neap cycle.

Impact concentrations will be expressed as values that allow comparison
against the various environmental standards of the WFD and rBWD (e.g. mean,
95-percentile or maximum values).

The assessment scenarios will include a scenario that considers the Project in
isolation, and a cumulative impacts scenario that considers the Project plus
other existing or proposed developments in the study area.

Climate change scenarios

Climate change effects will be potentially important over the lifetime of the Project
(120 years). The following points refer to the assessment of water quality under
climate change scenarios:

There are no clear current guidelines relating to the assessment of water
quality and pollutant discharges in conjunction with climate change.

Impacts on water quality due to changes in estuarine hydrodynamics and
dispersion following sea level rise can be modelled. Predicted future climate
will be taken from UK Climate Projections (Defra, 2009). Water quality
scenarios will be based on the coastal processes climate change scenarios,
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since these will identify the timescales over which significant changes are likely
to occur.

iii. Predicted changes in river flow due to changing rainfall patterns (higher
rainfall) can also be assessed. Calculations can be made about how pollutant
loads in rivers will rise as river flows increase, but these will be based on
extrapolations from the present day rather than a detailed analysis of future
catchment behaviour.

iv. The largest uncertainties relate to changes in sewerage networks in response
to climate change. Climate change effects are not normally considered for
sewerage schemes, as these are developed on a five year cycle and should, in
theory, attempt to keep up with changes in rainfall, i.e. discharge volumes
should remain the same or reduce. As it is unlikely that any water companies
will look this far ahead in detail, the assessment will use best judgement,
possibly supported by discussion with water companies regarding their long
term strategies.

v. Any assessment of future loads will also accommodate population growth and
how this might affect wastewater discharges. Future population is difficult to
predict over more than 20 years.

In summary, climate change effects on the physical environment can be modelled,
but predicting future loads is very difficult, especially as policy and legislation may
tighten to accommodate climate change and other concerns.

The proposed approach is to model changes to hydrodynamics and river run-off
resulting from projected climate change, but to assume that wastewater discharge
loads will keep pace with these changes and remain relatively constant. It is
proposed to discuss the approach for addressing climate change with NRW and the
EA in order to ensure that Project expectations are met and that a suitable
approach is agreed.
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TIDAL LAGOON POWER PLC Intertek
SEVERN ESTUARY LAGOONS - DATA REVIEW AND GAP ANALYSIS

SUMMARY

Tidal Lagoon Power plc (TLP) is developing Project options in the Severn Estuary. The first
Project to be developed is located between Cardiff and Newport, known as the Cardiff tidal
lagoon. TLP has commissioned Intertek Energy & Water Consultancy Services (Intertek) to
undertake a data review, data gap analysis and high level review of water quality processes
in the Severn Estuary and inner Bristol Channel. The study will form the basis for survey
specifications, discussions with regulators and stakeholders, and scoping of a water quality
study for the Environmental Impact Assessment (EIA), initially for the Cardiff lagoon (‘the

Project)).

The primary water quality drivers are those associated with identified sensitive waters, which
include: Water Framework Directive (WFD) waterbodies; Bathing Waters; and Shellfish

Waters.
Parallel studies are considering sediments/coastal processes and flooding issues.

Extensive water quality monitoring data sets have been obtained from Natural Resources
Wales (NRW), the Environment Agency (EA), and other providers. Further data sets are

likely to be obtained as the Project progresses.
The primary water quality data requirements are:

L] to establish flows and concentrations for discharges entering the marine/estuarine

environment;
n to define boundary conditions for the water quality model;

L] to establish a baseline against which the potential effects of the Project can be

assessed; and

(] to determine rates and constants for water quality processes, and to identify seasonal

cycles and interactions with (for example) sediments.

Many of the Project’s water quality needs are adequately covered by existing data sources.
However, the data gap analysis has identified several key areas where the Project would

benefit from supplementing existing data with targeted field surveys. These areas are:

[ Marine water quality (chemical and nutrient determinands). These data would help to
establish baseline conditions and seasonal cycles. An indicative survey specification

has been produced, which is designed to fit in with other planned survey activities.
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Surveys will need to capture the seasonal cycle, and should therefore include
measurement in both winter (no later than February) and spring/summer (when growth

is occurring).

(] River water quality (chemical, nutrient and bacterial determinands). These data will
help to confirm discharge loads to the marine/estuarine environment. The focus should
be on major rivers and rivers close to Project locations. Water chemistry and nutrients
should ideally be sampled in both winter and spring/summer at least, for the reason

given above.

(] Wastewater quality (chemical and nutrient determinands). There is a possibility that
surveys will be required in order to supplement existing data, but a detailed baseline

assessment may indicate that suitable information already exists.

[ Marine water quality (bacterial concentrations). There is a possible requirement for
these surveys but they are presently considered unlikely. There may be value in
obtaining samples anyway, in conjunction with the marine water chemistry/nutrient

surveys outlined above.

There are still a number of unknowns in terms of the extent and quality of available data, the
key water quality processes that will need to be considered, and the sensitive waters likely to
be impacted by the Project. These unknowns will be reduced as the Project progresses. In
particular, it is anticipated that screening model runs will be undertaken in order to establish
potential water quality impacts due to the Project. This will allow the detailed modelling
assessment to be targeted on the most relevant discharges, receiving waters and physical

processes.

The high level review has considered: the historic performance of sensitive waters; key
pollutant discharges to the marine/estuarine environment; and preliminary estimates of the
effects of the lagoon(s) on hydrodynamics (current flows and water levels). This review has

allowed an assessment to be conducted into the potential key impacts due to the Project.

Impacts are likely to be significant within the lagoons themselves and in the local WFD
waterbodies. There is considered to be less potential for impact at Bathing and Shellfish

Waters, which are more distant from the Project.

Refinement of the high level review will be possible once results from the water quality

screening model runs are available.
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1.1

1.2

INTRODUCTION

BACKGROUND

Tidal Lagoon Power plc (TLP) has commissioned Intertek Energy & Water
Consultancy Services (Intertek) to undertake a data review, data gap analysis
and high level review of water quality processes in the Severn Estuary and
inner Bristol Channel.

The study is in support of water quality impact assessments for potential lagoon
locations in the Severn Estuary. The focus at present is on the Cardiff lagoon
at Peterstone Flats, but cumulative effects from other potential lagoon sites will
also need to be considered. The study area for the data gap analysis is shown
in Figure 1-1.

The data review, gap analysis and high level review will form a basis for survey
specifications, discussions with regulators and stakeholders, and scoping of a
water quality study for the Environmental Impact Assessment (EIA).

ScoOPE OF WORK

Intertek will focus on the water quality elements of the study. This work will
complement parallel studies into: hydrodynamic and sediment processes,
undertaken by ABP Marine Environmental Research Ltd (ABPmer); and
flooding, undertaken by Atkins. ABPmer has produced a separate High Level
Review and Data Gap Analysis1 focusing in particular on hydrodynamic and
sediment processes.

The water quality study will consider all processes and impacts that may be of
relevance to water quality designations close to the Project and in the wider
environment (Bristol Channel and Severn Estuary). In particular, a Water
Framework Directive (WFD) assessment will ultimately be required. The WFD
assessment will consider both coastal and transitional WFD waterbodies.

The present study is broken down into the following areas:

n Data Review — a review of available data sources.

n Data Gap Analysis — identifying gaps in the existing baseline data
sources, and recommending whether these can be filled through targeted
field surveys or alternative means (e.g. use of conservative assumptions
plus sensitivity testing).

n Surveys — high level specification for any surveys and sampling that may
be required.

n High Level Review — a review identifying significant discharges, potential
impacts, water quality designations and key sensitivities, which in turn
gives an indication of where the primary focus for the main study should
be directed.

REPORT REFERENCE: P1914A_R3640_REV3 1 24/02/2015
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Figure 1-1: Study Area
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2 WATER QUALITY ASSESSMENT -
CONSIDERATIONS
2.1 WATER QUALITY DATA REQUIREMENTS

Water quality impacts, and potential mitigation measures, will be assessed
using a coastal numerical model. This will have the ability to simulate
hydrodynamics (water levels, current flows and dispersion), water quality
processes (from simple decay to complex water chemistry processes) and
sediment processes.

The model to be used in the planned assessments is the Severn Estuary model
developed by ABPmer, which has previously been used for investigations into a
proposed Severn Barrage. ABPmer, using this model, has undertaken
preliminary investigations into the potential hydrodynamic impacts of the
potential lagoon options. These preliminary results will help in determining the
study area and scope of the water quality investigations.

Where a detailed assessment of microbiological impacts on the Bathing Waters
at Barry is required it may be more efficient to use an existing Dwr Cymru
Welsh Water (DCWW) model (the Cardiff model). A decision on the use of this
model will be undertaken following initial screening using both the Severn
Estuary model.

Data with which to define the pollutant loads to the study area will be the most
critical part of the water quality modelling exercise. Without an accurate
description of the input loads it will not be possible to accurately define water
quality (in terms of pollutant concentrations) and assess the impact of the
Project. Confidence in the results of the study will be most significantly
influenced by the ability to accurately define pollutant loads to the Bristol
Channel and Severn Estuary.

The size and location of the Project also have a significant bearing on the data
requirements:

n The location is an estuary — effectively a large triangle bounded by land
along the two longer sides and the Irish Sea along the shorter side.

n Flushing of the estuary is limited to the boundary with the Irish Sea.

n There are a significant number of discharges to the estuary, both from
rivers and from the large urban agglomerations along the Welsh and
English coasts.

n Pollutants from these many sources are likely to remain in the estuary for
long periods and will disperse over a wide area.

The model will therefore need to include a large number of pollutant sources
and will need to be run to simulate long periods to allow full dispersion and
mixing of pollutants, plus seasonal water quality cycles.
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2.2

DEFINITIONS

For the purposes of the data review and gap analysis the study area has been
divided into three areas:

n The Near-Field (Zone 1): the area immediately adjacent to the Project
which is directly hydraulically impacted and where pollutant sources can
cause receiving water concentrations to vary significantly in the short- to
medium-terms and seasonally. These sources include local river and
point sources adjacent to the Project.

m The Mid-Field (Zone 2): the area close to the Project, which would not be
expected to be significantly influenced by the hydraulic effects of the
Project and from which pollutant discharges would lead to low or
moderate variations in receiving water concentration in the short- to
medium-terms and seasonally.

L] The Far-Field (Zone 3): the larger area of the Bristol Channel and Severn
Estuary which is unlikely to be affected by the Project in terms of
hydraulics and pollutant concentrations but where pollutants from sources
can determine regional background levels.

The primary aim of defining these zones is to differentiate between the
treatment of pollutants from these areas and the different data requirements for
each. The Zones are described in Appendix A together with an indication of
the data needs within each area. Data needs are indicated as Low to High.
Typically Low refers to low level data such as statistical data (mean, standard
deviation) or typical values for similar sources / waters. High refers to detailed
time series data, typically hourly. Moderate generally refers to low frequency
time series data (daily, weekly, monthly) or statistical distributions.

Zones are also sub-divided by pollutant types, based on how rapidly pollutants
are lost from the system by decay or through other sink terms.

In general, pollutant sources furthest from the Project location need the least
detailed description, and can generally be represented using a mean discharge
load determined from typical flow and concentration. Discharges closer to the
Project location will require more detailed description of loads, particularly how
the load responds to events such as storms.

For the purpose of this document a load is the mass of pollutant discharged per
second, and is the product of the discharge flow and pollutant concentration.

Discharges must be defined by three key parameters:

1) Location: the physical point at which the discharge enters the receiving
water, normally referred to as the outfall. This may be some distance
from the source of the pollutant — for example, a Wastewater Treatment
Works (WwTW) may discharge via a subterranean pipe that passes into a
Long Sea Outfall (LSO) that discharges many kilometres from the
WwTW. For rivers, and discharges into rivers, the discharge location will
typically be taken as the mouth of the river.

2) Flow: the discharge rate (in m®s) from the outfall, outfall pipe or river
mouth. This rate may vary significantly with time, particularly in response
to storm events or as the result of physical controls, e.g. tide-locking.
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3) Pollutant concentration: the concentration (normally in mg/l) of
pollutants within the discharge. This may also vary in response to e.g.
treatment, rainfall, temperature or other factors.

It is also important to know if a discharge has undergone, or will undergo, any
improvement or change, for example due to sewerage infrastructure upgrades.
Changes to location, flow or concentration need to be captured and identified to
ensure that outdated data are not used.
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3.1

3.3

DATA REVIEW AND GAP ANALYSIS

KEY DATA PROVIDERS

The following key providers / sources of the required data have been identified:

n Natural Resources Wales (NRW);

n Environment Agency (EA);

m DCWW;

= Wessex Water;

n Cardiff Harbour Authority;

n British Oceanographic Data Centre (BODC);
] University of Wales (Cardiff and Swansea);
n UK Meteorological Office (UKMO);

[ prior studies in the area, e.g. Severn Barrage;
[ academic papers; and

[ internet.

These have been supplemented by additional sources as appropriate.
HYDRODYNAMIC AND SEDIMENT DATA

Hydrodynamic, dispersion and sediment data requirements will be covered
separately by ABPmer. However, Intertek will consult with ABPmer to ensure
that any data sets which we hold or have access to are included and that the
needs of the water quality model can be met by the existing data. Intertek has
access to a number of bathymetric and Acoustic Doppler Current Profiler
(ADCP) data sets that may be of use. Intertek also has experience of applying
suitable marine dispersion coefficients in the study area, and access to a few
(albeit poor quality) dye tracing data sets. Liaison between Intertek and
ABPmer on these issues will ensure that the requirements of the water quality
assessment are fully met by the model and supporting information.

RAINFALL AND METEOROLOGICAL DATA

Rainfall data have a variety of potential uses within the study, including:

n driving river catchment flow models, if these are required;
n driving sewerage network models, if these are required; and
(] calibrating the coastal model for particular identified events (e.g. storms).

Long-term time series data are required, ideally from measured sources.

Rainfall patterns are highly variable in space. For example, rainfall tends to be
higher on upland areas due to orographic effects. It may therefore be
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3.3.2

necessary to obtain multiple time series of rainfall in order to accurately
represent differences across the study region.

Other meteorological data will be required for the study. In particular, wind
speed and direction information are needed since these can cause wind drift
currents and thus influence the transport of discharged pollutants. A statistical
summary of the wind climate, based on long-term observations, is considered
sufficient for study purposes. Data for several sites may be required in order to
evaluate spatial variability across the study area. l|deally these sites would be
close to sea level and near the coast, since these will best represent open
water wind velocities across the Severn Estuary and Bristol Channel.

Available Data

Various suitable data sets are available from:

n UKMO;

n NRW and the EA;

n water companies; and

(] internet sources, e.g. wunderground.com (particularly for wind data).

Figure 3-1 plots the locations of UKMO observational stations in the study area
(as of 2012). Figure 3-2 plots the locations of rainfall stations run by both
NRWY/EA and the water companies, as identified by a search of the Met Office
Integrated Data Archive System (MIDAS) maintained by the British Atmospheric
Data Centre (BADC).

Figure 3-1: UKMO meteorological stations in the study area

(Source: http://www.etofﬁce.gov.uk/)
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Figure 3-2: UKMO and water company
rainfall stations in the study area
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3.4

The website wunderground.com provides archived data (primarily wind, air
temperature and pressure) for a number of stations across the study area. The
stations of most use are likely to be Cardiff Airport and RAF St. Athans, which
have approximately 18 and 10 years of data available respectively. Other data
sets are available at (for example) Mumbles Head, Filton and Bristol Airport.

Although the full data sets have not yet been obtained (e.g. from UKMO, due to
cost considerations), it is considered likely that the various identified data sets
will between them be sufficient for study purposes.

If they are of suitable quality, the archived data from wunderground.com for
Cardiff airport and RAF St. Athans should provide a source of wind data
sufficient for study purposes.

If further wind data are required, the UKMO weather stations should provide a
suitable source. At this time it is not proposed to request data from the UKMO
until other sources have been thoroughly examined, due to the high costs of its
data.

A combination of water company and UKMO data sets should be sufficient for
obtaining the required rainfall data series.

There is considered be no requirement for further rainfall or meteorological data
collection. In any event, additional data collection would be unfeasible due to
the need to obtain long-term measurements of rainfall and other meteorological
parameters.

In the event that suitable rainfall data are not available for a particular area (e.g.
a local river or sewerage catchment), the recommended approach is:

= consider whether it is acceptable, in the overall context of the study, to
directly use an alternative rainfall series from an adjacent or otherwise
representative area;

n if this approach is not acceptable, identify a donor site where a suitable
data set exists; and

n scale the rainfall series from the donor site to the site of interest using the
ratio of Average Annual Rainfall (AAR) between the two sites (AAR is
readily available e.g. from isohyetal maps).

RIVER DISCHARGE FLOWS

River discharge flows are required to allow pollutant loads to the Severn
Estuary and Bristol Channel to be accurately specified.

Realistic representation of river flows is also required because of the effect
these might have on marine hydrodynamics, particularly in the case of the
larger rivers such as the Severn and Wye. These hydrodynamic effects will be
covered separately by ABPmer.
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3.4.2.1

River discharge locations are readily available from Ordnance Survey (OS)
maps.

Gauged rivers

Most of the more significant river discharges in the study area are gauged by
NRW and the EA. This gauging provides long-term records of river flow at
15-minute intervals, from which more general statistics can be obtained if
required. These time-varying data are the preferred data source for rivers
discharging to the near- and mid-fields, and can also be readily used in the
far-field.

Figure 3-3 plots the location of all long-term river gauging stations in and
around the study area. Flow data for the stations of most relevance to the tidal
lagoon study have been obtained from NRW and the EA; these stations are
indicated in green.

NRW and the EA also sometimes carry out local ad hoc gauging of rivers that
do not have long-term gauges. The resulting flow data cover relatively short
time periods. A small number of ad hoc gauging data have been obtained from
NRW and the EA. These data are generally not sufficient in themselves for
defining the river flow regime, but will be of some use in supporting the
modelling-based approach proposed for ungauged rivers (see Section 3.4.2.2).

Summary river flow statistics, and time series of daily mean flow, are also
available online via the National River Flow Archive (NRFA), maintained by the
Centre for Ecology and Hydrology (CEH). Similar statistics are published by
CEH in the UK Hydrometric Register’. These statistics may be acceptable for
defining river flows in the far-field where high resolution time-varying flows are
not required.

Some river flows within the study area are known to be highly managed, such
as for the River Parrett draining the Somerset Levels. Care will need to be
taken during the study to ensure that such discharge flows are suitably
represented and any significant flow controls are accounted for. A first step will
be liaison with the relevant Internal Drainage Boards (IDBs) in order to
understand present management practices. The IDBs of most relevance to the
Project are:

n Caldicot and Wentlooge Levels IDB;
n Lower Severn IDB;

m Parrett IDB;

L] Axe Brue IDB; and

m North Somerset Levels IDB.
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Figure 3-3: NRW and EA river
flow gauging stations
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3.4.2.2

Ungauged rivers

Not all rivers are gauged, particularly smaller rivers and streams. There may
also be discharges from large urban or rural drainage systems, such as surface
water sewers or wetlands. These can contribute to impacts if they carry a large
pollutant load or if they receive discharges from misconnections in the main
sewerage networks.

For the most part it should be possible for the study to ignore these smaller
discharges on the basis that their pollutant loads are dwarfed by the larger river
discharges. However, in some cases the smaller streams may be important —
for example, if they happen to discharge into or in close proximity to one of the
proposed lagoons (i.e. the near- and possibly mid-fields). In this case a realistic
representation of their flow might be required.

A suitable approach for representing ungauged streams is to construct a
hydrological model using data obtained from the Flood Estimation Handbook
(FEH) CD-ROM. This provides details of the key characteristics for all UK river
catchments, such as total catchment area, altitude, ground type and urban
area. Using these catchment parameters, and a suitable input rainfall series, it
is possible to construct a hydrological model that produces a time series of river
flows for the ungauged catchment. This is achieved by applying the revitalised
FSR/FEH rainfall-runoff method®* (FSR = Flood Studies Report).

Any hydrological models constructed for the Project will need to be calibrated.
Two main calibration approaches are available, depending on the availability of
data:

n direct calibration against time series flows, summary flow statistics (such
as percentiles), or ad hoc gauging data measured in the river itself; and

= use of model calibration parameters from a suitable donor catchment, i.e.
a calibrated model for a river catchment that displays similar
characteristics in terms of catchment size, altitude, land use etc.

In some cases, and particularly for rivers in the far and possibly mid-fields, it
may be acceptable to scale flows directly from a gauged river to an ungauged
river, using the ratio of their catchment areas. This approach is best attempted
where the two rivers display similar catchment characteristics.

Suitable flow data sets for all of the main rivers have been obtained from NRW
and the EA.

The approach proposed for characterising ungauged rivers has been used
extensively to support water quality studies around the UK coast. It has been
accepted by regulators such as NRW and the EA.

As such, the combination of gauged river flow data, and suitable approaches for
representing ungauged rivers (hydrological modelling or scaling from donor
catchments), will together provide sufficient information on river flow inputs to
the study area.
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3.5

3.5.2.1

It is considered that suitable river flow data exist for the purposes of the study.
Additional flow sampling is therefore not required in support of the assessment.

RIVER WATER QUALITY — CHEMISTRY AND NUTRIENTS

River discharge concentrations are required to allow pollutant loads to the
Severn Estuary and Bristol Channel to be accurately specified.

An understanding of river water quality may also be required as part of the
WEFD assessment into connected waterbodies.

River water quality needs to be considered in conjunction with any point
sources of pollution on these rivers (see Sections 3.7 and 3.8), to ensure that
the discharge loads are consistent and to avoid double-counting of pollutant
loads.

Various nutrient and chemical determinands are of interest to the study,
including:

] Biochemical Oxygen Demand (BOD);

n Dissolved Oxygen (DO);

n phosphorus — Dissolved Available Inorganic Phosphorus (DAIP)
measured as reactive orthophosphate (NRW/EA determinand code 0180);

(] nitrogen — Dissolved Available Inorganic Nitrogen (DAIN) measured as
nitrate-N (NO3;-N, NRW/EA determinand code 0117), nitrite-N (NO»-N,
NRW/EA determinand code 0118) and ammoniacal-N (NH4;-N, NRW/EA
determinand code 0111);

[ suspended solids; and

n conservative pollutants such as heavy metals and tributyltin (TBT).

Measured concentrations

Historic river water quality monitoring data have been obtained from NRW and
the EA. Most of the larger rivers are sampled regularly for a variety of
determinands.

Figure 3-4 plots the primary locations of the routine river water quality
monitoring undertaken by NRW and the EA.
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Additionally, ad hoc river sampling is sometimes undertaken by NRW, the EA
and the water companies. This sampling may be in response to historic
problems and may not accurately reflect any subsequent improvements made
to address these problems. Data provided by NRW and the EA show a large
number of locations where either routine or ad hoc river monitoring has been
undertaken, covering a variety of important water quality determinands. Note,
however, that some of these sites hold only a small number of data.

The following Figures present an overview of the availability of chemical and
nutrient monitoring data for both freshwater and saline water locations in the
study area, based on data obtained from NRW and the EA:

m Figure 3-5 shows locations (both freshwater and saline water) where
DAIN measurements have been obtained from NRW and the EA.

L] Figure 3-6 shows locations where DAIP measurements have been
obtained.

n Figure 3-7 shows locations where DO, BOD and Chemical Oxygen
Demand (COD) measurements have been obtained.

n Figure 3-8 shows locations where measurements of various metals have
been obtained.

] Figure 3-9 shows locations where water temperature measurements have
been obtained.

(] Figure 3-10 shows locations where pH measurements have been
obtained.

L] Figure 3-11 shows locations where salinity measurements have been
obtained.

n Figure 3-12 shows locations where chlorophyll measurements have been
obtained.

In addition to the measured data sources discussed above, it will be possible to
use representative concentration values for some rivers. This approach is most
applicable to rivers in the far- and possibly mid-fields. It allows total discharge
loads to the estuary to be adequately represented for the purposes of the water
quality impact assessment. Ideally, representative concentration values will be
taken from river catchments with similar characteristics. It will be possible,
using analytical techniques, to consider the likely influence of any large point
source discharges (such as WwTWSs) on the overall river water quality, and to
adjust river concentrations to reflect these inputs.
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Figure 3-5: NRW/EA DAIN sampling sites
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Figure 3-6: NRW/EA DAIP sampling sites
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Figure 3-8: NRW/EA metals sampling sites
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Figure 3-9: NRW/EA water temperature
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Figure 3-10: NRW/EA pH sampling sites
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Figure 3-11: NRW/EA salinity sampling sites
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Figure 3-12: NRW/EA Chlorophyll sampling sites
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3.5.2.2

Catchment modelling

In the absence of suitable measured data, catchment modelling tools provide a
potential means for deriving appropriate river discharge concentrations. A
number of approaches exist, but they all follow the same general approach:

n construct a hydrological model of the catchment, as described in
Section 3.5.2.2;

L] define point and diffuse pollutant input loads to the catchment; and

n calibrate the catchment water quality model using measured pollutant
concentrations at suitable points within the catchment.

For catchments that lack suitable calibration data, calibration parameters from
donor catchments can be used. The donor catchment should be similar in
terms of its key characteristics such as altitude, underlying geology and land
use.

Catchment models can produce either statistical outputs such as mean
concentrations, or time series of varying concentration driven by an input
rainfall time series. In general, rivers closer to the Project will need to be
represented in more detail in the study. Therefore, time-varying concentrations
may be required for rivers discharging to the near and mid-fields, while rivers in
the far-field can be characterised using simpler approaches.

Reasonable river water chemistry and nutrient data are available for most of the
key rivers. However, there are some limitations to the available data sets:

n typically, wet weather sampling data are fewer in number than dry
weather data, due to the lower frequency of wet weather conditions and
the consequently decreased likelihood of capturing a wet weather event
through regular but random sampling;

n some of the rivers may have a relatively small number of sampling data,
which decreases the confidence that they accurately reflect river
discharge loads; and

n a number of smaller rivers discharging close to the Project (in the
near- and mid-fields) may be of potential significance to the study but
have not been regularly sampled.

Methods exist for estimating or approximating river discharge loads, for
example through the use of catchment models as described in Section 3.5.2.2.
However, additional sampling of river water quality may be required to increase
confidence in water quality model input loads. The sampling requirements will
depend on the quality of the distribution available for each determinand from
existing data. If the distribution is sufficient for WFD analyses then no further
data collection will be required. Intertek proposes the following approach:

1) Rivers should be screened to establish those which are likely to be of
most significance to the coastal water quality study. In general terms, the
more significant rivers will be: rivers discharging very close to the Project;
large (high flow) rivers discharging further away; and rivers that are likely
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3.6

2)

3)

4)

5)

6)

7)

to carry significant pollutant loads, for example those which flow through
large urban areas. River screening model runs will be undertaken in
order to establish the relative significance of rivers to the overall water
quality study. This will allow the rivers to be prioritised in terms of both
survey requirements and the subsequent modelling assessment.

For those rivers identified as being potentially more significant or higher
priority, existing data sets will be analysed in detail to determine whether
or not the historic water quality sampling is sufficient for the study. If the
data are insufficient, targeted river water quality sampling is
recommended.

Sampling should be undertaken as far downstream as is possible, but
above the tidal limit. The exception is if there are practical reasons for
sampling further upstream. For example, where access is limited or may
compromise health and safety, or where it may be preferable to sample
upstream of a large WwTW so that the effects of the WwTW and the
diffuse river load can be separated out. This will provide upstream
boundary conditions to the modelling. Downstream of the tidal limit
sources will be included explicitly within the model.

The sampling requirements will depend on the quality of the distribution
available for each determinand from existing data. If existing dry weather
data are inadequate then sampling could be undertaken at three hourly
intervals to provide a representative concentration. If existing data lacks
extreme events then the distribution may not be adequate. In this case,
sampling should focus on a wet weather event. A weather forecast
should be used to predict rainfall and sampling should commence prior to
rainfall and for the duration of the event. These data will enhance the
distribution for the river through the inclusion of extreme values.
Alternatively, extreme events could be modelled but validation data for
the modelling may be lacking in the absence of sampled wet weather
events.

If required, sampling should be undertaken under a number of different
flow conditions, such as two dry weather periods and two wet.

Consideration should be given to the seasonality of sampling. A number
of determinands (including nitrates, phosphates and BOD/DO) will benefit
from both summer and winter sampling. This seasonality reflects both
temporal patterns of pollutant inputs to the river catchment (such as
agricultural use of phosphates) and the dependence of various water
quality processes on temperature.

Sampling should cover a suitable range of physical, chemical and nutrient
parameters, such as those listed in Section 3.5.1.

RIVER WATER QUALITY - BACTERIA

River discharge concentrations are required to allow pollutant loads to the
Severn Estuary and Bristol Channel to be accurately specified.

River water quality needs to be considered in conjunction with any point
sources of pollution on these rivers (see Sections 3.7 and 3.8), to ensure that
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3.6.2.1

the discharge loads are consistent and to avoid double-counting of pollutant
loads.

Bacterial concentrations are likely to be an issue only in the event that the
Project impacts sensitive receivers with bacterial quality standards, such as
Bathing Waters and Shellfish Waters/Shellfish Harvesting Areas.

On the Welsh coast there are no Shellfish Waters close enough to the Project
to be impacted. There are only three Bathing Waters at Barry, which would be
only marginally impacted by the Project.

There are further Bathing Waters on the English side and if a lagoon was to be
located in these areas, then detailed information on river bacteria loads would
be required for this area.

The revised Bathing Water Directive (rBWD) considers two bacterial
determinands as Faecal Indicator Organisms (FIO) — E. coli and intestinal
enterococci. These are considered approximately equivalent to the current
Bathing Water Directive (cBWD) determinands of faecal coliforms and faecal
streptococci. As such, any of these determinands are of value to the Project.

Measured concentrations

Figure 3-13 presents an overview of the availability of bacterial monitoring data
for both freshwater and saline water locations in the study area, based on data
obtained from NRW and the EA. Both routine and ad hoc sampling data are
shown. Ad hoc sampling may be in response to historic problems and may not
accurately reflect any subsequent improvement made to address these
problems. The Figure indicates that bacterial water quality sampling is fairly
limited in rivers close to the study area.

It is believed that Wessex Water undertakes microbiological surveys along the
English coast and in local rivers. Data sets are held by Intertek for a number of
local rivers from previous DCWW studies. The University of Cardiff and the
Centre for Research into Environment and Health (CREH) have undertaken
studies in the Severn Estuary and Bristol Channel and will be consulted.
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3.6.2.2 Catchment modelling

River catchment models can be used to define time-varying bacterial
concentrations. Such models may be required for rivers discharging to the
near- and mid-field zones for which suitable measured data are unavailable.

The approach to bacteriological catchment modelling closely mirrors that
described for chemical and nutrient determinands in Section 3.5.2.2.

3.6.2.3 EA research study

The EA undertook a 2007 study into the fate and transport of particles in
estuaries’. This focused on the Severn Estuary and Bristol Channel. Bacterial
concentrations were defined for the main rivers discharging to the estuary.
These concentrations were not based on local sampling but were calculated
using a simplified catchment model. This catchment model provided a
relationship between bacterial load and generic catchment parameters such as
area and land use. The relationship was defined using data measured in six
different areas around the UK, although none in the study area. As such, the
derived loads are considered inferior to loads calculated from local
measurements, but they may provide a useful sense check of study inputs and
of Intertek’s own catchment models.

Bacterial concentration data are only available for a few rivers close to the main
study area. Furthermore, there are some limitations to the available data sets:

[ Typically, wet weather sampling data are fewer in number than dry
weather data, due to the lower frequency of wet weather conditions and
the consequently decreased likelihood of capturing a wet weather event
through regular but random sampling.

(] Some of the rivers may have a relatively small number of sampling data,
which decreases the confidence that they accurately reflect river
discharge loads.

L] A number of smaller rivers discharging close to the lagoons (in the near
and mid-fields) may be of potential significance to the study but have not
been regularly sampled.

The requirement to obtain suitable river bacterial data will be driven by the
requirement to undertake detailed assessments at Bathing and Shellfish
Waters. This requirement is not yet fully understood: it will depend in part upon
decisions as to which lagoon options are considered further in detail, and in part
upon the results of the water quality screening assessment (not yet
undertaken). The screening assessment will provide an indication of the
potential impacts of the Project on local Bathing and Shellfish Waters. This in
turn will define the level of detail required in any marine water quality
assessment that follows.

In the event that a detailed assessment of bacterial water quality is required, it
is considered that the study could be strengthened by targeted river water
quality field surveys. In such a case, the outline survey scope presented in
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3.7

3.7.2.1

Section 3.5.4 for chemical and nutrient determinands applies equally to
bacterial determinands.

WASTEWATER (SEWAGE) DISCHARGE FLOWS

Wastewater discharge flows are required to allow pollutant loads to the Severn
Estuary and Bristol Channel to be accurately specified. They may also be of
use if there is a requirement to calibrate or validate the coastal model on
individual (e.g. storm) events.

Wastewater will discharge either direct to the estuary or to rivers that
subsequently drain to the estuary. In the case of the latter, an understanding of
wastewater discharges will also be of relevance to gaining a sufficient
understanding of river flows and concentrations (which will incorporate both
point sources such as WwTWs and diffuse runoff from agriculture).

A distinction is made between various different types of wastewater discharge:

1)  Continuous discharges from water company WwTWSs. These provide one
of the primary background loads of BOD, ammonia, nitrogen and
phosphorus to the receiving waters.

2) Continuous discharges from private sources such as septic tanks, and
possibly private WwTWs associated with developments such as caravan
parks or golf courses.

3) Intermittent (storm) discharges from water company Combined Sewer
Overflows (CSOs). These provide an additional load of pollutants during
high rainfall. While infrequent and short in duration, these events can
contribute a significant additional input.

4) Industrial/trade discharges, e.g. from factories, if these do not enter the
main sewerage system.

Water company WwTWs

Databases of consented discharges have been obtained from NRW and the
EA. These contain locations and consented (maximum) discharge flows for a
number of private sources within the study area. The NRW/EA consents
databases identify the locations and types of consented point source
discharges, and give the maximum consented flow (which can be used as a
conservative indicator of the actual or typical flow). However, these databases
are not always entirely accurate.

The most detailed information on WwTW discharge flows will be provided by
water company records and/or sewerage network models. These produce
long-term time series of flow in response to various inputs such as daily
patterns of water usage and intermittent rainfall events.

= Intertek can obtain network model output for the Swansea, Aberthaw,
Cardiff West (Cog Moors WwTW), and Cardiff East/Central/St
Mellons/Rhymney Valley/Western Valley (Cardiff WwTW) sewerage
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catchments, based on previous studies undertaken for DCWW. A model
is also available for the Newport catchment and a request for access has
been made to DCWW. Information for other catchments along the coast
has also been requested, e.g. Porthcawl/Bridgend and Llantwit Major.

Wessex Water will be approached to establish what sewerage network
information may be available for WwTWs on the English side of the
estuary. These discharges are potentially very large since they will
include significant urban areas such as Bristol, Avonmouth, Portishead,
Clevedon, Weston-super-Mare etc.

Figure 3-14 gives an indication of the WwTWSs that discharge to the Severn
Estuary and Bristol Channel. Only the main WwTWs that serve populations of

2000

or more people are shown. The plot is taken from the EA’s 2007 study

into the fate and transport of particles in estuaries.

Figure 3-14: WwTWs discharging to the Severn Estuary/Bristol Channel

NOOMaLN -

Wastewater treatment works
effluent inputs:

® Crude
@ Primary
Bological
® Ultra-violet disinfection
® Membrane disinfection

18

Overlon WwTW

Gloucester Longford WwTwW

Southgate WwTW 19. Cheltenham WwTW
Bishopston WwTW B ¢ 20. Gloucester Netheridge WwTW
Swansea WwTW ‘ \ 4 21. Frampton WwTW

Afan WwTW o 22. Sharpness WwTW

Pen y Bont WwTW 23. Thormbury WwTW

Llantwit WwTW 24. Avonmouth WwTW

The Leys outfall 25. Portbury Wharf WwTW
Cardift WwTW 26. Kngsion Seymour WwTW
Cog Moors WwTW 27. Wick St lawrence WwTWwW
Nash WwTwW 28. Weston-Super-Mare WwTW
Ponthir WwTW 29. West Huntspill WwTW
Magor Brewery 30. Bridgewater WwTW
Sedbury WwTW 31. Doniford Outfall

Lydney WwTW 32. Watchet WwTW

Blakency WwTw 33. Minchead WwTW
Longhope WwTW 34, Porlock WwTW

(Source: Environment Agency, 2007. Fate and transport of particles in estuaries. Volume IV: Numerical

modelli

ng for bathing water enterococci estimation in the Severn estuary. Science Report SC000002/SR4.

March 2007.)

NB: Labels for 9 and 10, Cog Moors and Cardiff WwTWs, are transposed.

REPORT REFERENCE: P1914A_R3640_REV3

30 24/02/2015




TIDAL LAGOON POWER PLC Intertek
SEVERN ESTUARY LAGOONS - DATA REVIEW AND GAP ANALYSIS

3.7.2.2

3.7.2.3

Private sources

Databases of consented discharges have been obtained from NRW and the
EA. These contain locations and consented (maximum) discharge flows for a
number of private sources within the study area.

Some smaller sources, such as private septic tanks, may not be included in
these databases. Given the size of these discharges relative to (for example)
WwTWs and rivers, for the most part these omissions can be ignored.
However, in the case of sources that discharge in the near-field close to the
lagoons, either directly or via rivers, it may be necessary to include them in the
study. In such a situation, a study of maps and aerial/satellite imagery (e.g.
using Google Earth) can identify dwellings that do not appear to be connected
to sewer or included in the consents databases. Discharge flows can be
estimated from dwelling size (i.e. population) and typical per-head-per-day
production rates.

Water company CSOs

The most detailed information on CSO discharge flows will be provided by
sewerage network models. These produce long-term time series of flow in
response to various inputs such as daily patterns of water usage and
intermittent rainfall events.

n As described in Section 3.7.2.1, Intertek can obtain network model output
for a number of sewerage catchments, based on previous studies
undertaken for DCWW. We have also applied for access to models of
other catchments in the study area.

[ Wessex Water will be approached to establish what sewerage network
information may be available for WwTWs on the English side of the
estuary. These discharges are potentially very large since they will
include significant urban areas.

The extent to which CSOs need to be included in the study, and the manner in
which they are represented, will depend in part upon their proximity to the
Project or cumulative developments:

a) In the near-field, there will likely be a requirement to model CSO
discharges explicitly using good time series flow data from verified
sewerage network models.

b) In the mid-field, sewerage network model output should be used if
available. Alternatively, it may be acceptable to estimate spill
volumes based on catchment size (population) and use of a typical
hydrograph from a modelled sewerage catchment. This latter
approach should be treated with some caution since it relies on a
number of assumptions. It is more suited to smaller catchments at
some distance from the lagoons, where uncertainties in the
approach are likely to be of limited significance to study results.

c) In the far-field, estimates of intermittent spill volume using the
approach outlined above may be suitable. This approach allows
intermittent spills to be included in the study without expending
considerable effort on characterising CSOs that may be of minor or
negligible significance. Alternatively, for CSOs that discharge to a
river, it may be reasonable to model these discharges as part of the
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3.7.2.4

river load rather than to separate them out and model them
explicitly. Various analytical techniques exist to do this. Finally, it
may be acceptable to ignore CSO discharges altogether (for
example, if conservative screening runs indicate that these are of
no relevance to the study).

Industrial/trade discharges

Databases of consented discharges have been obtained from NRW and the
EA. These contain some information on industrial discharges to the Severn
Estuary and Bristol Channel, but it is likely that there are omissions. It is
considered unlikely that there will be significant industrial discharges within the
Project area. It is recommended that further liaison with NRW and the EA is
undertaken to identify any industrial sources considered to be significant; this
may also include landfill site leachates.

Data on consented discharges have been obtained from NRW and the EA.
Additional data are likely to be available from water companies. From
consideration of the data already obtained and the data that are likely to be
available, the following points may be made:

n There is likely to be sufficient information to characterise water company
assets on the Welsh side of the estuary.

n Suitable information for water company assets on the English side of the
estuary will exist, but it is presently unknown how easy this will be to
obtain.

n The NRW and EA consents databases contain good information on
discharges across the study area, but may suffer from a) occasional
inaccuracies in the databases, and b) the conservatism inherent in using
maximum consented flows rather than typical/mean flows.

n Some data on industrial discharges are available from the NRW and EA
consents databases, but it is not clear how complete these are. Both
NRW and the EA may be able to provide information on other industrial
sources if these are believed to be of significance to the study. Even if
other discharges are identified it may be difficult to obtain adequate
information on their flows and loads.

It is considered likely that sufficient wastewater flow information will be available
for the required studies. The greatest unknowns at the moment are the level of
information that may be available from Wessex Water, and the level of
information available on industrial discharges.

As such, wastewater flow surveys are not an anticipated survey requirement.

However, in order to counter some of the uncertainties that may exist in the
data (for example, in the characterisation of industrial discharges), sensitivity
testing would be undertaken on any discharges that:

n are identified as being potentially significant to the study; and
n have limited information available to characterise them.
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3.8.2.1

Early screening runs would also be undertaken, in order to reduce as far as
possible the number of discharges that will need to be considered in the later,
more detailed phases of the assessment.

WASTEWATER (SEWAGE) QUALITY

Wastewater discharge concentrations are required to allow the accurate
characterisation of pollutant loads to the Severn Estuary and Bristol Channel.
They may also be of use if there is a requirement to calibrate or validate the
coastal model on individual (e.g. storm) events.

Wastewater will discharge either direct to the estuary or to rivers that
subsequently drain to the estuary. In the case of the latter, an understanding of
wastewater discharges will also be of relevance to gaining a sufficient
understanding of river flows and concentration (which will incorporate both point
sources such as WwTWs and diffuse runoff from agriculture).

Water company WwTWs

The following data sources are available to help characterise pollutant
concentrations (chemical, nutrient and bacterial) from water company WwTWSs:

n Measured concentrations from the Final Effluent (FE). DCWW and
Wessex Water will be approached for information on FE measurements at
their WwTWs. It is anticipated that sampling data will be available for
some, but not all, WwTWs. Some determinands, such as BOD, ammonia
and suspended solids, will typically need to be measured as part of the
WwTW’s consent conditions. Full consents databases have been
obtained from NRW and the EA. Other determinands, such as bacteria,
will generally be sampled on a more ad hoc basis, unless the WwTW FE
undergoes ultra-violet (UV) disinfection in which case bacterial data
should be available from UV efficacy monitoring.

L] Concentration values applied in previous studies that Intertek has
undertaken for DCWW, for example in the Cardiff area. Microbiological
data are available for the Cardiff and Swansea catchments. Broader
water quality data are available from a previous study of the Loughor
Estuary, and nutrient data are available for Swansea Bay. CREH will be
consulted on potential data from studies of other catchments, e.g. historic
studies for the Bridgend (Pen-y-bont) catchment. Pollutant sampling is
also believed to have been undertaken in the Cardiff West catchment in
2003/4.

L] Default concentrations assigned to each WwTW on the basis of treatment
type and other considerations. Representative default values will be
derived from:

L] data measured at other WwTWSs in and around the study
area, particularly in Wales where Intertek has undertaken
much previous work for DCWW;
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3.8.2.2

3.8.2.3

3.8.2.4

] data measured elsewhere throughout the UK (again, Intertek
has built up a large database of typical concentrations over
the years); and

(] concentration values reported in the scientific literature, with a
strong preference for those based on actual observations
rather than theoretical considerations.

Private sources

Private sources such as septic tanks are generally not monitored for water
quality. Discharge concentrations will therefore be assigned based on:

[ consideration of consented limits, where relevant, accepting that these
may be conservative compared to typical operational values; and

n default values determined from consideration of the treatment type plus a
database of FE monitoring data from other locations and from the
scientific literature.

Water company CSOs

CSO pollutant concentrations are generally not measured, except perhaps
occasionally on an ad hoc basis (normally as part of a specific investigative
study or in response to a perceived problem). Discharge concentrations will
therefore be based on:

(] any locally measured data, should these exist;

L] any data collected in support of the tidal lagoons study, if such
measurements are deemed necessary once all existing data have been
fully collated and evaluated;

(] data collected at WwTWs (preferably from the influent) during high flow /
wet weather conditions, since these may be taken to indicate storm flow
conditions within the sewerage network;

[ concentration values applied in previous studies that Intertek has
undertaken for DCWW, for example in the Swansea, Loughor and Cardiff
area; and

L] default concentrations based on values measured in and around the study
area, elsewhere in the UK, or reported in the scientific literature.

Industrial/trade discharges

Databases of consented discharges have been obtained from NRW and the
EA. These contain some information on industrial discharges to the Severn
Estuary and Bristol Channel, but it is likely that there are omissions. Consent
limits are likely to be conservative since they represent the upper end of the
allowable discharge concentrations.

It is considered unlikely that there will be significant industrial discharges within
the Project area. It is recommended that further liaison with NRW and the EA is
undertaken to identify any industrial sources considered to be significant; this
may also include landfill site leachates. In the event that suitable data are not
available and a discharge is judged to be a potentially significant impacter,
some monitoring or further work may be required to effectively characterise the
discharge.
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Data on consented discharges have been obtained from NRW and the EA.
Additional data are likely to be available from water companies. From
consideration of the data already obtained and the data that are likely to be
available, the following points may be made:

L] it is considered likely that sufficient information will exist to characterise
discharge concentrations for the majority of the key discharges;

n discharge consent limits will tend to be conservative compared to actual
concentrations;

n good sampling data may not be available for all required water quality
determinands;

m there is likely to be little measured information for individual CSOs or
private discharges, so generic defaults will have to be adopted; and

L] industrial discharges are presently an unknown, and due to the range of
industries and processes that may generate pollutants it may not be
possible to estimate default concentrations in the same way as for
sewage discharges.

It is possible that there will be a need for targeted sampling of discharge
concentrations. This will be focused on:

L] large (in terms of load) discharges to the near- and possibly mid-fields;

(] discharges (e.g. industrial) where default concentrations cannot be
estimated reliably; and

n water quality determinands that are considered to be most relevant to the
study (for example, it may not be necessary to undertake bacterial
sampling if screening runs suggests that Bathing Waters and Shellfish
Waters are unlikely to be affected by the Project).

Other study approaches exist that could reduce or replace the need for
additional sampling. For example, explicitly conservative discharge
concentrations can be adopted. The disadvantage of this approach is that
environmental impacts may be overestimated. Furthermore, identifying which
discharges cause the greatest impact may be problematic, since there will be a
skew towards those discharges modelled conservatively as compared to those
modelled with more realistic loads.

Additionally, sensitivity testing offers a means for establishing whether the
precise definition of discharge loads is of key importance to the study. A level
of sensitivity testing can be undertaken during the screening assessments. If
this testing indicates that impacts are relatively unresponsive to the pollutant
loads released from certain discharges, it may be acceptable to adopt
approximate or conservative concentrations for these, rather than put a lot of
effort into trying to characterise them in detail.
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3.9 MARINE WATER QUALITY — CHEMISTRY AND NUTRIENTS

Data on the chemical and nutrient properties of the Severn Estuary and Bristol
Channel, plus associated physical properties of the water column, are required
by the study for:

establishing a baseline against which the potential impacts of the Project
can be evaluated;

specifying offshore boundary conditions for the marine water quality
model;

setting initial background concentrations in the marine water quality
model; and

calibrating and validating the marine water quality model.

Various physical, nutrient and chemical determinands are of interest to the
study, including:

salinity (this may also be covered by ABPmer’s inputs);
temperature (this may also be covered by ABPmer’s inputs);
pH;

Secchi depth;

chlorophyll;

algal mass (counts);

phytoplankton mass (counts);

BOD;

DO;

phosphorus — DAIP;

nitrogen — DAIN as ammonia, nitrite and nitrate;

suspended solids (this will also be covered by ABPmer’s inputs);
turbidity (this will also be covered by ABPmer’s inputs); and

conservative pollutants such as heavy metals and TBT.

The water quality assessment may also require an understanding of sediment
interactions — for example, the role that Sediment Oxygen Demand (SOD) has
on DO levels. Intertek will liaise with ABPmer in order to ensure that any such
interactions are modelled robustly and consistently within the study.
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3.9.2.1

3.9.2.2

NRW/EA nutrient sampling

Historic marine water quality monitoring data have been obtained from NRW
and the EA. Data are collected both during routine monitoring and during ad
hoc surveys.

The data sets obtained from NRW and the EA show a large number of locations
where marine water quality monitoring has been undertaken, covering a variety
of important determinands. Note, however, that some of these sites hold only a
small number of data.

The following Figures (in Section 3.5.2.1) present an overview of the availability
of chemical and nutrient monitoring data for both freshwater and saline water
locations in the study area, based on data obtained from NRW and the EA:

] Figure 3-5 shows locations where DAIN measurements have been
obtained.

[ Figure 3-6 shows locations where DAIP measurements have been
obtained.

L] Figure 3-7 shows locations where DO, BOD and COD measurements
have been obtained.

(] Figure 3-8 shows locations where measurements of various metals have
been obtained.

(] Figure 3-9 shows locations where water temperature measurements have
been obtained.

n Figure 3-10 shows locations where pH measurements have been
obtained.

(] Figure 3-11 shows locations where salinity measurements have been
obtained.

n Figure 3-12 shows locations where chlorophyll measurements have been
obtained.

In general, there is a reasonable spread of chemical and nutrient monitoring
locations through the study area, although there are only limited data in the
offshore areas of the outer Bristol Channel. This may limit their usefulness for
providing offshore boundary conditions for the water quality model.

BODC MERMAN database

Additional water quality sampling data are available from BODC’s Marine
Environment Monitoring and Assessment National database (MERMAN).
MERMAN holds water quality data collected under the Clean Seas Environment
Monitoring Programme (CSEMP), which was previously known as the National
Marine Monitoring Programme® (NMMP). CSEMP fulfils the UK’s marine
monitoring requirements as laid out under the Oslo and Paris Convention
(OSPAR).

The NMMP/CSEMP data are mostly in the outer part of the Bristol Channel and
are therefore of greatest potential use in defining background water quality

REPORT REFERENCE: P1914A_R3640_REV3 37 24/02/2015



TIDAL LAGOON POWER PLC Intertek
SEVERN ESTUARY LAGOONS - DATA REVIEW AND GAP ANALYSIS

concentrations and model boundary conditions. Figure 3-15 plots the locations
of available data.

The same NMMP/CSEMP data are accessible through other online portals,
including those provided by the International Council for the Exploration of the
Sea (ICES) and the European Marine Observation and Data Network
(EMODnet). These portals may hold some additional monitoring data of use to
the Project.
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Figure 3-15: Water quality sampling
data available from BODC MERMAN
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3.9.2.3

Bristol Channel Project

BODC also holds data from the Bristol Channel Project. These data have been
obtained by Intertek.

The Bristol Channel Project was a study of the Bristol Channel and Severn
Estuary coordinated by the Natural Environment Research Council (NERC)
Institute for Marine Environmental Research (now Plymouth Marine
Laboratory). The study comprised over 100 cruises undertaken between 1970
and 1983.

Data were collected on a range of physical and chemical parameters including
temperature, salinity, chlorophyll, dissolved organic carbon, suspended matter,
nutrients, DO and plankton. In total, almost 15,000 station profiles, almost
35,000 water samples (covering 34 parameters) and over 2,000 Secchi disk
depths were obtained.

The following Figures give an overview of the coverage of the Bristol Channel
Project data set, covering selected water quality determinands:

] Figure 3-16 shows locations where nutrient or DO monitoring was
undertaken. The nutrient determinands measured include dissolved
ammonium, dissolved nitrite, dissolved nitrate plus nitrite, dissolved total
nitrogen, dissolved phosphate and dissolved total phosphorus.

(] Figure 3-17 shows locations where monitoring of metals was undertaken.
The metals considered were the dissolved fractions of cadmium, copper,
manganese, lead and zinc.

L] Figure 3-18 shows locations where temperature or salinity monitoring was
undertaken.

There are few data in the upper reaches of the Severn Estuary but good spatial
coverage in the middle and outer parts of the Bristol Channel.
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Figure 3-16: Bristol Channel Project nutrient
and DO sampling sites
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Figure 3-17: Bristol Channel Project metal

sampling sites
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Figure 3-18: Bristol Channel Project temperature|
and salinity sampling sites
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3.9.2.4

Other data sources

Further marine water quality sampling may be available from universities or
Cardiff Harbour Authority. Cardiff Harbour Authority holds a lot of data on water
quality in Cardiff Bay, which discharges adjacent to the Project. These
providers will be approached to see if their data will add substantively to the
data sets already obtained.

The marine water quality data sets obtained to date offer a good geographical
spread across the study area. However, a number of potential deficiencies are
identified:

n The various data sets cover a range of locations, points in time and water
quality determinands. Some determinands are very well represented in
terms of Project requirements while others are less well represented,
particularly in the near and mid-fields.

L] The existing data may be insufficient to adequately describe seasonal
cycles in water quality determinands such as nutrients, algae, chlorophyll
and phytoplankton.

L] Some of the data sets, particularly the Bristol Channel Project, are
relatively old and may not accurately represent current inputs to the
Severn Estuary and Bristol Channel. For example, changes in sewage
treatment levels and farming practices may have altered nutrient inputs to
the marine environment since the 1970s/early 1980s.

The existing data sources provide a good basis for the water quality
assessment but do not fulfil every requirement of the Project. This presents a
risk in terms of the technical quality of the water quality assessment, and also
the acceptability of the assessment to Regulators and other stakeholders.

A programme of marine water quality field surveys will be undertaken in support
of the Project. Given that a number of other oceanographic surveys are
currently scheduled, the water quality sampling will be carried out to coincide
with these. This will provide some essential model validation data which may
not be available from other sources.

Following an initial review by Intertek, an outline scope for water quality
sampling was drawn up and passed to TLP. This has been incorporated into a
survey Technical Specification®. Figure 3-19 shows the proposed
oceanographic and water quality survey locations. These are subject to change
on further analysis by the Contractor e.g. navigational constraints.
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Figure 3-19: Proposed locations for
oceanographic and water quality surveys
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The following are incorporated in the latest survey Technical Specification:

[ The coverage of the survey is considered sufficient to provide sample
data around the key areas of interest.

(] For the purposes of the water quality study, key water quality, nutrient and
potentially phytoplankton data will be obtained at the identified sample
sites (1 to 8).

(] Water samples will be collected at hourly intervals at multiple depths
(near-surface, mid-depth and near-bed) for sites 1, 2, 4, 6 and 8. These
should be analysed for salinity, temperature, phosphorus (DAIP), nitrogen
(DAIN as ammonia, nitrite and nitrate), BOD, DO, suspended solids,
turbidity and chlorophyll a. Secchi depth will also be measured at each
site.

n The potential requirement for phytoplankton specific surveys is discussed
further in Chapter 12 Intertidal and Subtidal Benthic Ecology.

n For the remaining sites (3, 5 and 7), surface water quality samples will be
collected at hourly intervals and analysed for salinity, temperature,
phosphorus (DAIP), nitrogen (DAIN as ammonia, nitrite and nitrate), BOD,
DO, suspended solids, turbidity, chlorophyll and algal mass. Secchi depth
will also be measured at each site.

n The requirement for 30-minute sampling at site 6 is not considered
necessary for water quality assessments.

(] A second sample replicate will be collected which should be filtered,
frozen and stored. This sample could then be used for later analysis of
conservative determinands such as heavy metals if required.

(] A second set of samples taken at the same locations in winter (December
to February) will be undertaken, in addition to the summer surveys.

[ Collection and storage protocols and minimum detection limits will be
confirmed with NRW and the EA for all determinands prior to sampling
and analysis.

We recommend the use of EA’s Exeter laboratory for analysis, as this is
relatively close and is accredited to the detection levels usually required by
NRW and the EA.

We further recommend a series of surveys, with samples collected throughout
the year to allow seasonal trends to be established. As a minimum, nutrient
surveys should be conducted in winter.

Where feasible it is recommended that concurrent surveys be conducted in the
larger rivers, particularly those that may be directly affected by the Project.
These surveys will concentrate on key pollutants/determinands; phytoplankton
surveys are not required in the rivers.
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3.10

3.10.2.1

MARINE WATER QUALITY - BACTERIA

Marine bacteria concentrations may be of use to the study for the following
reasons:

(] to provide a baseline against which the potential impacts of the Project
may be assessed; and

n to allow calibration and validation of the marine water quality model.

It is undetermined at this stage to what extent bacterial impacts may be an
issue to the Project. The key sensitive receivers in terms of bacterial
concentrations are Bathing and Shellfish Waters/Shellfish Harvesting Areas. In
the case of the Cardiff lagoon, the nearest such sensitive receivers are the
Bathing Waters near Barry, which may be sufficiently distant that they are not
affected by the Project. Screening model runs will be required in order to
establish the likely effect of the Project on these sensitive receivers, and the
requirement for considering them in detail during the water quality assessment.

Bathing Water monitoring

Bacterial sampling data are available for all designated Bathing Waters.
20 samples per summer are obtained by NRW/EA, and most Bathing Waters
will have 20 or more years of data available. However, it will only be
appropriate to use those data which are representative of the present
environment — for example, samples collected prior to significant upgrades in
the local wastewater infrastructure will be discarded.

Table 3-1 lists the designated Bathing Waters in the vicinity of the study area.
These are plotted on Figure 5-2 in Section 5.1.

Table 3-1: Bathing Waters in the vicinity of the Project

Bathing Water Designated E N

Minehead Terminus 1988 297614 146397
Dunster North West 1988 299707 145647
Blue Anchor West 1988 302161 143509
Burnham Jetty North 1988 330322 148972
Berrow North of Unity Farm 1988 329114 154114
Brean 1988 329600 158500
Weston-super-Mare Uphill Slipway 1988 331092 158867
Weston Main 1988 331600 160700
Weston-super-Mare Sand Bay 1988 332838 163267
Clevedon Beach 1988 339914 171322
Jackson's Bay Barry Island 1988 312200 166570
Whitmore Bay Barry Island 1988 311450 166250
Cold Knap Barry 1988 309854 166455
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3.10.2.2

3.10.2.3

Shellfish Water and Shellfish Harvesting Area monitoring

Designated Shellfish Waters are monitored for bacterial concentration.
Typically just four samples are collected per year. This provides a useful
indication of water quality but is too small a data set for use in water quality
model calibration, or to determine long-term performance and trends. Bacterial
sampling data have been obtained from NRW and the EA.

The nearest Shellfish Waters are Swansea Bay on the Welsh coast and
Taw/Torridge on the English coast. Locations are shown in Section 5.1, Figure
5-1 and Figure 5-2. The closest Shellfish Water, Swansea Bay, is
approximately 60 km from the Cardiff lagoon. This may be sufficiently distant
that the Project will have only small or negligible impacts on the Shellfish
Waters.

Shellfish Harvesting Areas (strictly Designated Bivalve Mollusc Production
Areas) are found at specifically designated locations within the Shellfish
Waters. Classifications (A, B, C or Prohibited) are assigned annually for each
harvested species, based on sampling of bacterial concentrations in the
shellfish flesh and intravalvular fluid. Intertek has obtained annual
classifications dating back to 2000. The actual concentration data on which
these classifications are based are available from the Centre for Environment,
Fisheries and Aquaculture Science (Cefas). Shellfish flesh monitoring data are
considered to be of limited value to the Project because:

m  The link between shellfish flesh quality and Shellfish Water quality is
complex and not fully understood, which means that shellfish flesh quality
is of limited use as a model calibration parameter.

(] The closest harvested beds to the Project are in Swansea Bay 60 km
away.

EA research study

In 2007 the EA published a report into the fate and transport of particles in
estuaries”®®'°.  This investigated the physical and biological processes
affecting bacterial concentrations in the Severn Estuary and Bristol Channel.
Through fieldwork sampling and laboratory analysis, useful data were obtained
for a number of key parameters, including:

n turbidity;

[ suspended solids concentration and particle size distribution;
n bacterial concentration; and

[ bacterial decay rates in seawater.

The findings of this study will be considered during the Project water quality
assessment.

Bathing Water monitoring data represent a robust source of water quality
information. They allow model predictions to be compared against a long-term
statistical distribution of bacterial concentrations. However, the sampling
frequency (roughly one sample every two weeks) does not allow the analysis of
water quality variation over short timescales such as a tidal cycle.
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As an indicator of long-term water quality performance, the Bathing Water
bacterial monitoring data cannot be improved upon by any realistic sampling
programme. They are considered sufficient for the purposes of assessing
potential impacts arising from the Project.

However, if the opportunity arises, there might be value in obtaining additional
bacterial concentration data in conjunction with other surveys that are planned
in support of the Project. These data would contribute to an understanding of
spatial and temporal patterns of estuarine water quality, and would provide
additional confidence in model outputs. A targeted monitoring program would
aim to provide:

n time series of varying concentration across a tidal cycle, at one or more
carefully selected locations within the estuary; and

n spot samples from different locations within the estuary in order to assess
spatial variability and the extent of impacts.
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4 SURVEY REQUIREMENTS

Based on information available at present, the Project water quality assessment
will benefit from various supporting field surveys. These are summarised
below; the referenced report Sections should be consulted for more detail.

Refinement of the survey scope may be possible based on the outputs of water
quality screening model runs. These runs have not been undertaken at the
time of writing. The screening runs will help to establish the potential spatial
extent of Project impacts, and may remove some discharges, water quality
determinands, or sensitive receiving waters (e.g. Bathing or Shellfish Waters)
from further detailed consideration.

(] River water quality (see Sections 3.5.4 and 3.6.4). Potentially in major
rivers and rivers close to Project locations.

m  Wastewater quality (see Section 3.8.4). Presently considered unlikely.

n Marine water quality — chemistry and nutrients (see Section 3.9.4). Likely
to be required for establishing baseline conditions. Long-term monitoring
may also be required to support Management Plans or mitigation options.

(] Marine water quality — bacteria (see Section 3.10.4). Presently
considered unlikely.

REPORT REFERENCE: P1914A_R3640_REV3 50 24/02/2015



TIDAL LAGOON POWER PLC Intertek
SEVERN ESTUARY LAGOONS - DATA REVIEW AND GAP ANALYSIS

5 HIGH LEVEL REVIEW

51 SENSITIVITIES

Numerous sensitive receivers exist within the Severn Estuary and Bristol
Channel. These will all be considered as part of the water quality assessment.

Figure 5-1 shows designated areas within the study area, as well as coastal
and transitional waterbodies as defined by the WFD.

Figure 5-2 shows just the Bathing and Shellfish Waters plus eutrophic sensitive
areas and saltmarsh extents.

Figure 5-3 plots the waterbodies in the study area as defined by the WFD. The
plot shows the coastal and transitional waterbodies, but also the inland river
and lake waterbodies. This is because there is a requirement as part of the
WFD assessment to look at both directly affected waterbodies and any
connected waterbodies.
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Figure 5-2: Bathing and Shellfish Waters,
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The various sensitive receivers will be affected to different extents by the
Project. The likely impact of the Project on each sensitive receiver will depend
on a number of factors, including:

n distance from Project;
n likelihood of water quality impact;

n key water quality determinands and processes for each sensitive water;
and

L] known water quality issues and/or present performance.

A preliminary review has been undertaken to establish which sensitive
receivers are likely to experience significant water quality impacts (either
negative or positive) due to the Project. They have been assigned an indicative
ranking of: high potential impact; moderate potential impact; low potential
impact (which includes negligible impacts). This will allow the focus of future
investigations to be targeted towards the most critical receiving waters.

The preliminary review of sensitive waters is presented in Table 5-1. The
following criteria have been evaluated:

L] Approximate distance from the Cardiff lagoon.

L] Relative magnitude of hydrodynamic impact. This is based on the initial
investigations undertaken by ABPmer using the hydrodynamic/coastal
processes model. An approximate magnitude (high, medium or low) has
been assigned to each receiving water based on the predicted changes to
current speed and (of lower importance) surface elevation.

(] Indicative water quality zone. A zone (near-, mid- or far-field) has been
assigned using the approach outlined in Section 2.2.

The review of sensitive waters will be updated as the Project progresses. In
particular, the following information will help to refine the present, preliminary
assessment of potential impacts:

n a full review of existing WFD status and key water quality drivers;

n results from the water quality screening runs regarding the spatial extent
of impacts; and

L] results from the water quality screening runs regarding the key water
quality determinands and processes.
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Table 5-1: Preliminary review of sensitive waters

Type Name Key determinands |Approx. |Magnitude of |Indicative Potential
distance |hydrodynamic |water quality |impact
from impact zone (cumulative)
Cardiff |(cumulative)
lagoon
(km)

Lagoon Cardiff lagoon All n/a High Near field High

WFD waterbody |*Severn Upper WFD determinands |60 Medium Mid field Low

*transitional |*Severn Middle WFD determinands |30 High Mid field Medium
Acoastal *Wye WFD determinands |30 Medium Near field Medium
*Bristol Avon WEFD determinands |20 Medium Near field Medium
*Usk WFD determinands |0 High Near field High
*Severn Lower WEFD determinands |0 High Near field High
"Bristol Channel Inner North WEFD determinands |5 High Near field High
ABristol Channel Inner South WEFD determinands |10 High Near field High
ABridgwater Bay WFD determinands |15 High Near field High
*Parrett WEFD determinands |15 High Near field High
ABristol Channel Outer North WFD determinands |35 High Mid field Medium
ABristol Channel Outer South WFD determinands |40 High Mid field Medium
*Ogmore WFD determinands |50 Medium Mid field Medium
ASwansea Bay WEFD determinands |55 Medium Far field Low
*Afan WEFD determinands |65 Low Far field Low
*Neath WFD determinands |70 Low Far field Low
*Tawe WEFD determinands |70 Low Far field Low
*Loughor WFD determinands |110 Low Far field Low
ALoughor Outer WFD determinands |100 Low Far field Low
ACarmarthen Bay WFD determinands |80 Medium Far field Low
*Tywi & Cywyn & Gwendraeth WFD determinands |115 Low Far field Low
APembrokeshire South WFD determinands |135 Medium Far field Low
*Milford Haven Inner WFD determinands [165 Low Far field Low
AMilford Haven Outer WFD determinands |150 Low Far field Low
APickleridge Lagoon WFD determinands |160 Low Far field Low
*Solfach WEFD determinands [180 Low Far field Low
"Barnstaple Bay WFD determinands |90 Low Far field Low
"Bideford Bay WEFD determinands |95 Low Far field Low
*Taw / Torridge WFD determinands |100 Low Far field Low
ALundy WFD determinands |115 Medium Far field Low
ACornwall North WEFD determinands |115 Low Far field Low
Bathing Water |Jackson's Bay Barry Island Bacteria 15 High Mid field Medium
Whitmore Bay Barry Island Bacteria 15 High Mid field Medium
Cold Knap Barry Bacteria 15 High Mid field Medium
Clevedon Beach Bacteria 10 High Mid field Medium
Weston-super-Mare Sand Bay Bacteria 10 High Near field High
Weston Main Bacteria 15 High Near field High
Weston-super-Mare Uphill Slipway Bacteria 15 High Near field High
Brean Bacteria 15 High Near field High
Berrow North of Unity Farm Bacteria 20 High Near field High
Burnham Jetty North Bacteria 25 High Near field High
Blue Anchor West Bacteria 35 High Near field High
Dunster North West Bacteria 35 High Near field High
Minehead Terminus Bacteria 35 High Near field High
Porlock Weir Bacteria 45 High Mid field Medium
Lynmouth Bacteria 55 Medium Far field Medium
Porthcawl group (4 BWs) Bacteria 40 Medium Far field Low
Swansea/Port Talbot group (6 BWs) |Bacteria 65 Medium Far field Low
Gower group (3 BWs) Bacteria 80 Medium Far field Low
lIfracombe/Bideford group (11 BWs) |Bacteria 75 Medium Far field Low
Shellfish Water |Swansea Bay Bacteria 60 Medium Far field Low
Burry Inlet Bacteria 100 Low Far field Low

P1914A\Table_5-1
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5.2 KEY SENSITIVITIES

This Section uses existing information to give an initial indication of the present
performance of some of the sensitive receivers. This can be used as a
measure of which receivers might be more sensitive to impacts resulting from
the Project.

5.2.1 Bathing Waters

Table 5-2 shows the historic performance of Bathing Waters in and around the
study area, for the last 11 bathing seasons. Performance is shown in relation to
the standards of the cBWD which has applied historically.

Table 5-2: Historic cBWD compliance for Bathing Waters in and around the study area

Minehead Terminus M M G G G M G M G G M
Dunster North West G M M M M M M G G M G
Blue Anchor West M G M M M M G G G M M
Burnham Jetty North M M M M M M G M M M M
Berrow North of Unity Farm M |G G M M M G G M G G
Brean G G G M G M M G M G G
Weston-super-Mare Uphill M M M M M M M M F M M
Slipway

Weston Main M M M M M M M M G G G
Weston-super-Mare Sand Bay | G G M G M G G G M G G
Clevedon Beach M G M M M G G G M G M
Jackson's Bay Barry Island G M M M M G M G M G M
Whitmore Bay Barry Island M |G G G G G G G G G G
Cold Knap Barry G G G M G G G G G G G

The cBWD will be replaced in 2015 by the rBWD. The highest water quality
classification of the rBWD (“Excellent”) is stricter than the Guideline
classification of the cBWD. Table 5-3 shows, for the same Bathing Waters,
predicted performance against the rBWD classification standards. Performance
is based on the four years of data 2010-2013 which may not be representative
of long-term conditions. Predictions are as provided by NRW'" and the EA™,
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Table 5-3: Predicted rBWD performance for Bathing Waters in and around the study area

Bathing Water Predicted rBWD performance based on 2010-2013 sampling data
Minehead Terminus Excellent
Dunster North West Good
Blue Anchor West Good
Burnham Jetty North Poor
Berrow North of Unity Farm Good
Brean Good
Weston-super-Mare Uphill Slipway Poor
Weston Main Good
Weston-super-Mare Sand Bay Good
Clevedon Beach Good
Jackson's Bay Barry Island Good
Whitmore Bay Barry Island Good
Cold Knap Barry Excellent

Figure 5-4 is taken from the EA’s 2007 study into the fate and transport of
particles in estuaries’. It shows the designated Bathing Waters within the study
area, and classifies these according to whether or not their bacterial
concentrations are significantly affected by bacterial inputs from rivers/WwTWs,
and/or by sediment transport processes (e.g. sequestration and release of
bacteria in sediments). The study found that Bathing Waters on the English
side of the estuary, near Bridgwater, were generally susceptible to both input
loads and marine sediment processes. Conversely, those on the Welsh coast
(around Barry and further west) were primarily influenced by just one of these
two factors.
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Figure 5-4: Causes of Bathing Water impacts,
as predicted by the EA’s 2007 study
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The nearest Shellfish Waters to the Project is Swansea Bay on the Welsh coast
and Taw/Torridge on the English coast. Locations are shown in Figure 5-1 and
Figure 5-2. The closest Shellfish Water, Swansea Bay, is approximately 60 km
from the Cardiff lagoon. This may be sufficiently distant that the proposed
lagoons have only small or negligible impacts on the Shellfish Waters.

The nearest harvested beds to the Project are in Swansea Bay. These beds
have consistently achieved Class B shellfish flesh quality in recent years.

The environmental performance of rivers adjacent to the study area can be
indicated by looking at their historic performance. The most comprehensive
recent sources of environmental performance are the EA’s 2009 (“Cycle 17)
River Basin Management Plans (RBMP) for Western Wales'?, the Severn™ and
the South West', produced for use in implementation of the WFD. Some of the
classifications given in these RBMPs have seen subsequent (“draft Cycle 2”)
updates.

The RBMPs are presently being evaluated in terms of the key determinands
and sensitivities for each identified WFD waterbody. In the meantime, an
indication of river water quality performance can be obtained from the EA’s
most recent General Quality Assessment (GQA) scheme classifications. These
predate the WFD RBMPs. The GQA scheme classifies river quality according
to a number of measures, as follows:

n Figure 5-5 shows river performance for 2007 against the biology
classification;

n Figure 5-6 shows river performance for 2009 against the chemistry
classification;

n Figure 5-7 shows river performance for 2009 against the nitrate
classification;

L] Figure 5-8 shows river performance for 2009 against the phosphate
classification.

Classifications A or 1 represent the best quality, dropping to F or 6 for the worst
quality rivers.
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Figure 5-5: GQA scheme river classifications
— biology (2007)
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Figure 5-6: GQA scheme river classifications
— chemistry (2009)
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5.3

5.4

5.5

KEY DISCHARGES

The major discharges to the Severn Estuary and Bristol Channel are the main
rivers. These provide the bulk of the pollutant load, which is in turn derived
from both point sources and diffuse runoff. The more distant (far-field) sources
will tend to provide a relatively constant background load on which local
(near- and mid-field) sources will be superimposed as more variable
concentrations. The effect of these sources will tend to vary in proportion to
load and proximity to the sensitive area or lagoon. Concentrations may show
short-term changes in response to rainfall and may also show seasonal
variation in response to rainfall and physicochemical processes.

In the absence of significant industrial discharges, the main point sources of
pollutant loads in the study area are the water company assets (WwTW and
intermittent discharges). These are particularly important in terms of bacterial
concentrations but will also contribute substantial nutrient loads. Due to
bacterial decay, the key water company assets will be those which discharge in
relatively close proximity to the lagoons, and particularly those that discharge to
the River Usk, Cardiff Bay and the coastline in between.

A detailed evaluation of the key discharges in terms of the water quality
assessment will be possible when:

] full data on discharge flows and concentrations have been obtained (e.g.
from the water companies) and evaluated; and

n screening model runs have been undertaken to establish the link between
discharge loads and impact concentrations at the sensitive receivers.

POTENTIAL IMPACTS OF THE LAGOON ON PLUME DISPERSION

The lagoon will affect local hydrodynamics, which will in turn lead to changes in
the trajectory and dispersion of local discharges. Discharges within the lagoon
will be more significantly affected as the timing, location and local dispersion of
the discharge plumes will be altered.

The discharges likely to be affected by the lagoon and the potential impacts of
each are provided in Table 5-4. This table takes into account ABPmer’s initial
investigations into the hydrodynamic impact of the lagoon. The likely
magnitude of hydrodynamic changes at each of the sensitive receivers is
summarised in Table 5-1.

POTENTIAL CHANGES TO PERFORMANCE OF SENSITIVE
RECEIVERS

Performance of sensitive receivers will be changed by the presence of the
lagoons. Table 5-4 provides an initial indication of how performance may be
affected in terms of WFD status and Bathing Water classification. Further
information on the likely magnitude of hydrodynamic changes at each of the
sensitive receivers is summarised in Table 5-1.

The effects of the status under other designations (e.g. Ramsar sites, Special
Protection Areas (SPA) and Special Areas of Conservation (SAC)) are difficult
to assess as these are largely based on ecological conditions, which may be
adversely affected by changes in water quality but which are difficult to quantify.

REPORT REFERENCE: P1914A_R3640_REV3 65 24/02/2015



TIDAL LAGOON POWER PLC Intertek
SEVERN ESTUARY LAGOONS - DATA REVIEW AND GAP ANALYSIS

Such changes will need to be assessed once changes in water quality are
understood.

Further understanding of the potential water quality impacts at sensitive
receivers will come from the water quality screening model runs, which have
not been undertaken at time of writing.

Table 5-4: Estimated effects of lagoon on dispersion from key discharges and potential
impacts on receiving water quality

Discharge Potential impacts on receiving waters

Cardiff Lagoon

River Usk (Ebbw River, Afon Confinement of river plume between Cardiff lagoon will reduce local
Liwyd) dispersion. Potential local impact and impact on the estuary water

bodies of the Usk, Ebbw and Liwyd with potential increase in pollutant
concentrations due to reduced flushing, especially on the flooding tide.

Potential reduction in WFD status in transitional waters. Rivers should
not be affected.

Cardiff WwTW and CSOs (Cardiff | Discharge direct to lagoon impoundment from WwTW and large CSOs.
WwTW treated effluent, CSOs at | Load is derived from centre and west of Cardiff with large population
Cardiff Eastern, Western Valley, equivalent.

Rhymney Valley, Kimberley Road, Potentially significant impact on water quality within the lagoon if flushing
Cardiff Central) is relatively low.

Potentially reduced impact on receiving waters outside of lagoon,
especially Bathing Waters at Barry.

Potential reduction in WFD status within lagoon impoundment.
Rhymney River Discharge direct to lagoon impoundment.

Potential to reduce dispersion of waters from the Rhymney River /
estuary with potential impact on the estuary waterbody resulting from
increase in pollutant concentrations due to reduced flushing.

Potential impact on water quality within the lagoon if flushing is relatively
low.

Potentially reduced impact on receiving waters outside of lagoon,
especially Bathing Waters at Barry.

Potential reduction in WFD status within lagoon impoundment and
transitional waters of Rhymney.

Rhynes/Reens (Gwent Levels) Drainage channels discharging to the coast and lagoon waters.
Low impact as small loads, but will affect water quality within lagoon.

Lagoon may affect drainage due to change in water levels, but should
not affect water quality as drains discharge via pumps, valves,
penstocks etc. to prevent tidal ingress.

Potential change in rhyne hydrology / flood risk. No change in WFD
status.

Cardiff Bay Lagoon may affect dispersion of plume from Cardiff Bay by blocking /
restricting easterly dispersion on flood tide. Will not affect Cardiff Bay
waterbody as tide cannot enter Bay impoundment.

Change in dispersion may affect impact of Cardiff Bay discharge on
Barry Bathing Waters.

No change in status of Cardiff Bay.
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5.6

5.7

Discharge Potential impacts on receiving waters

Cardiff West / Cog Moors WwTW | Penarth CSO and Cog Moors WwTW discharge between the lagoon
and Lavernock Point. Likely to be affected by changes in dispersion in
this area.

Load represents population of Cardiff West, Penarth, Barry, Sully and
Wenvoe.

Potential o affect Barry Bathing Waters.

Discharges west of Lavernock Unlikely to be significantly affected by changes in circulation and
Point dispersion, but some small changes may occur.

Unlikely to affect status of waters west of Lavernock Point.

WATER QUALITY WITHIN THE LAGOON

Hydrodynamics and dispersion within the lagoon will be increased in the areas
near the turbines and reduced elsewhere, particularly in the areas most remote
from the turbines, i.e. along the walls and shoreline. Flushing will also be
reduced in these more remote areas. These effects will change the distribution
of pollutants in the lagoons and may lead to local increases in pollutant
concentrations that may affect water quality status or sensitive receivers.

The discharges likely to be affected and the potential impacts within the lagoon
are provided in Table 5-4.

Further understanding of the potential lagoon water quality will come from the
water quality screening model runs, which have not been undertaken at time of
writing.

Water discharged from the lagoon may cause local changes in water quality as
the lagoon will tend to cause an agglomeration of multiple existing discharges,
i.e. those within the lagoon, into a single discharge through the turbines. As
this discharge will have a relatively high speed it will tend to disperse rapidly
into the waters surrounding the lagoon. Where the lagoon volume is large
compared to discharge volumes, the lagoon discharge is likely to be of low
concentration, particularly if the water entering the lagoon on the flood tide has
relatively low pollutant concentrations.

In general the lagoon discharge may be expected to cause local changes in
concentration around the discharge point, but would not be expected to
significantly impact the receiving waters.

Further understanding of the potential water quality impacts at sensitive
receivers will come from the water quality screening model runs, which have
not been undertaken at time of writing.

PoOsSSIBLE MITIGATION MEASURES

Mitigation measures are likely to be limited due to the nature of the changes in
water quality caused by the lagoon, as these changes are due to the physical
effects of the lagoon structure.
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Mitigation is therefore likely to be dependent upon monitoring the effects of the
lagoons to ensure these are no greater than predicted, or to provide early
warning of potential impacts and triggering of intervention measures. As such,
good baseline data from existing sources and specific surveys will be key to
providing mitigation through Adaptive Management Plans.
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TIDAL LAGOON POWER PLC
SEVERN ESTUARY LAGOONS - DATA REVIEW AND GAP ANALYSIS

Intertek

Area influenced by the physical and hydraulic effects of the Project.

Time-varying concentrations from sources immediately adjacent to the
Project, e.g. local drainage catchment and industrial discharges.

Zone 1 discharges lead to moderate or high concentrations that
respond rapidly and measurably to short- and medium-term variations in
load, e.g. storm events, and seasonal effects. Concentrations can vary
significantly in the short-to medium-term and seasonally.

Typically these must be represented as time-varying loads that respond
to episodic events (e.g. storms).

Data needs: Low

May contribute a small
background load, but which
would not be expected to
significantly affect compliance
with standards.

Decay will generally remove
the majority of effects of
these sources, but they
would be expected to
contribute measurably to
background concentrations.

An approximation should be
included that represents both
a continuous (average / dry
weather) componentand a

response to storm conditions.

Data needs: High

Conservative nature of these
pollutants generally requires
an accurate description of
load under normal (average /
dry weather) and storm
conditions.

Sink terms should also be
included where these are
potentially significant.

Data needs: High

Conservative nature of these
pollutants generally requires
an accurate description of
load under normal (average /
dry weather) and storm
conditions.

Sink terms should also be
included where these are
potentially significant.
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SEVERN ESTUARY LAGOONS - DATA REVIEW AND GAP ANALYSIS

Intertek

Zone 2 — Mid-Field

Bacteria

BOD, ammonia and DO

Nutrients

Conservative pollutants

Area close to the Project, which would not be expected to be
significantly influenced by the hydraulic effects of the Project and from
which pollutant discharges would lead to low or moderate variations in
receiving water concentration in the short and medium-term, and
seasonally.

These pollutants will provide a continuous background concentration
with some measurable variation in response to short- and medium-term
variations in load, e.g. events and season.

These sources would include river and point sources that lead to low or
moderate background concentrations but would not be expected to be
affected by the project, e.g. river, WwTW and Combined Sewer
Overflow (CSO) discharges to the Severn Estuary and Bristol Channel
within a distance of approximately 10 km of the project.

Typically these can be represented as average continuous loads with a
general representation of increased load during episodic events (e.g.
storms).

Data needs: Low

May contribute a small
background load, but which
would not be expected to
significantly affect compliance
with standards.

Decay will generally remove
the majority of effects of
these sources, but they
would be expected to
contribute measurably to
background concentrations.

An approximation should be
included that represents both
a continuous (average / dry
weather) componentand a

response to storm conditions.

Data needs: High

Conservative nature of these
pollutants generally requires
an accurate description of
load under normal (average /
dry weather) and storm
conditions.

Sink terms should also be
included where these are
potentially significant.

Data needs: High

Conservative nature of these
pollutants generally requires
an accurate description of
load under normal (average /
dry weather) and storm
conditions.

Sink terms should also be
included where these are
potentially significant.
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SEVERN ESTUARY LAGOONS - DATA REVIEW AND GAP ANALYSIS

Intertek

Zone 3 - Far-Field

Bacteria

BOD, ammonia and DO

Nutrients

Conservative pollutants

The regional area, distant from the Project and unlikely to be affected
by, or affect, the Project in terms of hydraulics and pollutant
concentrations. However the hydrodynamics of this area and pollutants
discharged from this area can determine regional conditions and
background concentrations due to sources.

While the Project would not be expected to affect these sources, or the
local concentrations from these, they are important in setting the
background levels.

Long-term mixing of pollutants from these sources will provide a
continuous background concentration with little measurable short - or
medium-term variation but some seasonal change.

These sources would include upstream rivers (e.g. Severn), distant
rivers (e.g. Avon) and point sources from distant areas, e.g. WwTW and
CSO discharges from Bristol, Weston-super-Mare etc.

Typically these can be represented as average values forming a
continuous load. Episodic events (e.g. storms) are not usually required
except where large.

This group also includes the model boundary conditions. Accurate
definition is important for many pollutants to ensure boundaries do not
cause a long-term artificial increase / decrease in concentration.

Data needs: N/A

Decay will remove bacteria
from these sources.

Data needs: Low

Decay will generally remove
the effects of these sources.

An approximation should be
included as a minimum.

Dispersion will reduce
concentrations to a low level
around the project area.

An approximation must be
included as a minimum to
define minimum background
levels.

Dispersion will reduce
concentrations to a low level
around the project area.

An approximation must be
included as a minimum to
define minimum background
levels.
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	2.1.0.1 This Chapter sets out Tidal Lagoon Cardiff Ltd’s (TLC) proposed way forward for the ongoing work to undertake the Environmental Impact Assessment (EIA), the Habitats Regulation Assessment (HRA), the Water Framework Directive (WFD) assessment a...
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	2.1.0.3 As the Project is likely to affect water bodies designated under the Water Framework Directive (WFD) (Directive 2000/60/EC), a WFD compliance report must also be provided to support the DCO application.  The WFD compliance report must identify...
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	2.1.0.6 Planning Inspectorate Advice Note 10 (version 5, August 2013) describes how the Habitats Regulations Assessment (HRA) process should be undertaken for Nationally Significant Infrastructure Projects (NSIPs). As the Project is likely to affect o...
	2.1.0.7 Prior to the first step in the HRA, a site selection process to identify the list of European sites that will potentially affected has been drawn up, from which the final list of sites to be included for further assessment can be selected afte...
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	2.1.0.13 An outline timeline for the proposed submission of the DCO application is set out as follows:
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	2.2 The Evidence Plan Process
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	2.3 The Modelling Work Plan
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	2.3.0.4 The likely components of the modelling work plan comprise:
	2.3.0.5 The combination of the Modelling Work Plan and Data Plan support the requirements of an Evidence Plan as set out by Defra (2012):
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	11.0 Land Quality & Hydrogeology
	11.1 Overview of existing situation
	11.1.0.1 The information presented below provides a summary of issues relevant to the approximate landfall locations. A detailed assessment of land quality and hydrogeology impacts will only be possible when exact locations of the proposed landfalls h...
	11.1.0.2 The Western landfall is located approximately 2km from the entrance to Cardiff Bay, to the south of the Queen Alexandra Dock, within Cardiff Docks, adjacent to Longships Road.
	11.1.0.3 The areas surrounding the western landfall site include mixed commercial and industrial areas. There is also an operational timber yard and storage depot nearby.
	11.1.0.4 The Eastern landfall is located approximately 2km from the mouth of the River Usk,within the Wentlooge area of Newport. This area comprises primarily reclaimed agricultural land, as well as areas of tidal marsh known as the Wentlooge Levels. ...
	11.1.0.5 Within the Wentlooge Levels there are settlements which comprise several scattered farms with some intermittent linear developments along the B4239 approaching Newport (including a school). The Swansea to London Great Western main line railwa...
	11.1.0.6 The eastern landfall site falls within the Gwent Levels – St Brides SSSI. The Gwent Levels are a sensitive ecological receptor made up of a number of separate Sites of Special Scientific Interest (SSSI).   Few major land-use changes have been...

	11.2 Scope of potential impact to be assessed
	11.2.0.1 The Project will have an effect on land quality and hydrogeology during the construction, operational and decommissioning phases. The scope for this chapter will assess the potential changes to land quality at the landfall areas and the hydro...
	11.2.0.2 Water quality, coastal processes and flood risk/hydrology are discussed in separate scoping chapters.  Consultation will be undertaken with other relevant disciplines to ensure an integrated approach in undertaking the EIA.
	11.2.0.3 At this stage the most likely effects upon land quality and hydrogeology have been identified as the following:
	i. Presence of contamination from historical industrial land uses (western landfall area) and therefore there is the possibility that during construction contaminants may become mobilised and migrate across the area;
	ii. Dewatering may be required during construction which could cause mobilisation of contaminants or the potential for saline intrusion therefore reference will need to be made to the current guidance on dewatering “Hydrogeological impact appraisal fo...
	iii. Change in hydrogeological regime across the land area within the tidal lagoon due to reduced tidal range;
	iv. Change in salinity in the inland reen system and marshes due to change in tidal range;
	v. Removal of topsoil and earthworks associated with the construction and creation of stockpiles of soils and construction materials, with increased potential for the generation of runoff with elevated concentrations of sediment which may enter ground...
	vi. Transportation, storage and use of oils and fuels for construction plant and handling of wet cement and concrete, with increased potential for surface and groundwater contamination;
	vii. Handling and treatment of waste materials and wastewater;
	viii. Construction works, including vehicular movements could result in compaction of the soils and a reduction in its infiltration capacity and therefore groundwater recharge; and
	ix. There are potentially private water supplies in the area and the risk to these will need to be assessed.

	11.3 Existing baseline data, consultation and need for survey
	11.3.1 Site History
	11.3.1.1 With reference to historical mapping obtained from the old-maps websiteP0F P the Western landfall is located within Cardiff docklands near Butetown and comprises a mixture of commercial and industrial areas. Historically, the rapidly increasi...
	11.3.1.2 Several other industries associated with the docklands have historically been present between 1901 and circa 1964. These included iron works, brickyards, timber yards, sulphate / copper and iron works, a water treatment works, copper works, a...
	11.3.1.3 After the Second World War, demand for coal slumped and by the early 1980’s Cardiff Docks had become a neglected wasteland of derelict docks and mudflats until its redevelopment from the 1990s onwards. This has transformed much of the area in...
	11.3.1.4 The eastern landfall location is located within the St Brides and Wentlooge areas and these primarily comprise agricultural land that is mainly used for grazing and taking hay/silage crops.
	11.3.1.5 Historically the site has remained unchanged since the first published Ordnance Survey map dated 1883.
	11.3.2 Geology
	11.3.2.1 With reference to the 1:50,000 scale British Geological Survey (BGS) Sheet 263 of CardiffP1F P the entire landfall area between the Cardiff Docks (western) and Wentlooge (eastern) are underlain with superficial deposits comprising Tidal Flat ...
	11.3.2.2 The bedrock geology for the area is noted to comprise soils belonging to the Mercia Mudstone Group. These are described by the BGS as dominantly red, less commonly green-grey, mudstones and subordinate siltstones with thick halite-bearing uni...
	11.3.2.3 No made ground is indicated as present within the landfall areas. However, the western landfall area is within Cardiff Docks and therefore it is anticipated that some made ground will be present in this area.
	11.3.2.4 It should be stated that the geology information provided on the geological maps covers the onshore information only and does not extend to within the River Severn and underneath the lagoon wall. With reference to the BGS website offshore Geo...
	11.3.3 Hydrogeology
	11.3.3.1 Although the Natural Resources Wales (NRW) has been formed in Wales, the Environment Agency (EA) websiteP3F P still holds some relevant information relating to the site. The EA website indicates that the superficial deposits underlying the si...
	11.3.3.2 The bedrock underlying the site is predominately classified as a Secondary B Aquifer associated with the Mercia Mudstone Group. These are described as “permeable layers capable of supporting water supplies at a local rather than strategic sca...
	11.3.3.3 According to the EA databaseP4P, the site is not located within a Groundwater Source Protection Zone (SPZ) and no SPZ are located within 500m of the site.
	11.3.4 Pollution incidents & Landfills
	11.3.4.1 A review of the Environment Agency websiteP4P has identified no pollution incidents within the location of the landfall area or within 1km of the site.
	11.3.4.2 The nearest historic landfill is located approximately 70m north and another approximately 100m north east of the landfall area. These are identified as South Side Queen Alexandra Dock. Both were active between 1993 and 1994 for industrial ho...
	11.3.4.3 Additional landfills were also shown approximately 1km to the south west and north east of the landfall area licenced for industrial and household waste between 1972 and 1988.
	11.3.4.4 No surveys / investigations have been undertaken to date and once the exact landfall locations are known, the need for undertaking such work will be reviewed.
	11.3.4.5 A review of the Environment Agency websiteP4P has identified no pollution incidents within the location of the landfall area or within 1km of the site.
	11.3.4.6 The nearest historic landfill is located approximately 50m north west of the landfall area known as Ty Mawr Farm Landfill. The operational dates and licences associated with the landfill are not known.
	11.3.4.7 An authorised landfill is located 60m north east of the site known as The Saltings (West Usk) landfill. The landfill now has its licence closed but was permitted to accept other wastes between unknown dates.
	11.3.5 Consultations
	11.3.5.1 At this stage it is anticipated that consultations will be undertaken with NRW and Local Authorities (City of Cardiff Council and Newport City Council) to gather information on historical activities and contamination issues with regards to th...

	11.4 Proposed assessment methodology
	11.4.0.1 It is anticipated that the proposed assessment methodology would broadly comprise the following:
	11.4.0.2 The proposed study area for the land quality aspects would be 250m beyond the landfall boundaries, and for hydrogeological aspects the study area would be assessed on the basis of likely drawdown and flow impacts.
	11.4.0.3 The methodology for the assessment of effects on geology and hydrogeology is based on the Water Environment section of the Design Manual for Roads and Bridges (DMRB) (Highways Agency, 2009) and the paper Practical Methodology for Determining ...
	11.4.0.4 The significance of the predicted effects will be determined by giving consideration to the importance of the receptor and the predicted magnitude of the effect.
	11.4.0.5 The significance of the predicted land quality effects will be determined by developing a Conceptual Site Model (CSM) and hence identification of potential pollutant linkages (contaminant source-pathway-receptor).
	11.4.0.6 The hydrogeological impacts will be assessed by construction of a 2D-numerical model (assuming sufficient data is available) or by reference to other similar schemes.
	11.4.0.7 From the CSM, the requirements for mitigation (commonly referred to as a remedial strategy) will be ascertained in accordance with the procedures set out in the EA guidance Model Procedures for the Management of Land Contamination  (CLR 11).

	11.5 References
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	13.0 Fish, including Commercial and Recreational Fisheries
	13.1 Overview of existing situation
	13.1.1 General overview
	13.1.1.1 The Severn Estuary and Bristol Channel fish community comprises over 100 recorded species of fish (Potts and Swaby, 1993; Henderson and Bird, 2010), including a number of internationally and nationally designated estuarine and migratory fish ...
	13.1.1.2 The most common estuarine and migratory fish species in the inner Bristol Channel fall into the marine stragglers, followed by marine migrants (Henderson, 2007). The other ecological categories comprise less than 5% of the fish assemblage eac...
	13.1.1.3 The diadromous species which migrate through the Severn Estuary are all protected under either national or international conservation designations. Ten other species (marine migrants: cod (Gadus morhua), herring (Clupea hargenus), plaice (Ple...

	13.1.2 Estuarine fish community
	13.1.2.1 Non-migratory estuarine and marine fish form part of the overall fish community found in the coastal waters around Newport and Cardiff and they contribute to commercial fish stocks and recreational fishing. A variety of species and lifestages...
	13.1.2.2 The Severn Estuary is strongly macrotidal, giving rise to powerful tidal currents, naturally high suspended sediment concentrations and poor light penetration, which limits primary production. Thus detritivores such as brown shrimp (Crangon c...
	13.1.2.3 The Severn Estuary area is not notable for commercial fishing. This is partly due to the limited range and quantity of commercially valuable fish present, but it is also due to the difficulties of operating fishing vessels in a macrotidal env...
	13.1.2.4 Recreational sea fishing is popular along the coast of South Wales and supports tourism as well as charter boats and tackle shops. Cod, whiting, conger eel, bass and flatfish are frequently targeted.

	13.1.3 Migratory fish community
	13.1.3.1 The Severn Estuary is particularly important for the run of migratory fish between the rivers and the sea (Bird, 2008). Species using the estuary include salmon, sea trout, sea lamprey, river lamprey, allis shad, twaite shad and eel. The popu...
	13.1.3.2 Of the anadromous species all but sea trout are listed under the European Habitat and Species Directive (92/43/EEC) in Annex II (species whose conservation requires the designation of SACs). Atlantic salmon and river lamprey are additionally ...
	13.1.3.3 A number of UK Rivers have been designated under the Natura 2000 series of sites as Special Areas for Conservation (SACs) for the presence of either all or some of these migratory fish species. The Rivers Usk and Wye have been designated as S...
	13.1.3.4 There are a number of other rivers entering the Severn Estuary and Bristol Channel which also support these diadromous species including, on the Welsh coast, the Rivers Ely and Taff (upstream of the Cardiff Barrage), the river Rhymney (which ...
	13.1.3.5 In addition to fish stocks within the rivers entering the Severn Estuary near the Project, those from other rivers outside of this area may also be affected. A number of the diadromous fish species within the Severn Estuary stray during their...
	13.1.3.6 The Severn Estuary contains three nationally important salmon fisheries (Rivers Severn, Wye and Usk), which together with the Taff, represent 11.6% of the England and Wales salmon rod catch (Environment Agency, 2013). Additionally, the Wye an...
	13.1.3.7 Within the Severn Estuary exploitation of salmon by nets and fixed engines continues but fishing effort and catches have greatly reduced over the past few decades. Some of the putcher and net fishermen are seeking to maintain the history and ...

	13.1.4 Legislative and policy requirements
	13.1.4.1 A summary of relevant legislation, policies and guidance relating to fish and fisheries, together with any general legislation that has fish specific considerations that may be relevant to the Project, is given below.
	13.1.4.2 The UK is party to a number of international conventions that can have implications for fish, fisheries and commercial and recreational fishers, and it is also required to implement directives issued by the European Commission (EC). This is a...

	13.2 Scope of potential impact to be assessed
	13.2.1 Introduction
	13.2.1.1 The Environmental Impact Assessment (EIA) will assess predicted construction, operational and decommissioning effects of the Project on the ecology of fish and shellfish within the area of the lagoon and offshore works. It will also extend to...
	13.2.1.2 The approach to assessment of the potential impacts is outlined here. These are divided into three time frames covering (1) Construction Phase, (2) Operational Phase and (3) Decommissioning Phase. Since the Project has a planned lifespan from...
	13.2.1.3 Various geographic ranges or 'study areas' are relevant to the fisheries assessment. The shortest range is within the seabed construction footprint and the hydraulic ‘near-field’ (as defined in Chapter 8 Coastal Processes, Sediment Transport ...
	13.2.1.4 The specific types of impact that will be considered and their potential effects on fish and fish-related activities are set out in Tables 13.2 to 13.4 below for the three project phases, together with explanatory text.  It should be noted th...
	13.2.1.5 The DECC commissioned Strategic Environmental Assessment of tidal power options in the Severn Estuary (DECC STP SEA) involved extensive assessment of the potential impacts of tidal power developments in the Severn Estuary including lagoons ad...

	13.2.2 Construction
	Table 13.2 Potential effects from construction phase
	13.2.2.1 The assessment of potential effects from increases in suspended sediment will undertaken using an understanding of the Project construction activities which could result in the associated impact. These include activities such as dredging and ...
	13.2.2.2 The potential effects of underwater noise and vibration upon the fish receptors will be undertaken based on an understanding of the sensitivity of the species under consideration. The potential lethal, sublethal and behavioural avoidance effe...
	13.2.2.3 Artificial lighting will be used during the construction phase both to illuminate required works, as necessary, and to mark structures for public and maritime safety. Artificial light has the potential to influence the behaviour of fish, for ...
	13.2.2.4 Habitat modifications would include changes in the seabed structure, e.g. by dredging to maintain access channels for construction vessels, by relocation of seabed materials and by addition or removal of structures that form habitat for fish....
	13.2.2.5 An understanding of the extent of impediment to fish passage into the area encompassed by the lagoon and the freshwater bodies flowing into it through the construction of the breakwater and temporary cofferdams will be undertaken. Fish utilis...
	13.2.2.6 An understanding of the potential impact of the lagoon construction activities in particular the installation of the breakwater and cofferdams on freshwater exchange and release from freshwater bodies to be encompassed and those in close prox...
	Habitat loss
	13.2.2.7 Loss of habitat during construction will result from the installation and dewatering of temporary cofferdams, trenching for cables and from the formation of permanent structures on the seabed, including the breakwater and dolphins. Loss of se...
	13.2.2.8 Suction of water through the draghead during dredging operations could impact on buried fish such as overwintering stages of sandeel which prefer sandy substrates. An assessment of the areas of sandy substrate to be affected, timing of works,...
	13.2.2.9 The potential effects on fish species within the vicinity of the construction works resulting from accidental spillages or discharges to the marine environment affecting water quality will be examined.
	13.2.2.10 Fishing boats and charter vessels may incur additional fuel costs and steaming times through needing to navigate around the safety zone associated with construction activities, including dredging, temporary cofferdams and breakwater during c...

	13.2.3 Operation
	Table 13.3 Potential effects from operation phase
	13.2.3.1 An assessment of the potential for the operation of the Project to increase suspended sediment and deposition or erosion within and outside of the lagoon will be undertaken. The assessment will use information on the current suspended sedimen...
	13.2.3.2 To understand the potential effects of habitat fragmentation and isolation as a result of the Project, the fish utilisation of the area to be included within the lagoon, the freshwater and estuarine water bodies that will be encompassed by th...
	13.2.3.3 Impacts upon the freshwater exchange and release from encompassed freshwater bodies and those in close proximity to the breakwater will be determined. The migratory fish species using these cues and the potential effects of changes to them wi...
	13.2.3.4 The large flows of water passing through the turbines and sluices with every tide will cause changes to the seabed in proximity to the turbine houses, notably the removal of fine deposits. The need for maintenance dredging during the operatio...
	13.2.3.5 Areas of water turbulence around sluices and turbines attract planktivorous fish such as sprat and herring and can break up shoals of these small schooling species making them more vulnerable to predation by seabirds and piscivorous fish such...
	13.2.3.6 Periodic maintenance dredging of the lagoon will be required.  The effects as identified for the construction hase will be assessed.
	13.2.3.7 Fish living in the intertidal zone and utilising the intertidal as a route into connected freshwater bodies are adapted to follow tidal movements up and down the shoreline. Unnaturally high rates of ebbing can cause fish to become stranded. T...
	13.2.3.8 Tidal-range hydroelectric turbines are broadly similar to those used at inland hydropower dams but are optimised for the varying tidal heads. Injury risk to fish arises from the potential for collision with fixed stay vanes and guide vanes an...
	13.2.3.9 Noise emissions from bulb turbines propagating into the surrounding water body have the potential to disturb fish. Likely emissions will be estimated in terms of noise frequency and level. These will be considered in relation to existing back...
	13.2.3.10 The sluices may be opened for periods towards the beginning and end of each filling and emptying cycle of the lagoon to optimise energy efficiency. The large volumes of water passing through will inevitably entrain numbers of small fish that...
	13.2.3.11 Lighting will be incorporated in to the design of the Project to ensure a safe environment for operatives, navigation and any members of public accessing parts of the facility. The potential effects will be assessed and mitigation measures i...
	13.2.3.12 Changes to the hydrological conditions within the lagoon and surrounding area will be determined in relation to their potential impacts upon water quality. The fish species using these areas and the nature of their behaviour within them will...
	13.2.3.13 An understanding of changes to the hydrological conditions within the Estuary outside of the lagoon will be determined. The potential for alterations in flow conditions to impact upon the migration of fish, their route of passage and potenti...
	13.2.3.14 The potential for electromagnetic fields (EMFs) to be generated within the water column from seabed cables will be determined and where necessary the levels identified.  The assessment of potential effects will be based on the sensitivity of...
	13.2.3.15 The types of recreational activity which may occur within the lagoon will be determined along with their potential to generate underwater noise and vibration above ambient levels in the area. An assessment on potential fish receptors will be...
	13.2.3.16 Whilst during the construction phase safety zones will be present, during operation these will be reduced to key areas such as within the immediate vicinity of the turbines and sluices. Notwithstanding this the physical presence of the lagoo...
	13.2.3.17 The new lagoon could provide attractive platforms for sea fishing and could therefore increase fishing mortalities above current levels. Subject to consultations with angling bodies, the likely angling usage will be estimated and mortality i...

	13.2.4 Decommissioning
	13.2.4.1 The potential effects from decommissioning will depend on the option progressed.  Possible decommissioning scenarios are discussed in Chapter 6 Project Description.  Potential effects are detailed in Table 13.4.

	Table 13.4  Potential effects from decommissioning phase
	13.2.4.2 As with construction impacts, information will be provided on the decommissioning activities which could generate temporary increased suspended sediment levels. The potential effects of changes in suspended sediments above those predicted und...
	13.2.4.3 The potential for decommissioning activities to generate underwater noise and vibration above operational levels will be investigated. An assessment of their potential effect upon fish receptors will be determined in relation to the various f...
	13.2.4.4 Removal of the turbines and sluices will restore connectivity for fish and potentially eliminate steaming-time delays that the Project may have created for vessels in local waters. These effects will be assessed against the operational phase ...

	13.3 Existing baseline data, consultation and need for survey
	13.3.1 Overview of available data
	13.3.1.1 Fish data for the near and far field zones will be sought from the following organisations:
	13.3.1.2 Additionally where relevant peer-reviewed literature, grey literature and evidence available from monitoring undertaken at other tidal power developments will be investigated.
	13.3.1.3 The aim of the baseline characterisation will be to describe the species and lifestages that are present or pass through the area seasonally, and to describe their long-term fluctuations. This will be necessary so that any changes that may be...
	13.3.1.4 One of the most comprehensive sources of data from which an understanding of fish communities and population dynamics in the Severn Estuary has been developed has been the long-term surveillance of fish and crustaceans collected from the cool...
	13.3.1.5 In terms of commercial fishing for marine species, this is limited in the Severn Estuary owing to hostile tidal conditions and the fluid mud that characterises the subtidal in many areas, and the generally poor fish communities from a commerc...
	13.3.1.6 Finally there have been numerous scientific papers containing species records and concerning various aspects of fish biology in the Severn Estuary and its sub-estuaries which further contribute to the body of knowledge.
	13.3.1.7 There are a number of long-term datasets available on stock trends of migratory fish populations within the major rivers flowing into the Severn Estuary, in particular those with a protected nature designation such as the SACs, for which ther...
	13.3.1.8 Further information may be available on migratory fish populations within freshwater bodies. In particular for the smaller systems not regularly monitored by the regulatory authorities, this data may be available as a result of developments s...
	13.3.1.9 Information sources on migratory fish populations within the Estuary itself will be similar to those discussed above for the estuarine/marine fish assemblage in particular that available from the power stations and Agency WFD monitoring.

	13.3.2 Data gaps
	13.3.2.1 The data sources listed above provide for a good general description of baseline conditions in the Severn Estuary and levels of interannual variation but survey data specific to the lagoon locales are not available.  The key gaps therefore wi...
	13.3.2.2 Following on from the overview of the existing situation detailed above, a preliminary review of likely available data sources has been undertaken for migratory fish within the near and far field zone. This data availability has been compared...
	13.3.2.3 A matrix approach has been applied (Table 13.5) to identify watercourses considered to be of the greatest importance to the assessment for migratory species, i.e. those encompassed by or in very close proximity to the Project are ranked again...
	13.3.2.4 The estuarine environment in the locale of the proposed lagoon is also known to be data poor for migratory fish species. While it is known that juvenile life stages of migratory fish species may utilise the estuarine habitat potentially for p...

	13.3.3 Knowledge gaps
	13.3.3.1 The DECC STP SEA identified a number of knowledge gaps which were considered to result in uncertainty in the assessment which in some cases would prevent a decision from being made with regard to potential impacts upon protected site designat...
	13.3.3.2 Specific knowledge gaps identified and of relevance to the assessment for the Project are as follows:

	13.3.4 Data gathering and survey proposals
	13.3.4.1 Multi-method surveys are proposed to characterise the inter-tidal marine fish fauna within the footprint of, and adjacent to, the Project and aid the assessment of habitat utilisation and residence of migratory fish species among others. The ...
	13.3.4.2 The primary aims of the intertidal surveys are to characterise the juvenile lifestages of commercially important and keystone species, and to investigate the resident yellow eel population. The surveys have the following objectives:
	i. To characterise the fish fauna within the potential zone of impact;
	ii. To provide an estimate of total catch rates per unit effort (CPUE); and
	iii. To provide an estimate of CPUE and seasonal length-frequency distribution of selected species designated as Valued Ecological Receptors (VERs)
	13.3.4.3 There is the potential for unsafe working conditions (e.g. deep intertidal mud and rapid tidal streams) to preclude certain areas from sampling.  A site visit was undertaken in January 2015 and provisional survey locations were identified bot...
	13.3.4.4 Surveys will be undertaken at quarterly intervals (typically January, April, July and October) to inform seasonal, inter-tidal habitat use. It is proposed to undertake two additional surveys during periods when migratory fish are likely to be...
	13.3.4.5 Core survey techniques will comprise of micro-mesh beach seines (approximately 25 m x 2.7 m with c. 3mm mesh), fyke nets (double ended fyke nets with cod end mesh <10mm), adult seine (43 m x 4 m with c. 14 mm mesh wings and a 6.5 mm mesh cod ...
	13.3.4.6 Techniques deployed at each site will be dependent on local environment and safe working conditions as well as regulatory consent, however nets will be similar at each station between surveys.
	13.3.4.7 Replicates will be undertaken at survey stations within the footprint of the proposed lagoon along with reference sites outside the potential zones of impact.  At each intertidal sampling station environmental parameters including water tempe...
	13.3.4.8 The subtidal fish surveys proposed have been designed to provide the site-specific evidence necessary to assess marine and migratory species (and life stages) within the potential impact zone (near and far field influence areas).
	13.3.4.9 The design includes a total of 4 subtidal transects within the proposed lagoon boundary (near field sites) and 2 additional distant transects (far field sites upstream and downstream from the lagoon).  The proposed sampling locations are show...
	13.3.4.10 Sampling will be undertaken on a quarterly basis to capture characterisation information for the four seasons, winter, spring, summer and autumn. A further two sampling occasions are additionally proposed to specifically target the potential...
	13.3.4.11 Two freshwater bodies/group of waterbodies have been identified by the data gap matrix analysis above as being of the highest priority for dedicated characterisation sampling for migratory species for the purposes of the EIA; the Rhymney Riv...
	13.3.4.12 In addition to the freshwater bodies, migratory fish species are also likely to utilise the estuarine habitat itself during periods of residence within and transit through the Estuary.
	13.3.4.13 Current knowledge on the presence and utilisation of migratory fish in these water bodies is considered likely to be limited, with some annual rod catch data for sea trout in the Rhymney available from the EA and NRW’s annual Salmonid and fr...
	13.3.4.14 Riverine electric fishing is only proposed for the River Rhymney to supplement the data on migratory fish populations that is currently anticipated to be available from routine monitoring by the regulatory authorities, rod catch data and any...
	13.3.4.15 Triple shock mixed species electric fishing will be undertaken at 5 pre-determined sites in different habitat types and stream orders over the course of the river to target juvenile salmonids, eels and other fish species present. A further 5...
	13.3.4.16 The reen/ditch systems are extensive within the adjacent shoreline of the proposed lagoon due to the presence of the Wentlooge Levels but are only connected to the Estuary in a few places. An initial scoping exercise has been undertaken to d...
	13.3.4.17 Electric fishing within the reen/ditch system would focus on those with a connection with the Severn Estuary to provide an indication of eel and other fish species presence/absence. An understanding of the connectivity within the Levels and ...
	13.3.4.18 To gain a better understanding of the eel usage of the Wentlooge Levels reen/ditch as a whole, the outmigrating silver eel population will be monitored at the point of the connection in to the Estuary at the same 4-5 waterbodies as identifie...
	13.3.4.19 There are two possible sampling techniques that could be employed for the assessment of elver passage in to the reen/ditch systems. Traps could be placed at the point at which the reen/ditch connects with the Estuary, which is usually contro...
	13.3.4.20 An alternative or supplementary technique to the traps, trialled in other countries is to use artificial habitat collection devices within the reen/ditches or at their entry point in to the Estuary. The sampling device consists of an array o...
	13.3.4.21 As with fyke netting, the same number of waterbody sampling points are proposed with 1 sampling site per system. Monitoring with either of these devices would take place over 3 or 4 night periods at any one time over the course of 6 weeks du...

	13.3.5 Consultation
	13.3.5.1 Consultation with statutory and non-statutory stakeholders will be maintained throughout the assessment process. Statutory consultees with respect to fish and fisheries interests include NRW, Welsh Government, NE, EA, Cefas and the MMO.
	13.3.5.2 Non-statutory consultees will include representatives from conservation and fishing-related sectors, including Rivers Trusts, Angling Trust, Fish Legal, angling clubs and associations and their representatives, commercial fishers associations...

	13.4 Proposed assessment methodology
	13.4.1 Generic assessment overview
	13.4.1.1 Generic assessment criteria applicable to fish and shellfish, commercial fishing and recreational fishing are presented below. More specific criteria, such as the value of receptors within each area assessed, are given separately. 27TThe impa...
	13.4.1.2 The implications of the following EIA regulations and legislation will be taken into consideration when compiling the EIA:
	13.4.1.3 To determine the significance of possible impacts, standard EIA criteria will be taken into account:
	13.4.1.4 Confidence in the predictions of the assessment will be assigned according to a three point scale based on expert judgement (High, Probable, Uncertain).
	13.4.1.5 Potential impacts will be identified for the three phases of the Project: construction, operation and decommissioning. In addition, any potential in-combination impacts of the Project with other plans and projects in the area will be assessed.
	13.4.1.6 For each of the assessments, the potential impacts will be examined and the significance of the effect identified. Impacts that are ‘Moderate’ or ‘Major’ are regarded as being significant for the purposes of the Infrastructure Planning (Envir...

	13.4.2 Fish and shellfish assessment overview
	13.4.2.1 The value attributed to ecological features is dependent on both their overall biodiversity/ecosystem services as well as their social and economic value within a relevant geographic framework (IEEM, 2010).
	13.4.2.2 The potential value of an ecological receptor is generally determined from its conservation designations. The value criterion for sites of local value or species not formally designated is more difficult to define.
	13.4.2.3 Table 13.6 identifies the criteria that will be used to determine the ecological significance of Valued Ecological Receptors (VERs) within the area relevant to the proposed lagoon. Multiple criteria may apply when identifying VERs
	13.4.2.4 The VERs identified at the scoping stage within the area relevant to the proposed lagoon are shown in Table 13.7. Their importance is based on their conservation value, distribution and status within the area of potential impact, spatial exte...
	13.4.2.5 To consider and evaluate impacts, a two stage process will be adopted involving:
	13.4.2.6 Separate value and magnitude tables will be used as appropriate for the different fisheries under consideration (see Tables 13.9 and 13.10).

	13.4.3 Commercial fisheries assessment overview
	13.4.3.1 Guidance on the commercial fisheries assessment will be taken from the National Policy Statement for Renewable Energy Infrastructure EN-3 and additional publications from DEFRA (2004). Possible impacts arising from renewable projects on comme...
	13.4.3.2 For commercial fisheries, the main ports where the principal receptors are expected to be will be identified along with any overseas fishing interests.
	13.4.3.3 The following table (Table 13.9) identifies the criteria to determine the value of commercial fishery receptors within the area of the Project.
	13.4.3.4 To consider and evaluate impacts, a two stage process will be adopted involving:

	13.4.4 Recreational fisheries assessment overview
	13.4.4.1 The principal receptors for recreational fisheries will be identified.
	13.4.4.2 The following table (13.11) identifies the criteria which will be adopted to determine the value of recreational fishery receptors within the geographic framework pertinent to the Project.
	13.4.4.3 To consider and evaluate impacts, a two stage process will be adopted involving:

	13.4.5 Methods proposed to assess specific effects
	13.4.5.1 Fish and fisheries assessments will be informed by data streams and modelling outputs from other topic areas within the EIA. Key interfaces are listed in Table 13.13.

	Table 13.13  Modelling outputs to inform fisheries assessment
	13.4.5.2 Individual-based models (IBMs) of fish behaviour allow the movements of different fish species and lifestages within river or tidal water bodies to be modelled according to behaviour rules specific to the species and lifestage. For instance, ...
	13.4.5.3 Fish species /lifestages to be modelled will include (as a minimum):
	13.4.5.4 Additional species may be added subject to fish survey findings and stakeholder consultations.
	13.4.5.5 The IBM models rely on good primary information on fish migration speeds, orientation cues, depth preferences, etc. This will be provided from literature review, case studies and fish telemetry (tracking) studies carried out in the Severn Est...
	13.4.5.6 Predictions made within the Individual Based Models on the interaction of migratory fish with the Project will be calibrated by both active and passive acoustic telemetry. Tracking studies at the appropriate resolution will be used to inform ...
	13.4.5.7 Fish which enter or leave the lagoon with the flow of seawater may pass either through the lagoon’s sluice gates or via the turbines themselves. As discussed previously turbines will be of a variable-speed, ‘fish-friendly’ design and most fis...
	13.4.5.8 Fish species and lifestages modelled will be as for IBM modelling.
	13.4.5.9 Once a turbine supplier has been selected, detailed data on turbine geometry, fluid dynamics and operating characteristics will be obtained and fed into the model.
	13.4.5.10 Each of the impacts and their assessment techniques discussed above assess the point estimate effects upon the different fish species rather than population level effects. Robust assessments of potential impacts at the population level are p...
	13.4.5.11 The proposed modelling will aim to quantitatively evaluate the potential impacts of the Project upon migratory fish populations through:
	13.4.5.12 The predicted quantitative impacts will be incorporated into age/stage matrix life cycle projection models for each target species that predict the future characteristics (e.g. abundance, trends, age composition, fitness indices), of the pop...
	13.4.5.13 Fish species/lifestages and associated waterbodies to be modelled will include:
	13.4.5.14 The models will rely on the availability and suitability of fish stock data and life history parameters for the species and rivers under consideration. Outputs will provide a prediction of the future trends and composition of the relevant fi...

	13.5 References
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	14.0 Marine Mammals
	14.1 Overview of existing situation
	14.1.1.1 Eighteen species of cetacean have been recorded in Welsh waters since 1990 (Baines and Evans, 2012).  Of these only five species: harbour porpoise (Phocoena phocoena), Risso’s dolphin (Grampus griseus), common dolphin (Delphinus delphis), bot...
	14.1.1.2 The most common cetacean recorded in the Bristol Channel is the harbour porpoise, followed by the common dolphin. Of the pinnipeds, only the grey seal (Halichoerus grypus) is known to occur in the area.
	14.1.1.3 The Severn Estuary is characterised by its hyper-tidal range, high sediment loads and extensive intertidal mudflats. Large expanses of intertidal flats are exposed at low tide, significantly reducing the areas of open water across the estuary.
	14.1.1.4 A detailed data review of available survey information and records of marine mammals was undertaken by Aquatic Environmental Research Ltd (AER Ltd) in order to inform the scoping report and provide an evidence baseline to inform future survey...
	14.1.1.5 The following sections give a brief overview, by species, of the existing situation in the Bristol Channel and the Severn Estuary and, where relevant, beyond the Bristol Channel. For the purposes of this chapter, the areas of the Bristol Chan...
	14.1.2 Harbour porpoise
	14.1.2.1 The Bristol Channel harbour porpoise population falls under the Celtic and Irish Seas (CIS) Management Unit (IAMMWG, 2013), which covers the seas from the Isle of Man, all around Eire, Cornwall, Channel Islands and offshore to the west (as il...
	14.1.2.2 For this area, the population density has been estimated at 95,843 individuals (95% CI=43,200-212,700, CV=0.42).
	14.1.2.1 Figure 14.3 below illustrates harbour porpoise sightings from systematic visual surveys conducted 1990-2009 around Welsh coastline, including the Bristol Channel (Baines and Evans, 2012). The red rectangle roughly encompasses the Severn Estua...
	Figure 14.3 Long term mean sightings rates (counts per 10 km distance travelled) of harbour porpoise in Welsh waters (Baines and Evans, 2012)
	14.1.2.2 The most detailed information of harbour porpoise in the Outer Bristol Channel comes from the Atlantic Array Offshore Windfarm Monitoring (Channel Energy, 2012). Harbour porpoise have also been regularly sighted in the Outer Bristol Channel d...
	14.1.2.3 The Central and Outer Bristol Channel have been highlighted as a potentially important area for harbour porpoise and were recommended for consideration as a Special Area of Conservation (SAC) for harbour porpoise by the Worldwide Fund for Nat...
	14.1.2.4 Very few incidental records exist from the Inner Bristol Channel and Severn Estuary. A desk study request from the South East Wales Biodiversity Records Centre (SEWBReC) returned less than ten records of harbour porpoise from the Severn Estua...

	14.1.3 Short beaked common dolphin
	14.1.3.1 As shown in Figure 14.4 below, in the Bristol Channel, common dolphin has been shown to occur in moderate or sometimes high densities within the outer part of the channel (Baines and Evans, 2012).
	14.1.3.2 Baseline surveys undertaken as part of the proposed Atlantic Array Offshore Wind Farm development in the Outer Bristol Channel recorded a high abundance of common dolphin in this area with more sightings than for any of the other species obse...
	Figure 14.4 Long-term mean sightings rate of common dolphin (Baines & Evans, 2012)
	14.1.3.3 There are no recorded sightings of common dolphins from the Central or Inner Bristol Channel or the Severn Estuary. Static acoustic monitoring studies at Hinkley recorded one dolphin encounter (unidentified species) over a 13 month study peri...

	14.1.4 Bottlenose dolphin
	14.1.4.1 There are two separate populations of bottlenose dolphin in the North Atlantic, the 'coastal' and 'offshore' populations. The better known 'coastal' form is locally common in the Irish Sea (Cardigan Bay), off North East Scotland (the inner Mo...
	14.1.4.2 The Atlas of the Marine Mammals of Wales (Baines and Evans, 2012 and Figure 14.5 below) recorded the highest densities of bottlenose dolphin sightings in Southern Cardigan Bay but with moderately high sighting rates also extending North into ...
	14.1.4.3 In addition to Cardigan Bay, the population of coastal bottlenose dolphin associated with south-west England has also been documented to be resident since the early 1990. However, the average group size of coastal bottlenose dolphin has decli...
	14.1.4.4 The bottlenose dolphin is occasionally sighted in the Inner Bristol Channel although it is considered an infrequent visitor (Baines and Evans, 2012). There have been no other sightings from any of the other recent surveys undertaken in the Br...
	Figure 14.5: Long-term mean sightings rate of bottlenose dolphins (Baines & Evans, 2012)

	14.1.5 Risso’s dolphin
	14.1.5.1 In north-west Europe, Risso’s dolphin appear to be a continental shelf species (Reid et al. 2003). The IAMMWG (2013) suggested a single Management Unit is appropriate for this species comprising all UK waters. Baines and Evans (2012) illustra...
	Figure 14.6 Long-term mean sightings rate of Risso’s dolphin (Baines & Evans, 2012)

	14.1.6 Minke whale
	14.1.6.1 Within UK waters, minke whales are most frequently sighted in the North Sea and west of Scotland around the Hebrides. Minke whales are present in low numbers in the Irish and Celtic seas (DECC, 2009). The IAMMWG (2013) suggested a single Mana...
	Figure 14.7 Long-term mean sightings rate of minke whale (Baines & Evans, 2012)

	14.1.7 Grey seal
	14.1.7.1 Seal density maps for the UK were produced by Jones et al. (2013). Figure 14.8 below illustrates the mean ‘total’ density of grey seals, which combines the at-sea and hauled-out densities per 5km by 5km cell. Figure 14.9 illustrates the grey ...
	Figure 14.8 Estimated total density of grey seals around the UK (taken from Jones et al. (2013))
	Figure 14.9 Estimated grey seal at sea usage around the UK (taken from Jones et al. (2013))
	14.1.7.2 Grey seals predominantly inhabit remote islands and coastline in Wales, breeding on undisturbed beaches of cobble and boulders or within sea-caves. The nearest site to the Project which has grey seal as a qualifying feature (but not a primary...
	14.1.7.3 Grey seals are regularly observed in the Outer and Central Bristol Channel, although usually in small numbers. During the Atlantic Array Offshore Wind Farm in the Outer Bristol Channel development baseline surveys, grey seal accounted for 7% ...
	14.1.7.4 Due to a lack of systematic surveys for grey seals in the Bristol Channel, a desk study was undertaken by AER Ltd, to collate records from a wide range of sources in order to provide an evidence base upon which future survey requirements coul...

	Figure 14.10 Grey seal sightings in the Bristol Channel from Severn Estuary to Pembrey between 1992 and 2013, map from SEWBReC
	14.1.8 Legislative and policy requirements
	14.1.8.1 Relevant legislation, policies and guidance for the assessment for marine mammals includes, but are not restricted to, the following:

	International Conventions
	i. The Convention on the Conservation of European Wildlife and Natural Habitats 1979 (the Bern Convention)
	ii. The Convention for the Protection of the Marine Environment of the North-East Atlantic (the OSPAR Convention)
	iii. The Convention on the Conservation of Migratory Species of Wild Animals 1982. (the Bonn Convention
	iv. The Convention on Biological Diversity 1992 (Biodiversity Convention)

	EC legislation
	I. EC Directive on the Conservation of Natural Habitats and of Wild Fauna and Flora (92/43/EEC) (EC Habitats Directive)

	National Acts, Statutory Instruments and Policy Statement
	1. The Wildlife and Countryside Act 1981 (as amended)
	2. Conservation of Seals Act 1970
	3. Marine and Coastal Access Act 2009 (Marine Act)
	4. National Environment and Rural Communities (NERC) Act 2006
	6. The UK Marine Policy Statement (MPS)
	7. National Planning Policy Framework


	14.2 Scope of potential impact to be assessed
	14.2.1 Introduction
	14.2.1.1 The impact assessment will consider potential effects on marine mammals associated with the construction, operation and decommissioning phases of the Project. The potential range of effects for each phase are indicated below in Tables 14.1 - ...
	14.2.1.2 The Project has a planned lifespan from construction to decommissioning of around 120 years, consequently the assessment will need to consider the potential effects of climate change over this time period including potential changes in water ...
	14.2.1.3 Direct and indirect impacts on marine mammals will be assessed, where direct impacts include direct physical disturbance and indirect impacts result in loss or disturbance of habitat or species through indirect routes e.g. deterioration in wa...
	14.2.1.4 Cumulative impacts will also be assessed in the EIA i.e. impacts of the Project combined with other developments that already exist, are currently under construction or currently have plans under consideration. These include the proposed Swan...
	14.2.1.5 The EIA will have to consider how the project may bring about changes to grey seal or cetaceans at a population level and the geographic scope of the impact assessment will be based on consideration of the potential zone of impact depending o...

	14.2.2 Potential effects during construction phase
	14.2.3 Potential effects during operation phase.
	14.2.4 Potential effects during decommissioning phase.
	14.2.4.1 The final decommissioning options have yet to be decided (see Chapter 6 Project Description). At this stage it is assumed that the breakwaters will not be removed and the decommissioning options will include the possible removal of the turbin...


	14.3 Existing baseline data, consultation and need for survey
	14.3.1 Introduction
	14.3.1.1 This section sets out the current understanding of the available baseline data and identifies any requirements for additional surveys to fill knowledge gaps to inform the EIA.

	14.3.2 Overview of available data
	14.3.2.1 A data review of sources required to characterise the marine mammals of the area has been undertaken by Aquatic Environmental Research Ltd and will be incorporated into the assessment. This included, but was not limited to a review of the fol...
	14.3.2.2 In addition a separate study was commissioned from AER Ltd in order to carry out a desk study of records of grey seals in the Bristol Channel (and the Severn Estuary in particular). The results of this study have been used to inform future su...

	14.3.3 Need for future surveys
	14.3.3.1 The data review undertaken by AER Ltd found that the outer Bristol Channel has been systematically surveyed to some extent by several different survey projects using various methods including boat based and aerial visual surveys, as well as t...
	14.3.3.2 There has been less coverage by systematic surveys In the Inner and Central Bristol Channel although several separate studies have been conducted and extensive static acoustic dataset exists for the Scarweather Sands wind farm and Hinkley pow...
	14.3.3.3 It is evident that low numbers of cetaceans and pinnipeds have been opportunistically sighted in the inner Bristol Channel and Severn Estuary area, which presumably has meant that there is little systematic survey data from the area.
	14.3.3.4 For the purposes of EIA, the surveys outlined below have been designed to be used to gather a basic understanding of the presence or absence of most common species encountered in the Severn Estuary and inner Bristol Channel. This initial site...

	14.3.4 Proposed survey techniques
	14.3.4.1 From the evidence collected to date, it is apparent that harbour porpoise and grey seals are the marine mammals that are most likely to occur in the Severn Estuary (with a small chance of common dolphin encounters). Survey methodologies used ...
	14.3.4.2 The most comprehensive survey option for baseline data collection is to conduct boat surveys (line-transect surveys) with visual observations and complement that with towed, passive acoustic survey. It is proposed that four surveys be underta...
	14.3.4.3 Actual transect lines and geographical coverage are yet to be finalised as the transect lines will be generated by the software package DISTANCE which will also be used to analyse the data (Buckland et al. 2001) (See Figure 14.11 for an estim...
	14.3.4.4 Selection of vessel will depend on habitat constraints, but the vessel should be large enough to operate from elevated platform and be able to cruise around 200-330 km a day at 10-12 knots (Evans and Thomas, 2013). For towed acoustic surveys ...
	14.3.4.5 Although these surveys will not be able to establish absolute numbers of any species in the area, surveys will follow the standard procedure surveys according to Joint Cetacean Protocol (JCP) using existing data templates so that any accrued ...
	14.3.4.6 Static acoustic monitoring devices (such as C-PODs) log echolocation clicks of cetaceans and they are increasingly used in monitoring studies for coastal development due to their cost effectiveness and continuous automated data collection, bo...
	14.3.4.7 There are advantages and disadvantages with using C-POD's.  The key advantage is the continuous data collection throughout the day and night, during all tidal periods and in most weather conditions. This allows large datasets to be collected,...
	14.3.4.8 The disadvantage of using static devices in high tidal energy environments is the likely chance of losing equipment, or reduced quality of data due to high levels of ambient noise.  As every deployment site will have its own challenges, it is...
	14.3.4.9 It is  therefore proposed to deploy pairs of static acoustic monitoring devices (C-PODs), at three key locations (6 C-PODs in total) in order to capture harbour porpoise activity in the area (particularly at night). The pairs of C-PODs will b...
	i. close to the proposed turbine housing for the Project;
	ii. close to the long sea outfall within the Project footprint; and
	iii. close to Flatholm (see Figure 14.12).
	14.3.4.10 It is proposed that the C-PODs will be deployed for 4 months as an initial pilot exercise.   After 4 months the data will be retrieved and the success of the site assessed. The monitoring programme in terms of site numbers and locations will...
	14.3.4.11 The results of the initial C-POD data collection will inform future survey and monitoring requirements for the Project. Impact monitoring, which has the primary aim of assessing the accuracy of predictions made in the Environmental Statement...
	14.3.4.12 Data will also be analysed from any C-PODs deployed as part of the Swansea Bay Tidal Lagoon project in order to increase the knowledge of harbour porpoise activity within the Bristol Channel.
	14.3.4.13 The results of the AER Ltd desk study into grey seal sightings (see Appendix 14.1) demonstrated that within the Severn Estuary grey seals are seldom recorded and that there are no known haul out sites on the Welsh or English side of the Estu...
	14.3.4.14 No specific surveys for grey seal haul out sites are therefore proposed. The visual boat surveys, as discussed above, would record any grey seals in the Inner Bristol Channel and Severn Estuary.  In addition to this, for the purposes of the ...
	14.3.4.15 The potential impacts on grey seal will be assessed through both the EIA and HRA process. It is considered that the only feasible method to conduct impact monitoring on grey seals would be to monitor a haul out site in the proximity of the P...

	14.3.5 Consultation
	14.3.5.1 It is good practice, and a legal requirement at certain stages, to consult with stakeholders (encompassing statutory bodies, Non-Government Organisation (NGOs) with technical knowledge and local communities).
	14.3.5.2 In addition to the statutory consultation at specific stages, there will be an iterative process of consulting relevant statutory bodies and NGOs with technical knowledge in relation to available data for marine mammals. The consultation proc...


	14.4 Proposed assessment methodology
	14.4.1 Impact assessment methodology
	14.4.1.1 The impact assessment approach will be based on the following:
	14.4.1.2 This impact assessment framework, which is presented in the following sections, is designed to incorporate the key criteria and considerations without being overly prescriptive.
	14.4.1.3 The first stage is identifying the potential impacts resulting from the proposed activities comprised in the Project (pressures) and the features of interest (receptors) that are likely to be affected. The combination of the pressure and rece...
	14.4.1.4 Potential impacts will be identified for the three phases of the Project: construction, operation and decommissioning. In addition, any potential in-combination impacts of the Project with other plans and projects in the area will be assessed.
	14.4.1.5 The second stage of the impact assessment involves understanding the nature of the environmental changes to provide a benchmark against which the changes and levels of exposure can be compared. The scale of the impacts via the impact pathways...
	14.4.1.6 The likelihood of a feature/receptor being vulnerable to an impact pathway will then be evaluated as a basis for assessing the level of the impact and its significance.
	14.4.1.7 The key significance levels for either beneficial or adverse impacts are described as follows:
	14.4.1.8 The matrices in Tables 14.4 to 14.6 have been used to assess significance.
	14.4.1.9 Table 14.4 has been used as a means of generating an estimate of exposure.  Magnitude of change has been considered in spatial and temporal terms (including duration, frequency and seasonality), and against the background environmental condit...
	14.4.1.10 Table 14.5 has been used to score the vulnerability of the features of interest based on the sensitivity of those features and their exposure to a given change.  Where the exposure and sensitivity characteristics overlap, then vulnerability ...
	14.4.1.11 The vulnerability is then combined with the importance of the feature of interest using Table 14.6 to generate an initial level of significance. The importance of a feature is based on its value and rarity such as the levels of protection. F...
	14.4.1.12 The final stage of the assessment process will identify any impacts that are moderate and/or major adverse significant and require mitigation measures to reduce residual impacts, as far as possible, to environmentally acceptable levels.  Wit...
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	16.0 Terrestrial Ecology
	16.1 Overview of existing situation
	16.1.0.1 The Project consists of approximately 25km of breakwater encompassing 70km2 of the Severn Estuary with landfall of breakwaters approximately 2km from the entrance to Cardiff Bay in the west and approximately 2km from the mouth of the River Us...
	16.1.0.2 In terms of terrestrial ecology, the Project spans the southern edges of the Wentlooge Levels. The Wentlooge Levels form the western part of the Gwent Levels, an area of low-lying land located between Cardiff and Caldicot. The Gwent Levels ar...
	16.1.0.3 The coastal and floodplain grazing marsh associated with the Gwent Levels supports significant wildlife interest, particularly aquatic and semi-aquatic flora and fauna associated with the drainage channel network. In recognition of this, much...
	16.1.0.4 Traditionally, surface water drainage of farmland within the levels was achieved through a pattern of ridge and furrow (grips), which emptied into ditches surrounding each field. Individual landowners are generally responsible for the mainten...
	16.1.0.5 The coastline of the Gwent Levels is characterised by sea defences, fringes of grazed saltmarsh, rock-armouring and intertidal mudflats of the Severn Estuary. The habitat and species assemblage (particularly birds) of the Severn Estuary is in...
	16.1.0.6 The footprint of the Project also encompasses the mouth of the River Rhymney (which is not designated). Although the Project footprint does not enclose the River Usk, indirect effects on this site of European importance for nature conservatio...
	16.2 Legislative and Policy Requirements
	16.2.0.1 Relevant legislation, policies and guidance for the assessment for terrestrial ecology include, but are not restricted to, the following:
	16.3 Scope of potential impact to be assessed
	16.3.0.1 Development of a tidal lagoon will result in direct and indirect impacts to terrestrial ecology during construction, operation and decommissioning phases. It should be noted that the terrestrial ecology assessment will use information from ot...
	16.3.0.2 It is envisaged that the terrestrial footprint of the Project will comprise:
	16.3.0.3 Construction of the lagoon is likely to take 4 to 5 years to complete followed by an operation phase of approximately 120 years. Decommissioning options are discussed further in Chapter 6 Project Description.
	16.3.0.4 Cumulative impacts will be assessed in the Environmental Impact Assessment (EIA) i.e. impacts of the Project combined with other developments that already exist, are currently under construction or currently have plans under consideration. Co...
	16.3.1 Potential effects during construction
	16.3.1.1 It is expected that the construction phase will mainly result in relatively localised near-field effects within and adjacent to the Project’s terrestrial footprint. Construction of the Project will result in permanent land-take where new infr...
	16.3.2 Potential effects during operation
	16.3.2.1 The presence of the lagoon structure and any associated increases in recreational activity that could affect terrestrial ecology receptors will be considered in the impact assessment. Impacts or effects resulting from operation of the Project...
	16.3.3 Potential effects during decommissioning phase
	16.3.3.1 The Project has a design life of approximately 120 years.  The potential decommissioning scenarios are discussed in Chapter 6 Project Description and the impacts on terrestrial ecology receptors will be assessed.
	16.3.4 Designated Sites
	16.3.4.1 An initial assessment of the potential impacts of the Project will take into account the following designated sites within 2.5km of the Project (Designated sites are shown on Figure 16.1):
	16.3.4.2 European sites will be subject to a separate Habitat Regulation Assessment (HRA) and receptor specific assessments relating to designated sites (such as coastal birds and fish of the Severn Estuary SPA/SAC and River Usk SAC) will be undertake...
	16.3.4.3 Until detailed coastal processes modelling is completed, the impact to coastal sites distant from the Project is difficult to predict. However, other coastal SSSIs within 20km of the proposed lagoon in addition to those listed above include: ...
	16.3.5 Habitats
	16.3.5.1 In addition to the assessment of designated sites, a further requirement of the EIA will be the consideration of Section 42 habitats and species of ‘Principal Importance’ for biodiversity in Wales. Section 40 of the Natural Environment and Ru...
	16.3.5.2 Intertidal mudflats, saltmarsh as well as coastal and floodplain grazing marsh associated with the footprint of the Project are listed as Section 42 habitats.
	16.3.5.3 The principal terrestrial habitats likely to be affected by construction, operation and/or decommissioning of the Project are likely to include:
	16.3.6 Species
	16.3.6.1 A wide range of protected, rare or otherwise notable species of plant and animal, including NERC (2006) Section 42 species, are considered likely to occur within or in proximity to the Project. The following will require consideration:
	16.4 Existing baseline data, consultation and need for survey
	16.4.1 Introduction
	16.4.1.1 In order to undertake an EIA that considers all relevant issues arising from the project on terrestrial ecology receptors, baseline data will be required. Data will need to adequately describe all ecological receptors with the potential to be...
	16.4.2 Existing data resources
	16.4.2.1 The South East Wales Biodiversity Records Centre (SEWBReC) collate, manage and disseminate biological information within the study area. Natural Resources Wales (NRW) would also be expected to hold data regarding designated sites including an...
	16.4.2.2 Geographical Information System (GIS) resources including phase 1 habitat data and boundaries for designated sites are held by organisations including NRW.
	16.4.2.3 County recorders of specific taxonomic groups may be able to provide additional information not held by SEWBReC.
	16.4.3 Consultation
	16.4.3.1 Given the location of the Project within sites of designated nature conservation interest, NRW will be a key consultee. Other parties expected to be consulted would include:
	16.4.3.2 In the event that coastal process modelling indicates wider geographical impacts it may be necessary to consult more comprehensively including with Natural England.
	16.5 Proposed assessment methodology
	16.5.1 Consultation and desk study
	16.5.1.1 In the early stages of the Project, a data search would be commissioned from SEWBReC and requesting information regarding protected or otherwise notable sites (within 10km), habitats and species (within 2.5km) and NRW requesting other relevan...
	16.5.2 Habitats
	16.5.2.1 Extended phase 1 habitat surveys (JNCC, 2010) would be undertaken for specific parts of the study area namely: land within 500m of each landfall point; compounds associated with construction or operation of the lagoon; and haul or cable route...
	16.5.2.2 A phase 1 habitat survey would be undertaken of terrestrial land bordering but not necessarily directly affected by the Project, such as the coastal strip enclosed by the new lagoon.
	16.5.2.3 Specific habitats would also be targeted for more detailed sampling and described in terms of the National Vegetation Classification (Rodwell, 2000). Habitats likely to be sampled include saltmarsh under the proposed footprint of the eastern ...
	16.5.2.4 A specific methodology would also be employed to establish the baseline conditions of reens and ditches of the Gwent Levels. NRW have delineated field blocks and intersecting main reens within each component SSSI of the Gwent Levels. It is pr...
	16.5.3 Species
	16.5.3.1 Plants – The potential occurrence of protected, rare or notable plant species will be investigated through consultation, phase 1 habitat survey and where required, specific searches.
	16.5.3.2 Badgers – A search for field signs suggesting the presence of badgers including setts, latrines, snuffle holes, trails, as well as guard hairs caught on fences will be carried out and focussed on the construction footprint including any requi...
	16.5.3.3 Bats - The open and exposed character of coastal habitats present does not appear to favour bats and the nature of the project is also likely to have limited potential impact. Survey of any potential roost sites will be undertaken following c...
	16.5.3.4 Otters - A survey targeting specific areas within the study area considered more likely to be subject to disturbance during construction and operation of the Project will be undertaken. Survey will entail a search for field signs including sp...
	16.5.3.5 Water vole – Targeted survey of watercourses and immediate area potentially impacted by construction activities will be undertaken. A late summer search for droppings, latrines, feeding stations and burrows would be carried out.
	16.5.3.6 Birds - Terrestrial breeding bird surveys of land likely to be impacted during construction would follow a methodology based on defined transects routes with mapping of birds seen or heard using Common Bird Census (CBC) codes of the British T...
	16.5.3.7 Herpetofauna – It is proposed that potential reptile habitat likely to be affected during construction is surveyed following the guidelines outlined in the Herpetofauna Workers Manual (Gent & Gibson, 1998).  A series of visits will be carried...
	16.5.3.8 The requirement for targeted survey of amphibians will be informed from habitat surveys and consultation with NRW.
	16.5.3.9 Invertebrates - Specific reen invertebrate surveys following a methodology based on the approach of Buglife (Palmer et al, 2010) following consultation with NRW will be undertaken. The requirement for further targeted invertebrate surveys wil...
	16.5.4  Proposed impact assessment methodology
	16.5.4.1 An assessment methodology based on the guidelines of the Chartered Institute of Ecology and Environmental Management (IEEM, 2006) will be used.
	16.5.4.2 Using the guidelines, the focus of the impact assessment is directed at activities with the potential to cause significant ecological effects on "Key Ecological Receptors" rather than attempting a detailed investigation of all potential ecolo...
	16.5.4.3 The guidelines recommend the collation of existing baseline information to enable the identification of key ecological receptors. This will be carried out by a combination of desk study/data search and survey. For each receptor:
	16.5.4.4 Only ecological receptors assigned to the District geographical frame of reference/level of value (as shown in the table above) or higher are considered Key Ecological Receptors in the assessment. However, any protected species or habitats co...
	16.5.4.5 In order to assess the effects of the Project, potential impacts are identified and characterised.  Knowledge of the activities likely to be associated with the Project in combination with the processes in place to avoid, reduce or mitigate p...
	16.5.4.6 If, after all of these measures are implemented, a residual impact is still considered likely, compensatory measures might need to be considered in order to offset the impact.  The significance of residual impact is relevant at three separate...
	16.5.4.7 Characterisation of the potential impacts considers the following parameters:
	16.5.4.8 The magnitude of the potential impact is then assessed for each receptor using the categories set out in Table 16.6 below.
	Significance criteria

	16.5.4.9 Based on the value of the receptor and the predicted magnitude of the potential impact, the significance of an impact can then be determined according to Table 16.7.  Residual impact is the significance of impact considered after mitigation m...
	16.6 References
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	17.0 Seascape and Landscape
	17.1 Overview of existing situation
	17.2 Scope of potential impact to be assessed
	17.3 Existing baseline data, consultation and need for survey
	i. the Seascape Assessment of Wales (and, if available, more detailed seascape character information – due to be published by Natural Resources Wales in 2015);
	ii. LANDMAP (the national landscape appraisal system in Wales) information (all 5 LANDMAP Aspects, as they relate to the site);
	iii. local authority landscape character assessments (currently available published assessments, in respect of the site, comprise the Cardiff Council document entitled ‘Review of Landscape Character Areas’, 2008;
	iv. the Newport County Borough Council document entitled ‘Landscapes Working for Newport’, 1999); and
	v. site survey.
	17.4 Proposed assessment methodology
	17.5 References
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	18.1 Overview of existing situation
	18.1.0.1 The Project is situated in the Severn Estuary, a location with a distinctive environment and a rich history of archaeological discoveries. The breakwaters will encompass an inter-tidal area of the Gwent Levels (Figure 18.1). The Gwent Levels ...
	18.1.0.2 The Project is situated in the Severn Estuary, a location with a distinctive environment and a rich history of archaeological discoveries. The breakwaters will encompass an inter-tidal area of the Gwent Levels (Figure 18.1). The Gwent Levels ...
	18.1.0.3 The tidal processes of the river have produced a distinctive sequence of estuarine deposits across the Gwent Levels, with numerous periods of shifting coastlines and tidal inundation and retreat. Research over the last twenty or thirty years ...
	18.1.0.4 This chapter summarises the distinctive historic resource of the ‘marine’ and ‘terrestrial’ elements of the site and its environs, and the ways in which the Project may potentially affect the historic resource. The chapter sets out a framewor...
	18.2 Scope of potential impact to be assessed
	18.3 Existing baseline data, consultation and need for survey
	18.4 Proposed assessment methodology
	18.5 References
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	20.1 Overview of existing situation
	20.2 Scope of potential impact to be assessed
	20.3 Existing baseline data, consultation and need for survey
	i. “sea surface noise: the noise of wind and wave action at the surface, usually referred to as wind dependent noise, and rain noise;
	ii. biological noise, the noise of fish, mammals and invertebrates;
	iii. natural seismic/geoacoustic noise;
	iv. traffic noise, the noise of distant shipping”.
	20.4 Proposed assessment methodology
	20.4.1 Introduction
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	20.5 References
	CEFAS (2012) Guidelines for data acquisition to support marine environmental assessments for offshore renewable energy projects
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	NPL (2014) Good Practice Guide No. 133 - Underwater Noise Measurement


	Chapter 21 Terrestrial Noise Scoping 260215.pdf
	21.0 Terrestrial Noise and Vibration
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
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	21.2 Scope of potential impact to be assessed
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	23.0 Onshore Transport
	23.1 Overview of existing situation
	23.2 Scope of potential impact to be assessed
	23.3 Existing baseline data, consultation and need for survey
	23.4 Proposed assessment methodology
	23.5 References
	Institute of Environmental Management and Assessment (IEMA) (1993) Guidelines for the Environmental Assessment of Road Traffic.
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	24.0 Socio-economics
	24.1 Overview of existing situation
	24.1.0.1 South East Wales functions as a successful City Region, with a total Gross Added Value of some £22 billion (South East Wales Regional Strategic Framework, 2013).  The Framework, developed by the ten constituent local authorities, aims to real...
	24.1.0.2 Together, Cardiff and Newport have a combined population of some half a million people. The Cardiff economy has proved to be relatively resilient since the economic downturn, with numbers in employment rising and a high skills level for its p...
	24.1.0.3 The Severn Estuary is a busy shipping area, with commercial ports including Bristol (Royal Portbury and Avonmouth Docks), Cardiff and Newport (see also Chapter 19 Navigation and Marine Transport for further detail).  Many of the Severn Estuar...
	24.1.0.4 Commercial fishing takes place within the Severn Estuary, however principally as a result of the strong tides, a relatively small amount of catch is landed commercially; catch data available for vessels over 10m indicated a recorded catch of ...
	24.1.0.5 Dredging for marine aggregates to supply the construction industry takes place within the Severn Estuary, which contains extensive areas of sandbanks.  In 2010 a total of 937,908 tonnes of sand was extracted, from a permitted licensed tonnage...
	24.2 Scope of potential impact to be assessed
	24.2.0.1 Likely economic effects associated with the construction phase of the Project include the level of gross value added as a result of the project (i.e. the value of the activity that would be supported); employment impacts (both direct and indi...
	24.2.0.2 The level of impact of the Project on the local supply chain is likely to be dependent on a number of factors, including for example the capacity of local businesses in terms of skills base, qualifications and certification; the size of relev...
	24.2.0.3 Other factors to consider will be how and where the various components of the lagoon may be constructed - for example the need for onshore construction compounds and/or assembly sites and consideration of the impacts of bringing components in...
	24.2.0.4 During the operational phase of the Project, the principal socio-economic effects are likely to relate to employment created as a result of activities such as operational management and maintenance.
	24.2.0.5 The landward side of the Project includes various land-uses, for example agricultural land and private assets such as businesses and homes.  Any impact on such land or assets as a result of the construction or operation of the Project would n...
	24.2.0.6 There are several major infrastructure schemes at various stages of the design and planning process, in both South Wales and the South West of England, which would need to be considered as part of a cumulative assessment, particularly from th...
	Figure 24.1  Major Infrastructure Schemes Proposed in South Wales and South West of England (Contains Ordnance Survey data © Crown copyright and database right 2010)
	24.3 Existing baseline data, consultation and need for survey
	24.3.0.1 Baseline information relating to the labour force and employment (for example economic activity, employment by sector, unemployment, skills and qualifications) is available from a variety of sources including 2011 Census dataP0F P, Nomis (off...
	24.3.0.2 No site specific survey work is proposed to be undertaken.
	24.4 Proposed assessment methodology
	24.4.0.1 The location of the Project is such that the geographic extent of the study area will need to take both sides of the Severn Estuary into account.  Collection and assessment of baseline data will be undertaken at local authority level, Travel ...
	Source: Office of National Statistics, adapted from 2001 Census Data
	Figure 24.2 Travel to Work Areas (TTWAs) adjacent to the Severn Estuary

	24.4.0.2 National guidance, policies and strategies relating to the economy will be reviewed.  This will include a review of:
	Wales
	i. Planning Policy Wales (7PthP Edition, July 2014);
	ii. Technical Advice Note (TAN) 23 Economic Development (2014);
	iii. South East Wales Regional Strategic Framework 2013-2030;
	iv. Policies contained within the Cardiff, Newport and Vale of Glamorgan Local Development Plans;
	v. Local Economic Assessments or relevant strategies (for example ABP Masterplan).
	England
	I. West of England Local Enterprise Partnership Strategic Economic Plan (2014) and Heart of the South West LEP Strategic Economic Plan (2014);
	II. Policies contained within the Bristol Local Plan, North Somerset Local Plan, Sedgemoor Local Development Framework and the West Somerset Local Plan;

	24.4.0.3 The assessment will also need to draw on previous relevant research that has been undertaken in connection with tidal lagoons in the UK, notably a report prepared by the Centre for Economics and Business Research (Cebr) in July 2014 which pre...
	24.4.0.4 There are no specific guidelines or requirements for assessing impacts on socio-economics as part of an Environmental Impact Assessment. The assessment would also be informed by the Homes and Communities Agency’s ‘Additionality Guide’ (Homes ...
	24.4.0.5 The assessment will seek to identify and assess changes in the local economy which may arise from the Project, with resultant impacts on material assets. A combination of quantitative and qualitative assessment, together with professional jud...
	24.4.0.6 Receptors would include socio-economic infrastructure (for example local businesses and community facilities).  The following tables set out how the impact of the Project will be assessed, in terms of determining sensitivity of receptor, magn...
	24.4.0.7 Table 24.2 sets out proposed evaluation criteria for the UmagnitudeU of change as a result of the Project. The magnitude of the change may be influenced by proximity as well as perceived or real linkages between the proposed scheme and the re...
	24.4.0.8 Taking the sensitivity, and magnitude criteria into account, Table 24.3 sets out proposals for determining the likely significance of impact.  With regard to receptors deemed to be of high sensitivity and where the magnitude of effect is like...
	24.4.0.9 Non-statutory consultation has already been undertaken by TLP with a wide variety of organisations in order to understand concerns, identify issues for assessment and provide input to the design process at an early stage.  Key stakeholders th...
	24.4.0.10 Following on from the scoping stage, further consultation will be necessary with a variety of organisations, both in order to provide an overview of existing socio-economic activities within this part of the Severn Estuary and to assist with...
	i. Welsh Government
	ii. City of Cardiff Council
	iii. Newport City Council
	iv. Bristol City Council
	v. Other relevant local authorities adjoining the Severn Estuary, including the Vale of Glamorgan Council, Monmouthshire County Council, and North Somerset, West Somerset and Sedgemoor District Councils
	vi. South Wales and South West Chambers of Commerce
	vii. West of England Local Enterprise Partnership
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	26.2 The Construction Environmental Monitoring Plan and Operational Environmental Monitoring Plan
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	26.3.0.1 The monitoring of certain aspects of the mitigation and enhancement associated with the Project will be necessary in order that the residual effects can be judged. The proposals for monitoring will be briefly described in the individual speci...
	26.3.0.2 The AEMP will provide a framework for the monitoring and mitigation of effects of the Project. It will be based upon:
	26.3.0.3 It should be noted that the AEMP will be updated as the Project progresses through consultation and in light of the data emerging from the monitoring undertaken. This is seen as an essential part of the process to validate the findings of the...
	26.3.0.4 The AEMP will continue to be updated throughout the lifetime of the Project and refined to give the best possible understanding of the Project’s environmental effects enabling mitigation to be adjusted, where necessary.
	26.3.0.5 The AEMP will outline the mechanism by which the monitoring will be implemented and a framework for dissemination of the findings of the studies. It will also describe the monitoring and surveys required for particular environmental topics fo...
	26.3.0.6 In addition to validating the conclusions of the ES, the AEMP will be used to confirm the findings of the WFD compliance assessment. The surveys and monitoring proposed will consider the quality elements relevant for any WFD water bodies pote...
	26.3.0.7 Within the AEMP, an approach will be established as to how the review of the document will be undertaken; how the findings will be disseminated to statutory authorities and how any changes to mitigation or ongoing monitoring will be approved ...
	26.3.0.8 It is intended that the AEMP for the Project will be based on lessons learnt from the implementation of the AEMP that will be established for the Swansea Bay tidal lagoon. This will enable an integrated assessment of the potential effects of ...
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	26.4.0.1 Under Article 6 of the Council Directive 92/43/EEC on the conservation of natural habitats and of wild fauna and flora (the ‘Habitats Directive’) an assessment is required where a plan or project may give rise to significant effects upon a Na...
	26.4.0.2 The requirements of the Habitats Directive are transposed into UK law through the Habitats Regulations. In addition, it is a matter of UK Government policy (ODPM Circular 06/2005) that sites designated under the 1971 Ramsar Convention for the...
	26.4.0.3 As the assessment requirements of the Habitats Directive have been applied since its inception, it has become generally accepted that the process comprises four stages (European Commission, 2002).  
	26.4.0.4 Compensatory measures are only relevant where a plan or project is agreed to, following a negative outcome of an appropriate assessment under Regulation 61 of the Habitats Regulations, and if it is in line with the provisions for derogation u...
	‘If the competent authority are satisfied that there being no alternative solutions, the plan or project must be carried out for imperative reasons of overriding public interest (which, subject to paragraph (2), may be of social or economic nature), t...
	26.4.0.5 Regulation 66 refers to the requirement for compensatory measures in the following terms:
	‘where in accordance with regulation 6 (considerations of overriding public interest)
	a) a plan or project is agreed to, notwithstanding a negative assessment of the implications for a European site or a European offshore marine sites, or
	b) a decision, or a consent , permission or other authorisation, is affirmed on review, notwithstanding such an assessment, the appropriate authority must secure that any necessary compensatory measures are taken to ensure that the overall coherence o...
	26.4.0.6 At this early stage any discussion regarding compensatory measures must be taken in the context of the HRA being in its early stages and so the extent of any compensatory requirement is not yet quantified. However, in line with the precaution...
	26.4.0.7 Should any compensation measures be required, they will all meet the following criteria (taken from Tyldesley and Chapman, 2013):
	26.4.0.8 It is expected that the Evidence Plan process will play a key role in defining the extent of impacts and any associated compensation requirement. Further details of the Evidence Plan are given in Chapter 2 Proposed Approach.
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